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From: Rehab Management The Interdisciplinary Journal of Rehabilitation. 
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http://www.rehabpub.com/ltrehab/12002/5.asp 
 
G.S. Kasman 
A multidisciplinary tool, sEMG can be a valuable asset to the rehab professional's 
muscle assessment arsenal.  
 
Physical medicine practitioners routinely assess muscle activity while working with 
patients who have musculoskeletal and 


neuromuscular impairments. Surface 
electromyography (sEMG) is the recording of 
muscle action potentials with skin surface 
electrodes, used as an indicator of muscle 
recruitment. Both the magnitude and timing pattern 
of muscle recruitment can be displayed, along with 
the activity of certain muscles in relation to others.  
 
Recording is noninvasive and painless. Clinicians 
incorporate sEMG to take much of the guesswork 
out of assessing muscle function. Muscle activity 
can be objectified, quantified, and documented 
during standard examination procedures as well as 
the performance of functional tasks. The efficacy of 
particular exercises and instructions in corrective 
movement patterns can also be assessed quickly and 
objectively.  
 
In addition, the sEMG display is a rich source of 
motor learning information for patients. Using 
sEMG, patients gain access to muscle feedback that is far more sensitive than that 
obtained with the intrinsic senses acting alone. This feedback helps patients learn to relax 
overly tense muscles, better activate weak muscles, or change the coordination pattern 
among agonist, antagonist, and synergist muscles. Applications cover a broad scope of 
situations including athletic injury, repetitive strain and worker injury, injury due to 
motor vehicle accident, chronic pain management, neurological rehabilitation, and 
incontinence.  
 
Vast Array of Uses  
A multidisciplinary modality, sEMG is used by physical therapists to address movement 
dysfunction. Psychologists employ sEMG to intervene with problems attributed to 
excessive psychophysiological arousal. Occupational therapists incorporate sEMG into 
functional job analyses. Rehabilitation nurses and therapists treat incontinence related to 
dysfunction of the pelvic floor muscles with sEMG feedback. Physiatrists, orthopedists, 
and neurologists may be interested in sEMG procedures to enhance diagnosis of 


Surface electromyography 
assessments of quadriceps muscle 
activity may be combined with 
manual and functional procedures 
during evaluation of patients with 
knee dysfunction. 


 



http://www.rehabpub.com/ltrehab/12002/5.asp

http://www.rehabpub.com/ltrehab/12002/5.asp





 126


movement disorders as well as monitor the effects of medicines and surgical 
interventions designed to impact muscle activity.  
 
The utilities of adding sEMG to practices in physical medicine and rehabilitation are 
numerous. Clinicians may increase the sophistication of patient evaluations through 
quantification of muscle activity. Third-party payors may be more inclined to authorize 
treatments when their efficacy can be objectively validated and documented. Patients are 
engaged by the sEMG feedback display and may be able to learn patterns of movement 
control that reduce pain and increase function. A myriad of opportunities for clinically 
applied research are present, including investigation of movement control and 
psychophysiological phenomena, as well as study of the effects of orthotics, manual 
therapies, and therapeutic exercises. Lastly, the addition of sEMG may differentiate a 
practice from competitors, and support the needs of referrers and payors in documenting 
muscle dysfunction.  
 
SIGNAL DETECTION AND PROCESSING  
Motor activity is subserved by commands that are generated in the central nervous 
system and transmitted along alpha motor neurons to the periphery. Following chemical 
transmission across the neuromuscular junction, action potentials are produced along the 
sarcolemma, and electrical excitation becomes coupled to sarcomere shortening via 
complex chemical and micromechanical processes. Fundamentally, electrodes placed in 
the vicinity of excitable membranes will detect action potential events. sEMG electrodes 
detect the algebraic sum of voltages associated with muscle action potentials within their 
pickup zone.1 The sEMG signal represents the relative level of recruitment of an 
ensemble of motor units that underlie the electrodes.  
 
The basics of the sEMG system have been described for clinicians in numerous sources.1-


5 Electrodes are usually in the shape of 0.5-1.0 cm discs coated with silver-silver 
chloride. Each recording channel detects activity from one muscle site and is composed 
of two active electrodes and a reference electrode. Active electrodes tend to be spaced 
with their centers about 2.0 cm apart. The difference in electrical charge between each 
active electrode and the reference makes for inputs to a differential amplifier with high 
input impedance. Filters are then used to pass frequencies related to muscle activity and 
to reject frequencies that are associated with electromagnetic noise. The signal may be 
viewed in its raw plus/minus form or full wave rectified, in which the plus-minus 
variations of the waveform are converted into a unidirectional signal. Several methods 
exist to smooth the peaks and valleys of the rectified waveform to ease inspection as well 
as to quantify the amplitude of the processed muscle signal.  
 
Patient Assessment  
The amplitude of the sEMG signal is usually expressed as some number of microvolts, 
noted as a series of relatively instantaneous measurements or averaged or integrated over 
a clinically meaningful period of time. Amplitude analyses are conducted to evaluate the 
magnitude and timing pattern of muscle activity. Inferences are drawn regarding a 
muscle's role in affecting a particular posture or movement and how pathologic processes 
alter that role. The sEMG activity of a homologous muscle pair or that of an agonist, 
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compared with its antagonists or synergists, is examined to assess muscle balance.  
 
Imbalance occurs when the relative stiffness of muscles that participate in concert to 
execute a specific movement is inappropriately coordinated.6 Muscle imbalance is 
presumably a function of both faulty central nervous system motor control and peripheral 
factors such as inefficient length-tension relationships and passive myofascial 
compliance. sEMG studies may therefore provide insight into the active component of 
muscle imbalance and can be linked by clinicians to the results of physical examination. 
Untoward motor programming may be influenced by nociception, perception, effect, 
beliefs, nervous system lesions, segmental and suprasegmental motor reflexes, 
sympathetically mediated reflexes, metabolic and nutritional issues, and a host of factors 
related to articular function and periarticular connective tissues. Analysis with sEMG can 
help clinicians identify relationships between muscle impairments and other physical and 
psychological impairments. Classification of impairments with observed functional 
limitations and disabilities can then be used to drive treatment planning in a thoughtful 
way.7  
 
Clinically less common than amplitude analyses, investigation in the frequency domain is 
performed to study muscular fatigue. The voltage waveform seen at the sEMG display 
can be mathematically decomposed into a plot of component frequencies. Interestingly, 
the frequency spectrum of the sEMG signal shifts in a reliable way with fatigue during 
high intensity isometric muscle contractions.1 That is, the frequency spectrum becomes 
compressed toward slower values due to complex neuromuscular and metabolic changes 
associated with sustained muscle activity. The frequency shift begins as a contraction and 
is continued beyond a short time, preceding the actual loss of force, and continues as 
force declines. This means fatigue monitoring may have certain advantages over other 
measures8 and successfully discriminates spinal pain patients from control subjects with 
impressive accuracy.9-11  
 
TRAINING  
In addition to clinical and kinesiological assessments, the sEMG display is often used as 
a means of feedback for motor learning by patients.6 Muscle cues produced by an sEMG 
device are much more sensitive than those derived from a subject's intrinsic sensory 
apparatus. Initially, a patient may have little idea how to change the activity of a muscle 
that is not under intuitive voluntary control. The patient may not possess a suitable motor 
programming scheme to achieve the goal, ie, increased activation of one muscle relative 
to another, and may have difficulty distinguishing correct performance from error. Cues 
on the sEMG display are obvious and serve as a reference of correctness. Thus, the 
patient becomes able to evaluate various motor strategies for those that meet the goal.  
 
Successful strategies are repeated and ineffective strategies are discarded. The patient 
identifies a progressively smaller subset of effective motor behaviors over time. sEMG 
feedback is used cognitively to label subtle intrinsic sensations as indicative of changes in 
muscle activity. Through the repeated association of artificial, extrinsic cues from the 
sEMG machine with natural kinesthetic sensations, an intrinsic reference of correctness is 
formed. The learner forms mature sensory identification and motor programming schema, 
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and can then achieve the goal independently.  
 
 
The clinical objectives of feedback training with sEMG 
are relatively straightforward. Patients with muscle 
hyperactivity use feedback cues to reduce muscle output. 
For example, a patient with neck pain and upper 
trapezius hyperactivity could attend to the sEMG display 
to help improve posture, self-regulate responses to 
emotional stressors, or identify ergonomic improvements 
and motor skills for the workplace. A different patient 
with headaches and temporomandibular pain might 
produce chronic masseter and temporalis hyperactivity 
associated with chronic jaw clenching. Specific sEMG 
feedback techniques could be used to promote 
kinesthetic awareness, muscle relaxation, and reduction 
of parafunctional behaviors involving the 
temporomandibular region.  
 
Patients with muscle hypoactivity incorporate sEMG 
feedback while learning to increase muscle recruitment. 
For example, a patient might show quadriceps inhibition 
after knee surgery that delays progress along a standardized clinical pathway. That 
patient could watch an sEMG display as his or her postoperative exercises are performed. 
Exercise variants, cognitive strategies, and adjunctive therapeutic agents would be trialed 
for those that facilitate quadriceps activity. Successful techniques would then be repeated 
while the patient attempts to raise the sEMG amplitude to match a goal marker on the 
display, set to progressively higher microvolt values over time.  
 
Besides training greater and lesser muscle responses as separate objectives, patients may 
learn to simultaneously increase the activity of a hypoactive muscle while decreasing that 
of a hyperactive muscle. This coordination training takes place between an agonist with 
its antagonists or synergists. For example, the patient with neck pain and upper trapezius 
hyperactivity might also show hypoactivity of the lower trapezius. This patient would try 
to raise the amplitude of the lower trapezius signal and decrease the amplitude of the 
upper trapezius signal, during arm elevation maneuvers and simulated functional tasks. 
Successful training would presumably result in better muscle balance for upward rotation 
and stabilization of the scapula, leading to improved biomechanical relationships 
throughout the neck and shoulder girdle.  
 
MUSCLE MONITORING  
sEMG techniques offer distinct conveniences compared with other means of muscle 
monitoring. Because the methods are noninvasive and painless, their use tends to be 
readily accepted by patients and is generally quite safe. Although lead wires are used to 
connect the electrodes to the main instrument body (telemetry systems can be substituted 
if necessary), patients routinely are free to assume any position they desire, including 


Surface electromyographic 
feedback training is readily 
combined with exercise 
prescription and instruction in 
corrective movement patterns. 
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those for functional tasks. Recordings are feasible where dynamometers would be 
impractical, for example with investigation of facial muscles or selective examination of 
the vastus components of the quadriceps. sEMG recordings can even be made 
underwater.12  
 
The sEMG display resolves changes in the magnitude and timing of muscle activity with 
far greater precision than a clinician's or patient's eyes and hands. An entire range of 
activity levels can be captured for inspection, from voltages associated with activation of 
one or a few motor units to maximal effort recruitment. Within certain limits, the activity 
of particular muscles or muscle groups can be isolated. Setup becomes simple once the 
practitioner is experienced.  
 
Limitations  
Like any clinical technique, sEMG has limitations. It is important to recognize that 
sEMG does not measure force, pain, anxiety, muscle length, joint position, or anything 
else other than voltage. With proper recording technique, the voltage pattern displayed 
with sEMG is representative of muscle recruitment. Inferences regarding clinical 
syndromes, however, are complicated by an interplay of neuromuscular, biomechanical, 
and psychological factors that may be difficult to separate.  
 
Interpretation of sEMG activity can be subject to error brought about by certain effects of 
electrode configuration, tissue impedance, and other circumstances inherent to each 
recording setup. Thus, clinicians who wish to perform sEMG procedures should become 
well versed in technical aspects of electrophysiological recording as well as models for 
clinical intervention. sEMG skills are usually acquired in postprofessional continuing 
education courses and at meetings of professional societies as well as through review of 
scientific journals, textbook resources, and electronic media.  
 
Cost and Reimbursement  
Technological advances have enabled commercial sEMG units to be miniaturized for 
ambulatory recordings of one to four channels of muscle activity. Patients can perform 
functional activities in the workplace for a protracted time and the resultant sEMG data 
are downloaded for analysis. Portable units are easily incorporated into therapeutic 
exercise programs in the clinic or gym, or prescribed for home programs. Commercial 
systems that incorporate a desktop computer are capable of simultaneous recordings from 
eight or more channels; sophisticated statistical processing of amplitude, timing, and 
frequency variables; and a plethora of options for patient feedback. Software engineers 
continue to develop more powerful products while exploiting graphical user interfaces so 
that operation becomes easier. Manufacturers and vendors are able to deliver sEMG 
products to consumers with a cost value that outstrips the pricing of earlier models.  
 
Reimbursement for sEMG procedures by health care insurers varies with the practice 
setting, payor, type of provider, medical diagnosis, functional status of the patient, and 
quality of provider documentation. In inpatient settings, providers should code sEMG 
services in whatever way makes sense for their dominant prospective payment, cost, or 
fee-based reimbursement systems while complying with regulatory standards.  
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Services in outpatient settings are typically coded using the American Medical 
Association's current procedural terminology (CPT) system. Patient examinations with 
sEMG are billed generally with a standard evaluation code for the provider discipline and 
may qualify for use of a higher level or specialized evaluation code with a greater fee 
schedule payment. sEMG feedback may be used as an adjunct to other treatments and 
bundled into those procedures or, depending on the circumstances, dedicated biofeedback 
CPT codes may be submitted. sEMG may add value even in capitated environments by 
adding precision to the diagnostic process, accelerating neuromuscular reeducation, and 
facilitating patient participation, return to function, and overall reduction of health care 
consumption.  
 
Discussion in the community of health care providers who use sEMG extends to many 
patient populations. Numerous schools of thought can be found that embrace principles 
from psychology and movement science. sEMG procedures should not be employed 
solely because a patient has chronic dysfunction or pain, but rather when aberrant muscle 
activity is suspected as being a primary contributory factor to dysfunction and evaluation 
with sEMG will impact treatment planning. Feedback training with sEMG may or may 
not then be appropriate to facilitate motor learning by the patient. The important point is 
that sEMG should be used to enhance functionally meaningful outcomes that reduce 
patient disability, in ways that support patient satisfaction, while controlling the financial 
and social costs of care.  
 
Controversy  
 
A search using "surface AND electromyography" on the National Library of Medicine's 
PubMed engine returns a clear upward trend in the number of annually based hits for the 
period of 1985-2001. The trend in research is paralleled by developments in sEMG 
equipment and clinical procedures. This is not to suggest that clinical applications of 
sEMG are without controversy. For example, meta-analyses regarding superiority of 
sEMG feedback training with conventional therapies in stroke populations are mixed and 
confounded to some degree by methodological differences and limitations in 
experimental design.13-15  
 
There is an insufficient number of randomized, controlled designs to conclusively include 
or exclude sEMG feedback training's use with some musculoskeletal problems.16 
Nevertheless, the fundamental validity and reliability of sEMG in movement system and 
psychophysiological analyses are well accepted17-19 and recognized in professional 
practice guidelines.20 It seems probable that the future will bring new applications of 
sEMG in performance enhancement in noninjured populations, new developments in 
forensic medicine, as well as refined approaches to sEMG with musculoskeletal and 
neuromuscular injuries.  
 
Care providers may choose to make sEMG an integral part of their practice or reserve its 
use for occasional investigations of muscle activity and patient training. In any event, 
sEMG provides a unique means of monitoring muscle activity. Each clinician's repertoire 
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of skills may be broadened by inclusion of sEMG, while patients are provided with 
powerful opportunities for motor learning. N  
 
Glenn Kasman, PT, is the director of Physical Therapy at Good Samaritan Hospital, 
Puyallup, Wash. He has also coauthored two books on the subject of sEMG. He can be 
reached via email: kasmagl@goodsamhealth.org.  
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Abstract - The aim of this study was to 
study the elastic properties of vascular tree 
noninvasively in human subjects as a 
function of aging using the shape of 
peripheral pulse wave. We used 21 
subjects in two age groups, 22-30, 37-72 
years. The peripheral pulse has a steep 
rise and a notch on the falling slope in the 
younger subjects. With older subjects a 
more gradual rise and fall and no 
pronounced dicrotic notch were observed. 
The analyzing program calculated ratios 
t2/t1, P2/P1 and V/P1. As a result, the 
ratios t2/t1 (p<0.002) and V/P1 (p<0.02) 
were significantly different between the 
groups. Two of them could provide a 
simple, noninvasive means for studying 
changes in the elastic properties of the 
vascular system, depending on the age and 
disease. 
 
Keywords: pulse wave, photoplethysmo-
graph, pulse wave velocity (PWV), arterial 
compliance, aging, arterial stiffness. 
 
1 Introduction 
 
Pulse wave analysis helps to study large-artery 
damage, a major contributor to cardiovascular 
disease which is the common cause of 
mortality and morbidity in industrialized 
countries. This high incidence emphasizes the 
importance of early evaluation of the arterial 
abnormalities which constitute the common 
lesion of major organ damages due to 
cardiovascular risk factors [1,2]. Several 
studies conduced with various groups of 
population showed significant correlations or 
powerful interactions between PWV (and other 
parameters concerning arterial wall 


circumstances) and the so-called “major” 
cardiovascular risk factors, such as 
hypertension, high cholesterol level, diabetes 
and smoking. Impaired vascular compliance 
and a concurrent rise in vascular rigidity are 
the central pathogenetic processes and the first 
step leading to fatal cardiovascular events in 
many cases of hypertension and 
hyperlipidaemia patients. Several methods can 
be used to analyze the structure and function of 
the large arteries. Among the noninvasive 
methods of evaluating arteries, pulse wave 
analysis can be used as an index of arterial 
elasticity and stiffness [3]. The electrical signal 
from the photodetector is related to blood 
volume changes in tissue. This signal provides 
a means of determining properties of vascular 
tree during the cardiac cycle and changes with 
aging and disease [4,5].  


2 Methods  


2.1 Measurement system 
 
A schematic diagram of the equipment used is 
shown in Figure 1. For photoplethysmo-
graphic (PPG) measurements the finger clip 
sensor (Nellcor Durasensor analog) was used 
(Fig. 1, block 1). The special laboratory 
instrument for PPG signal amplifying was 
designed (block 2). The scheme contains two 
Light Emitting Diodes (LED): red and 
infrared. The current in LEDs is limited by 
consistently connected resistor 150 ohm. Both 
LEDs are multiplexed on two contacts of the 
sensor. By changing polarity of a current it is 
possible to switch LEDs, but  it is impossible 
to run both simultaneously. A special National 
Instruments data acquisition board (DAQ) 
PCI-MIO-16E-1 (block 3) to digitize the 
signals locally and transmit the digital data to 
the personal computer with sampling rate 500  







Measurement in Biomedicine  ●  I. Hlimonenko, K. Meigas, R. Vahisalu 


 50


 
Hz and amplitude ±2.5 V is used in this 
system.  
 
 
 
 
 
 
 


Fig. 1. Block diagram of the equipment. 
 
Signals from finger sensor are amplified by the 
PPG signal amplifier and then the signal is 
directed to the DAQ board where acquisition 
and analog-to-digital conversion take place. 
Once data is acquired and received it is 
possible to process and manipulate it. The 
LabVIEW software packet (block 4) consists 
of the following programs: main program for 
data acquisition; program for signal analysis; 
program for calculations. 


2.2 Physiological measurement 
 
Photoplethysmographic signal measurements 
were obtained from 21 subjects (13 male, 8 
female). Subjects were divided into two age 
groups, 22-30 years (13 individuals, further 
Group 1) and 37-72 years (8 individuals, 
Group 2). Measurements were performed in a 
laboratory. Each subject was asked to relax and 
sit on the chair and rest the forearm on the lab 
table to help the entire hand keep steady. An 
operator then attached the finger sensor to the 
forth finger tip of the left hand. It is important 
to have a comfortable arm position in order to 
keep the finger relatively motionless for a 
stable and repeatable recording. The length of 
the recorded signal was 20 seconds.  


2.3 Analysis 
The waveform analysis was performed to 
assess the PPG characteristics. The waveforms 
were analyzed offline using LabVIEW 
programs. The computer program displayed 
the incoming waveform on the screen of the 
computer. The minimum and maximum 
threshold (further P1 and P2) and valley (V) 
values were used as marks for signal analysis 
and comparison.  To locate necessary points of 
signal five markers were used.  Marker 1 
characterizes the location of the first foot of the 
pulse. Marker 2 characterizes the location of 
the first peak. Marker 3 characterizes the  


 
location of the second peak. Marker 4 
characterizes the location of the valley.  
Marker 5 characterizes the location of the 
second foot (Figure 2).  
 


 
 
Fig. 2.  Example of PPG signal pulses   
             recognition. 
 
The program enables the calculation of the 
peaks ratio (P2/P1) (amplitude foot to peak 1, 
giving P1; amplitude foot to peak 2, giving 
P2), the ratio (V/P1) (amplitude foot to valley, 
giving V; amplitude foot to peak 1, giving P1), 
the times ratio (t2/t1) between peaks (time 
peak to peak,). The length of the recorded 
signal is 20 seconds. It means that at an 
average pulse rate, the number of the periods 
in one recorded signal is 25. The process of 
transition from one pulse to another was 
manual, which allowed editing of any poorly 
recognized pulse landmarks. Due to movement 
or irregular breathing anomalous pulses were 
rejected from the analysis. A 20s epoch of PPG 
signal were manually extracted for the 
analysis. Tacking each foot as a reference, the 
foot-to-peak amplitudes of the first and second 
peaks were calculated beat-by-beat. The mean 
values defined the baseline of the measures. 
Then the ratios P2/P1, t2/t1 and V/P1 were 
calculated. 
 
3 Results 
The main objective of this thesis was to 
determine how the pulse shape changes as a 
function of age. The difference in the signal 
shape can be well observed visually (Figures 3, 
4). In the younger subjects, the signal had a 
steep rise and a notch on the falling slope. In 
the older subjects, a more gradual rise and fall 
and no pronounced dicrotic notch were 
observed.  
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1 
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computer 


acquired  
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Fig. 3. PPG signal for a 22 –year-old female. 
 
 


 
 
Fig. 4. PPG signal for a 51 –year-old male.  
 


3.1 Waveform analysis results 
 
Figure 5 (a) shows the age dependence of the 
ratio t2/t1. This ratio is decreasing with age. 
For the subjects in the group of age 20-30 
years, the ratio remains nearly 0.15-0.25, 
except one subject. During the decrease with 
age, the t2/t1 starts to decrease to the nearly 
0.11.  
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Fig. 5. (a) the relationship between t2/t1 and 
age; (b) the relationship between P2/P1 and 
age; (c) the relationship between V/P1 and age. 
 
Figure 5 (b) shows the age dependence of the 
ratio P2/P1.  We cannot see a strongly 
pronounced relationship. A slight increase in 
the ratio occurs with a decrease in the age. 
Probably this ratio does not depend on the age.  
 
Figure 5 (c) shows the age dependence of the 
ratio V/P1. It can be seen how the ratio V/P1 
increases with age that means that this method 
works. 
 
Differences in the ratios P2/P1, t2/t1 and V/P1 
between age groups were compared using the 
statistical program ANOVA (Table 1). This 
analysis tool performs a simple analysis of 
variance (ANOVA). The P column gives a P-
value (Probability value) for rejection of the 
null hypothesis that the parameter is zero (i.e. 
not a significant linear factor). As a result of 
this work, two ratios were significantly 
different in terms of statistics at p<0.05 as 
shown in Table 1. The ratios t2/t1 and V/P1 
were significantly different between the 
groups. That means that ratios t2/t1 and V/P1 
can be used to analyze distensibility of arteries. 
 
Table1. Significance of difference in ratios 
between age groups. 


Ratio P -value 


t2/t1 0.001517 * 
V/P1 0.017944 * 
P2/P1 0.130175 


*Statistically significant difference at >95% 
confidence level. 


4 Discussion and conclusions 
The main difference of a signal in Group 2 was 
the change of the position of the second peak 
(shifting aside the first peak). In some cases, it 
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was difficult to distinguish dicrotic notch 
visually. In fact, it is well established that the 
pulse wave must be analyzed as a 
superposition of two separate waves: the 
incident traveling wave from heart to 
periphery, and the reflected wave traveling 
from the periphery and the site of wave 
reflection to the heart. The incident wave 
depends on the left ventricular ejection and the 
arterial stiffness, whereas the reflected wave is 
related to arterial stiffness and the potential 
sites of wave reflection. In the young adults, 
where arteries are distensible, the pulse wave 
velocity is relatively low. In older subjects, 
where the arteries are less distensible the pulse 
wave velocity is high. This characteristic 
change in the shape of the pulse wave with the 
age is attributed to an increase in aortic 
stiffness and pulse wave velocity, with earlier 
return of reflected waves from peripheral sites. 
Pulse wave velocity has been found to increase 
with aging. As vessels get stiffer during the 
aging process, the reflected wave returns faster 
and due to the summation of waves the 
resultant pulse wave changes [6]. So, the 
interval between the first and second peaks 
changes (decrease), and the amplitude of the 
second peak changes too (decrease), as a 
result, the pulse wave lacks a dicrotic notch 
and is more rounded in shape, because the 
reduced wave reflection.  In summary, 
comparison of the three methods of an 
estimation of the signal shape shows that two 
of them can provide a simple noninvasive 
means for studying changes in the elastic 
properties of the vascular system with the age. 
That means that a decrease in the ratio t2/t1 
occurs with an increase in the age. The smaller 
this number, the stiffer arteries are. The 
increase of ratio V/P1 happens with increase of 
age [7]. The greater this number the stiffer 
arteries are. 
Further tests in a clinical environment are 
necessary to classify various pathological 
conditions with the waveform analysis. We 
suggest that this type of analysis can provide a 
simple inexpensive and noninvasive means for 
studying changes in the elastic properties of 
the vascular system with the age and disease. 
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Introduction & Definition
How to use this booklet


This first edition of "The ABC of EMG" is primarily a short teaching
manual concerned with recapitulating selected scientific concepts as


well as general contents and processes of the experimental technique.


This booklet is not intended to replace the fundamental EMG literature


(see chapter “Recommended EMG Books”, which is also used as ref-


erence source for citations), especially when concerned with more ex-


perience leading to an increased complexity of the problems tackled.


The main intention is to simplify the first steps in the use of EMG as


research and evaluation tool and “get started”.  It tries to overview and


summarize the basic knowledge needed to apply and perform mean-


ingful EMG setups and concentrates on practical questions and solu-


tions.


It is strongly recommended to study the scientific publications and textbooks related to a certain topic. This


booklet cannot reflect the variety of different views, opinions and strategies that have to be considered for a


responsible scientific use of EMG.


Definition of EMG


"Electromyography (EMG) is an experimental technique concerned with the development, recording and


analysis of myoelectric signals. Myoelectric signals are formed by physiological variations in the state of


muscle fiber membranes." (2).


Unlike the classical Neurological EMG, where an artificial muscle response due to external elec-


trical stimulation is analyzed in static conditions, the focus of Kinesiological EMG can be de-


scribed as the study of the neuromuscular activation of muscles within postural tasks, functional


movements, work conditions and treatment/training regimes.


Electromyography…


“..is the study of muscle function through the inquiry
 of the electrical signal the muscles emanate.”


Fig.1: A fundamental EMG text
book. Basmajian&DeLuca: Mus-
cles Alive (2)


Fig. 2: Basmajian &
DeLuca: Definition
Muscles Alive (2 - p. 1)
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Use and Benefits of EMG
Wide spread use of EMG


Besides basic physiological and biomechanical studies, kinesiological EMG is established as an evaluation
tool for applied research, physiotherapy/rehabilitation, sports training and interactions of the human body to


industrial products and work conditions:


Typical benefits of EMG


The use of EMG starts with the basic question: “What are the muscles doing?”


Typical benefits are:


• EMG allows to directly “look” into the muscle


• It allows measurement of muscular performance


• Helps in decision making both before/after surgery


• Documents treatment and training regimes


• Helps patients to “find” and train their muscles


• Allows analysis to improve sports activities


• Detects muscle response in ergonomic studies


Medical Research
• Orthopedic
• Surgery
• Functional Neurology
• Gait & Posture Analysis


Rehabilitation
• Post surgery/accident
• Neurological Rehabilation
• Physical Therapy
• Active Training Therapy


Ergonomics
• Analysis of demand
• Risk Prevention
• Ergonomics Design
• Product Certification


Sports Science
• Biomechanics
• Movement Analysis
• Athletes Strength Training
• Sports Rehabilitation


Fig. 4: Direct look into the body / muscle function: EMG syn-
chronized with video and other movement sensors. Software
screenshot of MyoResearch XPTM - NORAXON INC. USA


Fig.3: Application areas of kinesi-
ological EMG
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Signal Origin 1
The Motor Unit


The smallest functional unit to describe the neural con-


trol of the muscular contraction process is called a Mo-
tor Unit (Fig. 5). It is defined as “...the cell body and


dendrites of a motor neuron, the multiple branches of its


axon, and the muscle fibers that innervates it (5, p.


151). The term units outlines the behavior, that all mus-


cle fibers of a given motor unit act “as one” within the


innervation process.


Excitability of muscle membranes


The excitability of muscle fibers through neural control represents a major factor in muscle physiology. This


phenomenon can be explained by a model of a semi-permeable membrane describing the electrical prop-


erties of the sarcolemna. An ionic equilibrium between the inner and outer spaces of a muscle cell forms a


resting potential at the muscle fiber membrane (approximately -80 to -90 mV when not contracted). This


difference in potential which is maintained by physiological processes (ion pump) results in a negative intra-


cellular charge compared to the external surface. The activation of an alpha-motor anterior horn cell (induced


by the central nervous system or reflex) results in the conduction of the excitation along the motor nerve. Af-


ter the release of transmitter substances at the motor endplates, an endplate potential is formed at the mus-


cle fiber innervated by this motor unit. The diffusion characteristics of the muscle fiber membrane are briefly


modified and Na+ ions flow in. This causes a membrane Depolarization which is immediately restored by


backward exchange of ions within the active ion pump mechanism, the Repolarization:
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Fig.5: Motor unit. Adopted & modified from 2,7


Fig.6: Schematic
illustration of depo-
larization / repolariza-
tion cycle within
excitable membranes
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The Generation of the EMG Signal
The Action Potential


If a certain threshold level is exceeded within the Na+


influx, the depolarization of the membrane causes an


Action potential to quickly change from – 80 mV up


to + 30 mV (Fig. 7).  It is a monopolar electrical burst


that is immediately restored by the repolarization


phase and followed by an After Hyperpolarization
period of the membrane. Starting from the motor end


plates, the action potential spreads along the muscle


fiber in both directions and inside the muscle fiber


through a tubular system.


This excitation leads to the release of calcium ions in the intra-cellular space. Linked chemical processes


(Electro-mechanical coupling) finally produce a shortening of the contractile elements of the muscle cell.


This model linking excitation and contraction represents a highly correlated relationship (although weak exci-


tations can exist that do not result in contraction). From a practical point of view, one can assume that in a


healthy muscle any form of muscle contraction is accompanied by the described mechanisms.


The EMG - signal is based upon action potentials at the muscle fiber membrane resulting from depolarization


and repolarization processes as described above. The extent of this Depolarization zone (Fig. 8) is de-


scribed in the literature as approximately 1-3mm² (11). After initial excitation this zone travels along the mus-


cle fiber at a velocity of 2-6m/s and passes the electrode side:


+ + + - - -
+ + +- - -


Differential
Amplifier


Display
Unit


Skin Electrodes


Sarkolemm


Depolarized 
membrane area


Front of excitation


Direction of propagation


+ + + - - -
+ + +- - -


Differential
Amplifier


Display
Unit


Skin Electrodes


Sarkolemm


Depolarized 
membrane area


Front of excitation


Direction of propagation


- 80


0


Depolari-
sation


- 30


Repolarisation


After
Hyperpolarisation


Threshold


30
Over-
shoot


M
em


br
an


e 
Po


te
nt


ia
l (


 m
V)


1 3 5


- 80


0


Depolari-
sation


- 30


Repolarisation


After
Hyperpolarisation


Threshold


30
Over-
shoot


M
em


br
an


e 
Po


te
nt


ia
l (


 m
V)


1 3 5


Fig.7: The Action Potential. Adopted & redrawn from 5, p. 164


Fig.8: The
depolarisa-
tion zone on
muscle fiber
membranes.
Adopted &
modified from
7, p. 73)
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Signal Propagation and Detection
An electrical model for the motor action potential


The depolarization – repolarization cycle forms a depolarization wave or electrical dipole (11) which trav-


els along the surface of a muscle fiber. Typically bipolar electrode configurations and a differential amplifi-


cation are used for kinesiological EMG measures. For simplicity, in a first step, only the detection of a sin-


gle muscle fiber is illustrated in the following scheme. Depending on the spatial distance between elec-


trodes 1 and 2 the dipole forms a potential difference between the electrodes.


In the example illustrated in figure


9, at time point T1 the action po-


tential is generated and travels


towards the electrode pair. An in-


creasing potential difference is


measured between the electro-


des which is highest at position


T2. If the dipole reaches an equal


distance between the electrodes


the potential difference passes the


zero line and becomes highest at


position T4, which means the


shortest distance to electrode 2.


This model explains why the monopolar action potential creates a bipolar signal within the differential am-


plification process. Because a motor unit consists of many muscle fibers, the electrode pair “sees” the


magnitude of all innervated fibers within this motor unit - depending on their spatial distance and resolu-


tion. Typically, they sum up to a triphasic Motor unit action potential (“MUAP” - 2), which differs in form


and size depending on the geometrical fiber orientation in ratio to the electrode site (Fig. 10):
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Fig.9: The model of a wandering electrical dipole on muscle fiber membranes. Adopted &
modified from 7, p. 73


Fig.10: Generation of the
triphasic motor unit action
potential. Adopted &
modified from 2, p. 68
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Composition of EMG Signal
 Superposition of MUAPs


Within kinesiological studies the motor unit


action potentials of all active motor units de-


tectable under the electrode site are electri-


cally superposed (Fig. 11) and observed as a


bipolar signal with symmetric distribution of


positive and negative amplitudes (mean value


equals to zero). It is called an Interference
pattern.


Recruitment and Firing Frequency


The two most important mechanisms influenc-


ing the magnitude and density of the observed


signal are the Recruitment of MUAPs and their


Firing Frequency.


These are the main control strategies to adjust the contraction process and modulate the force output of


the involved muscle. Because the human connective tissue and skin layers have a low pass filter effect on


the original signal, the analyzed firing frequency e.g. of a surface EMG does not present the original firing


and amplitude characteristics. For simplicity, one can say that the EMG signal directly reflects the recruit-


ment and firing characteristics of the detected motor units within the measured muscle (Fig. 12):
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Fig.11: Superposition of MUAPs to a resulting electromyogram.
Adopted & modified from 2, p. 81


Fig.12: Recruitment and
firing frequency of motor
units modulates force
output and is reflected in
the superposed EMG
signal. Adopted & modified
from 7, p. 75
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Nature the of EMG Signal
The “raw” EMG signal


An unfiltered (exception: amplifier bandpass) and unprocessed signal detecting the superposed MUAPs is


called a raw EMG Signal. In the example given below (Fig. 13), a raw surface EMG recording (sEMG) was


done for three static contractions of the biceps brachii muscle:


When the muscle is relaxed, a more or less noise-free EMG Baseline can be seen.  The raw EMG baseline


noise depends on many factors, especially the quality of the EMG amplifier, the environment noise and the


quality of the given detection condition.  Assuming a state-of-the-art amplifier performance and proper skin


preparation (see the following chapters), the averaged baseline noise should not be higher than 3 – 5 micro-


volts, 1 to 2 should be the target. The investigation of the EMG baseline quality is a very important checkpoint


of every EMG measurement.  Be careful not to interpret interfering noise or problems within the detection ap-


paratus as “increased” base activity or muscle (hyper-) tonus!


The healthy relaxed muscle shows no significant EMG activity due to lack of depolarization and action poten-


tials! By its nature, raw EMG spikes are of random shape, which means one raw recording burst cannot be


precisely reproduced in exact shape. This is due to the fact that the actual set of recruited motor units con-


stantly changes within the matrix/diameter of available motor units: If occasionally two or more motor units


fire at the same time and they are located near the electrodes, they produce a strong superposition spike!  By


applying a smoothing algorithm (e.g. moving average) or selecting a proper amplitude parameter (e.g. area


under the rectified curve), the non- reproducible contents of the signal is eliminated or at least minimized.


Raw sEMG can range between +/-  5000 microvolts (athletes!) and typically the frequency contents ranges


between 6 and 500 Hz, showing most frequency power between ~ 20 and 150 Hz (see chapter Signal Check


Procedures)
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Fig.13: The raw EMG recording of 3 contractions bursts of the M. biceps br.
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The Influence of detection condition
Factors influencing the EMG signal


On its way from the muscle membrane up to the electrodes, the EMG signal can be influenced by several


external factors altering its shape and characteristics. They can basically be grouped in:


1) Tissue characteristics
The human body is a good electrical conductor,


but unfortunately the electrical conductivity


varies with tissue type, thickness (Fig. 14),


physiological changes and temperature. These


conditions can greatly vary from subject to


subject (and even within subject) and prohibit a


direct quantitative comparison of EMG ampli-


tude parameters calculated on the unprocessed


EMG signal.


2) Physiological cross talk
Neighboring muscles may produce a significant amount of EMG that is detected by the local electrode site.


Typically this “Cross Talk” does not exceed 10%-15% of the overall signal contents or isn’t available at all.


However, care must been taken for narrow arrangements within muscle groups.


ECG spikes can interfere with the EMG recording, especially when


performed on the upper trunk / shoulder muscles. They are easy to


see and new algorithms are developed to eliminate them (see ECG


Reduction).


3) Changes in the geometry between muscle belly and electrode
site
Any change of distance between signal origin and detection site will


alter the EMG reading. It is an inherent problem of all dynamic


movement studies and can also be caused by external pressure.


4) External noise
Special care must be taken in very noisy electrical environments.  The most demanding is the direct interfer-


ence of power hum, typically produced by incorrect grounding of other external devices.


5) Electrode and amplifiers
The selection/quality of electrodes and internal amplifier noise may add signal contents to the EMG baseline.


Internal amplifier noise should not exceed 5 Vrms (ISEK Standards, see chapter “Guidelines…”)


Most of these factors can be minimized or controlled by accurate preparation and checking the given


room/laboratory conditions.


=> Given Raw-EMG ( µVolt )
Active muscle


2) Adipositas


1) Normal condition


Skin


=> Decreased overall amplitude


Active muscle


Subcut. Fat tissue


=> Given Raw-EMG ( µVolt )
Active muscle


2) Adipositas


1) Normal condition


Skin


=> Decreased overall amplitude


Active muscle


Subcut. Fat tissue


Fig.14: The influence of varying thickness of tissue layers below the elec-
trodes: Given the same amount of muscle electricity condition 1 produces
more EMG magnitude due to smaller distance between muscle and electrodes


Fig.15: Raw EMG recording with heavy ECG
interference
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EMG Amplification
EMG - Amplifiers


EMG-amplifiers act as differential amplifiers and their main quality item is the ability to reject or eliminate ar-


tifacts.  The differential amplification detects the potential differences between the electrodes and cancels


external interferences out. Typically external noise signals reach both electrodes with no phase shift. These


“common mode” signals are signals equal in phase and amplitude. The term "common mode gain" refers to


the input-output relationship of common mode signals. The "Common Mode Rejection Ratio" (CMRR) rep-


resents the relationship between differential and common mode gain and is therefore a criteria for the quality


of the chosen amplification technique. The CMRR should be as high as possible because the elimination of


interfering signals plays a major role in quality.  A value >95dB is regarded as acceptable (11, SENIAM,


ISEK).


State of the art concepts prefer the use of EMG pre-amplifiers.


These miniaturized amplifiers are typically built-in the cables or


positioned on top of the electrodes (Active electrodes). The


latter pre-amplifier type can have the disadvantage of a bulky


electrode detection side with increased risk of pressure artifacts


(e.g. when sitting on them) and they typically do not allow free


selection of electrode types. The main idea of using small EMG


pre-amplifiers located near the detection site is early pick up of


the signal, amplify it (e.g. 500 gain) and transmit it on a low


Ohm level that is less sensitive to (cable-) movement artifacts.


The un-amplified EMG signal on the skin has typical charges between a few microvolt and 2-3 millivolt. The


signal is generally amplified by a factor of at least 500 (e.g. when using pre-amplifiers) to 1000 (passive cable


units). The Input impedance of the amplifier should have a value of at least 10x the given impedance of the


electrode. Winter (11) suggests an input impedance of 1-10 MegaOhm. The frequency range of an EMG


amplifier (bandpass settings) should start from 10 Hz highpass and go up to 500 Hz lowpass. Any Notch fil-
tering (to cancel e.g. power hum) needs to be avoided because it destroys too much signal information


(SENIAM, ISEK).  Both cable and telemetry systems are available and applied concepts range from handheld


1or 2 channel - Biofeedback units up to 32 channel systems for complex and multi-parametric setups (Fig.


17).


Build-in pre-amplifier


2 snaps for the 
electrode pair, one 
snap for the common
ground (reference 
electrode)


Build-in pre-amplifier


2 snaps for the 
electrode pair, one 
snap for the common
ground (reference 
electrode)


Fig.16: Electrode leads with cable built-in pre-
amplifiers System NORAXON INC USA


Fig.17: Variety of EMG amplifiers ranging from 1 or 2 channel Biofeedback units to tethered and telemetric systems. Systems by NORAXON INC. USA
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Computation of the EMG signal


A/D Resolution


Before a signal can be displayed and analyzed in the computer, it has to be converted from an analog voltage


to a digital signal (A/D conversion).  The resolution of A/D measurement boards have to properly convert the


expected amplitude range (e.g. +/- 5 Volts).  A 12 bit A/D board can separate the voltage range of the input


signal into 4095 intervals (2^12=4096 levels =4095 intervals).  This is sufficient for most kinesiological setups.


Very small signals may need a higher amplification to achieve a better amplitude resolution.


A/D Sampling Rate


The other important technical item is the selection of a


proper Sampling Frequency. In order to accurately


“translate” the complete frequency spectrum of a signal,


the sampling rate at which the A/D board determines


the voltage of the input signal must be at least twice as


high as the maximum expected frequency of the signal.


This relationship is described by the sampling theorem
of Nyquist: sampling a signal at a frequency which is


too low results in aliasing effects (Fig. 18).  For EMG


almost all of the signal power is located between 10 and


250 Hz and scientific recommendations (SENIAM,


ISEK) require an amplifier band setting of 10 to 500 Hz.


This would result in a sampling frequency of at least


1000 Hz (double band of EMG) or even 1500 Hz to


avoid signal loss.
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Fig.18: The effect of A/D sampling frequency on a digitized
signal. Too low frequencies (lower traces) result in significant
loss of signal information
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Skin Preparation
General considerations


The quality of an EMG measurement strongly depends on a proper skin preparation and electrode position-


ing.  The main strategy of skin preparation is stable electrode contact and low skin impedance.  Most modern


EMG-amplifiers are designed for skin impedance levels between 5 and 50 kOhm (between pairs of elec-


trodes).  Usually it is necessary to perform some skin preparation before the electrodes can be applied.


There are no general rules for it and several possibilities to reach a good skin condition for EMG-measure-


ments exist.  Especially for beginners it will be of great value to check the quality of the chosen method by


measuring the actual impedance resistance between electrodes with a regular multi-meter or specialized im-


pedance meters (see chapter Signal Check Procedures).


Another important consideration is the targeted test condition and exercise.  If a somewhat static or slow mo-


tion movement is planned (e.g. a clinical muscle function test) and the basic analysis idea is qualitative (am-


plitude changes in terms of more/less), a simple alcohol cleaning may be sufficient.  If very dynamic conditions


with risk of movement artifacts (e.g. fast walking, running or other highly accelerated movements is planned),


a very thorough preparation is imperative.


Skin preparation procedures


The following procedures may be considered as steps to prepare the electrode application:


1) Removing the hair:
This is needed to improve the adhesion of the electrodes, especially under humid conditions or for sweaty


skin types and/or dynamic movement conditions.


2) Cleaning of the skin:


Method A:
Special abrasive and conductive cleaning pastes are available which remove dead skin cells (they produce


high impedance) and clean the skin from dirt and sweat.


Method B:
Alternatively a very find sand paper can be used: A soft and controlled pressure in 3 or 4 sweeps usually is


enough to get a good result.  Attention: Avoid any harm to the skin from rubbing too hard!  The use of sand-


paper should be combined skin with an alcohol pad.


Method C:
The pure use of alcohol may be another alternative if used with a textile towel (that allows soft rubbing). This


latter method may be sufficient for static muscle function tests in easy conditions.


Whichever skin preparation method and electrode application technique is used, when done properly, the


skin typically receives a light red color. This indicates good skin impedance condition.
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Surface Electrode Selection


Skin surface electrodes


Due to their non- invasive character in most cases surface electrodes are used in kinesiological studies. Be-


sides the benefit of easy handling, their main limitation is that only surface muscles can be detected. For


deeper muscles (covered by surface muscles or bones) fine-wire or needle electrodes are inevitable. At best


case a free selection of any electrode type is supported by an EMG – (pre-) amplifier. The selection of an


electrode type strongly depends on the given investigation and condition, one electrode type cannot cover all


possible requirements!


For surface electrodes, silver/silver chloride pre-gelled


electrodes are the most often used electrodes and rec-


ommended for the general use (SENIAM). Besides easy


and quick handling, hygienic aspects are not a problem


when using this disposable electrode type. The electrode


diameter (conductive area) should be sized to 1cm or


smaller.


Commercial disposable electrodes are manufactured as


wet gel electrodes or adhesive gel electrodes. Generally


wet-gel electrodes have better conduction and imped-


ance conditions (=lower impedance) than adhesive gel


electrodes. The latter one has the advantage that they


can be repositioned in case of errors.


Vaginal and anal probes


For pelvic floor muscle evaluation special anal and vaginal probes are established (Fig. 20) and e.g. often


used for incontinence testing and biofeedback training. The use of this electrodes may require special signal


processing, especially a highpass filtering (e.g. 20 to 60 Hz) to eliminate heavy movement and contact arti-


facts. The latter ones are typical and unavoidable within pelvic floor EMGs because there is no fixed connec-


tion between the electrode detection area and the muscle surface.


2


1


3


4


2


1


3


4


Fig.19: Selection of special EMG electrodes (1,2 NORAXON
INC. USA) and regular ECG electrodes (3,4 AMBU-Blue Sen-
sor)


Fig.20: Original Perry probes for vaginal (left) and
anal (right) applications
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Fine Wire electrodes
The use of fine wire electrodes


Due to muscle movements within kinesiological studies, thin and flexible fine wire electrodes are the pre-


ferred choice for invasive electrode application within deeper muscle layers.


The sterilized paired or single hook wires are inserted by hollow needles and their proper localization can be


tested by electrical stimulators or ultrasound imaging:


The signals are measured and processed


like regular surface EMG signals. It may be


helpful or necessary to apply a high pass


filter at 20 Hz (instead of 10Hz) to eliminate


baseline shifts which typically appear from


wire movement artifacts within the muscle


tissue.


1) Insert Needle 2) Remove Needle 3) Connect wires to springs1) Insert Needle 2) Remove Needle 3) Connect wires to springs


Un-isolated
Ending (red)


Steel
cannula


Un-isolated Ending (red)
- electrode site


Hooked electrode wires


Un-isolated
Ending (red)


Steel
cannula


Un-isolated Ending (red)
- electrode site


Hooked electrode wires


Fig.21: Schematics of a fine
wire electrode: two fine wires
with un-isolated endings are
located with a steel cannula.
System MEDELEC.


Fig.22: Procedure to insert the fine wires into the muscle tissue. After removing the needle, the distal endings of the wires are con-
nected to steel spring adapters, which again are connected to the regular EMG pre-amplifier lead


Fig.22: Raw fine wire EMG recording of the M. tibialis posterior (upper
blue trace) in treadmill- walking. Baseline shifts indicate motion arti-
facts. The baseline can be stabilized by applying a 20 Hz highpass filter
(lower red curve)
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Guidelines Electrode Application
General guidelines


• Wet gel electrodes have the best skin impedance values


• Use small electrodes to increase the selectivity of your measures (avoid cross-talk)


• The smaller the electrode (active detection area) the higher the impedance values


• Select the closest possible inter-electrode distance to increase selectivity


• The general recommendation for the inter-electrode distance is 2 cm (center point to center point)


• Apply electrodes in parallel to the muscle fiber direction


• Use the most dominant middle portion of the muscle belly for best selectivity


• Avoid the region of motor points if possible (see next page)


• Take care that the electrode site remains on the active muscle mass during muscle shortening


• Use a map system with measured distances between the electrode site and dominant anatomical land-
marks (Fig. 23)


• Use electrodes with de-centralized snap/cable connection if you expect increased pressure on elec-
trodes (e.g. sitting on electrodes)


Anatomical landmarks


Most recommendations for electrode application (e.g. SENIAM) work with an anatomical landmark system,


based on dominant bone areas and prominences or other structures that can easily be palpated. Use these


points to clearly locate the position of a selected electrode site:


Scapula trigonum spinae


Scapula angulus inferior


L1/L5 proc. spinosus


Epicondylus lateralis / medialis


Spina iliaca superior


C7 proc. spinosus


Epicondylus lateralis/medialis


Processus styloideus radii
Processus styloideus ulnae


Trochanter major


Acromion
Acromion


Patella


Knee joint


Christa iliaca


Rib cage


Umbicilus


Sternum


Malleolus medialis/lateralis


Medial clavicula head


Spina iliaca anterior
superior


Head of Fibula


Tibia Bone


Circumference
Point 


Circumference
Point 


Fossa cubitalis


TH 3 proc. spinosus


Heel / calcaneum


Medial border of scapula


TH 8 proc. spinosus


Olecranum


Scapula trigonum spinae


Scapula angulus inferior


L1/L5 proc. spinosus


Epicondylus lateralis / medialis


Spina iliaca superior


C7 proc. spinosus


Epicondylus lateralis/medialis


Processus styloideus radii
Processus styloideus ulnae


Trochanter major


Acromion
Acromion


Patella


Knee joint


Christa iliaca


Rib cage


Umbicilus


Sternum


Malleolus medialis/lateralis


Medial clavicula head


Spina iliaca anterior
superior


Head of Fibula


Tibia Bone


Circumference
Point 


Circumference
Point 


Fossa cubitalis


TH 3 proc. spinosus


Heel / calcaneum


Medial border of scapula


TH 8 proc. spinosus


Olecranum


Fig.23: Anatomical landmarks
on the human body in dorsal
and frontal view
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Specific Aspects of Electrode Application
Motor point regions


Due to increased signal instability some researchers recommend not to place electrodes over motor point re-


gions (area with high density of motor endplates) of the muscle. When using electrode sizes as recom-


mended above, in many cases it cannot be avoided that one electrode comes near a motor point region.


Motor points can be detected by low frequency stimulus power generators producing right angled impulses.


Relative movement of the muscle belly


For dynamic studies it is very important to locate the electrode pair in a central position over the muscle belly


keeping in mind the possible muscle migration below the electrode site during joint movement.  The M. vas-


tus medialis and M. biceps brachii are two muscles which require special care to avoid dislocation of the


electrodes away from the active muscle mass as shown below:


Another aspect is the shortening and


lengthening of the skin itself. This


problem is most dominant at the M.


rectus abdominis, the M. erector spinae


and the M. trapezius pars descendens.


If single electrodes are used, enough


inter-electrode distance (typically 1-2


cm) has to be selected to avoid the


situation that the electrodes push them-


selves off. Double electrodes may


quickly separate from the skin in case


of dynamic lumbar erector spinae


measures because they cannot follow


the natural skin stretching.


Cable fixation


Finally, an appropriate cable and pre-amplifier fixation on the skin


is needed. This point may be less important for static or slow mo-


tion tests, but in dynamic studies it helps to avoid cable move-


ment artifacts and minimizes the risk of separating the electrodes


from skin. Use regular tape, elastic straps or net bandages to fix-


ate each electrode lead and avoid too tight tension. It is recom-


mended not to directly tape over the electrodes to keep a con-


stant application pressure for all electrodes.


Fig.24: Migration of the muscle belly below the electrode pair attached at the biceps
brachii. Note the in the extended position (right picture) the distal electrode has left the
active muscle area. It is needed to attach electrodes at center position in the most flexed
position.


Fig.25: Cable fixation with elastic straps and tape
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Muscle Map Frontal


Most of the important limb and trunk muscles can be measured by surface electrodes (right side muscles


in Fig. 25/26). Deeper, smaller or overlaid muscles need a fine wire application to be safely or selectively


detected. The muscle maps show a selection of muscles that typically have been investigated in kinesi-


ological studies. The two yellow dots of the surface muscles indicate the orientation of the electrode pair in


ratio to the muscle fiber direction (proposals compiled from 1, 4, 10 and SENIAM).


Frontal View


Frontalis


Masseter


Sternocleidomastoideus


Deltoideus p. acromialis
Deltoideus p. clavicularis


Pectoralis major


Biceps brachii


Brachioradialis
Flexor carpum radialis


Rectus abdominis


Serratus anterior


Flexor carpum ulnaris


Obliquus externus abdominis


Internus / Transversus abd.


Rectus femoris


Vastus lateralis


Vastus medialis


Peroneus longus


Interosseus


Adductores


Tensor fascia latae


Tibialis anterior


Surface Sites:Fine Wire Sites:


Iliacus


Pectoralis minor


Diaphragma


Transversus abd.


Adductors (selective)


Vastus intermedius


Thin / deep shank muscles


Smaller foot muscles


Smaller neck muscles


Psoas major


Smaller face  muscles


Smaller forearm  muscles


Fig. 25: Anatomical positions of selected electrode sites – frontal view. The left sites indicate deep muscles and positions for fine wire electrodes
 the right side for surface muscles and electrodes
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Muscle Map Dorsal


Dorsal View


Reference electrodes


At least one neutral reference electrode per subject has to be positioned.  Typically an electrically unaf-


fected but nearby area is selected, such as joints, bony area, frontal head, processus spinosus, christa ili-


aca, tibia bone etc.  The latest amplifier technology (NORAXON active systems) needs no special area


but only a location nearby the first electrode site. Remember to prepare the skin for the reference elec-


trode too and use electrode diameters of at least 1 cm.


Trapezius p. descendenz


Neck extensors


Deltoideus p. scapularis


Trapezius p. transversus


Infraspinatus


Erector spinae (thoracic region)


Latissimus dorsi


Erector spinae (lumbar region)


Multifiduus lumbar region


Semitendinosus/membranosus


Biceps femoris


Gastrocnemius med.


Glutaeus maximus


Glutaeus medius


Gastrocemius lat.


Surface Sites:


Trapezius p. ascendenz


Triceps brachii (c. long./lat.)


Smaller forcearm extensors


Soleus


Fine Wire Sites:


Deep hip muscles


Subscapularis


Triceps brachii c. med.


Deep multifii


Thin / deep shank muscles


Supraspinatus


Deep neck muscles


Smaller forearm  extensors


Thoracic erector spinae


Rhomboideus


Teres major / minor


Quadratus lumborum


Deep segmental erector spinae


Fig. 26: Anatomical positions of selected electrode sites – dorsal view. The left sites indicate deep muscles and positions for fine wire electrodes
 the right side for surface muscles and electrodes
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 Signal Check Procedures
It is an important procedure within all EMG investigations to check the validity and quality of the EMG signals


regardless of which skin preparation method and electrode application technique is used. Several steps


should be considered here:


1) Proof of the EMG-signal validity


This check point addresses the basic questions: did I measure the right muscle and can I see valid signals at


all?   Very often, even though it sounds silly, there is a risk to accidentally exchange the cable endings, e.g.


the wire designated for one muscle is mixed with another. Checking all connections again can confirm the


EMG signal by a specific muscle function test for that particular muscle.  Later, within the quality check of the


EMG baseline (next chapter) you may also check the sensitivity of an electrode site against cable movement,


limb movements and local pressure (e.g. when sitting on electrodes).  Detection sites over very fat subcuta-


neous fat tissue (e.g. more that 4 cm) may mean that no EMG signal is visible at all or the EMG to baseline


ratio is too poor.  Explicit/isolated static test contractions based on muscle function tests give you a clear un-


derstanding if the EMG recording will reveal valid data and/or if the subject is able to activate the muscle.


2) Impedance Test


If the skin preparation was done properly, the skin typically gets a light


red color. This indicates good skin impedance condition. To verify it, the


Ohm – resistance between the electrode pair can be measured. This


step is especially recommended for beginners and for sophisticated re-


search studies (some journals require the control of the typical skin im-


pedance condition). Usually the application area needs about 5 minutes


to reach a stable electrical condition: within the first minute one can ob-


serve a decrease of electrical resistance of over 50%, mainly due to


chemical changes within the skin layers. Skin impedance ranges can be


classified in:


Impedance range
(KOhm)


Recommendation


1 - 5  -very good condition


5 - 10 - good and recommended if feasible


10 - 30 - acceptable for easy conditions


30 - 50 - less good, attention is needed (see next chapter)


> 50 - should be avoided or requires a second cleaning run


Fig. 27: EMG electrode impedance tester –
model NORAXON INC USA


Fig. 28: Recommendations for electrode/skin impedance ranges
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Signal Check Procedures


3) Inspection of the raw EMG-baseline quality


The (visual) inspection of the raw EMG baseline is the most important step and cannot be replaced by any


other method (like automatic impedance check). The amplifier has to pick up a signal no bigger than a few


millions of a volt (microvolt) and this sensitive signal can easily be influenced by external sources (artifacts) if


not treated correctly. After connecting the electrodes to the amplifier, start the PC-signal monitor and zoom in


the raw EMG trace of each channel to allow a detailed inspection. Ask your subject to completely relax. At


best case let your subject lay down on a therapy bench or similar position that allows true relaxation.  The


EMG baseline inspection focuses on these three major factors:


1) Baseline noise
A complete noise-free recording is impossible: small amplitude spikes or random nature may be visible but


they should not exceed 10 – 15 microvolts. The average noise level (=calculate the EMG mean amplitude of


the raw rectified EMG for 5 seconds) should be located at 1 (=excellent) to 3.5 microvolts.  A frequency dis-


tribution test (next page) is a second objective possibility to check the baseline quality.


2) Baseline offset
Most amplifiers work with an auto offset correction. How-


ever, it is possible that the EMG baseline is shifted away


from the true zero line (test: mean value of the raw EMG≠


zero). If not identified and corrected, all amplitude based


calculations are invalid for that record.


1) Baseline shifts
The baseline before/after contractions has to constantly re-


main at the zero line (see EMG Artifacts, baseline shifts)


Fig. 29: Visual (left) and numerical (right) evaluation of the EMG
baseline quality. The left raw EMG trace shows an example for a
nearly perfect EMG recording with stable flat EMG baseline be-
tween active contractions. A quick analysis of a baseline section
(blue area) indicates a mean noise level of 1.8 microvolts. System
NORAXON INC USA.


Fig. 30: Example for an offset shifted baseline. Special post
recording edit functions should be applied to correct the shift
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Signal Check Procedures


4) Frequency distribution analysis
Today’s computer capacities allow for an easy and quick check of the EMG frequency distribution. Given the


recommended amplifier bandpass settings from 10 Hz high-pass up to at least 500 Hz low pass (SENIAM,


ISEK); most of the surface EMG frequency power is located between 10 and 250 Hz.  This power distribution


can be calculated by the “Fast Fourier Transformation” (FFT) and graphically presented as a Total Power
Spectrum of the EMG signal (Fig. 31), which shows the frequency power distribution (Y-axis) in ratio to the


frequency band (X-axis).


The precise shape of the total power spectrum can


vary widely, depending on the FFT-settings and the


measurement conditions (especially muscle type,


muscle length and tissue/skin filter effects). To per-


form a signal check test, ask your subject to contract


the investigated muscle against static resistance


(about 40 – 60 % of the perceived maximum contrac-


tion level) and measure a 3 –5 second EMG portion.


When stored, select an analysis interval, e.g. 1 sec-


ond and start a power spectrum analysis. Investigate


the characteristics of the spectrum:


- step increase from the high pass (10Hz)


- the peak frequency is typically located between 50 and 80 Hz


- from here the spectrum curves decreases and reaches zero between 200 and 250 Hz


- observe if untypical power peaks are visible, especially outside the band-range


- check if a dominant power peak is visible at 50 (EU) or 60 (USA) Hz.


The total power spectrum can easily identify power hum contaminating the EMG baseline (Fig. 32) and gives


a clear separation to an increased EMG activity which may appear if a subject is not able to relax a muscle.


Fig. 31: The total power spectrum of a surface EMG recording:
most of the signal power is located between 10 and 250 Hz.


Fig. 32: The total power spectrum of
a hum contaminated EMG recording:
The high power peak at 50 Hz
identifies the noise contamination of
the recording, typically due to in-
creased electrical ground noise of
the power net within the selected
room (also see fig. 33)
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EMG Artifacts
Due to its sensitive nature (signal range starts from a few microvolts) the EMG signal can be influenced by


external noise sources or other artifact sources.  Most of them can easily be avoided if the previously men-


tioned guidelines of proper skin preparation and electrode position are checked. To give a better picture of


possible disturbances, the following graphs show some typical noise or artifact contaminated signals.


Interfering power hum
An EMG amplifier can “catch” ground noise from the power net which
results in increased baseline noise (50/60 Hz noise – Fig. 33). If the
electrode was applied properly, in most cases another device (with
poor electrical grounding) causes this problem. To solve it correctly,
ground all devices, especially when equipped with electro-motors
(treadmills, training machines, isokinetics machines etc…). Also try to
change the power plug and always try to avoid multiple plug connec-
tors and cable drums for the EMG amplifier.


Baseline offset


This constant EMG - baseline shift may occur if any change within the
application site was done after the auto-calibration or if the subject did
not relax at measurement start (Fig. 34). Use an “Offset correction”
function to correct this shift before you record your data.


Baseline shifts


Any regular EMG burst returns to zero within a few milli-seconds, the
EMG rest-line stays at constant zero. Any visible shift > 5 ms indicates
an artifact (Fig. 35). This typically occurs if the cables shake too much
or if the volume distance between the muscle belly and electrode site
is changed by e.g. external lever arm forces (bad cable fixation) or lo-
cal pressure. In jump testing, you may see similar base shifts due to
heavy dislocation of the muscle belly (muscle wobbling due to impact
forces)  Proper electrode/cable fixation and very good skin preparation
can solve these problems.


ECG artifacts


Whenever you measure near the heart (shoulder and trunk muscles
on the left side), ECG bursts may contaminate the EMG recording
(Fig. 36). This is a biological artifact that often cannot be avoided. It
can be reduced by very good skin preparation and modified position of
the ground electrode. State of the art signal processing routines can
“clean” these bursts without destroying the regular EMG characteris-
tics (see chapter Signal Processing ECG Reduction).


Fig. 33: EMG raw recording contaminated by
power hum noise


Fig. 34: EMG raw recording with offset shift to
plus


Fig. 35: EMG raw recording with cable
movement artifacts


Fig. 36: EMG raw recording with ECG spikes
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Prepare EMG - Action list


Action / Step Comments


1. Ask your subject to wear appropriate clothes You need access to muscles which may be
covered by pants, etc. Too stiff clothes on the
electrodes may produce artifacts


2. Decide for a “navigation” technique to identify
the electrode location and landmark promi-
nent regions


Use a pen to mark landmarks and orientation
lines. Use a flexible scale band to measure
distances. Follow the e.g. SENIAM guidelines.


3. Clean the skin with abrasive /conductive fluid Easiest and fastest method! Alternatively:
very good alcohol cleaning


4. Attach electrodes parallel to muscle fibers at
typically 2cm electrode distance, use the
smallest electrode type available


If possible avoid motor endplates (static tests)
and select middle belly portions to increase
selectivity and decrease the risk of muscle
belly dislocation


5. Wait at least 3 minutes and use the time to
stretch, warm up or prepare your subject


The electrode to skin contacts need some
time to reach a stable electrical (impedance)
condition. Beginners may want to check the
electrode impedance


6. Connect and fixate cables For dynamic movements fixate all leads,
leaving enough freedom to avoid lever forces
on the electrodes


7. Ask your subject to lay down on a bench and
relax


Similar positions like laying on the ground or
sitting may work well too


8. Start the signal monitor and check each EMG
trace: Baseline check!


Check noise level, zero offset and possible
shifts within joint movement


9. Check EMG activity bursts: do I see EMG? By using manual muscle tests, the general
appearance of EMG bursts should be
checked
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Signal Processing - Rectification


General comments
The raw EMG recording already contains very important information and may serve as a first objective infor-


mation and documentation of the muscle innervation. The “off-on” and “more-less” characteristics and other


qualitative assessments can directly be derived and give an important first understanding of the neuromus-


cular control within tests and exercises. If a quantitative amplitude analysis is targeted in most cases some


EMG specific signal processing steps are applied to increase the reliability and validity of findings. By scien-


tific recommendation (ISEK, SENIAM) the EMG recording should not use any hardware filters (e.g. notch fil-


ters), except the amplifier bandpass (10 – 500 Hz) filters that are needed to avoid anti-aliasing effects within


sampling. At best case, the post hoc processing can be removed at any time to restore the raw data set.


Some of the well established processing methods are introduced in the following chapters.


Full wave rectification


In a first step all negative amplitudes are converted to positive amplitudes, the negative spikes are “moved


up” to plus or reflected by the baseline (Fig. 37). Besides easier reading the main effect is that standard am-


plitude parameters like mean, peak/max value and area can be applied to the curve (raw EMG has a mean


value of zero).


Fig. 37: EMG raw recording with ECG spikes
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Signal Processing - Smoothing


General comments
As stated above the interference pattern of EMG is of random nature - due to the fact that the actual set of


recruited motor units constantly changes within the diameter of available motor units and the way they motor


unit action potentials superpose is arbitrary. This results in the fact that a raw EMG burst cannot be repro-


duced a second time by its precise shape. To address this problem, the non-reproducible part of the signal is


minimized by applying digital smoothing algorithms that outline the mean trend of signal development. The


steep amplitude spikes are cut away; the signal receives a “linear envelope”. Two algorithms are established:


Moving average (Movag) Based on a user defined time window, a certain amount of data are averaged


using the gliding window technique. If used for rectified signals it is also called the Average Rectified


Value (AVR) and serves as an “estimator of the amplitude behavior” (SENIAM). It relates to information


about the area under the selected signal epoch (Fig. 38).


Root Mean Square (RMS) Based on the square root calculation, the RMS reflects the mean power of the


signal (also called RMS EMG) and is the preferred recommendation for smoothing (2, 3).


Both algorithms are defined for a certain epoch (time window) and typically in kinesiological studies time du-


ration of 20 ms (fast movements like jump, reflex studies) to 500 ms (slow or static activities) are selected. A


value that works well in most conditions is between 50 and 100 ms. The higher the time window is selected,


the higher the risk of a phase shift in contractions with steep signal increase needs to be considered (see red


rectangle in Fig. 38).


Movag at 300 ms


RMS at 300 ms


Fig. 38: Comparison of two smoothing algorithms using the same window width: Being very similar in shape, the RMS algo-
rithm (lower trace) shows higher EMG amplitude data than the MovAg (upper trace)
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Signal Processing - Digital Filtering


General comments
With the exception of amplifier bandpass filtering additional filtering is not needed in regular kinesiological


EMG studies (performed with modern amplifier technology). Scientific recommendations for research studies


(SENIAM, ISEK) deny any narrower band setting and the target is to measure the EMG in the full band length


of 10 to 500 Hz.  Especially any type of notch filter (to e.g. cancel out 50 or 60 Hz noise) is not accepted be-


cause it destroys too much EMG signal power. Biofeedback units working with heavily preprocessed signals


should not be used for scientific studies.


Application of filters in EMG
In certain situations, it may be suitable to apply additional digital filters.  Alternatively to Movag and RMS


smoothing, a low pass filter at 6 Hz (e.g. Butterworth, 2nd order or higher – see Fig. 39) can be used to cre-


ate a linear envelope EMG (11). One benefit of higher order digital filters is that it can be applied recursively


to minimize the phase shift phenomenon mentioned in the previous chapter.


Fine wire studies may suffer from the wire movement artifacts within dynamic studies (see Fig.22). They often


can be minimized by applying a high pass filter at 20 – 25 Hz (See chapter Fine wire electrodes). Such a filter


setting does not significantly change the ensemble average curves e.g. typically processed in gait studies


(see chapter Average EMG / Ensemble Average).  The use of vaginal or anal probes can be improved by


setting high pass filters to stabilize baseline shifts due to instable contact between probe and muscle /skin


surface. Finite Impulse Response filter (FIR) and Infinite Impulse Response Filter (IIR) with several sub


classes (window edge fading) exist and specialists may identify optimal filter settings and coefficients to best


fit a signal to a given purpose. Otherwise, the rectified RMS smoothed EMG signal without any additional fil-


tering can be considered as a standard processing in kinesiological EMG.


Fig. 39: Comparison of three smoothing algorithms and their effect on amplitude shape and statistics. The 6 Hz Butterworth
Low Pass filter (lowest channel) compares to a MovAg with 100ms window width. Both show the same shape and identical
amplitude parameters
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Signal Processing – Amplitude Normalization


General comments
One big drawback of any EMG analysis is that the amplitude (microvolt scaled) data are strongly influenced


by the given detection condition (see chapter Influence of Detection Condition): it can strongly vary between


electrode sites, subjects and even day to day measures of the same muscle site. One solution to overcome


this “uncertain” character of micro-volt scaled parameters is the normalization to reference value, e.g. the


maximum voluntary contraction (MVC) value of a reference contraction. The basic idea is to “calibrate the mi-


crovolts value to a unique calibration unit with physiological relevance, the “percent of maximum innervation


capacity” in that particular sense. Other methods normalize to the internal mean value or a given trial or to the


EMG level of a certain submaximal reference activity. The main effect of all normalization methods is that the


influence of the given detection condition is eliminated and data are rescaled from microvolt to percent of se-


lected reference value.  It is important to understand that amplitude normalization does not change the shape


of EMG curves, only their Y-axis scaling!


The concept of MVC Normalization


The most popular method is called MVC-normalization, referring to a Maximum Voluntary Contraction done


prior to the test trials (Fig. 40).


Typically, MVC contractions are performed against static resistance. To really produce a maximum innerva-


tion, a very good fixation of all involved segments is very important. Normal (untrained) subjects may have


problems producing a true MVC contraction level, not being used to such efforts.


Logically, patients cannot (and should) not perform MVCs with injured structures and alternative processing


and analysis methods must be considered. Concentrating on treatment issues, a clinical concept would work


with the “acceptable maximum effort” (AME) which serves as a guideline for biofeedback oriented treatment


regimes. One cannot consider an AME as a MVC replacement which can strongly differ from day to day.
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Fig. 40: The concept of MVC normalization. Prior to the test/exercises a static MVC contraction is performed for each muscle. This MVC
innervation level serves as reference level (=100%) for all forthcoming trials
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The practice of MVC Normalization
The MVC test has to be performed for each investigated muscle separately. The first step is to identify an ex-


ercise/position that allows for an effective maximum innervation (not force output!). For extremity muscles


typically isolated single-joint activities - statically fixated at middle positions within the range of motion (ROM)


- give best results. For trunk muscles exercises innervating the given “muscle chain” work best. Whenever


possible, use robust machines with fixation belts.  It is interesting to note that depending on the subject’s indi-


vidual coordinative capacity different test exercises/positions can produce the highest MVC value, especially


for trunk muscles: it may be needed to try out two or three possible good candidates of test exercises and


check, where finally the highest EMG level can be found. For complex studies addressing trunk and hip mus-


cles, it is recommended to organize a sequence of these “best candidates” and let them be performed in ran-


dom order (Fig. 41).


After an initial warming up sequence (stretching, low aerobic exercises, 5 to 10 minutes), ask your subjects to


start slowly increasing the force, reach the maximum effort after 3 –5 seconds, hold it for 3 seconds and calm


down with 3 seconds. Repeat it at least one time, with a pausing period of 30 to 60 seconds in between. Re-


peat this sequence for each MVC exercise (studies require random order to avoid systematic fatigue effects).


The most economical way is to store all


data in one record and pause the re-


cording while changing the test position


(Fig. 42). This would allow mathematical


algorithms to find peak portions auto-


matically, regardless of which “candidate”


produced it. The MVC value itself is not


calculated as a single peak data point


which would mean too much variability.


A more stable reference value is the


mean amplitude of the highest signal


portion with e.g. 500 ms duration. It has


to be determined by algorithms using a


gliding window technique
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Fig. 41: MVC test sequence for trunk/hip flexor muscles (Rectus abd., Obliquus ext. abd., Rectus femoris). The numbers below each test
exercise indicate how many of 10 subjects showed highest innervation at that exercise.


Fig. 42: Example for an 8 channel MVC test sequence. Each MVC – test is repeated as
least one time, interrupted by a pausing (red lines). An automatic algorithm detects the
highest EMG portions (green bars labelled “MVC”) and stores them for further use. Sys-
tem MYORESEARCH XP, NORAXON INC. USA
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Proposal for MVC - test positions
How to arrange a MVC exercise: the most important point is very good fixation and contraction against rigid


resistance.  Some exercises can be arranged on a regular therapy bench, using belts in combination with


manual resistance.  Training machines can be very helpful due to their fixation possibilities. The following ta-


ble is based on practical experience. Systematic research studies on the effectiveness of MVC positions are


still missing and some trial and error testing in pre-studies are needed to confirm the best test arrangement.


MVC Positions for forearm / shoulder muscles


Muscle group Exercise Comments


Forearm flexors /
extensors


Select a seated or kneeling position (in front of a bench) and
arrange a stable forearm support. Manual resistance, bar-
bells or cable/belts can be used. Consider using the latissi-
mus d. and pectoralis major MVC test as a control exercise


Biceps Brachii A valid biceps b. MVC needs a very stable elbow and trunk
fixation. This can best be arranged in a seated or kneeling
position (in front of a bench). Consider using the latissimus d.
MVC-test as a control exercise.


Triceps Brachii Same instruction as biceps b.! Consider using the pectoralis
major MVC-test as a control exercise.


Deltoideus Select a seated position, if possible with fixated back. Fixate
near the arms near the 90° position. The bilateral contrac-
tions guarantee a balanced force distribution for the trunk.
The abduction works best for the pars acromialis of the
deltoid muscle. Consider a flexion/extension position for the
pars clavicularis.


Trapezius p. descen-
dens


The MVC test can be performed with one side only. A static
resistance can be arranged by manually fixating the arm or
arrange a large enough load to press the shoulder down
(difficult).


Pectoralis major Numerous test positions can be used! However, all of them
need a very good shoulder/back resistance. The prone lying
position would best be performed with a (fixated) long bar.
The push up may work as an easy to arrange alternative.
Both positions should be performed in 90° elbow position.


Infraspinatus Being the most important outward rotator of the shoulder cuff,
any related outward rotation may work. Good results are
achieved with uni- or bilateral manual resistance against the
forearm


Trapezius p. trans. /
Rhomboideus


The horizontal abduction best addresses the shoulder stabili-
zation muscles. In the prone laying position a barbell or
bilateral manual resistance can be used. The seated position
requires a good breast fixation and a cable or machine
resistance (rowing machines).


Latissimus/Trapezius p.
ascendence


The simulation of a pull-up addresses the highest latissimus
innervation. Consider/check a frontal and a lateral arm
position at 90° elbow flexion. You may find MVCs for the
biceps and the lower trapezius also.


Fig. 43a: Proposals for upper body MVC test arrangements. The black thin arrow indicates movement direction, the white thick arrows the resistance
direction
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MVC positions for trunk, hip and leg muscles


Muscle group Exercise Comments


Rectus abdominis
Obliquus internus ab-
dominis


A valid MVC test for the abdominals is difficult to
arrange. Sit-up styled movements with very good
leg fixation (!) work best. Let the spine flex by
around 30° and use a belt or manual fixation for
that position. The obliques may fire higher when
an additional trunk rotation is added to the flexion


Obliquus externus ab-
dominis


This MVC test needs good coordinative skill. A
side laying position with leg and hip fixation is a
good start position. Let the subject flex up and
fixate early in the flexion position. An important
check exercise is the MVC test for the rectus
abdominis


Erector spinae /
Multifidii


The prone laying position on a bench is a very
productive MVC test position. Because all back
muscles are facilitated within a muscle chain,
MVCs for the erector spinae, the gluteus and the
hamstrings can be found here.  A check exercise
is the isolated back extension at a machine


Glutaeus maximus A control exercise for the gluteus maximus mus-
cle! It should be performed both in extended and
flexed knee position with slightly outward rotated
legs. The hyperextension position (~20°) is im-
portant.


Glutaeus medius The hip abduction can be performed in fixated
side laying position or supine position. Some
subjects show higher EMGs in standing position


Mm. adductores A big and stiff roll cushion is pressed between the
flexed legs


Rectus femoris An easy and beneficial exercise for all quadriceps
muscles!  A single leg knee extension between 90
and 70° knee flexion position is performed


Mm ischiocrurales Isolated test for the hamstrings. Arrange a very
good fixation of the hip (belt/heavy person) and
perform a unilateral knee flexion at ~ 20-30° knee
flexion. An important check exercise is the prone
laying MVC test for the erector spinae


Gastrocnemius Being one of the strongest human muscles, the
triceps surae group needs very rigid (machine)
resistance against the fixated hip. Perform an
unilateral plantar flexion at 90° ankle position


Soleus This is an important check exercise for the soleus
muscle because the gastrocnemius is at a difficult
work position. Perform a unilateral plantar flexion.
A very rigid fixation of the knee is needed due to
high forces


Tibialis anterior The tibialis anterior usually can be fixated by
manual resistance, work unilateral


Fig. 43b: Proposals for trunk, hip and leg MVC test arrangements. The black thin arrow indicates movement direction, the white thick arrows the resistance
direction
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Benefits of MVC-normalization
One important benefit MVC normalized data provides is the estimation of neuromuscular effort “invested” or


needed for a given task or exercise. On the microvolt level, it is impossible to estimate the neuromuscular


demand because these data are too strongly influenced by the individual signal detection condition. Any


“normative” amplitude data published in microvolt values must be used with very special care!  MVC normal-


ized data give an understanding at what capacity level the muscles did work, how effective a training exercise


“reached” the muscles or how much ergonomical demand a work task is asking from a worker.


The other big benefit of MVC-normalization is the rescaling to percent of a reference value unique and stan-


dardized for all subjects within a study. It eliminates any varying influence of local signal detection conditions.


This again allows a direct quantitative comparison of EMG findings between subjects. Group statistics and


normative data can be developed and statistically be verified.


Drawbacks of MVC-normalization
The MVC concept can only be used in studies done with healthy and trained subjects. And even here, some


uncertainties have to be considered: is the subject able to perform a valid trial, did the test exercise correctly


“catch” the muscle and is the selected muscle length representative for dynamic movements etc.?  Very often


supramaximal EMG data can be observed for submaximal dynamic activities. Unfortunately this phenomenon


is not systematically addressed by scientific studies and numerous factors may be responsible for it, e.g.:


• Changes in the muscle length due to dynamic movements


• Using a MVC window instead of a peak data point


• Motor unit synchronization and increased electrical superposition within submaximal movements


As previously mentioned, valid MVC data can only be produced with healthy subjects, which were prepared


(trained) for the MVC test series.  This may make the methodological organization of a study very demanding


and time consuming.  Consider a 16 channel EMG measurement with one repeated trial; the efforts needed


to perform an appropriate MVC test series easily need one hour of preparation. Most reviewers in scientific


journals ask for MVC or any other normalization by default.  But on a note of caution it may be outlined that


MVC tests easily get invalid and produce more data instability/invalidity instead of benefits. Changing the


analysis philosophy often makes normalization unnecessary (see analysis chapters below). Especially when


working with patient groups, one cannot expect a valid MVC trial at all.  In most clinical cases it is better to


stay at the microvolt scaling but ensure a very well prepared and standardized skin-/electrode preparation


and accept a certain amount of “error” produced by varying detection conditions. In side comparison or re-


peated day to day tests done with one subject, a rough guideline may be to consider 10 to 15% per se vari-


ance due to differing detection condition. However, caution is needed if subjects are compared: at extremes


the difference can easily be several hundred percent!  Unnormalized EMG patient findings should be ana-


lyzed with qualitative scales, direct comparison muscle activity of the same muscle in different test positions,


or qualitative description of the curves characteristics within a movement cycle (”muscle behavior”).
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Amplitude normalization internal mean or peak value
For ensemble average EMG curves (see next chapter) some researchers recommend the amplitude normali-


zation (based on smoothed rectified EMG) to mean value found within each test/exercise/trial (Fig. 44). The


main effect is a reduction of the variability, expressed in smaller coefficients of variance (12 – see Fig. 45).


This may have statistical benefits, such as reduced standard deviation range, but since this normalization


method (like any other method) does not change the shape and ratios within the averaged EMG curve, the


true benefit is academical and of lesser practical relevance.


Alternatively, the peak value can be used as a reference point (Fig. 44). Both methods have the big draw


back that any (at least qualitative) information about the innervation level is eliminated, e.g. an activation


curve near the maximum capacity receives the same dimension as a low level contraction. Any comparison


between trials of the same subject and channel will lose the innervation ratio, which is a very important analy-


sis factor for EMG findings.  Both normalization methods allow studying the innervation behavior or develop-


ment of EMG pattern within the investigated repetition cycle (typically gait analysis).


Other normalization methods
Other methods are reported (10), such as using the EMG innervation of a task specific reference activity (e.g.


holding the arms in 90° abduction and normalizing the trapezius and deltoid EMG to this position). This ap-


proach is very critical and may even add confusion because one will never know about the given individual


coordinative (EMG) input within the reference activity. An alternative concept to MVC normalization is the


normalization to submaximal EMG levels. This is only practical if the force output can be determined: given


the case the subject is able to perform a maximum (force-) effort, the EMG level of e.g. 40% of max force is


used for normalization.
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Fig. 44: Amplitude normalization to the test- internal mean (left) or peak value (right) of the averaged curve.


Fig. 45: Comparison of microvolt vs. mean value normalized ensemble averages of the medial gastrocnemius. The shape of the curve is
not altered, but the variance (CV-coefficient of variance) is reduced due to mean normalization (left). Redrawn from 11, p. 64
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Signal Processing – ECG Reduction


How to remove ECG artifacts
As previously demonstrated in the section “EMG-Artifacts”, the ECG spike can contaminate EMG recordings


on the upper body. The ECG may be considered as EMG of the heart, but due to electrical synchronization


being stronger by a factor of 1000 (millivolt instead microvolts), it can easily migrate through body tissue and


reach electrode sites on the upper body.  Risk regions are the muscle sites near the heart like the shoulder


and upper trunk muscles.  It is an unavoidable biological artifact and cannot easily be filtered away.  Having a


center frequency of 80 Hz, it is located within the peak power region of the EMG frequency spectrum.


By combining adaptive filter methods with a pattern recognition mode, sophisticated algorithms can “clean”


most of the ECG contents without affecting the true EMG amplitude and power spectrum (Fig. 46).  Relaxa-


tion studies especially suffer from the artifact and without ECG removal significant errors may be introduced


to the amplitude calculations.


Fig. 46: Example of ECG affected EMG recording (upper trace) and the resulting signal after applying an ECG-reduction algorithm (lower trace). On
the right side the FFT power spectrum of the interval between the two marks is shown. Note that both the EMG amplitude and the spectrum are not
altered by the ECG reduction. System MyoResearch XPTM, NORAXON INC USA


Fig. 47: Calculation errors produced by ECG interference on EMG traces near the rest line (relaxation
studies). The amplitude mean value (MEAN) increases from 3,2 (cleaned) to 10.8 microvolt.
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Time Normalization for Repetition Cycles


Natural variability within human movements
Even in highly standardized movement patterns or repetition cycles, such as normal gait or isokinetics knee


extension/flexion, a significant signal difference is visible in the smoothed rectified EMG between repetitions


(Fig. 48). The random nature of the MUAPs superposition (see chapter “Nature of the EMG Signal”) may con-


tribute to part of it, but the more important reason is the coordinative variability which is typical for human lo-


comotion. Not being robots, it is difficult for normal subjects to really reproduce a movement a second time:


all biomechanical data/curves reveal variance. Typically, the standard deviation ranges of averaged EMG


curves are higher than the e.g. angle or force curves. Beside signal nature, the main reason is the coordinative


interplay between muscle agonist, antagonists and synergists, which can be considered as continuous motor


control/balancing process between all involved components. To describe the “typical” movement characteristics


and neuromuscular input, investigators should consider not to analyze only one repetition but many of them


(> 6 up to 30, depending on difficulty and fatigue factor) and average them to the “ensemble average” curve.


The concept of time normalization
It is impossible to precisely repeat the duration of a repe-


tition in human locomotion, even if isokinetics machines


(constant movement velocity controlled by machines) are


used (Fig. 48). Any averaging of such repetitions requires


a time normalized format. The most popular concept,


originally developed for gait analysis (11), separates all


repetition within a given sequence into an equal amount


of periods and calculates the mean value of each period


(Fig. 49). The original (milli-) second time scale is con-


verted to “percent of cycle” ranging from 0 to 100%. Usu-


ally a segmentation of 100 (= 1 data point at each 1%


step) is used.


Free Knee Extension/Flexion Isokinetics Knee Extension/Flexion Fig. 48: Variability of single EMG pat-
terns.
Left side shows a signal superposition of
3 repetitions for three knee extensors
(vastus medialis&lateralis, rectus femo-
ris) for a free squat movement. A con-
siderable EMG variance between
repetitions is visible.


On the right side, a signal superposition
(3 repetitions) of the vastus medialis
EMG (upper trace) and the resulting
torque output curve (lower trace) is
shown for a concentric/concentric knee
extension/flexion at an isokinetics
device. The EMG variability is reduced -
mainly due to the single joint character
of the knee extension in seated position.


Fig. 49: The concept of time normalization for repetitions/interval of
different duration. Each repetition is segmented in a certain amount
of equal portions and the mean value of each portion is used for the
averaging.







                                                                                                                                                                                                                                
ABC of EMG – A Practical Introduction to Kinesiological Electromyography Page 37


Average EMG / Ensemble Averages


Time normalized averaging
Based on the time normalization described above each repetition is averaged to a mean curve, the average


curve or ensemble average curve (Fig. 50). Usually the range of plus/minus 1 standard deviation (SD) is


shown to visualize the variability between repetitions (Fig. 51). Big SD-areas indicate less successful repeat-


ability between repetitions or poor test standardization.


In clinical testing the coefficient of variance can easily reach values of >50% which is not an abnormal finding


for e.g. EMG gait patterns (see Fig. 45).


The strategy of averaging is one of the most important EMG analysis because the ensemble average curves


can easily be reproduced if the overall testing standardization is arranged properly.  Averaging has an addi-


tional “smoothing effect” on the EMG pattern.


Another big advantage is the unique time format which allows group averaging and comparison between


subjects and activities. The average EMG is the best method to describe the typical innervation input to an


investigated movement or activity. A qualitative inspection of the “innervation behavior” within the movement


cycle is an important clinical diagnosis that does not require MVC normalization (Fig. 52)!


Time normalized cycle
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100%
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Fig. 50: Generation of an averaged curve within a time normalized
frame ranging from 0 to 100%


Fig. 51: Example for averaged curves, based on a isokinetic knee
extension / flexion sequence at 60°/sec. Red= EMG, green=torque


Fig. 52: Comparisons of average EMG curves within the unique
time format resulting of time normalization. EMG Pattern difference
can easily be detected, qualitatively described and quantitatively be
calculated if the same muscle is investigated in two different test
conditions. If muscles (=different detection conditions!) are com-
pared, the quantitative comparison should be avoided and the focus
is set to the “innervation behaviour”.
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Averaging without time normalization
For the analysis of innervation characteristics within the stretching/shortening cycle (reactive contractions <


180 ms) or reflex loops, any time normalization should be avoided because it may destroy the true time char-


acteristics which can count in a few milli-seconds.  An alternative concept is to average a fixed duration pe-


riod before and after a certain event, such as first ground contact in jump testing, contact hit of the reflex


hammer to test tendon reflexes or first angle change of a tilt platform to measure the muscle response to


sudden ankle pronation/supination (see chapter Timing Analysis).


Fig. 53: Averaging without time normalization. A fixed interval before and/or after (blue activity section) a reproducible movement
event (ground contact) is used a standardized format for the averaging. For the drop jump on a force plate as shown above a fixed
interval of 100 ms is selected to describe the pre-innervation phase (yellow activity section), a 400 ms interval after the ground
contact is used to describe the EMG activity (red curves) and impulse (green curves) of the jump.







                                                                                                                                                                                                                                
ABC of EMG – A Practical Introduction to Kinesiological Electromyography Page 39


EMG Amplitude Parameters


Standard amplitude parameters
Like any other measurement curve, EMG traces can be calculated with standard amplitude parameters, such


as mean, peak, minimum value, area and slope. The preliminary condition is rectification, due to the bipolar


signal nature (Fig. 54).


The EMG Peak value is only meaningful for averaged curves because even for smoothed rectified EMG


traces, it is still too variable. A reasonable modification of the single peak calculation is the Average Peak
calculation: e.g. the first ten highest peak values within an analysis period are averaged to the average peak.


The amplitude Mean value of a selected analysis interval is probably the most important EMG-calculation,


because it is less sensitive to duration differences of analysis intervals. The mean EMG value best describes


the gross innervation input of a selected muscle for a given task and works best for comparison analysis. The


Area is the true mathematical integral under the EMG amplitude for a certain analysis period. Depending on


the point of view, it has the benefit or drawback of being directly dependent on the time duration selected for


an analysis.


IEMG means integrated EMG and in earlier days this


term was often disused for analog smoothed EMG


curves (using “an integration time” within analog filter-


ing).


Based on the Mean value calculation, another modifica-


tion is the Input % Value: In a first step the mean EMG


values of all analyzed channels are summed up and the


result is defined as 100 % EMG input. Now, in a second


step, the percentage amount each channel shared to


get this 100% is calculated (Fig. 55). This calculation is


a kind of distribution analysis and can nicely be used to


compare innervation ratios between exercises.
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Fig. 54: EMG standard
amplitude parameters based
on the rectified EMG curve


Fig. 55: The Mean value of an analysis interval is calculated for three
muscles. All values are summed up and defined as 100%. The
Input% calculates the percentage amount of each muscle within
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EMG Frequency Parameters


Calculation of the frequency contents
Modern PC technology makes it very easy to use Fast Fourier Transformations (FFT) to analyze and esti-


mate the frequency contents of EMG signals. In a model, a superposed EMG signal can be considered as a


summation of sine waves with different frequency velocity (Fig. 56).  The FFT algorithm can be described as


a decomposition of the EMG signal to its underlying sinus contents.  E.g. if the most dominant (large ampli-


tude range) sine wave is recognized at 80 Hz, this EMG has a lot of power at this frequency. If this kind of


power distribution analysis is done continuously over a certain Hertz range, a frequency distribution graph or


Total Power Spectrum is created (see Fig. 31).


Analysis parameters of the Total Power Spectrum
The Total Power Spectrum can be calculated again by the following frequency parameters: Mean Frequency
as the mathematical mean of the spectrum curve, Total Power as a the integral under the spectrum curve


and Median Frequency as the parameter that divides the Total Power area into two equal parts (Fig. 57).


Finally the Peak Power, the max.- value of


the Total Power Spectrum curve can be used


to describe frequency characteristics. Within


applied EMG-frequency analysis the most im-


portant parameters are the mean and median


frequency and their time domain changes in


sustained contractions (fatigue studies).


Zero Crossing or Zero Turns
An alternative to the FFT based calculations is the simple counting of crossings through the zero line of the


EMG signal. This Zero Crossing rate is highly correlated to the FFT based mean/median frequency and can


be used as an alternative to FFT calculations which required considerable calculating time and PC-power.


Today Zero Crossing has become less important and FFT based calculations are the preferred choice.
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Fig. 56: Model of frequency related signal decomposition based on FFT. The signal on left side contains 3 underlying waves (middle): a sinus wave at 1
Hz, another at 3 Hz and finally one wave at 5 Hz. The power distribution (right) indicates Power of different magnitude at this frequencies. Adopted &
redrawn from 3, p. 24


Fig. 57: EMG standard frequency parameters based on FFT calculations
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Timing Related Parameters


Time to Peak calculation
Another important class of EMG parameters addresses timing characteristics within the EMG signal and in


ratio other biomechanical signals or movement events. The easiest one is the Time to Peak calculation,


which is the duration from the beginning of the analysis period (or beginning of contraction) to the peak am-


plitude value. This parameter is important to e.g. describe characteristics of average curves (Fig. 58).


Onset/Offset calculations
The main idea of Onset parameters is to calculate how long a muscle needs to turn on, how long it stays on


and how much EMG is used within the onset period (Fig. 59). The most popular analysis is the nerve con-
duction velocity measurement, where an external stimulus is applied and the reaction time to the EMG on-


set is calculated. Based on the known distance between stimulus and electrode site, the conduction velocity


is determined.


Another analysis class addresses


the coordinative question “in which


order the muscles start to fire”.


Starting from a relaxed muscle po-


sition the Firing Order for a given


movement is analyzed.


Finally Onset pattern diagrams
can be derived, indicating at what


time portion within an investigated


movement a muscle is on or off.


Early gait analysis concepts used it


for multi channel EMG applications


in average cycle plots (see Fig.


71).


Onset
Time


Offset
Time


Fig. 58: Time to Peak calculation for an average curve.
The beginning of the calculation period is the beginning
of the movement cycle; the (time normalized) peak time
point is an important parameter to describe average


Fig. 59: Illustration of the Onset and Offset time period. Based on the beginning of an analysis
period, a threshold criteria is applied to determine the Onset time of EMG. If the same thresh-
old is passed again, the Offset time is reached
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Thresholds Concepts to Define Subperiods


Threshold definition by multiple SD of EMG-baseline noise
The accuracy and validity of any Onset/Offset calculation depends on an appropriate threshold definition. It is


the most sensitive point in this class of calculations. Several methods can be applied to define the onset and


offset of muscle activity. The most popular approach calculates the standard deviation range of the EMG


baseline before a certain activity. In the next step, a multiplication factor of this range is defined, typically a


factor of 2 or 3. When the muscle activity exceeds the double or triple SD range, the muscle is defined to be


“On” or activated.  Because single spontaneous spikes can easily exceed the SD range, it is useful to define


a minimum time (minimum subperiod duration) that the EMG signal has to constantly stay over the threshold


to be accepted as “On” (e.g. 50 ms). The same is valid for the offset of the signal, to avoid that single random


amplitude gaps trigger the “Off” of muscle activity.


Even if very popular, the SD based threshold definition can be difficult be set up for valid and repeatable re-


sults. The SD noise can largely vary between trials and subjects, which make it difficult to define a fixed mul-


tiplication factor for all trials. Another possible “problem” is that modern EMG amplifiers are so noise free that


the multiplication factor has to be increased to 8 times or higher to give reliable results (Fig. 60):


Threshold definition by local peak value
An alternative solution of threshold definition would be a percentage amount of the local peak activation


found within the analysis period, e.g. 5%. This peak setting produces much more reliable threshold settings


and is independent from the baseline characteristics and variations.


Threshold definition by a fixed value
Another alternative would be to define a certain microvolt level or better, a certain percentage value for MVC


normalized recordings.


Whatever method is selected, it is absolutely necessary to graphically check the validity of the threshold set-


ting results and Onset periods.


Fig. 60: Adjustment of the SD multiplication factor to determine a reliable threshold level for EMG onsets/offsets. The threshold on left side is
set to 3 standard deviations and fails to detect a valid activation (marker lines and pink bars). The noise free baseline requires an increase to
8 times SD to detect the contraction onset/offset correctly.
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EMG To Force Ratio


The relationship between EMG input and force output
EMG activation is the preliminary condition for any force development and one can expect a very close rela-


tionship between both measures. Indeed, there is a very high correlation between both parameters, but un-


fortunately it can greatly vary within its characteristics. The typical case is a curvi-linear relationship: at higher


force portions proportional more EMG is needed to increase force (Fig. 61):


For certain conditions within static force testing (both EMG and Force are normalized to its maximum value)


some (smaller) muscles tend to show true linear EMG-Force relationship (Fig. 61, right diagram). The investi-


gation of such relationships is important if EMG has to assist torque calculations within biomechanical mod-


els. Under a more practical point of view, e.g. within clinical treatment procedures, one can safely derive that


with any EMG increase the torque and compression force around a joint increase in a similar fashion.


The EMG-Force ratio can be used to de-


termine the neuromuscular (training)


status of a muscle. Within static contrac-


tions with constantly increasing force


output (ramping) well-trained muscles


show a clear right shift of the ratio, atro-


phic or very untrained muscles show a


left shift (Fig. 62).
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Fig. 61: Two classical static EMG/force experiments: The left figure (adopted &
redrawn from 10, p. 110) shows the dependency of the EMG/force ratio from angle
position (A,B), which can be eliminated by normalization of the MVC of force. The
right figure (redrawn from 2, p. 193) shows EMG/force ratios of 3 different muscles
for MVC normalized EMG and force output data


Fig. 62: Schematic EMG/force relationship in ramp contrac-
tions. Depending on the muscle condition and training status
the ratio can alter. Trained muscles need less EMG for a
given force output than atrophic or fatigued muscles.
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EMG as a Biomechanical Method


The role of EMG within biomechanical studies and setups
The world of biomechanical measurement method can basically be separated to 4 major areas: Anthropome-


try, Kinematics, Kinetics and Kinesiological EMG (Fig. 63). The important role of EMG is the objective


evaluation of the neuromuscular activation within any activity. Unlike the other areas, EMG is a without a se-


rious competitive method within its class.


The important starting point is the proper selec-


tion and combination of methods that can ad-


dress a certain topic. Starting from a problem you


observe with your subjects or patients or the de-


sire to achieve a better understanding of the


physiological conditions within any activity, you


formulate expectations or hypothesis on that par-


ticular topic. Usually it is easy to convert as-


sumptions to categories of questions. In the next


step you need to decide which biomechanical


method can best detect the processes related to


your questions. The selection of a correct biome-


chanical sensor or class is very important.


E.g. EMG cannot answer how strong (in Newton) a muscle is, and the other way around, force measures


cannot answer if a muscle fires correctly.  Finally, within each category of biomechanical sensors, several


sub-classes of analysis questions can be answered. The following chapters explain in detail what types of


analytical questions you can “ask” EMG and how to use them as an analysis concept.
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Fig. 63: The 4 major areas of biomechanical
measurement methods


Fig. 64: Analytical questions are the basis of proper sensor selection within
biomechanical methods
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EMG Analysis Questions - Overview


Types and scaling of analysis questions
There are basically 5 major categories of analysis questions that EMG can address and (very precisely!) an-


swer:


Level of question Type of answer Type of scaling


1) Is the muscle active? Yes/Noand On/Off Nominal


2) Is the muscle more or less active? Ranking between tests in qualitative terms Ordinal


3) When is the muscle on/off? Onset/Offset calculations, firing orders Metric


4) How much is the muscle active? Expressed in e.g. % MVC Metric


5) Does the muscle fatigue? Slope calculation of EMG parameters Metric


It is important to note that with increasing question level, the complexity of EMG analysis increases too. If a


clinician needs a quick check if a neurological patient can voluntary activate a muscle, a one channel raw


EMG recording that requires 1 minute preparation time will directly answer his question. On the other hand, if


the coordinative quality within complex movements needs a deeper investigation, one may decide to use a


16 channel recording and amplitude normalization to MVC that may require 1 hour preparation time.


EMG can only answer its specific categories of questions. Like any other biomechanical method, it acts like a


lens by focusing on one selected subsystem or component of a very complex overall biological system. Mus-


cles are the “motors” (or brakes) of locomotion, but by their nature they only receive and operate reflex based


or CNS driven commands. EMG of a muscle alone can never answer a “Why?”


This makes any interpretation of


EMG findings very demanding and


requires fundamental understand-


ing of the sensi-motor system. Be


aware that any neuromuscular


finding from the “Active Motor


System” is also influenced by pro-


cesses of other biological subsys-


tems (Fig. 65). The challenge is to


re-integrate a certain finding from


one sub-system to the entirety of


the human body. A single biome-


chanical finding, even if measured


accurately, is worthless if not inte-


grated to the total system.


Active Motor
System


Passive
Motor System


Cardio-vasc.
System


Metabolic
Pathways


Cognitive/Emotional
Processes


Central-/Peripheral
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Connective
Tissue


Inner
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Biological Sub-systems within Humans


Fig. 65: Biological sub-systems that act in dependency to each other. A single finding within a
selected subsystem does not reflect the whole system
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EMG Analysis: On/Off?


Question level 1: Is the muscle active?


This category of questions is directly answered by observing the raw EMG trace of any activity. It is answered


on the nominal level by yes/no or on/off. Caution is needed to check that the quality of the EMG baseline al-


lows a clear identification of active EMG. Noise may not be interpreted as “increased tonus”.


The relevance of this fundamental question


may be underestimated or misunderstood. Not


only for neurological therapists asking if the pa-


tient can access to a certain muscle, but also


for training professionals, this basic question


can quickly receive relevance. E.g. the incor-


rectly assumed “postural” role of the M. glu-


taeus maximus in regular upright standing, or


the lumbar spinal/pelvic “stabilization” function


of the M. rectus abdominis, two fundamental


misunderstandings derived from pure functional


anatomical considerations can quickly be


cleared by simply asking and measuring, if


these muscle are active or not in these given


tasks (Fig. 66).


A healthy well organized muscle in regular conditions turns off if it is not needed anymore. If it still stays on, it


is an indicator for active muscle spasm, reflex induced (e.g. pain) hypertonus, joint instability or behavioral


disuse (stress, bad muscle coordination).


Fig. 66: EMG on/off-analysis of a regular upright standing / posture task.
The multifidii (ch. 1) and internal obliques (ch. 4) show significant EMG
activity (=on), whereas the glutaeus maximus (ch. 3) and rectus abdominis
(ch. 4) are “off”. The same finding is found on instable ground or one leg
standing – indicating which muscles really contribute to postural stability


Fig. 67: The flexion-relaxation phenomenon.  When
slowly bending forward from an upright position, the
back muscles (ch.1 multifidii) and hip extensors (ch. 2
gluteus maximus) turn off at the most flexed position
(dashed vertical line and video picture). The limb
momentum is held by passive structures like liga-
ments. When slowly extending back, both muscles
start firing again. Other synergists (ch. 3 hamstrings)
are active all the time. Low back pain patients can lack
this innervation silence due to dysfunction or pain.
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EMG Analysis: More / less?


Question level 2: Is the muscle more or less active (in comparisons)?
The questions type “more/less” requires at least one comparison condition, like the EMG of the left and the


right side, the pre-post test or subject to normative curve comparison. The question type addresses a quali-


tative answer where quantities are ranked on an ordinal (instead metric) level.


Typical ordinal amplitude scales are:


No activity absent minus test with lowest activity
Moderate inadequate plus ranking of test in between
High excessive 2 x plus test with highest activity


From a clinical and practical point of view the qualitative analysis (and interpretation) of EMG amplitudes is


the probably most important and useful way of analyzing patient data. As discussed earlier (see “Drawbacks


of MVC normalization”) patients typically cannot perform MVCs for amplitude normalization, and other nor-


malization methods do not really create a benefit.


The question category more or less receives quantitative


character if it is used for the same muscle and subject


without removing the electrodes between trials. Espe-


cially for subjects or tests where amplitude normalization


is not suitable, it would be the major leading analysis


question: “what is the difference in activity between two


contraction conditions?”  Within this design, at any time


one can safely express the microvolt difference in per-


cent, e.g. test 1 revealed 35% less mean EMG than test


2.  Within qualitative analysis it is helpful to present data


as curves, because data reduction to a single amplitude


parameter may mask important information of the mus-


cle pattern itself.
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Fig. 68: Video-based EMG analysis of 4 different work activities (yellow
intervals) measured in microvolts. Where is more or less EMG?


Fig. 69: EMG analysis of 5 abdominal exercises, ranked by the highest
EMG found (basket hang) and scaled in arbitrary units


Fig. 70: Qualitative EMG analysis of the tibialis anterior (upper trace) and
gastrocnemius medialis (lower trace) in left/right comparison of a spastic
patient performing 3 squats. The more/less analysis focuses on side com-
parison and constancy between repetitions.
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EMG Analysis: Muscle Timing?


Question level 3: When is the muscle on/off?
Based on certain threshold criteria that defines when a muscle is “On” (see chapter “Timing Related Pa-


rameters”), the timing characteristics of a muscle within a certain movement event or in comparison to other


muscles (Firing Order) can be calculated on a metric time scaling base. This analysis type does not require


any amplitude normalization and is therefore a helpful analysis strategy in patient measurements.


A popular example is the On/Off timing pat-


tern of muscle in the gait cycle, which allows


a good overview of the neuromuscular activ-


ity pattern in normal and pathological walking


(Fig. 71). One may question if the data re-


duction to “On/Off” activity bars properly re-


flects the neuromuscular coordination, since


the threshold definition for muscle onset can


be critical and invalid (“see chapter Threshold


Definition by multiple SD”).


Another type of investigation (Fig. 72) ad-


dresses muscular reflex loops, e.g. the mus-


cle response of the lower leg muscles in un-


expected pronation of the ankle joint evoked


by controlled tilt platforms (“how long does


the muscle need to counter-react the prona-


tion?”).


Within the analysis of lumbar segmental stabilization timing characteristics of the involved stabilizers (Fig.


73) are an important measure for correct or insufficient “Core Stabilization”.
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Fig. 71: On/Off timing pattern of ten lower leg muscles within a gait cycle. Blue bars
indicate when the muscle is active.  Adopted and modified from 8


Fig. 73: Delayed innervation (narrow dash line) of lumbar segmental
stabilizers (Transversus abdominis, Multifiduus) in ratio to the onset
of the deltoid muscle (wide dash line) in rapid shoulder flexion done
by a low back pain patient. Adapted & redrawn from 9, p. 62
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Fig. 72: EMG onset analysis on a tilting platform. The reflex induced onset of
ankle stabilizers at unexpected tilt (dashed line) is calculated. Adapted and
redrawn from Rosenbaum et al.
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EMG Analysis: How Much Activity?


Question level 4: How much is the muscle active?
On this question level the EMG amplitude has to be calculated on a metric scale, giving a number to the


question “How much?” This question cannot be answered by the original microvolt scaling, because the


original electrical muscle activity is influenced by the local given detection condition that can greatly vary. To


overcome this external influence, a rescaling to percent of a certain reference value is applied -  preferred to


the maximum EMG signal available in optimal static contraction condition (see The concept of MVC-


normalization).


The question How much EMG basically ad-


dresses the interest to understand how much


work or effort a certain muscle has to share in a


certain exercise or task. This kind of evaluation


is important to understand the effect of treatment


and training exercises (Fig. 74) and reveal their


character of being low, submaximal or maximal


in demand: e.g. efficient strength training exer-


ises need a innervation level of at least 40 –


60% of MVC to create a positive effect strength


increase due to supercompensation (muscle hy-


pertrophy in healthy subjects).


Ergonomics may need to understand the neuromuscular demand of a given work activity to improve tech-


niques and conditions to lower stress and strain on employees. The design of work tools, seats and other


work space related conditions/devices will benefit from the analysis of the neuromuscular effort.
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Fig. 74: Muscular innervation profile of 8 hip/leg muscles in the horizontal squat
movement. Data shows the MVC normalized mean EMG of 6 extension and flexion
periods measured for a group 10 subjects at 40% of the individual one repetition
maximum.


Fig. 75: EMG efficiency analysis for 3 different seat positions based on the
MVC-normalized average curve of the multifidus muscle in a sequence of back
flexion/extension cycles. At a given load (60% Max.)seat position 3 shows the
highest EMG innervation.


Fig. 76: Ergonomic EMG analysis of two shoulder muscles (upper trace -:
trapezius p. desc; lower trace - deltoideus anterior) in a work task within a
steel production process. The MVC normalized signal show the muscular
demand in ratio to the given video picture
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EMG Analysis: How Much Fatigue?


Question level 5: Does the muscle fatigue?
Within static submaximal contractions both amplitude and frequency based analysis parameters show time


domain changes due to muscular fatigue (2). The classical test requires a constant load level at a well de-


fined angle position/muscular length. Due to recruitment of motor units, the amplitude shows an increase,


whereas the frequency based mean or median frequency of the total power spectrum show a decrease over


contraction time. The latter ones decline because - besides other reasons - the conduction velocity of the


motor actions potentials on the muscle membrane decreases.


This causes a left shift of the Total Power Spectrum to-


wards lower frequencies (Fig. 77). The regression coeffi-


cient of the median or mean frequency slope towards


lower frequencies can be used as a non-invasive fatigue


index for the investigated muscle. It is assisted by the in-


tercept which is the crossing point of the slope and the Y-


axis.


The study of local muscle fatigue effects has two impor-


tant applications. First, it can be used to identify weak


muscles. The most famous application of frequency shifts


(“Muscle Fatigue Index”, 3) is in the analysis of low back


pain patients. Second, it can be used to prove the effi-


ciency of strength training exercises. Since FFT based


calculations – from a mathematical point of view – need


signal stationarity and a Gaussian distribution of samples,


it is more the amplitude increase and its underlying motor


unit recruitment that is used in dynamic movement pat-


terns, such as strength training exercises.


Fatigue has to be considered as a very important control parameter for muscular (hypertrophy) training!


Training induced short term fatigue is the preliminary condition for muscle growth.  Some fatigue tests show


opposite findings: the frequency shifts up and/or the amplitude falls down. This phenomenon is less fre-


quently reported in literature and may be explained with migration of muscle activity within synergists and


reduction of co-activation within antagonists.
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Fig. 77: Schematic illustration of the frequency shift towards lower
frequencies in sustained contractions and calculation of the muscle
fatigue index. Adopted and redrawn from De Luca


Fig. 78: Typical test arrangement and findings for static back
endurance tests: Median (A), Mean Frequency (B), Zero Crossing
(C) and Mean Amplitude (D), slope of a trained (green) and un-
trained (blue) subject, measured for the multifidus muscle.
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EMG Analysis: Movement Coordination


Conceptual aspects to assess muscular coordination
The investigation of muscular coordination can be performed on all 5 analysis levels discussed before. But it


requires at least two involved muscles. Typically, all important muscles around a joint (agonist, antagonist,


and synergists) or all muscles within a “muscle chain” (e.g. back/hip muscles from cervical spine to thigh) are


measured. The judgment of “good” or “bad” coordination needs very precisely formulated criteria.


Examples are:


• Symmetrical innervation of synergists


e.g. the Mm. vasti at the quadriceps group


• Synchronized firing order of muscles


e.g. within a muscle chain or muscle ring


• Feed-forward innervation of stabilizers


e.g. lumbar segmental stabilizers


• Appropriate co-innervation of antagonists


e.g. low and late


Flexion Extention


1 = Vastus Med.
2 = Vastus Lat.
3 = Rectus Fem.
4 = Ischiocrurales


1 = Pelvic Floor
2 = Multifiduus
3 = Glutaeus Max
4 = Ischiocrurales
5 = Rectus Abd.
6 = Ext. Obliquus
7 = Int. Obliquus
8 = Rectus Fem.


1 = Vastus Med.
2 = Vastus Lat.
3 = Rectus Fem.
4 = Ischiocrurales


1 = Pelvic Floor
2 = Multifiduus
3 = Glutaeus Max
4 = Ischiocrurales
5 = Rectus Abd.
6 = Ext. Obliquus
7 = Int. Obliquus
8 = Rectus Fem.
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Fig. 79: Coordinative EMG analysis based on MVC normalized average
curves (N=10, top rowers) over a sequence of 8 rowing cycles. The pattern
analysis allows a precise description on how much and when a certain
muscles fires within the investigated movement.


Fig. 80: Two clinical examples based on microvolt scaled RMS EMG analy-
sis of muscle groups at video picture position. The left picture indicates EMG
imbalance between the vasti within a knee stabilization task. The right
pictures proves the appropriate innervation of lumbar stabilizers (multifidus,
internal obliques) within a shoulder training exercise at a cable machine


Fig. 81: Left/Right comparison of average curves (left side=black/injured) of
4 knee muscles within a free squat movement sequence (6 reps) of a
patient 4 weeks after ACL- rupture and surgery. Due to mechanical knee
instability the flexors (ch. 8 hamstrings) act like agonists (black curve).
Typically no innervation (red curve) is visible for this muscle group/exercise
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Design of EMG Tests: Need of Standardization


Factor that influence a test exercise
One of the most important strategies to prepare a meaningful EMG analysis and interpretation is the stan-


dardization or control of factors that influence a test position or movement.  Without understanding and con-


trolling the movement characteristics itself it is nearly impossible to interpret EMG data.  A general (scientific)


requirement is to be able to reproduce a test.  The most important factors that have to be considered and


standardized are:


Factor Comments


Angle position
in static tests


The angle and muscle length directly influences the EMG amplitude because the active


muscle migrates below the electrodes and muscle mechanics change with different sarco-


mere – distance (besides other biomechanical aspects)


Range of motion (ROM)
 in dynamic tests


In analogy to the previous factor, a varying range of motion significantly increase the vari-


ability of findings and needs an appropriate standardization


Movement velocity
in dynamic tests


Any repetition cycle means constant acceleration and braking, higher velocity means in-


creased acceleration and more motor unit recruitment per time, which finally results in


varying overall contraction times and innervation levels


Load or resistance Without the understanding of a given load condition or the lack of repeatable resistance, it


is not possible to perform e.g. test-retest designs or fatigue studies or other EMG test to


test comparisons


Duration/Repetitions
In static or dynamic tests


Beyond 30% MVC innervation intensity, the static contraction duration or amount of dy-


namic repetitions has to be considered as a strong determinating factor of influence ( e.g.


fatigue)


Preliminary status
e.g.  fatigue


The metabolic and central nervous conditions and also the time of day may be considered


as a factor of uncontrolled variability!


Guideline: Keep as many factors as possible constant or controlled by other measures:


Test Situation A


• ROM
• Velocity
• Repetitions
• Fatigue Status
• Load fixed


Test Situation B


• ROM
• Velocity
• Repetitions
• Fatigue Status
• Load varied


Variation of
1 factor


Analyze effect
on EMG!


Fig. 82: Example of optimal test standardization. All
factors except one are kept constant
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Recommendations for Test Standardization


Strategies to standardize tests
Load


• Use the whole body or body segments as a static resistance
• Use external weights to standardize load
• Use a tilt platform or two body scales to control the weight distribution in


squat exercises (Fig. 83)
• Use force load/torque cells for varying force output


ANGLE/ROM
• Use belts to arrange a good fixation of body segments
• Use goniometers or inclinometers to monitor the ROM in free functional


movements
• Use a “grid mirror” (Fig. 84) for free functional movements to standardize


the ROM
• Use training machines to best control ROM (Fig. 85)


VELOCITY
• Use a metronome to standardize contraction velocity or step cadence
• Consider treadmills or isokinetics for constant speed


DURATION
• Use fixed contraction intervals
• Count repetitions
• Limit repetitions at high intensities


PRELIMINARY STATUS/CONDITIONS
• Same time of day!
• Best to select a non-fatigued condition and warm up subjects
• Constant room temperature


GENERAL
• For quick evaluations prefer static tests against defined resistance
• Use isokinetics devices if very high standardization is needed
• Use random orders for multiple exercise to avoid systematic errors
• Try to only change one test factor between test comparisons
• Single joint exercises have less variability, use isolation techniques to


study certain muscles within muscle chains


Examples for test standardization levels:


Active! Passive!Active! Passive!


Free Functional
Movements


Manual Resistance
Tests


Low Medium 


Machine Based
Tests


Very HighHigh


Static Hold +
Constant Load


Free Functional
Movements


Manual Resistance
Tests


Low Medium 


Machine Based
Tests


Very HighHigh


Static Hold +
Constant Load


Fig. 83: Equal weight distribution
by using two scales or a tilting plate


Fig. 84: Standardized ROM by
using mirrors with grid lines


Fig. 85: Standardized ROM, body
position and load by machines


Fig. 86: Control of any movement
parameter by biofeedback bars and
predefined ranges


 Fig. 87: Different levels of 
standardization dependent 
on the general test condition 
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EMG Triggered to Movement


Kinesiological EMG needs a trigger to movement
Any meaningful interpretation of EMG needs a clear understanding of the movement or activity that pro-


duced an EMG finding.  Especially the contraction position (joint angle or muscle length) or contraction


phase (e.g. extension/flexion) is important to determine. The ratio to movement phases and positions is typi-


cally arranged by event markers. Movement events are:


• Movement start and end


• Point of return within repeated movement cycles


• External stimulation within evoked potential tests


• Physical provocation to test muscle reflex responses


• Heel strike and toe off in gait cycles


The following strategies to trigger movement events are established in kinesiological EMG setups:


Test within a reproducible


static joint/ position


Simplest and easiest way to determine a


movement position - no special marker or


trigger routines are needed!


Add manual marker lines in


real-time


While recording, place manual markers to


your record to indicate start and end of a


movement phase - for slow movements only!


Use synchronized video imag-


ing to place event markers


Regular or High Speed video can be syn-


chronized to EMG recordings and allow event


definition


Use goniometers, inclinome-
ters or accelerometers on


subject or built-in machines


Mobile sensors can be attached to the sub-


ject and will be recorded together with EMG


Apply foot switches Foot switches are mounted below the feet in


gait analysis or contact plates are used in


jump testing


Use force plates or contact


plates


The ground reaction force signal and contact


mats are a very good indicators of ground


contact


Manual
Marker
Button


Manual
Marker
Button


Contact! Contact!Contact! Contact!
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Period Definition For Analysis


The concept of periods and sub-phases
Event and marker lines define the ratio of EMG to the movement.  In the next step they are used to define


analysis periods. This step called period definition has several levels of complexity and styles. The easiest


case would be that the whole record is used as an analysis period, the most complex one would create se-


quences of analysis periods with internal sub-phases like in gait analysis. Numerous modes exist between


those two extremes, but the major categories are:


Period Definition Remarks Illustration


Whole record The start and stop of recording is arranged


so that the complete record will be calculated


as one period


A single period  selection within
a record


One period, selected by two markers or a


mouse-marked area will be used as an


analysis period. Allows the user to select a


certain portion of interest within a record


One period with a fixed step
sequence of sub-phases


Within one selected analysis interval, a se-


quence of sub-phases going from the begin-


ning to the end of the interval is used Typi-


cally used in static fatigue tests for the analy-


sis of time domain changes


Several periods within a record Within a sequence of markers indicating the


beginning and end of an activity, certain


periods are selected for analysis. This mode


allows, e.g. the comparison of activities


recorded within one record


Several periods with sub-phases Within each period two sub-phases like


stance-swing phase in gait or extension-


flexion phase in free movements are deter-


mined


Several periods with several
sub-phases


Based on two trigger signals, sub-periods are


defined: typically application is bilateral gait


with left – right foot switches and side com-


parison


In repetitive movement sequences like gait or knee flexion/extension the periods can be averaged before


amplitude and timing based analysis parameters are calculated (see Averaged EMG/Ensemble Average).
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Comparison Analysis


Comparisons as the key for all meaningful interpretation


Due to its relative amplitude character which is influenced


by local detection conditions and the lack of normative


curves or activation levels, the comparison of EMG findings


is the most important strategy to analyze and interpret EMG


data.  Whenever you plan an EMG experiment or test, try to


also plan reasonable comparison conditions right from the


beginning.  It is especially helpful to compare EMGs from


the same muscle site in different movement phases, por-


tions of the record or test activities: These analyses don’t


require any amplitude normalization (see Analysis question


level 2: more or less). It is probably the most important


EMG design at all.


Comparisons Designs


Pre - test versus 
post - test


In a treatment, training or any 
other setup with interventions
in between tests


Patient/Subject 
versus norm curve


Identification  of abnormal 
patterns


Muscle A versus 
muscle B


Coordinative aspects in 
muscle groups


Activity 1 versus 
activity 2


E.g. analysis of exercises and 
their efficiency
– no normalization needed!


Left Side versus
right Side


Patients: healthy against 
injured side
- analysis based on qualitative 
level


Test portion 1 versus 
portion 2


Time domain changes of 
parameter
e.g. fatigue studies
- no normalization needed!


Pre - test versus 
post - test


In a treatment, training or any 
other setup with interventions
in between tests


Patient/Subject 
versus norm curve


Identification  of abnormal 
patterns


Muscle A versus 
muscle B


Coordinative aspects in 
muscle groups


Activity 1 versus 
activity 2


E.g. analysis of exercises and 
their efficiency
– no normalization needed!


Left Side versus
right Side


Patients: healthy against 
injured side
- analysis based on qualitative 
level


Test portion 1 versus 
portion 2


Time domain changes of 
parameter
e.g. fatigue studies
- no normalization needed!


Fig. 88: Easy comparison analysis: two signal portions (e.g.
from different tasks are shown in an over-plot and the differ-
ences are analyzed


Fig. 89: Side comparison within isokinetic testing, based on
averaged curves, with healthy and injured (red) side


Fig. 90: Comparison of patients or subjects findings to
normative curves, based on time normalized averaged
curvesFig. 91: The major comparison designs used within kinesiological EMG studies
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Recommended EMG books


Selection of EMG text books used as a reference in this booklet


1) J.V. Basmajian


Biofeedback


Principles and Practice for Clinicians.


Williams Wilkins, Baltimore 1989
ISBN 0-683-00357-7


2) J.V. Basmajian; C.J. De Luca


Muscles Alive


Their Function Revealed by
Electromyography.


Williams Wilkins, Baltimore 1985
ISBN 0-683-00414-X


3) C.J. De Luca; M. Knaflitz


Surface Electromyography:
What’s New?


 C.L.U.T., Torino 1992
ISBN  -


4) J.R.Cram; G. Kasman


Introduction to Surface
Electromyography


Aspen 1998
ISBN 0-8342-0751-6


5) R.M. Enoka


Neuromechanical Basis of Ki-
nesiology


Human Kinetics, Champaign 1994
ISBN 0-87322-655-8


6) G.S. Kasman et al.


Clinical Applications in
Surface Electromyography


Chronic Musculoskeletal Pain.


Aspen 1997
ISBN 0-8342-0752-4


7) S. Kumar; A. Mital


Electromyography in
Ergonomics


Taylor&Francis, London 1996
ISBN 0-7484-0130-X


8) J. Perry


Gait Analysis


Normal and Pathological Function.


Slack Thorofare  1992
ISBN 1-55642-192-3


9) C. Richardson et al.


Therapeutic Exercises for
Spinal Segmental Stabilization
in Low Back Pain


Churchill Livingstone, Edinburg 1999
ISBN 0-443-058024


10) US Department of Health and
Human Services


Selected Topics in Surface Electromy-
ography for Use in Occupational Set-
tings: Expert Perspectives


DHHS NIOSH Publications #91-100 1992


11) D.A. Winter


Biomechanics and Motor
Control of Human Movement


John Wiley & Sons New York 1990
ISBN 0-683-00357-7


12) D.A: Winter


The Biomechanics and Motor
Control of Human Gait:
Normal, Elderly and Pathological


Waterloo Biomechanics 1991
ISBN 0-88898-105-8
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EMG Guidelines, Societies, Search Links


The International Society of Electrophysiology and Kinesiology (ISEK)


Web Link: http://isek.bu.edu/
“The International Society of Electrophysiology and Kinesiology (ISEK) is a multidisci-


plinary organization composed of members from all over the world in health-related


fields and basic science with a common desire to study human movement and the neu-


romuscular system”. The webpage contains important links, journals, congress dates


and addresses for electromyographers. The very important “ISEK Standards of Re-


porting EMG Data” can be found under:  


http://isek.bu.edu/publications/standards/emg_standards.html


The European Recommendations for Surface Electromyography (SENIAM)


Web Link: http://www.seniam.org/
The SENIAM project (Surface Electromyography for the Non-Invasive Assess-


ment of Muscles) is a European concerted action in the Biomedical Health and


Research Program (BIOMED II) of the European Union. The SENIAM project


developed important guidelines for EMG measurements. The results are pub-


lished under:


Hermens H.J., Freriks B., Merletti R., Hägg G., Stegeman D.F., Blok J., Rau G., Dissel-
horst-Klug C. (1999) SENIAM 8: European Recommendations for Surface ElectroMyoGra-
phy, Roessingh Research and Development b.v., ISBN 90-75452-15-2.
Freriks B., Hermens H.J. (1999) SENIAM 9: European Recommendations for Surface
ElectroMyoGraphy, results of the SENIAM project, Roessingh Research and Development
b.v., 1999, ISBN 90-75452-14-4 (CD-rom).


Pubmed – free access to Medline


Web Link: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi
“PubMed, a service of the National Library of Medicine, includes over 15 mil-


lion citations for biomedical articles back to the 1950's. These citations are


from MEDLINE and additional life science journals. PubMed includes links to


many sites providing full text articles and other related resources”


Search engine Scholar Google


Web Link: http://scholar.google.com/
Extremely powerful search engine for (EMG-) articles and publications
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The  World  of  Electromyography


Complete Line of Surface EMG and Sensor Systems


Since 1989, Noraxon has been manufacturing and distributing high-end surface elec-


tromyography (SEMG) and biomechanical sensor systems to research, sports medi-


cine, ergonomics and clinical professionals worldwide. Our systems meet the technical


requirements of highly acclaimed international research societies, like ISEK and


Seniam and are CE or FDA approved.


Mobile Monitoring Concept and Connectivity


EMG, force, angle and other types of biomechanical sensors can be connected to a


telemetry system.  Data is then transmitted from the system directly to a computer or


notebook. Hardware interface solutions and software export/import modules ensure


complete communication capabilities to other measurement devices, such as move-


ment analysis, isokinetics, force plates, footswitches, goniometers, etc.


Handheld
Biofeedback


Multi Channel
Cable units


Wireless LAN
Telemetry


Biomechanical
Sensors
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The  World  of  Electromyography


Real Time Monitoring of Muscle Activity and Performance


Noraxon’s comprehensive data acquiring software features the most commonly used


analysis routines of biomechanical, medical, occupational and sport science applica-


tions: from MVC Normalization to Wavelet Analysis, Onset Timing to ECG Removing.


The option to quickly and easily configure report routines meets the professional need


for a highly sophisticated software program.


Numerous Ready-to-go Application Protocols


Noraxon’s latest MyoResearch XP software features many protocols, such as Gait


Analysis, Incontinence and Isokinetics, which perform immediate analysis with the


push of a few buttons! From Postural Analysis to Gait Analysis, from Manual Muscle


Function Tests to EMG Isokinetics, Noraxon’s unique protocol system automatically


guides you to meaningful results.


Choose the Market Leader!


With the investment in our high-quality, manufactured products and superior lifetime


customer service, you can be assured you’re in good hands. With more than 500 in-


stallations worldwide, Noraxon is the market leader for tethered and wireless multi-


channel EMG & sensor systems.
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In: Tibbetts, V., Charbonneau, J., and Peper, E. (1987). Adjunctive strategies to enhance 
peripheral warming: successful clinical techniques. Biofeedback and Self-Regulation. 12 
(4), 313-321. 


 
Adjunctive Strategies to Enhance Peripheral Warming:  Clinical 
Techniques1  
 
Vicci Tibbetts, Jeanne Charbonneau, and Erik Peper2 
San Francisco State University  
 
This study investigates common successful strategies to increase peripheral temperature 
with biofeedback.  Eighteen BCIA-certified therapists (average years of practice, 7.5) 
were interviewed by telephone for 30 to 45 minutes regarding successful peripheral 
warming strategies.  The practitioners reported using multiple teaching strategies, either 
concurrently or sequentially.  These responses were organized into an interrelated four-
category model that consists of the following: (1) Attentional Category-shifting from 
active to passive attention; (2) General Arousal Category-shifting from hyper- to 
hypoarousal; (3) Proprioceptive/Kinesthetic Awareness Category-shifting from 
decreased to increased body awareness; (4) Self-Image/Self-Esteem Category-shifting 
from negative to positive self-image/self-esteem.  These four categories and their 
corresponding techniques can be used to facilitate peripheral warming. 
 
Description Key Words:  temperature training; biofeedback; coaching strategies; methodology; attention; 
arousal; clinical success. 
 
 
Temperature training is a treatment strategy for a number of disorders, such as migraine 
headaches, Raynaud’s disease, and hypertension.  Clinical success with thermal 
regulation appears related to reaching temperature criteria (Libo & Arnold, 1983), and 
specific training strategies are more successful than trial-and-error methods 
(Shellenberger & Green, 1986).  It is one of the two modalities included in the 
Biofeedback Certification Institute of America (BCIA) practicum for certification (BCIA, 
1986).  There are only a few published coaching strategies for peripheral warming (Green 
& Green, 1977; Fuller von Bozzay, 1980; Peper & Williams, 1981; Schwartz, 1987). 
 Apparently, most of the techniques used to teach peripheral warming are learned 
through word of mouth.  Thus, a beginning or experienced practitioner may be unaware 
of alternative coaching strategies that can be used with clients who experience difficulty 
in learning temperature control. 
 The puposes of this study are (1) to report on interviews with biofeedback 
practitioners about specific coaching strategies used to facilitate biofeedback temperature 
training, (2) to organize their responses into thematic categories, and (3) to offer 
strategies that can facilitate competence for the BCIA practicum. 


 


                                                 
1 We thank Jackie Myers for her helpful suggestions. 
2 Address all correspondence to Dr. Erik Peper, Institute for Holistic Healing Studies, Hensill hall, Room 
714, San Francisco State University, 1600 Holloway Avenue, San Francisco, California 94132 
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METHOD 
 


Subjects 
 


 The subjects, 11 female and 7 male, BCIA-certified therapists who practice in 
northern California, included 11 PH.D.’s,  6 Masters, and 1 BA (15 in psychology and 3 
others).  Average years in practice is 7.5 (range from 1.5 to 15).  Average number of 
patients seen is 662 (range from 5 to > 1,000; mode >= 1,000). 
 


Procedure 
 


 A 30- to 45-minute open-ended telephone interview was conducted, which 
included the following questions: (1) What general warming strategies do you use? (2) 
What techniques do you use when difficulties in peripheral warming occur? 
 


RESULTS 
 


 All practitioners reported using multiple peripheral warming strategies, either 
concurrently or sequentially, depending upon the client’s needs. 
 The specific techniques have common attributes that allow them to be grouped in 
the following four categories: attentional, general arousal, proprioceptive/kinesthetic, and 
self-image/self-esteem.  Each category will be reported separately, although they are 
interrelated and overlap. 
 Practitioners reported that they begin temperature-training sessions using the 
following strategies: relaxation training, discussion of passive attention,  physiological 
education, biofeedback temperature awareness training, and explanatin of the need for 
home practice. 
 


I. Attention Category – shifting from active to passive attention.  Excessive 
striving attention (i.e., am I doing well enough) tends to evoke sympathetic 
arousal, thereby inducing vasoconstriction.  The training strategies aim at 
shifting from a dysponestic striving mode to a nonjudgmental passive mode.  
The following strategies are aimed at inhibiting active striving and exploring 
and facilitating passive attention. 
A. Teach underlying concepts: e.g., discuss with the client how striving often 


interferes with optimal performance.  Consider what happens when a 
doctor requires a urine specimen.  The more you hurry or try, the more 
impossible urination becomes.  Urine finally flows when you give up and 
no longer care.  Other examples include trying to become sexually aroused 
or creative on demand. 


B. Encourage nonjudgmental exploration: e.g., the goal is not to lower or 
raise temperature but to have fun.  The client is instructed to become 
aware of any changes (Source 2).3 


                                                 
3 See source lists. 
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C. Use paradoxical instructions:  e.g., when a client’s temperature decreases, 
the clinician can point out his success in temperature decrease and ask him 
to continue to cool his hands (Source 7). 


D. Shift attention away from the task, turn feedback off, and  
1. Use electromyographic (EMG) or electrodermal (EDA) feedback 


as focus of alternative. 
2. Do guided imagery. 
3. Do autogenic training, modified progressive relaxation, or 


another relaxation technique. 
4. Change sensor location.  Striving and the dominant hand 


temperature may be negatively correlated.  Move the sensor to 
the non-dominant hand. 


5. Open Focus:  e.g., can you imagine the space around your body, 
the space above your head and beneath your chair, the space in 
from of you and to your side (Source 8). 


II. General Arousal Category.  Shifting from hyper- to hypoarousal.  Excessive 
arousal, the underlying process of a triggered alarm reaction, automatically 
shifts the blood flow away from the periphery toward the deep muscles 
(Stoyva & Budzynski, 1974).  In this manner, the organism is ready for 
fight/flight.  If the arousal can be reduced, then peripheral vasodilation can 
occur.  To facilitate this process the following strategies can be used. 
A. Use relaxation techniques such as: 


1. Audiotapes—create your own or use existing tapes (sources 5, 
10, 16). 


2. Autogenic training (AT, Luthe, 1969) – Phrases for warming 
include: my right arm is warm, my arms and legs are warm, my 
hands and feet are warm, my fingers and toes are warm (Sources 
1, 6, 12, 13, 17, 22). 


3. Progressive Relaxation (PR)—Specific relaxation technique 
developed by Edmund Jacobson (1929).  The alternative tensing 
and relaxation of specific muscle groups to increase body 
awareness and develop relaxation skills or a shortened version.  
For example, pull you shoulders up and back, trying to press 
your shoulder blades together.  Continue to breathe while 
experiencing the sensations of tension.  Now drop your shoulders 
noting the feeling of relaxation as you let go (Sources 1, 3, 6, 
17). 


4. EMG feedback training for muscle relaxation – Major muscle 
groups used are trapezius, frontalis, and masseter.  The use of 
EMG biofeedback in conjunction with AT and/or PR may reduce 
the time needed to learn deeper levels of relaxation (Sources 1, 
18). 


B. Use guided imagery such as a personal place of serenity.  For example, 
imagine the sun shining down upon you.  Feel the warmth on your 
shoulders.  Then wiggle your toes in the grit of the sand.  Taste the salt air 
while you listen to the pounding surf.  Smell the tangy aroma of the sea.  
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To enhance efficacy, include all senses (sight, sound, . . .).  Structure the 
experience so it has personal meaning for the client and is in the present 
tense.  Use the client’s physiological responses as an indication that 
relaxation is occurring.  (For additional imagery sources and techniques 
see Sources 4, 6, 9, 19, 21.) 


C. Encourage slow, diaphragmatic breathing.  Allow the breathing rate to 
slow down to 4 to 8 breaths per minute – e.g., fully exhale, then inhale 
slowly, feeling your abdomen expand.  At the end of the exhalation, gently 
exhale further by pulling your abdomen in. Relax and allow the air to 
come in naturally.  (For specific training strategies see Sources 6, 12.) 


III. Proprioceptive/Kinesthetic Awareness Category.  Shifting from decreased to 
increased body awareness.  The absence of proprioceptive/kinesthetic 
awareness may indicate that the person is unaware of subtle internal 
sensations.  Through the process of internal awareness, the subject may learn 
to identify cues that allow and/or trigger peripheral cooling and/or warming.  
Embedded in this enhanced awareness is the process of “thought stopping” 
and “time-out.”  Increased kinesthetic awareness tends to inhibit distracting 
internal dialogue.  To facilitate this process, the following strategies can be 
used. 
A. Teach underlying concepts of vascular physiology and possible physical 


sensations associated with peripheral warming.  These include common 
sensations such as pulsating, tingling, and throbbing.  Throbbing 
sensations are often noticed as the subject’s temperature reaches the high 
80’s (degrees Fahrenheit) (Source 11). 


B. Encourage self-monitoring of peripheral temperature changes such as the 
following: 


1. Use daily logs on which client records the occurrence of warm 
and cold sensations, noting when, where, what time, what 
thoughts, and social events. 


2. Use portable temperature devices, such as temperature rings and 
finger thermometers. 


C. Enhance postural blood flow changes: 
1. Start with arms at your sides.  Then slowly raise your 


outstretched arms as if they are reaching out to a bubble that 
surrounds your body.  When the arms are overhead, turn palms 
out and, very slowly, trace the bubble down until arms are back 
at the sides.  Be aware of sensations of warmth pulsing tingling, 
etc. 


2. Start with arms at sides.  Extend the wrists and, stretching arms 
out slowly, bring over the head and back down.  Notice sensory 
changes. 


3. Swing arms in a circle, noticing that the centrifugal motion 
brings blood and sensations of pulsing, tingling, etc., to the 
fingertips. 


D. Use guided imagery such as the following: 







 183


1. Imagine that there is a furnace in your lower abdomen and that 
with each breath heat is created.  As you inhale, the heat collects 
in the furnace and moves upward, gathering heat as it slowly 
climbs to your shoulders.  As you exhale, feel the warmth slowly 
move down your arms and out your hands and fingers (Sources 
4, 6, 9, 19, 21).  When using an image of warmth in the 
abdomen, be aware that it is contraindicated for patients with 
occult blood in their stool, ulcers, etc.  (Luthe, 1969).  


2. Open Focus (Fehmi, 1975) Source 8). 
3. Pulse localization (Source 20). 
4. Imagine your blood vessels dilating, becoming wider as the 


warm blood flows down your arms to your hands and feet. 
E. Create external stimulation: 


1. Wear a sock with a hole in it so the thermistor can be attached 
without exposure of the feet. 


2. Put a blanket over lap and legs. 
3. Put one hand or foot in hot water/on heating pad while 


monitoring from the other. 
4. Rub hand/arm until warming sensations are felt. 
5. Practitioner warms his/her hands while holding the client’s.  


Note:  Be aware that in some cases clients may misinterpret this 
“hand holding.” Any possible problem may be avoided with a 
professional attitude and understanding of the client dynamics. 


6. Put hands slowly in hot water up to elbows; as you do so, 
become aware of physical sensations.  Then slowly remove 
hands from water, noting sensations. 


7. Walk very slowly with bare feet on carpet, feeling every 
movement of the foot, heel to toe. 


F. Change thermistor placement: 
1. Place sensor on an area of warmth, then change placement from 


proximal to distal.  For example, a motorcycle accident left a 
client with a foot injury and the client was having difficulty with 
foot warming.  The therapist moved the thermistor up the leg 
until a warm area was found on the thigh.  The thermistor was 
then gradually moved toward the foot as the client was able to 
successfully warm each area. 


2. Monitor from multiple sites to identify the feedback site that is 
most reactive. 


IV. Self-Image/Self-Esteem Category.  Shifting from negative to positive self-
image/self-esteem.  Negative self-esteem and negative self-image tend to 
trigger negative thought sequences that may induce sympathetic arousal. 
Consequently, changing the self-image and self-esteem can lead to enhanced 
self-worth and feelings of trust, which in turn reduce sympathetic arousal. To 
facilitate this process, the following strategies can be used. 
A. Use guided images that feel safe, secure, and positive for the client.  For 


example, safety to one woman was imagining cuddling her child. 
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B. Guide clients through self-inspection imagery and have them draw 
pictures of how they see themselves.  Then guide them through a self-
healing to transfer the image to one of wholeness and redraw the self-
image.  For example, a woman with Raynaud’s disease was having 
difficulty warming her hands.  When she drew a picture of herself, she had 
no hands.  The therapist led her through self-healing imagery.  When she 
redrew the picture, she now had hands and could successfully warm them 
(Source 21). 


C. Reframe a negative self-image to a neutral or positive self-image; e.g., a 
woman initially reported that her feet were large and clumsy, which 
caused many childhood accidents (tripping over her feet and knocking out 
her two front teeth).  Her clumsy image was reframed to one of the 
tomboy who extended herself to the limits of her physical abilities 
(Sources 7, 14, 15). 


D. Change self-talk from negative to neutral or positive; e.g., “I can’t” can be 
changed to “ I  have not taken the time to learn” (Sources 7, 14, 15, 18). 


E. Encourage initial feedback success: 
1. Monitor temperature and give feedback only when warming is 


occurring. 
2. Turn the room temperature up. 


 
DISCUSSION 


 
 Although the four categories and corresponding techniques are presented 
sequentially, this does not imply that one category and/or technique is more clinically 
useful.  It could be the flexibility of movement within and between categories that is 
associated with enhanced peripheral warming.  In addition, a technique from one 
category can equally have an effect on another category.  For example, a technique of 
stroking someone’s arm/feet, which is within the proprioceptive category, may equally 
involve a shift from active to passive attention.  However, the touching could increase 
active attention (vigilance) if the person perceives danger (past history of physical abuse).  
This same technique could also effect self-image/esteem if the touching is perceived as 
caring.  Therefore, in using these categories, the clinician should assess each technique 
and its effects upon the client.  What is important is that the effect of the technique may 
not manifest itself from the category out of which it was derived. 
 In addition, clinical success may be optimized by shifting among these categories. 
When a client comes in for treatment, the clinician can assess on which category the 
client is naturally responding and use strategies derived from that category.  For example, 
a clinician is working with an attentional technique and the client is having a difficult 
time with warming.  The clinician can then shift to a technique derived from the 
kinesthetic/proprioception category.  This shifts the focus from control training to 
awareness training. 
 The efficacy of the strategies and this model have not been tested; it is a summary 
of anecdotal useful clinical training observations.  There are no systematic data at this 
time to suggest that any of these strategies are better than any other.  Controlled research 
studies of these strategies need to be done within a systems perspective to account for the 
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subject/client and researcher/clinicians interaction.  We hope that this four-category 
model will provide clinicians with alternative techniques and will encourage further 
exploration in the factors that are involved in peripheral warming.  Because this is a 
working model, the authors look forward to comments and suggestions. 
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do their best by learning personal control. 
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San Francisco State University, San Francisco, CA 
 
Introduction 
 
Even though athletes report that during competition their mental attitudes account for 80% or more 
of their success, few training programs systematically train athletes to control their mental attitudes. 
This protocol reports on the use of electrodermal response (EDR) biofeedback strategies to enhance 
peak performance. The biofeedback strategies are derived from our two year Mental Peak 
Performance Research and Training Program with United States Rhythmic Gymnastics Team 
(USRGT). These strategies, however, can be applied to any performer such as a figure skater, 
gymnast, sharp shooter, dancer or musician. 
 
In our multidisciplinary training program, we discovered that biofeedback was a powerful tool to 
enhance peak performance. Biofeedback uses instrumentation to monitor and feedback the 
physiological changes that continuously occur within an individual (Peper & Williams. 1981; 
Peper, Ancoli & Quinn, 1979).  
 


Performance can be highly affected by the self-talk of the athlete. 
 
The feedback can be perceived as "a psycho-physiological mirror." However, the coach, teacher 
and researcher often are constrained by expensive, sophisticated, electronic, laboratory devices. 
Recent advances have made biofeedback equipment economical and easy to use by the athletes on 
the gym floor or in the locker room; a number of such feedback devices have only an ON/OFF 
switch and cost less than one hundred dollars.1  
 
Biofeedback training can facilitate elucidating the importance of mental training as well as monitor 
and encourage the learning of psycho-physiological control that is necessary in peak performance. 
Although we used many different biofeedback devices in our study - electromyographic, thermal 
and electrodermal - this protocol focuses on the electrodermal response (EDR) biofeedback device 


                                                 
1 We thank Thought Technology Ltd. for their generous donation of the electrodermal response feedback devices, the 
GSRII, for use with the United States Rhythmic Gymnastics Team. Thought Technology Ltd., 2180 Belgrave Ave., 
Montreal, P.Q. H4A 2L8. 514-489-8251 Website: http://www.thoughttechnology.com 
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(one of the most economic). The EDR feedback unit measures and feeds back changes in skin 
conductance. Skin conductance measures the changes in sympathetic arousal as produced in the 
perspiration of the palmar surface of the hand and correlates highly with the triggering of the 
fight/flight response. This is often called Galvanic Skin Response (GSR). Usually, changes in skin 
conductance co-vary with the changes in arousal. Namely, an increase in autonomic arousal usually 
results in an increase in the skin conductivity. The feedback device reflects those changes; 
specifically, when the conductivity increases the pitch of the feedback sound increases, when the 
conductivity decreases the pitch of the sound decreases2.  
 
Although EDR is a useful feedback tool with most athletes, some do not respond with this system. 
They may respond cardiovascularly, gastro-intestinally or muscularly. 
 


The athletes use feedback units while they mentally rehearse their routine. 
 
We used EDR biofeedback in peak performance training for the following strategies:  
1. To illustrate how thoughts affect body and performance. 
2. To monitor physiological relaxation. 
3. To identify stressful components of the athletic performance during imagery rehearsal. 
4. To facilitate concentration training. 
 
1. Thoughts affect body 
 
One of the major points of our mental peak performance training program was that thoughts and 
feelings affect performance; namely, each thought has a corresponding physiological effect. In fact, 
performance can be highly affected by the self-talk of the athlete. Many athletes were unaware of 
the extent by which thoughts affect their physiology and performance. Yet, this concept is the 
foundation of many mental training programs, which focus on self-talk changes. Consequently, 
during the first phase of our two year program, we used a small portable EDR feedback device to 
illustrate this concept. In the group meeting with the 17 athletes, one of the athletes was attached to 
the portable EDR feedback device. The device was turned on and the feedback level was set so that 
the sound was audible. The athlete was asked to think of an anxiety-provoking event or we 
whispered something such as: "You just blew your routine." Each time the person thought of an 
embarrassing event or anxiety-provoking situation such as imagining a difficult move, the pitch of 
the sound increased. Each athlete used an EDR feedback device to experience how their thoughts 
and feelings affected their physiological state. It helped them to identify and stop disturbing 
thoughts and feelings as well as restructure their self-talk from negative to positive. 
 
2. Monitoring physiological relaxation 
 
Learning relaxation is important since it can allow athletes: 
 To modulate their level of arousal necessary for performance. 
 To reduce the misdirected muscular efforts 5 (differential relaxation while doing a task; 


reduction of dysponesis). 
                                                 
2 An anxious thought or feeling which triggers a sympathetic response is usually followed by an electrodermal 
response. The latency of the response is about two seconds. 
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 To facilitate the skill to regenerate or fall asleep with ease when one is under stress. 
 To build the foundation that is needed to practice imagery rehearsal. 
 
Acquiring the ability to regenerate or relax at will, can be monitored with EDR feedback which 
allows the athletes to monitor their changes in sympathetic arousal. As the athlete relaxes more and 
more, their skin conductance level decreased. To observe the efficacy of our relaxation training, we 
monitored electromyographic, temperature and EDR while the gymnasts practiced a rapid 
relaxation strategy known as autogenic training. As the athletes rapidly relaxed, the skin 
conductance, as measured from the non-dominant palmar surface, decreased as is shown in Fig. 1. 
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Figure 1. With the rhythmic gymnasts, the relaxation was physiologically observed as 
demonstrated by an increase in the peripheral hand temperature and a decrease in the Skin 
Conductance Level (SCL).  


 
The decrease in skin conductance demonstrates that the athletes have learned to relax. Having the 
athletes practice relaxation with a small portable EDR biofeedback device in their rooms enhanced 
the relaxation. The physiological feedback is a powerful reinforcer to facilitate learning - it 
continuously tells athletes how well they are doing. With this tool, learning becomes a joyful 
exploration. 
 
3. Facilitate mental imagery rehearsal 
 
Imagery rehearsal of the athletic event is another powerful tool to enhance performance in which 
we found EDR feedback helpful. The athletes use small portable EDR feedback units while they 
mentally rehearse their routine. These small feedback units fit in the palm of the hand and the 
athlete receives the auditory feedback as is shown in Fig 2. 
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Figure 2. United States Rhythmic Gymnastic practicing imagery rehearsalof her routine 
with the EDR feedback device (GSRII). 


 
With the help of EDR feedback, the athletes can, more rapidly, identify stressful, anxiety-
provoking events or cues during imagery rehearsal of their routine. It is our premise that if athletes 
are anxious about components of their routine, then, this worry or anticipation can impede the 
attainment of their personal best. 
 
After relaxing (the athletes observe the success by hearing the EDR feedback), the athletes 
mentally rehearse their gymnastic routine. Each time the feedback tone increases, the athletes know 
they have emotionally reacted. The tone usually follows, two seconds after the cognitive trigger, 
which they can then identify. 
 
After the athletes identify the component associated with the increase of arousal, they continue to 
rehearse the routine until no more electrodermal responses occur. During their imagery rehearsal, 
they perceive themselves performing the routine perfectly without experiencing any anxiety. This 
process is a self-paced psychophysiological desensitization that may break the cycle in which the 
anxiety of performance increases the probability of mistakes during competition. 
 
In our study with the USRGT, each gymnast practiced for two weeks with a small personal EDR 
feedback device at the Olympic Training Center, Colorado Springs. 
 


Anxiety of performance increases the probability of mistakes during competition. 
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During the final assessment, most reported that EDR was helpful in learning to reduce their arousal 
during mental rehearsal. In fact, within two weeks, many of the gymnasts reported that they had 
learned to inhibit the EDR feedback tone during imagery rehearsal as is illustrated in Fig 3. 
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Figure 3. Ratings by the USRGT of their ability to control the EDR feedback signal while 
visualizing their routines. A process, which most of them indicated to be beneficial because 
it enhanced concentration and reduced arousal while visualizing. 


 
 
4. Enhancing concentration training. 
 
The ability to concentrate and not be distracted by external and internal stimuli is of primary 
importance during competition. EDR feedback can be used to facilitate this concentration learning 
in a "fun" dyadic practice. In this practice, athletes formed pairs. A member of each pair mentally 
practiced their competitive routine while receiving EDR feedback, simultaneously, the other 
partner attempted to distract and arouse him/her so there would be a change in the EDR feedback 
signal. 
 


The partner attempted to distract him so there would be a change in the EDR feedback signal. 
 
After five minutes of practice, they reversed roles. The athletes seemed to enjoy this competitive 
practice, while at the same time, they learned the awareness of their own internal cures of anxiety 
as well as the strategies to control their electrodermal response through passive attention. Through 
this competitive practice, the partner who received the EDR feedback learned concentration and 
attentional skills, such as the ability to detach and to dissociate from external and internal stimuli 
while focusing on the task. For more strategies see the article by Schmid & Peper, 1998. 
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Conclusion  
 
To encourage athletes to maximize their potential in competition, they need to be trained both in 
performance of their physical skills and in their mental attitude. The EDR feedback strategies 
presented in this protocol are powerful teaching tools to any performer, to facilitate the mental 
training components, which so often affect a performance outcome. With the use of the small 
portable EDR feedback devices, a coach who wants to enhance the mental training of athletes can 
also implement the above-cited strategies. Once these skills are learned, they increase the 
possibility of achieving one's personal best by generating the sense of INNER CONFIDENCE 
through the experience that "I HAVE CONTROL." 
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The History of Muscle Dysfunction and SEMG 
Jeffrey R. Cram, PhD and Maya Durie, MEd, CMT 


 
Abstract 
The history of muscle pain and dysfunction is viewed through the lens of a four factor theory of  
histologic (tissue related) issues, psychologic (emotional) issues, sensory motor (movement) 
issues, and biomechanical (postural) issues. The historical antecedents of both bodywork and 
surface electromyography are reviewed.  
 
Key words:  Surface EMG, SEMG, bodywork, trigger points, posture, emotions, movement 


 
 


Humans have had to deal with sore muscles since the beginning of time. Initially, muscle 
assessments and treatments were conducted by hand, and during the last century, the use of 
electronic instruments came into play.  


 To put  muscle function and the clinical use of Surface electromyography (SEMG) into a 
perspective of history, is seems prudent to utilize a broad nomothetic net, or conceptual 
framework.  In Clinical Applications for Surface Electromyography, Kasman, Cram and Wolf 
(1998) consider chronic muscle dysfunction from a four fold perspective:  Histologic (Tissue 
related issues); Psychologic (Psychophysiology and Emotions), Sensorimotor (Movement) and 
Mechanical Dysfunction (Cumulative Trauma, Posture etc).  In this article we will provide a 
brief historical overview related to each of these four areas.  This will provide a deep 
background for the emergence of the clinical use of SEMG, including information on the history 
of body work, psychophysiology, rehabilitation and the emergence of electricity and SEMG 
instrumentation. 


 
Tissue Related Issues 
 We will begin with issues pertaining to the tissues of the body.  The muscle, as an organ 
system, contains many sensory mechanisms.  The muscle spindles tell the nervous system about 
the instantaneous length and force of contraction of segments of muscle tissue.  The golgi tendon 
organ measures the actual force which the muscle is exerting, and the rufini nucleus of the joints 
informs the nervous system of the relationship of angles of the bones.  However, it is the free 
nerve ending within the muscle that senses local pain.  And it is metabolic disturbances such as 
too much (lactic) acid or too much internal pressure due to swelling, congestion or edema, which 
activate the free nerve ending. 


From a clinical point of view, up until the last two centuries, palpation and observations 
about movement and posture were the only tools available for assessing muscle oriented pain.  
Through the manual sense of touch, the practitioner can learn to feel many things.  Is the muscle 
tissue hard to the touch? Does it feel stiff?  Does it have lumps, tough fibers, etc. or is it soft, 
supple and relaxed? What does the fascia feel like?  Is there a normal cranial-sacral rhythm? As 
you move the body passively through its range of motion, does it seem restricted suggesting a 
shortened muscle resting length?  During active movement, does it appear that the body is using 
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the correct muscles for the movement, or is there a substitution pattern?  Is the patient afraid 
of movement due to pain?  Has a trauma become lodged in the nervous system or even the 
muscle tissue itself?  Can one see or feel problems with ligament laxities, or joint fixations?  
These are just some of the examples of questions we want to address, both by hand and by 
instrument. .  Thus, one could think of body work as a means to help normalize the disturbance 
of tissue that might foster and create muscle pain, and SEMG as an instrumented way of 
assessing some of these conditions. 
  Massage and touch therapy date back many thousands of years.  The oldest known book 
to have been written about massage was from China in 3000 BC.  The Egyptians are credited 
with developing reflexology in 2500 BC.  The East Indian holistic health approach called 
Ayerveda, dates back to around 1800 BC and included massage techniques.  The Greeks 
massaged their athletes prior to the Olympic Games in 776 BC.  Even Hypocrites, the father of 
Western medicine, used a massage technique, friction rub, to treat sprains and dislocations.  
 The most common massage approach in the Western world is Swedish massage.  It had 
its origins in the early 1800's and was formulated by Per Heinrik Ling, who developed a 
repertoire of five basic massage strokes (Claire, 1995). The two main purposes of Swedish 
massage are to induce the relaxation response in the body that promotes the release of stress and 
to improve both blood and lymph circulation which helps the body remove toxins more 
efficiently. Athletes, for example, whose muscles become sore and stiff from physical exercise, 
overuse or trauma, routinely receive massage. The massage strokes help to relax the muscles 
allowing more oxygen to flow and assists in flushing lactic acid buildup that comes from 
exercise. In addition Swedish massage strokes are used to break down adhesions that form 
around joints from injury thus increasing joint mobility.  


Structural Integration or as it is more commonly called, Rolfing, was named after its 
creator Ida Rolf, and first gained recognition in the 1960's (Rolf 1989).  This method is 
considered deep tissue bodywork. It works to release the myofascial system, thus re-establishing 
flexibility and ease of movement in the body. Rolf believed that gravity is the major force that 
impacts our posture and movement patterns. She postulated that gravity causes the body to slump 
forward and thus shorten muscles. The Rolf practitioner softens the fascial tissue so it can be 
realigned properly, allowing the force of gravity to flow through the natural vertical and 
horizontal planes of the body. The vertical plane is defined as an imaginary plumb line passing 
through the landmarks of the ear, shoulder joint, hip joint, knee and the ankle. The Rolfer, 
through a series of 10 bodywork sessions, works to realign all the major body segments to 
achieve this proper vertical alignment. Rather than working on specific symptoms, the aim of 
Rolfing is to bring the whole body into alignment thus relieving the cause of the symptoms. By 
softening the fascia, the body is freed from restrictions and can return to its natural relationship 
with gravity. 


Another bodywork that focuses on the myofascial system is called Myofascial Release 
(MFR). This work is most commonly associated with John Barnes (1990) a physical therapist 
who began developing this work in the 1960's. This approach seeks to release distortions and 
tension in the fascia thus allowing the body to return to a more healthful balance. In its healthy, 
natural state fascia, which spreads like a 3 dimensional web throughout the body, is elastic and 
relaxed. The fascial system's purpose is to allow the body to absorb compressive forces to the 
body while protecting the position of the vital organs and retaining the body's normal shape. 
Through injury, stress, poor postural habits and illness the fascia develops restrictions. The 
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fascia can become hardened and tight thus pulling muscles and bones out of alignment. This 
tightening effect can spread over time. The MFR practitioner believes that just removing 
restrictions in the muscles will not bring lasting results because constrictions in the fascial 
system will cause the muscle tension to return. The MFR technique uses long, sustained pressure 
along the fascial planes for at least 3-5 minutes to elongate and stretch the fascia returning it to a 
gelatinous consistency. As the softening is felt, the practitioner moves the tissue in the direction 
of ease until the next barrier/restriction to this ease of movement is felt. This softening allows for 
more freedom of movement and removes the pressure on nerves and restrictions to the blood 
supply created by the fascial hardening. 


The history of muscle pain syndromes has been presented several times (Simons, 1975; 
Simons, 1976; Port, 1920), and will not be repeated here.  Suffice it to say that muscle oriented 
pain grew out of the clinical concept of rheumatism, and by the mid 1800's writings were 
beginning to appear describing "tender points", localized areas of pain within the muscle.  It was 
not until the early part of the last century that "referred pain" found its way into the medical 
literature (Kellgren,1938).  A little later, a physician by the name of Gutstein ( Kraft, 1968) is 
credited with introducing the observation of tender spots associated with a "jump sign".  A 
decade later, Kelly (1945) described "nodules" associated with these tender points along with 
patterns of referred pain.  By this time, the concept of a functional, reflex component to trigger 
points was beginning to emerge.  In 1942, Janet Travell and her colleagues wrote their first paper 
on trigger points (Travell et al, 1942). By 1976, she had authored or co-authored 38 papers on 
these tender/trigger points, and summarized her theory that trigger points depended on a 
feedback mechanism between the trigger point and the central nervous system (Travell, 1976).  
The prevalence of the problem of trigger points was highlighted by Sola in 1955, finding that 
60% of the population had latent, or inactive, trigger points.  More recently, Fishbain (1986) 
noted that 85% of the patients in pain clinics had active trigger points.   


Janet Travell, and her colleague David Simons are probably best known for work in this 
area.  Their book, Myofascial Pain and Dysfunction: A Trigger Point Manual (Travell and 
Simons, 1983) is a very scholarly work which provided the basic foundation of understanding 
the mechanisms behind trigger points, along with the body maps for knowing where to palpate 
for trigger points and diagrams of their pain distributions.  The trigger point, when palpated feels 
like a small pea or area of congestion, along with a "taut band" within the muscle.  When the taut 
band is stimulated it twitches, and when the trigger point is pressed upon, it provides several 
possible responses, including the jump sign and referred pain distribution to distant locations. 
Trigger points may be treated or cleared by needling them with or without an anesthetic.  Or they 
may be treated with ischemic pressure techniques used in massage therapy. In essence, trigger 
points within the muscle are a sign of muscle based pain, and are associated with a disturbance in 
the neuromuscular system and myoelectric potentials within the muscle.    


From an electrophysiological perspective, needle EMG studies of trigger points (Weeks 
and Travell, 1957; Chen, et al, 1998) have shown a high level of spontaneous electrical activity 
(SEA) at the locations of the trigger points.  Hong and Simons (1998), after reviewing the 
research on this topic, have concluded that myofascial trigger points are related to integrative 
mechanisms in the spinal cord in response to sensitized nerve fibers associated with SEA and 
extrafusal endplate noise activity.  Another point of view comes from Hubbard and Berkoff 
(1993) who argue that the SEA emanates from the intrafusal fibers of the muscle spindle.  They 
observed that the SEA was found only in the trigger point zone, and not a few millimeters away 
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in adjacent extrafusal muscle tissue. The location of the SEA is very specific, and has now 
been termed the "nidus" of the active trigger point.  In addition Hubbard (1996) clearly 
demonstrated that the SEA was diminished or blocked by a beta adrenergic (sympathetic) 
blocker (phentolamine), and not by an alpha motor blocker (curare).  McNulty et al (1994) 
demonstrated that the SEA activity at the trigger point increased during a stress induction, while 
the EMG activity in the adjacent extrafusal muscle tissue did not.  Earlier research on muscle 
spindles by Passatore (1985) had clearly demonstrated autonomic innervation of the muscle 
spindle, and thus provided one of the mechanisms for contraction of the intrafusal muscle fibers.  


The question of whether trigger point activity can be seen using SEMG recording 
techniques has still to be answered.  Simon and Dexter (1995) noted that the SEA seen with 
needle electrodes could not be observed using surface recording techniques.  Donaldson, et al 
(1994), on the other hand, found muscles containing trigger points to be more active when 
studied using the dynamic SEMG procedure of flexion/extension.  Symptomatic muscles showed 
a higher peak amplitude during movement compared to asymptomatic muscles. Cram and 
Kasman (1998) have also noted that muscles that contain trigger points tend to have a poor 
recovery following movement (termed post movement irritability). Lastly, Donaldson (personal 
communication) has stated that SEMG biofeedback retraining techniques will be impeded if 
initiated before the trigger point is eradicated from the muscle.  Thus, bodywork should precede 
SEMG retraining when trigger points are present. 
 
The Psychologic and Emotional Level 


As Cacioppo et al (1990 ) state,  "The skeletomotor system is the final common pathway 
through which humans interact with and modify their environment."   The implications of this 
statement have very broad implications for SEMG.  The emergence of psychophysiology at the 
turn of the last century held forth the promise of being able to study complex human behaviors 
such as thoughts and emotions by monitoring their physiology.  Amongst all of the physiological 
systems available for study, the specificity and sophistication of the neuromuscular or 
skeletomotor system provided a very strong basis for studying the non-verbal language of 
emotions.  
 While Duchenne (1959) is best known for the original studies of the dynamics and 
functions of intact skeletal muscles, it was Charles Darwin (1872) who announced a rather 
complex theory of overt emotional behaviors in both animals and humans. Most of his visual 
observations were limited to emotional displays on the face along with postural gestures.  A few 
years later, William James (1890) introduced an ideomotor theory of emotions, which placed the 
proprioception of facial muscle activity at the forefront of the emotional experience.  Using 
crude measuring instruments, attempts were made at quantifying the micro-momentary displays 
of emotions seen on the human face.  But it was not until Edmund Jacobson (1925, 1927, 1930, 
1931) conducted a series of experiments using biological amplifiers while displaying the signal 
on the cathode ray tube to monitor the facial muscles of his subjects, that the concept took hold. 
Using this new technology, clear and convincing evidence was brought forth to show that SEMG 
responses were evoked by imaginal tasks (visualizations), and that these responses were very 
minute and highly localized.  This was confirmed by R.C. Davis (1939), a major researcher in 
psychophysiology and SEMG, a few years later.   
 Facial displays of emotions were given additional life when Ekman, et al. (1969) 
demonstrated an almost universal quality to the recognition of emotions across cultures. Ekman 
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and Friesen  (1975) provided a very powerful guide to understanding facial action patterns in 
their book Unmasking The Face. During the 1970's, detailed investigations of SEMG activity of 
the human face were attempted.  Rusalova et al (1975) used method actors and normal subjects 
to study the intentional display of emotions.  When asked to show four emotions (anger, fear, joy 
and sadness), the method actors showed consistent patterns of facial SEMG for all four 
emotions, while the untrained subjects were only able to clearly display joy and sadness.  Gary 
Schwartz and his colleagues (Schwartz, et al. 1974, Schwartz, et al 1976) were able to show that 
facial SEMG allowed one to observe "covert" emotional responses to imaginal tasks of various 
emotions. Interestingly enough, their study demonstrates one of the primary goals of 
psychophysiology: To see patterns of emotional responsiveness that could not be seen through 
usual sensory channels of information (such as seeing the emotions on the face). 
 Over the years, numerous studies have been done looking at patterns of SEMG in 
psychiatric populations. For an excellent review of these see Thompson (1988) or Goldstein 
(1972). As early as 1941, Reusch, et al (1941) had observed that patients who reported feeling 
fidgety, uncomfortable or tense showed elevations in resting forearm SEMG.  Malmo et al 
(1950) observed the startle response in extremely anxious patients and noted a poor recovery in 
forearm SEMG, compared to controls.  Later Malmo, et al (1951) demonstrated that psychotic 
and neurotic patients showed higher levels of SEMG in the forearm flexors and neck muscles, 
compared to controls.  Of course, the history of SEMG is replete with contradictory findings.  
And this could be seen as early as 1956, when Martin (1956) did not replicate Malmo's findings. 
   


George Whatmore, a student of Edmund Jacobson, studied the arousal patterns of SEMG 
in various disorders.   Whatmore and Ellis (1958) found higher levels of SEMG in the forehead, 
jaw, forearm and leg muscles in schizophrenics compared to normals. Interestingly enough, the 
same type of elevated SEMG was noted in severely depressed individuals (Whatmore and Ellis, 
1959). These tension levels were observed to decrease as a function of treatment of the 
depression, and to return prior to relapse.   


Whatmore went on to study and treat a variety of disorders using SEMG measurement 
techniques, culminating in his book The Physiopathology and Treatment of Functional Disorders 
(Whatmore and Kohli, 1974).  Here, he presents a thesis that all psychosomatic disorders are due 
to dysfunctional muscular efforts that he terms "dysponesis", or bad energy.  He clarifies four 
types of muscular efforts: Bracing, performing, representation and attention.  When one puts too 
much muscular effort into any one of these four types of efforts, physiological symptoms are 
thought to develop due to imbalances in the nervous system.  According to Whatmore, treatment 
of these disorders is best conducted by teaching the patient how to reduce these dysponetic 
efforts.  To do this, he embellished Jacobson's Progressive Relaxation Technique (Jacobson, 
1976) in 1952, by adding an analog audio tone (or feedback) driven by the SEMG signal 
(Whatmore and Kohli, 1974).  In some ways, Whatmore should be considered to have created 
the first SEMG biofeedback instrument, and thus is the unrecognized father of SEMG 
biofeedback.  


Eventually the "key muscle" hypothesis emerged (Alexander and Smith, 1979),  in which 
the Frontalis or forearm musculature was thought to be a strong indicator of overall muscle 
tension.  Unfortunately, several studies have reported low correlations between the frontal or 
forearm site to other sites (Suarez, et al, 1979; Shedivy and Kleinman, 1977).  Interestingly 
enough, Cahn et al (1990) found the T10 paraspinals to correlate 0.76 with the overall resting 
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muscle activity of 24 sites.  Perhaps the mid back is the best indicator of general tension 
levels.  However, the vast majority of the SEMG literature supports a model of specificity of the 
neuromuscular system rather than a generalized arousal model.  


Clinically, several treatment techniques were developed to treat the emotional layer of 
muscular disturbance.  The technique of progressive relaxation was introduced by Edmund 
Jacobson in 1934 (Jacobson, 1976).  Jacobson's thesis was that nearly all muscular and 
functional disorders (eg, irritable bowel syndrome) were due to a dysregulation of the nervous 
system and that all of these could be treated with his technique. In some ways, his therapy was 
replaced with Valium™ when the pharmaceutical revolution took place in the 1950's. 


Jacobson developed a set of exercises in which the patient was instructed in how to 
systematically tense and release the major muscle groups of the body.  The patient would 
initially be taught to tense the muscles to the extent that they would vibrate with intense effort, 
and then "zero down", and let go of the muscle contraction or tension as completely as possible.  
As time went on the patient was to learn how to let go of small, even minute levels of tension. 
This was the key to his success. Below is a list of 16 muscle sets he would focus upon: Forearm 
(wrist flexors and extensors), upper arm (biceps and triceps), lower leg (foot flexors and 
extensors), upper leg (quadriceps and hamstrings), abdomen and back extensors, chest and 
scapular retractors, shoulders and neck, forehead, eyes, lips and jaw.  Such tensing and releasing 
are commonly found in SEMG biofeedback work. 


Autogenics training, a more cognitive approach, was developed in Germany in the 1950's 
by Wolfgang Luthe (Luthe, 1969).  His intense interest in the phenomena of hypnosis and the 
effects it could have on the human body led he and his colleagues to begin researching the 
effects of words on physical functioning. Using physiological monitoring devices they tested 
over a thousand phrases. From this, a series of key phrases or "formulae" were discovered to 
consistently evoke physiological responses. The key word for the neuromuscular system was 
"heavy", and the phrase consisted of four variations of "my right arm is heavy" for the different 
limbs. The autogenic (self-cleansing) phrases are as follows and may be used to induce 
emotional and general physiological relaxation:  "I am completely calm."  "My right arm is 
heavy."  "My right arm is warm."  "My heart beat is slow and regular."  "My breathing is slow 
and regular."  "My abdomen flows warmly."  "My forehead is cool."    


A number of bodywork therapies have been created to work with the emotions. The 
Rosen method of bodywork was created in the mid 1900's by Marion Rosen (Mayland, 1984), a 
physical therapist. She believes that old, forgotten emotions and memories are stored in the body 
and that these are the source of the holding patterns that cause pain and dysfunction. The Rosen 
method consists of gentle touch. With the fingertips, pressure is applied to areas of tension in the 
muscles. The pressure is applied slowly and seeks to meet the level at which the resistance, or 
muscle tension is felt. The practitioner uses one hand to work with the muscle tension while the 
other hand remains still to listen for changes in the tissue or in the movement of the breath. 
These changes typically indicate some emotional release has occurred.  


Rosen believes that as we become socialized we develop patterns of holding and 
restriction in order to be socially appropriate. We tighten our muscles to inhibit the expression of 
emotions and physical motions of defense, such as hitting, kicking or pushing away. These 
inhibited emotions and motions are stored in the body limiting our freedom of expression and 
movement.  Restriction of breathing is a key way in which we learn to inhibit our emotions. Thus 
freeing up the tightness in the diaphragm is a major focus in the Rosen work. As muscle tension 
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and holding patterns from past injury and trauma are released the individual is freer to 
respond more authentically to the present moment.  
 
Sensory Motor Aspects: Movement Oriented Approaches and Rehabilitation.  


As surface EMG emerged in the 1940's, studies on dynamic movement began. Inman and 
his colleagues (1944), for example, conducted a widely accepted SEMG study that was able to 
measure muscle activity associated with movements of the shoulder. This interest in dynamic 
movement quickly spread to the clinical arena and by the early 1950s, Floyd and Silver (1955), 
presented an exceptionally strong study of SEMG and the erector spinae muscles.  They clearly 
demonstrated that as the person goes through forward flexion of the trunk the back muscles shut 
off as the trunk goes out onto ligament support.  Thirty years later, Wolf et. al. (1978, 1982) 
utilized SEMG biofeedback techniques in the assessment and treatment of low back pain.  For a 
comprehensive review of the history of SEMG assessment and biofeedback treatments for low 
back pain up into the early 1990's see a chapter by Sherman and Arena (1994) or an earlier 
review article by Dolce and Raczynski (1985).  


During the 1960's, biofeedback was born.  Part of the impetus for this birth was the work 
on single motor unit training of the neuromuscular system by Basmajian (1963).  While this type 
of training entailed the use of fine wire electrodes rather than surface electrodes, it clearly 
demonstrated that the neuromuscular system could be trained using EMG biofeedback 
techniques, down to its most basic element: The single motor unit. With all the excitement 
around his discovery, Basmajian conceived of an international forum to share information on 
SEMG, and in 1965, the International Society of Electrophysiological Kinesiology (ISEK) was 
formed.   It still exists today and provides one of the only journals that specifically addresses 
issues pertaining to SEMG: The Journal of Electromyography and Kinesiology. 


 From a biofeedback perspective, the history of surface EMG began with Elmer Green 
(1969) at the Menninger Clinic, where he modified the concepts behind Basmajian's single motor 
unit training paradigm and applied these to a general relaxation training paradigm.  A few years 
later, Budzynski and Stoyva (1970) began using SEMG feedback to treat muscle contraction 
headaches. From there, the SEMG biofeedback arena began to rapidly expand. 


Clinical use of SEMG biofeedback for the treatment of more specific neuromuscular 
disorders also began in the 1960's.  Hardyck  et al (1966) were amongst the first to use SEMG to 
teach students not to sub-vocalize during silent reading, and thus accelerate their reading 
development.   Booker et al. (1969) demonstrated neuromuscular re-education methods for 
patients with various conditions, and Johnson and Garton (1973) utilized SEMG to assist in the 
restoration of function of hemiplegic patients.   Brucker began working with stroke and spinal 
cord injured patients in the 1980's, taking on cases where traditional physical therapies had given 
up.  His work on neuromuscular re-education has recently been published (Brucker, 1996), 
reporting success where others had failed.  In addition, there is a meta-analysis (Moreland, et al, 
1998) comparing traditional methods of treating cardiovascular stroke to traditional methods 
augmented with the use of SEMG biofeedback.  Across studies, they found that the use of 
SEMG biofeedback improved the outcome of the therapy.  Given these findings, we are 
continually amazed that SEMG biofeedback isn't part of the standards of care for the stroke 
patient.  


Neuromuscular applications in dentistry were introduced in the early 1970's by Bernard 
Jankelson (1969). Jankelson recognized that the traditional concept of "centric relation" failed to 
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consider the status of mandibular posturing muscles. He developed procedures that used 
SEMG as an aid in determining a physiologically balanced occlusion and building of orthotics 
(“splints”) for treatment of myofacial pain disorders. In addition, Cooper (1991) and Yamashita 
(1985), have extensively studied the role of SEMG in the assessment, understanding and 
treatment of occlusal and temporomandibular joint (TMJ) disorders.  Recently R. Jankelson 
(1998) has summarized this type of clinical work. Lastly, Glaros (1996) and Hudzynski (1990) 
have extensively studied the role of SEMG in the psychophysiological assessment, 
understanding and treatment of Temporal Manibuluar Joint (TMJ) disorders. 


During the late 1980's, Donaldson (1990) normalized his SEMG recordings by 
calculating the degree of symmetry of homologous muscle pairs during dynamic movement.  He 
studied the degree of symmetrical recruitment during symmetrical and asymmetrical movement 
patterns in both normals and pain patients, concluding that a 20% asymmetry provided adequate 
sensitivity between the two groups. In addition, Donaldson popularized the concept of "co-
contractions". During asymmetrical movements asymmetrical recruitment patterns should be 
seen in homologous muscle pairs. Again, when this doesn't occur an abnormal finding is 
identified which potentially could be treated using SEMG biofeedback retraining techniques. 
More recently, Sella (1995) expanded Donaldson's concepts of monitoring homologous muscle 
pairs to a higher level, presenting a systematic method of testing many of the muscles of the 
human body for deficiencies. 


Also during the 1980's, Will Taylor (1990) introduced the concept of measuring synergy 
patterns in the upper and lower trapezius during abduction of the arm.  Following the work of 
Karol Lewit (1991), Taylor noted that myalgias in the upper quarter were commonly associated 
with a "postural" muscle doing the work of their "phasic" counterparts.  For example, in upper 
back or neck pain, the upper trapezius (a phasic muscle) commonly dominates the stabilizing 
muscular action associated with abduction of the arm to 90 degrees, even though it should share 
this work load with the lower trapezius (a postural muscle).  The hyperactivity of the upper 
trapezius, then, is seen as being facilitated by the inhibition of the lower traps.  Susan Middaugh 
(1994) has also clearly delineated the role of a hyperactive upper trapezius in headache, neck and 
shoulder pain.  She came to the conclusion that almost all of the dysfunctional patterns in the 
upper back involve hyperactivity of upper trapezius.   


The American, European and international academic communities have provided a strong 
fundamental basis for understanding electromyography in general and surface electromyography 
in particular.  Space limits the ability to acknowledge the many contributors to this field, and 
thus I can provide only a limited sample of the major contributors.  The influence of DeLuca and 
his colleagues at the Neuromuscular Research Institute in Boston cannot be overlooked.  Much 
of their work on spectral analysis and muscle fatigue (DeLuca, 1984) has shed light on both the 
physiology of muscle and its methods of measurement.  Kadefors (1978) from Sweden, and 
Masuda (1999) and Sudyoma (1981) from Japan have also contributed to our understanding of 
muscle fatigue.  Clinically, the role of muscle fatigue in back pain was clearly delineated in a 
study by Roy et al (1989). 


The work of the Scandinavian community on tension myalgia in the workplace is very 
impressive.  Hagg (1991) has provided a vast amount of information concerning work and the 
upper trapezius muscle, as have Maithessen (1995), Hagberg (1981), Westgaard (1987) and 
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Jonsson (1978). They have clearly added to our understanding of muscle dysfunctions in the 
workplace.  Veiersted (1993) and Hagg et al (1997) should also be recognized for their studies 
on the importance of rest.  In addition, an excellent summary of SEMG issues related to the 
workplace may also be found in an edition by Soderberg (1992).  


The Europeans have also focused strongly on the engineering and technical aspects of 
SEMG, and have created an organization called Surface EMG for Non-Invasive Study of 
Muscles (SENIAM).  Through this effort, several books have been created which look at 
standardizing the recording methods for SEMG (Hermens, et al 1999), the state of the art for 
SEMG sensors and sensor placements (Hermens and Freiks, 1997), European activities on 
SEMG (Hermens et al, 1996), and European applications on SEMG (Hermens, 1997). They have 
also created a "concerted action" (Merletti and Hermens, 2000) to help clarify technical 
standards for SEMG. 


Clinically, there have been several body work techniques developed to work dynamically 
with muscle oriented pain.  The Feldenkrais method (1972) is an approach to movement re-
education.  Moshe Feldenkrais believed that we learned the vast majority of our movement 
patterns during the first few years of life, and then repeat these compulsively to the exclusion of 
other possible movement patterns. He is so bold as to say that we use only five percent of our 
total potential movement ability.   


He also believes in the innate movement wisdom of the body.  The goal of the 
Feldenkrais practitioner is to assist the patient in experiencing more efficient forms of 
movement.  Once experienced, the ease associated with this new pattern may automatically 
become part of the patient's movement repertoire, or may consciously become available to the 
patient.  


Feldenkrais was a master at understanding and breaking down movement patterns into 
their components.  As part of a Feldenkrais session, the therapist might ask the patient to begin 
with their habitual pattern. The therapist might then scramble these components, introducing 
chaos into the system, in order to disrupt the habitual patterns. For example, normally the eyes 
move in the same direction as the rotation of the head. In working with neck problems, the 
Feldenkrais practitioner might ask the patient to move the eyes in the opposite direction of the 
head.  In general, there are six elements to doing Feldenkrais movements. They are: Be 
consciously aware of each movement, move in a relaxed fashion, make the movements very 
small, make them slowly, and never go into pain. Lastly, also practice these movements through 
visualization only.  For some nice examples of Feldenkrais exercises please consult Relaxercize 
by David Zemach-Bersin et al (1990).  


The Trager Approach was developed by Milton Trager in the mid 1900's (Juhan, 1989; 
Claire, 1995). The underlying theory of this work is that pain and dysfunction begin and are 
maintained in the unconscious portion of the mind. His approach seeks to communicate with the 
unconscious aspect of the client's mind and to re-educate the nervous system toward a more 
relaxed way of being. To do this, the Trager practitioner enters into a deep meditative state 
which Trager called a "hookup". While in this active, yet meditative state, the practitioner moves 
the client's body while mentally asking the client's unconscious such questions as , "How should 
this feel? What could be softer? Lighter? Freer?"  The practitioner is at the same time being 
aware of their own body seeking to be as light, free and soft as s/he can be as well. In this way 
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her/his body can transmit this way of being to the client's body.  


The technique consists of gentle wiggling and jiggling of different parts of the body. 
Through this jiggling, habitual holding patterns in the nervous system are disturbed, introducing 
chaos into the muscular system thus allowing for a healthier reorganization of the energy 
patterns. During a Trager session the practitioner encourages the client to become aware of 
changes in their body and to remember how this new sense of ease or lightness feels. This is 
called "recall" and is felt to assist in the mind's ability to release these habitual holding patterns.  
 
Biomechanics and The Role Of Posture.   


Posture is the foundation upon which movement rides.  Therefore, the history of SEMG 
would not be complete without some information concerning posture.  Posture can be thought of 
as a purely biomechanical event, bearing weight against gravity, or it may be thought of as a 
manifestation of emotions.  We will briefly look at both. 


Janet Price and her colleagues (1948) in the 1940's, began to study clinical populations of 
back pain patients using SEMG. They noted that SEMG activation patterns began to migrate 
away from the site of original injury to other muscle sets.  This study represents the first 
documentation on antalgic postures or protective guarding patterns. 


There is an SEMG assessment technique that provides a "big picture" of bracing and 
holding patterns, thus allowing the practitioner to describe and quantify postural disturbances 
from a muscular point of view.  The muscle scanning procedure developed by Cram (1986) 
utilizes "hand held" electrodes which allow one to quickly sample the right and left aspect of 
multiple muscle groups.  If one were to sample the paraspinal muscles at each 4th vertebral 
segment, for example, the postural pattern of resting tone along the spine would emerge. Using 
this technique, Cram and Engstrom (1986) studied 104 normal individuals and compared them to 
over 200 chronic pain patients to demonstrate the clinical sensitivity of this technique in 
studying pain related disorders. From this study a normative database was developed which may 
be used to guide clinical interpretations of patterns or sites of muscular activation, asymmetrical 
activation patterns, and postural (antalgic) disturbances.   Cram and Kasman (1998) present a 
clear case study of  "antalgic" or painful posture. Here activations on the left erector spinae are 
evident as the patient's weight shifts away from a right sciatic type pain. With the ability to see 
SEMG resting tone at higher vertebral sites, this case study allows one to see a compensatory 
bracing pattern in the right T2 and C4 paraspinals.  It is no wonder that patients with low back 
pain, as Price had noted, eventually begin to hurt in the upper back and neck as well.   


The role of SEMG in the chiropractic community cannot be ignored, since it has adopted 
 paraspinal muscle scanning as a method for helping to describe the neuromuscular elements of 
the subluxation complex (Brody, 1987; Kent and Hyde, 1987).  A few studies have demonstrated 
the usefulness of SEMG paraspinal scanning as an outcome measure (Myerowitz,1994).  Cram 
(1993) has encouraged the chiropractic community to expand the scope of their use of SEMG to 
include dynamic procedures as well.   


Florence Kendall (1993), in her most recent book Muscles: Testing and Function, 
provides a beautiful guide to understanding and assessing the mechanical aspects of posture.  It 
shows stances against postural grids, and simultaneously describes postural disturbances for the 
involved muscles.  Along with the "ideal posture", the faulty postures of Kyphosis-lordosis; 
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Sway Back; Military Type; Flat Back and Scoliosis are presented. Special sections on head 
position, shoulders and scapulae and knees, feet and legs are available.  


Body oriented psychotherapists and Somatics practitioners have also focused upon the 
role of emotions and posture in neuromuscular health.  Stanley Keleman (1985) has developed a 
model of layers and compartments in understanding how the body and muscles function as a 
whole in physical and emotional health.  He conceptualizes the body as having three 
compartments or pouches located roughly in the abdomen, chest and head. In addition he views 
the body as having three distinct layers.  The outer layer represents our interaction with the 
world and includes the nervous system and the skin.   The middle layer encompasses the 
muscles, bones and connective tissues.  The inner layer consists of the internal organs of 
digestion, assimilation, respiration and distribution.  The biological and psychological integrity 
of the body entails adequate pumping of life bearing fluids and energy  through all three layers 
and between the all three compartments.   


According to Keleman, the fluidity of these compartments may become disturbed by 
stress and insults to the organism.  He describes a startle/stress continuum which affects posture 
through six variations. The first three postures involve getting bigger and expanding outward.  
The postures evolve from a rigid cautionary stance to a threatened bracing and finally a turning, 
as if getting ready to run away. The next three postures involve getting smaller, shorter and 
becoming fixed. These represent a freezing type response.  The postures evolve through the 
stages of a contracted bracing, to a withdrawal and submission and finally a downward collapse 
in defeat.  Over time, if the stressors are perpetuated, Keleman suggests that there will be 
changes in the density of the layers and the directions in which he pouches pulsate or flow.  The 
postural muscles and postures involved can lead to one of four somatic defenses: Rigid and 
controlled; Dense and shamed; Swollen and manipulative; and Collapsed compliant.   Each type 
has a variety of complex physical, social and psychological sequeli.   


Thomas Hanna (1988), who studied with Feldenkrais, has described two common 
reflexive postural stances.  The first is called the "Red Light" reflex and is best represented as a 
withdrawal response from perceived stress or danger.  Here, the facial muscles contract, the 
shoulders rise, the head moves forward, the elbows and knees bend and the abdominal muscles 
contract, pulling the trunk forward and the chest down. This limits the ability to breathe and 
affects the heart and other internal organs. This may become habitual in individuals who live in a 
high state of alertness or fear. 


 The second is the "Green Light" reflex.  It is considered assertive and active.  This 
reflexive pattern opens the eyes, pulls the neck backwards, the shoulders downward, hyper 
extends the elbows and knees, lifts the chest and  activates the lumbar muscles to hyperextend 
the back.  When repeatedly triggered, as it commonly is in Western society, Hanna suggests that 
it may be the primary culprit for the high incidence of back pain. 


Both reflexes are triggered by one's response to their environment. While the red light 
reflex brings us to a stop, the green light puts us into action.  Both reflexes co-exist.  There is a 
competition between these two.  Over time, both postural reflexes may be seen in the same 
individual.  This Hanna refers to as the "senile reflex".  One reflex may dominate over the other. 
 If, for example, the red light reflex has been dominant over the course of a person's life, they 
will have a more pronounced stooped over posture and may even develop a dowager hump.  
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Hanna (1988) has presented a very nice series of sensorimotor exercises in his book 


Somatics.  These floor exercises focus on becoming sensorially aware of movement, and may be 
used to break up dysfunctional habitual postural reflexes and patterns. Underlying the emphasis 
on sensory awareness is Hanna's concept of "sensory motor amnesia".  He utilizes these floor 
exercises to bring a renewed sensory awareness to the afflicted areas.  The set of floor exercises 
include learning to control the extensor muscles of the back, the flexor muscles of the stomach, 
the muscles of the waist, efforts related to rotation of the trunk, controlling of the hip joints and 
legs, and controlling of the muscles of the neck and shoulders.  There are also exercises for 
improving breathing and improving walking.  Practitioners using SEMG to treat various pain 
disorders may want to familiarize themselves with Hanna's work. 


Another approach to understanding and treating posture was developed by F. Matthias 
Alexander (Alexander, 1985; Maisel, 1990) at the turn of the last century.  This is a system of 
postural re-education with a focus on the proper relationship of the head, neck and torso. 
Alexander posited that most people have learned a less than optimal way of carrying themselves, 
thus causing pain and discomfort.  He states that when the head and neck are in proper alignment 
with the torso, the head "floats" upward and the neck and spine are released and lengthened.  The 
Alexander teacher provides a combination of gentle guidance by touch and verbal instruction to 
register an awareness of the student's postural alignment.  There are three steps to the Alexander 
process that the SEMG practitioner might want to adopt in their own work.  The first is to assist 
a student in becoming consciously aware of their posture and movement patterns.  The second is 
to master the ability to inhibit dysfunctional and habitual patterns.  The third step is to 
consciously break old habits and establish new and better postural and movement patterns.   The 
SEMG practitioner working on cervical problems would be wise to familiarize themselves with 
the tactile and verbal suggestions utilized in this technique.   
 
Electrode Atlases 


In the world of SEMG, knowing where to place the recording electrodes is essential.  The 
SEMG electrodes are like little microphones which "listen" for the muscle action potentials or 
MAPS.  Having these microphones in the right locations facilitates the nature of the recording.   
The SENIAM group has demonstrated that slight changes in the placement of the recording 
electrodes may dramatically alter the amplitude and quality of the SEMG recording (Hermens, 
1999). 
 The first SEMG electrode atlas was constructed by Davis (1952).  Since much of the 
original SEMG research was conducted by Davis, he provided researchers with electrode 
placement maps to assist in the standardization of SEMG recordings.  Nearly 30 years later, 
Basmajian and Blumenstein (1989) wrote a small book to guide electrode placements.  This 
expanded and updated the initial recommendations of Davis to include more sites relevant to 
rehabilitation. Cram and Kasman (1998) produced an electrode atlas of 69 sites, classifying each 
recording site for the quality of the recording (specific, quasi-specific and general recordings).  
Since SEMG recordings may be subject to issues of volume conduction from surrounding and 
distant muscles, "specific" recordings were felt to be relatively free of such contamination.  
"Quasi-specific" sites were thought to record from the muscle named, as well as volume 
conducted signals from surrounding muscles.  "General" recordings were considered recordings 
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from a region rather than from specific muscles.  In addition to the sites for placement, 
sample recording from standardized movements are presented in both raw SEMG and processed 
modes.  


SENIAM, the European effort, has also created a very concise and well illustrated book 
on standardized SEMG electrode placements for 27 muscle sites across the areas of the shoulder 
and neck, the back muscles, the arm and hand, the upper leg and hip, and the lower leg 
(Hermens, et al, 1999). 
 
A Brief History Of Electricity and SEMG Instrumentation 


The history of SEMG has to do with the discovery of electricity, and the ability to see 
phenomona through the aid of instruments which one could not see, feel or touch with the 
normal senses.  


The theme of the development of SEMG can be traced back to Francesco Redi (1617) in 
the mid 1600's, whose work with the electric ray fish documented that a highly specialized 
muscle was the source of its energy.   By 1773, Walsh had been able to clearly demonstrate that 
the eel's muscle tissue could generate a spark of electricity. During the 1790's, Luigi and Lucial 
Galvani (1953) had conducted a series of studies that demonstrated that muscle contractions 
could be evoked by the discharge of static electricity. Concurrently, Volta (1792) had developed 
a powerful tool that could be used to generate electricity, which, incidentally, could be used to 
stimulate muscle.  The technique of using electricity to stimulate muscles gained wide attention 
during the 1800's. The documentation of the use of electrical stimulation to study muscle 
function was conducted by Duchenne (1959).   As mentioned earlier, his work is truly the first 
systematic study of the dynamics and function of the intact muscle. 


It was not until the early 1800's, that the galvanometer, a robust tool for measuring 
electrical currents and therefore muscle activity was invented.  In 1838, Matteucci (1844) used 
the galvanometer to clearly demonstrate an electrical potential between an excised frog's nerve 
and its damaged muscle.  By 1849, Du Bois-Reymond (1983) had provided the first evidence of 
electrical activity in human muscles during voluntary contraction.  Du Bois-Reymond's classic 
experiment involved placing blotting cloth on each of the hands or forearms of his subject and 
immersing them in separate vats of saline solution, while connecting the electrodes to the 
galvanonmeter.  He noted very minute but very consistent and predictable deflections whenever 
the subject flexed his hand or arm. He thought that the magnitude was diminished by the 
impedance of the skin, and therefore removed a portion of the skin of the subject, replaced the 
electrodes and noted a dramatic increase in the magnitude of the signal during wrist flexion.  
Please note that the importance of good skin preparation before electrode placement has been 
present from the very beginning of SEMG. By the early 1900's, Pratt (1917) had begun to 
demonstrate that the magnitude of the energy associated with muscle contraction was due to 
muscle and the recruitment of individual muscle fibers, rather than due to the size of the neural 
impulse.  And by 1922, Gasser and Eralanger (1921) were able to use the newly invented 
cathode ray oscilloscope to show the signals from muscles.  This feat won them the Nobel prize 
in 1944.  


The concentric needle electrode, developed by Adrian and Bronk (1929) in 1929 
provided a powerful tool , still widely used today for needle EMG studies.  Vacuum tube 







 


 
 


116
amplifiers (Mathews, 1934) and later solid state differential amplifiers made it possible to 
obtain a better and cleaner EMG signal.   By 1962, John Basmajian (1962) had compiled all of 
the information available on electromyography into his book Muscles Alive.  Over the years, it 
has been updated  through five editions.  With the last edition, he shared the book with DeLuca 
(Basmajian and Deluca, 1983).    


DeLuca pioneered much of the mathematical language and models for understanding 
motor unit action potential (MUAP) of the EMG (DeLuca, 1979).  This modeling was further 
elaborated upon by Dimitorova (1974), who provided mathematical tools for understanding the 
biophysics of EMG, and therefore the information contained within the signal. Later Lindstrom 
(1977) provided the mathematical foundation for decomposing the EMG using spectral analysis. 
 Spectral analysis was further considered in Deluca's (1984) description of muscle fatigue.  
Broman et al (1985) have induced a method of linear electrode arrays and double differential 
amplification techniques which allows the researcher to see the electrophysiological 
characteristics of the MUAP as it travels down the muscle fiber.  Recently Merletti (2002) has 
presented information on the use of these linear electrode arrays. 


 
Conclusion 
 Surface EMG technology is found across many disciplines, ranging from manual 
therapies to psychology.  Those providers who have come into SEMG work through psychology 
may have been unfamiliar with some of the bodywork approaches to treatment, and the manual 
therapists may have been unfamiliar with the emotional aspects of SEMG.   
 Hopefully, by reviewing the history of the four domains of tissue, emotions, movement 
and posture, a broad understanding of muscle soreness and SEMG can be appreciated by all 
disciplines involved.  It is hoped that such a broad exposure will encourage providers to learn 
more about applications that they are unfamiliar with, to consider referral to other providers 
when necessary, or to learn how to blend new techniques into what they are doing.  As one uses 
SEMG and bodywork to their fullest potential, one learns to walk the mind-body interface, and 
to practice a body oriented psychotherapy. 
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DYSPONESIS: A NEUROPHYSIOLOGIC FACTOR IN FUNCTIONAL DISORDERS 


 
George B. Whatmore and Daniel R. Kohli1 


 
  


This chapter discusses a physiopathologic state that is a hidden etiologic factor in a 
number of common clinical syndromes, and can give rise to a variety of functional 
disturbances within the organism.  It is basically a reversible physiopathologic state 
composed of errors in energy expenditure that interfere with nervous system function 
and thus with control of organ function.  Its detrimental influence is exerted by means 
of excitatory and inhibitory patterns of signal input at widespread points within the 
complex networks of the nervous system, resulting in reduction in the organism’s 
productivity and disturbance of its emotional reactivity, ideation, and central 
regulation of various organs of the body.  Most of this energy expenditure, covert in 
nature, goes unnoticed by both the person expending it and those who observe him.  
Diagnosis is based upon history, physical examination, and laboratory and 
psychological tests.  Electromyometric studies are a necessary part of each patient 
work-up whatever dysponesis is suspected.  


 
Treatment is a form of neurophysiologic engineering wherein basic principles of 
neurophysiology are used to carry on a retraining within the nervous system.  Specific 
instances to which the patient overreacts are identified so that he can be “desensitized” 
to them through applications of the principles of effort management.  The patient is 
trained to observe at least some of the covert efforts that he makes unknowingly.  
Electromyometry, electromyophony, electromyoscopy, and other procedures are used 
for teaching purposes to delineate and objectivity these efforts and bring them into the 
realm of observable phenomena, and much electronically monitored instruction and 
practice are necessary.  The patient is then trained to take these energy expenditures 
into account with a minimum of fuss and attention as he goes about his daily 
activities.  The quality of therapeutic result is directly proportional to the proficiency 
attained by the patient.    


 
The purpose of this chapter is to discuss a fairly common physiopathologic state that is to a 
large extent overlooked in present-day medical practice.  Its importance lies in its being a 
hidden etiologic factor in several clinical syndromes.  The condition has been overlooked, 
hence ineffectively treated, until recently because ordinary examination procedures do not 
detect it.  Recent advances in neurophysiologic knowledge and instrumentation have made 
recognition as well as treatment of this condition possible. 
 
Most diseases consist of physiologic reaction that leads to organ dysfunction.  These 
physiologic reactions constitute the response of the organism to some noxious agent, whether 
microbial, chemical, or mechanical.  For example, pneumonia is the outpouring of leucocytes 
and exudate into the lung spaces in response to the presence of a microbe.  Hay fever consists 
of vasodilation, lacrimation, and mucous secretion in response to an allergen.  Silicosis is the 
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organism’s attempt to isolate a penetrating foreign substance.  The physiologic reaction is the 
disease, and the result is organ dysfunction. 
 
The present discussion will extend this concept of disease to include a physiopathologic state 
composed of neurophysiologic reactions to various agents.  To avoid semantic confusion 
while discussing this entity, we suggest the descriptive name dysponesis—“dys” meaning bad, 
faulty or wrong, and “ponos” meaning effort, work, or energy.  The term thus identifies the 
basic nature of the condition, namely, a physiopathologic state made up of errors in energy 
expenditure within the nervous system. 
 
Dysponesis is capable of producing a variety of functional disturbances within the organism.  
By affecting nervous system function, it can alter the regulation and thereby organ function of 
almost any system of the body.  Among the numerous clinical manifestations are fatigue and 
exhaustion, insomnia, headache, backache, hyperventilation, anxiety and depression, 
“indigestion,” impotence, frigidity, and spastic colon. 
 
Dysponesis can occur by itself or can accompany and complicate other illnesses.  It can 
produce symptoms that might be attributed to a neurosis but it is not a neurosis in the sense 
that symptoms are symbolic of unconscious conflicts.  It can also produce symptoms that 
might be attributed erroneously to anatomical or biochemical pathology.  If a patient’s 
symptoms have their origin in dysponesis but he is treated only for structural disease or only 
to resolve psychological problems, results will be disappointing, for dysponesis is a 
neurophysiologic response pattern that will survive these forms of treatment.  On the other 
hand, if the patient’s symptoms are the result of factors other than dysponesis, or in addition 
to dysponesis, results will be disappointing if treatment is limited to measures for correcting 
dysponesis.  It therefore becomes important for us to have a clear understanding of the entity 
dysponesis if we are to recognize it in our patients and if we are to treat it effectively. 
 
 
PRELIMINARY CONSIDERATIONS 
 
Before we can obtain a clear picture of the basic nature of dysponesis, we must first examine 
from a neurophysiologic point of view the types of effort of which the human organism is 
capable. 
 
By effort, or ponesis, we mean the production of nerve impulses (or action potentials) in 
pathways extending from motor and premotor cortical neurons through pyramidal and 
extrapyramidal tracts to and including the peripheral musculature.  This portion of the nervous 
system is referred to as the voluntary, volitional, or somatic portion of the motor system, as 
contrasted to the autonomic, visceral, or involuntary portion.  Its pathways participate in all 
voluntary motor activity.  Action potentials constituting effort can be recorded by appropriate 
electronic instruments at any point along these pathways from the cerebral cortex to the 
peripheral musculature. 
 
Our daily lives are made up of various sequences and combinations of effort.  Although some 
of these efforts are observable outwardly in the form of overt performances, many are not 
detectable with the unaided eye.  These latter efforts usually go unnoticed by both the person 
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making them and others observing him, but they must be taken into consideration if we are to 
obtain a clear picture of dysponesis and its effects on the organism.  Any classification of 
effort from a neurophysiologic standpoint must include them. 
 
One such classification that assists us greatly in understanding dysponesis divides the efforts 
making up daily life into four basic categories as follows. 
 
Performing Efforts.  These are the effects by which we walk, talk, lift objects, drive a car, 
hammer a nail, and so on.  We carry out some “performance” that is observable outwardly.  
These efforts are readily recognized as effort by everyone and consist mainly of learned motor 
skills. 
 
Bracing Efforts.  These are the efforts by which we hold the body, or a part of the body, rigid 
or “on guard.”  A steady effort is maintained that prepares us for quick initiation of 
performing efforts, for “fight or flight” in many instances.  Often one efforts is pitted against 
another, one muscle contracted against its antagonist.  These efforts can be made in any or all 
parts of the body such as the extremities, the breathing musculature, the neck, the back, the 
jaw, the tongue, and the throat. 
 
Bracing efforts can be violent or extremely small.  Although some of them are readily 
observable, most of them go unnoticed by both the person making them and others observing 
him. 
 
Representing Efforts.  These are the efforts by which we bring forth within ourselves, in 
substitute form, objects of events or phenomena that are not at the moment impinging upon 
our sense organs.  They constitute a form of self-signaling.  We can represent objects we have 
seen but which are not now before us, sensations we have experienced but which are not 
present at the moment, past events, possible future events, problems or issues, goals, concepts, 
and so on.  Specific sequences and constellations of effort are a necessary part of this process.  
Without these efforts, representations do not occur.  Thinking, remembering, anticipating, 
daydreaming, and worrying are partly made up of representing efforts. 
 
The efforts that play a vital role in representation are for the most part not recognized as effort 
by the person making them unless he has been trained to observe them, and are not detectable 
by external observers using only the naked eye. 
 
For example, minute eye efforts participate in the production of visual images and the 
particular eye efforts made vary with the characteristics of the visual image (Deckert, 1964; 
Dement & Kleitman, 1957; Jacobson, 1930, 1938; Lorens & Darrow, 1962, Totten, 1935).  
Without the eye effort there is no visual image.  Tongue, throat, and other speech region 
efforts participate in the formation of auditory images of words or other sounds (Gould, 1949, 
1950; Jacobson, 1931, 1938; Max, 1937).  They are part of the process of carrying on inner 
speech or subvocal speech.  Visual imagery and auditory imagery are two common forms of 
representation. 
 
Representation of movement of a part of one’s body can be accomplished (1) by eye efforts to 
picture or visualize the part in motion (2) by very slight efforts in motor pathways to the part 
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“as if” to move that part of the body, or (3) by both of these simultaneously (Allers & 
Scheminzky, 1926; Jacobson, 1930a,b,d, 1931, 1938; Max, 1937; Shaw, 1940).  Efforts of 
inner speech can also participate. 
 
Additional evidence for the participation of efforts in the process of representation is found in 
studies of dreaming and in studies of deaf-mutes.  Dreams of a visual nature are accompanied 
by eye efforts that correspond in pattern to what is being visualized.  These efforts can be so 
large that gross eye movements are observable through the dreamer’s lids or they can be 
smaller and recorded graphically by measuring corneoretinal potentials (Aserinsky & 
Kleitman, 1955: Dement & Kleitman, 1957).  Dreams of carrying out bodily movements are 
accompanied by efforts, measurable electromyographically and sometimes overtly 
observable, in the corresponding parts of the body and in patterns corresponding to the 
movement dreamed of (Wolpert, 1960).  Deaf-mutes who have learned sign language to 
communicate with others make upper extremity efforts, measurable electromyographically, as 
part of dreaming and also as a part of abstract thinking (Max, 1935, 1937).  In addition, we 
have all heard persons speaking aloud in their sleep as a part of the dreaming process and 
talking audibly or making visible lip movements as they think about something while awake. 
 
Thinking or ideation is a complex process involving widespread circuits within the nervous 
system, and there are many details of this mechanism yet to be worked out.  But the 
combinations of efforts and sensory image that we call “representing” make up an important 
part of it. 
 
Attention Efforts.  These are the efforts by which the organism allows impulses arriving from 
some sense organs to have a greater influence on nervous system function than those arriving 
from others.  They are the efforts by which we direct our attention from one thing to another 
or hold our attention on something.  Attention can be directed to events in our external 
environment or to events within ourselves, including our representations, and it can shift very 
quickly from one item to another.  What we observe at a given moment is dependent upon the 
state of our attention at the moment.  Eye efforts are an essential part of the act of directing 
attention.  (This holds true only for persons not born blind.)  Attention can be directed by 
means of gross eye efforts to turn the eyes toward a source of stimulation or by means of 
minute efforts “as if” to turn the eyes toward a source of stimulation.  The tiny attention 
efforts go unnoticed as such by the person making them unless he has been trained to observe 
them, and they are not detectable by external observers using only their unaided eyes 
(Amadeo & Shagass, 1963; Jacobson, 1938; Whatmore, unpublished data). 
 
Although many efforts in the bracing, representing, and attention categories are made 
unknowingly and go unnoticed as such by both the person making them and others observing 
him, they play an important role in nervous system function and in the production of 
disturbances in its function. 
 
 
BASIC NATURE OF DYSPONESIS 
 
Dysponesis is a reversible physiopathologic state composed of neurophysiologic reactions to 
various agents and the repercussions of these reactions throughout the organism.  The agent to 
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which the organism is reacting can be an environmental event, a bodily sensation, an emotion, 
or a thought.  The neurophysiologic reaction consist mainly of covert errors in energy 
expenditure via motor and premotor cortical neurons, pyramidal and extrapyramidal tracts, 
and their extensively ramifying side branches and feedback pathways, as the organism 
attempts to cope with, or adapt to, the agent.  Instead of assisting the organism, these energy 
expenditures act as an interference phenomenon in nervous system functioning. 
 
The term energy expenditure is used here in a physiologic sense, referring to the occurrence 
of action potentials in motor nerve fibers and in muscle fibers, contraction in muscle fibers, 
and the biochemical changes associated with these processes.  We are not referring to the 
abstract “psychic energy” used in psychodynamic theory since we are discussing a basic 
physiopathologic state. 
 
Dysponesis is thus made up principally of those covert misdirect efforts we make each day 
that have a detrimental influence on the organism.  Most of them lie in the bracing, 
representing, and attention categories and, being covert in nature, go unnoticed by both the 
person making them and others observing him.  They occur concomitantly with our 
productive efforts and interfere with the efficiency, productivity, and health of the organism.  
The detrimental influence of these misdirected efforts results from the fact that action 
potentials (or nerve impulses) constituting efforts not only follow the well-known pathways 
from motor and premotor cortex to anterior horn cells, and thus to muscle fibers, but also feed 
signals (by way of side branches and feedback mechanisms) into the reticular activating 
system, the hypothalamus, the limbic system, and the neocortex, thus producing widespread 
addition effects.  These signals exert excitatory and inhibitory influences that are 
inappropriate to the immediate objectives of the organism.  The result is an interference with 
many aspects of nervous system function including the organism’s emotional reactivity, its 
ideation, and the regulation of various organs of the body.  The known pathways by which 
dysponesis can produce such diverse effects in the organism are summarized in Figure 1. 
 
An example may help to clarify the basic nature of dysponesis.  If a person is being attacked 
by a wild animal, or by a bandit in a dark alley, a certain amount of bracing effort is 
appropriate.  In conjunction with an appropriate fear response, it prepared the person for quick 
initiation of performing efforts (such as fight or flight) and activates autonomic mechanisms 
that give physiologic and biochemical support to violent exertion.  If a person braces similarly 
in a social gathering or when he has to speak before an audience, the bracing becomes 
inappropriate and interferes with effective functioning.  The autonomic responses it arouses 
are also inappropriate.  Increased heart rate, elevation of blood pressure, secretion of adrenalin 
and other hormones, mobilization of glucose and fatty acids, and numerous other emergency 
responses all prepare the organism for violent muscular exertion, yet no such exertion is 
called for.  Both the bracing and the autonomic responses interfere with a person’s productive 
efforts (carrying on a conversation or speaking before an audience) and give rise to 
discomfort.  In addition, they interfere with normal organ function.  If frequent and prolonged, 
they may give rise to tissue alteration of a pathological nature.  Thus the well-intentioned but 
misdirected bracing efforts operate to the organism’s detriment.  They constitute one of the 
numerous forms of energy expenditure that make up dysponesis. 
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Figure 1. Diagram showing known pathways by which effort (ponesis) can affect structures 
playing an important role in autonomic activity (hypothalamus), emotional reactivity (limbic 
system), and ideation (neocortex). 


 
 
The efforts composing dysponesis constitute one process in a complex system of interacting 
processes and can disturb the entire system.  These interactions are shown in Figure 2.  In this 
diagram, broken lines indicate connections that can be modified by learning or conditioning 
and continuous lines those that are inborn. 
 
Dysponesis can be intermittent or continuous.  In its early stages it is often intermittent, the 
misdirected efforts being made only in response to particular environmental situations, bodily 
sensations, emotions, or thoughts.  But as time passes—often a matter of years—and the 
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organism unknowingly becomes more proficient in making dysponetic responses, they tend to 
be made more frequently, until finally the person can be maintaining this type of energy 
expenditure continuously.  Although this energy expenditure makes the organism more 
vulnerable to various disturbances in bodily function, it is possible for dysponesis to be 
present for variable periods, perhaps even for a lifetime, without symptoms of any great 
significance as far as the individual himself perceives them, or with only intermittent 
symptoms that concern him.  Yet he is made vulnerable by the presence of dysponesis, and 
some chance event in life can trigger incapacitating symptoms.   
 
 
ETIOLOGY AND PATHOGENESIS 
 
The etiology of dysponesis has not been clearly established because of the myriad of 
influences to which each individual is subjected during a lifetime.  Whether dysponesis is 
inherited or acquired, or is a combination of theses, is not known.  If inherited factors are 
present, their elucidation will come with further advances in our knowledge of genetics.  If we 
assume that dysponesis is acquired, a fairly reasonable etiology and pathogenesis can be 
postulated. 
 
We suggest that the physiopathologic reactions constituting dysponesis are basically learned 
responses.  Each person, as a result of his own particular life experiences, learns many 
different motor responses.  Some of these are appropriate in one situation but become 
inappropriate and a detriment to him in order situations.  Others are inappropriate at any time.  
For example, the southern drawl of a person raised in South Carolina or the umlaut vowels of 
a German are learned speech-muscle sequences that are appropriate in their original setting 
but become not only inappropriate but actually a handicap when they are carried over into 
other languages and other locales.  The inadvertent motor responses that cause the golfer to 
slice, hook, or top the ball are inappropriate whenever they occur.  These examples illustrate 
how learned motor responses can be disadvantageous to an individual. 
 
The physiopathologic motor responses constituting dysponesis may originate in a similar 
manner.  For example, a person may learn at one time to brace appropriately to threatening 
environmental situations that require the quick initiation of performing efforts (such as fight 
or flight) and then unknowingly utilize these covert bracing efforts in his attempt to meet 
intellectual threats or challenges not requiring the rapid initiation of performing efforts.  The 
bracing under these circumstances becomes inappropriate and a detriment to him by 
mechanisms described in other sections of this chapter.  Since the bracing efforts are made 
unknowingly and there is no automatic signaling system to correct these errors, the person 
tends to persist in making them and through repetition to become more proficient in making 
them.  Misdirected representing and attention efforts may be learned inadvertently during 
trial-and-error behavior in the attempt to cope with or adapt to life situations.  Or they may be 
learned by imitation through constant association with a person who makes such efforts 
frequently and often expresses his representations aloud.  They may also result partly from the 
presence of inappropriate bracing efforts and the disorganizing effects of these on the limbic 
system and neocortex (see Figure 1 and 2). 
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Although we do not attempt at present to delineate the precise conditioning experiences or the 
genetic factors, if any, that give rise to dysponesis, further observation and investigation 
should enable us to be more specific.  Basic principles of instrumental and classical 
conditioning, and of learning theory in general, will undoubtedly assist us in eventually 
elaborating the etiology and pathogenesis of dysponesis. 


 
 


Figure 2. Diagram showing the position of effort in the interaction of several basic nervouse 
system processes.  Inborn connections are shown by continuous lines, and connections that can 
be modified by learning are shown by segmented lines. 


PHYSIOLOGIC EFFECTS OF DYSPONESIS WITH SUPPORTING EVIDENCE 
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Although the hypothesis concerning dysponesis and its effects on the organism are based 
upon available evidence that is neither complete nor fully conclusive, it is sufficient to justify 
the concept, and so far no contrary evidence has been found.  It is our hope that further 
research will be stimulated by this presentation.   
 
The specific effects that dysponesis will have in a given person at a given time are determined 
by several factors: 
 


1. The inherited constitutional characteristics of the individual.  This includes 
the gene-determined aspects of such characteristics as the number of 
neurons composing the nervous systems, their location, size, shape, 
biochemical composition, interconnections, and the composition of the 
internal environment bathing the neurons.  It also includes gene-determined 
characteristics of other systems of the body. 


2. Acquired characteristics of the individual, characteristics resulting from the 
person’s total past experience.  This includes the results of previous 
learning as well as any changes in structure or metabolism resulting from 
injury, disease, or pharmacologic agents.   


3. Activity going on within the neuronal networks of the nervous system at 
the time they are subjected to dysponetic influences. 


4. The duration, magnitude, and distribution of the particular dysponesis 
present at that time. 


 
Dysponesis affects emotional reactivity.  The ability to experience many different emotions is 
built into the human organism, and emotions are of value to us when they are appropriate in 
amount and kind.  Dysponesis can inhibit some emotional reactions, exaggerate others, or 
lead to inappropriate emotions depending upon the circumstances of the moment.  This makes 
if difficult for a dysponetic person to know his real feelings (emotions) about persons or 
events in his life.  These effects of dysponesis on emotional reactivity are probably mediated 
by way of connections between pyramidal-extrapyramidal pathways and the reticular 
activating system, the hypothalamus, and the thalamus and thereby to the limbic system (see 
Figure 1).  In addition, there are probably direct connections between pyramidal-
extrapyramidal pathways and the limbic system.  The limbic system occupies and important 
position in emotional experience (MacLean, 1955; Papez, 1937). 
 
Laboratory evidence for the influence of somatic motor activity on emotional reactivity is 
found in (1) diminished emotional reactivity in cats following administration of curarelike 
substances (anectin) in dosages sufficient to produce only an effect on the neuromuscular 
junction (Gellhorn, 1957, 1958; Gellhorn & Loofbourrow, 1963); (2) the decreased 
hypothalamic excitability resulting from such dosages of curare as measured with implanted 
electrodes (Gellhorn, 1957, 1958; Gellhorn & Loofbourrow, 1963); (3) the effects of a learned 
reduction in somatic motor activity on emotion (Jacobson, 1938); and (4) the increased 
hypothalamic excitability produced by proprioceptive impulses (Bernhaut, Gellhorn & 
Rasmussen, 1953).  There is clinical evidence that dysponesis may play an etiologic role in 
the production of depression (Whatmore, 1966; Whatmore & Ellis, 1962). 
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Dysponesis is also able to affect a person’s ideation.  For example, it can distort his 
perception of environmental events, what he thinks is happening to him, and what he thinks 
he would like to do about it.  It may also play a role in the production of delusions and 
hallucinations.  This effect of dysponesis on ideation is probably brought about by a direct 
effect on neocortical function and also by way of an action on the reticular activating system, 
the hypothalamus, the limbic system, and the effects of these in turn on the neocortex (see 
Figure 1). 
 
Evidence for an influence of effort on ideation comes from several sources.  First, the 
necessary pathways and connections that would enable effort to affect structures participating 
in ideation are present within the nervous system (see Figure 1).  The neocortex is an 
important component of these structures in contrast to the limbic system, which plays a more 
important role in emotion (MacLean, 1955; Papez, 1937).  Second, specific effects of effort 
on the neocortex have been demonstrated.  Proprioceptive impulses, which are ordinarily 
initiated by effort, have been shown by direct recordings to produce a diffuse increase in 
cerebral cortical excitability (Bernhaut et al., 1953; Gellhorn, 1957, 1958; Hodes, 1962).  In 
addition, descending effort impulses as well as the ascending proprioceptive ones give 
evidence of playing a role in maintenance of consciousness (Jacobson, 1938: Kleitman, 1963; 
Magoun, 1963) and through this effect on the waking state can affect ideation.  Cortical motor 
neurons also affect the excitability of other cortical neurons directly by intracortical and 
association fibers and by short pathways through subcortical nuclei (Bubnoff & Heidenhain, 
1949; Dusser de Barenne & McCulloch, 1939; Lorenté de No, 1943).  Laboratory studies on 
human subjects give support to an influence of effort on thought processes (Jacobson, 1938).  
Clinical studies suggest that dysponesis may play a role in the ideational disturbances of acute 
schizophrenic episodes (Gould, 1949, 1950; Whatmore, 1966; Whatmore & Ellis, 1964). 
 
Dysponesis can disturb autonomic function.  This is accomplished not only by way of its 
effect on emotion but also by a direct effect on autonomic centers.  This fact supplies an 
additional mechanism to help explain various disturbances in visceral and vascular function 
not related to emotional states. 
 
It has been demonstrated experimentally that effort can directly influence autonomic activity 
by means of at least three levels within the nervous system.  At the farthest downstream level, 
it initiates proprioceptive impulses that, in laboratory studies, have been shown to increase 
hypothalamic excitability (Bernhaut et al., 1953; Gellhorn, 1957, 1958), the hypothalamus 
being one of the higher centers of autonomic control.  Motor and premotor cortical neurons 
can also affect autonomic activity at the hypothalamic level by way of circuits through the 
basal ganglia and by direct connections (Kennard, 1947).  Pyramidal tract impulses can also 
effectively augment autonomic functions at the spinal level, separately from the hypothalamus 
and its descending path (Landau, 1953). 
 
Studies in dogs have shown that effort without emotion is sufficient to produce autonomic 
changes (Rushmer, 1955).  Studies in human beings have shown the effect of effort on blood 
pressure and heart rate, on sweat secretion, and on smooth muscle tonus of the gastrointestinal 
tract independent of emotion (Freeman & Simpson, 1938; Jacobson, 1925, 1936, 1939, 1940a, 
b). 
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Dysponesis can also alter primary sensation (Buytendijk, 1955; Miller, 1926) and reflexes.  It 
can augment or inhibit reflexes, depending upon the circumstances.  Clinical evidence for the 
effect of somatic motor activity on reflex activity is found in the well-known effect of hand 
clasping in augmenting the knee-jerk.  Laboratory studies have demonstrated the effect of 
effort on the knee-jerk, the flexion response to a painful stimulus, and the startle response to a 
loud sound (Jacobson, 1926; Jacobson & Carlson, 1925; Lundervold, 1952; Miller, 1926). 
 
It is likely that dysponesis can overstimulate the pituitary-adrenal axis by way of its effect on 
the hypothalamus and a humoral connection between the hypothalamus and the anterior 
pituitary.  If prolonged, this overstimulation could lead to cardiovascular and other tissue 
damage.  Dysponesis may also affect thyroid and other endocrine gland function in some 
persons through the hypothalamus and anterior pituitary. 
 
There is considerable evidence that stress and emotion can affect endocrine function and that 
hypothalamic neurons can activate a humoral mechanism enabling the nervous system to 
affect the anterior pituitary and hence its target endocrine organs (Nalbandov, 1963).  
However, the authors are not aware of any studies demonstrating a direct effect of effort, as 
here defined, on endocrine function.  There is, however, indirect evidence for such a 
relationship at least with regard to the adrenotropic hormone of the anterior pituitary.  It has 
been shown by implanted-electrode studies that direct stimulation of the posterior 
hypothalamus evokes secretion of ACTH by way of a portal system connection with the 
anterior pituitary (Mason, 1958), and that proprioceptive impulses increase the excitability of 
the posterior hypothalamus (Bernhaut et al., 1953; Gellhorn, 1957, 1958; Gellhorn & 
Loofbourrow, 1963).  Effort could thus affect anterior pituitary and adrenal-cortical function 
by way of its excitatory effect on the posterior hypothalamus. 
 
There are numerous further indications that motor activity, particularly covert motor activity, 
occupies a fundamental position in nervous system functioning (Bender, 1956; Bull, 1962; 
Haugen, Dixon & Dickel, 1958; King, 1954; Kleitman, 1963; Max, 1934; Sperry, 1952).  It is 
not just an end product of ideation and emotion, but instead is intimately involved in both of 
these processes. 
 
 
ROLE OF DYSPONESIS IN VARIOUS CLINICAL SYNDROMES 
 
By way of these effects of effort on nervous system function, dysponesis is capable of giving 
rise to a variety of clinical entities and provides physiologic methods of treatment to be 
described in a later section of this chapter.  In understanding how these occur, the reader 
should keep in mind the circuits of Figure 1.  The following explanations are based upon 
available laboratory and clinical evidence and are proposed not as final answers but as 
tentative hypotheses. 
 
Anxiety 
Dysponesis is able to activate the limbic system in such a way as to give rise to acute or 
chronic anxiety (for data related to this concept, see Barlow, 1955; Bernhaut et al., 1953; 
Dickel, Dixon, Shanklin & Davidson, 1955; Garmany, 1952; Gellhorn, 1957, 1958; Gellhorn 
& Loofbourrow, 1963; Haugen et al., 1958; Jacobson, 1926, 1938, 1964; Malmo & Shagass, 
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1949; Malmo, Shagass & Davis, 1951; Sainsbury & Gibson, 1954).  The mechanism is 
similar to that by which stimulating electrodes inserted into the limbic system can give rise to 
anxiety.  It is a neuronal stimulation effect brought about by dysponesis feeding signals into 
this system.  Both bracing and representing efforts contribute to the process. 
 
Bracing raises the level of arousal of the organism and increases excitability of the limbic 
system, and when inappropriate it leads to an exaggeration of appropriate fear responses.  
Under some circumstances, bracing can elicit inappropriate fear or anxiety directly. 
 
The representing of a dreaded event, one that may or may not actually occur, tends to elicit an 
appropriate fear or concern that is of value to the organism, but when it is accompanied by 
inappropriate bracing and when it goes on to a repetitious and inappropriate representing and 
rerepresenting of the event, the organism experience exaggerated fear or anxiety, even panic. 
 
Digestive System Disturbances 
By affecting autonomic function via the mechanisms described previously, dysponesis often 
disturbs secretion and smooth muscle activity of the digestive tract (Jacobson, 1925, 1938).  
Increased peristaltic activity, decreased peristaltic activity, segmental spasm or diffuse spasm, 
and hypersecretion of gastric juice or of colon mucous are common manifestations.  Altered 
autonomic outflow also produces vascular changes seen as mucousal hyperemia or blanching.  
Some of the resulting clinical entities are known as globus hystericus, spastic esophagus, 
duodenal ulcer, spastic colon, irritable colon, and mucous colitis.   
 
Circulatory System Disturbances 
Also by way of its influence on autonomic function, dysponesis is able to produce tachycardia 
and elevate blood pressure, and probably plays a role in conjunction with hereditary factors in 
the production of essential hypertension (Jacobson, 1936, 1939, 1940a,b,c).   
 
Impotence and Frigidity 
Penile erection in the male, vaginal secretion in the female, and orgasm in both are autonomic 
functions and are inhibited by certain patterns of dysponesis.  The result is impotence and 
frigidity. 
 
Headache and Backache 
Sustained bracing in the back and neck musculature and in the frontalis muscle, whether in 
response to pleasant or unpleasant events, is a common cause of backache and headache.  
These efforts can lead directly to pain but often fatigue-spasm and myostatic contracture (a 
reversible physiologic contracture) resulting from the efforts are mediating agents (Davis & 
Malmo, 1951; Dickel, Dixon, Stoner, & Shanklin, 1958; Dixon & Dickel, 1967; Dixon, 
O’Hara, & Peterson, 1967; Gasser, 1930; Holmes & Wolff, 1952; Malmo, Shagass, & Davis, 
1950; Rinehart & Dixon, 1961; Sainsbury & Gibson, 1954; Shagass & Malmo, 1954; Wolff, 
1963).  Migraine headaches originate in a disturbance of autonomic function leading first to 
vasoconstruction in localized portions of the cerebral cortex followed by vasodilation of the 
extracranial or dural branches of the external carotid arteries.  The head pain is produced by 
arterial distention and also by edema of the artery wall.  This sequence of autonomic changes 
is readily triggered in predisposed individuals by a variety of dysponetic patterns (Whatmore, 
unpublished data).   
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Insomnia 
If a person continues to make bracing and representing efforts after retiring for the night, he 
keeps the reticular activating system active, and sleep is prevented, resulting in insomnia 
(Jacobson, 1938, 1964; Kleitman, 1939/1963).  The mechanism is similar to that by which a 
person who walks instead of getting into bed will keep himself awake by his own performing 
efforts.  In sleep deprivation experiments, it was found that one of the best ways to keep a 
sleep deprived subject awake was to keep him walking (Kleitman, 1939/1963).  Sleep 
deprivation has to be extreme before sleep can occur during the act of walking.  Bracing and 
representing efforts keep a person awake by the same basic mechanism, namely, stimulation 
of the reticular activating system, but they are not so readily noticed as performing efforts. 
 
Fatigue States 
Fatigue and exhaustion are commonly the result of dysponesis.  A pleasant fatigue, wherein 
the person feels tired yet “wonderful” followed moderate or marked performing efforts.  This 
is a normal physiologic process.  Dysponesis leads to an unpleasant fatigue, often occurring in 
the absence of performing efforts.  Sustained bracing effort is one form of dysponesis capable 
of bringing this about.  The human organism is constructed to carry out a reciprocal, 
rhythmical, intermittent type of motor activity and is not constituted to maintain prolonged 
bracing.  Reciprocal activity tends to build up energy reserves in muscle tissue, whereas 
sustained bracing tends to deplete them, resulting in fatigue (Dixon, Peterson, Dickel, Jones, 
& West, 1952; Rinehart & Dixon, 1961; Watkins, Cobb, Finesinger, Brazier, Shands, & 
Pincus, 1947). 
 
However, dysponetic mechanisms other than sustained bracing also lead to unpleasant fatigue.  
Misdirected representing efforts are able to lead to the subjective experience of fatigue, in the 
presence of adequate energy reserves, simply by their failure to arouse the organism 
sufficiently.  It is a common observation that some types of representing are activity-
propelling whereas other types lack this quality.  A person who is continually representing 
and rerepresenting his plight or predicament and doesn’t go beyond this to the representing of 
possible solutions and goals is simply failing to activate the emotional and autonomic 
responses that give physiologic and biochemical support to overt action; hence performing 
efforts are experienced as a difficult task. 
 
Attention efforts also play a role in the production of fatigue sensations.  Attention to a 
specific sensory input has been shown to lower the sensory threshold to that input by an 
action on the primary cortex or some more peripheral structure (Deutsch & Deutsch, 1963).  
The giving of excessive attention to how we feel lowers our threshold for the perception of 
bodily discomfort.  Mild sensations of fatigue that would ordinarily not be noticed are then 
“ballooned” out of proportion, giving rise to undue fatigue. 
 
Depression 
Dysponesis is at least one factor in the production of depression, and the role it plays is 
similar to that which it plays in the production of fatigue.  Fatigue and depression are 
probably closely related physiologically.  One can shift readily to the other and both are often 
present simultaneously.  Anxious patients who are both fatigued and depressed exhibit a 
marked reduction of high energy phosphates in muscular tissue (Dixon et al., 1952).  High 
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energy reserves of nervous tissue are probably reduced still further.  Whether neuronal fatigue 
leads to subjective sensations of fatigue or of depression may depend upon such variables as 
the location of the neurons involved. 
 
In many instances of depression, an increased bracing has been present for a long time before 
the depression begins, and it is also present during the depression (Whatmore & Ellis, 1959, 
1962).  Sustained bracing, by its action on the limbic system and its tendency to deplete high 
energy phosphate reserves, makes a person more prone to depression and can change an 
appropriate feeling of sadness into severe depression. 
 
Misdirected representing efforts also play a role in the production of depression.  They often 
occur immediately prior to an episode of depression and appear to act as triggering agents 
(Beck, 1963, 1964; Whatmore, unpublished data).  If a person begins to represent and 
rerepresent his plight or predicament (as he perceives it) and doesn’t go beyond this to the 
representing of possible solutions and goals, he is doing a type of representing that brings no 
solutions but only arouses emotion such as sadness or depression.  The presence of concurrent 
bracing efforts exaggerates the emotion, even to the point of severe depression, and impels the 
person to continue making the same misdirected representing efforts compulsively, thus 
keeping himself depressed.  Furthermore, the repetitiveness of the representing distorts the 
person’s perception of his predicament, perhaps through a neuronal fatigue mechanism.  If, in 
addition, the person braces to that which he represents, this additional bracing still further 
distorts his perception of the predicament, increases the emotional response further, and 
produces more depletion of high energy reserves. 
 
Hyperventilation Syndrome 
Increased performing efforts in the breathing musculature, carried out unknowingly as one 
copes with a threat not requiring violent exertion, can lead to hyperventilation and its 
consequent syndrome.  This is not a reflex increase in rate and/or depth of breathing but a 
voluntary participation in breathing carried out unintentionally.  Increased bracing efforts in 
the breathing musculature sometimes lead to hypoventilation and this in turn to 
hyperventilation (Kaufman, 1951; Wolf, 1947). 
 
Eczema and Neurodermatitis 
There is reason to believe that increased performing efforts in the form of scratching play a 
role in the production and maintenance of eczema and neurodermatitis (Bobroff, 1962).  
However, misdirected bracing, representing, and attention efforts also play a role by lowering 
sensory thresholds and contributing to compulsive scratching. 
 
Obsession, Compulsions, Hypochondriasis, and Schizophrenia 
Disturbances in limbic and neocortical function resulting from dysponesis contribute to the 
production of obsessive-compulsive states and hypochondriasis and may even play a role in 
acute schizophrenic episodes (Haugen et al, 1958; Jacobson, 1938, 1941, Whatmore, 1966; 
Whatmore & Ellis, 1964). 
 
Myocardial Infarction 
A particular type of overt behavior pattern has been reported to be associated with a high 
incidence of clinical coronary artery disease in young and middle-aged persons, and etiologic 
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significance has been attributed to this way of life (Friedman & Rosenman, 1959; Rosenman 
& Friedman, 1961, 1963).  The behavior pattern consists of such elements as enhanced drive, 
competitiveness, ambitiousness, and an excessive sense of urgency of time, with habitual 
involvement in multiple pursuits subject to “deadline” pressures.  The covert behavior 
patterns (dysponetic patterns) of these people have not been determined but may be of even 
greater significance than the overt behavior in the etiology of coronary artery disease. 
 
 
DIAGNOSIS OF DYSPONESIS 
 
The diagnosis of dysponesis is made on the basis of the history, physical examination, and 
indicated laboratory and psychological studies.  Multichannel electromyometric studies are a 
necessary part of each patient work-up whenever dysponesis is suspected.  The general 
procedure and equipment used by the authors for this special type electromyography, with a 
sample electromyometrogram (EMMG) and findings in certain patients, can be found in 
previous publications (Whatmore & Ellis, 1958, 1959).  More recent equipment has a still 
lower noise level and greater amplification than that described in the previous publications. 
 
Presently available office EMMG procedure measures mainly bracing efforts.  Briefly, it 
consists of measuring action-potential output simultaneously from eight different motor 
regions through four channels, each channel recording from two regions.  The patient can be 
either sitting or lying.  The regions selected for recording can be a standard sampling of motor 
regions or an individualized selection.  Both standard and individualized procedures are often 
used in the same patient.  Action potentials are stored in each amplifier for a period of one 
minute, and the resulting potential is then automatically recorded every minute on a slowly 
moving paper.  In addition, four readout meters and four pairs of earphones, and sometimes 
oscilloscopes as well, follow second-to-second changes for monitoring purposes.  Continuous 
recordings are made for 15- to 30-minute intervals.  Following this, additional 10- to 15-
minute recordings are made in which the patient is subjected to various forms of stress or 
nonstressful stimulation.  Subjecting the patient to stress during electromyometric recordings 
is a useful diagnostic procedure, since one characteristic of dysponesis is its tendency to occur 
when the person is working at tasks or dealing with problems, emotions, or other experiences 
of life.  The stress can be a simple task, such as an arithmetic assignment, or a stress tailed to 
the individual patient.  The way the patient manages his efforts in meeting stress has 
diagnostic value. 
 
A comparison can be made here to the situation that exists when a resting electrocardiogram 
is normal but an exercise EKG brings out the feelings of coronary heart disease.  In the same 
way, a resting electromyometrogram (EMMG) can be normal but an EMMG in which the 
person is subjected to some form of stress may bring out the findings of dysponesis.  The 
presence of positive findings on either a resting EKG or a resting EMMG, however, is 
diagnostic without further testing. 
 
Positive electromyometric findings are almost pathognomonic of dysponesis.  Negative 
electromyometric findings do not rule out dysponesis because of the intermittency of the 
condition during early stages of its development and because a dysponesis made up largely of 
representing efforts and attention efforts would not be expected to show on routine 
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electromyometry, which measures mainly bracing efforts.  As mentioned previously, a person 
in the intermittent phase is in and out of the dysponetic state depending upon the life 
circumstance in which he finds himself.  It is only later that the dysponesis becomes 
continuous. 
 
In the presence of a negative EMMG, it is then necessary to rely more heavily upon other 
findings or to run subsequent EMMGs or more elaborate stress EMMGs.  The history and 
physical examination including gross observation of the patient will have to be given more 
weight.  There are no pathognomonic findings from these sources, although clinical 
experience becomes more and more valuable just as it does in any phase of medical practice.  
Direct observation of the patient, combined with clinical judgment derived from having seen 
many patients who gave conclusive EMMG evidence of dysponesis, enables the physician to 
suspect an intermittent dysponesis.  The physician who is interested in dysponesis will soon 
learn to be an astute observer, recognizing clues in the form of stance, facial expression, 
automatic movements, gestures and gesticulation, breathing, pupillary responses, skin 
dampness, speech control, and the general account the patient gives of himself and his illness.  
If treatment of a suspected dysponesis is undertaken without positive EMMG confirmation, 
subsequent observation of the patient and numerous electronically monitored teaching 
sessions will confirm or refute the diagnosis. 
 
 
TREATMENT OF DYSPONESIS 
 
The treatment of dysponesis is a technical procedure that is difficult to describe in a few 
words without conveying many misconceptions.  The reader of the following brief verbal 
description should keep in mind that live demonstrations and supervised “doing” are 
necessary to obtain a thorough grasp of treatment procedure. 
 
The present discussion of treatment will be confined to measures for the correction of 
dysponesis.  When factors other than dysponesis, or in addition to dysponesis, are involved in 
the production of a given illness, they must be dealt with accordingly, since the correction of 
dysponesis cannot be expected to alleviate symptoms of a different origin. 
 
Ineffective Forms of Treatment 
Psychotherapy (treatment limited to interview techniques) appears to have no correcting effect 
on dysponesis (Whatmore, unpublished data).  Patients we have studied who have undergone 
prolonged psychoanalysis and other forms of psychotherapy have shown no significant 
reduction in their dysponetic patterns.  In fact, a dysponetic individual treated with 
psychotherapy alone sometimes becomes more dysponetic.  The procedure uncovers material 
to which the patient is possibly reacting but it does not directly alter his effort response to this 
material.  Some forms of psychotherapy may reduce the stress-value of a troublesome factor 
in a person’s life without altering his effort response to stress itself, hence leaving him equally 
vulnerable to future stress.  Psychotherapy can be used, when there are indications for it, 
along with definitive treatment of dysponesis, but it is a separate procedure that attacks a 
different aspect of the individual and does not alter dysponetic response tendencies.  
However, the presence of dysponesis in a patient can interfere greatly with any attempts to 
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carry out psychotherapy, and many psychotherapeutic failures are due to the presence of an 
unrecognized, hence untreated, dysponesis (Whatmore, 1962; unpublished data). 
 
Hypnosis cannot correct dysponesis because it cannot teach a person new skills.  For example, 
it cannot teach a person to fly an airplane or to play the piano.  Learning a skill similar to that 
for flying an airplane is necessary for the correction of dysponesis. 
 
Pharmacologic agents likewise fail to correct dysponesis because they cannot teach.  There is 
no drug, for example, that will teach a person to drive a car.  Drugs can sometimes diminish 
symptoms resulting from dysponesis or diminish motor activity by paralyzing certain enzyme 
systems, but they do not alter the underlying response tendencies of the organism and often 
lose their effect in time.  They have a place as temporary measures to be used in conjunction 
with definitive treatment but should not be looked upon as corrective measures. 
 
General Principles of Effective Treatment 
What is needed in treating dysponesis is a way of retraining specific circuits within the 
nervous system, a way of systematically altering the patient’s covert effort responses to the 
many experiences of life, to the memory of such experiences, and to the anticipation of future 
experiences. 
 
Such a procedure is supplied by the techniques of effort training or ponesiatrics.  There are an 
outgrowth of earlier, less sophisticated procedures that do not utilize so extensively the 
teaching advantages of modern instrumentation and do not direct the training so extensively to 
a monitoring of effort during daily activities (Barlow, 1955; Dickel et al., 1955; Garmany, 
1952; Haugen et al., 1958; Jacobson, 1938, 1964). 
 
A product of the physiology laboratory, effort training is a form of neurophysiologic 
engineering applied to man wherein basic principles of neurophysiology are used to carry on a 
retraining within the nervous system.  As far as possible the methods are based upon 
laboratory and clinical evidence and not upon philosophic concepts.  The possible origin of 
the dysponesis in a given patient is not considered important for treatment purposes, since this 
information has proven to have little practical value in the training process. 
 
The specific portions of the nervous system that need retraining are delineated and subjected 
whenever possible to instrumental learning, wherein electronic and other instruments are used 
to engineer into the nervous system the desired response patterns.  In addition, the specific 
items to which the patient is overreactive are identified, whether they be environmental 
situations, bodily sensations, emotions, or thoughts, so that he can be “desensitized” to them 
through application of the principles of effort management.  Therapeutic suggestion, although 
it cannot be eliminated entirely from any form of treatment, is intentionally kept as low as 
possible in the treatment of dysponesis because it produces a premature and temporary 
symptomatic improvement not based upon adequate physiologic change.  Highly suggestible 
patients are difficult to train. 
 
Much further research is needed to develop new and better training procedures but a fair 
amount of progress has been made to date.  With further improvement in training methods it 
may be possible to shorten what is now a lengthy procedure. 
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Training in the Recognition and Regulation of Energy Expenditure 
Before a patient can begin to manage any given set of efforts he must first learn to recognize 
them.  This involved a training of neuronal circuits employed in attention and observation.  
The patient is trained to observe at least some of those covert efforts, mentioned previously, 
that he makes unknowingly.  There is no way of conveying to a patient by words alone what 
is he to be observing.  He has to learn what it is mainly by direct experience.  
Electromyoscopy, electromyometry, electromyophony, and electromyography are employed 
here for teaching purposes, along with other devices, to delineate and objectify these 
unnoticed efforts and bring them into the realm of observable phenomena.  Readout devices 
for these procedures, respectively, consist of oscilloscopes, meters, earphones or 
loudspeakers, and graphs, used simply or in various combinations.  They are so arranged that 
the physician alone or both physician and patient can observe them.  Once a person has 
learned to observe a given effort, that effort comes directly under his control and he can make 
the effort or diminish it (go “on with the power” or “off with the power”) to whatever degree 
he chooses.  It becomes truly a “voluntary” effort.  Numerous studies have demonstrated that 
the human organism can learn to recognize extremely minute amounts of effort and bring 
them under voluntary control, even to the extent of activating single motor units (Basmajian, 
1963; Jacobson, 1934a,b, 1938, 1942, 1943, 1955; Whatmore, unpublished data).  Much 
electronically monitored instruction and practice are necessary. 
 
Having learned to recognize and control a given set of efforts to some extent, the person is 
then trained to take these efforts into account as he goes about his daily activities.  This is a 
separate skill in itself.  At first, it requires a fair amount of the patient’s attention, but with 
practice he becomes able to reduce the amount of attention until finally he can take these 
efforts into account with a bare minimum of attention, scarcely any at all.  An important aid to 
the development of this skill is electronic monitoring of bracing efforts while the patient is 
engaged in conversation on both stressful and nonstressful subjects.  The physician is kept 
informed of the patient’s efforts by means of earphones and meter while the patient uses only 
his learned ability to regulate them.  When the physician observes that the patient is failing to 
monitor his bracing responses adequately, he signals to the patient to do a better job.  On 
some occasions it is desirable to halt the conversation for an interval while the patient gives 
full attention to correcting the errors he has begun to make.  At other times the patient is 
allowed to observe the monitoring instruments himself while he is engaged in conversation. 
 
At first just a few basic bracing efforts are dealt with, and the patient is given training in 
recognizing the managing them.  Often training starts with a single forearm effort, one of the 
least difficult to observe.  Then step-by-step he is exposed to additional efforts and more 
difficult ones.  The specific bracing efforts studied in great detail can vary with the individual 
but commonly include arms, legs, jaw, throat, breathing regions, and forehead.  After some 
acquaintance with bracing efforts, the patient progresses to representing efforts and finally to 
attention efforts, learning to recognize and regulate the specific energy expenditures involved 
in each.  Each new addition to his total of observable effort is immediately included in the 
efforts to be managed during his daily life.  The patient is taught to go “on with the power” in 
some categories of effort and “off with the power” in other categories in such a way that his 
efforts serve him instead of hindering him and harming him.  Effective use of energy is 
taught. 


   







Dysponesis: A Neuorphysiologic Factor in Functional Disorders 151


 
The patient gradually comes to observe for himself that in modern civilized life most bracing 
efforts are misdirected and that his representing and attention efforts can be either a great 
service to him or a detriment depending upon how he uses them and what specific efforts he 
makes.  He learns to judge for himself when he is making errors in energy expenditure.  For 
example, he finds that he tends to brace whenever he feels insecure or anxious but that 
learning not to brace at these times enables him to do a better job of detecting and coping with 
whatever is leading to his insecurity or anxiety.  In addition, he finds (1) that a continued 
representing and rerepresenting of his plight or predicament, as he perceives it, can lead to 
sadness and even severe depression, (2) that a continued representing and rerepresenting of 
dreaded future events can lead to fear and even panic, and (3) that excessive attention to a 
bodily sensation can lead to undue discomfort from that sensation.  He also finds that there are 
times when it is to his advantage for him to go “on with the power” in the representing or 
attention categories, even though he may not want to.  He discovers that through the 
regulation of efforts (energy expenditure) he has a control of representing and attention not 
otherwise available to him and that these efforts can be trained just as other efforts can be 
trained.  Some patients need more training in various forms of going on with the power than 
they do in going off with the power. 
 
During his daily life the patient practices going on with the power and off with the power in 
the various categories of effort with a minimum of attention and fuss.  He learns to expect that 
he will be continually making errors in the management of his efforts and that his job is to 
catch just a portion of them.  We never eliminate all of our misdirected efforts and it is only 
when we start making too many of them that treatment becomes necessary.  As the patient 
continually corrects a portion of his errors in energy expenditure, he develops a certain 
automatic tendency to carry on his daily activities with fewer misdirected efforts.  But this 
automatic tendency cannot be depended upon by itself because it is not that reliable, and 
furthermore it depends for its maintenance upon a continual correcting of errors. 
 
Observational Skill versus Intellectual Understanding 
As intellectual understanding of effort management, by itself, is not sufficient to correct the 
dysponetic state.  Improvement depends mainly upon applications of what the patient can 
learn to observe for himself, the misdirected efforts he can actually catch himself making.  
The physician must be constantly on the watch for the ever-present danger that the patient will 
become top-heavy with intellectual understanding and give only lip service to observation.  
Such top-heaviness will greatly impede his accomplishments.  However, the patient should 
understand intellectually that every benefit to be obtained is to come from his own 
applications.  He is given competent instruction and the opportunity to learn.  The rest is up to 
him.  His doctor will not accomplish any of his objectives for him, not in the slightest 
measure, but will clearly show him the way. 
 
At the observational level, it is essential that the patient learn to distinguish between effort 
and other types of experience such as discomfort.  These are easily confused.  Effort can give 
rise to discomfort but the discomfort is not the effort, and the effort giving rise to the 
discomfort need not have the same location as the discomfort.  Labeling a given discomfort as 
effort and proceeding to try to diminish it will lead the person only further into a dysponetic 
state.  
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It is also essential that the patient learn to distinguish between effort and emotion.  The 
untrained observer will often believe that anyone experiencing anger, fear, or other emotion is 
necessarily dysponetic at the moment.  This is incorrect.  The ability to experience a wide 
variety of emotions is built into the human organism and is of great value to us, and emotion 
need not be accompanied by dysponesis.  Our effort state of the moment can influence our 
emotional reactions to situations and we can become dysponetic in response to emotions, but 
the efforts and the emotions are separate processes.  It can be said that the emotion is a way of 
feeling, whereas effort is something we do.  One goal of effort training is to develop a certain 
proficiency in managing efforts in the presence of emotion so that our emotions can be of 
greater service to us.  Cultivation of this proficiency can be assisted by single-channel or 
multichannel monitoring of efforts, using visual and auditory readouts, while the patient 
engages in conversation on emotion-arousing subjects.  The monitoring instruments can be 
placed so that the patient uses them for training purposes, or the physician alone can use them 
to evaluate the patient’s proficiency.  The more skillfully a person manages his efforts in any 
situation, the more likely he is to experience the appropriate emotion in the appropriate 
amount for the given situation. 
 
Duration of Treatment 
There are all degrees of skill in effort management and there is no way of telling in advance 
how much skill a given patient will need to meet his own individual requirements or how long 
it will take him to acquire that much skill.  After the patient has some observational 
acquaintance with all four categories of effort, he is in a position to start deciding for himself 
when his technique is meeting his requirements.  Prior to this he is not qualified to do so 
because he does not have the full picture and he may decide during a spontaneous remission 
of his functional symptoms that his technique is adequate.  To cover the four basic categories 
of effort with present training procedures takes the superior patient who applied himself 
diligently a little over a year of twice-weekly instruction periods, daily practice periods at 
home or work, and a sincere interest in applying what he learns.  Most patients take longer.  
Often it is necessary to carry a patient through several relapses before he learns essential 
lessons about effort management. 
 
Goals of Effort Training and Quality of Results 
Correction of dysponesis, as indicated by objective measures, leads to alleviation of the illness 
that was a consequence of the dysponesis.  In addition, the patient acquire something that goes 
far beyond.  He discovers a way of managing his energy expenditures, a way of living, that is 
extremely valuable to him in everything he does.  He discovers a technique that enables him 
to reach goals and accomplish things that he could never do otherwise.  He also discovers a 
way of dealing with problems and a way of meeting the hardships, disappointments, and 
misfortunes of life that is more effective than nay method he has used.  In addition he 
discovers that the joys, the satisfaction, and the pleasure of life can become richer experiences 
when he applied these same principles. 
 
A high quality of therapeutic result can be expected and is uniformly obtained in those 
patients in whom objective evidence indicates that a good technique in effort management has 
been learned.  Lesser qualities of improvement are the result of lesser degrees of skill in the 
recognition and management of efforts.  A statistical analysis of results with long-term 
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follow-ups will be reported at a later date.  In the meantime, illustrative case histories at the 
end of this chapter will demonstrate the nature of results and the problems involved in 
obtaining them.  Treatment evaluation for any functional illness requires long-term follow-
ups, since it is the reduction in recurrence rate that is to be sought and not just the removal of 
a given episode of functional illness. 
 
The greatest challenge in treating dysponetic patients is to get across to them what they need 
most to learn.  The task for the future is one of developing still better training methods, still 
better methods of neurophysiologic engineering wherein instrumentation and instrumented 
learning will undoubtedly play an increasing role.   
 
The ultimate goal of effort training is to teach the patient to be independent in the recognition 
and management of his daily energy expenditures so that he can, on his own, increase his 
efficiency and productivity, his enjoyment of life, and his freedom from functional 
disturbances. 
 
 
ILLUSTRATIVE CASE HISTORIES 
 
Case 1 
Mr. A., a 30-year-old electrical engineer, had been troubled with headaches since childhood 
as had numerous other members of his family.  These were most often in his right eye, in the 
right side of his head, and extending into the right side of his neck.  They were intense, 
accompanied by nausea and often vomiting, lasted anywhere from a day to several days, and 
recurred on an average of two to three times per month.  In recent years ergotamine was used 
to relieve them. 
 
He was first seen in 1957.  For the previous four years, since taking a job with a large 
corporation, he had had increasing difficulty with another type of headache, namely, posterior 
nuchal and suboccipital pain bilaterally.  In the previous year it had been present almost every 
day and his spread upward so that he had pressure sensations throughout his head, his ears felt 
plugged and would ring frequently, and his nose was stuffy.  He also had sharp shocklike 
sensations in his neck while lying down at night.  He had become depressed, fatigued, and 
irritable. 
 
Over the years he had always been an energetic person but was also excitable.  He almost 
always developed anxiety before taking examinations at school, at which time his hands 
perspired, his heart pounded, and he felt out of breath.  He also became shaky when talking to 
his superiors.  Whenever he had to speak before a group or at a meeting, he would have a 
lump in his throat and felt as if he had to keep swallowing or he would be unable to talk. Also 
at these times he would get sharp pains in his upper abdomen.  This interfered with his job 
performance since he was required to give presentations to audiences.  For many years, his 
symptoms would subside when the stressful situation had passed, but in recent years he had 
begun to experience these symptoms increasingly between periods of stress. 
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Before being referred for neurophysiologic evaluation he had had extensive work-ups by an 
internist, a neurologist, and an allergist.  Treatment included medication, head, massage, neck 
traction, and a course of desensitization to allergens. 
 
The history and gross examination of the patient suggested that dysponesis might be a factor 
in his disability.  Electromyometric studies, using standard leads with the patient sitting at rest 
with eyes closed, showed moderate elevation of readings in one lead and nothing distinct in 
the patterns exhibited.  Opening the eyes led to significant elevations in one additional lead 
and a further increase in the one already elevated.  Giving him a mathematical task to perform 
led to significant further elevations in these two leads.  These findings were sufficient to 
establish the diagnosis of dysponesis.  Further evidence was obtained during training periods, 
when increased values became still more evident. 
 
Here, evidently, was a capable engineer was met intellectual challenge with certain errors in 
physiologic energy expenditure.  His history indicated that he probably responded to a 
number of other situations with similar misdirected effort. 
 
Effort training was begun in 1957.  Seventy-two training sessions on a twice-weekly basis 
were required before the patient developed a fair control of bracing efforts in a statistical 
sampling of possible regions, namely, forearm, leg, masseter-temporalis, tongue-throat, 
breathing regions, frontalis-corrugator-orbicularis, and the neck-shoulder regions.  When the 
electrodes picking up the action potentials in a given region were connected to an oscilloscope 
or meter that the patient could see, the readings were at first much higher than those found in 
the initial diagnostic electromyometric studies.  This further confirmed the diagnosis of 
dysponesis by demonstrating dysponetic responses to challenge, namely, having to perform in 
the face of a device that would measure accurately how well he was doing.  After learning to 
correct his errors during the training sessions, the patient was trained to monitor his efforts as 
he went about his daily activities.  He found that whenever he was confronted with a 
challenge or was unsure of himself or whenever he was rushed he tended to brace.  He 
discovered that this was basically an error in energy expenditure, an attempt to help himself 
that actually worked against him, and that by reducing this form of energy expenditure he 
increased the quality of his performance and decreased the price he had to pay in the form of 
symptoms. 
 
By the time he had practiced managing bracing efforts for several months, the persistent daily 
nuchal and suboccipital pain, with pressure sensations extending throughout the head, had 
largely subsided, as had the plugged sensations in the ears, but his nose was still stuffy most 
of the time and this annoyed him greatly.  The ringing in the ears and the shocklike sensations 
in his neck at night had also subsided.  The vascular-type headaches had decreased somewhat 
in frequently but were still severe when they occurred. 
 
Training in the recognition and regulation of representing efforts took this patient 97 
instruction periods to develop a fairly adequate technique.  The eye efforts involved in 
visualization and the tongue and throat efforts involved in subvocal speech were studied in 
detail, first one at a time and then simultaneously. 
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After further training in both representing and bracing efforts, he discovered that whenever 
the demands of his job required him to do the impossible, such as being three different places 
at the same time, he would tend to carry out a type of misdirected representing and in turn 
brace to the representation in such a way that a vascular headache would be triggered.  If he 
caught these errors in energy expenditure in the first few minutes and “went off with the 
power,” he could abort the headache.  However, if these misdirected efforts were allowed to 
continue too long, the headache mechanism seemed to develop a momentum of its own and 
no amount of effort control would abolish the headache.  It then had to run its course or be 
alleviated by medication.  By learning to catch this type of representing and bracing error at 
an early stage and dealing directly with the physiologic energy expenditures, he developed a 
way of preventing the vascular-type headaches.  However, if he became negligent of his 
efforts during these critical minutes when the headache mechanism was in the process of 
being triggered, a full-blown headache could result. 
 
Training in recognizing attention efforts to some extent, and tying them in with what he had 
learned previously, took another 30 training session.  When he had become somewhat adept at 
this, he observed that he was giving far too much attention to his nasal passages and would 
repeatedly test them and try to clear them a little by sniffling.  Although the air would pass he 
was greatly annoyed by how the passages felt.  He evidently had lowered his discomfort 
threshold in the nasal passages to such an extend, by giving so much attention to them and 
testing them so frequently, that sensations ordinarily unnoticed had come to be markedly 
annoying.  When he practiced giving less attention to the sensations in the nasal passages, 
checking them less by sniffling, and diminishing a tendency to brace whenever he noticed 
annoying sensations in the nose, this problem progressively subsided. 
 
With regard to the symptoms he would develop in anticipation of having to talk to his 
superios or speak before an audience, this patient made several-significant observations after 
he had been trained sufficiently to observe.  He found that not only did he brace markedly but 
he also tended to represent dreaded events, events that he thought would be terrible if they 
actually occurred.  For example, among other errors, he found himself making tongue and 
throat efforts as if to say, “What if I would get up there and be unable to talk,” or “What if I 
fainted,” and he found himself making eye efforts to picture himself sprawled on the floor.  
By dealing directly with the physiologic energy expenditures involved in this bracing and 
costly representing and diminishing them effortlessly whenever he became engaged in them, 
he found he could be more at ease anticipating these situations and could direct his energies to 
a more effective presentation to his audience.  With practice he found himself actually 
beginning to enjoy giving talks. 
 
During the course of approximately two years of effort training, not only did this patient 
experience a subjective relief from discomfort and improvement in his performance, but 
relatives, friends, and fellow employees noticed a remarkable change in his personality and 
responsiveness.  This patient continued on his own to apply what he had learned about energy 
expenditure and eight years later has had no recurrence of his previous difficulties. 
 
Case 2 
Mrs. B, a 52-year-old dynamic, vivacious extrovert, was seen in 1958 by referral because of 
severe back pain, mainly interscapular but sometimes lumbar.  It had begun in about 1940, 
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occurring at first in occasional mild episodes but became more frequent and more severe as 
the years passed.  By 1950 pain was present every day and intermittently unbearable.  She 
required hospitalization three to four times per year during the next eight years.  During this 
time numerous forms of treatment were tried under orthopedic supervision.  These included 
local injections of procaine and cortisone, traction, heat and massage, electrical stimulation, 
and exercise.  For the past several years she had worn a brace with steel supports constantly 
except while in bed at night. 
 
The pain would be less in the morning but would increase in intensity as the day progressed.  
A sudden effort, such as catching her balance after slipping, would trigger an episode of 
severe pain.  Being subjected to a lot of excitement and having too many things to do would 
also aggravate the pain. 
 
Examination for possible neurophysiologic factors, including electromyometric studies, led to 
a diagnosis of dysponesis.   
 
Effort training was begun in the spring of 1958.  It took 46 training sessions to cover 9 sets of 
bracing efforts that were selected for training.  They were forearm, leg, masseter-temporalis, 
tongue-throat, breathing regions, erector spinae muscles, shoulder retractor and elevators, and 
the frontalis-corrugator-orbicularis group.  In addition, she was instructed to continue the back 
exercises previously prescribed by her orthopedist, and these were modified somewhat as she 
learned more about bracing efforts. 
 
It took another 169 training sessions along the lines described in Case 1 to cover representing 
efforts and attention efforts along with numerous interspersed sessions that were devoted to 
instructing her further in bracing efforts and their control.  As situations came up in her daily 
life, when she failed to apply her training or applied it incorrectly, these were discussed.  She 
found that she tended to brace inappropriately in just about everything she did and that 
learning to cur down on this had a favorable influence on her back discomfort.  She also 
discovered that whenever a sudden postural adjustment was required as in a slipping of her 
foot, she reacted with violent and exaggerated covert bracing and that she could learn to 
reduce the extend of this overreaction.  She further discovered that she gave far too much 
attention to her back, that the very beginnings of discomfort were spotted immediately and 
were followed by bracing and by inappropriate and costly forms of representing that served 
only to aggravate the condition rather than to help it.  Earlier, she contested the need to study 
representing efforts but soon recognized her errors in energy expenditure in this category and 
the role they played.   
 
The patient’s improvement was a gradual process over a period of about five years.  This was 
a long time, but it must be remembered that it had also taken a long time for the disability to 
develop to such a severe degree.  The episodes of severe pain became less frequent and less 
severe, and between these she had periods of increasing length when she was free of pain.  
She became able to leave her back brace off for short periods and gradually lengthened the 
intervals until she went all day without it.  Having to make a sudden adjustment of her 
posture, as in falling, ceased to be an occasion for an episode of severe pain.  Often no pain 
followed but sometimes, especially if she failed to control her inappropriate bracing and 


   







Dysponesis: A Neuorphysiologic Factor in Functional Disorders 157


representing soon enough, she would have a few hours or days of mild to moderate 
discomfort. 
 
One objective measure of this patient’s success in effort management is the finding that 
whereas hospitalization for back pain was required three to four times per year for eight years 
prior to effort training, hospitalizations had not been necessary in the nine years since effort 
training began. 
 
Case 3 
Mrs. C., a 52-year-old housewife, complained of recurrent episodes of severe depression 
accompanied by anxiety.  The first episode occurred at age 27, and in the ensuing 25 years she 
had eight additional episodes occurring in increasing frequency and severity.  The last six 
required hospitalization. 
 
In the present episode, which began in 1958, she had lost 22 pounds in a 2-month period.  She 
cried much of the time and felt there was no hope for her.  An “awful feeling” was present in 
her body and all feelings were “dead.”  She considered herself a perfectionist and ordinarily 
had much energy, but now she dreaded each day. 
 
Electromyometric studies gave clear evidence of a marked dysponesis. 
 
Effort training along the lines in Case 1 was begun in 1958.  Thirty-seven periods were 
devoted initially to training in the recognition and control of bracing efforts.  Then 48 sessions 
were devoted to representing efforts.  The next 103 sessions were devoted to a further study of 
both bracing and representing efforts and their applications, since the depressed and anxious 
patient often exhibits an intricate interplay of errors in both the bracing and representing 
categories.  Very little training in attention efforts was given to this patient. 
 
After sufficient training, this patient was able to observe for herself that she tended to 
overreact in effort to predicaments that confronted her and to represent them inaccurately.  
She discovered that a representing and rerepresenting of her plight, or predicament (as she 
perceived it), on a background of sustained bracing led invariably to depression.  This was 
especially so if the predicament involved some defect in her own performance.  She also 
found that once depression was present it tended to impel her to continue making the same 
misdirected bracing and representing efforts.  She learned, however, that she could break this 
cycle by managing her efforts and representing her predicaments more accurately, such as 
when she failed to achieve one of her perfectionistic goals. 
 
When she had become sufficiently adept that she was functioning effectively and feeling well 
(a total of 188 sessions), the intervals between her instruction periods were progressively 
lengthened to help ensure that she would continue effort management as a way of life.  One 
objective measure of her success is that whereas she had been hospitalized six times (and with 
increasing frequency) prior to effort training, no hospitalizations have been necessary in the 
nine years since effort training began. 
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Case 4 
Mr. D., a 45-year-old businessman, was referred because of multiple functional symptoms, 
including extrasystoles that were frightening to him.  He had experienced extrasystoles for the 
previous 25 years but in the past year they had become more frequent.  Only the extrasystoles 
will be used here to illustrate a type of disability.  After one occurred he would be weak and 
have to lie down.  Often he would be unable to work for the rest of the day.  A run of 
extrasystoles had a still more profound effect on him.  He had consulted several cardiologists 
over the years and each had reassured him that his extrasystoles were of no consequence.  The 
reassurance had no effect and the patient continued to be incapacitated by these sensations.  
He knew intellectually that they were harmless yet he wondered why they continued to have 
such a devastating effect on him.  Surely, he reasoned, the doctors must be missing 
something.  Three years of psychodynamic psychotherapy had not altered this problem. 
 
The history and electromyometric studies gave evidence of a marked dysponesis, and a 
program of effort training was begun.  It took 134 training session along the lines described in 
Case 1 before it was felt that his technique was sufficient to meet his requirements.  One of 
the big lessons he had to learn was that his effect reaction to the extrasystoles, and not the 
extrasystoles themselves, was what led to his weakness and incapacitation.  He had to be 
trained so that whenever an extrasystole occurred he could recognize immediately the errors 
he started to make in energy expenditure and could “nip them in the bud.”  They were mainly 
in the bracing and representing categories.  He tended to brace in a generalized fashion, but 
especially in the breathing regions, and to represent dire consequences such as death itself.  
By monitoring his efforts effectively he became able to experience extrasystoles without 
discomfort or alarm.  Five years later he is still doing well. 
 
ACKNOWLEDGMENT.  Preparation of this chapter was supported by a grant made by 
Richard E. Lang to the Pacific Northwest Research Foundation, 1102 Columbia Street, 
Seattle.  The authors wish to thank Drs. George A. Davidson, Ralph W. Gerard, Gerhard B. 
Haugen, Robert E. Rinehart, and Herbert S. Ripley for reading the manuscript and making 
valuable suggestions. 
 
 
 
REFERENCES 
 
Allers, R., & Scheminzky, F. Über Aktionssträme der Muskelin bei motorischen Vorstellungen und verwandten 


Vorgängen.  Archives of Physiology, 1926, 212, 169-182. 
Amadeo., M., & Shagass, C. Eye movements, attention, and hypnosis. Journal of Nervous and Mental Disease, 


1963, 136, 139-145. 
Aserinsky, E., & Kleitman, N. Two types of ocular motility occurring during sleep. Journal of Applied 


Physiology, 1955, 8, 1-10. 
Barlow, W. Anxiety and muscle tension. In D. O’Neill (Ed.), Modern trends in psychosomatic medicine. New 


York: Paul B. Hoeber, 1955. Pg. 285-309. 
Basmajian, J. V. Control and training of individual motor units. Science, 1963, 141, 440-441. 
Beck, A. T. Thinking and depression I. Idiosyncratic content and cognitive distortions. Archives of General 


Psychiatry, 1963, 9, 324-333. 
Beck, A. T. Thinking and depression. II. Theory and therapy. Archives of General Psychiatry, 1964, 10, 561-


571. 


   







Dysponesis: A Neuorphysiologic Factor in Functional Disorders 159


Bender, L. Psychopathology of children with organic brain disorders. Springfield, Illinois: Charles C. Thomas, 
1956. 


Bernhaut, M., Gellhorn, E., & Rasmussen, A. T. Experimental contributions to the problem of consciousness. 
Journal of Neurophysiology, 1963, 16, 21-35. 


Bobroff, A. Eczema: Its nature, cure, and prevention. Springfield, Illinois: Charles C. Thomas, 1962. 
Bubnoff, N., & Heidenhain, R. In P. C. Bucy (Ed.), The precentral motor cortex (2nd ed.). Urbana: University of 


Illinois Press, 1949. Pp. 173-210. 
Bull, N. The body and its mind. New York: Las Americas Publishing Co., 1962. 
Buytendijk, F. J. Über den Schmerz. Psyche, 1955, 9, 436-542. 
Davis, F. H., & Malmo, R. B. Electromyographic recording during interview. American Journal of Psychiatry, 


1951, 107, 908-916. 
Deckert. G. H. Pursuit eye movements in the absence of a moving visual stimulus. Science, 1964, 143, 1192-


1193. 
Dement, W., & Kleitman, N. The relation of eye movements during sleep to dream activity: An objective 


method for the study of dreaming. Journal of Experimental Psychology, 1957, 53, 339-346. 
Deutsch, J. A., & Deutsch, D. Attention: Some theoretical considerations. Psychological Review, 1963, 70, 80-


90. 
Dickel, H. A., Dixon, H. H., Shanklin, J. G., & Davidson, G. A. Observations on the anxiety tension syndrome. 


Canadian Medical Association Journal, 1955, 72, 1-6. 
Dickel, H. A., Dixon, H. H., Stoner, W., & Shanklin, J. G. Electromyographic studies on patients with chronic 


headaches. Northwest Medicine, 1958, 57, 1458-1462. 
Dixon, H. H., & Dickel, H. A. Tension headache. Northwest Medicine, 1967, 66, 817-820. 
Dixon, H. H., O’Hara, M., & Peterson, R. D. Fatigue contracture of skeletal muscle. Northwest Medicine, 1967, 


66, 813-816. 
Dixon, H. H., Peterson, R. D., Dickel, H. A., Jones, C. H., & West, E. S. High energy phosphates in the muscles 


of depressed and fatigued patients.  Western Journal of Surgery, 1952, 60, 327-330. 
Dusser de Barenne, J. G., & McCulloch, W. S. Factors for facilitation and extinction in the central nervous 


system. Journal of Neurophysiology, 1939, 2, 319-355. 
Freeman, G. L., & Simpson, R. M. The effect of the experimentally induced muscular tension upon palmar skin 


resistance. Journal of General Psychology, 1938, 18, 319-326. 
Friedman, M., & Rosenman, R. H. Association of specific overt behavior with blood and cardiovascular 


findings. Journal of the American Medical Association, 1959, 169, 1286-1296. 
Garmany, G. Muscle relaxation as an aid to psychotherapy. London: Actinic Press, 1952. 
Gasser, H. S. Contractures of skeletal muscle. Physiological Reviews, 1930, 10, 35-109. 
Gellhorn, E. Autonomic imbalance and the hypothalamus. Minneapolis: University of Minnesota Press, 1957. 
Gellhorn, E. The influence of curare on hypothalamic excitability and the electroencephalogram. 


Electroencephalography and Clinical Neurophysiology, 1958, 10, 697-703. 
Gellhorn, E., & Loofbourrow, G. N. Emotions and emotional disorders: A neurophysiological study. New York: 


Hoeber Medical Division of Harper & Row, 1963. 
Gould, L. N. Auditory hallucinations and subvocal speech. Journal of Nervous and Mental Disease, 1949, 109, 


418-427. 
Gould, L. H. Verbal hallucinations as automatic speech. American Journal of Psychiatry, 1950, 107, 110-119. 
Haugen, G. B., Dixon, H. H., & Dickel, H. A. A therapy for anxiety tension reactions. New York: Macmillan, 


1958. 
Hodes, R. Electrocortical synchronization resulting from reduced proprioceptive drive caused by neuromuscular 


blocking agents. Electroencephalography and Clinical Neurophysiology, 1962, 14, 220-232. 
Holmes, T. H., & Wolff, H. G. Life situations, emotions, and backache. Psychosomatic Medicine, 1952, 14, 18-


33. 
Jacobson, E. Voluntary relaxation of the esophagus. American Journal of Physiology, 1925, 72, 387-394. 
Jacobson, E. Response to a sudden unexpected stimulus. Journal of Experimental Psychology, 1926, 9, 19-25. 
Jacobson, E. Electrical measurements of neuromuscular states during mental activities: I. Imagination of 


movement involving skeletal muscles. American Journal of Physiology, 1930, 91, 567-608. (a) 
Jacobson, E. Electrical measurements of neuromuscular states during mental activities: II. Imagination and 


recollection of various muscular acts. American Journal of Physiology, 1930, 94, 22-34. (b) 
Jacobson, E. Electrical measurements of neuromuscular states during mental activities: III. Visual imagination 


and recollection. American Journal of Physiology, 1930, 95, 694-702. (c) 


   







Dysponesis: A Neuorphysiologic Factor in Functional Disorders 160


Jacobson, E. Electrical measurements of neuromuscular states during mental activities: IV. Evidence of 
contraction of specific muscles during imagination. American Journal of Physiology, 1930, 95, 703-712. (d) 


Jacobson, E. Electrical measurements of neuromuscular states during mental activities: V. Variation of specific 
muscles contracting during imagination. American Journal of Physiology, 1931, 96, 115-121. (a) 


Jacobson, E. Electrical measurements of neuromuscular states during mental activities: VI. A note on mental 
activities concerning an amputated limb. American Journal of Physiology, 1931, 96, 122-125. (b) 


Jacobson, E. Electrical measurements of neuromuscular states during mental activities: VII. Imagination, 
recollection and abstract thinking involving the speech musculature. American Journal of Physiology, 1931, 
97, 200-209. (c) 


Jacobson, E. Electrical measurements concerning muscular contractions (tonus) and the cultivation of relaxation 
in man: Studies on arm flexors. American Journal of Physiology, 1934, 107, 230-248. (a) 


Jacobson, E. Electrical measurements concerning muscular contractions (tonus) and the cultivation of relaxation 
in man: Relaxation times of individuals. American Journal of Physiology, 1934, 108, 573-580. (b) 


Jacobson, E. The influence of skeletal muscle tension and relaxation on blood pressure. American Journal of 
Physiology, 1936, 116, 86. 


Jacobson, E. Progressive relaxation (2nd ed.). Chicago: University of Chicago Press, 1938. 
Jacobson, E. Variation of blood pressure with skeletal muscle tension and relaxation. Annals of Internal 


Medicine, 1939, 12, 1194-1212. 
Jacobson, E. Variations of blood pressure with brief voluntary muscular contractions. Journal of Laboratory and 


Clinical Medicine, 1940, 25, 1029-1037. (a) 
Jacobson, E. Variations of blood pressure with skeletal muscle tension and relaxation: II. The heart beat. Annals 


of Internal Medicine, 1940, 13, 1619-1625. (b) 
Jacobson, E. Cultivated relaxation in “essential” hypertension. Archives of Physical Therapy, 1940, 21, 645-654. 


(c) 
Jacobson, E. The physiological conception and treatment of certain common “psychoneuroses.” American 


Journal of Psychiatry, 1941, 98, 219-226. 
Jacobson, E. The effect of daily rest without training to relax on muscular tonus. American Journal of 


Psychology, 1942, 55, 248-254. 
Jacobson, E. The cultivation of physiological relaxation. Annals of Internal Medicine, 1943, 19, 965-972. 
Jacobson, E. Neuromuscular controls in man: Methods of self-direction in health and in disease. American 


Journal of Psychology, 1955, 68, 549-561. 
Jacobson, E. Anxiety and tension control: A physiologic approach. Philadelphia: Lippincott, 1964. 
Jacobson, E., & Carlson, A. J. The influence of relaxation upon the knee jerk. American Journal of Physiology, 


1925, 73, 324-328. 
Kaufman, W. Syndrome of spontaneous hypoventilation. Mississippi Valley Medical Journal, 1951, 73, 133-142. 
Kennard, M. A. Autonomic interrelations with the somatic nervous system. Psychosomatic Medicine, 1947, 9, 


29-36. 
King, H. E. Psychomotor aspects of mental disease: An experimental study. Cambridge: Harvard University 


Press, 1954. 
Kleitman, N. Sleep and wakefulness. Chicago: Univerisity of Chicago Press, 1963. (See also 1st ed., 1939.) 
Landau, William. Autonomic responses mediated via the corticospinal tract. Journal of Neurophysiology, 1953, 


16, 299-311. 
Lorens, S. A., Jr., & Darrow, C. W. Eye movements, EEG, GSR, and EKG during mental multiplication. 


Electroencephalography and Clinical Neurophysiology, 1962, 14, 739-746. 
Lorenté de No, Rafael: Cytoarchitecture of the cerebral cortex. In J. F. Fulton (Ed.,), Physiology of the nervous 


system. New York: Oxford University Press, 1943. Pp. 274-301. 
Lundervold, A. J. S. Electromyographic investigations of tense and relaxed subjects. Journal of Nervous and 


Mental Disease, 1952, 115, 512-525. 
MacLean, P. D. The limbic system (“visceral brain”) in relation to central gray and reticulum of the brain stem. 


Psychosomatic Medicine, 1955, 17, 355-366. 
Magoun, H. W. The waking brain. Springfield, Illinois: Charles C. Thomas, 1963. 
Malmo, R. B., & Shagass, C. Physiologic studies of reaction to stress in anxiety and early schizophrenia. 


Psychosomatic Medicine, 1949, 11, 9-24. 
Malmo, R. B., Shagass, C., & Davis, F. H. Specificity of bodily reactions under stress. Research Publications, 


Association for Research in Nervous and Mental Disease, 1950, 29, 231-261. 


   







Dysponesis: A Neuorphysiologic Factor in Functional Disorders 161


Malmo, R. B., Shagass, C., & Davis, J. F. Electromyographic studies of muscular tension in psychiatric patients 
under stress. Journal of Clinical and Experimental Psychopathology, 1951, 12, 45-66. 


Mason, J. W. The central nervous system regulation of ACTH secretion. In H. H. Jasper, L. D., Proctor, R. S. 
Knighton, W. C. Noshay, & R. T. Costello (Eds.), Reticular formation of the brain. Henry Ford Hospital 
International Symposium. Boston: Little, Brown, 1948. Pp. 645-670. 


Max, L. W. An experimental study of the motor theory of consciousness: I. Critique of earlier studies. Journal of 
General Psychology, 1934, 11, 112-125. 


Max, L. W. Experimental study of the motor theory of consciousness: III. Action-current responses in deaf-
mutes during sleep, sensory stimulation, and dreams. Journal of Comparative Psychology, 1935, 19, 469-
486. 


Max, L. W. Experimental study of the motor theory of consciousness: IV. Action-current responses in the deaf 
during awakening, kinesthetic imagery, and abstract thinking. Journal of Comparative Psychology, 1937, 
24, 301-344. 


Miller, M. Changes in the response to electric shock by varying muscular conditions. Journal of Experimental 
Psychology, 1926, 9, 26-44. 


Nalbandov, A. V. (Ed.). Advances in neuroendocrinology. Urbana: University of Illinois Press, 1963. 
Papez, J. W. A proposed mechanism of emotion. Archives of Neurology and Psychiatry, 1937, 38, 725-743. 
Rinehart, R. E., & Dixon, H. H., Sr. Muscular dysfunction. Northwest Medicine, 1961, 60, 707. 
Rosenman, R. H., & Friedman, M. Association of specific behavior pattern in women with blood and 


cardiovascular findings. Circulation, 1961, 24, 1173-1184. 
Rosenman, R. H. & Friedman, M. Behavioral patterns, blood lipids, and coronary heart disease. Journal of the 


American Medical Association, 1963, 184, 934-938. 
Rushmer, R. F. Cardiac diagnosis: A physiologic approach. Philadelphia: W. B. Saunders, 1955. 
Sainsbury, P., & Gibson, J. C. Symptoms of anxiety and tension and the accompanying physiological changes in 


the muscular system. Journal of Neurology, Neurosurgery, and Psychiatry, 1954, 17, 216-228. 
Shagass, C., & Malmo, R. B. Psychodynamic themes and localized muscular tension during psychotherapy. 


Psychosomatic Medicine, 1954, 16, 295-314. 
Shaw, W. A. The relation of muscular action-potentials to imaginal weight lifting. Archives of Psychology, 1940, 


35, 5-55. 
Sperry, R. W. Neurology and the mind-brain problem. American Scientist, 1952, 40, 291-312. 
Totten, E. Eye movements during visual imagery. Comparative psychology monographs, Vol. XI, Serial 53. 


Baltimore: Johns Hopkins Press, 1935. Pp. 1-46. 
Watkins, A. L., Cobb, S., Finesinger, J. E., Brazier, M. A. B., Shands, H. C., & Pincus, G. Psychiatric and 


physiologic studies on fatigue. Archives of Physical Medicine, 1947, 28, 199-206. 
Whatmore, G. B. A neurophysiologic view of functional disorders. Psychosomatics, 1962, 3, 371-378. 
Whatmore, G. B. Some neurophysiologic differences between schizophrenia and depression. American Journal 


of Psychiatry, 1966, 123, 712-716. 
Whatmore, G. B., & Ellis, R. M., Jr. Some motor aspects of schizophrenia: An EMG study. American Journal of 


Psychiatry, 1958, 114, 882-889. 
Whatmore, G. B., & Ellis, R. M., Jr. Some neurophysiologic aspects of depressed states: An electromyographic 


study. Archives of General Psychiatry, 1959, 1, 70-80. 
Whatmore, G. B., & Ellis, R. M., Jr. Further neurophysiologic aspects of depressed states: An electromyographic 


study. Archives of General Psychiatry, 1962, 6, 243-253. 
Whatmore, G. B., & Ellis, R. M., Jr. Some neurophysiologic aspects of schizophrenia: An electromyographic 


study. American Journal of Psychiatry, 1964, 120, 1166-1169. 
Wolf, S. Sustained contraction of the diaphragm, the mechanism of a common type of dyspnea and precordial 


pain. Journal of Clinical Investigation, 1947, 26, 1201. 
Wolff, H. G. Headache and other head pain (2nd ed.). New York: Oxford University Press, 1963. 
Wolpert, E. A. Studies in psychophysiology of dreams: II. An electromyographic study of dreaming. Archives of 


General Psychiatry, 1960, 2, 231-241. 


   







Dysponesis: A Neuorphysiologic Factor in Functional Disorders 


   


162


 





		Anxiety

		Digestive System Disturbances

		Circulatory System Disturbances

		Impotence and Frigidity

		Headache and Backache

		Insomnia

		Fatigue States

		Depression

		Hyperventilation Syndrome

		Eczema and Neurodermatitis

		Obsession, Compulsions, Hypochondriasis, and Schizophrenia

		Myocardial Infarction

		Ineffective Forms of Treatment

		General Principles of Effective Treatment

		Training in the Recognition and Regulation of Energy Expenditure

		Observational Skill versus Intellectual Understanding

		Duration of Treatment

		Goals of Effort Training and Quality of Results

		Case 1

		Case 2

		Case 3

		Case 4








Common Errors Made during Biofeedback Training and Research Studies 41


Beck, R. & Peper, E. (1979). Common errors made during biofeedback training and research 
studies.  In Peper, E., Ancoli, S, & Quinn, M. Mind/body integration: Essential readings in 
biofeedback. New York: Plenum, 237-240. 
 


COMMON ERRORS MADE DURING BIOFEEDBACK TRAINING  
AND RESEARCH STUDIES


1 
 


René Beck and Erik Peper2 
 
 
Errors made by clinicians and experimentalists in biofeedback studies are often forgotten and not 
taught or passed on.  Hence, each beginning student, researcher, or practitioner has to 
reexperience the morass of possible mistakes—who, as a professional, wants to look like a fool?  
The following essay illustrates some mistakes that commonly occur, based on our own hard-won 
and sometimes painfully embarrassing experience.  Murphy’s Law states that if anything can go 
wrong, it will; it is our hope that if we illustrate some of the obvious and not so obvious 
mistakes, they will not be repeated.  Making mistakes is not stupidity; repeating a mistake, 
however is; and correcting a mistake is the learning process by which we grow and expand our 
knowledge and competence. 
 
Some of our mistakes are illustrated in the transgressing of a number of obvious but often 
neglected rules. 
 
Rule 1.  Be sure you have access to the room where the client, subject, or trainee is sitting.  
“Don’t panic,” we told ourselves, as we yelled to a trainee through a locked laboratory door.  As 
we waited for her reply, it seemed to us that unplugging oneself from the biofeedback equipment 
was a simple task, but as the silence endured we began to picture the trainee strangled in 
electrode wires.  However, having locked ourselves out of the experimental room, leaving the 
trainee attached to an electromyograph (EMG), galvanic skin response (GSR) unit, and two 
temperature feedback units, we were hardly in a position to make judgments.  When the trainee 
finally opened the door, carrying two $400 units still attached to her arms, we tried to maintain a 
cool researcher’s air as we disentangled her and the equipment. 
 
Rule 2.  Be a subject in your own experiment.  After an hour and a half of answering a battery of 
psychological tests and questionnaires, our subjects began to complain of writer’s cramp.  We 
agreed to allow them to take the forms home.  Although the forms were to be returned 
immediately (within the next few days), they trickled in for weeks.  Subjects complained of 
questions being repetitive.  It wasn’t until the study was nearly over that we decided to read the 
material straight through ourselves—and we found that the subjects’ complaints had been 
justified. 
 


                                                           
1 Adapted from E. Peper, S. Ancoli & M. Quinn (1979), Mind/Body Integration, New York: Plenum, pp. 237-240. 
2 René Beck  Department of Psychology, San Francisco State University, San Francisco, California 94134.  Erik 
Peper  Institute for Holistic Healing Studies, San Francisco State University, San Francisco, California, 94134. 
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Rule 3.  Check and recheck the collected data.  After we collected the returned inventory tests 
(CPI, etc.), we found a number to be incomplete—some had no name or date, some had other 
vital information missing, so that, for instance, we could not always distinguish the beginning 
from the final baseline.  We should have read the tests thoroughly before and after handing them 
out to the trainees, to make sure the forms were without error, and that they asked pertinent 
questions.  Afterwards, we should have checked immediately to be sure the trainee had answered 
them completely.  As it stood, we seemed to be merely collecting information for its own sake.   
 
Rule 4.  Reward for appropriate performance.  Our trainees were instructed to fill out daily diary 
forms in which they recorded their home practices, moods, and symptoms.  We faithfully 
collected these forms each session.  As they came in, it would have been appropriate for us to sit 
down and look over the week, acknowledging and discussing the home practice, rather than 
merely stuffing these diaries into a drawer.  We were preoccupied with collecting data for our 
statistical use, instead of actively searching for clues which to help subjects with their life-style 
patterns.  After the first couple of weeks, subjects failed to submit their homework forms and the 
data began to shrink in quantity and usefulness.  When the subjects asked what patterns we had 
observed in their practices, we had nothing to say.  The best way to keep trainees from following 
instructions is not to notice and reinforce their behavior when they give the desired response.   
 
Rule 5.  Always label all data, completely.  After having studied subjects for alpha training for 
six weeks, we wanted to analyze the data six months later.  However, who was the person with 
the 30-V alpha?  Was condition A baseline with eyes closed or with eyes open?  The circular 
file (wastebasket) became the journal for publication of these data. 
 
Rule 6.  Pretest all handout material.  To enhance learning the biofeedback relaxation skill, all 
trainees received relaxation tapes to practice with at home.  When the prerecorded exercises were 
transferred onto blank tapes, using two tape recorders, we had assumed that both tape recorders 
were working.  After unintentionally distributing a couple of blank tapes, we learned to listen to 
each tape before handing it out.  For those subjects who seemed determined to erase tapes, we 
discovered the punch-out tabs on the back side of the cassettes which prevent accidental erasing.  
A similar problem was reported in a large biofeedback clinic.  During the first session for a 
severely disturbed patient, a new assistant put on a cassette tape and left the room for almost a 
half an hour.  When the assistant returned to the room, the patient wondered what was going on, 
what games the clinicians were playing, expressing definite feelings of confusion and anger.  It 
was no wonder—the assistant had played a blank tape. 
 
Rule 7.  Be sure the instructions are very clear.  We wanted to assess biochemical changes in 
urine before and after biofeedback relaxation training—the collection of urine to be done by the 
trainees at home.  The written instructions called for the trainee to record diet, date, and time of 
collection and to store the urine bottle temporarily in a home freezer.  A special note did caution 
trainees to warn other household members of the contents of the bottle, lest it be mistaken for 
something else.  There was, however, no lecture on basic physics—specifically the expansion of 
liquids under freezing temperatures.  One woman learned the hard way not to fill the bottle to the 
top; as she later expressed, “I went to my freezer to get ice cream and got ‘pee-cicles’ instead.” 
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Rule 8.  Be assertive and precise.  Not realizing that dropouts were a fact of research and not 
necessarily a reflection of our own competence, we spent hours waiting for trainees who missed 
or were late for their appointments, only to reschedule them so we could wait some more.  We 
supposedly were helping people assume responsibility for themselves (their health and 
otherwise), but we projected that they were doing us a favor by coming.  We soon found that 
being precise about our expectations for reasonable promptness and cooperation improved our 
communication in other areas with trainees, and enabled us to separate out willing from reluctant 
trainees. 
 
Rule 9.  Be sure the trainees are comfortable for relaxation training.  In our research lab, the 
trainees began to complain of the harsh fluorescent lights and the seemingly comfortable chair 
that in fact put pressure on one’s legs when the feet were elevated.  One claustrophobic subject 
who showed no alpha EEG, a high amount of EMG activity, and cool hands, found the entire 
atmosphere intolerable, and suggested we opt for a more natural setting, namely, “real” light and 
“real” air. 
 
Rule 10.  Know and pay attention to your equipment and clinical methods.  During his second 
session, one trainee showed remarkable GSR readings—“zero conductance.”  We had never seen 
such low conductance recordings, so for the first ten minutes we kept our astonishment to 
ourselves.  Finally, we decided to do a behavioral test with the subject (these tests should always 
be done, for obvious reasons: see Chapter 16).  When the dial didn’t move, we concluded that 
either this person was quite remarkable or really sick, or the unit was broken.  As we silently 
pondered what to do next, the trainee asked if we were going to attach the GSR electrodes to his 
hand, as we had done the previous week. 


 
Problems with equipment, or in using equipment, were everlasting.  During the fifth session, 
after completing all the baseline recordings on one trainee, we noticed that some of the dials on 
the units had been changed and a plug had been pulled from the back of the unit.  With the 
trainee still attached, we ran for assistance.  The dials could be reset, but where should the plug 
go? 
 
The next day the batteries were low in the EMG.  Pleased that we were prepared for this disaster, 
we removed the batteries we had been savings in their sealed packages and tested the equipment 
once again.  Once again we found ourselves unprepared.  The “new” batteries were no good.  
Leaving another trainee attached to the equipment, we left to search for more batteries.  A 
gracious colleague with less trust in modern technology gave us new batteries that had been 
stored in a refrigerator. 


 
Rule 11.  Be willing to doubt the feedback signal.  The “auditory hallucinations” of one subject 
during twilight alpha/theta EEG training were not prophetic visions, but Big Mama of the CB 
radio, which was interfering.  As we painfully found out, artifacts can infiltrate any recording 
and may be fully amplified by the equipment.   
 
Rule 12.  Be aware of linguistic implications.  Trainees were often unclear when they tried to 
describe their experiences.  We found that they were not phrasing the questions in such a way 
that we could elicit useful answers.  When we asked, “Did you experience anything?” the answer 
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was inevitably a yes or a no.  When we asked, “How did you feel?” or “What did you 
experience?” the trainees expanded with more detailed descriptions.  When responses were 
limited to “It felt OK” or “Good,” we needed to delve into what those words meant to the trainee.  
After such probing, we realized that the subjects may not necessarily say exactly what he means 
or easily verbalize new feelings or sensations. 
 
Rule 13.  Enhance a positive, nonstriving attitude.  Our first mistake in this category was sitting 
high above the subject on a chair to record the success of biofeedback training.  Since the trainee 
was positioned like a lowly pauper, his temperature decreased and the muscle tension increased 
as we taught him how to “relax.”  Somehow we were projecting a striving attitude: “Try to 
relax.”  As a remedy, we left the room to relieve any performance pressure the trainee might be 
feeling.  Learning improved, but with our  presence in the room again, the subject was back 
where he started.  Obviously, our expectations were being communicated to the trainee: Warm 
your hands so we can see what great trainers we are.  After several frustrating sessions, we 
learned to share with trainees that it was OK if they didn’t raise their temperature or reduce their 
tension.  Keeping a detached attitude and changing our own belief system as therapists to one of 
positive support in a nonpathological framework proved the key (Peper, 1976).  Almost 
miraculously, our trainees began to learn. 
  
The mistakes go on, and little things add up.  The researcher and practitioner emerge slowly from 
many mistakes and begin to realize that, after all, growth is not necessarily in avoiding all errors 
but in learning from the ones that occur. 
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Abstract 


 
A Yogi master was psychophysiologically monitored while he pierced his neck 


and tongue with skewers to demonstrate control of pain and bleeding.  Measurements 
included respiration rate (RR), heart rate (HR), diaphragmatic and thoracic breathing, 
electrodermal activity (EDA) and electroencepholography (EEG) from Cz and Fz.  The 
Yogi reported no pain during piercing and no bleeding was observed. In general he had 
elevated HR and low unresponsive EDA throughout the session. His respiration rate 
averaged 7 bpm during the slow breathing meditation prior to and following the piercing 
but elevated to approximately 25 breaths per minute during piercing. His EEG showed 
predominate alpha of 10 Hz during meditation. Alpha, SMR, and beta elevated at Cz 
during piercing with no change in delta or theta. Alpha and beta elevated at Fz during 
piercing with no change in SMR, delta or theta.  While he stayed in alpha during the 
piercing, there was a broader range of alpha activation ranging from 10 to 14 Hz. This 
demonstration suggests a finding of conscious self-regulation, as opposed to 
disassociation, for controlling attention and responsiveness to painful stimuli.  It could be 
hypothesized that clients with chronic pain could be taught how to control pain using the 
mind/body in a similar manner. 
 
Keywords: Yoga, pain, electroencephalography, respiration, voluntary control 
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Many yogi adepts often learn to regulate pain and bleeding. Overcoming their own fears, 
they obtain mastery over mind and body, and demonstrate control of consciousness. This 
mastery indicates the ability to consciously focus while detaching from external 
distractions or internal sensations and desires, while inhibiting ‘normal’ physiological 
responses.   
 
What is the psychophysiology of pain?  Researchers (Chang, Arendt-Nielsen, Graven-
Nielsen, & Chen, 2003; Chang, Arendt-Nielsen & Chen, 2002; Chen, 2001) explored 
EEG responses to pain.  Chen (2001) summarized the research in EEG and pain by 
saying “...the sporadic EEG reports are not sufficient to establish EEG changes with 
cerebral process in  human pain.” Chen (2001) reported that studies using healthy 
subjects experiencing tonic pain have relatively consistent findings of (a) increase in low 
frequency delta power, b) rare change in theta power, c) decrease in alpha power and d) 
increase in high frequency beta power.  He recommends using EEG coherence and 
spatial patterning as better tools for studying EEG and pain.  Chen’s (2001) review 
suggests that pain must account for physics, physiology and psychology components 
while Williams (1999) also included psychosocial components. Davis’s (2000) work 
suggested that at least four regions of the brain are responsible for pain and a complex 
neural network must be considered when attempting to distinguish different aspects of 
pain. 
 
How is it that a subject experiences stimuli that should be felt as pain, and then reports no 
pain?  Hypnosis has long been reported as being able to reduce or eliminate a client’s 
subjective rating of pain (Rainville & Price, 2003, Ray & DePascalis, 2003). The 
subjective states of being hypnotized (Rainville & Price, 2003) include: feeling of mental 
relaxation, absorbed and sustained focus on attention on one or few targets, relative 
absence of judging, monitoring and censoring, suspension of usual orientation toward 
time, local and sense of self and ones’ own responses are experienced as automatic. 
Autonomic correlates of hypnosis include less EDA response to pain (DePascalis, 
Maurano & Bellusci, 1999), an increase in delta EEG activity in occipital regions 
(DePascalis and Perrone, 1996).  The role of distraction as the reason for lower pain 
ratings during hypnotic procedures has received less support (Rainville & Price, 2003) 
than the narrowing of attention that appears mainly focused in the fronto-temporal cortex. 
However, the type of hypnosis and hypnotizability of the client results in different 
regions of the brain responding (DePascalis, Maurano & Bellusci,1999; Ray, Keil, 
Mikuiteir, Bongart & Elbert, 2002).  Ray and DePascalis (2003) using evoked potential 
methodology further confirmed that the effect of hypnosis on pain reduction occurred 
less in the early process associated with the sensory experience.  It has more influence on 
the later components of the EEG that are associated with cognitive and affective 
processes. 


   
Operant conditioning differentially affects the reported pain and EEG responses of 
chronic pain patients and healthy controls (Flor, Knost & Birbaumer, 2002).  This 
suggests that susceptibility may play a role in chronic pain. Moreover, motivation also 
appears to play a role in pain tolerance. In voluntary piercing, Spafford , von Baeyer and 
Hicks (2002) reported that one’s motivation to obtain body piercing along with an 
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accurate expectation of what pain was to occur during the process moderated the pain 
tolerance of children. 
Pain may also be inhibited by the application of pain to another area of the body. Reinert, 
Treede and Bromm (2000) suggested that inhibition of pain through the application of 
pain is more likely due to activation of specific inhibitory pain control system rather than 
release of endogenous opiates. 
 
A possible explanation for yogis not reporting pain may be that they learned during 
meditation practice either not to attend to the painful stimuli or to inhibit their 
physiological responses.  Kjaer, Bertelsen, Piccini, Brooks, Alving & Lou (2002) showed 
that for trained individuals the meditative state does differ from a rest period in an 
increase in dopamine, decreases in respiration rate, heart rate, heightened EDA, and a 
concomitant increase in EEG theta activity. They summarized their biochemical findings 
with other meditation EEG research which found theta is the characteristic feature of 
meditation. In addition, there were increases in EEG alpha power and higher coherence 
of the alpha and theta frequencies (Travis, 2001; Travis, Olson, Egenes & Gupta, 2001).   
 
Previous studies of adepts who inserted skewers through their bodies show very limited 
change in autonomic reactivity and an increase in occipital alpha electroencephalograph 
(EEG) activity (Pelletier & Peper, 1977a; Pelletier and Peper, 1977b; Green and Green, 
1989). Studying adepts who demonstrate voluntary pain control may offer clinical 
intervention strategies to be applied with chronic pain patients.   
 
This study explored the psychophysiological correlates of voluntary control of pain and 
bleeding during neck and tongue piercing with non-sterile metal skewers. The study was 
conducted as part of a lecture demonstration on control of pain and bleeding in front of a 
public audience of approximately 100 people at the annual meeting of the Association for 
Applied Psychophysiology and Biofeedback in Las Vegas, March 2002. 
 


Method 
Subject 
The subject was a 62 year-old male Japanese Yogi with 36 years of experience practicing 
various forms of yoga. He is founder and Chief Executive Director of his own school of 
yoga and Institute for Research of Subconscious Psychology in Fukuoka and Tokyo, 
Japan. The Indian Yoga Culture Federation bestowed the title of Yoga Samrat upon him 
in 1983 after he demonstrated that he had reached the highest level of proficiency in his 
discipline. Previously, he was also a subject in studies that explored the 
psychophysiology of meditation and slow breathing. During those studies, his breathing 
pattern during meditation was about 6 breaths per minute with a significantly increased 
phase-locked respiratory sinus arrhythmia (Arambula, Peper, Kawakami & Gibney, 
2001). In addition, he demonstrated that he easily could breathe 2 breaths per minute 
(brpm) across a 20-minute trial (Peper, et al, 2002). 
 
Equipment 
Three 3 mm diameter non-sterilized skewers of 45 cm in length were used for insertions.  
The first was inserted into the skin in the neck followed by two skewers inserted through 
the tongue. 
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The physiological data were collected with a ProComp+ with Biograph 2.0 software 
(Thought Technology, Ltd.). Abdominal and thoracic respiration patterns were recorded 
with strain gauges placed at the level of the umbilicus (abdominal) and just below the 
axilla (thoracic). Monopolar EEGs were recorded with silver/silver chloride electrodes 
from Cz and Fz referenced to linked ears with the ground on the left mastoid. The 
electrode impedances were less than 5K. The high pass and low pass frequencies were 
.05 and 64 Hz. with the sampling rate of 256. Artifacts were rejected by visual inspection 
of each 1 sec segment of data. The data were analyzed in traditional band widths of delta 
(2-4Hz), theta (4-8Hz), alpha (8-13 Hz  ), SMR (13-15) and   beta (15-20hz). 
 
One hertz bins were used in graphing the power spectral analyses. Blood volume pulse 
(BVP) was recorded with a photoplethysmograph from the distal phalange of the left 
middle finger and heart rate (HR) was derived from the BVP signal.  Electrodermal 
activity (EDA) was recorded from the left palmar surface.  
 
Physiological data analysis  
Heart rate data were computer derived from the BVP signal from artifact free epochs. 
Respiration rate was counted by hand from artifact free epochs and linked to the time 
markers of the Biograph recording.   
 


Procedures 
After the sensors were attached, the Yogi sat on in a lotus position and the physiological 
signals were projected with an LCD projector behind and to the side of him as shown in 
Figure 1. The Yogi controlled the timing of the sequence of events while two 
investigators recorded the specific time of each event. Recordings began when the Yogi 
began his meditation on stage and continued until he finished the demonstration. The 
sequence of events consisted of:  pre-baseline eyes closed meditation, self-insertion of 
the skewer through the neck, a short rest (rest1), sequentially insertion of two skewers 
through his tongue, a short rest period (rest2), sequentially removal of the skewer from 
his neck and then from his tongue, post baseline eyes closed mediation. The time periods 
for each event ranged from 10 seconds to 1 minute.  
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Fig. 1. Subject sitting on stage in front of about 100 professionals while beginning 
the study with his physiological signals projected to the side and behind him. 


 
The Yogi successfully pierced his neck and tongue as is shown in Figure 2 and reported 
that he experienced no pain. His eyes were closed for the majority of the piercing. After 
he removed the skewers, two members of the audience confirmed that there was no 
bleeding. A two day follow-up, showed neither post-piercing inflammation nor infection. 
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Fig. 2.  Subject with skewers through his neck and tongue. 
 


Results 
 


Physiological data  
The Yogi’s RR was approximately 7 brpm during his meditation and was about 25 brpm 
during piercing (see Figure 3). During the entire procedure his HR remained high: 
ranging from approximately 106 bpm in meditation to around 115 bpm during piercing 
(see Figure 4).  His EDA remained low through out and showed very little response. 
There was a pattern of higher EDA during rest periods and post-demonstration 
meditation than during piercing (see Figure 5). 
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Respiration Rate During Piercing 
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Fig. 3.  Respiration rate across conditions 
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Heart Rate Rate During Piercing 
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Fig.4. Heart rate across conditions 
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EDA  Rate During Piercing 
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Fig. 5. Electrodermal activity across conditions 


 
The EEG at Cz showed increases in alpha, beta and SMR with no change in theta or 
delta. See Fig 6.  The EEG at Fz showed increases in beta but little change in any other 
bandwidth. See Fig 7.  During eyes closed baseline there was an increase in the alpha 
band as shown in the power spectral display (see figure 8).  While during piercing the Cz 
alpha increased and broadened as is shown in the power spectral displays (see figure 9). 
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Cz EEG of Piercing
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Fig. 6. EEG activity across conditions for Cz 
 


Fz EEG  of Piercing
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Fig. 7. EEG activity across conditions for Fz 
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Fig. 8.  EEG power spectrum during eyes closed pre-baseline when he was breathing 
about 7 bpm  
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Fig. 9 EEG power spectrum during neck piercing. 
 
Subjective experience  







Physiological correlates of body piercing  357


The Yogi (M.K) reported that he used a meditative focused strategy in order not to 
experience pain or bleeding.  From his perspective, pain sensations are a normal 
defensive reaction within one’s body and can be inhibited by controlling one’s autonomic 
nervous system.  When inserting the skewer, he reported piercing only while slowly 
exhaling and not moving while inhaling.  The first skewer was pierced within two cycles 
of breathing.  After controlling his breathing, the same procedure was carried out for the 
second and third skewers.  No pain was felt but the sense of the skewer entering the body 
could be perceived.  It was as if this sense was spreading out to the whole tongue.  After 
the piercing was completed, he meditated for a couple of minutes and then invited the 
audience to take photos.  Although he was bathed in the light of camera flashes, he 
reported no pain and no bleeding was observed.  Then while exhaling, he slowly pulled 
out the skewers from the tongue and throat.  He reported that he could only sense the 
physical coldness of the steel.  
 
He reported that the process of pain and bleeding control consisted of focused 
concentration while meditating to regulate breathing. He experienced the skewer, one’s 
spirit, and one’s body as a unified ‘one’. At the same time, he focused his consciousness 
and will on the concept “it is not painful” rather than focus on “piercing”.  Furthermore, 
he stated it was necessary not to be hostile against foreign objects or skewers that enter 
his body.    It meant releasing emotions such as anxiety and fear as soon as possible and 
being prepared for the skewer to enter the body.  He prayed and uttered to the skewer, 
“You are gently entering my body”.  He believed that by the communication between the 
skewer and the receiving body, the unification of ego, mind and soul is completed, which 
allowed the piercing procedure without pain.  
 


Discussion 
The Yogi was able to pierce his neck and tongue with skewers while reporting no pain 
and no post-trial bleeding was observed. He did not show the typical EEG responses to 
pain (Chen, 2001) as reported in the literature (no change in delta  EEG and his alpha 
EEG increased rather than decreased although his beta EEG did increase). Some of his 
responses are similar to that of hypnotized individuals (no change in EDA activity, 
absorbed, focused attention, and elevated beta) but he did not report suspension of time 
or sense of self or feelings of automatic responses nor did his EEG decrease in delta or 
beta. The increase in alpha/low beta further supported that he was conscious and aware 
during the piercing and this state was different from his typical meditative state.   
 
The yogic reported that for him the skewer, his spirit and body are one--with much effort, 
strong emotional consciousness, will power and prayer of ‘becoming one with the 
skewer’--to eliminate pain.   He overrode the thoughts and emotional associations of “it 
is painful” or “it will induce bleeding”. He suggested that not bleeding occurs because he 
relaxed the tissue and tongue so much during the piercing that most likely the skewer 
wove around the small blood vessels as opposed to piercing them.  
From the Yogi’s perspective, this belief system is transmitted to the autonomic nervous 
system that controls the body’s defense system.  Through breathing, meditation and 
mental concentration, he communicated with his sensory and autonomic nerves to release 
the sense of pain.  His thought pattern fits the narrowing of attention and absorption 
reported and lack of EDA activity reported in hypnosis (Rainville & Price, 2003). 
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His heart rate was consistently higher (approximately 115 bpm) than during previous 
meditation research study (Arambula, Peper, Kawakami, & Gibney, 2001) when it was 
approximately 75 bpm. The high heart rate may have been due to jet lag, performing in 
front of a critical audience or a ‘performing’ response. He did show higher heart rate and 
respiratory rate during piercing than baseline conditions. Interestingly, his respiration rate 
during his eyes closed pre- and post-baseline meditation (approximately 7 – 8 brpm) was 
similar to the finding reported in his previous meditation study (Arambula, Peper, 
Kawakami, & Gibney, 2001). This breathing rate during meditation is significantly lower 
that his normal resting baseline of about 18 brpm (Arambula, Peper, Kawakami, & 
Gibney, 2001) and similar to what research has described for experienced meditators 
(Travis, 2001). The faster breathing rate, between 24 and 30 brpm, during the piercing 
and removal of the skewers, is about a 30 percent increase over his habitual breathing 
rate as observed from earlier studies.    This relative increase in breathing rate is unlike 
the meditative state (Travis, 2001) and appears similar to the changes observed when 
people are attending and concentrating while working at the computer as compared to 
sitting quietly. Based on our previous work of performance at the workstation, 
individuals’ respiration rate increases between 20 to 30 percent when individuals focus 
their attention and perform computer tasks (Huber, Peper & Gibney, 2002). Hence, the 
subject’s increase in breathing during piercing may represent the focusing of attention.  
 
If one does not need to pay attention, it may be possible that the breathing rate may not 
increase.  In a previous study where another experimenter pierced a subject through the 
arm, there was no increase in respiration for the subject being pierced (Peper, Kawakmi, 
2001). We interpret this difference that the other subject could just passively focus and 
dissociate while our subject had to attend and be in control to accomplish the task of 
piercing. 
 
In general the EEG power spectral displays suggested an ability to quiet the mind in 
meditation both pre and post-piercing with a predominance of low alpha, and little 
movement artifact.  The increase in alpha and beta at Cz and Fz during actual piercing is 
interesting. During piercing one is able to see movement artifacts in the display but also a 
tendency for the alpha activity to broaden to include high alpha and low beta.   His 
elevated frontal beta suggests that the Yogi was not in an altered state of consciousness 
but was fully aware and processing information, which may have been necessary for the 
actual piercing.  Yet, there continued to be an increase in central alpha, and SMR which 
suggests relaxation or absorbed attention. This increase in alpha has been previously 
found by Anand, Chhina, and Singh (1961) in their study of two yogis who showed 
persistent alpha activity both before and during the periods in which their hands were 
immersed in cold water. 
  
We propose that combining yoga practices which increase diaphragmatic breathing while 
maintaining alpha EEG would teach clients somato-cognitive techniques to refocus their 
attention during painful stimuli. Using the slow breathing as the over-learned response 
would facilitate the recovery and regeneration following the painful situation. It would 
also act as a structured desensitization to painful stimuli and might be a complementary 
clinical approach for voluntary pain control. To develop mastery and be able to apply it 
under situations of stress takes training and over-learning.  Yogis over-learn these skills 
with many years of meditation. With mastery, patients may learn to abort the escalating 
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cycle of pain, worry, exhaustion, more pain and hopelessness by shifting their attention 
and psychophysiological responses.  
 
The value of performing a piercing experience is that it may be used as a demonstration 
which can shift the beliefs of the observers.  The performer experiences, and more 
importantly knows, that he has control over the mind/body and that this control can be 
mastered. The observers see a phenomenon that they thought was not possible.  Hence, 
the demonstration becomes a mechanism to shift the acceptable familial and cultural 
beliefs that injury should cause pain, bleeding and infection and that we have little 
control over such an experience.  This demonstration encourages observers to suspend 
and question their beliefs of reality.   
 
It may offer hope to people who have chronic disorders and pain since, it suggests that 
there are self-regulation strategies that could be mastered to reduce or control pain 
stimuli. Similar observations have been reported by Kabat-Zinn (1990) in clinical 
treatment studies in which patients with chronic conditions improve significantly when 
they practice mindfulness meditation and yoga. 
 
In summary, the demonstration illustrates that our normal preconceived notions that 
piercing of the body must hurt, induce bleeding and possibly infections may be 
incomplete. In fact, it may be possible to develop control and thereby experience a 
different reality:  A possible reality that could be applied as a clinical tool to reduce pain 
and suffering.  
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ABOUT THE METHODS OF AUTOGENIC THERAPY
1 


 
Wolfgang Luthe 


 
One of the most important assumptions of autogenic therapy is that nature has provided man 
with homeostatic mechanisms not only to regulate fluid and electrolyte balance, blood pressure, 
heart rate, wound healing and so on, but also to readjust more complicated functional disorders 
that are of a mental nature.  In autogenic therapy the term homeostatic self-regulatory brain 
mechanisms is often used.38, 39,51 This concept assumes that when a person is exposed to 
excessive disturbing stimulation (either emotional or physical trauma), the brain has the potential 
to utilize natural biological processes to reduce the disturbing consequences of the stimulation 
(i.e., neutralization).  At the mental level some of this self-regulatory neutralization or 
recuperation occurs naturally during sleep and dreams. 40,48 
 
The techniques developed and used in autogenic therapy have been designed to support and 
facilitate the natural self-healing mechanisms that already exist.  Thus the emphasis is not in 
trying to control the natural system but rather on helping natural systems use their inherent 
potentials of self-regulatory adjustment more fully. 
 
There has been a tendency in American medicine to overemphasize symptomatic treatment and 
to overlook the unity of the individual.  This “left-hemispheric” approach9,21,43,56 has resulted in a 
preference for easy clearcut mechanical solutions (e.g., inject, operate, prescribe more 
medication).   
 
These pragmatic solutions all attempt to control or modify certain functional or structural 
variables through manipulative procedures imposed onto the biological system from outside.  
The approach often adopted is analogous to the way one would go about repairing a defective 
television set. In many situations (e.g., pneumonia, acute appendicitis) this outside manipulation 
of the defective biological system is clearly the best solution to the problem.  However, there 
exists a great variety of functional and psychosomatic disorders where such a mechanical, 
“nonhomeostatic” approach is not the best answer and many even be deleterious.17, 18 
 
Autogenic therapy has always seen the mind and body as a unit and approaches mental and 
bodily functions simultaneously.  Autogenic methods permit adaptation of the treatment 
programs to the individual.  Of practical importance is the fact that patients learn to do most of 
the therapeutic work by themselves at home, and that the most frequently used clinical method, 
autogenic standard training, can be applied in groups ranging from elementary school children to 
the elderly.  In certain disturbances such as sleep disorders48 or examination anxiety52 significant 
improvements within 2 weeks or less are not exceptional.  Often patients are freed of their 
reliance on tranquilizers and hypnotics.  The practical implications are obvious.  The degree of 


                                                           
1 Adapted from E. Peper, S. Ancoli & M. Quinn, (1979), Mind/Body Integration, New York: Plenum, pp 167-186. 
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dependence on the physician is kept as a low level.  In addition, the therapist using autogenic 
approaches is able to make more efficient use of his time than with most other psychotherapeutic 
methods.  An increased number of patients can be treated in the same amount of time.  (See 
Figure 1.) 
 
The combination of methods available provides effective and flexible treatment techniques for 
many organic, psychosomatic, and psychiatric disorders. 
 
In the area of nonclinical application, autogenic methods have been used in everyday life both to 
improve the efficiency of various bodily or mental activities and as a psychophysiologic self-
protection against the damaging effects of stress.  The encouraging results of regular practice of 
AT and specifically adapted approaches have stimulated increasing application and research in 
the areas of education, industry, sports, and creativity.   


 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Autogenic methods: combinations and procedural interaction.  This illustrates the 
various methods that can be applied in autogenic therapy.  Autogenic Training (AT) is the 
foundation for all other approaches and is therefore the most important and widely used technique.  
Of the many methods, autogenic training alone is sufficient for the majority of treatment 
situations.  However, in 10-20% of patients, because of the history or the nature of the disorder, a 
more intensive method called Autogenic Neutralization (AN) may be necessary.  Meditative 
Exercises (ME), Autogenic Modification (AM), and Graduated Active Hypnosis (GAH) are less 
frequently employed and are reserved for special situations.  Autogenic Feedback Training (AFT) 
and Autogenic Behavior Therapy (ABT) are relatively new techniques that are the result of 
interdisciplinary interaction. 


 
Over the past 10 years an increasing number of studies of the effects of autogenic training (AT) 
have provided information pointing toward the practical usefulness of psychophysiologic 
relaxation in the area of education.  University professors, schoolteachers, adolescent high school 
students, and younger elementary school children who learn AT for noneducational reasons 
consistently report favorable effects that directly or indirectly influence their behavior and 
performance in the educational sector. 52 Such individual observations have been confirmed by 
controlled studies focusing on specific areas in the field of education.2, 3,7,49,50,53 
 
The result of AT-related investigations with different educational levels (i.e., elementary grades 
to postgraduate studies) have been consistently favorable irrespective of sociocultural differences 
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between countries (e.g., Canada, France, Germany, Japan, Romania, USA, USSR) in which 
observations were obtained.52 Such studies have focused, for example, on observation of 
classroom behavior of young Japanese children after their overconcerned mother began to 
practice AT71; on improvement of athletic performance and psychodynamic changes in high 
school students; on reduction of examination anxiety in Canadian, American, French, and 
German university students; on improvement of academic performance in American high school 
students as well as in disadvantaged 7-year-old black students in Philadelphia24; on the use of AT 
by students of pedagogical institutes and on its application to neurotic school children in the 
Soviet Union.   
 
In the areas of sports, a variety of reports indicate that the regular practice of autogenic methods 
leads to better performance with improved reactivity and coordination, better endurance, faster 
recuperation, and reduction or elimination of psychoreactive disturbances that tend to occur 
before important tournaments. 
 
 
AUTOGENIC TRAINING 
 
Standard Exercises 
Autogenic training (AT) is the basic and most frequently applied treatment technique that a 
patient can carry out himself by using passive concentration upon certain combinations of 
psychophysiologically adapted stimuli.  Passive concentration on autogenic standard formulas 
can be so tailored that a measurable normalizing influence upon various bodily and mental 
functions will result.38, 39,40,67 
 
Psychophysiologically, autogenic training is based on three main principles: mental repetition of 
topographically oriented verbal formulae for brief periods (e.g., 30 seconds); mental activity 
known as “passive concentration”; and reduction of exteroceptive and proprioceptive afferent 
stimulation (specific training postures).  The mental practice periods are always terminated in 
three consecutive steps by briskly flexing the arms, taking a deep breath, and opening the eyes.67 
 
The verbal formulas are organized into six standard exercises (SEs) that are physiologically 
oriented.  The context of these formulas is focused on the general topics of heaviness and 
warmth in the extremities, and on calm and regular function of the heart, self-regulation of 
respiration, soothing warmth in the upper abdomen (solar plexus) area, and agreeable cooling of 
the forehead.  Occasionally, a complementary exercise called the First Space Exercise (SP-
1)44,45,46 is taught prior to beginning work with the orthodox series of standard exercises.  (The 
first space exercise has only recently been adapted from Fehmi’s biofeedback procedure and 
used with patients in AT.  It involved the sequential imagination of spaces between symmetrical 
parts of the body.  The pattern of formulae is as follows: “I imagine the space between my 
eyes…[about a 5-second interval] I imagine the space between my ears…[5-second interval]” 
and so on for elbows, wrists, hands, fingers, knees, heels, feet, toes, and legs.  The aim is to more 
specifically mobilize nondominant right hemispheric functions.) 
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Passive Concentration.  The patient’s attitude while repeating a formula in his mind is conceived 
of as “passive concentration.”  Passive concentration (and passive volition) may best be 
understood by comparing it to what is usually called “active concentration” and active volition.   
 
Concentration in the usual sense has been defined as “the fixation of attention” or “high degrees 
of attention” or “the centering of attention on certain parts of experience.”  This type of 
concentration involves the person’s interest, goal-directed investment of mental energy and 
effort, and concern about the result during the performance of the task. 
 
In contrast, passive concentration implies a casual attitude during the performance of a task and 
complete indifference about the result.  Any goal-directed effort, active interest of 
apprehensiveness must be avoided.  The patient’s casual and passive attitude toward the effects 
of a given formula is regarded as one of the most important factors of the autogenic approach. 
 
The effectiveness of passive concentration on a given formula depends on two other factors, 
namely, the mental contact with the part of the body indicated by the formula, and keeping up 
with a steady flow of filmlike (verbal, acoustic, visual) representation of the autogenic formula in 
one’s mind. 
 
The duration of passive concentration (PC) on a formula should be adapted to the functional 
situation of the trainee (e.g., 5, 10, 30, or 60 seconds in the beginning).  Later, when the trainee 
has no difficulty in maintaining an adequate level of passive concentration and there are no 
undesirable reactions (e.g., circulatory), the exercises may be extended to 3, 5, or 10 minutes and 
longer. 
 
Holistic Concept of Therapy 
To the autogenic therapist the level of functional harmony is of central importance;  it is 
determined both by a person’s adaptation to environmental demands and by adaptation to inner 
realities that evolve from (a) his genetic constellation (i.e., “authentic self”) and (b) the 
developmental consequences of his life experience (i.e., the “natural self”).  In other words, the 
assumption is that reaching and maintaining a desirable level of inner harmony and living in 
favorable agreement with the “authentic self” means (a) the recognition of (genetically and 
otherwise) given limits of functional possibilities and (b) the use of the circumstances of life to 
promote development in agreement with the biologically determined potential (i.e., self-
realization); (c) the avoidance, reduction, or elimination of those stimuli and circumstances that 
are known to produce antihomeostatic and harmony disturbing effects. 
 
Practically, the development of inner harmony with the “authentic self” is accomplished in 
several ways.  Autogenic training plays the key role by mobilizing self-regulatory homeostatic 
forces (shirt to a trophotropic state that is diametrically opposed to stresslike states).  The patient, 
through the combination of autogenic techniques, not only experiences functional adjustments 
(e.g., reduced anxiety level) but also develops increased sensitivity as to “what is good” and 
“what is not good” for his system. 
 
Patients often need explanations why, from a homeostatic point of view, it is advisable to avoid 
situations that would further accumulate anxiety stimuli.  For instance, the avoidance of violent 
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movies, attendance at funerals, or visits to dying persons might be suggested to a person who has 
an overload of anxiety or aggression.  Likewise, it may be recommended to a person to give up 
risky motorcycle driving or skydiving; or a change in a conflict-loaded work situation may be 
advised.  The techniques used to communicate these suggestions include confrontation, 
“paradoxical intention,”20 and support. 
 
The Role of Medication 
Since autogenic therapy aims at restoring and supporting natural homeostatic functions as 
quickly and effectively as possible, the reduction or elimination of psychopharmacological 
agents (particularly diazepam, trifluoperazine, barbiturates, amphetamines, and monoamine 
oxidase inhibitors) that tend to interfere with this process is important.  Among the various 
families of psychopharmacological agents, certain drugs have been found to interact better with 
AT than others.  The following agents have been observed to interfere the least with the 
homeostatic action of AT: anxiolytic—chlordiazepoxide, meprobamate; anti-depressant—
imipramine; neuroleptic—chlorpromazine, promazine. 
 
Reduction in medication is the rule in a variety of disorders, e.g., chronic bronchial asthma, 
constipation, epilepsy, hayfever, essential hypertension, primary glaucoma, migraine, sleep 
disorders, and certain disorders of cardiac rhythm.  Particularly important in the management of 
diabetic trainees is that a progressive lowering of insulin requirements occurs as experience in 
the practice of AT increases. 
 
AT and Other “Relaxation Response”-Promoting Approaching 
There is general agreement that different methods such as transcendental meditation (TM), 
various forms of yoga (Y), Zen meditation (Z), progressive relaxation (PR),5,28 certain 
approaches of heterohypnosis (HH),61 and autohypnosis (AH),34,37 certain biofeedback 
techniques (BF),22,23 and certain approaches in behavior therapy (BT)75 can contribute desirable 
elements for improvement of mental and physical health through the elicitation of a “relaxation 
response.”4 The trophotropic nature of the “relaxation response” and the underlying “integrated 
nervous system reaction” is functionally diametrically opposed to stress and provides a favorable 
but relatively nonspecific situation that permits certain homeostatic mechanisms to work with 
greater efficiency (e.g., recuperation from stressor effects).   
 
In comparing the technical elements of these approaches, we find that in addition to common 
basic elements (e.g., nature of mental device, passive attitude, decreased muscle tone, quiet 
environment, trained instructor)4 there are psychophysiologically important difference (e.g., 
heteroinstructed, self-instructed; topographic, nontopographic; directive, nondirective; 
symptomatic, nonspecific; verbal, nonverbal) in procedural details.58,61  Each of these procedural 
details may exert therapeutically desirable, undesirable, or relatively nonspecific effects 
depending on the patient’s history and actual functional situation.  This leads to the question: 
Who should practice what technique, in what manner, for how long and under what kind of 
treatment control? 
 
In certain specific situations (e.g., intractable pain, hyperemesis gravidarum) 
“monosymptomatic” approaches may be the method of choice.  For example, in hyperemesis 
gravidarum, symptomatic treatment with heterohypnosis or biofeedback could be a serious 
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technical error when, for example, the headache is a homeostatic signal calling for a release of a 
suppressed need for crying.  When a history of serious accidents is prominent and is likely to 
constitute a major part in psychophysiological disorders it is therapeutically unrealistic to expect 
TM, Z, Y, BF, HH, AH, PR, BT, AT, or psychoanalysis to be adequate.  Such cases required the 
combined application of AT and AA.  From a pathophysiologic and homeostatic point of view, 
long-term treatment results tend to be better as the natural forces of homeostasis are given 
support to achieve and maintain favorable levels of functional adjustment.   
 
 
AUTOGENIC MODIFICATION 
 
Autogenic modification consists of two complementary approaches: (a) psychologically oriented 
“Intentional Formulas” (IF) and (b) physiologically oriented “Organ Specific Formulas” (OF).  
Both approaches are designed to use the peculiar psychophysiological nature of the autogenic 
state as a functional vehicle for obtaining specific desirable effects that were not obtained 
through the regular standard exercises.  For example, when chronic constipation has not 
improved sufficiently after 10 weeks of AT, the formula “My lower abdomen is warm” may be 
added to the end of the series of SEs in order to stimulate organ-specific activation or peristalsis 
in the colon, and to increase blood flow in the colon wall.51 Or, when the regular practice of AT 
does not readjust (anxiety) dream-related awakening within 2 months, desirable readjustments of 
the patient’s dream behavior and sleep pattern may be obtained by adding the IF:  “In my dreams 
I remain passive and go along with the messages of my brain.”40,48 
 
 
AUTOGENIC MEDITATION 
 
The practice of the seven meditative exercises is not indicated if a trainee has difficulty in 
maintaining an adequate level of passive concentration over longer periods (e.g., 30 to 50 
minutes) and if there is evidence of disturbing autogenic discharges.  However, occasionally the 
visual imagery components of the meditative exercises have been successfully used in the 
management of specific psychosomatic problems, in combination with autogenic behavior 
therapy techniques,69,70-73 and as a complementary approach in psychoanalytic therapy. 
 
The orthodox procedure as conceived by J. H. Schultz67 distinguishes the following steps: (a) 
preparatory training;  (b) ME I: spontaneous experience of colors;  (c) ME II: experience of 
selected colors;  (d) ME III: visualization of concrete objects;  (e) ME IV: visualization of 
abstract objects;  (f) ME V: experience of a selected state of feeling;  (g) ME VI: visualization of 
other persons;  (h) ME VII: answers from the unconscious. 
 
 
AUTOGENIC NEUTRALIZATION 
 
The hypothesis that there exist biological self-regulatory brain activities is not new.  One of the 
elements that distinguishes autogenic therapy from others is the assumption that the patients own 
system knows best how certain functional disturbances come about and how to reduce their 
disturbing effects (neutralization).  This assumption is based on the puzzling observation that the 
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regular practice of passive concentration on the autogenic formulas helps to improve many 
medical and psychological disorders.  Since it was difficult to understand how the repetition of 
the formulas together with passive concentration was solely responsible for the significant 
improvements in patients’ symptoms, it was hypothesized that unknown brain functions 
participated and that the altered state of consciousness produced by the technique (the autogenic 
state) facilitates the activity of (otherwise inhibited) self-regulatory mechanisms that promote the 
normalization of bodily and mental disorders.39, 67 
 
Observations of spontaneous training symptoms or autogenic discharges that occur during the 
autogenic state indicate that they have no apparent relationship to the content of the formulas.  
Detailed studies of these discharges showed that they occurred in great variety and had a unique 
profile for each patient.  Often there was a close relationship to the patient’s complaints, his 
clinical condition, and certain events of his past.  In some ways, they resembled phenomena 
described during “sensory isolation,” during certain stages of sleep (e.g., motor discharges, 
dreams), and responses obtained by direct electrical stimulation of cortical and subcortical 
structures.60 It was therefore hypothesized that the autogenic state facilitates spontaneous 
discharges from certain parts of the brain that have a need for “unloading,” and that this 
discharge activity is one of the therapeutic factors at work during AT.  On the basis of this 
hypothesis, two different techniques of autogenic neutralization—autogenic abreaction (AA)39,40 
and autogenic verbalization (AV)67were developed to enhance the therapeutic effect of AT by 
giving the brain a better opportunity to neutralize and release whatever it needs to discharge. 
 
Autogenic Abreaction 
This method is not required if the training symptoms are not particularly disturbing and 
satisfactory progress is being made with AT alone.  However, if an increasing number of 
disturbing phenomena are noted, the introduction of AA may be necessary.  Restlessness, 
vestibular discharges such as unpleasant dizziness and marked body image distortions, pain, 
headaches, bursts of anxiety, repeated episodes of disagreeable somesthetic sensations, inability 
to continue the exercises, massive interference from intruding thoughts, and the frequent 
appearance of differentiated visual phenomena are some of the autogenic discharges that indicate 
that there is a need in the patient to unload disturbing material.   
 
Clinical observations have shown that certain events in patient’s history have particularly 
damaging effects and therefore increase the likelihood that AA will be necessary.  These factors 
include life-threatening accidents (especially when followed by unconsciousness); inhalation 
anesthesia; near drowning; severe drug intoxications (e.g., unconsciousness following and 
overdose); sexual deviations (e.g., homosexuality)8; and anxiety-provoking forms of religious 
education.  
 
The technique of AA includes the following elements: (a) The patient is asked to mentally shift 
from the initial use of passive concentration on autogenic formulas to a spectatorlike attitude 
called passive acceptance.  The mental shift comes during or after a 2- to 3-minute period of 
repetition of the heaviness formulas.  (b) In the autogenic state and with this “carte blanche” 
attitude, the patient verbally describes, without restriction, everything that he experiences.  The 
description may include sensory, motor, visual, intellectual, auditory, olfactory, affective, or 
vestibular phenomena.  (c) Both the patient and the therapist must observe and respect the 
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therapeutic principle of noninterference.  Interventions are limited to the management of 
resistance and should be made only after it repeatedly becomes obvious that the neutralization is 
blocked from proceeding in a direction already indicated by the patient’s self-regulatory 
elaborations.  (d) The period of description should be prolonged until a sufficient level of 
neutralization is reached.  (e) The AA is terminated in the usual three-step sequence by flexing 
the arms, taking a deep breath, and opening the eyes.  (f) The entire AA is tape-recorded by the 
patient, and as soon as possible after the session, he types a verbatim transcript and, after reading 
it aloud (verbal reexpression during an unaltered state of consciousness) includes a commentary 
(feedback, integration).  (g) The patient carries out unsupervised AAs at home as soon as he has 
acquired a satisfactory level of competence with the technique.39,40 
 
When autogenic abreaction is applied, it is important that the patient practices the standard 
exercises regularly and demonstrates that his therapeutic cooperation is reliable.  The notes on 
his training symptoms during AT are usually a good indication of motivation.  Unless it is 
practical to carry out a large portion of the therapy in the office, AA should not be started with 
patients who do not seem to have the motivation to work  intensively on their own. 
 
During a typical AA session, the therapist may initially assist and heteroverbalize the heaviness 
formula.  The patient begins to describe his experience as soon as he notices the onset of training 
symptoms.  If the patient does not begin to talk by the end of the heaviness sequence, the 
following supportive formula may be added: “And now you imagine yourself in a meadow, and 
tell how the meadow looks today or whatever else you see, or feel or think.”  The supportive 
“meadow image” was chosen since it is a relatively neutral situation that can be taken as a 
convenient beginning point.  However, when this technical support is used it must be clear to the 
patient that the “meadow” is merely another stimulus (like heaviness) and that no mental effort 
should be made to obtain or maintain the image. 
 
Generally, one can distinguish four large groups of initial patterns of dynamics of autogenic 
neutralization: 
 


a.  Patterns of predominantly intellectual elaborations, which may or may not be 
associated with sporadically occurring visual phenomena or other bodily oriented 
modalities of discharges. 


b. Patterns dominated by a variety of sensory (viscerosensory) and motor (visceromotor) 
phenomena with or without sporadically interjected intellectual or visual elaborations. 


c. Patterns in which visual elaborations assume central importance and bodily oriented 
phenomena or intellectual elaborations are of secondary nature, which may or may 
not participate occasionally. 


d. Mixed patterns in which all knows modalities of brain-directed elaborations may 
participate with variable intensities. 


 
An AA may last 15 to 150 minutes, and it is important that the patient keeps describing until the 
pattern of homeostatic elaborations indicates that nothing further is happening and he feels quite 
comfortable.  However, if such a self-regulatory ending is not reached and premature termination 
cannot be avoided, it is possible to minimize disagreeable aftereffects (e.g., headaches, 
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depressive feelings, anxiety attacks, nightmares) by ending the AA during a positive or relatively 
neutral phase. 
 
Although limitations of space do not permit a comprehensive presentation of the mechanisms of 
autogenic neutralization, a few observations and theoretical issues do deserve special mention. 
 
On the surface, it may seem that the technique simply involved the pairing of a relaxed 
“trophotropic” state with a continuous uncensored description of spontaneous elaborations (e.g., 
sensory, motor, vestibular, visual, ideational, affective), thereby producing neutralization.  
However, this explanation is an oversimplification of the complex and unique dynamics 
observed.  The elaborations are often symbolic, primary process, or dreamlike, and seem to be 
closely related to (nondominant) right-hemispheric functions.43 
 
The emphasis on right-hemisphere activity observed during AA is in keeping with the hypothesis 
that part of the transmission from one hemisphere to the other can be selectively and reversibly 
blocked.  Bogen and Bogen proposed that “certain kinds of left-hemisphere activity may directly 
suppress certain kinds of right-hemisphere action.  Or they may prevent access to the left 
hemisphere of the products of right-hemisphere activity.”9 Similarly, Galin21 considered the 
hypothesis that “in normal intact people, mental events in the right hemisphere can become 
disconnected functionally from the left hemisphere (by inhibition or neuronal transmission 
across the cerebral commissures), and continue a life of their own.  This hypothesis suggests a 
neurophysiological mechanism for a t least some instances of repression and an anatomical locus 
for unconscious mental contents.”21 The corollary of this theory is that a functional imbalance or 
inhibition between the two hemisphere participates in the development of psychodynamic and 
psychosomatic disorders.  One can further hypothesize that AA facilitates communication 
between the two cerebral hemispheres and allows repressed, primary-process-like, disturbing 
material (presumably right hemispheric) to become integrated into logical, analytical, verbal 
awareness (largely left hemispheric).43 The result is a reduction in the disturbing potency of 
traumas (neutralization, resolution of intrapsychic conflict).   
 
During AA the patient’s homeostatic brain mechanisms automatically select and control the 
release of disturbing material, adapt the process of neutralization to the patient’s level of 
tolerance, modify and repeat certain themes until sufficient neutralization is achieved, shift to 
other “pressure areas” once neutralization of a given theme is sufficiently advanced, neutralize 
negative transference, and signal that the neutralization of certain themes is terminated.  
Although the reason for some of these or other dynamics may be unclear to both the patient and 
the therapist, it invariably turns out that the patient’s homeostatically directed brain mechanisms 
knew the reasons for proceeding in a particular manner.39  
 
Accidents and Traumatizing Events.  Extensive clinical experience with AT and particularly AA 
indicates that the damaging effects of accidents and traumatizing medical procedures (e.g., 
inhalation anesthesia, bone marrow puncture, ECT), particularly in conjunction with artificially 
induced alteration of loss of consciousness have been underestimated.  The neglect of this area 
may stem from the fact that no detectable neurological lesions are involved and no approach, 
other than autogenic therapy, has the tools to cope with the disruptive psychophysiological 
effects.  Thus these patients are often dismissed as malingerers with a “compensation neurosis.” 
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The effects of such physical traumas tend to become functionally linked to other unrelated events 
and thereby aggravate existing problems (e.g., homosexuality,8 psychosomatic disorders).  Since 
the experience and its consequences are nonverbal, explorations of this field is difficult or 
impossible by verbal approaches alone.  During AT and AA, some patients may transitorily have 
feelings of being about to lose consciousness, unpleasant vestibular phenomena (e.g., spinning, 
dizziness, falling), and unpleasant physical sensations in a previously injured areas of the body 
accompanied by anxiety.  Such phenomena are usually seen in patients who have a history of 
disturbing physical trauma.39,40 
 
 Autogenic Verbalization 
Autogenic verbalization is a more limited method of neutralization.67  This approach is different 
from autogenic abreaction in that it does not involved a carte blanche attitude, but rather focuses 
on a predetermined specific topic such as aggression, anxiety, or obsessive material.  For 
instance, in the autogenic state, after the heaviness formulas, the patient is instructed to verbalize 
about all the things that make him angry and is encouraged to keep expressing his aggression.  A 
typical verbalization consists of many repetitions of the same theme and usually lasts 10 to 40 
minutes.  The patient practices the method at home.  For correct use of this technique, it should 
be emphasized that he must verbalize continuously until he is certain that his mind is “empty” 
and there is nothing more to say.  If a verbalization is cut short, disturbing effects may remain 
mobilized the disagreeable aftereffects may ensure (e.g., headaches, anxiety, irritability, chest 
pain).  The approach is particularly useful when there has been a recent acute disturbance.  Close 
supervision of patients using autogenic verbalization is important because incorrect use of the 
technique may spontaneously convert into unwanted complicated processes of autogenic 
abreaction. 
 
The following case illustrates the usefulness of autogenic verbalization in a patient with severe 
migraine headaches: 
 
Case 4 is a 33-year-old single, female secretary.  For 14 years, she had been treated medically 
and with psychotherapy (nonautogenic) for migraine headache of variable severity.  Despite high 
doses of anxiolytics, antidepressants, and analgesics, for the 6 months prior to her referral for 
autogenic therapy, her symptoms continued to increase, to the point where she was no longer 
able to work.  She was anxious, “all tied up in knots,” depressed, and crying.  Her main 
complaints were unceasing migraine headaches, insomnia, vomiting, anorexia, and very low self-
confidence.  After 3 months of AT, she was no longer dependent on diazepam, was less anxious, 
and generally felt better, but she still had several headaches per week and was somewhat 
depressed.  Therefore, imipramine therapy was started, but no further improvement occurred in 
the next 3 months.  Autogenic verbalization on aggression was then taught.  In addition to AT, 
she did a daily verbalization of about 30 minutes with great subjective relief.  Almost 
immediately her symptoms began to dissolve.  She returned to work, signed up for an evening 
course, and began to socialize more.  After 1 year of follow-up she was still free of headaches, 
sleeping well, and free of anxiety and depression. 
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GRADUATED ACTIVE HYPNOSIS 
 
In contrast to all other autogenic methods, the combination of AT with elements of orthodox 
techniques of hypnosis aims at obtaining a shift to hypnotic states.34  The method emphasizes the 
exclusive use of self-instruction (i.e., self-hypnosis).37  After about 2 weeks of preparatory 
practice of the first and second standard exercise, the hypnotic element of eye fixation 
(sometimes in combination with monotonous auditory stimuli, e.g., metronome) is added in order 
to promote the shift to a hypnotic state.  Then, after preparatory technical discussion, the patient 
continues to regularly use the self-induced hypnotic state exercises for implanting (mental 
repetition) slogan like phrases that are designed to support therapeutically desirable 
developments.  Kretschmer20,37 recommended this approach for neurotic patients and personality 
disorders with strong obsessive-compulsive components and as a complementary method to 
“problem-focused” analytic psychotherapy (i.e., “Zweigleisige Standardmethode,” “double-track 
standard method”).34,37 
 
 
AUTOGENIC BEHAVIOR THERAPY 
 
Behavior therapists who were interested in finding a more satisfactory alternative to Jacobson’s 
Progressive Relaxation (PR)5,28 initiated the use of behavior therapy (BT) techniques (e.g., 
systematic desensitization) together with autogenic methods (i.e., autogenic behavior 
therapy).1,4,27,41 To effectively support the application of behavioral techniques (e.g., systematic 
desensitization, assertive training, behavioral rehearsal, modeling, flooding) preparatory periods 
of intensive home practice of standard exercises (e.g., five to eight sets of SE I, SE II, per day for 
2 weeks) are frequently used.  Other ABT procedures may include frequent practice of the partial 
exercise, “my neck and shoulders are heavy;” case-adapted use of meditative exercises when 
therapeutic procedures wish to emphasize work with visual imagination (e.g., preparatory visual 
rehearsal); occasional use of intentional formulas when additional support in a specific functional 
area is needed; or the use of autogenic verbalization when massive overload of aggression or 
anxiety require “deflation” before and during assertive training or systematic 
desensitization.22,25,26,69-72 
 
The complementary use of AT and autogenic abreaction may be valuable when the conventional 
strategies of BT encounter special problems when attempting to desensitize patients—for 
example, in cases “in whom it is not possible to reduce anxiety by any of the standard 
methods”76 or “in situations where the patient does not experience increased tension upon 
presentation of stimulus scenes, situations where tension does not decrease, or where it actually 
increases upon repetition and situations where the procedure itself disturbs the patient.”19 
 
The substitution of AT for PR led independent investigators to conclude that ABT (a) augments 
the effects of traditional BT with PR;  (b) effects in unit time a more substantial improvement in 
stress defenses;  (c) augments of degree of defense against extrapsychic pressures;  (d) facilitates 
the conditioning routine;  (e) provides improvement in personality dynamics that are different 
from the removal of a symptom or a symptom complex and, in addition that (f) fewer cases fail 
to respond adequately;  (g) there is no abrupt termination of therapy by patients who continue 
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AT;  and finally (h) AT “supplies essential therapeutic ingredients at present missing from 
traditional behavior therapy methods.”25,30 
 
In behavioral medicine the combination of autogenic therapy with BT techniques can provide 
satisfactory treatment resulting in specific areas (e.g., food allergy, phobic reactions, writer’s 
cramp, contact dermatitis, cold-induced dermatitis, muscular dystrophy, collagen disease, recent 
cerebellar ataxia); of 208 ABT patients, 84% were significantly improved or cured after follow-
up periods of 6 to 30 months.1, 26,41,69-73 
 
 
AUTOGENIC FEEDBACK TRAINING 
 
The combination of biofeedback techniques (BT) with autogenic approaches began around 1965 
under the influence of Gardner Murphy at the Menninger Foundation with the work of Green, 
Green, and Walters.23  As in autogenic behavior therapy, independent investigators hypothesized 
that biofeedback combined with AT yields better results than biofeedback without AT.22,23,42,62-


64,68 
 
A variety of clinical studies supported or confirmed this assumption.  For example, in 468 
migraine and tension-headache patients, the use of EMG (or hand) temperature feedback in 
combination with AT resulted in improvement in 56% and better results were noted in straight 
vascular headaches (76% improved; N = 105) than in psychogenic or mixed forms of 
headaches.14 In a 1-year follow-up, study of 25 migraine and/or tension-headache patients found 
that a 5-day intensive autogenic feedback training program (hand temperature) was successful in 
82.4%.59  Cowings, Billingham, and Toscano, in search for a means to control the debilitating 
effects of motion sickness, found that groups of subjects who used biofeedback together with AT 
to simultaneously control multiple autonomic responses (i.e., heart rate, respiration rate, blood 
volume, pulse of face and hands) withstood the stress of Coriolis acceleration significantly better 
than did the control group.10-13 
 
Available findings in the area of AFT show that the combination of BF and AT is a powerful tool 
in learning to voluntarily control a variety of bodily functions.  Although this appears to be very 
encouraging from a mechanistic point of view of symptomatic treatment, further research is 
needed to clarify certain questions.  Some of those questions are related to occasional 
observances that specific functional disturbances may occur after successful BF learning of the 
voluntary control of autonomic functions (e.g., local blood flow regulation, paresthesia, 
spermatogenesis).42 Such functional disturbances may mean that forceful nonhomeostatic 
interferences in homeostatically controlled functions can lead to undesirable disturbances of 
specific sectors of the human system.  
 
 
ABOUT NONINDICATIONS AND CONTRAINDICATIONS  
OF AUTOGENIC TRAINING 
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This section attempts to provide a general orientation on practical circumstances, functional 
disorders, and pathological conditions that affect or preclude the beneficial application of 
autogenic training (for details see Vols. I-III of Autogenic Therapy).51,52,67 
 
Generally, a distinction between “nonindications,” “relative nonindications,” “contraindica-
tions,” and “relative contraindications” is made.57 
 
The listings here included are subject to change as more information from clinical and 
experimental research becomes available. 
 
The term nonindication signifies that it is not advisable to use autogenic training.  The 
subcategory of relative nonindications is reserved for all those diseases and conditions that 
require other forms of treatment, but where the simultaneous practice of autogenic training (AT) 
is not known to cause undesirable effects.  For example, in hyperemesis gravidarum (severe 
vomiting of pregnancy) heterohypnosis is considered the most effective approach; however, 
there is no reason why the patient should not practice AT as well.  Similarly, a patient with acute 
appendicitis requiring surgery may derive certain benefits from practicing AT before and after 
the operation. 
 
Nonindications 
 Persons with severe mental deficiencies. 
 Children below the age of 5 (age-adapted management for children age 5 and onwards 


required). 
 When careful and critical control of the patient’s training symptoms is not possible. 
 Persons with lack of motivation to apply AT in an adequate manner (e.g., recalcitrant 


psychopaths). 
 When a differential diagnostic evaluation of training symptoms (e.g., autogenic discharges 


versus nature of unrecognized pathological processes) is not possible (e.g., pain, disturbances 
of blood flow, hypoglycemia). 


 During acute episodes of schizophrenic reaction. 
 
Contraindications 
Contraindication has been defined as “any condition, especially any condition of disease, which 
renders some particular line of treatment improper or undesirable.”57  Generally it is implied that 
the treatment in question may or is known to produce unfavorable reactions, functional changes, 
and sequels that are detrimental to the patient’s health.  Consequently, the therapeutic modality 
should not be used.  Contraindications include: 
 
 Persons with doubtful or impending myocardial infarction unless monitored (e.g., in 


intensive care units), and supervised by a physician with AT experience. 
 During and directly after myocardial infarction, and in the presence of complicating disorders 


(e.g., arrhythmias, pulmonary embolism, extension of the infarct to the endocardial surface 
with systemic embolism) unless monitored and supervised by a physician with AT 
experience.32 


 Trainees repeatedly showing significant (paradoxical) increases in blood pressure during AT.   
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 Diabetic patients (a) lacking reliable collaboration, or (b) in circumstances that do not permit 
careful clinical control over longer periods of time (18-24 months). 


 Patients with hypoglycemic conditions: (a) when the differential diagnostic evaluation has 
not been completed, (b) when there is a lack of reliable collaboration, (c) when clinical or 
other circumstances are therapeutically unfavorable. 


 Patients with glaucoma (i.e., primary chronic open angle or acute or chronic angle closure) 
when weekly tonometric control of intraocular tension is not guaranteed.  AT must be 
discontinued when increases of intraocular tension are noted on two consecutive control 
measurements within 7 days.   


 Involutional psychotic reaction (subacute psychotic outpatients require careful individual 
evaluation before AT may be used). 


 Trainees with paranoid reaction showing increase of persecutory or grandiose delusions 
during or after AT. 


 Dissociative (nonpsychotic) reactions (e.g., depersonalization, dissociated personality, 
stupor, fugue, amnesia, dreamy state, somnambulism) unless under clinically well-supervised 
conditions. 


 
Relative Contraindications 
Relative contraindications are conditions that require particular caution in the application of a 
therapeutic approach.  Such precautions may include modifications in procedure (e.g., not using 
certain standard formulas) or abandoning the line of treatment (e.g., AT) when undesirable 
reactions are noticed.  Relative contraindications include: 
 


I. Supportive background formula “I am at peace” 
 Persons who are prone to experience unfavorable antithematic reactions  (e.g., 


anxiety, restlessness, massive motor discharges). 
II Supportive association of peaceful images 


 Persons who have difficulties on finding or holding a “peaceful image;” who 
report that selected peaceful images assume dynamic (filmlike) qualities; who 
notice that the selected peaceful image changes spontaneously to include 
disturbing features. 


III Trainees who frequently report the onset of anxiety or restlessness during and 
after the exercises should not practice AT without close supervision.  They should 
be instructed to practice long series of exercises (e.g., 20 to 40), each or very short 
duration (e.g., 5-10 seconds).  If improvement is not observed within about 2 
weeks, AT should be discontinued. 


IV  First standard exercise (heaviness formulas) 
 When trainees report strong and largely disagreeable cardiac and vasomotor 


reactions (e.g., congestion of the cranial region, flushing of face, chest pain, 
tachycardia, sensations of palpitations), one should proceed slowly with 
carefully adapted reduced formulas. 


V Second standard exercise (warmth formulas) 
 When the environmental temperature is unusually high; or when SE II 


formulas elicit strong vasomotor reactions (e.g., swelling of training limb, 
disagreeable pulsating or “pressure,” dizziness, feeling of emptiness in head, 
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initial symptoms of fainting).  Such reactions require a step-by-step approach 
with “reduced formulas” and brief exercise. 


VI Third standard exercise (heart) 
 Frequent occurrence of disagreeable and disturbing modalities of heart-related 


autogenic discharged (e.g., anxiety, uneasiness, tenseness, cramp-like pain, 
precordial pressure, tachycardia).   


 Patients with cardiac disorders or others who are unduly heart-conscious (e.g., 
“infarctophobia,” “cardiac neurosis”) and show marked apprehensiveness 
toward their heart, unless very careful and consistent supervision is possible.   


 Trainees with a pattern of undesirable reactions during SE I and SE II (e.g., 
sharp drop in blood pressure, marked decrease of heart rate, disagreeable chest 
sensations, dizziness, headache anxiety) may try SE III after all other standard 
exercises have been practiced and the disturbing reactivity has subsided. 


 Hypertensive patients reacting with sudden and marked decrease in blood 
pressure and feeling of uneasiness and anxiety. 


 Patients on regular hemodialysis treatment when disagreeable cardiac 
sensation or complaints are reported. 


 Hyperthyroid conditions. 
 In children under the age of 10. 


VII Fourth standard exercise (respiration) 
 Trainees suffering from functional disorders or acute pathological processes 


of the respiratory system (e.g., bronchial asthma, pulmonary tuberculosis).  In 
many of these cases the fourth standard formula should be postponed till the 
end of the autogenic standard exercises.  


 Trainees who previously practiced methods that included voluntary control of 
respiratory functions and who find it unusually difficult to relearn a passive 
oriented attitude while practicing “Breathing calm and regular,” “It breathes 
me.”  In these cases, SE IV should be postponed until all standard exercises 
have been practiced satisfactorily. 


VIII Fifth standard exercise (solar plexus) 
 When the nature and location of the solar plexus cannot be adequately 


explained, or cannot be adequately understood (e.g., children). 
 Onset of pain in the abdominal area during SE V. 
 Trainees with disorders of the digestive tract. 
 Diabetic patients showing a marked decrease in insulin tolerance with 


frequent episodes of rapid onset of hypoglycemia. 
 Patients with hyperinsulinism or other forms of hypoglycemia. 
 Trainees with angina pectoris and frequent disagreeable reactions during SE 


V. 
 During pregnancy. 
 In children. 


IX Sixth standard exercise (forehead) 
 Trainees who repeatedly report onset or worsening of headache or migraine 


during or after SE VI. 
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 Trainees with brain injuries: 50% require a case-adaptive modification of SE 
VI or have to stop the formula. 


 Epileptic patients with marked vasomotor instability affecting the cranial 
region and other undesirable reactivity. 


X Partial exercise (“My neck and shoulders are heavy”) 
 Not during stages of sleep deficiency or exhaustion while engaged in 


potentially hazardous activities because of the risk of sudden onset of sleep. 
 Not to be used in a standing or simple sitting posture by patients suffering 


from narcolepsy, epilepsy, hypotension, and marked degrees of vasomotor 
instability. 


XI Space exercises 
 The first space exercise (“I imagine the space between my eyes,” etc.) when 


unduly disturbing reactions (e.g., anxiety, dizziness, vomiting) occur more 
than twice during or after the exercise and/or when paradoxical increases in 
heart rate or blood pressure are recorded. 


 The second space exercise (“My right arm is filled with space,” etc.) should 
not be practiced when frequent control of blood pressure (i.e., before, after 
exercises) is not possible and when increases in blood pressure are noted on 
two subsequent occasions (i.e., within 7 days). 
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Foreword: 
Evidence-Based Practice in Biofeedback and Neurofeedback 


Donald Moss, Ph.D., and Lynda Kirk, MA 
 


Biofeedback and Neurofeedback 
Biofeedback is a mind-body therapy using electronic instruments to help individuals gain 


awareness and control over psychophysiological processes (Gilbert & Moss, 2003; Moss, 2001; 
Schwartz & Andrasik, 2003). Biofeedback instruments measure muscle activity, skin 
temperature, electrodermal activity, respiration, heart rate, heart rate variability, blood pressure, 
brain electrical activity, and brain blood flow. Research shows that biofeedback, alone and in 
combination with other behavioral therapies, is effective for treating a variety of medical and 
psychological disorders, ranging from headache to hypertension to temporo-mandibular to 
attentional disorders. The present publication surveys these applications, and reviews relevant 
outcome research.  Biofeedback is used by physicians, nurses, psychologists, counselors, 
physical therapists, occupational therapists, and others. Biofeedback therapies guide the 
individual to facilitate the learning of voluntary control over body and mind, and take a more 
active role in maintaining personal health and higher level mind-body wellness. 


Neurofeedback is a specialty field within biofeedback, which devotes itself to training 
control over electro-chemical processes in the human brain (LaVaque, 2003; Evans & 
Abarbanel, 1999).  Neurofeedback uses a feedback electroencephalogram (EEG) to show the 
trainee current electrical patterns in his or her cortex.  Many neurological and medical disorders 
are accompanied by abnormal patterns of cortical activity.  Neurofeedback assessment uses a 
baseline EEG, and sometimes a multi-site quantitative EEG (QEEG), to identify abnormal 
patterns (LaVaque, 2003). Clinical training with feedback EEG then enables the individual to 
modify those patterns, normalizing or optimizing brain activity.  Neurofeedback practice is 
growing rapidly, with the widest acceptance for applications to attention deficit hyperactivity 
disorder (ADHD), learning disabilities, seizures, depression, acquired brain injuries, substance 
abuse, and anxiety (Clinical EEG, 2000).  
 
Complementary and Alternative Therapies 


Biofeedback and neurofeedback are ideal approaches for those individuals seeking 
complementary and alternative medicine (CAM) therapies (Lake & Moss, in press). The public 
appears to seek out therapies which: 1) give the individual a more active role in his or her own 
health care, 2) involve a holistic emphasis on body, mind, and spirit, 3) are non- invasive, and 4) 
elicit the body’s own healing response (Jonas & Levin, 1999; Moss, 2003a).  James Gordon, the 
first chairman of the federal Advisory Council of the NIH Office of Alternative Medicine, 
emphasizes that educating individuals in self-care must be at the center of the new medicine, in 
order to deal with the changing picture of health problems today, especially the increasing 
incidence of chronic conditions (Gordon, 1996).  Both biofeedback and neurofeedback are 
holistic therapies, based on the recognition that changes in the mind and emotions affect the 
body, and changes in the body also influence the mind and emotions. Biofeedback and 
neurofeedback emphasize training individuals to self-regulate, gain awareness, increase control 
over their bodies, brains, and nervous systems, and improve flexibility in physiologic 
responding.  The positive effects of feedback training enhance health, learning and performance.  
There are biofeedback protocols to address many of the disorders, including anxiety, depression, 
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and chronic pain, for which the public is using CAM therapies in high numbers (Kessler, et al, 
2001; Burke, 2003; Bassman & Uellendahl, 2003).  


Evidence-Based Practice 
Biofeedback and neurofeedback also provide the kind of evidence-based practice that the 


health care establishment is demanding (Sackett, Straus, Richardson, Rosenberg, & Haynes, 
2000; Geyman, Devon, & Ramsey, 2000).  Evidence-based practice is a process of using the best 
evidence, preferably research findings, to guide delivery of health services. Levels of evidence 
range from case reports to observational studies to randomized clinical trials. From the beginning 
biofeedback developed as a research based approach emerging directly from laboratory research 
on psychophysiology and behavior therapy. The field of feedback therapies has maintained its 
close relationship with both pure and applied empirical research. Pure research takes place 
largely in laboratories, and seeks new understandings of neurophysiological mechanisms 
underlying disorders such as panic disorder and hypertension.  Better recognition of underlying 
mechanisms continues to inspire new biofeedback treatment approaches.  In turn, many 
biofeedback applications have been tested and proven both in research and practice.  
 


Biofeedback and neurofeedback are also approaches relying on well developed 
professional standards and guidelines for competent practice. A national certification 
organization, the Biofeedback Certification Institute of America, has established a blueprint of 
necessary knowledge and skills, and conducts examinations qualifying individuals for 
certification in general biofeedback or neurofeedback (Information on certification standards is 
available at www.bcia.org). An additional certification is under preparation for pelvic floor 
disorders, such as urinary incontinence. 


Efficacy and Effectiveness   
The present volume fills a void in the biofeedback and neurofeedback practice world – 


the need for a standardized assessment of clinical efficacy and effectiveness for feedback based 
therapies.  “Efficacy” refers to the determination of a training or treatment effect derived from a 
systematic evaluation obtained in a controlled clinical trial (LaVaque, et al., 2002).  
“Effectiveness” assesses how well a treatment works in actual clinical settings, with more typical 
clinical populations. Everyday clinical practice includes more individuals who suffer with sub-
syndromal conditions and co-morbid disorders, and who are already participating in multiple 
treatments beyond the researcher’s control.  It is rare for the average primary care physician or 
behavioral health practitioner to see a patient with only one medical condition, who clearly meets 
diagnostic criteria, and is not involved in other therapies.  
 


Evidence-based practice must take into account both efficacy in controlled research 
settings and effectiveness in the real world of clinical practice. Neither the general public nor the 
novice biofeedback practitioner can always assess which applications are well documented and 
which remain more experimental.  Attending biofeedback and neurofeedback conferences, one 
hears discussion of many promising new approaches, and websites often claim “well-
documented efficacy” for a variety of new approaches. Nevertheless, today’s research climate 
has higher standards for “efficacy” and “effectiveness” than were current during much of the 
time period in which biofeedback and neurofeedback evolved.  The present publication applies 
current standards of research methodology to biofeedback and neurofeedback practice.  
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Efficacy Standards  


In 2001, the two professional associations in this practice area, the Association for 
Applied Psychophysiology and Biofeedback (AAPB) and the International Society for Neuronal 
Regulation (ISNR) together commissioned a Task Force to develop official standards for 
research methodology, establishing what kinds of research are required for each of five levels of 
efficacy, ranging from the lowest level – “not empirically supported” – to the highest level – 
“efficacious and specific.”  That Task Force report has been published along with a brief 
introduction describing the context and need for its development (LaVaque, et al., 2002; Moss & 
Gunkelman, 2002).  The efficacy guidelines themselves can be found, with criteria for each 
rating, on pages 4-5 of the present document. 
 


The Task Force has created rigorous standards, which are not easily applied to feedback-
therapies. There are inherent difficulties, for example, in creating a double-blind condition for a 
therapy, which is founded on enhancing self-awareness of body and mind. For example, “sham 
feedback” has been used as a control condition in biofeedback research, that is, feedback that 
does not reflect the subject’s actual physiological state. Yet perceptive subjects quickly perceive 
that the sound or light feedback doesn’t fit with their perceptions of their bodies; they are not 
blinded as the methodology requires.  There are also ethical implications today, following the 
international Declaration of Helsinki, published by the World Medical Association (2000), in 
using placebos or sham therapies, when the relative efficacy of one of the treatment conditions is 
already known (LaVaque, et al., 2002).  
 


In addition, most efficacy studies in the past have compared biofeedback alone to 
placebo, or to currently accepted therapies. This approach attempts to isolate the specific 
therapeutic effects of biofeedback. In clinical practice, however, biofeedback is often most 
effective in combination with a wide variety of adjunctive therapies, including relaxation 
training, visualization, behavior therapies, client education and other strategies. James Gordon, 
Director of the Center for Mind-Body Medicine, has advocated that future outcome research 
should compare integrative packages of alternative therapies, including biofeedback, to placebo 
alone or to accepted therapy packages (2003). 
 


Nevertheless it is critical to apply prevailing standards for outcome research, in order to 
provide a credible rating of therapeutic interventions for today’s evidence-based health care 
sector. Not to do so exposes biofeedback and neurofeedback to the danger of being left by the 
wayside as irrelevant in today’s best-practices focused treatment milieu.  
 
Critiques of Biofeedback and Neurofeedback 


In fact, biofeedback and neurofeedback have encountered recent critical attacks by 
researchers claiming that biofeedback and/or neurofeedback lack efficacy. Three examples are 
offered here. In 2001, the Association for the Advancement of Behavior Therapy newsletter (The 
Behavior Therapist) published an article critical of neurofeedback (Lohr, Meunier, Parker, & 
Kline, 2001), but overlooking key research contradicting their critique. A committee representing 
the Association for Applied Psychophysiology and Biofeedback, the International Society for 
Neuronal Regulation, and the EEG and Clinical Neuroscience Society responded to that critique, 
focusing on the use of neurofeedback for seizure disorders, and citing a large number of well 
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constructed studies documenting the efficacy of neurofeedback for seizure (Hammond, Sterman, 
LaVaque, Moore, & Lubar, 2002). Hammond (2002) also published a thoughtful well-
documented response to the Lohr et al. article. 
 


In a second incident, Reuters Health issued a press release reporting William Mullally's 
headache research, and his statement that biofeedback is too expensive and not effective for 
headache. An AAPB response to the Mullally research countered the critique, citing strong 
clinical and research support for the use of biofeedback in headache treatment (Moss, Andrasik, 
McGrady, Perry, & Baskin, 2001). Mullally generalized his conclusions from a study of one 
client group, with very specific conditions limiting its validity. Specifically, his study involved 
inpatients with chronic severe headaches, who were already receiving an intensive and 
comprehensive treatment package along with biofeedback. Under these conditions, adding any 
single additional treatment to the package would probably have produced little added benefit. 
Mullally also ignored a variety of empirical reports showing more positive outcomes for 
biofeedback in moderating headache symptoms. One meta-analysis, for example, based on over 
100 empirical studies, showed a 50 % reduction in headache symptoms following 
biofeedback/relaxation therapy with stress management training (McGrady, Andrasik, Davies, et 
al, 1999) 
 


In a third example, the New England Journal of Medicine published a landmark article 
challenging the placebo effect (Hrobjartsson, & Gotzche, 2001). In a follow up to the NEJM 
study, a science reporter highlighted a biofeedback hypertension study, and stated that just 
entering a study was as effective as biofeedback in treating hypertension. This is one more 
example of an author over-generalizing from an inadequate review of the literature. As the 
authors in the present volume make clear, there are a number of well controlled studies showing 
that biofeedback therapy produces significant reductions in hypertension (see pages 31-33 in the 
present volume). There are additional studies with little or no reduction in symptoms. The 
challenge remains to identify which clients are most likely to benefit from biofeedback for 
hypertension, and under what training conditions. 
 


Even though the critiques of biofeedback discussed above were misguided, they 
demonstrate that biofeedback and neurofeedback professionals must take responsibility for 
rigorously assessing the efficacy of their own therapies, or else outsiders will do so, with little 
regard for the positive clinical experiences of long-time biofeedback practitioners.  It is critical 
for the biofeedback and neurofeedback fields to review outcome research, and rate the efficacy 
of the feedback therapies for specific disorders.  
 
The Client’s Right to Know the Efficacy of a Therapy 


Prospective clients also deserve to know whether a specific treatment is “not empirically 
supported” or “possibly efficacious.”  They have a right to undergo experimental treatments, but 
should do so with a clear knowledge of the best research available on each available therapy. 
Referring physicians and other referral sources also deserve and expect to have access to some 
rating of efficacy. The present volume reviews the best evidence to date for each biofeedback 
and neurofeedback application. This volume does not attempt exhaustive reviews of all research 
on each application. A future volume of “white papers” will attempt that more comprehensive 
review (Moss, LaVaque, & Hammond, in preparation). Rather this volume samples the best 
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available evidence and rates each application according to the official AAPB/ISNR efficacy 
guidelines.  
 
Efficacy in Perspective 


A lower efficacy rating does not necessarily indicate that an application is not helpful. In 
some cases such a rating can mean that the relevant research has not yet been conducted, in 
which case the authors will note that the disorder has been “insufficiently investigated.” In other 
cases, a lower rating means that the application benefits some subjects and not others, due to 
wide inter-subject variability.  People are not all uniform. On a group comparison basis, these 
selective successes may not be statistically significant.  
 


If a prospective client cannot tolerate the available medication therapies in traditional 
medicine, or if the individual is averse to staying with a medication, then a “possibly efficacious” 
feedback therapy may be an excellent alternative. 
 


Many of today’s well-accepted medical procedures have never been subjected to the 
rigorous efficacy standards adopted here. Other medical therapies have been tested in random 
clinical trials, and show reliable but relatively small effects. In a clinical drug trial with 10,000 
subjects, even a small benefit will produce a statistically significant effect. At least one recent 
research report on the anti-depressants, for example, showed outcomes no better than placebo 
(Fava et al., 1998), yet these medications are among the most frequently prescribed in most 
primary care clinics.  Similarly, many of the widely used educational methods for assisting 
students with learning disabilities never received such rigorous scrutiny.  A “possibly 
efficacious” or “probably efficacious” biofeedback or neurofeedback application may still be 
relatively powerful compared to the mainstream alternatives available to an individual client. 
These feedback therapies also provide a useful alternative for clients who show adverse effects to 
medications, those who fail to respond to mainstream therapies, and those who prefer more 
natural, self-regulation oriented treatment. 
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Overview of Biofeedback 
 


Biofeedback therapies are nonpharmacologic treatments that use scientific instruments 
to measure, amplify, and feed back physiological information to the patient being monitored. 
The information assists the patient in gaining self- regulation of the physiological process being 
monitored. Psychophysiological self-regulation is a primary goal of biofeedback therapies, and 
feedback of information facilitates learned physiological control, just as feedback facilitates 
learning of any skill. For example, in the treatment of hypertension, surface electrodes are used 
to provide the patient with information about skin temperature and muscle tension. The 
feedback of information from the instrument guides the patient during training as he/she learns 
to warm the skin (by dilating blood vessels) and relax the muscles. This is generally 
accompanied by a reduction in blood pressure. In this example, the instrumentation provides 
physiological information that would otherwise be inaccessible to the patient. Biofeedback 
therapy always involves a therapist, a patient, and a monitoring instrument capable of 
providing accurate physiological information. 


 Modalities of biofeedback are varied. Depending on the goal of the training, 
biofeedback clinicians may use sensors that detect such parameters as skin temperature, 
muscle activity, heart rate, respiration, skin conductance, or brainwave activity. This stream 
of information is then presented in some form that allows the patient to perceive changes in 
their physiological activity in real time. Numerical or graphic displays are most common, but 
audio or vibratory feedback might also be used. 


 Biofeedback training requires that patients observe their physiological responses in 
detail and try to learn to alter them. This takes effort and time. For certain conditions, such as 
urinary incontinence, significant improvement may occur within a few sessions. In contrast, 
up to 50 sessions of neurotherapy (brainwave biofeedback) for attention deficit disorder may 
be needed before improvement is seen. Some patients are not willing to invest this time and 
prefer instead to take medication to control their conditions. Others are highly motivated to 
learn self- regulation, while some prefer to combine self- regulation with medication.  


 


“Treatment” vs. “Training” 
 “Treatment” implies a passive patient receiving something therapeutic from an active 
practitioner. The patient’s automatic healing processes may be expected to operate, but beyond 
that, the patient is not asked to do much more than show up for procedures or swallow pills on 
schedule. “Treatment” is what insurance reimbursement is traditionally designed to reimburse. 


 “Training,” on the other hand, implies more active participation; people are trained to 
ride a horse, perform a job, ice-skate, etc. Learning is interactive, guided by instruction and 
information in order to develop a skill. Most biofeedback is done with this orientation, even 
though the “action” may be internal and visible only with the biofeedback instruments. Insurance 
policies often exclude procedures labeled “educational.” The educational component in 
biofeedback, however, is more akin to speech therapy or rehabilitation than to a more abstract 
pursuit of knowledge.  


 A parallel can be drawn with physical therapy, which often directs a person to practice 
certain movements or exercises at home between sessions. This process requires active 
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participation but is routinely considered treatment rather than training, even though therapeutic 
success may rest on the thoroughness of home practice. The patient must learn to do certain 
movements, carry out exercises, and avoid certain injurious activities and postures. Physical 
therapy and rehabilitation are considered reimbursable therapeutic procedures. Is this education, 
training, or treatment?  


 An insurer would not want to cover a course of biofeedback training done strictly for 
self-exploration, just as an insurer would not cover weekend courses in personal development or 
reading self-help books. But what if biofeedback has been shown to be effective for a bona fide 
diagnosed disorder or if a self-control procedure is learned and then faithfully practiced? Is this 
now education, training, or treatment?  


 When biofeedback training is “prescribed” for a recognized disorder, the outcome usually 
depends on factors such as enhanced self-sensing, corrections in body use (changes in posture, 
breathing, muscle tension, or movement), relaxation, and managing emotions, all in conjunction 
with exposure to biofeedback signals and integrated into daily life via home practice. The 
biofeedback data serve as information only, like reflections from a mirror. The learner can use 
the information intelligently or not, and it is the use of the information, rather than exposure to it, 
that makes the difference. 


 


Research Involving Behavioral Interventions 
Much biofeedback research seems to assume a treatment model, as if biofeedback is a procedure 
“done to” a standard individual. This approach strives to standardize doses, techniques, and 
subject variables as much as possible. In biofeedback research this would include items such 
as number of sessions, type of feedback display, and behavior of the trainer. Controlling all 
the factors surrounding the biofeedback process is very difficult. Pursuit of experimental control 
often makes the research protocol too limited and standardized to represent how biofeedback is 
used in clinical practice.  


 Double-blind research is generally held in high regard because subtle expectations on the 
part of both subjects and practitioners are supposedly eliminated. However, the double-blind or 
even single-blind procedure does not make sense in biofeedback because ongoing knowledge of 
changes in a physiological variable is central to the learning process. Eliminating expectations by 
double-blinding supposedly keeps things “pure” – but expectations may be the essence of the 
placebo effect, which is a very interesting self-healing phenomenon, not simply a confounding 
factor in experiments. In biofeedback at least, such an effect is something to be maximized and 
mastered, not eliminated.  


 Tailoring the biofeedback learning process to the individual may be more effective 
clinically, but it introduces uncontrolled variability, the bane of research designs. Although 
keeping subjects passive and standardizing the protocol might keep things tidy for research 
purposes, it works against the success of biofeedback as well as other self-regulation methods. 


 Instead of considering biofeedback research as “inconclusive” because it does not follow 
the double-blind model of pharmaceutical research, a different model should be considered in 
which self-regulation is the active ingredient. The training model is most applicable to 
biofeedback applications. The “training” concept involves active participation and 
individualizing of the biofeedback situation to fit the individual learner. For instance, one person 
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may learn best with continuous exposure to the feedback signal, while another person may learn 
best while using imagery with minimal feedback. The very factors that would introduce 
unwanted variability into most “treatment” research constitute the essence of active learning. 
Wait- list controls, controlled case studies, and other clinical research methods are more 
appropriate for studying biofeedback than standardized clinical trials. 


 “Training to criterion” refers to the subject/trainee/patient practicing a certain mode of 
control until a criterion, which represents meaningful change, is reached: for instance, a 
particular level of muscle tension or hand temperature. Without demonstrating the ability to alter 
one’s physiologic responses, a subject in a biofeedback experiment cannot be said to be 
receiving the intended “treatment.” This would be comparable to a subject not taking the 
prescribed medication in a drug effectiveness study. Yet training to criterion is often ignored in 
biofeedback studies.  


 It follows that exposing someone to a course of biofeedback does not necessarily 
constitute an adequate intervention, any more than filling a prescription is adequate. Just as the 
pills must actually be swallowed, the person’s active attention must be engaged. Even if the 
necessary control (blood pressure for instance) has been learned well in the laboratory, the 
application of that control in real life will vary. Adherence to the prescribed self- regulation 
regimen, including periodic relaxation, altered breathing, and cognitive changes, will be applied 
with varying degrees of diligence, depending on amount of commitment, belief, suffering, and 
conflicting demands on attention and time. This variability is not easily controlled, and is 
comparable to drug research subjects taking the prescribed drugs in widely varying doses and 
concentrations, at varying times from day to day, and sometimes skipping days. 


 Understanding and applying the biofeedback information is certainly more complicated 
than swallowing a pill, but it constitutes the essence of the treatment, and must be accommodated 
in the research design and accepted by those who evaluate biofeedback research. Bearing in 
mind these limitations, this monograph is a summary of the research findings, mostly over the 
past 20 years, examining the efficacy of biofeedback for various disorders. 
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Clinical Efficacy of Biofeedback Therapy:  
Explanation of Efficacy Levels 


 


Biofeedback therapy has matured over the last 30 years, and today there are myriad disor-
ders for which biofeedback therapy has been used. Large research grants have funded 
prospective studies on biofeedback therapy for a variety of disorders, such as headache 
(migraine, mixed, and tension), essential hypertension, and urinary incontinence. These studies 
consistently report positive results. 


On the other hand, several reports of unsuccessful biofeedback training have appeared in 
the research literature since the inception of biofeedback training three decades ago. Many of the 
unsuccessful studies conducted in the early development of the field reflect failure to thoroughly 
train patients. For example, some unsuccessful studies provided only minimal training with the 
biofeedback instrumentation (often 1-4 sessions of short duration), provided little coaching, 
involved no home practice, and failed to train to clinical criteria.  


In 2001, a Task Force of the Association for Applied Psychophysiology and Biofeedback 
and the Society for Neuronal Regulation developed guidelines for the evaluation of the clinical 
efficacy of psychophysiological interventions (Moss & Gunkelman, 2002). The Board of 
Directors of both organizations subsequently approved these guidelines without revision. These 
Criteria for Levels of Evidence of Efficacy, described below, were used to assign efficacy levels 
for the vast number of conditions for which biofeedback has been used. 
 


Level 1: Not empirically supported 
Supported only by anecdotal reports and/or case studies in non-peer reviewed venues. Not 
empirically supported.  


Level 2: Possibly Efficacious  
At least one study of sufficient statistical power with well identified outcome measures, but lacking 
randomized assignment to a control condition internal to the study.  


Level 3: Probably Efficacious  
Multiple observational studies, clinical studies, wait list controlled studies, and within subject and 
intrasubject replication studies that demonstrate efficacy.  


Level 4: Efficacious  
a. In a comparison with a no-treatment control group, alternative treatment group, or sham 


(placebo) control utilizing randomized assignment, the investigational treatment is shown to 
be statistically significantly superior to the control condition or the investigational treatment 
is equivalent to a treatment of established efficacy in a study with sufficient power to detect 
moderate differences, and 


b.  The studies have been conducted with a population treated for a specific problem, for whom 
inclusion criteria are delineated in a reliable, operationally defined manner, and 


c. The study used valid and clearly specified outcome measures related to the problem being 
treated, and 


d.  The data are subjected to appropriate data analysis, and 
e. The diagnostic and treatment variables and procedures are clearly defined in a manner that 


permits replication of the study by independent researchers, and 
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f. The superiority or equivalence of the investigational treatment has been shown in at least two 
independent research settings. 


Level 5: Efficacious and specific 
The investigational treatment has been shown to be statistically superior to credible sham therapy, 
pill, or alternative bona fide treatment in at least two independent research settings.  
 
References 
Moss, D., & Gunkelman, J. (2002). Task force report on methodology and empirically supported 
treatments: Introduction and summary. Biofeedback, 30 (2), 19-20.  


Moss, D., & Gunkelman, J. (2002). Task force report on methodology and empirically supported 
treatments: Introduction and summary. Applied Psychophysiology and Biofeedback, 27 (4), 261-262.  


Note:  This document is also available on line at www.aapb.org and www.snr-jnt.org. 
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Conditions for Which Biofeedback Has Been Used 
 


The following review is not meant to be an exhaustive review of the literature, but rather 
an overview of the state of the evidence for biofeedback. The following process was used to 
select citations. First, a comprehensive literature search was done (PsychInfo and PubMed) with 
the help of a librarian to find clinical research and systematic review articles mentioning 
biofeedback or neurofeedback between 1993 and the present. A 10-year interval was selected 
because the last publication addressing efficacy was published by AAPB in 1994. 


  
Reports studying only normal subjects were excluded. Remaining articles were sorted as 


to treatment condition and the most pertinent ones were summarized briefly. Separate more 
specific literature searches were done on those conditions with few citations in order to expand 
the evidence and these were incorporated into the document. This draft was sent to AAPB’s 
Board of Directors and those listed in the acknowledgements for comments. These persons were 
asked to identify unlisted studies, if any, that might alter the efficacy levels. Certain classic 
studies were then added to the citations. It must again be emphasized that this book is NOT a 
comprehensive review of the field and many important studies were not included. However, the 
authors feel confident that these studies would not alter the efficacy levels as reported here. 
Although this is not a comprehensive review of the field, the authors feel the studies reported 
represent the current status of research in the field. 


 
Alcoholism/Substance Abuse 


Level 3 Efficacy (Probably Efficacious) 
 


 Researchers have used both biofeedback assisted relaxation training and neurofeedback 
(alpha-theta brainwave feedback) to deal with alcoholism and its accompanying symptoms (e.g., 
depression). In comparison to a control group, thermal biofeedback increased drinking related 
locus of control in a study of adolescent alcoholics (Sharp, Hurford, Allison, Sparks, & 
Cameron, 1997). Alpha-theta brainwave training was accompanied by significant decreases in 
certain factors measured using the Millon Clinical Multiaxial Inventory (schizoid, avoidant, 
passive-aggression, schizotypal, borderline, paranoid, anxiety, somatoform, dysthymia, alcohol 
abuse, psychotic thinking, psychotic depression and psychotic delusional) in comparison to those 
receiving traditional medical treatment (Peniston & Kulkosky, 1990). Taub and his colleagues 
(1994) studied 118 chronic alcoholics randomly assigned to 1 of 4 treatment conditions: 1) 
routine treatment of Alcoholics Anonymous and counseling (RTT), 2) RTT plus transcendental 
meditation, 3) RTT plus EMG biofeedback, and 4) RTT plus neurotherapy. Self- report of 
abstinence for the four groups were 25%, 65%, 55%, and 28%, respectively. This study suggests 
that the addition of meditation or EMG biofeedback enhances RTT, while neurotherapy does not. 


A number of case studies and uncontrolled studies show benefit of neurofeedback for 
treating alcoholic depression (Kumano et al., 1996; Waldkoetter & Sanders, 1997). A few 
controlled neurofeedback studies (Peniston & Kulkosky, 1989; Saxby & Peniston, 1995) 
provided further evidence for this reduction in depression and reported sustained prevention of 
relapse at 21-month follow-up in alcoholics who had completed the training (Saxby & Peniston, 
1995). Another showed that 6 of 10 alcohol-dependent males had not relapsed 4 months post 
self-regulation of slow cortical potentials (Schneider et al., 1993). These studies demonstrate 
promise in altering alcoholic behavior via alpha-theta brainwave feedback. Results are less 
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promising for crack cocaine treatment (Richard, Montoya, Nelson, & Spence, 1995), but the 
studies are insufficient to conclude this. 
 
References 
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Anxiety 
Level 4 Efficacy (Efficacious) 


 
Very few well-controlled, randomized studies have shown biofeedback to be superior to 


other relaxation and self-control methods for reducing anxiety. Most show biofeedback (EMG, 
GSR, thermal, or neurofeedback) to be roughly equivalent to progressive relaxation or 
meditation. This may be because anxiety is less a disorder of physiology than of attention and 
cognition, and biofeedback monitors physiological changes. Lehrer, Carr, Sargunaraj, and 
Woolfolk (1994) evaluated the hypothesis that biofeedback is most effective when applied in the 
same modality as the disorder (autonomic feedback for ANS disorders, EMG feedback for 
muscular, etc.). Self-relaxation techniques have in common the process of using conscious intent 
to calm oneself, and for anxiety reduction it may matter little which modality is used, because the 
central component is the cognitively-based conscious intent.  
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Two studies showed biofeedback’s efficacy in reducing anxiety without making 
comparisons with other relaxation techniques. Hurley and Meminger (1992) used frontal EMG 
biofeedback with 40 subjects trained to criterion and assessed anxiety over time using the State-
Trait Anxiety Inventory (STAI). State anxiety improved more than trait anxiety. Wenck, Leu, 
and D'Amato (1996) trained 150 7th and 8th-graders with thermal and EMG feedback, and found 
significant reduction in state and trait anxiety.  


 


Roome and Romney (1985) compared progressive muscle relaxation to EMG 
biofeedback training with 30 children and found an advantage for biofeedback; Scandrett, Bean, 
Breeden, & Powell (1986) found some advantage of progressive muscle relaxation over EMG 
biofeedback in reducing anxiety in adult psychiatric inpatients and outpatients. Vanathy, Sharma, 
and Kumar (1998), applying EEG biofeedback to generalized anxiety disorder, compared 
increased alpha with increased theta. The two procedures were both effective in decreasing 
symptoms.  


 


Rice, Blanchard, and Purcell (1994) studied reduction in generalized anxiety by 
comparing groups given EMG frontal feedback, EEG alpha- increase feedback, EEG alpha-
decrease feedback, a pseudo-meditation condition, and a wait- list control. All treatment groups 
had comparable and significant decreases in the STAI as well as drops in Psychosomatic 
Symptom Checklist.  Similar results were obtained by Sarkar, Rathee, and Neera (1999) by 
comparing the generalized anxiety disorder response to pharmacotherapy and to biofeedback; the 
two treatments had similar effects on symptom reduction. Hawkins, Doell, Lindseth, Jeffers, and 
Skaggs (1980), concluded from a study with 40 hospitalized schizophrenics that thermal 
biofeedback and relaxation instructions had equivalent effect on anxiety reduction. However, 
Fehring (1983) found that adding GSR biofeedback to a Benson-type relaxation technique 
reduced anxiety symptoms more than relaxa tion alone.  


 


In conclusion, biofeedback of various modalities is effective for anxiety reduction; it is 
not specific, but shares characteristics with other relaxation techniques.  
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Arthritis 
Level 3 Efficacy (Probably Efficacious) 


 


Both thermal and EMG biofeedback have been used to teach relaxation techniques to 
adults with chronic arthritis. A recent meta-analysis of 25 randomized controlled studies 
demonstrated significant pooled effect sizes post-intervention for pain, functional disability, 
psychological status, coping, and self efficacy (Astin, Becker, Soeken, Hochberg, & Berman, 
2002).  Thermal bio feedback coupled with cognitive behavioral therapy decreased pain 
behaviors, self-reports of pain intensity, and rheumatoid factor titer (a measure of disease 
activity), in comparison to control subjects and those receiving social support only (Bradley, 
1985; Bradley et al., 1987). This intervention was associated with a reduction in rheumatoid 
arthritis related clinic visits and days hospitalized, thereby decreasing medical costs (Young, 
Bradley, & Turner, 1995).  EMG biofeedback also reduced duration, intensity and quality of pain 
in comparison to control groups (Flor, Gunther, Turk, & Koehler, 1983) and these beneficial 
effects were maintained 2.5 years later (Flor, Gunther, & Turk, 1986). Finally, a small, 
randomized study of 6-17 years old with juvenile rheumatoid arthritis showed modest support for 
relaxation training (Lavigne, Ross, Berry, & Hayford, 1992). 
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Asthma 
Level 2 Efficacy (Possibly Efficacious, research done with mixed results) 


 


A review of all randomized controlled research on relaxation techniques to affect asthma 
(Huntley, White, & Ernst, 2002) failed to find convincing evidence of efficacy as measured by 
pulmonary function testing or symptom change. Biofeedback studies were included, mostly 
using EMG. A study examining the effect of EMG feedback on immune system components 
found changes in neutrophils and basophils, suggestive of reduced inflammation, along with 
some improvement in asthma symptoms (Kern-Buell, McGrady, Conran, & Nelson, 2000).  
 Respiratory sinus arrhythmia training (self- regulation of breathing for maximum heart-rate 
variability) seems to produce beneficial changes in asthma symptoms and reductions in 
respiratory impedance (Lehrer et al., 1997; Lehrer, Smetankin, & Potapova, 2000) although 
randomized controlled trials assessing clinical improvement have not yet been done.  
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Attention Deficit (ADD) & Hyperactivity (ADHD) Disorder 
Level 4 Efficacy (Efficacious) 


 
 Studies on ADD and ADHD are difficult to interpret because they use a variety of 
training protocols and a variety of outcome measures.  Nevertheless, numerous case studies 
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demonstrate the efficacy of neurofeedback in treating ADD and ADHD (Ramos, 1998; 
Wadhwani, Radvanski, & Carmody, 1998). 
 


Uncontrolled studies using neurofeedback contingent on decreasing slow wave activity 
and increasing fast wave activity show that persons with attention deficit disorder (ADD) 
improved in ADD symptoms, intelligence score, and academic performance (Grin'-Yatsenko et 
al., 2001; Lubar, Swartwood, Swartwood, & O’Donnell, 1995; Thompson & Thompson, 1998;). 
Only those individuals who significantly reduced theta over the training sessions also showed a 
12-point increase in WISC-R IQ, improved Test of Variables of Attention (TOVA), and ADDES 
rating score (Lubar, Swartwood, Swartwood, & O’Donnell, 1995).  One large multi - center 
study (1,089 participants, aged 5-67 years) showed that sensorimotor - beta neurofeedback 
training led to significant improvement in attentiveness, impulse control, and response variability 
as measured on the TOVA (Kaiser & Othmer, 2000) in those with moderate pre-training deficits. 
EEG biofeedback training has also been used successfully in the school setting (Boyd & 
Campbell, 1998). 


 


A few controlled studies have also been done that compare neurofeedback to other 
treatments.  The first of these was a study done with 4 hyperkinetic children under six conditions 
1) no drug, 2) drug only, 3) drug and sensory motor rhythm (SMR) training, 4) drug and SMR 
reversal training, 5) drug and SMR training II, and 6) no drug and SMR training (Shouse & 
Lubar, 1979). Combining medication and SMR training resulted in substantial improvements in 
behavioral indices that exceeded the effects of drugs alone and were sustained with SMR training 
after medication was withdrawn. These changes were absent in the one highly distractible child 
who failed to acquire the SMR task.  
 


In comparison to a waiting list control, Carmody and colleagues (2001) report conflicting 
outcomes as measured by the TOVA and teacher reports. One small (n=18) controlled study 
showed that enhancing beta wave activity and suppressing theta wave activity increased 
intelligence scores and reduced inattentive behaviors as rated by parents in comparison to the 
waiting list control (Linden, Habib, & Radojevic, 1996). A 15 session EEG neural training 
procedure led to improvements in the Wechsler Individual Achievement Tests and Child 
Behavior Checklist and Profiles in the experimental but not the waiting list control group 
(Patrick, 1996). Two studies, done in different laboratories comparing treatment with EEG 
biofeedback to stimulants (i.e., methylphenidate, Ritalin), demonstrated that both groups 
improved on measures of inattention, impulsivity, information processing, and variability as 
measured by the TOVA (Rossiter & La Vaque, 1995; Fuchs, Birbaumer, et al, 2003). In addition, 
Fuchs et al (2003) showed comparable improvement on the speed and accuracy measures of the 
d2 attention endurance test and on behaviors related to the disorder as rated by both teachers and 
parents for both neurofeedback and methylphenidate.  
 


Others have shown that after 30 sessions of neurofeedback, 16 of 24 patients taking 
medications were able to lower their dose or discontinue medication totally (Alhambra, Fowler, 
& Alhambra, 1995). Finally, Monastra, Monastra and George studied 100 children with 
ADD/ADHD receiving Ritalin, parent counseling and academic support at school.  Based on 
parent preference, 50 children also received EEG biofeedback. While children improved on the 
TOVA and an ADD evaluation scale while taking Ritalin, only those who had EEG biofeedback 
sustained these improvements without Ritalin.  
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 In summary, these studies suggest the neurofeedback is better than no treatment and 
equivalent or better to medication. However, to be effective, at least 20 sessions of 
neurofeedback must be provided, with some clinicians providing 40 – 50 sessions. Rossiter 
(1998) tested patient-directed neurotherapy. A therapist provided up to 10 treatment sessions to 
train patients or parents of younger children to use the equipment, to monitor treatment, and to 
make changes in the treatment protocol, as necessary. Fifty sessions were then conducted at 
home using inexpensive, easy to operate systems. Results from the initial 6 patients showed 
marked improvement on the TOVA, suggesting that home neurofeedback may be an effective 
and cheaper alternative to therapist-directed treatment for many ADHD patients. 
  


 Taken together, these studies suggest that neurofeedback is an effective treatment for 
ADHD. Further studies are needed to examine long-term effects of training sessions and whether 
or not refresher sessions are needed to maintain the effects.  
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Autism 
Level 1 Efficacy (Not sufficiently investigated) 


 
 One case study of an 8-year-old boy with mild autism reported the effect of 
neurofeedback. After 31 sessions, the boy showed positive changes in all the diagnostic 
dimensions defining autism in the Mental Disorders-III-Revised (Sichel, Fehmi, & Goldstein, 
1995). 
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a case of mild autism. Journal of Neurotherapy, 1(1), 60-64. 
 
 
 


Cancer and HIV, Effect on Immune Function 
Level 2 Efficacy (Possibly efficacious, not sufficiently investigated) 


 


 A small study on 13 stage 1 breast cancer post mastectomy patients showed 
improvements in immune function (natural killer cell activity, mixed lymphocyte responsiveness, 
cancavalin A responsiveness, and the number of peripheral blood lymphocytes (Gruber et al., 
1993).  Another small study (n=10) examining the effects of relaxation training including EMG 
biofeedback in HIV positive men showed significant improvement on anxiety, mood, self-
esteem, and T-cell count in comparison to a control group (Taylor, 1995). Finally, a study of 42 
HIV patients showed no treatment effects on immune function, but those treated with massage 
and biofeedback showed significant differences in quality of life assessment in health care 
utilization and health perceptions (Birk, McGrady, MacArthur, & Khuder, 2000). 
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Cerebral Palsy 
Level 2 Efficacy – Possibly Efficacious (Not sufficiently investigated) 


 


There are few studies examining the efficacy of EMG biofeedback to improve posture 
(Metherall, Dymond, & Gravell, 1996) and walking in children with cerebral palsy.  Biofeedback 
of the triceps surae muscle group in the leg improved gait symmetry in comparison to physical 
therapy alone (Colbourne, Wright, & Naumann, 1994). Portable EMG units to help train ankle 
dorsiflexor recruitment improved ankle function as evaluated through tapping ability (Toner, 
Cook, & Elder, 1998).   
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Chronic Obstructive Pulmonary Disease 
Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 


 


A small randomized study demonstrated that those persons receiving breathing pattern 
training had a 22% increase in FEV1 and 19% increase in FVC, but no significant increases in 
the control group (Esteve, Blanc-Gras, Gallego, & Benchetrit, 1996). 
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Chronic Pain 
Level 3 Efficacy (Probably Efficacious) 


 


Chronic pain can arise from just one or two sites or it can be pervasive and widespread. 
Most research studies focus on pain from a particular site, but since chronic pain regardless of its 
source may involve non-specific factors such as neural sensitization, altered neurotransmitter 
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levels, inflammation, and muscle guarding, there is some logic to also treating chronic pain as a 
unitary condition regardless of its site and supposed generating mechanism. 


  


A comprehensive literature review of “biopsychosocial” approaches to chronic pain 
(Neilson & Weir, 2001) examined many single and combined treatments and found that EMG 
biofeedback had at least moderate support as a separate treatment. The bulk of the studies and 
the three systematic reviews covered mostly back pain, the most common focus for research. 


  


Humphrey and Gevirtz (2000) studied “recurrent abdominal pain” in 64 children and 
teenagers, using thermal biofeedback alone or in combination with cognitive-behavioral 
treatment. Results for pain relief were significantly above an inactive treatment (fiber only) 
control group.  


 


Vlaeyen and colleagues (1995) studied response to EMG biofeedback training in 71 
chronic back-pain patients in comparison with a cognitive-training group. The groups had 
comparable positive outcomes, as compared to wait- list control and an operant-conditioning only 
treatment. Newton-John, Spence, & Schotte (1995) compared cognitive therapy with EMG 
biofeedback in chronic back patients and obtained similar beneficial effects with both, as 
compared to a wait- list control group. Effects persisted at a 6-month follow-up. 


 


Flor and Birbaumer (1993) studied both EMG biofeedback and cognitive therapy for both 
back pain and temporomandibular joint pain. In this study biofeedback had the strongest effect 
on many aspects of pain, and the effects were still present at a 24-month follow-up. The apparent 
equivalence between cognitive-behavioral and biofeedback approaches makes the time ripe for a 
study of the effects of each compared with the combined effect of both.  
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Cystic Fibrosis 


Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 
 


Respiratory muscle biofeedback coupled with breathing retraining produced significant 
improvement in FEV1 and FVC in comparison to a control group that received biofeedback 
assisted (hand warming) relaxation training (Delk, Gevirtz, Hicks, Carden, & Rucker, 1994). 
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Depressive disorders 
Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 


 


 Preliminary case studies (Kumano et al., 1996; Rosenfeld, 2000) and pilot studies 
(Waldkoetter & Sanders, 1997) show that neurofeedback may decrease depressive symptoms.  
One study compared biofeedback assisted relaxation to a wait list control on depression in 
chronic pain patients and found improved scores on the Beck depression index (Corrado & 
Gottlieg, 1999). 
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Diabetes Mellitus 
Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 


 


The efficacy of biofeedback for diabetes depends on the outcome of interest.  
Biofeedback assisted relaxation training appears to have no effect on diabetic control as 
measured by glucose tolerance, fasting blood glucose, two-hour postprandial blood glucose and 
fructosamine (Jablon, Naliboff, Gilmore, & Rosenthal, 1997) or on glycosylated hemoglobin 
(Lane, McCaskill, Ross, Feinglos, & Surwit, 1993).  Mood (e.g., depression, anxiety) may 
impact this lack of response (McGrady & Horner, 1999). 
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 On the other hand, thermal biofeedback to increase peripheral blood flow, improved 
healing to foot ulcers in a randomized controlled study or 32 patients with chronic nonhealing 
ulcers; 87.5% of ulcers healed in the experimental group in contrast to 43.8% in the control 
group (Rice, Kalker, Schindler, & Dixon, 2001). Biofeedback of body center of gravity was 
shown to reduce the number of falls and force of the fall in elderly patients with diabetic sensory 
neuropathy in comparison to those who did not receive the biofeedback training (Wu, 1997).  
Finally, audio biofeedback on weight bearing of persons with transtibial amputation may help 
patients learn to ambulate correctly using a prosthesis (Chow & Cheng, 2000). 
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Eating Disorders 
Level 1 Efficacy (Not Sufficiently Investigated) 


 


 One study of 76 obese and 27 anorexic girls showed benefits of a multimodal program 
including biofeedback relaxation based on electrodermal response (EDR), with better results for 
anorectic girls (Pop Jordanova, 2000). 
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Epilepsy 
Level 3 Efficacy (Probably Efficacious) 


 


Early studies testing neurofeedback for epilepsy showed promise in reducing seizure 
activity. A double blind cross-over study showed that seizure activity increased during non-
contingent reinforcement and decreased by about 50% when persons with epilepsy were 
reinforced for increasing sensorimotor rhythm or other frequencies that normally inhibit seizures  
(Lubar, Shabsin, Natelson, et al, 1981). The reduction in seizure activity was accompanied by 
decreases in nocturnal 4-7Hz activity and increase in 8-11 Hz activity (Whitsett, Lubar, Holder, 
et al, 1982). More recent studies build on these findings and demonstrate that self-regulation of 
slow cortical potentials using EEG feedback decreases seizure activity in drug resistant epilepsy 
when compared to pre-training (Kotchoubey, Schneider, et al., 1996; Kotchoubey, Strehl, et al., 
1999; Sterman, 1986; Swingle, 1998). This effect was sustained for at least 6 months after 
therapy (Kotchoubey, Blankenhorn, Froscher, Strehl, & Birbaumer, 1997). A five consecutive 
day neurobehavioral treatment protocol resulted in 79% of patients being able to achieve seizure 
control (Joy Andrews, Reiter, Schonfeld, Kastl, & Denning, 2000).  Kotchoubey and colleagues 
studied patients with refractory epilepsy in a controlled clinical trial comparing an anticonvulsive 
drug plus psychosocial counseling (drug), a group which learned to control breathing (control), 
and a group learning self regulation of slow cortical potentials (experimental).  The experimental 
and drug groups showed a significant decrease of seizure frequency, but the control group did 
not (Kotchoubey, Strehl, Uhlmann, et al., 2001).  
 


 A review of 18 studies reporting clinical findings in the treatment of seizure disorders 
with EEG feedback was completed by Sterman (2000). Of a total of 174 patients treated, 82% 
demonstrated significant (greater than 30%) seizure reduction, with an average reduction 
exceeding 50%. Many of the studies also reported reductions in seizure severity and 5% of 
patients experienced complete control for periods of tabulation up to one year.  Although every 
study reported significant clinical benefits exceeding expected placebo effects, none were 
designed to be randomized clinical trials. This led a Cochrane Database Systematic Review to 
conclude that there is no reliable evidence to support the use of EEG biofeedback in the 
treatment of epilepsy because of methodological deficiencies and limited number of patients 
studied (Ramaratnam, Baker, & Goldstein, 2001).  More randomized controlled clinical studies 
are needed in this area. 
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Fecal Elimination Disorders 
Level 3 Efficacy – Probably Efficacious 


 


Literature on biofeedback for fecal incontinence and constipation is difficult to interpret.  
Most studies include patients with a variety of conditions and lack control groups. A recent 
critical review of the literature concludes that biofeedback results in 67 % - 74% success in 
treating fecal incontinence, but states that quality control is lacking in many of the studies 
reviewed (Heymen, Jones, Ringel, Scarlett, & Whitehead, 2001).  
 


Children: Biofeedback has been used for fecal incontinence in children and for that 
occurring after surgery for anorectal malformations and results in clinical improvement in 
children with fecal incontinence (Iwai, Iwata, Kimura, & Yanagihara, 1997; van Ginkel et al., 
2000). Biofeedback has also improved constipation (encopresis) in 44% - 80% of children 
studied (Iwai et al., 1997; van Ginkel et al., 2000).  A controlled study of biofeedback versus 
conventional therapy in 49 children with chronic idiopathic constipation was reported recently 
(Sunic-Omejc, Mihanovic, Bilic, Jurcic, Restek-Petrovic, et al, 2002). Biofeedback was shown to 
be an effective method of treatment for childhood constipation because rectal sensation 
threshold, critical volume and recto-anal inhibitory reflex volume were significantly higher and 
the prevalence of abnormal defecation dynamics was significantly lower after treatment in those 
receiving biofeedback training. 
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Adults: In adults, biofeedback has been used to treat chronic fecal incontinence and that 
following childbirth, and anorectal surgery. It has resulted in improvement in fecal incontinence 
in 60% to 92% of those studied (Chiarioni et al., 2002; Ko et al., 1997; Ryn, Morren, Hallbook, 
& Sjodahl, 2000), but does not seem to be effective to correct incontinence after surgery for 
rectal prolapse (Hamalainen, Raivio, Antila, Palmu, & Mecklin, 1996). Fecal incontinence after 
obstetric trauma was also improved with biofeedback (Fynes et al., 1999). Long-term efficacy of 
biofeedback for fecal incontinence has been demonstrated (Enck, Daublin, Lubke, & 
Strohmeyer, 1994; Guillomot et al, 1995; Ryn et al., 2000). Biofeedback has led to significant 
improvement in those with constipation (Heymen, Wexner, 1999; Ko et al., 1997; Pucciani, et 
al., 1998). 
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Fibromyalgia 
Level 2 Efficacy (Possibly Efficacious, Research Done with Mixed Results) 


 


This poorly understood disorder has often been the subject of clinical trials involving 
several simultaneous interventions. The rationale for this scattershot approach is usually that it is a 
multidimensional disorder, and therefore calls for multiple approaches in combination. 
Biofeedback is often included as part of a treatment package including physical exercise and 
cognitive-behavioral therapy. EMG is the most common modality, but EEG feedback has been 
used also.  Separate reviews ( Hadhazy, Ezzo, Creamer, & Berman, 2000; Sim & Adams, 1999) of 
mind-body approaches to fibromyalgia, examining mostly randomized controlled studies, 
concluded that there was no clear superiority of any mind-body approach including biofeedback, 
but that collectively they seemed to help in conjunction with physical exercise. Berman & Swyers 
(1999) concluded, “The strongest data exist for the use of mind-body techniques (e.g., biofeedback, 
hypnosis, cognitive behavioural therapy), particularly when utilized as part of a multidisciplinary 
approach to treatment.”  Several uncontrolled trials have shown improvement from EMG 
biofeedback alone (Mur, Drexler, Gruber, Hartig, & Gunther 1999; Sarnoch Adler, & Scholz, 
1997). “Improvement” may include quality of sleep, self-efficacy, pain threshold, and emotional 
adjustment.  


 


Donaldson, Sella & Mueller (1998) included biofeedback with other therapies and found 
improvement in symptoms along with normalization of the EEG. Mueller, Donaldson, Nelson, & 
Layman (2001) improved fibromyalgia symptoms us ing EEG-driven stimulation. Though neither 
study used clinical controls, this promising CNS-normalization approach seems to address a 
particular biological characteristic of fibromyalgia. EMG biofeedback offers at most a partial role, 
perhaps interchangeable with other “mind-body” approaches, in the treatment of fibromyalgia’s 
diverse symptoms.  
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Foot Ulcers 
Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 


 


 Thermal biofeedback to increase peripheral blood flow, improved healing to foot ulcers 
in a randomized controlled study or 32 patients with chronic nonhealing ulcers; 87.5% of ulcers 
healed in the experimental group in contrast to 43.8% in the control group (Rice, Kalker, 
Schindler, & Dixon, 2001).  
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Hand Dystonia 
Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 


 


 EMG biofeedback improved the clinical and electromyographic picture in 9 out of 10 
patients with hand dystonia (writer’s cramp) who showed EMG overactivity of proximal muscles 
during writing (Deepak & Behari, 1999). 
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Headache - Pediatric Migraine 
Level 3 Efficacy (Probably Efficacious) 


 
The research support for childhood migraine using biofeedback as an intervention is more 


plentiful than for adult migraine. Research support for migraine in general, both child and adult, 
is stronger than that for mixed and tension-type headache.  


 


A recent review article (Hermann & Blanchard, 2002) summarized headache/biofeedback 
research to date in children and concluded, “With few exceptions…thermal biofeedback has 
been proven to be highly successful in alleviating headache activity in children. In fact, in most 
studies more than two thirds of the children could be classified as treatment successes based on 
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the widely accepted criterion of a 50% symptom reduction.” (p. 145). Studies using a credible 
placebo condition for comparison so far have not been done.  


 


 A minority of studies used EMG biofeedback from the frontal area instead of or in 
addition to hand-warming biofeedback. Most protocols use 10 sessions or fewer and included 
home practice; some involved the parents also. For example, five children with tension-type 
headaches (Arndorfer & Allen, 2001) participated in a multiple-baseline, time- lagged, within-
subject design using thermal biofeedback. All learned the handwarming technique and showed 
significant clinical improvement, and six months afterward, 80% were headache-free. Labbe 
(1995) compared thermal biofeedback-assisted autogenic training to autogenic training only, 
with a wait- list control group, in 30 migrainous children. Eighty percent of the first group had 
significant improvement; 50% of the second group, and none in the third group.  
 
 


Headache – Adult 
Level 4 Efficacy (Efficacious) 


 


Adult headache, tension, whether tension, migraine, or mixed, has been the focus of 
much research. For example, Arena, Bruno, Hannah, & Meader (1995) compared biofeedback 
training from the forehead and trapezius muscles, with a non-feedback progressive muscle 
relaxation control group, in 26 tension-headache patients. Clinical improvement was strongest 
for the trapezius group. Silberstein (2000) published a review of migraine treatment on behalf of 
the American Academy of Neurology – U.S. Consortium, and concluded that thermal and muscle 
biofeedback, in a general context of relaxation training, was generally effective and 
recommended as a treatment option. McGrady, Wauquier, McNeil, & Gerard, (1994) and also 
Vasudeva, Claggett, Tietjen, & McGrady (2003) found superior clinical results for biofeedback-
assisted relaxation as compared to self-directed relaxation, and this conclusion was supported by 
measurement of cerebral flood flow using trans-cranial Doppler monitoring. 


   


Rokicki et al (1997) found a significant drop in headaches following a six-session EMG 
biofeedback protocol, compared with a control group which showed no improvement. 
Improvement correlated most with greater sense of self-efficacy rather than with EMG levels. A 
meta-analysis of research by McCrory, Penszien, & Rains (1996) determined that EMG 
biofeedback was “modestly effective” for tension-type headaches compared to wait-list controls, 
but was not significantly different in effect size from cognitive therapy, relaxation training, or 
hypnosis. Isolating biofeedback as the active element from factors such as general relaxation, 
emotional improvement, and enhanced self-efficacy has not been very successful so far, but it 
may facilitate a synergistic effect.  
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Hypertension 
Level 4 Efficacy – Efficacious 


 


 A meta-analysis of 23 studies completed between 1975 and 1996 compared biofeedback 
based training with active interventions (those thought to be effective, such as relaxation and 
meditation) and with inactive interventions (those representing a control group, such as clinic BP 
measurement or sham biofeedback). While both biofeedback and other active treatments resulted 
in a reduction in BP, there were no differences in the magnitude of the reduction in either SBP or 
DBP when biofeedback was compared with active treatment.  However, when biofeedback was 
compared to inactive control treatments, there was a significantly greater reduction in both SBP 
(6.7 mmHg) and DBP (4.8 mmHg) (Yucha, Clark, et al., 2001).  A second meta-analysis of 22 
randomized controlled studies (comprising a total of 905 essential hypertensive persons) 
published between 1966 and 2001 supported these findings (Nakao, Yano, Nomura, &  Kuboki, 
2003).  In comparison with non- intervention controls, biofeedback resulted in significantly 
greater reductions in SBP (7.3 mmHg) and DBP (5.8 mmHg).  Compared with other behavioral 
interventions, the net reductions in SBP and DBP were not statistically different. 
 


 More recent studies show similar findings in comparison to control groups (Nakao et al., 
1997).  Biofeedback appears to work just as well for those with white coat hypertension as those 
with essential hypertension (Nakao, Nomura, Shimosawa, Fujita, & Kuboki, 2000) and for those 
with and without organ damage secondary to their hypertension (Nakao et al., 1999). Laboratory 
training followed by home training appears to be particularly effective (Henderson, Hart, Lal, & 
Hunyor, 1998).  
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Unfortunately, the degree or response to biofeedback training has varied widely for 
hypertension.  This may be due to the starting level of BP (the higher the initial level, the better 
the response), the variety of modalities used (thermal, EMG, heart rate, BP biofeedback), the 
length of the training (4-20 sessions), and the ability of the subject to actually learn and 
incorporate the techniques into his/her lifestyle (Yucha, 2002).  While, it is difficult to predict 
which hypertensives will be helped to reduce or even eliminate their antihypertensive 
medications with training, those with high resting sympathetic activity (low skin temperature, 
high heart rate, high BP) appear to benefit more with biofeedback-assisted relaxation training 
(Weaver & McGrady, 1996). 
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Insomnia 
Level 3 Efficacy – Probably Efficacious 


 


In 1996, an NIH Technology Assessment Panel examined existing research and 
concluded that several non-pharmacological techniques, particularly relaxation and biofeedback, 
produce improvements in some aspects of sleep, but questioned whether the magnitude of the 
improvement in sleep onset and total sleep time were clinically significant.   


 


In 1998, the American Academy of Sleep Medicine recommended biofeedback along 
with progressive muscle relaxation for insomnia after reviewing the qua lity of research, using 
American Psychological Association research criteria.  Biofeedback was rated “probably 
efficacious” along with sleep restriction and cognitive-behavioral therapy. (Morin et al., 1998) 
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(Progressive muscle relaxation, stimulus control, and paradoxical intent were rated even higher.)  
 


The assignment of specific biofeedback procedures to particular subjects based on 
personal characteristics such as presence of tension and anxiety was examined by Hauri, Percy, 
Hellekson, Hartmann, and Russ (1982) using theta and SMR EEG. Nicassio, Boylan, and 
McCabe (1982) highlighted the importance of expectancy and found no correlation between 
achieved muscle relaxation and quality of sleep. 
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Irritable Bowel Syndrome 
Level 2 Efficacy (Possibly Efficacious, Research Done with Mixed Results) 


 


 Studies of biofeedback to reduce irritable bowel syndrome (IBS) symptomatology are 
mixed. Earlier studies showed benefits with effects lasting 4 years posttreatment (Schwarz, 
Taylor, Scharff, & Blanchard, 1990). Two controlled comparisons of a previously validated 
multicomponent (relaxation, thermal biofeedback and cognitive therapy) treatment for IBS 
showed no different in comparison to an attention-placebo control group or a symptom 
monitoring control group (Blanchard et al., 1992). A recent study tested the effect of 
computerized biofeedback games for teaching relaxation (monitored by electrodermal activity) to 
patients with IBS.  Training reduced the global and bowel symptom score and 50% of patients 
continued to use the technique to induce relaxation (Leahy, Clayman, Mason, Lloyd, & Epstein 
1998). 
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Mechanical Ventilation 
Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 


 


 Relaxation training using EMG biofeedback and breathing retraining using tidal volume 
biofeedback may help patients to be weaned from mechanical ventilation (Jacovone & Young, 
1998). Only one randomized trial showed those receiving biofeedback were weaned from their 
ventilator in 20.6 days in comparison to those in the control group who were weaned in 32.6 
days (Holliday & Hyers, 1990). 
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Motion Sickness 
Level 2 Efficacy (Possibly Efficacious, Randomized Clinical Trials Not Done) 


 


The rationale for biofeedback relies on an assumed correlation between ability to control 
the autonomic precursors of motion sickness (rise in skin conductance, drop in skin temperature, 
high heart rate) and resistance to sickness due to induced motion, such as a chair movable in 
three directions, as is done with NASA research.  


 


Promethazine is commonly prescribed for motion sickness in astronauts, with variable 
effectiveness. The strongest study on this application was by Cowings and Toscano (2000) where 
promethazine injections were compared to autogenic feedback training, including skin 
temperature and conductance, with superior results for the latter. Control groups included a 
saline-placebo injection and no treatment. Four 30-minute sessions of autogenic training resulted 
in significantly more tolerance of the rotating chair, in comparison with the two levels of 
intramuscular promethazine and placebo. Decreased variability of skin conductance plus lower 
HR was evident in the autogenic feedback groups.  
 Two other studies investigated the correlation between physiological change and success 
in reducing symptoms of motion sickness (Graybiel &  Lackner, 1980; Jozsvai & Pigeau, 1996). 
These showed little correlation. Thus the logic of this approach can be called into question. 
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 Scattered studies in the past 25 years have tried autogenic training assisted by 
biofeedback of temperature, skin conductance, and heart rate, sometimes including cognitive 
therapy.  
 


Desensitization in vivo has been the basic clinical model for intervention. Yet it is 
difficult to reproduce the conditions of a spaceship free of gravity. Also, the stimulus context of a 
chair spinning in three dimensions is more drastic than the usual context of a moving vehicle or 
boat. So generalizing from this experimental context to a more universal, non-astronaut situation 
is open to question in spite of the study’s design, so far unreplicated. The best approach, based 
on the research to date seems to be training GSR control, first in isolation and then while 
exposed to a condition expected to induce motion sickness.  
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Multiple Sclerosis 
Level 1 Efficacy – Not sufficiently investigated 


 


 Biofeedback retraining appears to be an effective treatment for constipation and fecal 
incontinence in some patients with multiple sclerosis (Wiesel et al., 2000). It does not appear to 
enhance the effect of behavioral modification, medication, and pelvic floor training (Klarskov, 
Heely, Nyholdt, Rottensten, & Nordenbo, 1994). 
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Myocardial Infarction 


Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 
 


Survivors of out-of-hospital ventricular fibrillation or asystole were randomized into two 
groups, a control group and a group receiving psychosocial therapy consisting of physio logical 
relaxation with biofeedback focused on altering autonomic tone, cognitive behavioral therapy 
and cardiovascular health education. Risk of cardiovascular death was significantly reduced 86% 
and all cause mortality was reduced by 62% in those receiving psychosocial therapy (Cowan, 
Pike, & Budzynski, 2001). 
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Post-Traumatic Stress Disorder 


Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 
 


 Several small studies incorporating biofeedback into multi-component therapy (including 
eye movement desensitization and reprocessing [EMDR]) reveal some improvement in self-
report, psychometric, and standardized interview measures after therapy (Carlson, Chemtob, 
Rusnak, Hedlund, & Muraoka, 1998; Silver, Brooks, & Obenchain, 1995). A study of Vietnam 
veterans with combat-related post-traumatic stress disorder compared traditional medical 
treatment with 30 sessions of alpha-theta brain-wave neurofeedback (Peniston & Kulkosky, 
1991). Neurofeedback resulted in decreases in MMPI scores on clinical scales labeled 
Hypochondriasis, Depression, Hysteria, Psychopathic Deviate, Masculinity-Femininity, 
Paranoia, Psychasthenia, Schizophrenia, Hypomania, and Social Introversion-Extraversion in 
comparison to the traditional care group who showed decreases only on the scale labeled 
Schizophrenia. A 30-month follow-up showed that all traditional care patients had relapsed, in 
contrast to only 3 of 15 neurofeedback patients. More studies are needed in this area. 
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Raynaud’s Disease 
Level 2 Efficacy (Possibly Efficacious, Research Done with Mixed Results) 


 


Several brief, relatively uncontrolled studies seem to confirm the rationale underlying 
biofeedback treatment of Raynaud’s disease. Peterson and Vorhies (1983) studied thermal 
biofeedback-trained Raynaud’s patients, observing the speed of hand temperature return to 
baseline after hand immersion in ice water, which was six to seven times as fast after 
biofeedback training (6 minutes average after training vs. 40 minutes before). Jobe, Sampson, 
Roberts, and Kelly (1986) compared hand temperature responses to whole-body chilling before 
and after either classical or standard biofeedback (“operant”) biofeedback training, and found 
that both approaches were effective. When Guglielmi, Roberts, and Patterson (1982) compared 
thermal biofeedback with EMG biofeedback and controls, with a double-blind procedure, all 
three groups had comparable improvements, suggesting a role of non-specific factors. Keefe, 
Surwit, and Pilon (1980) found similar results, in which other behavioral control methods 
performed as well as thermal biofeedback. However, Freedman et al (1988) compared simple 
thermal biofeedback with autogenic training and found the former more effective. 


  


The largest study to date of Raynaud’s involving biofeedback compared use of a calcium-
channel blocker (nifedipine) with thermal biofeedback, EMG feedback, and a placebo 
(Raynaud’s Treatment Study Investigators, 2000). In this study of 313 subjects with primary 
Raynaud’s disease, nifedipine seemed to be the superior agent for reducing symptoms. Problems 
with training the thermal biofeedback subjects to an adequate level of skill, however, (Middaugh 
et al., 2001) mitigated the final results.   
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Repetitive Strain Injury 
Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 


 


 A randomized controlled study of 30 patients with upper extremity repetitive strain injury 
showed that those receiving thermal biofeedback and autogenic relaxation had significantly 
higher reductions in pain in comparison to the waiting list condition (Moore & Weisner, 1996). 
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Spinal Cord Injury 


Level 1 Efficacy (Not Sufficiently Investigated) 
 


 There are limited studies on biofeedback post spinal cord injury and they involve 
different treatment protocols and outcome measures.  However, patients with long-term cervical 
spine injury were able to increase triceps EMG activity after one biofeedback treatment and 
further increases occurred after additional treatment sessions (Brucker & Bulaeva, 1996).  A 
small study (n=10) studied patients in a daily therapy program lasting 2 months including muscle 
strengthening and gait training.  Half the subjects received biofeedback for 30 minutes a day; 
half used an ambulatory device to receive continuous biofeedback every time they walked.  After 
2 months, those undergoing clinical therapy showed a 50% reduction in hip drop; those using the 
home training device showed almost normal gait (Petrofsky, 2001).  
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Stroke 
Level 2 Efficacy (Possibly Efficacious, Research Done with Mixed Results) 


 


 Four meta-analyses on the effect of biofeedback for rehabilitation after stroke show 
conflicting results.  The first included 8 studies (total of 192 patients) and examined functional 
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outcome of EMG biofeedback. They found a significant effect size (0.81), concluding that EMG 
biofeedback is useful for neuromuscular reeducation in the hemiplegic stroke patient 
(Schleenbaker & Mainous, 1993). The second meta-analysis compared the effects of EMG 
biofeedback and physical therapy on upper extremity function and found no significant 
differences (Moreland & Thomson, 1994). The third meta-analysis included studies with an 
outcome of change in range of joint motion of a paretic limb. The results of pooling 8 studies did 
not support the efficacy of biofeedback in restoring upper or lower extremity range of motion of 
hemiparetic joints (Glanz et al., 1995). The fourth meta-analysis examined the efficacy of EMG 
biofeedback compared with conventional physical therapy for improving lower extremity 
function. EMG biofeedback was superior to physical therapy for improving ankle dorsiflexion 
muscle strength, but not for improving gait quality, ankle range of motion, ankle angle during 
gait, stride length, or gait speed (Moreland, Thomson, & Fuoco, 1998). Thus it appears that when 
functional measures related to lower extremity are the outcome, biofeedback is effective; when 
functional measures related to the upper extremity or change in range of joint motion is the 
outcome, biofeedback is not effective. 
 


 More recent studies show benefits of a standing biofeedback trainer (including a height-
adjustable work table, weight bearing sensors, and a real- time visual and auditory feedback 
system) to increase stance symmetry (Cheng, Wu, Liaw, Wong, & Tang, 2001; Wong, Lee, Kuo, 
& Tang, 1997). Visual feedback incorporated into physical therapy also improves stand 
symmetry and sway (Sackley & Lincoln, 1997). 
  


 Finally, a case study describing neurotherapy one-year post left-side CVA resulted in 
improvement in speech fluency, word finding, balance and coordination, attention, and 
concentration (Rozelle & Budzinski, 1995).  Depression, anxiety, and tinnitus were greatly 
reduced.  
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Temporomandibular Disorders (TMD) 
Level 4 Efficacy – Efficacious 


 


 Used alone, biofeedback improves pain, pain-related disability, and mandibular 
functioning (Gardea, Gatchel, & Mishra, 2001). When used in combination with other 
treatments, such as intraoral appliances (Turk, Zaki, & Rudy, 1993), and cognitive-behavioral 
skills training (Gardea et al., 2001), the effect is enhanced (Turk, Rudy, Kubinski, Zaki, & Greco 
1996).  A recent meta-analysis of 13 studies of EMG biofeedback treatment showed that 
biofeedback was superior to no treatment or psychological placebo control for patient pain 
reports, clinical exam findings, and or ratings of global improvement (Crider & Glaros, 1999). 
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Tinnitus 
Level 2 Efficacy (Possibly Efficacious, Not Sufficiently Investigated) 


 


 EMG biofeedback and neurofeedback have been used in the treatment of tinnitus.  
Biofeedback appears to be of greatest benefit in reducing tinnitus for certain subgroups of 
patients (Erlandsson, Rubinstein, & Carlsson, 1991).  For example, EMG biofeedback is most 
effective when muscle tension and mental distress accompany the tinnitus (Ogata, Sekitani, 
Moriya, & Watanabe, 1993). EEG biofeedback to upregulate the amplitude of alpha activity and 
downregulate the amplitude of beta-activity, during muscle relaxation and acoustic orientation, 
led to a significant reduction in the score on a tinnitus questionnaire, in comparison to a control 
group that did not receive neurofeedback (Gosepath, Nafe, Ziegler, & Mann, 2001).  
 







 Page 34 


References 
Erlandsson, S.I., & Rubinstein, B., & Carlsson, S.G. (1991). Tinnitus: Evaluation of biofeedback and 
stomatognathic treatment. British Journal of Audiology, 25(3), 151-161. 
 


Gosepath, K., Nafe, B.,  Ziegler, E., & Mann, W.J. (2001). Neurofeedback in therapy of tinnitus. Hals-
Nasen-Ohrenärzte, 49(1), 29-35. 
 


Ogata, Y., Sekitani, T., Moriya, K., & Watanabe, K. (1993). Biofeedback therapy in the treatment of 
tinnitus. Auris, Nasus, Laryn, 20(2), 95-101. 
 
 
 


Traumatic Brain Injury 
Level 3 Efficacy (Probably Efficacious) 


 


 EEG biofeedback appears to improve memory in persons with brain injury (Thornton, 
2000). It also improves attention and response accuracy of a performance task and decreases 
errors in a problem solving task (Tinius & Tinius, 2000). Walker, Norman, & Weber (2002) 
found that 88% of mild head injury patients showed more than 50% improvement in qEEG 
coherence scores and that all patients who had been employed prior to injury reported being able 
to return to work following the treatment.  One small controlled study (n=12) demonstrated that 
EEG-based therapy results in improvement of some measures of cognitive function as well as 
participants’ reports of depression and fatigue (Schoenberger, Shif, Esty, Ochs, & Matheis, 
2001). Another controlled study demonstrated significant improvement in attention deficits in 
those receiving feedback of beta activity in comparison with a matched control group (Keller, 
2001). More controlled studies are needed in this area. 
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Urinary Incontinence in Females 
Level 5 Efficacy (Efficacious and Specific) 


 


Numerous studies demonstrate levels 4 and 5 efficacy of biofeedback for urinary 
incontinence in females. It is better than no treatment (i.e., control) (Burgio et al., 1998; Burns et 
al., 1993; Dougherty et al., 2002; McDowell et al., 1999), better than or equal to other behavioral 
treatments (e.g., pelvic floor exercises) (Burns et al., 1993; Glavind, Nohr, & Walter, 1996; 
Sherman, Davis, & Wong, 1997; Sung, Hong, Choi Baik, Yoon, 2000; Weatherall, 1999; 
Wyman, Fantl, McClish, & Bump, 1998) and better than drug (i.e., oxybutynin chloride) 
treatment (Burgio et al., 1998) in both young and old females.  Combining drug and behavioral 
therapy in a stepped program can produce added benefit for those not satisfied with the outcome 
of single treatment (Burgio, Locher, & Goode, 2000).  
 
References 
Burgio, K.L., Locher, J.L., & Goode, P.S. (2000). Combines behavioral and drug therapy for urge 
incontinence in older women. Journal of the American Geriatric Society, 48(4), 370-374. 
 


Burgio, K.L., Locher, J.L., Goode, P.S., Hardin, J.M., McDowell, B.J., Dombrowski, M., et al. (1998). 
Behavioral vs drug treatment for urge urinary incontinence in older women: A randomized controlled 
trial. Journal of the American Medical Association, 280(23), 1995-2000. 
 


Burns, P.A., Pranikoff, K., Nochajski, T.H., Hadley, E.C., Levy, K.J., & Ory, M.G. (1993). A comparison 
of effectiveness of biofeedback and pelvic muscle exercise treatment of stress incontinence in older 
community-dwelling women. Journal of Gerontology, 48(4), M167-174. 
 


Dougherty, M.C., Dwyer, J.W., Pendergast, J.F., Boyington, A.R., Tomlinson, B.U., Coward, et al. 
(2002). A randomized trial of behavioral management for continence with older rural women.  Research 
in Nursing and Health, 25(1), 3-13. 
 


Glavind, K., Nohr, S.B., & Walter, S. (1996) Biofeedback and physiotherapy versus physiotherapy alone 
in the treatment of genuine stress urinary incontinence.  International Urogynecologic Journal of Pelvic 
Floor Dysfunction, 7(6), 339-343. 
 


McDowell, B.J., Engberg, S., Sereika, S., Donovan, N., Jubeck, M.E., Weber, E., et al. (1999). 
Effectiveness of behavioral therapy to treat incontinence in homebound older adults.  Journal of the 
American Geriatric Society, 47(3), 309-318. 
 


Sherman, R.A., Davis, G.D., & Wong, M.F. (1997). Behavioral treatment of exercise-induced urinary 
incontinence among female soldiers. Military Medicine, 162(10), 690-704. 
 


Sung, M.S., Hong, J.Y., Choi, Y.H., Baik, S.H., Yoon, H. (2000). FES-biofeedback versus intensive 
pelvic floor muscle exercise for the prevention and treatment of genuine stress incontinence. Journal of 
Korean Medical Science, 15(3), 303-08.  
 


Weatherall, M. (1999). Biofeedback or pelvic floor muscles exercise for female genuine stress 
incontinence: A meta-analysis of trials identified in a systematic review. British Journal of Urology, 
International 83(9), 1015-1016. 
 


Wyman, J.F., Fantl, J.A., McClish, D.K., & Bump, R.C. (1998). Comparative efficacy of behavioral 
interventions in the management of female urinary incontinence. Continence Program for Women 
Research Group.  American Journal of Obstetrics and Gynecology, 179(4), 999-1007.  







 Page 36 


 
 


Urinary Incontinence in Males 
Level 4 Efficacy (Efficacious) 


 


Most studies testing the effect of biofeedback on male incontinence have been done on 
males after prostatectomy, many of whom were not incontinent.  In this population, biofeedback 
for urinary incontinence was not effective (Bales et al., 2000; Franke et al., 2000; Mathewson-
Chapman, 1997).  However, studies in men who were incontinent after prostatectomy, 
demonstrate that biofeedback was better than no treatment (control) (Van Kampen et al., 2000) 
and equal to pelvic floor exercises (Floratos et al., 2002). 
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Urinary Incontinence in Children 
Level 2 Efficacy (Possibly Efficacious, Randomized Clinical Trials Not Done) 


 


Studies of biofeedback efficacy in children who are incontinent of urine lack control 
groups.  However, three studies show improvement in urinary incontinence in 80-90% of 
children treated (Combs, Glassberg, Gerdes, & Horowitz, 1998; Hoekx, Wyndaele, & 
Vermandel, 1998; McKenna, Herndon, Connery, & Ferrer, 1999). 
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Vulvar Vestibulitis 
Level 3 Efficacy – Probably Efficacious 


 


 EMG biofeedback and pelvic floor exercises have been used to treat women with vulvar 
vestibulitis.  A randomized study comparing biofeedback, with cognitive behavioral therapy, and 
with vestibulectomy demonstrated that all three groups reported statistically significant 
reductions in pain and improvements in sexual func tion and psychological adjustment (Bergeron 
et al., 2001). Although the vestibulectomy group was more successful than the two other groups 
in regard to pain reduction, some of the patients assigned to this group refused the intervention. 
The benefit of EMG biofeedback and pelvic floor exercises also been demonstrated in two 
uncontrolled studies, with patients showing reductions in pain and about 70% able to resume 
sexual activity without discomfort (Glazer, Rodke, Swencionis, Hertz, & Young, 1995; McKay 
et al, 2001).  
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Sample Protocols 
 


General EMG Training 
The principle of EMG training is normally to provide the learner with enhanced information 
about his/her muscle tension in a particular area, hoping that this will facilitate learning control 
of the muscle. Relaxation of excess and inappropriate tension is the usual goal. Sensors are 
attached to the skin over the muscle being targeted for change. Muscles may be targeted 
anywhere on the body, including the forehead, neck, shoulders, back, jaws, arm, legs. Insertable 
pelvic sensors are used to target pelvic muscles. Tiny electrical signals emitted by muscles, 
proportional to degree of contraction, and amplified and fed to a visual display or an audio 
signal. The visual display may be digits, polygraph-style lines, or changes in colors or patterns. 
The audio tone may indicate changes in muscle tension by a rising or falling tone, or by a change 
in frequency of a beep. Most biofeedback systems allow for recording average muscle tension 
over a specified time interval. 
 


After some instruction, the learner is allowed quiet practice time during which he/she 
attempts to lower the measured muscle tension, using the biofeedback signal as an external 
guide. The trainer suggests various ways to relax, helps deal with obstacles to learning, keeps 
track of progress, and generally facilitates the learning process. Home practice is usually 
prescribed, since the goal is to learn better control of the muscles without the aid of biofeedback 
monitoring. One or more criteria are usually set as goals of training: for instance, staying below 
two microvolts for the upper shoulder. Speed of recovery from contraction is another common 
criterion, and also keeping muscle tension lower during movement. 


  


Frequency of sessions varies, and may be twice per week or less often. The biofeedback 
is considered a temporary learning aid, and as the learner becomes more sensitive to internal 
sensations and learns to read his/her body better, the biofeedback become less necessary. The 
duration of this learning process varies from person to person, but might typically take one to 
three months. Duration is best determined by achieving the criteria rather than by number of 
sessions. Symptoms are usually tracked with home diaries, and this helps the learner understand 
which activities and situations increase muscle tension. Self-regulation eventually begins to 
become habitual: goals such as keeping the shoulders low or the jaw loose require less and less 
conscious involvement.  


 
Temperature Training 


 The goal of temperature training is to teach the learner to warm their peripheral 
extremities.  While core temperature is 98.6oF (37.0oC), skin temperature is much lower, ranging 
from 75-95oF.  In order to raise skin temperature, one must relax skeletal muscles as well as the 
muscles within the walls of the blood vessels. This latter effect is believed to result in better 
blood flow to the skin and therefore a rise in skin temperature. 
 


A thermal sensor, called a thermistor, is taped to the skin, usually on the palmar surface 
of one of the fingers.  The temperature of the skin changes the resistance of the thermistor, 
thereby altering the electrical signal in proportion to the temperature.  The signal is displayed 
visually and/or through a tone that changes in response to changes in temperature.  The visual 
display may be digits, polygraph-style lines, or changes in colors or patterns.  Commonly, the 
learner’s skin temperature is displayed on a thermometer. 
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After some instruction, the learner is allowed quiet practice time during which he/she 
attempts to raise the skin temperature.  The trainer suggests various ways to do this, using the 
biofeedback signal as a guide.  For example training in slow deep breathing usually helps the 
learner to relax.  The learner may repeat autogenic phrases, such as “My hands feel warm and 
heavy” or imagine lying on the beach feeling the sun’s warmth on the hands.  Home practice is 
prescribed and the learner may be given a simple handheld thermometer to monitor progress.  On 
subsequent training sessions, the thermistor may be moved from one hand to the other or to a 
foot. This helps the learner to generalize the skin temperature warming to areas beyond the 
hands.  One or more criteria are set as goals of training.  Typically learners are asked to raise 
hand temperature to 90 – 95oF and foot temperature to 90oF. 


 


Thermal training sessions are typically held weekly.  The biofeedback is considered a 
temporary learning aid and as the learner becomes more sensitive to internal sensations of stress, 
the biofeedback becomes less necessary.  The duration of this learning process varies from 
person to person, but typically requires 4 to 8 sessions, accompanied by home practice.   


 


Thermal training is typically combined with other biofeedback modalities to train 
learners in general relaxation. It is also used in a number of disorders such as Raynaud’s Disease, 
hypertension, migraine headaches, and anxiety. More recently it has been used to increase blood 
flow to wounds, thereby promoting healing. 
 


Skin Conductance Training 
Skin conductance feedback provides information about sweat gland activity on the hand, 


which is closely correlated with sympathetic nervous system activity. This variable is called SCA 
(skin conductance activity), EDA (electrodermal activity), or the more classic term GSR 
(galvanic skin response).  Sensors are attached to two fingers or two sites on the palm, and 
feedback is provided in various ways: a changing audio tone, changes in colors on a display, 
numerical change, meter deflection, or a moving line via video feedback. Response time is less 
than two seconds, making it very sensitive to transient changes in emotion. 


 


Self-calming by physical or cognitive means tends to lower skin conductance, while 
negative emotions such as fear, worry, or anger usually raise it, as will a startle response. Any 
disorder which would benefit from emotional calming may respond to GSR biofeedback, 
provided the learner is able to generalize from the feedback situation to real life. For example, 
GSR feedback is often employed in treatment of phobias and anxiety attacks, and has been used 
as one element in modifying hypertension and bowel disorders which are exacerbated by 
emotional upset.  


 


In learning to reliably lower one’s GSR, one learns to resist distractions which disrupt 
attention and to maintain a state of mind which is neutral or pleasant. Relaxation techniques such 
as slow breathing, imagery, or meditation can help keep the attention steady and the emotions 
calm. This tends to stabilize the autonomic nervous system. Time needed to learn the skill varies 
from days to months. Practice between biofeedback sessions facilitates mastery of the skill, and 
is practical since home-trainer GSR devices are available for less than $100.  
 


EEG Training or Neurofeedback 
The goal of neurofeedback is to teach learners to modify their EEG. There are many 


applications of EEG training. One of these includes teaching the learner to maintain a relaxed, 
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alert, and focused mental state while carrying out cognitive tasks. Another application of EEG 
training includes teaching the learner to increase slower frequency brain waves to achieve deeper 
levels of psychophysiological relaxation or to access calmer mental states. Other applications use 
EEG training to treat such disorders as depression, anxiety, epilepsy, sleep disorders, 
fibromyalgia, pain, alcoholism and other addictions. EEG training is also used in the 
rehabilitation of brain injury and stroke.  


 


These applications are done by training learners to alter their brain waves. Historically, 
there are four types of brain waves identified according to their frequency, or bandwidth.  They 
are known as delta (0.5-4 Hertz), theta (4-8 Hertz), alpha (8-12 Hertz), and beta (13-20+ Hertz), 
differing according to their frequency. Each person has an individual pattern of brain wave 
activity, but there are certain “signatures” of brain wave frequencies that are associated with 
specific symptoms or dysfunction. For example, people with Attention Deficit Disorder tend to 
have greater ratios of slower EEG activity (delta, theta, or even alpha) compared to faster beta 
activity. In this example, the goal of training for individuals with ADD is to decrease the 
amplitude of slow wave activity (delta, theta, and/or alpha) while increasing the amplitude of 
faster wave activity (beta). 


 


In neurofeedback training, surface sensors are placed on selected areas of the head and 
ears. The number and location of these sensors is determined by the specific application and goal 
of the EEG training. Typically, the number of sensors used varies between three and six. The 
EEG signal is displayed visually and/or through auditory tones that vary as the EEG changes. 
Brain wave changes in the desired direction are rewarded with visual and/or auditory feedback. 
The visual signal may be graphs, digits, waveforms, changes in colors or patterns, or even 
animations. 


 


Neurofeedback training typically requires 40 or more fifty-minute sessions, usually held 
twice or more weekly. EEG training may be accompanied by cognitive or other therapies. For 
example, those with ADD may receive coaching in learning strategies, while those with 
alcoholism may receive coaching in alcohol avoidance. 


 


Neurofeedback may be combined with other biofeedback modalities such as EMG, EDR, 
temperature, HRV or other biofeedback modalities to train learners in general relaxation. 
 


Heart Rate Variability 
HRV stands for Heart Rate Variability. The term RSA (Respiratory Sinus Arrhythmia) 


predates the term HRV, and referred to the rise and fa ll of heart rate synchronized with each 
breath (faster on the inhale, slower on the exhale). The magnitude of this systematic variability 
seems to reflect a healthy alternation between two autonomic influences on the heart beat: 
sympathetic and parasympathetic. Lack of this variation reflects an imbalance between the two 
aspects of the ANS, most likely deficient parasympathetic influence, and is a sign of poor 
cardiovascular health. By calming one’s emotional state and by making the breathing slower and 
more regular, the HRV can be increased, at least temporarily.  


 


The biofeedback setup for HRV involves monitoring either heart rate alone or heart rate 
plus respiration. Heart rate may be detected from plethysmographic sensors on the finger or 
earlobe, or via EKG monitors. Most commonly, a trace reflecting cyclic variations in heart rate is 
displayed on a video screen. The mean heart rate per minute is not important; the variability of 
heart rate is the variable of interest. The trainee observes the trace (or a derived graphic display) 







 Page 41 


and uses it as feedback for regulating the breath and/or the emotional state. The heart beat 
variability is maximized at a particular “resonant frequency” (breathing rate per minute) and this 
rate, usually around six per minute, can be determined for each individual by observation and 
experimentation. 


 


The time to achieve an improved HRV while assisted by biofeedback might average four 
to ten sessions. Learning time varies as with any biofeedback procedure. Generalization to the 
everyday environment, away from the biofeedback monitoring, takes longer than achieving 
success within the biofeedback context. Practicing with HRV biofeedback provides a model for 
real- life self-regulation; the goal is to develop awareness of one’s breathing and of one’s 
emotional state, both of which interact and influence the autonomic balance. This balance in turn 
has been found helpful for several disorders involving chronic maladjustment of the autonomic 
nervous system.  


  
Biofeedback Foundation of Europe 


The Biofeedback Foundation of Europe (BFE) was founded to promote a greater 
awareness of biofeedback among European health professionals and, through training 
workshops, to educate clinicians in the use of biofeedback techniques and technology. BFE has 
compiled a series of clinical protocols developed by major contributors in the field of 
biofeedback and physical therapy, in an effort to improve knowledge in the use of 
electromyography as an effective tool for physiotherapy. These describe assessment and 
biofeedback training technique. Protocols for the following conditions can be found on their 
website (http://www.bfe.org/library.html - click on BFE protocols).  


Patella Femoral Pain Syndrome  
The Unstable Shoulder  
Post Operative Knee  
Urinary and Fecal Incontinence  
Phantom Limb Pain  
Oral Pharyngeal Dysphagia  
Myofacial Pain and TMJ 
Chronic Tension Headache 
Repetitive Strain Injury  
Effortless Diaphragmatic Breathing  
Vulvovaginal Pain Disorders  
Peak Performance Training with Electrodermal Biofeedback 
Towards an Integrated Approach of sEMG Utilization:  Quantitative Protocols of 


Assessment and Biofeedback 







 Page 42 


The Biofeedback Certification Institute of America 
 


The Biofeedback Certification Institute of America (BCIA) was created in January 1981 
to establish and oversee standards for practitioners who use biofeedback and to certify those who 
meet these standards.  BCIA is an autonomous nonprofit corporation.  The primary mission of 
BCIA is to protect the public welfare by certifying the competence of biofeedback practitioners.  
BCIA policies and procedures are set by an independent board of directors, which is comprised 
of a rotating group of distinguished biofeedback clinicians, researchers, and educators.  Two 
certification programs are currently offered:  1) General Biofeedback covers EMG and thermal 
modalities and provides the basics of biofeedback, and 2) the EEG Biofeedback program deals 
with neurobiofeedback and brainwave modalities. 


 


In 1996 the Board of Directors of the Biofeedback Certification Institute of America and 
the Academy of Certified Neurotherapists collaborated to develop a specialty certification in 
EEG Biofeedback to be managed and administered by BCIA. The opportunity to certify through 
the grandparenting process ended on December 31, 1997.  Since 1998 the formal certification 
program in EEG Biofeedback has been available. 


 


BCIA certification is the mark of distinction for providers of biofeedback services.  
Certification recognizes health care providers who have demonstrated competence in the use of 
biofeedback and self-regulation treatment methods.  Recertification at four year intervals 
indicates providers have undergone continuous peer review of ethical practice and have 
continued to acquire knowledge of recent developments in the field.  Names of certified 
practitioners may be found on the BCIA Web site. A BCIA certified practitioner must have met 
the following qualifications: 


1. Prerequisite educational degree of a BA/BS or higher from a regionally accredited academic 
institution in a BCIA accepted clinical health care field such as: psychology, medicine, 
nursing, therapy, social work, or counseling.  Credentialed special education teachers and 
counselors may also become certified in EEG Biofeedback to work in school environments. 


2.  Didactic training by completing a three semester-hour university course or its equivalent or 
completing a BCIA accredited training program. 


3.  Evidence of a human anatomy, human physiology or human biology course from a regionally 
accredited academic institution or from a BCIA accredited program.   


4.  Supervised biofeedback training must be provided by a BCIA approved supervisor in the 
categories of personal biofeedback, case conference, and patient/client treatment hours under 
direct clinical supervision. 


5.  Written certification exams covering the blueprint areas are required of all candidates. 
6.  BCIA certification establishes that the individual has met entry-level requirements for the 


clinical practice of biofeedback.  However, BCIA certification is not a substitute for a state 
sanctioned license or other credential to practice one’s profession.  Candidates for BCIA 
certification who do not hold a professional license or its equivalent must stipulate that they 
practice under the supervision of a licensed provider. 


 


BCIA hosts a website at www.bcia.org where the public or other interested professionals 
may read about certification requirements or search for a practitioner.  Further information about 
certification in biofeedback is also available from their office: 
 


10200 W. 44th Avenue, Suite 310,Wheat Ridge, CO 80033 
(303) 420-2902 ? Fax: (303) 422-8894 ? Email: BCIA@resourcenter.com 
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Association for Applied Psychophysiology and Biofeedback (AAPB) 
Code of Ethics 


 


Members of the Association for Applied Psychophysiology and Biofeedback are expected to 
comply with the organization’s Ethical Principles.  These principles cover such areas as 
responsibility, competence, standards, public statements, confidentiality, protection of client 
rights and welfare, professional relationships, and research with humans and animals.  A copy of 
these can be found on the organization’s website at: 
 
http://www.aapb.org/public/articles/details.cfm?id=277 
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Answers to Common Questions about Biofeedback Treatment 
 
What is a normal amount of time for a visit? If it takes longer, is it customary to bill per 1/4 
hour increments or is it usually one lump sum? 


Biofeedback sessions commonly range from 45 minutes to 90 minutes. Shorter or longer 
sessions may be justified under unusual situations (e.g., shorter for a brief, uncomplicated 
follow-up or practice session; longer for EEG training for epilepsy or treatment of a multiplicity 
of symptoms). It is customary to bill either by length of session in 1/4 hour increments or a fixed 
amount per session regardless of length, depending on the profession and setting or the person 
doing the therapy. 


 


What are general guidelines for number of sessions for major diagnoses of migraine 
headaches, hypertension, tension headaches, Raynaud's disease, anxiety, irritable bowel 
syndrome? 


Eight to twenty sessions is a reasonable length of treatment for each of the disorders 
listed when there is good patient adherence and no other disorder present. Follow-up interviews 
are advisable at three, six, and nine months after the end of treatment. 
 
 
What are reasonable fees for biofeedback therapy? 


Fees vary among professions (psychologist, physician, master's level counselor, nurse, 
social worker, physical or occupational therapist, etc.) and between geographical regions, but are 
not dependent on the physiological system being addressed in biofeedback therapy. Fees range 
from $50 to $200 per hour for biofeedback therapy. There should be little difference in fees 
between modalities of biofeedback therapy, except that EEG therapy will customarily be higher 
because further specialized training is required. 
 
Is it customary to break down the psychotherapy bill separately? 


Although some biofeedback providers bill separately for biofeedback therapy and psy-
chotherapy in the same session, it may not be necessary to do so. In addition to the use of 
biofeedback instrumentation, the clinical protocols in biofeedback therapies customarily involve 
two or three modalities of biofeedback and a variety of therapeutic procedures. Examples are 
autogenic training, imagery, symptom charting, assessment of life stressors, cognitive behavior 
therapies, strategies for generalization from the clinic to every-day life, and application of skills 
outside the therapy session, assignment and review of homework, and adherence management. 


In some cases biofeedback therapy may be considered a subcategory of psychotherapy, as 
is done by the World Health Organization in ICD-9CM. The factor that defines biofeedback 
therapy is the use of instrumentation for teaching physiological self-regulation. When 
biofeedback instrumentation is not part of assessment or treatment, the procedure is not biofeed-
back therapy and should not be billed as such. 


In some states, biofeedback therapy is not considered a form of psychotherapy and is not 
billed as such. Biofeedback providers should check with the ethical codes of regulatory and 
professional agencies in their local region for the appropriate diagnostic code. Suggested CPT 
codes are provided on pages 47-48. 
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For what diagnoses is biofeedback a treatment of choice? 
Biofeedback therapy is a treatment of choice for certain types of fecal incontinence and 


urinary incontinence. It is a treatment of choice for tension-type headaches, migraine headaches, 
other chronic pain syndromes, irritable bowel syndrome, essential hypertension, asthma, Raynaud's 
disease/ syndrome, and a variety of neuromuscular disorders, especially during rehabilitation. EEG 
biofeedback therapy is a treatment of choice for certain selected patients with epilepsy or attention 
deficit disorder. 
 


What treatments should be tried prior to biofeedback? 
We recommend a behavioral "step-care" approach to treatment prior to biofeedback 


therapy. This approach would include for example, diet change, exercise or environmental 
restructuring. If a disorder is life threatening, it must be stabilized before biofeedback therapy is 
initiated. For example, the treatment of essential hypertension might include medication to bring 
blood pressure down and to maintain it at a safe level until the person develops self-regula tion 
skills with biofeedback therapy. Also, when a person has psychological issues that interfere with 
learning self-regulation or with changing or eliminating a symptom, then psychotherapy may be 
needed before biofeedback therapy can be effective. 
 


Please list any suggestions or ideas on why extended periods of time longer than 15-20 
sessions might be necessary? 


Many factors may contribute to an extended period of biofeedback therapy. Examples are 
the number and chronicity of symptoms, the number and type of additional medical or 
psychological diagnoses, the amount and type of medication and psychosocial factors such as 
motivation, multiplicity of life stressors, secondary gains, and intrafamily dynamics. Chronic pain 
of long duration, seizure disorders, and neuromuscular rehabilitation customarily take longer than 
20 sessions. 
 
Where can I get more information about biofeedback? 
 The Association for Applied Psychophysiology and Biofeedback has a website with 
further up-to-date information.  For answers to the following, visit www.aapb.org and click on 
About Biofeedback. 
 


What is Biofeedback?  
What is Neurofeedback?  
What is Psychophysiology?  
What kinds of problems can biofeedback help?  
Where can I find somebody to help me with biofeedback?  
Facts for Insurance Decision Makers  
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Conclusion 
 


The diversity of applications of biofeedback therapies reflects the commonality of 
underlying factors in many behavioral and psychophysiologic disorders such as emotional and 
cognitive stressors, the stress response, and failure to maintain healthy homeostasis. That 
biofeedback therapies are effective with a variety of symptoms is no mystery. Theoretically, any 
physiological process that responds to stress will respond to stress reduction. Biofeedback 
therapies incorporate a solid core of behavioral, cognitive, and physiological self-regulation 
techniques that are used by the patient to alleviate the underlying causes of the disorder. 
Biofeedback therapies have broad applications because they give the patient skills that facilitate 
the natural tendency of the body to return to healthy homeostasis as well as skills for enhanced 
well-being and prevention of disease. 
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Treatment Codes 
(compiled by Robert P. Whitehouse, EdD, March 2003) 


The treatment codes for biofeedback therapy used by practitioners and third party 
payors in the United States are established by the Current Procedural Treatment (CPT) Code 
committee of the American Medical Association. 


 
Health and Behavior Assessment/Intervention 
96150 Health & behavior assessment (e.g., health-focused clinical interview, behavioral 


observations, psychophysiological monitoring, health-oriented questionnaires), each 
15 minutes face-to-face with the patient; initial assessment 


96151 Re-assessment 
96152 Health & behavioral intervention, each 15 minutes, face-to-face; 


individual 
96153 Health & behavioral intervention, each 15 minutes, face-to-face;  


group (2 or more patients) 
96154 Health & behavioral intervention, each 15 minutes, face-to-face;  


family (with the patient present) 
96155 Health & behavioral intervention, each 15 minutes, face-to-face;  


family (without the patient present) 
Biofeedback  
90901 Biofeedback training by any modality 
90911 Biofeedback training, perineal muscles, anorectal or urethral sphincter, including 


EMG &/or manometry 
Psychiatric Therapeutic Procedures 
90875 Individual psychophysiology therapy incorporating biofeedback training by any 


modality (face-to-face with the patient), with psychotherapy (e.g., insight oriented, 
behavior modifying or supportive psychotherapy); 
approximately 20-30 minutes 


90876 Individual psychophysiology therapy incorporating biofeedback training by any 
modality (face-to-face with the patient), with psychotherapy (e.g., insight oriented, 
behavior modifying or supportive psychotherapy); 
approximately 40-45 minutes 


Other Codes, which might be useable, if approved by third party payors  
94010 Spirometry, including graphic record, total & timed vital capacity, expiratory flow 


rate measurement(s), with or without maximal voluntary ventilation 
94400 Breathing response to CO2 (CO2 response curve) 
96002 Dynamic surface electromyography, during walking or other functional activities, 1-


12 muscles 
95957 Digital analysis of electroencephalogram (EEG) (e.g., for epileptic spike analysis) 
90806 Individual psychotherapy.  Insight oriented, behavior modifying &/or supportive, in 


an office or outpatient facility, approximately 45-50 minutes, face-to-face with the 
patients 
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ABC CAM Codes 
Five character codes have been developed by the Alternative Link for over 4000 


procedures “that describe the patient encounter with nursing, complementary and alternative 
medicine (CAM), and indigenous medicine services.  Laws governing such providers differ by 
state and are available at 877-621-LINK. 


 
CDAAP  Biofeedback, counseling, mental health services, practice specialties.   


Assisting the client to modify a body function using feedback from instrumentation. 
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From: Peper, E., & Gibney, K, H. (1998). Biofeedback:  An open-ended future. 
California Biofeedback. 14 (3), 1,5,7. 


 


BIOFEEDBACK: AN OPEN-ENDED FUTURE 
Erik Peper, Ph.D. & Katherine H. Gibney 


San Francisco State University 
 


Biofeedback: A mirror reflecting inner activity and reactivity to 
help individuals see themselves more clearly. 


Biofeedback: A marker to support hope, promote learning and 
verify success. 


Biofeedback: A magnifying glass to help the therapist to see what 
was previously unseen. 


 
Biofeedback is increasingly valuable in the search for a deeper and more detailed 
understanding of the min/body connection.  It is called upon in wider applications in 
research and clinical practices to help us redefine ourselves and achieve health. As life 
rushes by, sweeps us up, and carries us along in the relentless current of progress, we find 
ourselves struggling to keep pace.  More and more the information onslaught, through 
rapid visual and auditory stimuli, evokes orienting or fight/flight responses and covert 
arousal.  Reacting to these triggers, we often fail to listen to ourselves and end up feeling 
stressed, tense, and out of control.  Biofeedback provides a means to achieve balance, feel 
centered and be proactive.  Providing us with an objective reflection of our inner states 
and access to “hidden” information about how we react, it is a uniquely effective tool for 
learning control through self-regulation.  Biofeedback is invaluable for self-awareness, 
self-development, teaching and therapeutic approaches. 
 


In the Workplace 
Used as a mirror, biofeedback provides us with a clear image of our covert and automatic 
dyponetic patterns.  With this knowledge, we can modify our unhealthy behavioral 
patterns. This is illustrated with people who work at computers and are at risk of 
computer related disorders.  Often, the moment they bring their hands to the keyboard, 
computer workers tend to raise their shoulders and increase their breathing rate.  When 
monitored while working, the feedback signals provide very graphic reflections of covert 
tension as well as powerful teaching and training tools.  Utilizing biofeedback in the 
workplace, individuals have been able to recognize and change unhealthy work patterns.  
Without biofeedback, many workers have continued to develop computer related injuries, 
despite having ergonomic adjustments and work style changes.  As one of the secretaries 
in the Healthy Computing training program said, “I never realized that I braced my 
shoulders and held my breath while typing. Now I know the importance of not doing this 
and have tools to change.”  The mirror of biofeedback is essential to helping develop 
safe, healthy and productive work habits.  
 


In the Sports Arena 
Biofeedback as a marker for progress and improvement is clearly invaluable to achieving 
our performance goals. An example of this is with athletes, an expanding field of 
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application.  Training can range from enhancing concentration to sEMG feedback in 
underwater rehabilitation, to reducing the stretch reflex for gymnasts. Kreisler and 
colleagues recently demonstrated how valuable biofeedback training is with gymnasts.  In 
a controlled crossover study, gymnast could rapidly reduce their hamstring/quadriceps 
sEMG activity and increase their leg split angle when they received feedback, as 
compared to a control group (Kreisler et al, 1997). A similar approach may also be 
applied in physical therapy, yoga and ballet. Almost all athletes may benefit using sEMG 
and respiration feedback for reducing dysponesis and enhancing regeneration.  Similarly, 
they could use electrodermal response fore experiencing and mastering the mind/body 
connection to optimize imagery rehearsal and focusing attention (Wilson, Peper, & 
Schmid, 2006). As a marker, biofeedback is an important tool for all who wish to 
improve their performance. 
 


The Internal Experience 
How we attend or focus is often challenging to deduce from the outside since it is, just as 
pain, an internal experience.  Biofeedback offers us a clear view to our inner reactivity.  
For example, we recently monitored anxious subjects with respiration, blood volume 
pulse and heart rate.  They were then asked to gently focus within upon their breathing.  
For one of the subjects, the moment he went “within”. His respiration rate decreased and 
the waveforms smoothed. Respiratory sinus arrhythmia (RSA) increased and also co-
varied with respiration; he got quieter without judgment. Hence, he could us the excise at 
home to increase regeneration.  On the other hand, another subject showed the opposite 
response.  The moment she “had to go inside” her breathing rate increased and her RS 
was reduced. Biofeedback monitoring revealed her internal experience of a rapid increase 
in vigilance and self-judgment.  Internally she was questioning “Am I doing it right?” 
Yet, on the surface, both subjects seemed the same even though their experiences were 
quite different.  Used by therapists, biofeedback can magnify the subtle internal states 
elucidating the intranl experience, and provide guidance for formulating a treatment plan 
and developing teaching strategies. 
 


Untapped Resources 
The future of biofeedback, unfolding and still uncharted, is exciting.  It is part of the 
behavioral medicine matrix, a respected holistic health healing approach, and an 
important tool for self-mastery and growth. Whether used as a mirror to ourselves, a 
marker to help us reach new levels of achievement, or a magnifying glass for the therapist 
to help guide us, it is clear that biofeedback is here to stay. As one of our clients stated, “I 
have a glimmering and a sense of possibility to express my untapped resources.” 
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ECONOMICAL BIOFEEDBACK DEVICES
1 


 
Erik Peper and Stephen Shambaugh2 


 
 
Most people who have even heard of biofeedback think you need an enormous lab with 
expensive equipment to “do it.”  Not so!  Biofeedback has emerged in the last decade or so as a 
particular application of a much broader perspective called cybernetics.  Cybernetics attempts to 
develop a theory of communication and control in machines and in living organisms (Weiner, 
1954).  The word is from the Greek kybernetes, meaning steersman.  It was chosen to describe 
the basic concept of a feedback mechanism.  Using this concept, the central nervous system no 
longer remains a self-contained organ receiving sensory information and contracting the muscles.  
In fact, some of its most characteristic activities are explainable only as circular processes 
traveling from the nervous system into the muscles and reentering the nervous system through 
the senses. 
 
To demonstrate the concept, try the following simple experiment.  Raise your arms until they 
point straight out from each side.  Now, keeping your elbows straight, slowly swing your arms 
toward each other in a horizontal plane so when the arms come together in front of you they will 
touch only at the tips of the index fingers.  Simple, isn’t it?  Try it again with your eyes closed; it 
is now more difficult.  To perform the action successfully, there must be a report to the nervous 
system, conscious or unconscious, of the amount by which our fingers missed touching.  The 
report may be visual, at least in part, but it is more generally kinesthetic, or proprioceptive.  If the 
proprioceptive sensations are wanting, and we do not replace them by a visual or other substitute, 
we are unable to perform even simple motor acts.  In the above example, the end result of 
insufficient feedback is ataxia (the inability to coordinate voluntary muscular movements).  The 
opposite, excessive feedback, also creates difficulties as the muscles overshoot and go into 
uncontrollable oscillation known as purpose tremor. 
 
To summarize thus far, feedback is the circular flow of information in a circuit or loop, which 
creates a relationship between various aspects of ourselves and our environment (social and 
physical).  As a circular flow of information, feedback is essential to all learning processes.  
Conceptually, biofeedback is a special case of this broader feedback concept.  Biofeedback 
applies only to the flow of information that creates a bridge between the level of conscious 
awareness and other levels of human physical functioning. 
 
Biofeedback extends our conscious awareness toward learning to detect and in some cases to 
control subtle changes in our psychophysiology.  These changes usually occur beneath our 
customary level of awareness.  That is, not until the cumulative magnitude of the change reaches 
a critical threshold does it come to our attention.  Often the time lag between the occurrence of 
these small changes and our subsequent perception of them is far too long for meaningful 


                                                           
1 Adapted from E. Peper, S. Ancoli & M. Quinn (1979), Mind/Body Integration, New York: Plenum, pp. 557-562. 
2 Erik Peper  Institute for Holistic Healing Studies, San Francisco State University, San Francisco, California, 
94132.  Stephen Shambaugh   Human Development and Aging Program, University of California San Francisco, 
Berkeley, California 94143. 
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learning to occur.  Thus, for biofeedback to be useful, it must rapidly detect, amplify, and display 
the biological information.  In this sense, biofeedback demonstrates and authenticates that a 
psychophysiological change has taken place.  This is the function performed by the expensive 
clinical and laboratory biofeedback machines. 
 
However, we can learn to detect extremely subtle biological changes proprioceptively without 
the use of an external device.  For most of us, our proprioceptive sense is mainly used for 
coordinating rapid and gross motor movements.  The process is usually performed 
unconsciously.  Yet most of us can learn to sharpen the proprioceptive and other senses.  A 
number of approaches such as relaxation training, meditation, and various forms of slow 
movements like T’ai Chi Chuan can enhance this awareness.  The following technique 
demonstrates our ability to sense subtle changes in pressure, muscle movement, balance, and 
gravity if we are quiet enough.  Through quiet movement and focused attention, we increase the 
signal-to-noise ratio. 
 


For the next ten minutes, walk as slowly as you can.  Observe the slow movement 
of the leg, ankle, and feet, simultaneously being aware of the center of gravity in 
the lower abdomen.  Each step is a movement of only inches.  Observe carefully, 
feel the air moving past the arms and face.  Feel the shifting of weight from one 
leg, one foot, to the other.  Let your eyes be closed, and if your attention drifts, 
gently bring it back to the task.  As the end of 10 minutes, note how you feel, how 
you have slowed down, and how your feelings have changed. 


 
This exercise illustrates our capability for sensing subtle changes to the extent we can feel them 
like the gradual changes in pressure, the shifting of the weight, the tightening of the different 
muscles, and the sense of balance and gravity.  These sensations are usually masked by our rapid 
movements and activities. 
 
Thus feedback of one’s own biological information may be accomplished in two ways: 
 


1. By attending to the information displayed from an external feedback device, 
the trainee can learn self-regulation.  The information loop is completed 
outside the individual’s nervous system.  The feedback signal reenters the 
body (nervous system) exteroceptively.   


2. By sitting or moving gently in a quiet environment, a trainee can learn to 
heighten perceptual awareness introceptively and respond to his or her 
biological state without external devices. 


 
Both processes may be used in conjunction with one another to enhance clinical success.  
However, at home or at school we need not limit ourselves to the expensive commercial 
equipment (electromyograph, electrodermograph, temperature trainer, electroencephalo-graph, 
etc.) in order to obtain reliable information about our biological functioning.  From a cybernetic 
perspective, any thought, speech, or other action involves the feedback of information creating 
circular flows.  We are surrounded by potential sources for the feedback of information about 
ourselves.  The range of potential applications for the concept is extremely broad, limited only 
by our imagination and ingenuity.   
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All biofeedback involves skill learning with or without the use of adjunctive devices.  These 
devices may vary considerably in both complexity and level of sophistication and may include 
electronic, electrochemical, mechanical, and interpersonal components.  Our hope is to foster an 
attitude in which the user may perceive anything as a feedback device if it provides information 
that enhances the learning of the task at hand.  Often simple inexpensive household devices are 
most suitable.  Any device or technique to be used in a feedback modality should comply with 
these guidelines: 
 


1. It must be electrically and mechanically safe. 
2. It must be noninvasive. 
3. It must detect and feed back the appropriate signal. 
4. The feedback signal must occur in “real” time, so that there is little or no delay 


between the occurrence of the physiological event and the feedback signal. 
5. The trainee must understand the task and the meaning of the feedback signal.  


(Obviously with appropriate reinforcers this may not be necessary, but we feel that 
feedback training should enhance an individual’s autonomy.) 


 
The cybernetic perspective, outlined above, broadens the biofeedback concept to include the 
following possibilities: 


 
1. The use of human beings as sensitive feedback machines (either for oneself or 


another), such as in physical therapy or the Alexander technique. 
2. The substitution of more economical alternatives for existing biofeedback machines. 
3. The development of new and novel feedback machines to provide the appropriate 


signals for learning new tasks. 
4. The translation of skills learned in the clinic or laboratory into the home environment. 
 


THE USE OF HUMAN BEINGS AS FEEDBACK DEVICES 
 
Human beings can be the most sensitive feedback devices; they simply need to be trained.  This 
was illustrated in the slow walking exercise.  In addition, another person can be a source of 
feedback information.  For example, in a passive movement exercise, the person may sit quietly 
while someone else gently moves the first person’s jaw around in a random pattern (up and 
down, sideways, etc.).  The person whose jaw is moved neither helps nor hinders the movement 
but just lets go and allows the jaw to be moved.  Any resistance is felt by the mover.  Most 
people have difficulty in letting go of their  muscles.  If the person really lets the jaw loose, it can 
be moved in any direction without resistance.  This is a good source of feedback because the 
people can feel their own jaws proprioceptively. 
 
This exercise provides a physical demonstration of psychological styles.  The person who helps 
the movement of the jaw demonstrates anticipation and compliance, whereas one who hinders 
the movement demonstrates resistance.  In either instance, successful performance of the task 
will involve letting go of predispositions and living more flexibly in the present. 
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This exercise is one way to translate an EMG feedback exercise (to decrease dysponesis) into a 
form that does not require expensive equipment.  When practiced at home, the exercise involves 
another person and thus provides feedback to the practitioner about the social environment of the 
trainee.  For instance, if the trainee did not do the practice, this might indicate an absence of 
close relationships or a lack of assertiveness in asking for assistance, while the unwilling 
cooperation of another might indicate family discord.  Hence this home exercise is a way to 
explore the dynamics of the individual’s household. 
 
As individuals become more sensitive to their psychophysiological processes, they are able to 
observe the correlations between these processes and the environmental cues that elicit a stress 
response.  In this way, the individuals’ proprioceptive awareness provides necessary information 
enabling them (1) to identify the irritant (stressor) that triggered the response and (2) to work on 
changing their response by continuing to breathe and letting the jaw go slack.  This model may 
be applied to other stress-triggered behavioral patterns such as gasping or breath holding. 
 
THE USE OF ECONOMICAL BIOFEEDBACK DEVICES AS SUBSTITUTES FOR 
EXPENSIVE ELECTRONIC HARDWARE 
 
EMG Feedback Approaches 
Habitual tensing of the jaw has been implicated in bruxism, tension headache, and temporal 
mandibular joint syndrome (Rugh and Solberg, 1975).  There are many ways to train subjects to 
reduce jaw tension.  With EMG biofeedback, monitored from the massiter, temporal, or frontalis 
muscles, subjects can become aware of their own reactivity.  The person learns to recognize the 
absolute level of the muscle tension and to identify the minimum increase from that level.  How 
can a person carry this awareness into his daily life?  How can he be aware that he is tightening 
his jaw when engaged in other activities? 
 
1.  Love (personal communication, 1978) suggested placing a hard candy between the molars.  
When the individual is intensely involved in some activity like tennis, and clenches his jaw, the 
loud crunch refocuses awareness on his jaw activity. 
 
2.  Stroke patients who experience a loss of proprioceptive information often have difficulty 
becoming aware of excessive bracing in the somatic musculature.  An economical form of visual 
feedback of excessive muscular bracing can be created by placing a large bead of putty or soft 
clay on parallel bars or banisters.  The tighter the person squeezes the rails, the deeper the hand 
sinks into the putty. 
 
3.  Writer’s cramp due to excessive pressure on a pen may be corrected with the aid of a pressure 
alarm.  A small metal clip attached to the pen band will close a circuit when squeezed, setting off 
a buzzer powered by a small battery.  The total cost is under two dollars. 
 
Temperature Feedback Approaches 
 
1.  Peripheral hand warming can often be encouraged and fed back in a number of ways.  The 
subject can compare the temperature of his hands against his stomach to check for relative 
warmth or coolness.  Or the person can observe subjective sensations associated with increase in 
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temperature.  The sensation of throbbing (pulse) usually occurs when the temperature is about 
88 F or higher.  These two examples are relatively inaccurate approaches, but they can be 
helpful as reinforcement in those cases where the subject has previously learned to increase 
peripheral temperature. 
 
2.  A more accurate device is a small thermometer that the person holds between two fingers.*  A 
more interesting and economical tool is the “mood ring.”  It is a finger ring that in place or a 
large stone contains a thermal sensitive “liquid crystal.”  The crystal’s color changes with 
temperature.  By the color of the ring, the trainee knows the temperature of his hands.  Liquid 
crystals also are available in dots and strips that the person can tape to his skin. 
 
EEG Theta Feedback Approaches 
A Japanese tea bell may be used to enhance theta EEG reverie (Muldoon & Carrington, 1958).  
Theta bursts (associated with hypnagogic and hypnapompic imagery) occur when muscle tonus 
suddenly decreases as the person starts to fall asleep.  While lying down, the trainee holds the 
bell lightly, with the forearm in the air resting on the elbow.  When the muscles become flaccid, 
the arm falls, and the person is roused.  Another variation of this idea was developed by 
Aquarius Electronics.  A small tilt platform with microswitches is placed under the head.  
Whenever the head moves, a white noise occurs, gently waking the person. 
 
Other Feedback Devices 
 
1.  Two bathroom scales may be used to feed back weight distribution and train patients to 
develop a sense of balance.  A person learns to become aware of microchanges associated with 
weight shifts if he places one foot on each bathroom scale (Peper & Robertson, 1976). 
 
2.  Mirrors make multipurpose feedback devices.  A small mirror placed under the nose makes an 
excellent nasograph, showing relative air volume exhaled from each nostril.  A mirror can also 
be used to promote awareness of body posture, habitual patterns of movement and misplaced 
efforts, and to give visual feedback for role playing.  (Obviously tape and video feedback are 
alternatives.) 
 
3.  A modified electronic stethoscope was used by Tiep, Analiz, and Cadell (1977) to feed back 
wheezing to asthmatics. 
 
4.  Gogiometers (devices that measure joint angles) can be used to feed back joint movement, 
thereby demonstrating to patients with neuromuscular diseases that they have some joint 
movement in the affected area (Johnson, 1978). 
 
5.  A perineometer has been used in a pilot study by Peper and Meier (Peper, 1977) to train 
women to control the pubococcygeal muscle independently of abdominal tension, thereby 
shifting the quality of the orgasm.  A finger inserted in the vaginal barrel can also be used as a 
pressure transducer. 
 


                                                           
* Consciousness Living Foundation, P. O. Box 513, Manhattan, Kansas 66502 
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6.  A laboratory pH meter can be used to feed back vaginal pH. 
 
7.  A snore alarm has been made with a small microphone placed at the throat to trigger an alarm 
when the person snores. 
 
 
CONCLUSION 
 
The cybernetic view of biofeedback involves a shift in perspective in which the feedback more 
accurately defines the movement toward the desired goal.  With this point of view, we encourage 
the development and assessment of new, economical feedback devices to improve learning.  For 
example, a pressure transducer in a skier’s boots would enhance verbal instructions like “lean 
forward” or “place more weight on the tips of the skis.”  Similarly, a mercury switch mounted on 
top of a golfer’s hat could indicate postural shifts while he swings at the ball.  Thus feedback can 
enhance the learning of complicated motor skills.  Once we perceive that learning can be 
enhanced with appropriate feedback, the future uses depend upon the creativity of the user. 
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Adapted from: Peper, E. (1979). The possible uses of biofeedback in education. In Peper, 
E., Ancoli, S, & Quinn, M. Mind/body integration: Essential readings in biofeedback. 
New York: Plenum.  


THE POSSIBLE USES OF BIOFEEDBACK IN EDUCATION1 
 


Erik Peper2 
 
 


The concepts underlying biofeedback learning and research are reviewed in 
relation to their application in education.  The basic steps in biofeedback learning 
are pointed out and consist of: monitoring, self-awareness, control with the 
feedback equipment, and control without the feedback equipment.  In addition, 
the implications of biofeedback control are reviewed.  These include: self-control 
over the learning process; the concepts of passive attention, nonverbal learning, 
mind/body synchrony; transfer of learning; and the effect of belief structures.  
Drawn from these concepts, this paper suggests biofeedback applications for use 
in educational setting such as the use for teaching science lessons, voluntary 
control over low arousal and creativity, enhancement of artistic expression, 
learning of self-awareness and control over internal states, awareness of 
misplaced efforts, enhancement of visual attention, decreasing subjective striving 
components, and the use for teaching relaxation and unstressing.   


 
Biofeedback is a tool for self-regulation, so it is ironic that its use in education has not 
been actively explored.  It has great potential as an area for research and application, 
considering how quickly children learn autonomic control (Russell, 1975; Peper & 
Grossman, 1974). 
 
The application of biofeedback in education or in any other area depends upon the 
researcher’s results, the practitioner’s interest, and the social milieu.  The social climate 
for biofeedback has changed.  In the late 1960s and early 1970s, biofeedback was hailed 
as a means for self-exploration and achieving altered states of consciousness.  
Biofeedback was considered a tool to develop a psychophysiological language of 
consciousness (Kamiya, 1974; Peper, 1971), and it was hoped that feedback could be 
used to achieve an altered state of consciousness, a possible shortcut for meditation. 
 
At present the use of biofeedback for investigating altered states of consciousness has 
shifted out of the limelight and instead, clinical applications are the main concern of most 
biofeedback practitioners and researchers.  Clinical research was started in the late 1960s 
and has expanded rapidly.  Some of this expansion was encouraged by an increase in 
monies available for applied research.  Clinical applications, although often embedded in 
or enhanced by other therapeutic techniques, have ranged from the treatment of 
headaches, Raynaud’s disease, cardiac arrhythmia, and epilepsy to the treatment of 
backaches.  (A series of annual collections of papers covering all aspects of research in 
this area has been published: Biofeedback and Self-Control.  See the references.)  These 


                                                           
1 Adapted from Peper, E., Ancoli, S. and Quinn, M. (1979) Mind/Body Integration. (New York: Plenum) 
2 Erik Peper   Institute for Holistic Healing Studies, San Francisco State University, San Francisco, 
California 94134. 
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applications have recently come so much to the foreground that they may restrict 
nonclinical potential of biofeedback. 
 
For example, biofeedback can be used to test research hypotheses from a cybernetic point 
of view (Mulholland, 1968).  One feeds back the physiological signal in such a way that 
it affects the physiological system from which the feedback signal was generated, with 
the hope of establishing a positive or negative feedback loop.  A typical example of this 
research tool is testing the relationship between EEG alpha and the visual system.  A 
visual target, contingent upon the presence of the subject’s alpha or no-alpha EEG 
activity, is presented.  The effect upon the EEG can be evaluated, to see if the display is 
tightly linked with the feedback physiological process (Peper, 1970)—i.e., does alpha 
attenuate each time the subject focuses and accommodates? 
 
Other than using biofeedback to test research hypotheses, to achieve altered states of 
consciousness, or as a clinical tool, it may be used as a self-educational tool without any 
pathological (clinical) treatment orientation.  One area for which biofeedback use has not 
been explored is education.  After describing some of the underlying concepts in 
biofeedback, this chapter will suggest a few possible areas for biofeedback application in 
education. 
 
Biofeedback consists of displaying normally unnoticed physiological information about 
an organism back to itself.  With such a psychophysiological mirror, a person may 
become more self-aware and/or be able to change his own psychophysiology.  The subtle 
changes occurring in the organism are amplified and fed back to the person.  The 
information displayed plays the role of an unbiased observer—the information is neutral.  
How a person uses this information depends on the set and the setting.  (However, 
“control” implies directionality.  In many cases, pathology has been well defined but 
“health” has not.  To what level of control does one want to train a subject, and to control 
what?  What is health?  For example, is keeping alpha EEG on healthy?  Is low EMG 
healthy?) 
 
The basic steps in feedback learning are: 
 


1. Monitoring the physiological system to feedback changes in that system, since 
information only exists if there is change. 


2. Becoming aware of the feedback and objectively or subjectively linking it to some 
internal of external sensation.  In some cases a person needs to become aware 
that, for instance, each time the telephone rings, he frowns. 


3. Controlling the physiological system with the help of the feedback signal. 
4. Maintaining the psychophysiological control without feedback that means that the 


person has to internalize the learning process. 
 
Learning control over biological functions includes a number of implicit assumptions and 
concepts that are applicable to the educational process.  Some of these implications are as 
follows. 
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1.   Biofeedback learning implies self-control so that the person is responsible for his own 
growth.  No one can make you control yourself.  Hence there is a change in the source of 
responsibility—the responsibility rests with the subject.  The acceptance of responsibility 
is an active process rather than a passive one as when a person takes drugs. 
 
2.  Feedback control is achieved through passive attention and not through active striving 
or anticipation.  One learns control by attending to the process, not the outcome or end 
goal (Peper, 1976a). 
  
Experientially, the processes affecting the interfering with passive attention are those of 
anticipation and striving.  These effects may be experienced when we try to defecate or 
urinate.  Before you continue to read this essay, you might go to the bathroom and 
urinate.  Become aware of the many physical, emotional, and social constraints, as well 
as the tension and holding patterns in your body: What are they?  Doesn’t your body 
resist complying with the arbitrary demand to urinate?  (Note that in order to urinate you 
merely attend passively and allow the urine to flow.)  When you try to urinate, such as at 
a doctor’s office when he has asked for a urine specimen, the harder you try the less 
successful you usually are.  The process of passive attention consists of letting go and 
allowing a process to occur, which is inimical to the “normal” active striving mode that 
has been programmed into us (Peper, 1976a). 


  
Feedback learning focuses the person on the “here and now.”  The feedback continuously 
brings the person back into the present, attending to what is happening now.  So often one 
is thinking about the past (feeling guilty or gloating about achievements) or future (What 
I am going to do when I see whomever). Seldom is one present and totally in the “here 
and now.”  


  
In the present, doing can be an enjoyable process.  Often in education the emphasis is on 
goal rather than process or doing, and therefore learning is boring and forced; the mind 
drifts away.  The student is rewarded for getting a grade or pleasing the teacher, instead 
of pleasing himself.  Even in sports, one learns to run not because he likes the feeling of 
the air flowing past him but because he is forced by the gym teacher to run two laps 
around the track.  Enjoying sports is not the end goal; the “goal” is enjoying the 
movement and flow of air around the face, the fluid feeling of the body in which arms 
and shoulders are totally relaxed. 
 
3.  Learning is nonverbal.  Although most activities one does are nonverbal, one uses 
language to “tell” someone how to do something.  It is not surprising that telling someone 
“you ought to read” or “you ought to relax” does not work.  One needs to define and 
teach the experience—a behavioral approach.  One has to analyze the phenomena 
involved and develop a learning structure.  For example, how do you teach a person to 
balance and shift his weight?  Words merely describe the action and usually do not help.  
The person trying to learn to balance does not know how to translate verbal instructions 
into a physiological movement or feeling.  However, when the person has the experience 
of shifting weight (such as by distributing the weight on two scales and feeding back the 
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weight distribution as the person moves from one foot to the other), he can know what 
you mean (Peper & Robertson, 1976). 
  
Feedback translates and authenticates verbal commands into actual physiological 
experiences.  Hence, relax becomes not merely a word, but an actual physiological 
experience consisting of defined microvolt levels in certain muscles, peripheral warmth, 
as well as a decrease in electrodermal activity.   


  
With this concept, one looks at the educational process differently: i.e. how can I give an 
experience—e.g., or reading, to a student—rather than merely repeating verbal 
instructions. 
 
4.  Mind and body are one.  There is no mind/body separation.  The body somatizes the 
workings of the mind, so that for every thought there is a corresponding body change.  
With electromyographic  (EMG) feedback from each forearm, one can illustrate that 
when the person’s arm is totally relaxed the EMG is about .5 V; then, if the person is 
asked to imagine making a fist, the EMG usually shows an increase to 1.5-3V.   
  
Experientially, the following exercise may also illustrate this point: 
  


Sit quietly and comfortably; be sure your belt is loose; close your eyes.  
Spend a minute or so to allow yourself to become relaxed.  Now imagine a 
lemon; visualize it; notice the Sunkist lettering on the side; notice water 
droplets glistening on the outside of the yellow skin.  Notice its two 
chubby ends.  Now imagine your favorite kitchen knife, and cutting the 
lemon in two.  Notice the inside, the white rink the membranes containing 
the pulp and the juice; notice the droplets of juice.  Imagine squeezing it, 
tasting and swallowing the lemon juice.  Keep tasting for a moment or 
two. 
  
How did this visualization affect you?  Did you smell the lemon?  Did you 
taste it?  Did you swallow it?  Did you notice an increase in saliva?  If you 
had an increase in saliva, your thoughts directly affected your body.  
Through simple visualization exercises, the sympathetic and 
parasympathetic nervous systems have been affected.  Similarly, thoughts 
and emotions affect us and most likely interfere with our study habits. 


 
5.  Autonomic awareness implies that if we feel a sensation, we may need to take action 
in order to stay healthy.  If biofeedback mirrors the self, it means that eventually a person 
will become aware of physiological actions and that the person must (a) look for and 
attend to the psychophysiological sensations and cues, and (b) act upon those cues.  The 
result of not acting upon those cues allows pathology to occur—such as mild bracing of 
muscles around the neck and shoulders, which leads to chronic tension headaches.  To act 
is often difficult.  For example, while you have been reading this article, have you 
become aware of the constriction of your belt (panty hose) around your waist?  The 
tightness usually interferes with the abdominal respiratory movement.  With such an 
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awareness, one needs to act, i.e., one loosens one’s belt.  How would you feel if the 
awareness came while you were teaching a class?  Would you still loosen the belt?  If 
not, there is little use for biofeedback training, which increases one’s awareness of body 
cues.  Such increased personal awareness may conflict in a mass education system.  Yet 
the implications are enormous: what about the child whose personal timing makes him an 
“owl,” and who is never particularly alert in the morning?  For him, school should start at 
noon and go till 7:00 p.m. 
 
6.  Belief structures limit our experiences.  The limits of our beliefs are the limits of our 
experience.  Biofeedback training indicates that people can have fine control over their 
bodies and minds.  However, we often limit the possibilities by limiting what we perceive 
as “possible.”  Before the mid-1960s, autonomic control was believed to be impossible; 
however, feedback training indicated that autonomic self-regulation was possible (Miller, 
1969).  Similarly, in education our beliefs are our prophecies:  If one believes he is smart, 
he acts smarter and does better on tests. 
 
The concepts underlying feedback learning are in part the same concepts underlying the 
educational process.  In fact, biofeedback learning is an intensely personal educational 
process.  Some of the potential applications of biofeedback in education are: 
 


1. To teach a science lesson (King, 1975, personal communication).  The 
students can monitor their own behavior and the data from the equipment.  
This exercise teaches good observation applied to oneself.  For example, 
does anger give the same EEG signal for the same person at different 
times?  Is it different for one person than for another?  The purpose here is 
to use feedback to teach scientific observational techniques and to increase 
interest in learning by using the students’ own behavior as a database. 


 
2. To teach awareness of one’s own anatomy and body functions.  A biology 


class would be more interesting if one could learn, feel, and control some 
of the processes studied in books. 


 
3. To teach self-awareness and control over internal states.  Through 


feedback of EEG, GSR, temperature, EMG and self-charting of biological 
rhythms, students may become aware and “flash” that they can change 
their own moods.  “I wonder how the feeling of love shows 
electrophysiologically?” 


 
4.  To enhance artistic expression.  The feedback signals drive a musical 


instrument, which the person can use to accompany himself.  Or in the 
theater arts, feedback can be used to teach actors the physical expression 
of internal emotions. 


  
5.  To teach voluntary control over low-arousal states and creativity by the use 


of theta electroencephalography feedback.  The student can learn to 
voluntarily enter a hypnogogic state in which unedited new solutions to a 
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problem may appear.  This state may also be used to generate new artistic 
forms.  A slightly different approach has been the use of dream 
recognition, which alerts a person as he falls asleep.  The person stays in 
the transitional sleep stage, filled with the burst of imagery (C. T. Tart, 
personal communication). 


  
6.  To teach visual attention, through the use of EEG beta feedback.  Each 


time occipital alpha occurs while reading, it means the person is not 
paying visual attention.  Possibly one can train students to become more 
easily aware of momentary drifts in attention.  Possibly new educational 
material would only be presented contingent upon their 
psychophysiological attentive mode such as beta EEG (Mulholland, 1973).  


  
7.  To increase the awareness of misplaced efforts and striving components 


through the use of EMG feedback.  For example, the feedback would help 
a student to stay relaxed and not frown while studying.  Totally 
unexplored is the application to athletics.  Feedback could be used to teach 
an athlete to inhibit any extraneous muscle activity except for those 
muscle patterns needed for that particular physical activity.  For example, 
while jogging, the jogger learns to keep his head, shoulders and neck 
relaxed; while playing tennis the person does not hold his breath while 
serving. 


  
8.  To indicate striving, through the use of respiratory feedback, because when 


one is striving he is misplacing physical, emotional, and intellectual 
efforts.  Often when we strive we hold our breath.  A small portable breath 
feedback indicator would make the person aware that he is holding his 
breath, such as when getting up from a chair or preparing himself to raise 
his hand in class. 


  
9. To teach a prophylactic course in relaxation, to reduce stress levels, in 


conjunction with Jacobson progressive relaxation, sensory awareness 
techniques, and autogenic training.  Every student should learn profound 
voluntary relaxation, so that he can learn and initiate global desensitization 
to any activity.  Relaxation can be easily taught in conjunction with 
biofeedback, and this is a basic skill that all students must master.  


  
10. To train two students to experience similar psychophysiological states and 


thereby experientially appreciate the other person.   
 
In addition, there are many potential clinical biofeedback applications for education from 
the training of children with cerebral palsy to reduce their spasticity with EMG feedback 
(Finley et al., 1976) to the use of temperature training to eliminate migraines in children 
(Peper & Grossman, 1974).  The clinical applications obviously are independent of age.  
There are a few areas where education and clinical treatment overlap, such as the possible 
use of EEG alpha feedback and EMG feedback to train hyperactive children to be less 
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hyperactive or to teach destructive children more self-control—since self-control is the 
basis of biofeedback training. 
 
Biofeedback applications to education are only beginning.  This essay outlines only a few 
of the potential uses.  Many of these processes can be used in groups, with the feedback 
itself providing the individual instruction needed.  Once one takes the cybernetic 
viewpoint that feedback can help the learning process, anything can be used for feedback: 
audio- and videotape recordings, immediate verbal feedback from the teacher, etc.  The 
major process that biofeedback learning implies and encourages is learning through 
passive attention, to grasp without grasping—through which we can allow ourselves to 
open an infinite world in which to expand our own potentials. 
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TEACHING DIAPHRAGMATIC BREATHING TO CHILDREN 
 


Rebecca Kajander, CPNP, MPH and Erik Peper, PhD 
 


ABSTRACT 
 


The process of breathing has been linked to consciousness, health, and spirit. Newborns 
naturally breathe using diaphragmatic breathing.  However, by the age of 10, most 
children use a shallow thoracic breathing pattern, except when in a supine position.  
Adult literature indicates that patients taught diaphragmatic breathing experience 
significant decreases in numerous physical and psychophysiological symptoms.  There is 
a paucity of professional or lay literature that addresses the topic of breath training in 
children. This article describes the use of breath training as a component of biofeedback 
training and the possible uses of breath training for prevention and intervention of 
physical and psychophysiological disorders in children.  Directions for future research are 
proposed.   
 


"Of all the techniques I've learned, I use that 'breathing stuff' the most." 
-- Josh, age 12 


 
There is a paucity of professional or lay literature that specifically addresses the topic of 
breath training in children. The purpose of this article is to describe the use of breath 
training for children.  Practical tips for teaching breathing are provided.  This article will 
also explore possible uses of breath training for prevention and intervention of physical 
and psychophysiological disorders in children primarily through extrapolation from the 
adult literature.   
 
We breathe our first breath at birth and our last at death.  The process of breathing has 
been linked to consciousness, health, and spirit. Common phrases such as I couldn’t catch 
my breath, I need a breath of fresh air,  I waited with bated breath,  It was a breath taking 
view, and Give me some breathing room,"  use the concept of breath to describe the 
mind/body connection. One’s breathing pattern varies depending upon their level of 
physical fitness, current activity, and awareness of their breathing.  Diaphragmatic 
breathing can enhance relaxation and physical stamina.  Dysfunctional breathing patterns 
such as thoracic breathing, gasping, and breath holding and hyperventilation, may 
contribute to discomfort from problems such as headaches, stomachaches, sleep 
disturbance, anxiety, asthma, and hyperventilation (Schwartz, 1995, Fried, 1990). 
 
Diaphragmatic versus Thoracic breathing 
Diaphragmatic breathing is a breathing pattern that differs significantly from the typical 
breathing pattern of most adults. The typical adult breathing pattern, which may 
excelerate slightly just because of being measured,  involves shallow thoracic movements 
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with a respiration rate of 15-22 respirations per minute.  There is also an absence of sinus 
arrhythmia. In contrast, diaphragmatic breathing requires slow, rhythmic inhalations and 
exhalations with emphasis on the diaphragm muscle moving downward on inhalation and 
upward on exhalation (Roland, 1987, Hendricks, 1995, Farhi, 1990).   The respiration 
rate is 5 to 8 respirations per minute and is associated with a return of a normal 
respiratory sinus arrhythmia.  As people slow their respiration rate, the tidal volume tends 
to go up and the minute volume tends to go down.   The tidal volume in diaphragmatic 
breathing ranges from 750 to 2000 ml of air per inhalation.  The exhalation phase is 
longer than the inhalation phase.  Additionally, evidence of less stress is an increased 
exhalation pause time (Peper, 1992).   While breathing diaphragmatically, people are 
encouraged to relax and give their breathing “passive attention.”  Erik Peper best 
describes diaphragmatic breathing as “effortless breathing.”   
 
Thoracic or chest breathing, shallow breathing, sighing  and hyperventilation are   
common dysfunctional breathing patterns.  Thoracic breathing is a tendency to breathe in 
the upper chest by using the accessory breathing muscles such as the pectoralis, scalenes, 
and trapezius muscles.  The diaphragm is pulled up on inhalation and down on 
exhalation.  Thoracic breathing can cause dyspnea, fatigue, irritation, headaches, 
increased muscle tension in the upper chest as well a increased feelings of anxiety and 
panic. (Peper, 1992).  In the extreme case, breathing is paradoxical , as a person inhales 
the chest lifts up and the stomach tightens.  With exhalation the chest collapses and the 
stomach looses all tone and goes out.  An example of this would be a large gasp taken 
when someone is startled or afraid.  
 
Thoracic breathing can result in lower CO2 levels which leads to hyperventilation.  
Hyperventilation is defined as “rapid cycles of inhaling and exhaling (tachypnea) and/or 
breathing voluminous amounts of air in each breath (hyperpnea) (Schwartz, 1995, 
Fried,1990).   This is breathing beyond what the body needs to meet its immediate 
demands for oxygen and carbon dioxide. Acute hyperventilation commonly occurs with 
frightening or stressful events and resolves quickly. Chronic hyperventilation causes 
significant physical symptoms in every system of the body including dizziness, poor 
concentration, decreased peripheral temperature, muscle tension and cramps, irregular 
and rapid heart rate and gastrointestinal upset.   
 
A more common pattern of dysfunctional breathing is observed when a patient exhales 
incompletely with every breath (Peper, 1993).  This leads to hyperventilation followed by 
a big sigh.  This can easily be assessed with the following exercise: 
 


CLINICAL TIP: 
To see if breathing affects symptoms: 


 For one minute, ask your patient sit quietly, inhale and then exhale only 50% of their 
breath before inhaling again.   
Many people quickly report discomfort, including pounding in their chest,  dizziness or 
increased feelings of anxiety.  When you can evoke a symptom, the power of controlling 
breathing is reinforced.   
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Another dysfunctional breathing pattern is breath holding.  When people are very vigilant 
or fearful, they typically hold their breath.  This triggers the alarm reaction or stress 
response.  With training and practice, people can learn to focus on their exhalations and 
continue diaphragmatic breathing while being vigilant.  For example, imagine that you 
are threading a thin thread into a small needle hole.  Imagine holding the needle in front 
of you.  As you push the thread through the small eye of the needle, are you holding your 
breath?      
 
Diaphragmatic breathing is a core component of most relaxation and biofeedback 
programs. Jon Kabat-Zinn, MD,  Director of the Stress Reduction Clinic at the University 
of Massachusetts Medical Center has reported that “the breathing” was identified as “the 
single most important thing” his graduates learned from the stress reduction program 
(Kabat-Zinn, 1990). In a survey of children who participated in a biofeedback program 
for a variety of psychophysiologic disorders, 80% identified “that breathing stuff” as the 
component of the training that they used most and retained longest (Kajander, 1997).  
 
Relaxation/diaphragmatic breathing is taught by medical providers and many other health 
professionals to assist people in reducing their physiologic tension and arousal and to 
treat the symptoms of many physical and psychological disorders.  Diaphragmatic 
breathing is thought to have a positive effect on every system of the body.  It calms the 
nervous system, slows the heart rate, and lowers blood pressure.  It slows brain wave 
rates thus “quieting the mind.”  It stimulates the immune system, decreases peripheral 
sweating and increases peripheral warming. (Schwartz, 1995, Hendricks, 1995). 
Clinicians who teach breathing should have considerable personal experience (Tibbets 
and Peper, 1993).    
There are many theories regarding the physiologic mechanism of diaphragmatic 
breathing on pain and anxiety.  Breathing in through the nose stimulates the vagus nerve 
endings resulting in lowering of the sympathetic response and inhibiting the fight/flight 
response.  Additionally, the air is warmed, filtered and moisturized as it travels through 
the nose resulting in less irritation and turbulence in the airway.  Hyperventilation is 
diminished because the nasal passages are small which inhibits overbreathing. Slow 
breathing results in mild increases in CO2 which causes slowing of the heart rate, dilation 
of peripheral vessels, stimulation of gastric secretions, depressed cortical activity and 
mild somnolence, all characteristics associated with relaxation.  Focusing attention on 
slow diaphragmatic breathing results in cognitive diversion which may diminish attention 
to negative thoughts and increase a sense of personal control. (Schwartz) 
Shaffer has observed that if one focuses his/her attention on their abdomen or  feet while 
breathing, the breath is more likely to be diaphragmatic than if the focus is on the chest. 
Focusing on the chest results in quicker, more shallow breathing. (Shaffer, et al, 1993).  
This has significant implications for persons with asthma or panic. 
 


CLINICAL TIP: 
If a person is having difficulty breathing diaphragmatically: (asthma, panic, breath 
holding etc.), Encourage them to focus on their exhalation and to imagine exhaling their 
air all the way down their legs to their feet.  It also helps for the clinician to stroke the 
clients arms or legswhile they are exhaling.    
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Additionally, it is important to recognize that breathing patterns are contagious and can 
be modeled.(Shafffer, 1994)  This is particularly true for children who learn a great deal 
by imitation.  If a clinician exhales in phase with their client, the client will begin to 
exhale longer and may shift  to a more diaphragmatic pattern.  If the client places his/her 
hands on the clinician's sides or abdomen, abdominal breathing can be easily felt.  Pacing 
of the breath can also be demonstrated.  In order for this to occur in a healthy way, the 
clinician must be well trained in breathing and be flexible to the demands of their client. 
 


CLINICAL TIP: 
Teach diaphragmatic breathing with verbal instruction, role modeling, and pacing.      


 
Adult Literature on Diaphragmatic Breathing Benefits 
Diaphragmatic breathing has been identified as helpful in the treatment of numerous 
significant health problems in adults.  Peper and Tibbetts determined that teaching 
asthmatic adults slow diaphragmatic breathing with EMG and incentive inspirometer 
biofeedback resulted in improved inhalation volume and decreases in thoracic muscle 
effort, asthma medication use, emergency room visits and breathless episodes.  The 
benefits persisted over a 16 month interval (Peper, 1992).  Kotses’ research demonstrated 
that facial muscle relaxation and respiratory biofeedback improved short-term pulmonary 
function in asthmatics (Kotes, 1981).   
 
Ley also reported that diaphragmatic breathing may be indicated in the treatment of 
sympathetic arousal, anxiety, panic attacks and hyperventilation, discomfort of 
menopausal hot flashes, reduction of a second coronary occurrence, and enhancement of 
endurance and physical performance (Ley, 1995).  Breath training has been cited as a 
beneficial intervention for dyspnea, asthmatics, COPD, hyperventilation, pain, cardiac 
symptoms, hypertension (Esteve, 1996, Ley, 1995).  
 
Normal Breathing Patterns in Children 
Newborns automatically use diaphragmatic breathing.  The normal newborn respiration 
rate is 30 to 80 breaths per minute (bpm) depending on the newborn’s weight.  The 
respiratory rate decreases to 20 to 40 bpm in early infancy and to 15 to 25 bpms in late 
childhood and adolescence (Oske,1990).  By age 10, the normal breath pattern is 
predominantly thoracic, with greater abdominal breathing when the child is in the supine 
position (Verschaakelen, 1995).   
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   Age    Breaths/minute 


________________________________________________________________ 
 Birth to 6 weeks    35-60 
 6 to12 weeks     40 
 2 to 6 years     30 
 6 to 10 years     25 
 >10 years      20 
__________________________________________________________________ 
(Saunders, Manual of Pediatric Practice. p532) 


 
The authors believe that simply measuring a child's rate of breathing may induce a level 
of stress and thereby potentially affect standard norms.  
 
There is a growing body of literature on the clinical applications of biofeedback used 
successfully as either a primary or adjunctive therapy in the treatment of numerous 
problems in children including headaches, recurrent abdominal pain, sleep disorders, 
attention deficit disorder, asthma, epilepsy, and anxiety (Culbert,1996).  However, few 
studies have investigated the specific benefits of breath training as a treatment for 
childhood physical and psychophysiological symptoms.  Breath training is usually 
mentioned in the context of relaxation training.  For example, in Stress Proofing your 
Child (Lewis and Lewis, 1996), “breath power” (slow deep breathing) is described as an 
important “stressbuster” and as an important intervention tool for children who are 
distraught or angry, anxious about sports performance or test taking, or who generally 
feel tense and need to relax .  Tells et al described teaching Yoga positions that 
emphasized relaxation and awareness of physical and other sensations to 20 girls in a 
group home.  In comparison to a control group, the girls taught yoga for 6 months 
developed significantly lower breath rates, more regular breath patterns and lower skin 
resistance values (Tells, 1997).   
 
The majority of data on children’s breathing is found in the asthma literature.  
Compromised breathing and decreased vital capacities during asthma attacks are well 
described.  Diaphragmatic breathing is most often described as an adjunctive technique to 
help with relaxation and diminish the anxiety or “panic” that occurs with an asthma 
attack rather than  a primary intervention.  Most sources, when reference to breath 
training is included,  state that breathing techniques “did not help asthma persay.” 
(Tinkleman, 1990, Weinberger, 1989). However, Robert and Sammut (Roberts,1996) 
describe breathing exercises as important for learning how to relax during an asthma 
attack and to prevent the unnatural breathing pattern and panic that commonly occurs 
during an attack.  It is the authors' experience that children respond best when breath 
training is done in a very specific manner and the child is taught to practice and 
generalize their relaxation breathing to their daily life. 
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CLINICAL TIP: 


In most cases, children are told to "just take a deep breath." This usually results in a large 
chest breath that stimulates the fight/flight reaction.   Instead, teach children slow               
diaphragmatic/abdominal breathing.   
 
Leona Kuttner, PhD, describes breathing techniques as a helpful contribution in the 
management of acute pain in children (Kuttner, 1997).  Breathing techniques were 
included with other relaxation techniques in the treatment of chronic pain conditions 
including hemophilia, juvenile rheumatoid arthritis and sickle cell disease (Bush, 1991).  
Children can reduce their pain when they learn to exhale while the procedure is being 
done.  This allows the child to both learn breathing and be in control of letting the 
clinician know when they are ready for the procedure. A good example is when a child 
gets a shot; have him/her exhale during the injection.  If the child can not respond to the 
direct suggestion to exhale, consider telling them to sing, blow bubbles, or even blow on 
a parent's hair or face.    
 
The Alexander Center Experience 
The Alexander Center for Child Development and Behavior in Minneapolis, Minnesota 
has had a pediatric biofeedback program for four years. Biofeedback is provided by three 
BCIA certified clinicians including two developmental pediatricians and a pediatric nurse 
practitioner (Ms Kajander).  The majority of children have been seen for migraine 
headaches or mixed headache disorders, recurrent abdominal pain, disorders of 
elimination, sleep disorders, and symptoms of anxiety. A survey of 90 children who 
graduated from the pediatric biofeedback program revealed that diaphragmatic breathing 
was the biofeedback technique that they remembered and used most often.  When asked 
what part of their biofeedback training was most helpful, they stated, “that breathing 
stuff.”  However, children do not use diaphragmatic breathing without intentionally 
focusing on their breathing.  They quickly lapse into a more shallow and rapid breathing 
pattern, which may in fact be very normal.  It is possible that some of the shallow 
breathing is conditioned to the activities of the child.  For example, as children focus their 
attention, they often hold their breath.  Young athletes such as gymnasts, skiers, and 
tennis players  tend to hold their breath when beginning a difficult task.  The key is to 
teach them to exhale rather than hold their breath when stressed. 
 
In a pilot study at the Alexander Center, ten children, ages 7 to 16, were monitored with 
strain gauges and EMG on the upper trapezius muscles, while they passively sat in a chair 
and received no feedback about their breathing.  Their respiratory rates ranged from 9 to 
24 breaths per minute, averaging 19 breaths per minute,  with a very shallow 
thoracic/diaphragmatic pattern.  Only one of the ten, a girl who was trained in singing, 
used diaphragmatic breathing naturally and automatically.  All were able to produce slow 
diaphragmatic patterns when asked to do so while being provided visual and sensory 
feedback.  All had been taught  diaphragmatic breathing  to help control symptoms such 
as migraine and chronic tension headaches, recurrent abdominal pain, anxiety, and sleep 
onset disorders.  
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During the course of taking a history, the children were asked if they had previously 
learned any diaphragmatic or other breathing techniques.  Only a very few identified 
learning “deep breathing” in band or choir.  None of the children  reported learning 
breathing techniques in sports.   Coaches including professional karate and tennis 
coaches, and volunteer soccer, baseball and skiing coaches have been informally 
interviewed by Kajander and  all reported that they did not teach breathing techniques as 
part of their coaching.  A music instructor and dance instructor did describe teaching their 
students  some basic diaphragmatic breathing techniques.    
 
Teaching diaphragmatic breathing: 
Diaphragmatic breathing is very easy to teach to most children.  It can be taught with 
verbal instructions, role modeling and imitation.  The main theme is to help children 
become aware of their breathing and know they can control it by their actions.  The term 
“belly breathing” is used (by Kajander) to describe diaphragmatic breathing so that 
children will focus their attention on their bellies as they breathe.   They are asked to 
think about how they  breathe differently depending on what they are doing-such as 
running, sleeping or feeling nervous.  These are all concepts that can be understood by 
young children and adolescents alike.  A child can experience diaphragmatic breathing  if 
he lays down on the exam table, putting one hand over his chest and one hand over the 
abdomen.  The child breathes naturally feeling how his chest and belly rises and falls 
with each breath cycle.   He is then asked to hold his breath or take a large chest breath in 
order to induce the related changes in the chest and abdomen.  This process also 
facilitates experiencing increased muscle tension and increased heart rate while doing 
chest breathing or breath holding.   
 
Children can be encouraged to imagine having a balloon of their favorite color in their 
abdomen that expands as they breathe in and deflates as they exhale.  (The color cue 
facilitates the child’s ability to use imagery.) A little gentle pressure of one's hand over 
the abdomen can help those children who are having difficulty breathing in their bellies.  
Having them imagine blowing their air down the whole length of their body helps  
prolong their exhalation.  As a homework assignment,  children are asked notice how 
their breathing changes as they perform different activities and to practice “belly 
breathing” while they are laying down two or more times every day.  After children learn 
the basics of breathing, strain gauges and EMG monitoring of trapezius muscles with 
computer feedback is used to provide kinesthetic feedback and visual images of their 
breathing pattern.  It is  helpful to let them “play” with the equipment and notice the 
difference on the graph when they hold their breath, take a large chest breath or do 
diaphragmatic breathing.  The children practice slow diaphragmatic breathing until they 
have mastered the concepts, and feel the difference in their body.  While computerized 
biofeedback equipment is not essential for teaching diaphragmatic breathing,  it increases 
the child’s learning curve exponentially!  EMG measurement of upper trapezius muscles 
and capnometery and other helpful tools in teaching breathing.  
  
It is the experience of the authors that many parents are thoracic breathers and need to 
learn diaphragmatic breathing themselves.  If  children are anxious or have asthma, and 
their parents breath thoracially, it may be contagious and intensify the child's dysfuctional 
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breathing.  When parents use diaphragmatic breathing, they can practice with their 
children thereby giving them positive attention and reinforcement for healthy behavior.  
 


Clinical Tip: 
 Here is how to do diaphragmatic or "belly breathing" 
1.  Lay on the floor or sit up straight  with your feet supported. 
2.  Put one hand on your chest and the other hand over your belly. 
3.  Exhale all your air, until your belly pulls in  slightly. 
4.  Imagine you have a ballon underneath your belly button that inflates as you inhale and    
deflates as you exhale. 
5.  Breath in through your nose and pull the air deep into your lungs.  Feel your belly 
expand, like a balloon blowing up.  Exhale slowly through your mouth.  Feel you belly 
go back in, like a balloon deflating.  Say "haa" as you exhale. 
6.  Breath in slowly - inhale to the count of  3 seconds and exhale to the count of  6. 
7.  Keep your shoulders as relaxed as possible, they should not rise as you inhale.         
 
CONCLUSION: 
It is well documented that diaphragmatic breathing is a beneficial technique in promoting 
relaxation and treating numerous significant breathing disorders in adults.  Very little 
research has addressed the benefits of teaching diaphragmatic breathing to children and 
adolescents.   Clinical data indicates that young people can easily  learn diaphragmatic 
breathing and  generalize it to daily life.  Peper's research has shown that it can improve 
endurance and reduce exercise induced asthma.  Children  report that it has lasting benefit 
over other biofeedback techniques for relieving significant disorders such as chronic 
tension and migraine headaches, stomach aches, sleep disorders, feelings of anxiety and 
panic, and anger management.  Research data is necessary to document these clinical 
impressions.  It may be helpful for people who work with children in many capacities 
such as  schools, sports, and medical and mental health clinics  to consider teaching 
diaphragmatic breathing as a basic technique for health and relaxation.   
 
Future research efforts should focus on the following questions identified by the 13th 


International Symposium on breath retraining in adults. (Ley, 1995)  
   What are the limits of normal breathing patterns? 


 Have abnormal breathing patterns been documented in patients with chronic 
hyperventilatory complaints? 


  Are there ideal breathing patterns in resting states and performance states? 
 Are there characteristic breathing patterns associated with emotional states such 


as anger, fear, and pleasure? 
 How effective is cognitive therapy without breathing retraining in the treatment of  


panic disorder? 
  How does counseling contribute to the efficacy of breath retraining? 
 
The following additional questions are proposed by the authors: 
   How enduring are breathing retraining techniques taught to children? 


• What kind of breathing pattern are healthy for the relaxed child? 
• What type of imagery works best in teaching children diaphragmatic breathing? 







 279


• What affect does training family members to be "co-therapists have on children's 
learning? 


• How could relaxation and breath training be incorporated into the “stress  
  inoculation” portion of well-child care? 
   Why isn’t breath training included as a regular feature of sports training? 
  If breath retraining is helpful to adults in the treatment of significant, life 


 threatening diseases such as asthma, hypertension, and chronic pain and in 
 psychological conditions such as panic disorder, could teaching children healthy 
 breathing techniques prevent some of these disorders?  


 
 "Like heart rate, breathing is regulated by a center at the very base of  the brain, in the 
medulla oblongata, an area of our most primitive functions.  Yet breathing, observed, 
made conscious, and controlled, can be a powerful tool for healing." 
     --James Gordon, MD, Manifest For  A New Medicine 
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An	Introduction	to	Heart	Rate	Variability	Feedback
Heart rate variability feedback is an excit-


ing new technology that has broad-based ap-
plications in stress reduction, rehabilitation, and 
performance enhancement. This article focuses 
on heart rhythm coherence feedback training, 
which has proven to facilitate rapid, profound, 
and enduring improvements in a wide variety of 
conditions. An important reason this technology 
is effective in so many and diverse applications is 
that it facilitates the maintenance of a physiologi-
cally effi cient and highly regenerative inner state,  
characterized by reduced nervous system chaos 
and increased synchronization and harmony in 
system-wide dynamics. This psychophysiological 
mode, termed physiological coherence, is con-
ducive to healing and rehabilitation, emotional 
stability, and optimal performance. This article 
provides an introduction to heart rate variability 
feedback, explores its advantages, and discusses 
the use of heart rhythm coherence feedback to 
promote the physiological coherence mode. A 
new heart rhythm coherence monitoring and 
feedback system known as the Freeze-Framer 
is introduced, and examples of the effective use 
of this technology to reduce stress and promote 
positive emotional states and coherence in a wide 
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range of wellness and performance enhancement 
applications are presented.


Signifi	cance	and	Measurement	of	Heart	Rate	
Variability


Heart rate variability (HRV) is a measure 
of the naturally occurring beat-to-beat changes in 
heart rate. The analysis of HRV, or heart rhythms, 
is a powerful, noninvasive measure of neurocar-
diac function that refl ects heart–brain interactions 
and autonomic nervous system dynamics.1-3 HRV 
can be derived either from the electrocardiogram 
(ECG), using electrodes placed on the chest, or 
from pulse wave recordings, using a plethysmo-
graphic optical sensor placed at the fi ngertip or 
earlobe. ECG recordings have the advantage of 
producing fewer movement-related artifacts. 
However, pulse wave recording devices also 
provide data suitable for most applications, and, 
as they require no electrode hook-up, are more 
easily adaptable for use in a much wider variety 
of settings (see below). 


Advantages	of	HRV	Feedback
A promising advancement in biofeedback 


technology is the recent development of HRV 
feedback systems. In relation to other types of 
biofeedback, HRV feedback offers several unique 
advantages. First, HRV feedback refl ects the activ-
ity of both the sympathetic and parasympathetic 
branches of the autonomic nervous system and 
the synchronization between them, and thus pro-
vides a window into the dynamics of the system 
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as a whole. Compared to EEG feedback, HRV 
feedback is also considerably simpler and more 
straightforward to learn and use, which facilitates 
rapid improvement. Further, because the instru-
mentation utilizes only a simple pulse sensor 
requiring no electrode hook-up, it is extremely 
versatile and can be used easily and effectively 
as an educational tool not only in clinical settings 
but also in the home, in the workplace, in schools, 
or even while traveling. Its cost-effectiveness also 
makes it accessible to a greater number of people 
and in a wide range of applications. In relation 
to other biofeedback modalities, HRV feedback 
is also more refl ective of changes in emotional/
psychological state, and thus is particularly pow-
erful in applications where reducing stress and 
increasing emotional stability are critical.


Heart	Rhythm	Pattern	Analysis
Typically, instruments used for recording 


HRV analyze the signal by means of time do-
main or frequency domain (spectral) analysis, 
both of which quantify the amount of variability amount of variability amount
in heart rate that exists in a given recording. A 
new approach to HRV monitoring and feedback 
is the analysis of heart rhythm patterns. Heart 
rhythm pattern analysis, which analyzes the vary-
ing shape of the HRV waveform, is an especially 
useful tool in psychophysiological research and 
biofeedback applications. This type of analysis 
can be particularly valuable in applications that 
aim to illuminate the physiological correlates of 
different mental and emotional states, assess the 
extensive interactions among the mental, emo-
tional, and physiological systems in arousal-in-
duced pathology, or examine psychophysiological 
responses to different interventions.


HRV	and	Emotions
Recent research conducted at the Institute 


of HeartMath has demonstrated that HRV dy-
namics are particularly sensitive to changes in 
emotional state, and that positive and negative 
emotions can be readily distinguished by changes 
in heart rhythm patterns which are independent 
of heart rate. Specifi cally, during the experience 
of negative emotions such as anger, frustration, 
or anxiety, heart rhythms become more erratic or 


disordered, indicating less synchronization in the 
reciprocal action between the parasympathetic and 
sympathetic branches of the autonomic nervous 
system. In contrast, sustained positive emotions, 
such as appreciation, love, or compassion, are as-
sociated with a highly ordered or coherent pattern coherent pattern coherent
in the heart rhythms, refl ecting greater synchroni-
zation between the two branches of the autonomic 
nervous system.2, 3


Figure 1. Shift to coherence. Real-time heart rate variability (heart 
rhythm) pattern of an individual making an intentional shift from a 
self-induced state of frustration to a genuine feeling of appreciation 
by using HeartMath’s Freeze-Frame positive emotion refocusing 
technique (at the dotted line). It is of note that when the recording 
is analyzed statistically, the amount of heart rate variability is amount of heart rate variability is amount
found to remain virtually the same during the two emotional states; 
however, the pattern of the heart rhythm changes distinctly. Note 
the immediate shift from an erratic, disordered heart rhythm pattern 
associated with frustration to a smooth, harmonious, sine wave-
like (coherent) pattern as the individual uses the positive emotion 
refocusing technique and self-generates a heartfelt feeling of 
appreciation. 


Physiological	Coherence
Our research on HRV and emotion has iden-


tifi ed a distinct mode of physiological functioning 
that is frequently associated with the experience 
of sustained positive emotion. We call this mode 
physiological coherence.4, 5 “Coherence” is used 
here as an umbrella term to describe a physiologi-
cal mode that encompasses a range of distinct but 
related phenomena, including synchronization, 
entrainment, and resonance, all of which emerge 
from the harmonious interactions of the bodyʼs 
subsystems. Correlates of physiological coherence 
include: increased synchronization between the 
two branches of the autonomic nervous system, 
a shift in autonomic balance toward increased 
parasympathetic activity, increased heart–brain 
synchronization (alpha rhythms become more 
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synchronized to the ECG), increased vascular 
resonance, and entrainment among diverse 
physiological oscillatory systems (i.e., heart 
rhythm patterns, respiratory, craniosacral, and 
blood pressure rhythms).3, 5 The coherent mode 
is refl ected by a smooth, sine wave-like pattern in 
the heart rhythms (heart rhythm coherence) and 
a narrow-band, high-amplitude peak in the low 
frequency range of the HRV power spectrum, at 
a frequency of about 0.1 hertz. 


In terms of physiological functioning, the 
coherent mode confers a number of benefi ts to the 
system. These include: (1) resetting of barorecep-
tor sensitivity, which is involved in short-term 
blood pressure control and has also been found to 
be related to increased respiratory effi ciency;6 (2) 
increased vagal afferent traffi c, which is involved 
in the inhibition of pain signals and sympathetic 
outfl ow;5 (3) increased cardiac output in conjunc-
tion with increased effi ciency in fl uid exchange, 
fi ltration, and absorption between the capillaries 
and tissues; (4) increased ability of the cardiovas-
cular system to adapt to circulatory requirements; 
and (5) increased temporal synchronization of 
cells throughout the body.7, 8 This results in in-
creased system-wide energy effi ciency and meta-
bolic energy savings. The physiological coherence 
mode has also been associated with psychological 
benefi ts such as increased emotional stability and 
improved cognitive performance.5, 9-11


Coherence-Building	Techniques
Although physiological coherence is a natu-


ral state that can occur spontaneously, sustained 
episodes are generally rare. While specifi c rhyth-
mic breathing methods can induce coherence and 
entrainment for brief periods, cognitively-directed 
paced breathing is diffi cult for many people to 
maintain for more than about one minute. On the 
other hand, our fi ndings indicate that individuals 
can maintain extended periods of physiological 
coherence by actively self-generating and sustain-
ing a positive emotional state, such as apprecia-
tion, care, or love. Using a positive emotion to 
drive the coherent mode appears to excite the 
system at its resonant frequency, and coherence 
emerges naturally, making it easy to sustain for 
long periods.


  Based on these fi ndings and related re-
search on the extensive interactions between the 
heart and brain,12 the Institute of HeartMath has 
developed a set of positive emotion-focused tech-
niques that foster physiological coherence. Col-
lectively known as the HeartMath system, these 
techniques utilize the heart as a point of entry into 
the psychophysiological networks that underlie 
emotional experience.4, 13, 14 In brief, HeartMath 
techniques combine a shift in the focus of atten-
tion to the area around the heart (where many 
people subjectively feel positive emotions) with 
the intentional self-induction of a sincere posi-
tive emotional state, such as appreciation. Such 
a shift in focus and feeling serves to prevent or 
reduce the stress response and increase heart 
rhythm coherence, which results in a change in 
the pattern of afferent cardiac input sent to the 
cognitive and emotional centers in the brain. 
This coupling of a more organized afferent pat-
tern with an intentionally self-generated feeling 
of appreciation reinforces the natural conditioned 
response between the physiological state and the 
positive emotion. This subsequently strengthens 
the ability of a positive feeling shift to initiate a 
physiological shift towards increased coherence, 
or a physiological shift to facilitate the experi-
ence of a positive emotion. With practice, the new 
coherent patterns become increasingly familiar to 
the brain and nervous system, and thus become 
established in the neural architecture as a new, 
stable baseline or norm. 


Evidence from studies conducted across 
diverse populations suggests that this repattern-
ing process can lead to both short-term and long-
term improvements in key measures of physical 
and emotional health. For example, individuals 
using HeartMath coherence-building techniques 
have demonstrated significant reductions in 
stress, anxiety, and depression;9, 10, 15-21 increases 
in positive affect and attitudes;9, 10, 15-21 enhance-
ment of humoral immunity;22, 23 and an increased 
DHEA/cortisol ratio.9 By reducing stress and its 
physiological effects, these interventions have 
also been shown to produce signifi cant improve-
ments in health status in various clinical popula-
tions (discussed further below).
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Heart	Rhythm	Coherence	Feedback	Training
Heart rhythm coherence feedback training is 


a powerful tool to help people learn to self-gener-
ate states of increased physiological coherence 
at will, thereby reducing stress and improving 
health, emotional well-being, and performance. 
A new HRV feedback system known as the 
Freeze-Framer (Quantum Intech, Inc., Boulder 
Creek, CA) incorporates a patented technology 
that enables physiological coherence to be objec-
tively monitored and quantifi ed. Using a fi ngertip 
or earlobe plethysmographic sensor to detect the 
pulse wave, this interactive hardware/software 
system plots changes in heart rate on a beat-to-
beat basis. Both the heart rate tachogram and the 
HRV power spectrum can be viewed in real time. 
The software also includes a tutorial that provides 
instruction in the HeartMath positive emotion-
focused coherence-building techniques. As users 
practice the techniques, they can readily see and 
experience the changes in their heart rhythm 
patterns, which generally become less irregular, 
smoother, and more sine wave-like as they enter 
the coherent mode. This process enables individu-
als to easily develop an association between a shift 
to a more healthful and benefi cial physiological 
mode and the positive internal feeling experience 
that induces such a shift. The software also ana-
lyzes the heart rhythm patterns and calculates a 
coherence ratio for each session. The coherence 
level is fed back to the user as an accumulated 


score or success in playing one of three colorful 
on-screen games designed to reinforce coher-
ence-building skills. Finally, the system includes 
a multi-user database to store results and track 
clients  ̓progress.


Because this technology uses a pulse wave 
monitor and involves no electrode hook-up, it is 
extremely versatile, time-effi cient, and easy to 
use in a wide variety of settings to reduce stress, 
improve health, and optimize performance. For 
example, the Freeze-Framer has been successfully 
used by mental health professionals, physicians, 
educators, corporate executives, athletes, and 
performing artists. 


Medical	applications
Many health professionals have found heart 


rhythm coherence feedback to be an effective tool 
to educate patients in the physiological effects 
of stress and emotions, and thus to support and 
facilitate a wide variety of therapies, both con-
ventional and complementary. For example, the 
Freeze-Framer technology is increasingly being 
used by neurofeedback practitioners to calm cli-
ents and stabilize the nervous system before ses-
sions; this preparation often allows for a shorter 
and more effective session. Many clinicians 
have found heart rhythm coherence feedback to 
be an effective addition to treatment programs 
for chronic conditions that are associated with or 
exacerbated by emotional stress, including fi bro-
myalgia, chronic fatigue, hypertension, asthma, 
environmental sensitivity, sleep disorders, diabe-
tes, and cardiac arrhythmias, among many others. 
The system has proven particularly effective in 
pain management and is currently used in burn 
clinics. Finally, the Freeze-Framer is employed in 
cardiac rehabilitation programs to help patients re-
duce stress and increase cardiovascular effi ciency. 
Clinical studies have shown signifi cant improve-
ments in functional capacity in patients with 
congestive heart failure15 and signifi cant blood 
pressure reductions in hypertensive individuals16


using the Freeze-Framer in conjunction with the 
HeartMath coherence-building techniques. 


Figure 2. The Freeze-Framer®Figure 2. The Freeze-Framer®Figure 2. The Freeze-Framer  heart rhythm coherence feedback ® heart rhythm coherence feedback ®


trainer.
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Mental	health	applications
Heart rhythm coherence feedback is also a 


powerful educational tool in mental health settings 
and has facilitated rapid and profound improve-
ments in individuals with such conditions as de-
pression, anxiety, panic disorder, post-traumatic 
stress disorder, and attention-defi cit hyperactivity 
disorder (ADHD). Many mental health special-
ists have commented that children appear to be 
particularly responsive to the Freeze-Framer, 
as input on their heartʼs rhythms is often more 
tangible and engaging to them in comparison to 
other biofeedback modalities. The system is also 
frequently used to facilitate anger management 
and impulse control.


Because of the sensitivity of HRV patterns to 
changes in psychophysiological state, many psy-
chologists utilize heart rhythm monitoring effec-
tively as a “camera on the emotions.” Continuous 
monitoring of clients  ̓HRV throughout a therapy 
session is easily accomplished and can give both 
therapist and clients immediate insight into cli-
ents  ̓emotional responses, often enabling a more 
effi cient and effective session. This technology 
often proves helpful in identifying subconscious 
feelings, reactions, and emotional triggers that op-
erate at a level below an individualʼs conscious 
awareness but are nevertheless refl ected in physi-
ological patterns and processes. The sensitivity of 
heart rhythm monitoring to psychological vari-
ables is clearly illustrated by the account of one 
psychologist who uses this technology with clients 
with multiple personality disorder. This clinician 
fi nds that he is able to reliably distinguish between 
the different personalities his clients manifest on 
the basis of distinct changes in their heart rhythm 
patterns. 


Performance	enhancement	applications
In addition to improving physical and emo-


tional health, heart rhythm coherence feedback 
is also used in optimizing performance in a wide 
variety of domains. By reducing performance-
related anxiety and mental “noise,” stabilizing 
nervous system dynamics, and creating system-
wide coherence, this intervention helps individu-
als learn to self-generate and sustain high-perfor-
mance states at will. One application in which this 


intervention has proven particularly effective is 
helping students stabilize the nervous system to 
reduce anxiety and improve performance in high-
stakes test-taking. Pilot studies with high school 
students have shown a 14% to 35% increase in 
standardized test scores in reading and math after 
8 hours of training (over a 3-week period) with the 
Freeze-Framer and HeartMath coherence-building 
techniques.24, 25


Another rapidly growing application for 
heart rhythm coherence feedback is in the area 
of sports performance enhancement. Helping ath-
letes learn how to consistently enter a peak-per-
formance state that maximizes emotional stability, 
focus, concentration, and physical coordination, 
the Freeze-Framer has made a particularly notable 
impact in the professional golfi ng community.26


The	Promise	of	Heart	Rhythm	Coherence	Feedback
In summary, HRV feedback is a versatile and 


cost-effective technology that has broad-based ap-
plications in clinical, workplace, sports, and aca-
demic settings for the enhancement of health and 
human performance. Because it can be easily used 
to promote a psychophysiological state conducive 
to stress reduction, thereby promoting physical, 
mental, and emotional regeneration, we foresee 
that heart rhythm coherence feedback training 
will be increasingly incorporated in many types 
of rehabilitation and disease prevention programs, 
as well as in the treatment of emotional disorders. 
We also expect that its use will grow in education, 
with the increase in state-mandated standardized 
testing in the U.S. and the growing awareness 
of the importance of educating youth in emotion 
regulation skills. Finally, using HRV feedback to 
learn to self-generate physiological coherence has 
innumerable potential applications in performance 
enhancement. In short, heart rhythm coherence 
feedback is a practical and powerful tool to fa-
cilitate people in developing a greater awareness 
of the connection between their emotions, physi-
ology, and behavior, and ultimately to achieve 
greater mastery of their health and well-being.


HeartMath is a registered trademark of the Institute of HeartMath. 
Freeze-Framer is a registered trademark of Quantum Intech, Inc.


For more information on the Institute of HeartMath, research 
publications, and the Freeze-Framer heart rhythm coherence 
feedback system, visit our web site at: www.heartmath.org.
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Applied Psychophysiology for Therapeutic Use:  
Healing a Shoulder Injury1 


 
Erik Peper, Ph.D., San Francisco, CA 


Monika Fuhs, Mag. rer. nat., Vienna, Austria 
 
 
Abstract: This case report describes an indirect approach incorporating diaphragmatic breathing, 
imagery, role rehearsal and surface electromyographic (SEMG) feedback to successfully reduce 
pain and increase left shoulder mobility in a 23 year old woman with a left pectoralis muscle injury 
from a skiing accident.  It demonstrates how direct biofeedback or therapeutic interventions may be 
counterproductive and indirect approaches guided by SEMG activity may facilitate clinical success.  
Discussed are specific concepts, rationales and strategies employed that guided the successful 
therapeutic intervention. This article offers a case description with process and outcome comments 
from the client’s and therapist’s perspectives. It is offered as a model to increase therapeutic 
efficacy when an initial biofeedback intervention appears not to work. 
 
                                              _____________________________ 
 
 


“It has been an occurrence of the third dimension for me! How come my pain -- that lasted 
for more than 10 days and was still so strong that I really had difficulties in breathing, 
couldn’t laugh without pain nor move my arm not even to fulfil my daily routines such as 
dressing and eating -- disappeared within one single session of 20 minutes? And not only 
that, I was able to freely rotate my arm as if it had never been injured before.” 
       (T.’s report of treatment outcome) 


 
The client T., aged 23, was a psychology student who participated in an educational workshop for 
Healthy Computing. She volunteered to be a subject for a surface electromyographic (SEMG) 
monitoring and feedback demonstration. Ten days prior to this workshop, she had a severe skiing 
accident. She reported:  
 


I went skiing and may be I had too much snow in my ski-binding and while turning, I slipped 
out of my binding and fell head first down into the hill. As I fell, I landed on my ski pole 
which hit my left upper chest and breast area. Afterwards, my head was humming and I 
assumed that I had a light concussion. I stopped skiing and stayed in bed for a while. The 
next day it started hurting and I couldn't turn my head or put my shoulders back (they were 
rotated forward). Also, I couldn’t ski as I was not able to look down to my feet--my muscles 
were too contracted and I felt searing pain whenever I moved. I hoped that it would go away 
however, the pain and left forward shoulder rotation stayed. 
           --T 


Assessment 
 
Observation and Palpation 
  
T.´s left shoulder was rolled forward (adducted and in internal rotation). She was not able to breathe 
or laugh without pain or move her arm freely. All movements in vertical and horizontal directions 


                                                 
1 We thank Theresa Stockinger for her significant contribution and Candy Frobish for her helpful 
comments. 
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and rotations were restricted by at least 50 % as compared to her right arm (limitations in shoulder 
extension, flexion and external rotation). Also, her hands were ice-cold and she breathed very 
shallowly and rapidly in her chest. She was not able to stand in an upright position or sit in a 
comfortable position without maintaining her left upper extremity in a protected position. Her left 
shoulder blade (scapula) was winging.  
 
After visually observing her, the therapist placed his left hand on her left shoulder and pectoralis 
muscles and his right hand on the back of her shoulder. Using palpation and anchoring her back 
with his leg so that she could not rotate her trunk, he explored the existing range of shoulder 
movement.  He also attempted to rotate the left shoulder outward and back--not by forcing or 
pulling—but by very gentle traction. No change in mobility was observed and the pectoralis muscle 
felt tight (SEMG monitoring is helpful to the therapist during such a diagnostic assessment by 
helping to identify the person’s reactivity and avoiding to evoke and condition even more bracing). 
T. reported afterwards that she was very scared by this assessment because there was one point in 
the back which was highly reactive to touch. T. appeared to tighten automatically out of fear and 
trigger a general flexor contraction pattern—a process that commonly occurs if a person is guarding 
an area.  
 
Often a traumatic injury first induces a general shock that triggers an automatic freeze and fear 
reaction. Therefore, an intervention needed to be developed that did not trigger vigilance or fear and 
thereby allowed the muscle to relax. If pain is experienced or increased, it is another negative 
reinforcement for generalizing guarding and bracing and tightening the muscles. This guarding 
decreases mobility – a common reaction that may occur when health professionals in the process of 
assessment increase the client’s discomfort.  T.’s vigilance was also “telegraphed” to the therapist 
by her ice-cold hands and very shallow chest breathing. Therefore, it was important to increase her 
comfort level and to not induce any further pain.  We hypothesized that only if she felt safe it would 
be possible for her muscle tension to decrease and thereby increase her mobility. 
 


Underlying concept:  The very cold hands and shallow breathing probably indicated 
excessive vigilance and arousal—a possible indicator of a catabolic state that could limit 
regeneration. The chronic cold hands most likely implied that she was very sensitive to other 
people’s emotions and continuously searches/scans the environment for threats. In addition, 
she indicated that she liked to do/perform her best which induced more anxiety and fear of 
judgement.  
 


Single Channel Surface Electromyographic (SEMG) Assessment 
 
The triode electrode with sensor was placed over the left pectoralis muscle area as shown in Figure 
1. The equipment was a MyoTrac™ produced by Thought Technology Ltd. which is a small 
portable SEMG with the preamplifiers at the triode sensor to eliminate electrode lead and 
movement artefacts. Such a device is an inexpensive option for people who may use biofeedback 
for demonstrating and teaching awareness and control over muscle tension from a single electrode 
location.   
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Figure 1. Triode electrode placement on the left pectoralis muscle area (photo is from 
another subject) 
 


The MyoTrac was placed on a table within view, so that the therapist and the subject could 
simultaneously see the visual feedback signal and observe what was going on as well as 
demonstrate expected changes. The feedback was used for T. as a tool to see if she could reduce her 
SEMG activity. It was also used by the therapist to guide his interventions: To keep the SEMG 
activity low and to stop any intervention that would increase the SEMG activity as this would 
prevent bracing as a possible reaction to, or anticipation of, pain.  
 
1. Assessment of Muscle Reactivity. After the electrode was attached on her pectoralis muscle and 
with her arm resting on her lap, she was asked to roll her left shoulder slightly more forward, hold 
the tension for the count of 10 and then let go and relax. Even with feedback, the muscle activity 
stayed high and did not relax and return to a lower level of activity as shown in Figure 2. This lack 
of return to baseline is often a diagnostic indicator of muscle irritability or injury (Sella, 1998; Sella 
& Donaldson, 1998).  If the muscle does not relax immediately after contraction, movement or 
exercise should not be prescribed, since it may aggravate the injury.  Instead, the person first needs 
to learn to relax and then learn how to relax between activation and tensing of the muscle. The 
general observation of T. was that at the initiation of any movement (active or passive) muscle 
tension increased and did not return to baseline for more than two minutes. 
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Figure 2. Recording of pectoralis sEMG.  Note that after the muscle is contracted it takes a 
long time to return to baseline level (this is a recording from another subject showing a 
similar pattern as was visually observed with the Myotrac from T.)   
 


2.  Exploration.  Self-exploration with feedback was encouraged. T. was instructed to let go of 
muscle tension in her left shoulder girdle. In addition the therapist tried to induce her letting go by 
gently and passively rocking her left arm. The increased SEMG activity and the protective bracing 
in her shoulder showed that she couldn’t reduce the muscle tension.  Each time her arm was moved, 
however slightly, she helped with the movement and kept control. In addition, T. was asked to 
reduce the muscle tension using the biofeedback signal; again she was not able to reduce her muscle 
tension with feedback.  
 
3.  Passive Stretch and Movements.  The next step was to passively stretch the pectoralis muscle 
by holding the shoulder between both hands and very gently externally rotate the shoulder -- a 
process derived from the Alexander technique (Barlow, 1990). Each time the therapist attempted to 
rotate the shoulder, the SEMG increased and T. reported an increased fear of pain. T.’s SEMG 
response most likely consisted of the following components:  
 


a)   Movement induced pain, 
      b)   Increased splinting and guarding,  
      c)   Increased arousal/vigilance to perform well. 
 
These three assessment and self-regulation procedures were unsuccessful in reducing muscle 
tension or increasing shoulder movement. This suggested that another therapeutic intervention 
would need to be developed to allow the left pectoralis area to relax. The SEMG could be used as 
an indicator whether the intervention was successful as indicated by a reduction in SEMG activity. 
Finally, the inability to relax after tightening (bracing and splinting) probably aggravated her 
discomfort. 


 
Multiple levels of injury: The obvious injury and discomfort was due to her left chest wall 
being hit by the ski pole. She then guarded the area by bracing the muscles to protect it 
which limited movement. The guarding tightened the muscles and limited blood circulation 
and lymphatic flow which increased local ischemia, irritation and pain. This led to a self-
perpetuating cycle: Pain triggers guarding and guarding increases pain and impedes self-
healing.  
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As the SEMG and passive stretching assessment were performed, the therapist concurrently 
discussed the pain process.  Namely, from this perspective, there were at least two types of pains:  


 Pain caused by the physiological injury 
 Pain as the result of guarding 


The pain from the guarding is similar to having exercised for a long time after not having exercised.  
The next day you feel sore.  However, if you feel sore, you know that it was due to the exercise 
therefore it is defined as a good pain.  In T.’s case, the pain indicated that something was wrong and 
did not heal and therefore she would need to protect it. We discussed this process as a way to use 
cognitive reframing to change her attitude toward guarding and pain.  


 
Rationale: The intention was to interrupt her negative image of pain that acted as a post 
hypnotic suggestion. The objective was to change her image and thoughts from “pain 
indicates the muscle is damaged” to “pain indicates the muscle has worked too hard and 
long and needs time to regenerate.” 


 
Treatment Intervention 


 
The initial intervention focused upon shifting shallow thoracic breathing to diaphragmatic 
breathing. Generally, when people breathe rapidly and predominantly in their chest, they usually 
tighten their neck and shoulder muscles during inhalation. One of the reasons T. breathed in her 
chest was that her clothing--very tight jeans--constricted her waist (MacHose & Peper, 1991). This 
breathing pattern probably contributed to sub-clinical hyperventilation and was part of a fear or 
flexor response pattern.  When she loosened the upper buttons of her jeans and allowed her stomach 
to expand her pectoralis muscle relaxed as she breathed as shown in Figure 3. As she began to 
breathe in this pattern, each time she exhaled her pectoralis muscle tension decreased.  
 


 
 


Figure 3. The effect of loosening tight waist constriction (eliminating designer’s jean 
syndrome) on blood flow and pectoralis sEMG (this recording is from another subject whose 
physiological responses were similar to that was observed with the Myotrac from T.)   


 
Following the demonstration that breathing significantly lowered her chest muscle tension, the 
discussion focussed on the importance of effortless diaphragmatic breathing for health and 
reduction of vigilance. Being awkward and uncomfortable at loosening her pants, she struggled 
with allowing her abdomen to expand and her pants to be looser because she thought that she 
looked much more attractive in tight clothing. Yet, she agreed that her boy friend would love her 
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regardless whether she wore loose or tight clothing. To encourage an acceptance for wearing looser 
clothing and thereby permit diaphragmatic breathing during the day, an informal discussion focused 
on “designer jeans syndrome” (chest breathing induced by tight clothing) with humorous examples 
such as discussing the name of the room that is located on top of the stairs in the Victorian houses 
in San Francisco. It is called the fainting room--in the 19th century women who wore corsets and 
had to climb the stairs would have to breathe rapidly and then would faint when they reached the 
top of the stairs (Peper, 1990).  


 
Rationale: Rapid shallow chest breathing can induce a catabolic state that inhibits healing 
while diaphragmatic breathing may induce an anabolic state that promotes regeneration.  
Moreover, effortless diaphragmatic breathing would increase respiratory sinus arhythmia  
(RSA)--heart rate variability linked to breathing-- and thereby facilitate sympathetic-
parasympathetic balance that would promote self-healing.    


 
The discussion included the use of the YES set which means asking a person questions in such a 
way that she/he has to answer the question with YES. Often when a person answers YES at least 
three times in a row rapport is facilitated (Erikson, 1983, pp. 237-238). Questions were framed in 
such a way that the client would answer with YES. For example, if the therapist thought the person 
did not do their homework, a yes question could be framed as, “It must have been difficult to find 
time to do the homework this week?”  In T.’s case, the therapist said, “I see, you would rather wear 
tight clothing than allow your shoulder to heal.” She answered, “Yes.” This was the expected 
answer, however, the question was framed in an intuitive guess on the therapist’s part.  
Nevertheless, the strategy would have been successful either way because if she had answered 
“No,” it would have broken the “Yes: set, but she would then be committed to change her clothing.   
 
Throughout this discussion, the therapist placed his left hand on her abdomen over her belly button 
and overtly and covertly guided her breathing movement.  As she exhaled, he pressed gently on her 
abdomen; as she inhaled he drew his hand away--as if her abdomen was like a balloon that inflated 
during inhalation and deflated during exhalation.  To enhance learning diaphragmatic breathing and 
slower exhalation, the therapist covertly breathed at the same rhythm and gently exhaled as she 
exhaled while allowing the breathing movement to be mainly in his abdomen. In this process, 
learning occurred without demand for performance and T. could imitate the breathing process that 
was covertly modelled by the therapist.  
 


The Change 
 
The central observation was that each time she tried to relax or do something, she would anticipate 
and increase her pectoralis SEMG activity.  The chronic tension from guarding probably induced 
localized ischemia, inhibited lymphatic flow and drainage, and reduced blood circulation which 
would increase tissue irritation. Whenever the therapist began to move her arm, she would 
anticipate and try to help with the movement.  Overall she was vigilant (also indicated by her very 
cold hands) and wanted to perform very well (a possible need for approval).  Her muscle bracing 
and helping with movement was reframed as a combined activity that consisted of guarding to 
prevent further injury and as a compliment that she would like to perform well.  


 
Labelling her activity as a “compliment” was part of a continuing YES set approach. The therapist 
was deliberately framing whatever happened as adaptive behaviour, with positive intent. Further, if 
one tries and does something with too much effort while being vigilant, the arousal would probably 
induce hand cooling. If the activity can be performed with passive attention, then increased blood 
flow and warmth may occur. The therapeutic challenge was how to reduce vigilance, perfectionism 
and guarding so that the muscles that were guarding the traumatized area would relax.  
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Therapeutic concept:  If a direct approach does not work, an indirect approach needs to be 
employed. Through an indirect approach, the person experiences a change without trying to 
focus on doing or achieving it.  Underlying this approach is the guideline: If something 
does not work, try it once more and then if it does not work, do something completely 
different.  This is analogous to sexual arousal: If you demand from a male to have an 
erection: The more performance you demand the less likely will there be success. On the 
other hand, if you remove the demand for performance and allow the person to become 
interested and thereby feel an erotic experience an erection may occur without effort.  


 
The shift to an indirect intervention was done through visualization. T. was encouraged to visualize 
and remember a positive image or memory from her past. She chose a memory of a time when she 
was in Paris with her grandmother.  While T. visualized being with her grandmother, the therapist 
asked another older women participant to help and hold T’s right hand in a grandmother-like way as 
if she was her grandmother. The “grandmother” then moved T.’s hand in a playful way as if 
dancing with T.’s right arm. Through this kinesthetic experience, T. became more and more 
absorbed in her memory experience. At the same time, T´s left hand was being held and gently 
rocked by the therapist. During this gentle rocking, the SEMG activity decreased completely in her 
left pectoralis area. The therapist used the SEMG feedback to guide him in the gentle rocking 
motion of T.’s left arm and very slowly increased the range of her arm and shoulder motion. Gentle 
movement was done only as long as the SEMG activity did not increase. It allowed the muscle to 
stay relaxed and facilitated the experience of trust. 
 


“Initially it was very difficult for me to let go of control because I found this idea somewhat 
strange and I was puzzled.  I expected the therapist to intervene and I felt frightened. The 
therapist’s soft and gentle touch and his very soft voice in this kind of meditation helped me 
to let go of control and I was surprised about my own courage to give myself into the 
process without knowing what would happen next.”  


       (T.’s reflection of this process two days later) 
 


Rationale: Every corresponding thought and emotion has an associated body response and 
every body response has an associated mental/emotional response. Therefore, an image and 
experience of a happy and safe past memory will allow the body to evoke the same state and 
vigilance can be abated. The intensity of the experience is increased when multi-sensory 
cues are included such as actual handholding. The more senses are involved, the more the 
experience can become real.  In addition, the tactile sensation of feeling the grandmother’s 
hand diverted her attention away from her shoulder into her hand and thereby reduced her 
active efforts of trying to relax the shoulder and pectoralis area. Doing something she did 
not expect to happen also helped her loose control - an implicit confusion approach. 


 
SEMG feedback was used as the guide for controlling the movement. The therapist gently increased 
the range of the movements in abduction and external rotation directions while continuously 
rocking her arm until her injured arm was able to move unrestricted in full range of motion.  The 
arm and shoulder relaxation and continuous subtle movement without evoking any SEMG 
activation facilitated blood flow and lymphatic drainage which probably reduced congestion. After 
a few minutes, the therapist gently dropped her arm on her lap. After her arm was resting on her lap, 
she reported that it felt very heavy and relaxed and that she didn’t feel any pain. However, she 
initially didn’t really realize that her mobility had increased dramatically. 


 
Rationale: When previous movements that had been associated with pain are linked to an 
experience of pleasure, the movement is often easier. The conditioned muscle bracing 
patterns associated with anticipation of pain and/or concern for improvement/results are 
reduced.  
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To deepen and generalize the relaxation and breathing, she was asked to imagine breathing the air 
down and through her arms and legs--a strategy that she could then do at home with her boyfriend. 
We wanted to involve another person because it is often difficult to do homework practices without 
striving and concern for results and focussing on the area of discomfort. Her response to asking if 
her boyfriend would help was an automatic “naturally” (the continuation of the YES set).  With her 
agreement, we role played how her boyfriend was to encourage diaphragmatic breathing. He was to 
gently stroke down her legs as she exhaled. She could then just focus on the sensations and allow 
the air to flow down her legs.  Then, while she continued to breathe effortlessly, he would gently 
rock and move her arm.   
 
To be sure that she knew how to give the instructions, the therapist role played her boyfriend and 
then asked her to rock his arm so that she would know how to teach her boy friend how to move her 
arm.  The therapist sat on her left side, and, as she now held his right arm and gently rocked it with 
her left arm, the therapist gently moved backwards.  This meant that she externally rotated her left 
arm and shoulder more and more. He moved in such a way that in the process of rocking his arm, 
she moved her “previously injured shoulder” in all directions (up, down, forward and backwards) 
and was unaware that she could move her arm and shoulder as she did not experience any 
discomfort. Afterwards, we shared our observations and she was asked to move her arm and 
shoulder. She moved it without any restrictions or discomfort.  
 


Rationale: By focusing outside herself and not being concerned about herself, she did not 
think of herself or of trying to move her arm and shoulder.  Hence, she did not evoke the 
anticipatory guarding and thus significantly increased her flexibility.   


 
Often after an injury, we are frustrated with our bodies. This frustration may interfere with healing.  
Therefore, the session concluded by asking her to be appreciative of her shoulder and arm. She was 
asked to think of all the positive things her shoulder, chest and arm have done for her in the past 
instead of the many limitations and pains caused by the injury. Instead of being angry at her 
shoulder that it had not healed or restricted her movement, we suggested that she should appreciate 
her shoulder and pectoralis area for all it had done without her awareness such as: How the shoulder 
moved her arm during love-making, how without complaining her shoulder moved during walking, 
writing, skiing, eating, etc., and how many times in the past she had abused her shoulder without 
giving it proper respect and appreciation.  This process reframes the way one symbolically relates to 
the injured area.  Every thought of discomfort or negative judgement becomes the trigger and is 
transformed into breathing lower and slower and evokes an appreciation of the positive nice things 
her shoulder has done for her in the past.  
 


Rationale:  When injured we often evoke negative mental and emotional images which 
become post- hypnotic suggestions. Those negative thoughts, images and emotions interfere 
with healing while positive thoughts, images and emotions tend to promote healing.  A 
possible energetic process that occurs when injured is that we withdraw awareness/ 
consciousness from the injured area which reduces blood and lymph circulation. Caring and 
positive feelings about an area tends to increase blood flow and warmth (a heart-warming 
experience) and promotes healing.  


 
RESULTS 


 
She left the initial session without any pain and with total range of motion. At the two week follow-
up she reported continued pain relief and complete range of motion. T.s reflection of the experience 
was: 







 397


I really was not aware that I could move my arm freely like before the accident, I was just 
feeling a kind of trance and was happy to not feel any pain and to feel much more upright 
than before. Then I watched the faces of the two other therapists who sat there with big eyes 
and a grin on their face and then become aware of my own arms position which was rotated 
backwards and up, a movement that was impossible to do before. I remember this evening 
that I left with this feeling of trance and that I often tried to go back to my collapsed posture 
but this was not possible anymore and I felt very tall and straight. Now two weeks later I 
still feel like that and know that I had an amazing experience which I will store in my brain! 
 
My father who is an orthopedic surgeon tested me and found out, that I had hurt my rib. He 
said that I have a contusion and it will go away in a few weeks. Before this experience, I 
would say that he was not open to Biofeedback. However he was so captivated by my 
experiences that he spontaneously promised me to pay for my own biofeedback equipment 
and to support me with my educational program and even offered me a job in his practice to 
do this work!    


 
Psychophysiological Follow-up: 3 Weeks Later  
 
The physiological assessment included monitoring thoracic and abdominal breathing patterns, blood 
volume pulse, heart rate and SEMG from her left pectoralis muscle while she was asked to roll her 
left shoulder forward (adducted and internally rotated) for the count of 10 and then relax. The 
physiological recording showed that she breathed more diaphragmatically and that her pectoralis 
muscle relaxed and returned directly to baseline after rotation as shown in Fig. 4. 
 


 
 


Figure 4. Physiological profile during the rolling left shoulder forward (tense) and relaxing 
at T.’s three week follow-up. Note that the pectoralis sEMG activity returned rapidly to 
baseline after contracting and her breathing pattern is slower. 


 
Summary 


 
This case example demonstrates the usefulness of a simple one-channel SEMG biofeedback device 
to guide the interventions during assessment and treatment. It suggests that the therapist and client 
can use the SEMG activity as an indicator of guarding--a visual representation of the subjective 
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		Healing a Shoulder Injury

		Assessment



		Single Channel Surface Electromyographic (SEMG) Assessment

		Following the demonstration that breathing significantly lowered her chest muscle tension, the discussion focussed on the importance of effortless diaphragmatic breathing for health and reduction of vigilance. Being awkward and uncomfortable at loosening her pants, she struggled with allowing her abdomen to expand and her pants to be looser because she thought that she looked much more attractive in tight clothing. Yet, she agreed that her boy friend would love her regardless whether she wore loose or tight clothing. To encourage an acceptance for wearing looser clothing and thereby permit diaphragmatic breathing during the day, an informal discussion focused on “designer jeans syndrome” (chest breathing induced by tight clothing) with humorous examples such as discussing the name of the room that is located on top of the stairs in the Victorian houses in San Francisco. It is called the fainting room--in the 19th century women who wore corsets and had to climb the stairs would have to breathe rapidly and then would faint when they reached the top of the stairs (Peper, 1990). 

		The discussion included the use of the YES set which means asking a person questions in such a way that she/he has to answer the question with YES. Often when a person answers YES at least three times in a row rapport is facilitated (Erikson, 1983, pp. 237-238). Questions were framed in such a way that the client would answer with YES. For example, if the therapist thought the person did not do their homework, a yes question could be framed as, “It must have been difficult to find time to do the homework this week?”  In T.’s case, the therapist said, “I see, you would rather wear tight clothing than allow your shoulder to heal.” She answered, “Yes.” This was the expected answer, however, the question was framed in an intuitive guess on the therapist’s part.  Nevertheless, the strategy would have been successful either way because if she had answered “No,” it would have broken the “Yes: set, but she would then be committed to change her clothing.  
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STRESS PROTOCOL FOR ASSESSING COMPUTER RELATED 


DISORDERS1,2 
 


Erik Peper, PhD3, Richard Harvey, PhD and Hana Tylova, B.A. 
San Francisco State University 


 
Abstract  
 
The information gained from a psychophysiological stress profile when a person works at the 
computer can be used to assess and prevent repetitive strain injury (RSI)/computer related 
disorders (CRDs). The following protocol offers recommendations for a) placing sensors, b) 
instructing the trainee about tasks, c) debriefing the trainee after the task and d) interpreting 
physiological indicators concomitant with stress reactions. Suggestions for educational and 
clinical interventions and biofeedback training based upon the stress profile are offered to 
reduce the risk for RSI/CRD.  
 
Keywords: repetitive strain injury, computer related disorders, stress protocol/profile, surface 
electromyography, respiration. 
 
 
Introduction 
 
Psychophysiological stress protocols have been used for assessing general states of 
physiological arousal as well as specific disorders for more than two decades to identify 
psychosocial factors that evoke psychophysiological reactivity patterns (Credidio, 1980; 
Guck, Kreuch, & Franzen, 1985). Peper et al. (2000, 1997, 1994) have developed specific 
assessment profiles for employees working at the computer to identify and ameliorate 
computer related disorders (CRDs) often described as repetitive strain injury (RSI). CRD 
researchers have observed that a) excessive autonomic arousal and/or b) chronic lack of 
muscle tension awareness without episodic recovery breaks during typing and mousing tasks 
lead to increased muscle discomfort and upper extremity musculoskeletal disorders (Banks, 
Jacobs, Gevirtz, & Hubbard, 1998; Cram, 2003). This paper describes a protocol for 


                                                 
1Adapted from E. Peper, & K. H. Gibney. (2000). Healthy computing with muscle 
biofeedback: A practical manual for preventing repetitive motion injury. Woerden, The 
Netherlands: BFE.  
2 We thank Katherine H. Gibney for her significant contribution in developing the initial 
protocol. 
3 Address all correspondence to: Erik Peper, Ph.D., San Francisco State University, 1600 
Holloway Avenue, San Francisco, CA 94132. Email: epeper@sfsu.edu. 
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identifying CRD risk factors and suggests strategies for reducing and preventing computer 
related disorders.  
 
Patterns of CRD Risk 
 
Assessing physical reactions during computer use requires identifying and monitoring specific 
physiological activity including: surface electromyographic (SEMG) measurements from the 
neck, shoulder and arm as well as measures of respiration, blood volume pulse (BVP), heart 
rate (HR), peripheral temperature, and skin conductance activity (SDA). A multi-channel 
psychophysiological profile allows for interpretation of tell-tale patterns of reactivity that 
point to increased risk of CRDs. For example, excessive sympathetic activation stimulates 
trigger points which may result in referred pain (Gevirtz, 1998; Travell & Simons, 1983). 
Increased sympathetic activation may also cause cold or moist hands and rapid thoracic 
breathing indicating sub-clinical hyperventilation during computing tasks (Lum, 1994; Nixon, 
1994; Schleifer, Ley,  & Spalding, 2002).  
 
The CRD psychophysiological stress profile guides clinician-trainers in identifying patterns of 
CRD risk marked by: dysponetic chronic muscle activity without episodic SEMG gaps; lack 
of awareness of stress; and other physiological reactivity patterns that contribute to CRD risk. 
The advantages of using a CRD stress profile include: 1) demonstrating the risk factors of 
which the person was unaware and thereby facilitating attitude change about the task, 2) 
providing a baseline measure for comparing subsequent training assessments, 3) providing 
documentation of progress for interested parties such as workers compensation providers or 
insurance companies.  
 
Challenges in Dynamic Assessment 
 
Any assessment protocol, especially one that monitors dynamic movement, is challenging 
because the sensors used to detect physiological arousal may interfere with task performance 
or be susceptible to artifacts. For example, awareness of sensors may induce unintended stress 
leading to increased errors in performance. Moreover, excessive body movement may 
produce artifacts in the recording that make it difficult to compare task-related activity to 
baseline or no-activity assessment period. To reduce the challenges inherent in a dynamic 
assessment for employees working at the computer, explore the following: 
 
1) Attach sensors to the fingers of the non-dominant/non-mousing hand and tape the sensors 
and the leads to the skin to avoid movement artifacts. 
2) Instruct the individual to disregard the sensors as much as possible. 
3) Adapt the protocol to the individual needs of the setting. For example, do not place a BVP 
sensor on the digits used for typing, instead record from the non-dominant thumb as it is used 
much less for tapping the space bar, or shorten the recording time to fit the work demands 
(e.g., a five-minute baseline may need to be shortened to 20 seconds).    
 
Suggested Sensor Placement and Equipment Settings  
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Assessing physiological signals may include placing sensors over wide or narrow monitoring 
areas. Regardless of the location of sensor placement, the following are suggested settings. 
 
SEMG muscle activity:  
 Attach narrow placement Triode electrodes on forearm flexors, forearm extensors or 


deltoid muscles and use a wide band-pass filter of 20-500 Hertz (Hz). 
 Attach narrow placement Triode electrodes on specific chest and shoulder muscles (e.g., 


trapezius or pectoralis muscles) or wide placement electrodes (e.g., left scalene to right 
trapezius muscles, left scalene to right deltoid muscles) and use a narrow band-pass filter 
of 100-200 Hz.  


 Set the range of all SEMG sensors to 0-50 microvolts (V).   
 
Respiration:  
 Attach abdominal strain gauge around the umbilicus.  
 Attach thoracic strain gauge around the chest underneath the axilla.   
 If only one strain gauge is available, attach it to mid-thorax crossing the chest near the 


xyphoid process. 
 


Blood Volume Pulse: Attach the BVP sensor to the palm side of the trainee’s non-
dominant/non-mousing thumb.  
 
Temperature:  
 Set the display to Fahrenheit unless otherwise indicated.   
 Attach the thermistor to the non-dominant/non-mousing medial (thumb) side of the index 


finger. 
 
Electrodermal Activity (EDA): Attach sensors directly to the palmar surface of the non-
dominant/non-mousing hand or on the proximal phalangeal segment of the index and ring 
fingers. 
 
Procedure 
 
Use the following steps for a CRD stress profile assessment. For all phases of the assessment, 
provide no visual or auditory feedback. After attaching sensors, begin the assessment by 
having the trainee sit at his normal computing work position and progress through the 
following steps: 
 
1. Place hands on lap and relax (30 seconds).  
2. Lift hands allowing fingers to rest on the middle (home) row of keys (30 seconds).   
3. Begin data entry by typing a standardized text (60 seconds). 
4. Stop typing and rest fingers on the home row (30 seconds).   
5. Place hands on lap and relax (30 seconds).  
6. Rest hand on mouse (30 seconds). 
7. Begin mousing by repeatedly cutting the last word of the text and pasting it to the 


beginning of the text as quickly as possible (60 seconds). 
8. Stop mousing and rest hand on mouse (30 seconds).   
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9. Place hand on lap and relax (30 seconds).  
10. Remember an emotionally negative event (e.g., a time when you were angry or frustrated). 
11. When the memory/event is felt, nod your head and begin typing task while holding the 


emotional feelings (60 seconds).  
12. Stop typing, place your hands on your lap and relax, letting go of the emotional 


experience (30 seconds).   
13. Verbally describe your experience (60 or more seconds). 
14. If the shoulder muscle tension does not return to baseline after resting with hands on lap, 


have the trainee shrug his shoulders and then rest his hands on his lap for additional 30 
seconds.  


15. Stop the recording. 
16. Have the trainee fill out the self-assessment form: Physiological Assessment at the 


Computer Subjective Data Form.  
17. Replay the recording and show the physiological data to the trainee (see Figure 1). 
18. Remove sensors. 


 
 


Chest


Abdom


HRT


BVP


Temp


SCL


Scal/trap
Forearm


Resting                                             Resting
Lap             Mouse               Mousing Mouse            Lap 


 
 
Figure 1.  Sample physiological recording of mousing component of the CRD stress profile. 
Identified risks include increased scalene/trapezius and forearm SEMG activity during hand 
resting on mouse condition, absence of micro-breaks during hand resting on mouse and 
during mousing conditions, increased respiration rate during hand resting on mouse, increased 
respiration rate and breath holding during mousing and decreased finger temperature during 
hand resting on mouse.   
 
Interpreting the CRD Stress Profile 
  


 







Physiological Profile at the Computer 
 


375


 
 
Each phase in the CRD stress profile can be used to identify representative warning signs for 
CRD risk. The following includes an analysis of the most common SEMG and respiration 
risks as well as recommendations for addressing those risks.    
 
Resting With Hands in Lap Before or After Task Performance 
 
1. SEMG Risk Indicator: Muscle activity in the forearm flexors and extensors, deltoids, 
scalene and trapezius muscles is greater than 3.5 V with wide sensor placement and more 
than 2.0 V with narrow Triode sensor placement. This occurs when an individual 
anticipates an upcoming task and readies for performance before performance is necessary. 
 
Recommendation: Use SEMG feedback to teach arm, hand, neck and shoulder relaxation and 
to increase somatic awareness of overexertion. Teach the trainee to wait for performance 
demands before engaging his muscles. 
 
2. Respiration Risk Indicator: Rate is more than 14 breaths per minute (BrPM). This is a 
possible indication of trainee’s performance anxiety. 
 
Recommendation: Invite the trainee to explore the reasons for this response (e.g., what were 
you thinking, feeling or anticipating?). Teach the trainee to breathe more slowly during rest 
conditions and to change his anxiety producing thoughts and judgments. 
 
Placing Fingers on the Home Row 
 
1. SEMG Risk Indicator: Muscle activity in the forearm flexors and extensors, deltoids, 
scalene and trapezius muscles is greater than 3.5 V with wide sensor placement and more 
than 2.0 V with narrow Triode sensor placement. This occurs because the trainee 
unknowingly raises his fingers to avoid generating random characters on the screen.  
Continuously higher shoulder, hand and finger muscle tension may also indicate unnecessary 
shoulder raising, or overextending of the upper arms to reach the keyboard. 
 
Recommendation: Use SEMG feedback to teach arm, hand, neck and shoulder relaxation and 
to increase somatic awareness of overexertion. Teach the trainee to drop his hands onto his 
lap and instantly relax. Also, use SEMG scalene/trapezius feedback to remind the trainee how 
to keep the shoulders relaxed while his hands are resting on the keyboard.  
 
2. Respiration Risk Indicator: Rate is more than 14 BrPM. This usually indicates that the 
trainee is aroused, hyper-vigilant and may be at risk for hyperventilation. This may also 
indicate the self-critical judgments characterized by internal thoughts such as “Am I good 
enough?” 
 
Recommendation: Invite the trainee to explore the reasons for hyper-vigilance (e.g., what 
were you thinking, feeling or anticipating?). Teach the trainee to breathe more slowly during 
rest conditions and to change his anxiety producing thoughts and judgments. 
 
Task Performance 
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1. SEMG Risk Indicators: Continuously increased muscle tension without momentary 
relaxation breaks (e.g. less than 2.0 V).  This may be caused by raising the shoulders while 
typing or mousing, reaching forward with the upper arms while typing or mousing, or tensing 
the neck to bring the “nose to the screen” while reading text.  
 
Recommendation: Teach deliberate one-second micro-breaks or larger movement breaks 
(e.g., stretching, getting up) to allow unrestricted blood flow leading to tissue regeneration. 
For example, use SEMG feedback to teach micro-breaks by asking the trainee to serially type 
for 30 seconds, take a break for one second, type for 30 seconds, take a break for one second 
and to  encourage "flow typing" with hands and arms moving fluidly. Use SEMG feedback to 
teach a larger movement breaks by asking the trainee to serially type for 2 minutes, stretch 
arms, type for 2 minutes, stand, and so on until awareness is raised.   
 
2. Respiration Risk Indicator: Rate is more than 14 BrPM which may be due to the waist 
being constricted by tight clothing so that the person has to breathe more shallowly and 
rapidly. It may also indicate that the trainee is aroused and/or excessively vigilant and may be 
at risk for hyperventilation. Cognitively, it may indicate self-critical judgments characterized 
by internal thoughts such as “Am I performing well enough?" or “I hope I don’t make 
mistakes.” 
 
Recommendation: Invite the trainee to loosen his clothing around his waist and explore the 
reasons for hypervigilance (e.g., what were you thinking, feeling or anticipating?). Teach the 
trainee to breathe more slowly during rest and data entry conditions and to change his anxiety 
producing thoughts and judgments. 
 
Imaging Stressful Circumstances During Tasks 
 
1. SEMG Risk Indicator: Continuously tightening muscles without momentary breaks (e.g. 
less than 2.0 V). SEMG gaps usually disappear, when the person feels angry, fearful or 
vigilant. During the increased emotional state, most people are unaware of the increased 
tension in their bodies such as their trapezius muscle activity. 
 
Recommendation: Use SEMG feedback to train shoulder and neck muscle relaxation during 
"flow typing" accompanied by increased awareness of the effects of stressful thoughts on 
physiology. 
 
2. Respiration Risk Indicator: Breath-holding or shallow chest-breathing. This usually 
indicates that the trainee is over-vigilant and may be at risk for hyperventilation.  
 
Recommendation: Invite the trainee to explore the reasons for breath holding and shallow 
breathing related to uncertainty/anxiety experiences of the stressful memory. Teach the 
trainee to breathe more fully during task performance and to acknowledge his anxiety 
producing thoughts and judgments. Invite the trainee to explore the reasons for breath holding 
and shallow breathing related to the task. Teach the trainee to breathe more fully and to let go. 
If possible, encourage the use of laughter to reduce the tension.  
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BVP, HR, temperature, SCA Risk Factors 
 
BVP, HR, temperature, SCA and RSA measures each indicate specific risk patterns. The risk 
patterns prior to, during and after task performance, especially without awareness, include one 
or more of the following patterns of physiological reactivity and recovery: low finger 
temperature, increased SCL, decreased blood volume amplitude and during rest periods 
absence of synchrony between respiration and heart rate rhythms. (Note that all sensors, 
especially BVP, are sensitive to movement artifact. Interpret only artifact free data.) 
 
Recommendation: Invite the trainee to be aware of patterns of physiological reactivity and 
recovery during task performance and rest periods. The feedback training usually has two 
goals: 1) reducing excessive reactivity during task performance, for example, raising 
peripheral temperature during typing and 2) promoting rapid recovery during rest periods, for 
example, increasing cardiorespiratory synchrony (RSA), a process that may reduce 
sympathetic arousal and trigger point activity. Achieving these training goals will promote 
regeneration.   
 
Conclusion 
 
This protocol presents a quick yet powerful approach for reducing CRD risks to promote 
health while computing. Overwhelmingly, trainees are surprised by their patterns of 
physiological reactivity and recovery during and after computing tasks. This increased 
awareness motivates them to change their behavior, to develop awareness of cognitive and 
social stressors, to reduce excessive muscle tension, to breathe lower and slower and to take 
breaks. For example, trainees become cognizant of increased use of restorative microbreaks 
(momentary rest breaks) as well as of diaphragmatic breathing. Using this approach, Dr. 
Peper and his colleagues (2004) have shown that employees report a significant reduction in 
CRD symptoms while working at the computer. The authors recommend adapting this 
protocol for other uses such as increasing awareness of overexertion in reaction to stressful 
cognitive (e.g., negative thoughts) or physical (e.g., task performance) circumstances.   
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Physiological Assessment at the Computer Subjective Data Form 
 
Rate on the scale below your subjective feelings of relaxation/tension during each condition: 
 
  Relaxed        Tense 
 
Hands on lap  0 1 2 3 4 5 
Fingers on home row  0 1 2 3 4 5 
Typing  0 1 2 3 4 5 
Fingers on home row  0 1 2 3 4 5 
Hands on lap  0 1 2 3 4 5 
Hand resting on mouse  0 1 2 3 4 5 
Mousing  0 1 2 3 4 5 
Hand resting on mouse  0 1 2 3 4 5 
Hand on lap    0 1 2 3 4 5 
Imagery and typing  0 1 2 3 4 5 
Hands on lap  0 1 2 3 4 5 
 
Rate on the scale below your emotional involvement with the image: 
 
  None            High 
 
Involvement  0 1 2 3 4 5 
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INTRODUCTION


Biofeedback: paradigm and history


Biofeedback is an evidence-based approach to enhancing
personal awareness and control over body and mind.
Biofeedback combines the values of the complementary
and alternative medicine movement with the biotech-
nology of modern scientific medicine. The basic biofeed-
back paradigm suggests that whenever we provide a
human being with feedback about a biologic process,
that feedback enables the individual to increase aware-
ness of the process and gain conscious control. Biofeed-
back uses electronic instruments to monitor and feed
back information about physiologic responses1,2.


Any physiologic response that can be monitored is
suitable for biofeedback. The most common responses
trained in biofeedback are the electrical activity of the
brain (EEG), skin temperature (thermal), muscle tension
or surface electromyography (SEMG), galvanic skin
response (GSR) or electrodermal response (EDR), respi-
ration (RESP), heart rate (HR) and heart rate variability
(HRV), and blood pulse volume (BPV)1,2. This infor-
mation is presented to the patient through visual and/or
auditory signals, often through a computer monitor dis-
play. The aim of biofeedback treatment is to establish the
patient’s mastery over the body independently of the
biofeedback instrument. When biofeedback is used to
enable personal control over brain activity, it is often
called neurofeedback or neurotherapy3,4.


Biofeedback developed from several streams of
research in the 1960s and 1970s, including scientific
psychophysiology, sleep research, and the newly emerg-
ing neurosciences2. The term biofeedback was adopted
at the first conference of the Biofeedback Research Soci-
ety in Santa Monica in 1969. The conference attendance
was diverse, including laboratory scientists interested in
voluntary control of physiologic systems, behavioral
psychologists wishing to apply principles of behavior
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change to health and disease, and humanistic and trans-
personal psychologists searching for the higher potentials
of human beings5.


Early research showed voluntary control of electroen-
cephalographic (EEG) brain wave activity6, internal vis-
ceral functioning7, and muscle activity8. Biofeedback
was shown to increase the human being’s awareness and
control of many bodily processes previously thought to
be beyond voluntary control. Positive benefits included
enhanced learning of relaxation skills, reduction of
stress-related medical symptoms, and re-acquisition of
motor control after injury or stroke. Later research
showed that biofeedback training can reduce seizure
activity, enhance academic learning in individuals with
attention problems and learning disabilities, moderate a
host of medical and psychologic disorders, and optimize
the functioning of athletes and performing artists. The
applications sections of this chapter will review the most
common applications of biofeedback, and their relative
efficacy and clinical effectiveness based on available out-
come research.


Biofeedback and CAM


Many biofeedback practitioners argue that biofeedback
is not CAM but belongs in the mainstream of health
care. The biofeedback approach is now over three
decades old, shares the mainstream biomedical emphasis
on physiologic disease pathways and mechanisms, and
has been supported by thousands of empirically-based
research studies. Nevertheless, there are critical philo-
sophical and practical factors in its approach that make
biofeedback a natural sibling to other complementary
and alternative therapies9. As a result, leading CAM
authors regularly promote biofeedback as a CAM
therapy10–13.


Biofeedback seems to share several core values with
the complementary and alternative approaches to health
care14:
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(1) Adopting a holistic view of mind, body and spirit;


(3) Assigning an active role to the patient in the heal-
ing process;


(4) Emphasizing the inherent healing power of the liv-
ing organism;


(5) Encouraging lifestyle and habit changes as tools to
optimize health; and


(6) Avoiding invasive treatments that crush disease but
harm the patient.


Biofeedback implements these values concretely,
enabling the patient to directly experience the body–
mind linkage through physiologic feedback, and training
the individual to actively modify physiologic processes,
reducing the malignant effects of stress and enhancing
the healing powers of the body. Biofeedback is a non-
invasive therapy, with minimal aversive effects, and can
play a powerful role in restoring natural homeostatic bal-
ance in the body. Biofeedback is also not practiced in iso-
lation, but rather in combination with other alternative
therapies. A biofeedback therapist educates patients
about their medical disorders, identifies relevant physio-
logic mechanisms, and promotes nutritional and lifestyle
factors that enhance the body’s recovery from illness.
Biofeedback therapists typically train patients in a vari-
ety of relaxation, imagery, and hypnotic techniques,
which induce an emotional and physiologic relaxation
response. The resulting low-arousal state is conducive to
emotional healing and spiritual recovery. 


Biofeedback also brings to CAM a strong evidence-
based approach for many common medical and psycho-
logic disorders. This evidentiary base is much sought
after in CAM research, yet the research remains sparse
for most CAM therapies. Biofeedback emerged directly
from laboratory research on psychophysiology and
behavior therapy, and continues to advance by means of
both pure and applied empirical research. Better recog-
nition of underlying mechanisms inspires new biofeed-
back treatment approaches. A recent review of outcome
literature found relatively strong indications of efficacy
for a wide range of biofeedback applications, including
anxiety, asthma, headache, and urinary incontinence15.


BIOFEEDBACK MODALITIES


Biofeedback provides individuals with information
about their performance and, in this sense, plays an
increasingly important part of American diet, exercise,


and personal health care. Americans unknowingly utilize
biofeedback when they weigh themselves, count ‘carbs’,
track miles run, record calories burned, monitor average
heart rate during a workout, and record their resting
blood pressures and blood glucose levels. Each of these
self-monitoring techniques provides individuals with
‘biofeedback’, information about their own body and
biologic condition. Similarly, the information provided
by home test kits about allergy, cholesterol, colorectal
cancer, hepatitis C, ovulation, and pregnancy constitutes
another form of biofeedback. Clinical biofeedback meas-
ures patient performance using devices ranging in
sophistication from small alcohol thermometers to com-
puter-interfaced data acquisition systems that instan-
taneously analyze, display, and store multiple biologic
signals16.


Patient assessment and evidence-based treatment
protocols determine the modalities a therapist monitors
and trains. When assessment reveals dysfunctional pat-
terns of physiologic activity during resting, stressor,
recovery, or relaxation conditions, a therapist may
choose to simultaneously monitor several signals during
subsequent training sessions. For example, when treating
a hypertensive patient, a therapist may monitor blood
pressure, heart rate variability, respiration rate, and the
temperature of several hand sites across training sessions.
Therapists typically display only one or two of these sig-
nals to the patient during a training session to simplify
and maximize learning.


The main modalities used in clinical biofeedback are
summarized in Table 24.1 and include the electromyo-
graph, skin temperature, electrodermograph, electro-
encephalograph, respiration, and heart rate/heart rate
variability.


Electromyograph


The electromyograph (EMG) uses surface electrodes to
detect muscle action potentials from underlying skeletal
muscles. At least two (and usually three) precious metal
electrodes, designated active and reference, are needed to
measure the EMG signal. Clinicians place the active
electrode(s) over a target muscle and the reference elec-
trode over a less electrically active site. Since the elec-
trodes should detect different amounts of EMG activity
(the active electrode(s) should detect more energy), a
voltage should develop between them. The EMG signal
is measured in microvolts (millionths of a volt). In
applications like stroke and low back pain, therapists
bilaterally monitor and train patients because more sym-
metric muscle activity may be critical to symptomatic
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improvement. In neuromuscular rehabilitation, thera-
pists monitor flexors and extensors located at the same
joint to prevent interference and enhance muscle coop-
eration in functional movement. Therapists use hand-
held EMG scanning devices with post-style electrodes to
rapidly measure muscle activity at a series of muscle sites
during assessment. EMG scanning requires less patient
preparation time and is more cost-effective than moni-
toring with conventional surface electrodes. Hand-held
EMG scanning devices may be stand-alone instruments
or mobile sensors that communicate with a data acquisi-
tion system17–20.


Therapists may use portable electromyographs and
EMG telemetry systems to dynamically monitor muscle
activity during training to correct gait, posture, and ath-
letic and musical performance. Patients often use
portable electromyographs at work or home to correct
dysfunctional muscle use patterns in their natural setting
(e.g. monitoring wrist flexors and extensors in repetitive
strain).


Biofeedback therapists use EMG biofeedback when
treating bruxism, chronic pain, essential hypertension,
headache (migraine and tension), and temporomandibu-
lar joint dysfunction2,15.


Skin temperature


A feedback thermometer detects skin temperature with a
thermistor (temperature-sensitive resistor) that is usually


attached to a finger or toe. Skin temperature mainly
reflects arteriole diameter. Hand warming and hand
cooling are produced by separate mechanisms and their
regulation involves different skills. Increased sympathetic
activation associated with anxiety and hypervigilance can
produce vasoconstriction and hand cooling. In tempera-
ture biofeedback, a patient watches temperature displays
with at least one-tenth of a degree resolution that are
updated every few seconds17–19.


In temperature or thermal biofeedback, therapists
often monitor multiple sites to visualize the overall pat-
tern of blood flow within an extremity. Since tempera-
ture training can be so specific that only one of five dig-
its on a hand warms, therapists may train several sites on
the same or different extremity to ensure generalized
vasodilation. Therapists can use hand held infrared tem-
perature scanning devices to produce a composite pic-
ture of blood flow to all digits on both hands in less than
20 seconds21. Temperature scanning offers the same
advantages in patient preparation time and cost as EMG
scanning.


Therapists may supplement temperature biofeedback
with blood volume pulse (BVP) feedback, which meas-
ures the relative blood flow through a digit using a pho-
toplethysmographic (PPG) sensor attached by a Velcro
band to the skin. An infrared light source is transmitted
through or reflected off the tissue, detected by a photo-
transistor, and quantified in arbitrary units. More light is
absorbed when blood flow is greater, reducing the


Table 24.1 Major biofeedback modalities


Modality Acronym Activity measured Sensor Measurement unit


Electromyograph EMG muscle action potentials precious metal or post microvolts (µV)


Feedback thermometer TEMP peripheral blood flow thermistor degrees F or C


Infrared thermometer TEMP peripheral blood flow infrared detector degrees F or C


Photoplethysmograph PPG peripheral blood flow, heart rate, PPG sensor arbitrary units
heart rate variability


Electrocardiogram EKG heart electrical activity, precious metal beats per minute
heart rate, heart rate variability  


Electrodermograph EDR, GSR, eccrine sweat gland activity, zinc or precious metal microsiemens (µS)
SCL electrical conductance/resistance


in skin 


Electroencephalograph EEG cortical postsynaptic potentials precious metal microvolts (µV)


Pneumograph RESP abdominal/chest expansion strain gauge arbitrary units


Capnometer CAP end-tidal CO2 infrared detector torr
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intensity of light reaching the sensor. Blood volume
pulse can provide useful feedback when temperature
feedback shows minimal change. This is because the
PPG sensor is more sensitive than a thermistor to minute
blood flow changes. During a training session, therapists
can switch from temperature biofeedback to blood vol-
ume pulse biofeedback when a patient plateaus (ceases to
warm), as long as the hand is not very cold17–19.


Patients may continuously self-monitor hand tem-
perature outside the clinic using inexpensive feedback
thermometers, small alcohol thermometers, and temper-
ature-sensitive liquid crystal bands, cards, dots, or rings.
These products can help patients increase their aware-
ness of hand temperature and the internal and environ-
mental events that trigger hand-cooling, and can acceler-
ate their development of hand-warming and stress
management skills.


Biofeedback therapists use temperature biofeedback
when treating chronic pain, edema, headache (migraine
and tension), essential hypertension, Raynaud’s disease,
and stress2,15.


Electrodermograph


An electrodermograph measures skin electrical activity
directly (skin conductance and skin potential) and indi-
rectly (skin resistance) using electrodes placed over the
digits or hand and wrist. Orienting responses to unex-
pected stimuli, arousal and worry, and cognitive activity
can increase eccrine sweat gland activity.


In skin conductance, an electrodermograph imposes
an imperceptible current across the skin and measures
how easily it travels through the skin. When anxiety
raises the level of sweat in a sweat duct, conductance
increases. Skin conductance is measured in micro-
siemens (millionths of a Siemen). In skin potential, a
therapist places an active electrode over an active site
(e.g. the palmar surface of the hand) and a reference elec-
trode over a relatively inactive site (e.g. forearm). Skin
potential is the voltage that develops between eccrine
sweat glands and internal tissues, and is measured in mil-
livolts (thousandths of a volt). In skin resistance, also
called galvanic skin response (GSR), an electrodermo-
graph imposes a current across the skin and measures the
amount of opposition it encounters. Skin resistance is
measured in kohms (thousands of ohms)17–19,22.


While therapists use skin conductance biofeedback
more extensively than skin potential and resistance, all
three forms of electrodermal biofeedback produce com-
parable results. The goal of electrodermal biofeedback is
to restore normal sweat gland function by reducing


excessive and lingering autonomic activation – not to
suppress sweating in response to sudden or threatening
stimuli. Patients may continuously self-monitor skin
electrical activity outside the clinic using inexpensive
portable electrodermographs.


Biofeedback therapists use electrodermal biofeedback
when treating anxiety disorders, hyperhidrosis (exces-
sive sweating), and stress, and as an adjunct to psycho-
therapy2,15.


Electroencephalograph


An electroencephalograph uses precious metal electrodes
to detect a voltage between at least two electrodes located
on the scalp, The EEG records both excitatory postsy-
naptic potentials (EPSPs) and inhibitory postsynaptic
potentials (IPSPs) that largely occur in dendrites in
pyramidal cells located in macrocolumns, several mil-
limeters in diameter, in the upper cortical layers. EEG
biofeedback, which is also called neurofeedback, moni-
tors both slow and fast cortical potentials.


Slow cortical potentials are gradual changes in the
membrane potentials of cortical dendrites that last from
300 ms to several seconds. These potentials include the
contingent negative variation (CNV), readiness poten-
tial, movement-related potentials (MRPs), and P300 and
N400 potentials.


Fast cortical potentials range from 0.5 to 100 Hz.
The main frequency ranges include delta, theta, alpha,
the sensorimotor rhythm, beta, and gamma, as shown in
Table 24.2. The frequency ranges vary considerably
among professionals.


The synchronous delta rhythm ranges from 0.5 to
3.5 Hz, is the dominant frequency from ages 1–2, and is
associated in adults with deep sleep and brain pathology
like trauma and tumors, and learning disability.


The synchronous theta rhythm ranges from 4 to 7
Hz, is the dominant frequency in healthy young children,
and is associated with drowsiness or starting to sleep,
REM sleep, hypnagogic imagery (intense imagery experi-
enced before the onset of sleep), hypnosis, attention, and
processing of cognitive and perceptual information.


The synchronous alpha rhythm ranges from 8 to 13
Hz and is defined by its waveform and not by its fre-
quency. Alpha activity can be observed in about 75% of
awake, relaxed individuals and is replaced by low-ampli-
tude desynchronized beta activity during movement,
complex problem-solving, and visual focusing. This phe-
nomenon is called alpha blocking.


The synchronous sensorimotor rhythm (SMR) ranges
from 12 to 15 Hz and is located over the sensorimotor
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cortex (central sulcus). The sensorimotor rhythm is asso-
ciated with the inhibition of movement and reduced
muscle tone.


The beta rhythm consists of asynchronous waves and
can be divided into low beta and high beta ranges
(13–21 Hz and 20–32 Hz). Beta activity can be observed
during activation, information processing, and move-
ment. EEG activity from 36–44 Hz is also referred to as
gamma. Gamma activity changes when subjects learn to
perceive meaningful patterns, like a Dalmatian con-
cealed by a black and white background17–19,23.


Based on assessment and training goals, clinicians
select surface electrode configurations called montages to
detect localized or global EEG activity. The electrode
sites are located using the 21-electrode International
10–20 system or the 75-electrode modified expanded
International 10–20 system, which is also called the
10–10 system24. They may monitor a single electrode
site or a montage of 19, 72, or more sites. The quantita-
tive EEG (QEEG) calculates average EEG voltages
within selected frequency bands. Clinicians may refer-
ence patient values to a published database to aid diag-
nosis. In brain electrical activity mapping (BEAM), soft-
ware topographically plots the strength of EEG
frequencies across a computer model of the patient’s
scalp to reveal how the brain processes information3.


Neurotherapists use EEG biofeedback when treating
addiction, attention deficit disorder and hyperactivity
disorder (ADHD), learning disability, and tonic-clonic
seizures2,15.


Respiration


A pneumograph or respiratory strain gauge uses a flexi-
ble sensor band that is placed around the chest,
abdomen, or both. The strain gauge method can pro-
vide feedback about the relative expansion/contraction
of the chest and abdomen, and measure respiration rate.


Strain gauge biofeedback has two limitations: measure-
ments are in relative units and breathing mechanics can
look correct while end-tidal CO2 and respiratory sinus
arrhythmia (RSA) are reduced due to excessive effort
and while heart rate changes are out of phase with the
breathing cycle. Two identical respiration curves can be
associated with very different patterns of heart rate
variability.


Clinicians who treat respiratory disorders like asthma
and chronic obstructive pulmonary disease (COPD)
provide respiratory biofeedback using a capnometer,
which measures end-tidal CO2 (the partial pressure of
carbon dioxide in expired air at the end of expiration)
exhaled through a nostril into a latex tube. The average
value of end-tidal CO2 for a resting adult is 5% (36
torr)25. A capnometer is a sensitive index of the quality
of patient breathing26. Shallow, rapid, and effortful
breathing lowers CO2, while deep, slow, effortless
breathing increases it.


Biofeedback therapists use respiratory biofeedback
with patients diagnosed with anxiety disorders, asthma,
chronic pulmonary obstructive disorder (COPD), essen-
tial hypertension, panic, and stress2,15.


Heart rate variability


Biofeedback therapists are increasingly interested in the
new modality of heart rate variability (HRV) biofeed-
back. Heart rate is constantly changing, based on factors
as diverse as exertion, blood pressure changes, negative
emotions, and respiration27. The variability of heart rate
is measured in a number of ways, such as the statistical
variability of the interbeat interval (the length of time
between each heart beat). Alternatively, biofeedback can
measure the difference between the maximum heart rate
and the minimum heart rate in each cycle of heart rate
change. In either case, the variability of heart rate
correlates with both physical and emotional health.


Table 24.2 Common EEG frequencies


EEG frequency Frequency range Activity


Delta rhythm 0.5–3.5 sleep, traumatic brain injury
Theta rhythm 4–7 daydreaming, drowsiness, imagery, inattention
Alpha rhythm 8–13 meditation, receptiveness
Sensorimotor rhythm (SMR) 12–15 inhibition of movement
Low beta rhythm 13–21 activation, focused thinking
High beta rhythm 20–32 anxiety, hypervigilance, panic, peak performance, worry
Gamma rhythm 36–44 active attention, pattern recognition
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Individuals with more variability are more likely to
recover and survive longer after a heart attack28. Young
persons have fairly high variability in heart rate, for
example exhibiting baseline oscillations in heart rate of
20 or more points. As individuals age, this variability is
reduced, with baseline oscillations declining to 10 points
or less in most persons over 50 years of age. Exercise
training increases the variability of the heart in normal
healthy adults29, while individuals with lower variability
are more vulnerable to death from all causes.


During healthy breathing, heart rate accelerates dur-
ing inhalation and slows during exhalation. When sub-
jects relax and breathe more slowly, this effect of respira-
tion on heart rate change is increased and produces
maximal overall heart rate variability. Therapists use
either the electrocardiogram (EKG) or photoplethysmo-
graph (PPG) to monitor the frequency bands that com-
prise heart rate variability. They also use a respiratory
strain gauge to measure abdominal or chest expansion
and contraction during each respiratory cycle and respi-
ration rate. Relaxed breathing produces a biofeedback
display showing a smooth sinusoidal line, depicting
exhalation and inhalation, and a parallel smooth sinu-
soidal line showing heart rate variation. Anxious
thoughts, on the other hand, produce a jagged irregular
respiration signal and a jagged irregular variation in heart
rate. Producing this coherence – or smoothly organized
and regular variation30 – of the respiratory and heart rate
displays is also a training goal for biofeedback.


Advanced software provides HRV biofeedback that
displays the effect of breathing on heart rate variability,
including spectral displays showing how much of the
heart’s overall variability falls into each frequency range.
Synchrony develops between the respiratory and cardio-
vascular system at slower respiration rates, usually
around six breaths per minute. The respiration rate that
produces the greatest heart rate variability is called the
resonant frequency. Cultivating this resonant frequency
also seems to have an optimal effect on biological home-
ostasis and health31. Initially, the effects of HRV biofeed-
back training were interpreted to be the result of
strengthening parasympathetic nervous system influ-
ences on physiology, inducing a relaxation response.
However, more recently, HRV has been conceptualized
as a process of training an active balancing between the
sympathetic and parasympathetic branches’ effects on
the heart rhythm2,27,30,32,33.


Biofeedback therapists use HRV biofeedback when
treating patients diagnosed with anxiety disorders,
asthma, chronic obstructive pulmonary disease, and car-
diovascular disease2,15.


CONTRAINDICATIONS AND CAUTIONS


While biofeedback has a remarkable safety record, there
are several disorders and conditions where it is con-
traindicated or where considerable caution is required34.
When a patient requests biofeedback for a medical con-
dition like hypertension, a biofeedback therapist should
require a current evaluation by the patient’s health-care
provider and a report of these findings to determine
whether biofeedback is appropriate. Where biofeedback
is indicated, the biofeedback therapist should regularly
communicate with the health-care provider concerning
patient progress. In addition, Moss advocates compre-
hensive evaluation by the biofeedback therapist, includ-
ing identification of the presenting problem, medical
and psychosocial histories, assessment of the patient’s
risk for suicide and homicide, well-lifestyle, spirituality,
diagnosis, and often a psychophysiologic stress profile
(PSP) before deciding whether biofeedback is appropri-
ate. Such an evaluation also enables better selection of
specific biofeedback training modalities and objectives35.


Schwartz34 observes that biofeedback therapists gen-
erally agree that biofeedback is contraindicated or should
be conducted with considerable caution in acute medical
decompensation, agitation, delirium, severe depression,
dissociation (depersonalization, dissociative reaction,
and fugue), mania, severe obsessive-compulsive disorder
(OCD), paranoid disorders, and schizophrenia. Biofeed-
back therapists require special expertise when treating
patients with moderate-to-severe attentional or memory
deficits and seizure disorders, and when patients receive
considerable secondary gains (reinforcement) from their
presenting complaints.


Infrequently, biofeedback-assisted relaxation training
reduces a patient’s medication requirement in specific
medical disorders (e.g. asthma, diabetes mellitus,
epilepsy, glaucoma, hypertension, and hypothyroidism).
To address this problem, the patient’s health-care
provider and biofeedback therapist should know which
drugs the patient routinely takes, discuss this issue before
initiating biofeedback training, and ensure adequate
monitoring of the patient’s medical condition. The
patient should agree to consult with the health-care
provider before reducing dosage or discontinuing med-
ication34.


Striefel cautions that biofeedback-assisted relaxation
can produce negative reactions in any patient36. While
Budzynski advises that a thorough psychologic history
can identify patients with an elevated risk of negative
reaction, therapists must be prepared to respond to prob-
lems in patients without DSM-IV disorders37. Schwartz
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and Schwartz believe that while severe negative reactions
are rare, mild-to-moderate negative reactions can inter-
fere with therapy, reduce patient practise of assigned
relaxation exercises, and in extreme cases end promising
therapy34.


When patients experience negative reactions like anx-
iety, muscle spasms and tics, and increased sympathetic
activation, the biofeedback therapist can reassure the
patient and adjust biofeedback therapy and home prac-
tise assignments. In the rare case of a severe negative
reaction that exceeds the therapist’s expertise, he or she
may need to consult with or obtain supervision from a
more experienced professional or refer the patient to
another clinician36.


EFFECTIVE APPLICATIONS


A Task Force of the Association for Applied Psychophys-
iology (AAPB) and the International Society for Neu-
ronal Regulation (ISNR) developed clinical efficacy
guidelines for the evaluation of biofeedback and neuro-
feedback treatments. The guidelines, which were
adopted by both organizations’ Boards of Directors,
established five levels of efficacy for conditions treated by
biofeedback39:


Level 1: Not empirically supported
Supported only by anecdotal reports and/or case studies
in non-peer-reviewed venues.


Level 2: Possibly efficacious
At least one study of sufficient statistical power with
well-identified outcome measures, but lacking random-
ized assignment to a control condition internal to the
study.


Level 3: Probably efficacious 
Multiple observational studies, clinical studies, wait-list
controlled studies, and within-subject and intrasubject
replication studies that demonstrate efficacy.


Level 4: Efficacious
(a) In a comparison with a no-treatment control group,


alternative treatment group, or sham (placebo) con-
trol utilizing randomized assignment, the investiga-
tional treatment is shown to be statistically signifi-
cantly superior to the control condition or the
investigational treatment is equivalent to a treat-
ment of established efficacy in a study with suffi-
cient power to detect moderate differences, and


(b) The studies have been conducted with a pop-
ulation treated for a specific problem, for whom


inclusion criteria are delineated in a reliable, opera-
tionally defined manner, and


(c) The study used valid and clearly specified outcome
measures related to the problem being treated, and


(d) The data are subjected to appropriate data analysis,
and


(e) The diagnostic and treatment variables and proce-
dures are clearly defined in a manner that permits
replication of the study by independent researchers,
and


(f ) The superiority or equivalence of the investiga-
tional treatment has been shown in at least two
independent research settings.


Level 5: Efficacious and specific
The investigational treatment has been shown to be sta-
tistically superior to credible sham therapy, pill, or alter-
native bona fide treatment in at least two independent
research settings.


These efficacy guidelines are more rigorous than the
standards applied to many mainstream medical therapies
because they require both statistical superiority to credi-
ble placebo and alternative bona fide treatments, and at
least moderate effects. Interventions that receive low
ratings may still be clinically valuable if the rating is
based on insufficient research or failure to achieve statis-
tical significance due to high within-group variability.
Interventions that receive ‘possibly efficacious’ or ‘proba-
bly efficacious’ ratings may actually produce greater clin-
ical improvement for a particular patient than well-
accepted medical procedures. Due to the excellent
side-effect profiles of most biofeedback and neurofeed-
back interventions, they can serve as invaluable altern-
atives for patients who cannot tolerate medication, do
not respond to traditional medical alternatives, and pre-
fer self-regulation over self-medication15.


In this section, we will review several of the most effi-
cacious biofeedback treatments: urinary incontinence,
temporomandibular disorders (TMD), hypertension,
adult headache, anxiety, attention deficit hyperactivity
disorder (ADHD), alcoholism/substance abuse, epilepsy,
and fecal elimination disorders15. The efficacy of these
treatments is summarized in Table 24.3.


Urinary incontinence


Urinary incontinence is the involuntary loss of urine.
This problem affects approximately 13 million Ameri-
cans, mainly women. Three common types of inconti-
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following prostatectomy was superior to a no-treatment
control44. Floratos et al. showed that biofeedback for uri-
nary incontinence was equivalent to pelvic floor exer-
cises45.


Temporomandibular disorders


Temporomandibular disorders (TMD) are the second
most common cause of orofacial pain after toothache.
While TMD is a heterogeneous group of disorders, oro-
facial pain and/or masticatory problems may be classi-
fied as TMD secondary to myofacial pain and dysfunc-
tion (MPD), TMD secondary to articular disease, or
both. TMD is characterized by dull pain around the ear,
tenderness of jaw muscles, a clicking or popping noise
when opening or closing the mouth, limited or abnor-
mal opening of the mouth, headache, tooth sensitivity,
and abnormal wearing of the teeth. 


TMD pain is located in the preauricular area, the
muscles used for chewing (masseter, temporalis, and
pterygoids), or the temporomandibular joint (TMJ). It
is triggered by chewing, is unilateral or bilateral in MPD,
and is reported along with headache, other facial pain,
neck pain, and pain in the shoulder and back.


EMG biofeedback for TMD received a rating of level
4: efficacious15. Crider and Glaros conducted a meta-
analysis of 13 studies of EMG biofeedback for the mas-
seter and/or frontales muscles and stress management
treatment of TMD. Biofeedback was superior to no treat-
ment or placebo on patient pain ratings, clinical exami-
nation, and/or global improvement46. EMG biofeedback
reduces TMD pain and associated disability. EMG
biofeedback improves clinical outcome when used with
intraoral devices and cognitive-behavioral therapy47,48.


Hypertension


Wang and Wang estimated that almost 60% of Ameri-
can adults can be classified with prehypertension or
hypertension. Groups at highest risk include African
Americans, the elderly, individuals with low socio-
economic status, and those who are overweight. While
the prevalence of hypertension has increased 10% in the
past decade, patient control of hypertension remains
low. Thirty-one percent were unaware that they were
hypertensive, only 66% were instructed by health pro-
fessionals to modify lifestyle and take drugs to control
their blood pressure, and only 31% achieved satisfactory
control49.


Biofeedback for hypertension received a rating of level
4: efficacious15. Jacob et al.50 reported a meta-analysis


Table 24.3 Efficacious biofeedback treatments


Disorder Level Efficacy rating


ADHD 4 efficacious
Adult headache 4 efficacious
(migraine and tension)


Alcoholism/substance 3 probably efficacious
abuse


Anxiety 4 efficacious
Epilepsy 3 probably efficacious
Fecal elimination 3 probably 
disorders efficacious


Hypertension 4 efficacious
Temporomandibular
disorders (TMD) 4 efficacious


Urinary incontinence 5 efficacious 
(females) and specific


Urinary incontinence 4 efficacious
(males)


nence are urge incontinence, stress incontinence, and
mixed incontinence40–42. Biofeedback for urinary incon-
tinence in females received a rating of level 5: efficacious
and specific15.


Clinicians use three strategies to treat urinary incon-
tinence: reducing detrusor overactivity by monitoring
the bladder using an inserted catheter, increasing the
strength of pelvic floor muscles using EMG sensors
(vaginal or anal) or pressure sensors, and combining the
previous methods while minimizing intra-abdominal
pressure which is monitored by a rectal balloon (multi-
measurement method).


Tries and Brubaker recommend the multi-measure-
ment method because it reinforces ‘a more discriminate
pelvic floor contraction’ than single-channel methods. In
their study, the multi-measurement method achieved
superior reductions in incontinence episodes from 75.9
to 82% in about five sessions, compared with 43 to 61%
reductions with single-channel biofeedback in an average
of 11 sessions43.


Researchers have found that biofeedback for urinary
incontinence in females is superior to no treatment,
comparable or superior to alternative behavioral treat-
ments like pelvic floor exercises, and superior to drugs
like oxybutynin chloride, regardless of patient age. A
stepped program that combines drug and behavioral
treatments may be superior to a single treatment15.


Biofeedback for urinary incontinence in males
received a rating of level 4: efficacious15. Van Kampen et
al. reported that biofeedback for urinary incontinence
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of 75 treatment groups and 41 control groups. The treat-
ment groups produced markedly greater blood pressure
reductions than control groups. The treatments that pro-
duced the greatest blood pressure reductions were ranked
in descending order of efficacy: stress management,
EMG biofeedback, and temperature biofeedback. Relax-
ation and blood pressure biofeedback produced the
smallest reductions in systolic blood pressure, and medi-
tation produced the smallest reductions in diastolic
blood pressure. Patient expectations concerning treat-
ment efficacy and their perception of relaxation depth
during treatment discriminated between treatment suc-
cess and failure.


Yucha et al.51 conducted a meta-analysis of 23 stud-
ies between 1975 and 1996 that compared biofeedback
training with active treatments like meditation and inac-
tive treatments like sham biofeedback controls and
blood pressure measurement. Both biofeedback and
active treatments produced significant, but equivalent,
reductions in systolic and diastolic blood pressure.
Biofeedback produced greater systolic (6.7 mmHg) and
diastolic (3.8 mmHg) blood pressure reductions than
the inactive treatments.


Adult headache


Approximately 28 million Americans experience
migraine headache each year. While women are three
times more likely than men to suffer from migraines,
men are five times more likely to experience cluster
headaches. A classic migraine features a prodrome or
neurologic symptoms occurring hours to days before
headache onset, and accounts for about 20% of all
migraines. The headache is preceded (10–20 minutes) by
painless neurologic symptoms that are mainly visual
(scintillating scotomata and visual field defects); these
symptoms persist from 20 to 30 minutes, often overlap-
ping with the headache. Headache onset may occur at
any time and may last from several hours to 6 days (1–2
days typical). A common migraine lacks a prodrome and
accounts for about 80% of all migraines. This headache
often lasts longer than a classic migraine and may be
bilateral. The trigeminal nerve may be activated in all
primary headaches – cluster, migraine, and tension-type.
Migraine patients may be hypersensitive to headache
triggers and have an abnormally low threshold for acti-
vating the trigeminal nerve, compared with occasional
tension-type headache patients. Repeated migraine
episodes may reduce migraineurs’ ability to block pain52.


Diverse internal triggers (hormonal fluctuations,
stress, and sleep deprivation) and external triggers (aller-


gens, diet, and weather changes) increase the firing of
neurons in the brainstem, hypothalamus, and cortex,
which send signals to a hypothesized migraine generator
that produces nausea and vomiting. A migraine genera-
tor in the dorsal raphe nucleus in the upper brainstem
activates the trigeminal nerve, whose extensive branches
cover the brain ‘like a helmet’ and initiate the migraine.
Trigeminal nerve endings in the brain’s dura mater
release proteins that dilate blood vessels and increase the
nerves’ sensitivity. Thus, blood vessel swelling is the
effect, instead of the cause, of a migraine53,54.


Tension-type headache is characterized by a steady,
non-throbbing pain that may involve the fronto-tempo-
ral vertex and/or occipito-cervical areas with a lateral or
bilateral distribution. This headache typically lasts 1–4
hours, but pain localized in one region may persist for
years. The chronic subtype persists for an average of 8.7
years.


Tension-type headache is divided into episodic and
chronic headache. Episodic tension-type headache is
diagnosed when the patient has at least 10 previous
headaches and fewer than 15 per month. Chronic ten-
sion-type headache is diagnosed when there is an average
headache frequency of more than 15 days per month for
more than 6 months. Recent studies have shown that
tension-type headache patients show higher EMG levels
than healthy controls. Researchers have monitored
frontalis, occipitalis, temporalis, and trapezius muscles to
study the role of muscle activity in tension-type
headache52.


Biofeedback treatment for adult migraine, tension-
type, or mixed headache received a rating of level 4: effi-
cacious15.


McGrady et al.55 reported that biofeedback-assisted
relaxation produced greater improvement in transcranial
Doppler measurements of cerebral blood flow than self-
guided relaxation. An Agency for Health Care Policy and
Research meta-analysis concluded that temperature
biofeedback, relaxation, and cognitive-behavioral inter-
ventions were at least moderately effective for treating
migraine when compared to a wait-list control56. Silber-
stein’s review of migraine treatment for the American
Academy of Neurology – US Consortium recommended
EMG and temperature biofeedback as effective treat-
ments when delivered in the context of relaxation train-
ing57.


Several treatment components should be considered
based on the tension-type headache outcome literature:
frontal EMG biofeedback, trapezius EMG biofeedback,
temperature biofeedback, relaxation training, and cogni-
tive behavior therapy.
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Arena et al.58 compared forehead and trapezius EMG
biofeedback with a progressive muscle relaxation control
condition for treatment of tension headache. Trapezius
EMG biofeedback produced the best clinical outcomes.


The National Institutes of Health Technology Assess-
ment Panel concluded that EMG biofeedback was supe-
rior to psychologic placebo and comparable to relaxation
therapies in treating tension headache59. The National
Headache Foundation’s Standards of Care for Headache
Diagnosis and Treatment found that ‘biofeedback has
been shown to be an excellent treatment in the long term
management of migraine and tension-type headache dis-
orders’60.


A meta-analysis by McCrory et al.61 showed that
EMG biofeedback, relaxation therapy, and cognitive-
behavioral therapy were moderately effective treatments
for tension-type headache. A review of more than 100
studies by McGrady et al.62 found that biofeedback,
relaxation training, and stress management training pro-
duced an average 50% reduction of headache pain.


Moss et al.63 argue
‘Biofeedback also has particular advantages over most


medical treatments for headaches. Not only can it pro-
duce long-term remission of symptoms, but it does so
without side effects. On the contrary, common side
effects of medical treatments of headache include weight
gain, sedation, and impaired concentration, and
headache medications frequently lose their effectiveness
over time. There is even preliminary evidence to suggest
that successful treatment with biofeedback and relax-
ation can result in substantial cost savings’.


Anxiety


The Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV) of the American Psychiatric Association iden-
tifies the major anxiety disorders as panic disorder, the
phobias, generalized anxiety disorder, obsessive-compul-
sive disorder, post-traumatic stress disorder, acute stress
disorders, and ‘adjustment disorder with anxious fea-
tures’64. The Epidemiological Catchment Area Survey
estimates that the lifetime prevalence of anxiety disorder
is 15%. The one-month incidence of anxiety disorders is
twice as high in women (9.7%) as in men (4.7%). Anx-
iety disorders are most diagnosed in 25–44-year-olds,
individuals who are separated or divorced, and those
with low socioeconomic status65.


Moss’s comprehensive model of anxiety focuses on
the interaction among neurotransmitter imbalances,
neurophysiologic overactivation, threat perception and


cognitive escalation, avoidant behavior and stimulus
generalization, and environmental stressors33.


Quantitative EEG (QEEG) studies of patients diag-
nosed with anxiety disorders have revealed excessive fast-
wave often coupled with deficient slow-wave activity,
excessive slow-wave activity often coupled with deficient
fast-wave activity, and excessive activity in midline cen-
tral and frontal regions. Neurotherapy guided by the
neurometric QEEG attempts to train patients to correct
abnormal EEG patterns33.


Biofeedback treatment for anxiety received a rating of
level 4: efficacious15. The majority of controlled, ran-
domized experiments have found that biofeedback (elec-
trodermal, neurofeedback, EMG, and temperature) and
relaxation procedures (meditation and progressive relax-
ation) produce comparable reductions in anxiety.


Rice et al.66 studied 45 patients with generalized anx-
iety. Thirty-eight of these patients satisfied the DSM-III
criteria for generalized anxiety disorder (GAD) and
seven were subclinical for GAD and only met two of
these criteria. They randomly assigned patients to one of
five conditions: frontal EMG biofeedback, EEG
biofeedback to increase alpha, EEG biofeedback to
decrease alpha, pseudomeditation, or a wait-list control.
For the two EEG biofeedback conditions, the electrodes
were placed at OZ, the right mastoid process, and the
forehead. All four treatment groups received eight 60-
minute sessions and achieved significant reductions on
STAI-trait anxiety scores and psychosomatic symptom
checklist (PSC) scores. Only the alpha-increase condi-
tion decreased heart rate reactivity to stressors. Subjects
in the frontal EMG, alpha-increase, and alpha suppres-
sion conditions maintained improvement in STAI-trait
anxiety and PSC scores at 6 weeks post-treatment. The
alpha-increase and alpha-suppression groups actually
showed further improvement in PSC scores at 6 weeks
post-treatment.


Attention deficit hyperactivity disorder


Attention deficit hyperactivity disorder (ADHD), which
is diagnosed in 3–10 percent of school-age children, is
the most common childhood psychologic disorder. From
15 to 70% of diagnosed children receive stimulant med-
ication. While central nervous system stimulants gener-
ally improve ADHD symptoms for as long as correctly
diagnosed children continue to take their medication,
clinicians have been concerned about stimulants’ long-
term effects on developing brains67. A recent study that
administered methylphenidate (Ritalin) to young rats
raised the possibility that stimulants can permanently
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alter the brain and produce adult depression68. In addi-
tion, the majority of individuals with childhood atten-
tion deficits will display similar difficulties in adult years,
manifesting in underachievement in the work sector and
impulsive behavior in their private lives69.


The DSM-IV of the American Psychiatric Associa-
tion now applies the single label of ADHD to the entire
syndrome, but identifies three main subtypes: inatten-
tive, hyperactive-impulsive, and combined. The primary
behavioral deficits involve attention, learning, self-con-
trol, and hyperactivity64.


Neurofeedback treatment for ADD and ADHD
received a rating of level 4: efficacious15. Neurofeedback
appears to be superior to no treatment and comparable
to stimulant medication. Patients require at least 20 ses-
sions, and as many as 50 sessions, to produce clinical
improvement.


Neurophysiologic research reports electrical underac-
tivity over frontal and central areas of the cortex in the
majority of individuals with ADHD. Neurofeedback
treatment protocols have developed as strategies to
retrain and normalize brain function in children and
adults with this abnormal electro-cortical pattern. Alter-
native protocols have developed for other inattentive
individuals with divergent cortical patterns70. Lubar et
al.71 reported that training to reduce slow EEG activity
increased WISC-R and test of variables of attention
(TOVA) scores. Full-scale WISC-R scores increased
about 12 points. The increase in TOVA scores correlated
with decreases in slow EEG activity.


Lubar followed 52 patients treated with neurofeed-
back for as long as 10 years. Their improvement on the
Conners scale, used to measure attention, remained sta-
ble at follow-up72.


Rossiter and La Vaque matched and randomly
assigned 46 subjects to either Ritalin or neurofeedback.
Both groups improved on TOVA measures of inatten-
tion, impulsivity, information processing, and response
variability73.


Linden and colleagues’ controlled study of 18 chil-
dren demonstrated that neurofeedback to increase beta
and suppress theta activity increased intelligence scores
and reduced inattention rated by their parents, when
compared to a wait-list control group74.


Thompson and Thompson reported the successful
treatment of 98 children and 13 adults over forty 50-
minute sessions using Lubar’s ADHD protocol. The
percentage of children using Ritalin declined from 30%
at the start of the study to 6% post-treatment.
Theta/beta ratios significantly declined for children, but
not for adults. Study participants achieved impressive


pretreatment to post-treatment gains on intelligence,
TOVA, and wide range achievement test scores75.


The Kaiser and Othmer multi-center study involved
1089 patients ranging from 5 to 67 years and demon-
strated that SMR-beta neurofeedback training produced
significant gains on TOVA measures of attentiveness,
impulse control, and response variability76.


Monastra et al. compared 49 children diagnosed with
ADHD who participated in a 1-year multi-modal pro-
gram (Ritalin, parent counseling, and academic consul-
tation) with 51 children who participated in the multi-
modal program combined with neurofeedback (weekly
30- to 40-min sessions using the Lubar protocol with a
cash reward for increased frontal cortical arousal). Both
groups significantly improved performance on TOVA
and the attention deficit disorders evaluation scale when
medicated with Ritalin, but only the group that received
neurofeedback maintained performance gains when
unmedicated. A QEEG scan only showed reduced corti-
cal slowing in children who received neurofeedback. Par-
enting style moderated behavioral symptoms at home,
but not in the classroom77.


Fuchs et al.78 compared the efficacy of 3 months of
sensorimotor rhythm (12–15 Hz) and beta1 (15–18 Hz)
neurofeedback against methylphenidate (Ritalin) in 46
ADHD children. The children were assigned to the neu-
rofeedback (22) and medication (12) based on their par-
ents’ preference (assignment was non-random). Both
treatment groups improved on all TOVA subscales, and
on speed and accuracy on the attention endurance test.
Teacher and parent ratings of ADHD behaviors on the
IOWA–Conners behavior rating scale also improved for
both groups.


Alcoholism/substance abuse


The 2004 National Survey on Drug Use and Health
(NSDUH) estimated that, in 2003, 21.6 million Amer-
icans aged 12 or older (9.1%) were dependent on or
abused alcohol or an illegal substance. Of these individ-
uals, 14.8 million were dependent on or abused alcohol
and 3.8 million were dependent on or abused illegal sub-
stances79.


According to Morse and Flavin80:


Alcoholism is a primary chronic disease with genetic,
psychosocial, and environmental factors influencing
its development and manifestations. The disease is
often progressive and fatal. It is characterized by
impaired control over drinking, preoccupation with
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the drug alcohol, use of alcohol despite adverse con-
sequences, and distortions in thinking, most notably
denial. Each of these symptoms may be continuous or
periodic.


Neurofeedback for alcoholism received a rating of level
3: probably efficacious15.


The brains of alcoholics frequently show a deficiency
in alpha, theta, and delta range slow rhythms, and
excesses in beta range fast cortical activity. Ingestion of
alcohol increases alpha range activity in magnitude and
slows the dominant alpha frequency. Neurofeedback
protocols for alcoholism seek to normalize this electro-
cortical pattern. Peniston and Kulkosky81 reported that
patients who received alpha-theta neurofeedback
achieved significantly greater decreases on Millon clini-
cal multiaxial inventory factors than those who received
conventional medical treatment. Alcoholics who
received alpha-theta neurofeedback improved on
schizoid, avoidant, passive-aggressive, schizotypal, bor-
derline, paranoid, anxiety, somatoform, dysthymic, alco-
hol abuse, psychotic thinking, psychotic depression, and
psychotic delusional factors.


Taub and colleagues randomly assigned 118 chronic
alcoholics to one of four treatments: Alcoholics Anony-
mous and counseling (RTT), RTT combined with tran-
scendental meditation, RTT combined with EMG
biofeedback, or RTT plus neurotherapy. Rates of self-
reported abstinence were 25%, 65%, 55%, and 28%,
respectively. While the addition of transcendental medi-
tation and EMG biofeedback seemed to increase absti-
nence, neurotherapy did not82.


Saxby and Peniston demonstrated in a controlled
study that alpha-theta neurofeedback can reduce depres-
sion in alcoholics and increase the rate of abstinence
assessed over a 21-month follow-up period83.


Kelley’s 3-year follow-up study of 20 Native Ameri-
can alcoholic inpatients reported the following changes:
increased EEG synchrony and alpha-theta amplitudes,
extinction of drinking behavior, less personally damag-
ing behavior (81%), and lower Beck depression inven-
tory scores84.


Schneider et al. reported that 6 of 10 male alcoholics
remained abstinent 4 months after completion of slow
cortical potential neurofeedback85.


Epilepsy


Epilepsy represents a family of central nervous system
disorders characterized by chronic, relatively brief
seizures, often due to localized brain lesions. Prescription


drugs used to treat epilepsy prevent repetitive neuron fir-
ing by increasing inhibition or reducing excitation86.


Neurofeedback for epilepsy received a rating of level
3: probably efficacious15.


Sterman’s protocol trains an epileptic patient to
increase the sensorimotor rhythm (SMR) (12–14 Hz)
amplitude and duration, and suppress theta (4–7 Hz),
beta (20+ Hz), epileptiform spikes, and EMG artifact
during 36 sessions. The aim is to normalize the waking
and sleep EEG with elevated SMR and suppressed theta
and beta activity.


Sterman summarized 18 peer-reviewed studies in
which 174 patients were trained using his SMR proto-
col. The outcome data were impressive: 82% clinically
improved, reducing seizures by more than 30%. The
average seizure reduction was greater than 50%. Many
studies found decreased seizure severity. Five percent of
patients remained seizure free for as long as one year. In
those studies where researchers recorded pretreatment
and post-treatment EEG amplitudes, 66% normalized
their EEG power spectra87.


La Vaque considers slow cortical potential (SCP)
training to be highly effective in controlling ‘drug-resist-
ant’ epilepsy88.


Kotchoubey et al.89 reported that SCP neurofeedback
decreased the baseline seizure frequency in drug-resistant
epileptics and showed that this improvement was main-
tained 6 months post-treatment90.


Kotchoubey et al. concluded that both SMR and
SCP protocols improve epilepsy control in about 66% of
patients. While the mechanism underlying SCP training
remains unclear, it may involve increased 6.0–7.9 Hz
theta activity during training trials without feedback91.


Joy Andrews et al. found that a neurofeedback proto-
col, involving 5 consecutive days of training, enabled
79% of patients to control their seizures92.


Kotchoubey et al. treated patients with refractory
epilepsy with an anti-epileptic drug and psychosocial
counseling, a breathing training control group, or SCP
neurofeedback in a controlled clinical study. Only the
drug and SCP groups significantly reduced seizure fre-
quency93.


Fecal elimination disorders


Fecal incontinence is the involuntary release of feces or
gas due to loss of anal sphincter control. The diverse
causes of fecal incontinence include congenital abnor-
malities that damage the spinal cord; anal sphincter
damage due to vaginal delivery, surgery, inflammatory
conditions, and cancer; inflammatory bowel conditions;
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and medical conditions, including diabetes mellitus,
stroke, spinal cord trauma, and neurodegenerative disor-
ders. The incidence of fecal incontinence is eight times
higher in women than men. Childbirth is the most com-
mon predisposing factor to fecal incontinence because it
may disrupt the internal or external anal sphincter, or
damage the pudendal nerve94.


Biofeedback for fecal elimination disorders received a
rating of level 3: probably efficacious15. This rating was
assigned due to the heterogeneous patient populations
studied and the absence of control groups.


Biofeedback should only be initiated following med-
ical evaluation and should be conducted under medical
supervision. Two major training procedures include an
anal EMG probe and a three-balloon manometry (pres-
sure) system.


The anal SEMG probe, based on John Perry’s vaginal
perinometer, detects muscle activity associated with the
external anal sphincter. Continence training teaches the
patient to increase external rectal sphincter strength to
prevent unwanted voiding of feces and to develop pro-
prioceptive cues so that signals from rectal wall stretch
receptors will contract the external rectal sphincter to
prevent leakage. A manometry system places one of three
balloons (Schuster anorectal probe or others) in the anal
canal to simulate movement of fecal material, adjacent to
the internal rectal sphincter, and adjacent to the external
rectal sphincter. As the anal canal balloon is inflated,
polygraph tracings show contraction of the internal and
external rectal sphincters. Training is designed to teach
the patient to contract the external rectal sphincter (pre-
venting leakage of feces) when the anal canal balloon
expands, activating rectal wall stretch receptors95.


Adjunctive training procedures used in addition to
biofeedback include bowel or habit training, dietary
counseling, medication, keeping logs (normal bowel
movements and incontinence episodes), and daily
sphincter control exercises.


Biofeedback has been effective in children diagnosed
with fecal incontinence and encopresis (constipation),
and in adults with chronic fecal incontinence and incon-
tinence due to obstetric complications and constipation.
Several researchers have shown that patients maintain
continence at long-term follow-up. Biofeedback does
not correct incontinence caused by surgery to correct
rectal prolapse.


Whitehead and Drossman concluded that, when
pelvic nerve injuries impair anal sphincter contraction or
sensory feedback from stretch receptors in the rectal
wall, biofeedback can eliminate or reduce the frequency
of incontinence by 90% for about 72% of patients96.


Most gastroenterologists consider biofeedback the treat-
ment of choice in these cases. Biofeedback is also pre-
ferred for treating constipation due to a patient’s inabil-
ity to relax pelvic floor muscles during elimination.
Biofeedback also shows promise for treating rectal pain
due to excessive pelvic floor muscle contraction96.


Heymen et al. estimated that biofeedback for fecal
incontinence achieves a 67–74% success rate. They crit-
icized the experimental design of several of the studies
they reviewed97.


Seymour concluded that the effectiveness of fecal
incontinence biofeedback has been demonstrated for
neurogenic and idiopathic anal incontinence, and incon-
tinence related to disruption of anal sphincters. Fecal
incontinence biofeedback reduced incontinence episodes
by 90% in more than 60% of patients. Electrical stimu-
lation of the anal sphincter combined with biofeedback
may result in greater symptom and pressure improve-
ment than biofeedback alone94.


Mahony and colleagues randomly assigned 60 symp-
tomatic women diagnosed with postpartum fecal incon-
tinence to 12 weekly sessions of intra-anal electromyo-
graphic biofeedback alone or combined with electrical
stimulation of the anal sphincter. They also assigned
these patients daily pelvic floor exercises. Fifty-four
women completed treatment. Both groups achieved
improved continence scores and squeeze anal pressures,
while resting anal pressures did not change. Patients in
both groups also reported improved quality of life. The
addition of electrical stimulation did not improve thera-
peutic outcome98.


EMERGING APPLICATIONS


HRV for asthma, COPD, and cardiovascular
rehabilitation


Earlier we reviewed the new modality of HRV biofeed-
back. This trains patients to engage in full, smooth
diaphragmatic breathing, at a rate producing maximal
variability in heart rate. In addition, trainees learn to sus-
pend negative emotions and anxious thoughts, because
such negative cognitive processes suppress variability.
HRV biofeedback has been applied in research studies
to a handful of disorders, including asthma99, chronic
obstructive pulmonary disease (COPD)100, cardio-
vascular rehabilitation101, and hypertension102. In addi-
tion, clinical reports describe positive therapeutic effects
for HRV biofeedback with irritable bowel syndrome,
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recurrent abdominal pain, rheumatoid arthritis,
migraine, muscle pain syndromes, fibromyalgia, and
chronic fatigue syndrome31.


Paul Lehrer and colleagues conducted an impressive
empirical study of 94 outpatients with asthma, using
four treatment conditions: (1) HRV biofeedback com-
bined with abdominal breathing training, (2) HRV
biofeedback alone, (3) placebo EEG biofeedback, and
(4) a wait-list control99. The study used medically reli-
able outcome measures, including daily asthma symp-
tom logs, twice daily peak expiratory flow measures,
spirometry measures, and measures of oscillation resist-
ance (pneumography). Subjects in both HRV groups
used less asthma medicine after the biofeedback treat-
ment. There were minimal differences between the two
HRV groups. Improvements measured one full level of
asthma severity, based on American Thoracic Society
measures. Forced oscillation pneumography also showed
improvement in pulmonary function in the HRV
groups. The placebo group showed an improvement in
their self-report of asthma symptoms, but not in func-
tional capacity.


Nicholas Giardino and his colleagues conducted a
small but innovative study treating COPD with a com-
bination of HRV biofeedback and a special walking pro-
gram100. The ten participants in the study received five
sessions of biofeedback, which included training to pace
their breathing and increase HRV. In addition, the par-
ticipants engaged in four weekly sessions of walking.
During the walks, they used their new paced breathing
skills to regulate their respiration. They self-monitored
with an oximeter to verify that their oxygen levels
remained satisfactory. They used two outcome measures,
a 6-minute walk distance test (6MWD), a well-validated
measure of functional capacity, and the St George’s res-
piratory questionnaire (SGRQ), a measure of overall
quality of life. The patients showed clinically significant
increases on both the 6MWD and the SGRQ quality of
life index. Eight of the ten participants showed clinically
significant improvements on both measures.


Jessica Del Pozo and colleagues studied 69 partici-
pants with known coronary artery disease and randomly
assigned them to either of two conditions, (1) conven-
tional cardiac rehabilitation, or (2) the experimental
condition with six sessions of abdominal breath training,
respiratory and HRV biofeedback, and 20 minutes per
day of home breathing practise. Her primary outcome
measure was a widely used medical index of heart rate
variability, the SDNN, the standard deviation of the
normalized interbeat interval – the R wave to R wave
interval – measured in milliseconds.


At pretreatment, the groups did not significantly dif-
fer on SDNN. During the course of the study, the con-
ventional care group actually decreased in their mean
SDNNs, while the HRV biofeedback group increased
their mean SDNN from 28 to 42 ms. These SDNN
increases with biofeedback were of such a magnitude
that the researchers inferred a high likelihood of clinical
improvement. The cardiac risk status, measured by
SDNN, improved for several participants from the
‘unhealthy’ to the ‘compromised health’ range (from <
50 ms to > 50 ms). This research did not measure clini-
cal improvement, and future research will need to docu-
ment that this experimental modification of the SDNN
actually translates into reduced cardiac morbidity and
mortality101.


Neurofeedback for depression 


The field of EEG biofeedback or ‘neurofeedback’ con-
tinues to evolve, with new applications often inspired by
research in the neurosciences. For example, research by
neuroscientist Richard Davidson showed that the two
sides of the prefrontal cortex contribute differently to
human mood103,104. The left prefrontal cortex appears to
operate as a behavioral approach and positive emotion
system, whereas the right prefrontal cortex operates as an
aversive/negative emotion system and behavioral avoid-
ance system. Lesions or injuries to the left frontal cortex
result in labile and dysphoric mood, frequently includ-
ing clinical depression. Gotlib and colleagues extended
this work by a study showing that currently depressed
and previously depressed individuals showed increased
right-sided frontal activation relative to normal con-
trols105. Using PET scans to track bilateral activation,
Davidson’s group also induced positive and negative
mood by films. The films inducing positive affect
increased left frontal activation, and those inducing neg-
ative affect increased right frontal activation103–105. This
suggests that the asymmetry effect is reciprocal: right-
sided frontal activation disposes the individual to experi-
ence negative mood, and negative mood induces right-
sided activation.


Based on this research, Rosenfeld, Baehr, and col-
leagues developed a neurofeedback protocol to reverse
the asymmetry disposing individuals toward depressive
moods106,107. Specifically, Rosenfeld’s team trained sub-
jects to increase right frontal alpha, a slow wave form
(8–13 Hz), which acts to ‘idle’ the right frontal func-
tions. His team calls this increase in right frontal alpha
brainwave activation an ‘inverse activation’ index. Their
neurofeedback protocol trains the subject at two sites
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over the frontal cortex, F3 and F4 (based on the inter-
national 10–20 system for EEG sites), with success being
defined as an increase in right frontal alpha activity, over
left frontal activation. Rosenfeld’s team developed an
asymmetry index based on the amplitudes of electrocor-
tical activity at these two sites. Positive scores on this
index, defined as (F3–F4)/(F3+F4), show relative reduc-
tions in right-sided activation. A study by Rosenfeld’s
team showed that the best discriminator between
depressed and non-depressed individuals was not the
overall magnitude of the asymmetry index, but the per-
centage of the time that the individual’s asymmetry
index is greater than zero108. Thus, the more often an
individual is disposed toward right frontal dominance in
activation, the more negative the resultant mood.


In clinical biofeedback sessions the trainee’s asymme-
try score can be displayed using a bar graph, digital dis-
play, or an animation. The trainees receive rewards, such
as auditory tones, as this asymmetry score shifts in the
desired direction. One can also create a direct display
rewarding the percentage of the time that the index is in
positive territory and gradually shape the subject toward
left frontal dominance. Rosenfeld’s initial studies on
clinically depressed subjects reported that individuals
completing the asymmetry training substantially
increased their asymmetry indices and showed clinically
significant corresponding reductions in scores on the
Beck depression inventory and the MMPI depression
scale. A later study showed that the initial asymmetry
trainees maintained their improvements at 1- to 5-year
follow-up109. Case studies by Elsa Baehr and others
report successful improvement of mood through asym-
metry training in several individuals for whom conven-
tional medications and psychotherapies had failed110.


Neurofeedback for traumatic brain injury


Traumatic brain injury (TBI) produces a variety of
motor and cognitive deficits affecting an estimated 1.5
million Americans each year. The economic costs are
estimated at $48.3 billion per year111,112. Car accidents
and falls account for approximately 70% of traumatic
brain injuries, affecting individuals of all ages.


Traumatic injuries to brain tissue produce structural
and electrophysiologic abnormalities measurable with
MRI, EEG, and PET scans. Correlated with the changes
in brain structure and function are a wide variety of cog-
nitive deficits, including problems with orientation,
comprehension, problem solving, attention/concentra-
tion, memory/retention, organizational skills, motiva-
tion, and other functions. In addition, individuals with


TBI display fatigue, depression, anxiety, agitation,
headache, impulsiveness, personality disturbance, and
loss of initiative. Ayers reports that those persons with
open head injuries show more language problems and
often show frontal lobe problems affecting planning and
judgment113.


Efforts at remediation following TBI have tradition-
ally assumed that the brain dysfunction is irreversible
and have attempted to teach the individual to ‘work
around’ or compensate for the neurocognitive deficits.
These compensation-oriented approaches have shown
limited effectiveness. A number of cognitive strategies
have been developed to help patients compensate,
including repetitive practise, repetitive recall drills, visu-
alization, cognitive strategies, and mnemonic devices. In
general, the results are limited, and patients rarely con-
tinue to use such compensatory techniques when the
training period ends111,114. Recent reviews of cognitive
rehabilitative therapy report similar mixed and disap-
pointing results115.


The neurofeedback approach is to directly modify
brain function instead of attempting to teach the indi-
vidual strategies to compensate. Many of the effects of
traumatic brain injury are electrophysiologic – they pro-
duce modifications in the electrical rhythms of the brain,
with functional significance. The neurofeedback practi-
tioner typically utilizes a diagnostic QEEG to sample
cortical electrical activity, recorded at 19 to 128 different
electrode sites88. The basic EEG recording is digitized
and subjected to a statistical analysis. In cases where ade-
quate normative databases are available, the QEEG data
can be subjected to statistical analysis for comparison to
age-specific population norms. By comparing this
patient’s QEEG to those of others with known neuro-
logic impairment, the practitioner develops a mathemat-
ical understanding, first, of how this brain differs in its
current functioning from intact and normal brains, and
second, how it resembles the brains of others with com-
parable injuries and cognitive impairments88,116. Differ-
ences tracked include deviations in amplitude and rela-
tive power, in each frequency range by brain region, as
well as in symmetry, coherence, phase, and other vari-
ables involving the organization and connectivity of
function among cortical locations. Newer statistical pro-
grams also allow some inferential mapping of subcortical
abnormalities, based on surface cortical recordings. The
LORETA technique (for low resolution brain electro-
magnetic tomography), for example, allows assessment
of subcortical brain structures117. The QEEG techniques
are relatively new, and some controversies remain.
The same multi-site EEG recording, when examined by
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available experts in QEEG, or analyzed by available sta-
tistical packages using different normative databases,
often produces divergent conclusions118.


The QEEG, augmented by the use of normative
databases, enables the neurofeedback practitioner to
develop a specific plan, introducing EEG biofeedback
training. Determining how this individual’s brain devi-
ates from a well-functioning brain establishes training
criteria designed to normalize this brain. If frontal slow
wave activity is excessive and frontal fast wave activity is
deficient, then one will up-train fast waveforms and
inhibit slow waveforms in the training process. This lat-
ter example, training an increase in faster waveforms in
the frontal cortex, will typically increase the attentiveness
and the ability to plan and organize behavior in the indi-
vidual with TBI.


Clinical reports have accumulated for two decades of
substantial amelioration of cognitive deficits in patients
with TBI through neurofeedback111,113. Large studies
with adequate methodologic controls remain lacking for
the neurofeedback treatment of TBI. However, in an
unpublished article, Thornton has compared evidence
for improvement in cognitive abilities for traumatic
brain injured patients through traditional cognitive reha-
bilitation with the studies available on neurofeedback.
The data available thus far suggest that neurofeedback
produces three to seven times more improvement in
paragraph recall, word list recall, and attention, while
costing approximately one-third of conventional inter-
ventions119. In addition, increasing numbers of studies
show that the QEEG can reliably discriminate between
those individuals with TBIs and normal controls, and
can also reliably measure prognosis for rehabilitation120.


Constraint-induced movement therapy with
biofeedback


In clinical practise biofeedback, therapies are rarely
delivered in isolation. Rather, a comprehensive treat-
ment package is designed, typically including patient
education, biofeedback training with specific physiologic
objectives, and a prescribed plan for lifestyle and behav-
ioral change, designed to moderate the presenting com-
plaint. The constraint-induced movement therapy (or
CI therapy) protocol is a new treatment approach within
rehabilitative medicine and physical therapy, applying
basic behavioral principles and neurophysiologic
research findings to the restoration of motor function
after cerebral vascular accident (CVA), TBI, or cerebral
palsy121. CI therapy consists of a ‘family of treatments
having a common element of inducing patients to


increase use of an affected extremity’ for many hours a
day over a period of 14 to 21 consecutive days122.
Biofeedback serves as an adjunct within this treatment
package.


Edward Taub is a behavioral scientist who has
received widespread recognition – including the Ameri-
can Psychological Association’s Award for Distinguished
Scientific Applications of Psychology123 – for the CI ther-
apy protocol, which applies basic behavioral principles to
rehabilitation. Taub recognized that at least a portion of
the loss of function following stroke and injury involves
‘learned non-use’124. The body is conditioned by the
long period of inactivity during convalescence toward
treating the affected limb as useless. Using an example
from animal research, when one limb is damaged exper-
imentally, the animal immediately begins to attempt to
use the affected limb, and finds that it cannot. It learns
that it can move about and complete tasks in a progres-
sively more successful fashion with the three remaining
limbs, providing behavioral reinforcement for reliance
on the intact limbs. The sporadic efforts to use the dam-
aged limb lead to aversive consequences, such as incoor-
dination, falling, and failure at tasks. This is a natural
behavioral conditioning paradigm, which produces a
learned non-use of the affected limb. Simultaneously, the
nervous system is recovering to some extent, hypotheti-
cally making possible a partial return of function, yet the
animal is now conditioned to neglect the damaged
limb121.


In addition, the CI protocol draws on the principle of
neuroplasticity, the capacity of the nervous system to
restore or reorganize sensory and motor pathways fol-
lowing injury. This concept highlights the laboratory
research showing substantial restoration of motor func-
tion in primates, even when sensory nerve pathways were
deliberately destroyed, leaving no sensation in the dam-
aged limb to guide movement125.


Taub’s team combines an intensive physical therapy
regimen with two crucial behavioral interventions. First,
the team physically constrains the non-affected limb. If
the right arm is damaged by stroke, then the left arm is
immobilized in a restraining device, forcing the individ-
ual to use the damaged arm for any and every task. Sec-
ond, the team uses the behavioral principles of operant
conditioning, and especially shaping, to induce purpo-
sive movement. Each of these techniques was initially
perfected in animal studies, but is now successfully uti-
lized in rehabilitation of humans with limbs paralyzed by
stroke or traumatic brain injury.


Shaping is a behavioral conditioning principle
leading to motor learning. The behavioral objective is







Biofeedback 17


approached in small steps, by successive approximations.
Initially, the trainee is encouraged or reinforced for any
small movement in the direction of the eventual goal
behavior. The task is gradually made more difficult as
training proceeds.


In restraint, the intact limb is initially restrained in a
sling or mitt, which prevents all adaptive use. This con-
straint of the intact limb is paired with an intensive
training process guiding a gradual resumption of activity
in the damaged limb.


Taub’s team at the University of Alabama at Birm-
ingham uses well-defined behavioral strategies to practi-
cally accomplish the restoration of function. The reha-
bilitation team gives extensive verbal feedback to the
patient on performance in each shaping trial. They coach
the patient verbally with suggestions to improve per-
formance on each shaping trial. The therapists model the
desired behavior for the patient prior to each trial. The
therapists engage in encouragement, to provide motiva-
tion for each successive task in the shaping process.
These behavioral principles are essential to overcome the
negative conditioning which is involved in learned non-
use following a neurologic injury. The CI therapy also
depends on an intense intervention schedule – using
‘massed practise’ several hours per day for 2 to 3 weeks
(depending on the severity of the motor deficit). This
schedule far surpasses the quantity and intensity of
today’s typical outpatient physical therapy treatment.


Verbal and visual feedback are crucial elements in the
implementation of shaping in CE therapy. The thera-
pists continuously report to the patient any changes in
movement, and use ‘shaping data forms’ to show
progress visually over time. Biofeedback with electronic
instruments is a useful adjunct, especially for lower limb
training, providing the patient with immediate feedback
on specific movement dynamics in the course of train-
ing. The biofeedback relies on feedback-enhanced limb
load monitors and electric goniometers. According to
Taub (personal communication) ‘the limb load monitor
provides continuous feedback of the force and timing of
each foot fall. It is used to correct stance time on the
more affected leg, increase weight supported by it, and
increase the cadence of gait. The electric goniometer
gives either continuous or error feedback of the knee
joint angle’.


The Taub team uses a microcomputer-based instru-
mentation system to provide the patient with feedback
from the limb load monitor. The computer system quan-
tifies the movement of the affected leg, and provides
feedback to shape the patient’s behavior based on ‘the
extent and quality of increased use of the affected leg’122.


The CI therapy approach has now been applied to
several hundred patients at the University of Alabama at
Birmingham and has been replicated at a number of
other facilities. Virtually all of these patients, who had
suffered mild to moderately severe strokes, have substan-
tially improved in their ability to use their stroke-weak-
ened limbs. Additional studies have reported outcomes
for patients with upper limb CVA damage, lower limb
CVA damage, more severe CVA damage (lower func-
tioning patients), cerebral palsy, traumatic brain injury,
and focal hand dystonias in performing artists126.


CONCLUSIONS


Biofeedback and neurofeedback provide research-based,
clinically-effective therapeutic tools, which enable the
individual to increase awareness and control over mind
and body. Biofeedback is useful in moderating clinical
symptoms, enhancing the academic learning process,
and enabling individuals to reach optimal performance.
Biofeedback provides a useful adjunct to many medical
treatments in treating a variety of disorders, from asthma
to headache to heart disease. In some cases, such as
attention deficit and hyperactivity disorder, biofeedback
provides an alternative to mainstream therapies.


Resources


Association for Applied Psychophysiology and Biofeed-
back (AAPB): www.aapb.org. 10200 W. 44th Avenue,
Suite 304, Wheat Ridge, CO 80033-2840. This website
is the most comprehensive source of biofeedback infor-
mation for consumers and professionals, and lists profes-
sional training programs and workshops


Biofeedback Certification Institute of America (BCIA):
www.bcia.org. 10200 W. 44th Avenue, Suite 310, Wheat
Ridge, CO 80033-2840. An invaluable website that pro-
vides detailed information about certification prepara-
tion and testing in general biofeedback, EEG biofeed-
back or neurofeedback, and pelvic muscle dysfunction
biofeedback. A search engine helps visitors locate certi-
fied biofeedback practitioners


International Society for Neuronal Regulation (ISNR):
www.isnr.org. 3620 W. 10th Street, Unit B, PMB 128,
Greeley, CO 80634-1821. A highly informative website
that provides neurofeedback articles, on-line abstracts of
the journal Neurotherapy, and a comprehensive neuro-
feedback bibliography.
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biofeedback in psychotherapy: Some clinical observations. Psychotherapy: Theory, 
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GSR1 Biofeedback in Psychotherapy: Some Clinical 
Observations 


 
Marjorie K. Toomim and Hershel Toomim2 


 
The traditional function of the psychotherapist has been to help the patient move from 
conflict and anxiety toward free and effective functioning. In order to do this the therapist 
has relied largely on:  


1. The client's subjective report as to what is and is not relevant material.  
2. The client's sensitivity to, perception of, and readiness to report sensations 


associated with changing emotions.  
3. The therapist's theoretical orientation, his value system, and his sensitivity to, 


perception of, and interpretation of both verbal and body language. If the therapist 
and patient disagree on the importance of a particular word, concept, or body 
movement, the therapist often blames the patient for "resisting." The subjective 
nature of the therapeutic process has perhaps correctly left it vulnerable to attack 
from more experimentally oriented psychologists. The process may often be 
likened to one "black box" relating to another "black box." 


 
Another problem in psychotherapy has been that of attempting to alter a 
psychophysiological system such as emotional responsivity with purely psychological 
means (verbal interaction). Some efforts have been made to make changes in these 
systems by addressing the physiology primarily, as in Reichian therapies. 
Psychophysiologists have attempted to correlate specific emotions with specific 
physiological responses, but have found the human organism too complex for such 
codification. Some autonomic organ systems are stimulated in a sympathetic direction, 
some in the parasympathetic direction with arousal (Lacey, 1967); there are marked 
differences among individuals as to which organs are activated with stress and the effects 
of various stressors on any one organ system (Ax, 1953, 1969); and dynamic processes of 
inhibition and excitation create variation in organ function so that any one visceral 
response does not necessarily reflect a single behavioral dimension (Gelhorn, 1967). As 
noted below, individuals may respond to the experience of helplessness or severe conflict 
with a paradoxical drop in skin conductance (Toomim & Toomim, 1975), though such a 
drop is usually associated with relaxation. 
 


                                                 
1 The popular term GSR (Galvanic Skin Response) measures the resistance of the skin in 
ohms. More recently, the Skin Conductance (SC) is used and measures the conductance 
of the skin in micromhos. The measures are reciprocal (mhos = 1/ohms).  
2 Address all correspondence to:  Hershel Toomim, Biofeedback Research Institute, 6542 
Hayes Drive, Los Angeles, CA 90048; email: Hershel@biocompresearch.org 
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While no instrumentation has been developed which quantifies and identifies specific 
emotions, most people respond to emotional arousal with at least one peripheral organ 
system. Inexpensive, battery-powered biofeedback instruments now make it possible to 
monitor one or more of these systems continuously during psychotherapy sessions so that 
body-mind relationships may be clearly and immediately established. The therapist may 
then use his knowledge of the client, his therapeutic skills, instrumental readings, and 
changing client responses to vary content and therapeutic process so as to increase or 
decrease affective states. Continuous monitoring of otherwise subliminal physiological 
changes allows the therapist to recognize significant content during the session. While 
inter-individual variance in psychophysiological response systems is large, the therapist 
soon learns the organic response pattern of individuals and attends, then, to intra-
individual variation in effecting therapeutic change. 
 
Both EMG and GSR instrumentation have been used successfully in systematic 
desensitization therapy. Wolpe (1967) reports using the GSR in creating hierarchies 
where patients can not clearly define their subjective experience for the correct ordering 
of anxiety-provoking stimuli. Budzinski and Stoyva (1969) used continuous monitoring 
with EMG in a biofeedback paradigm. Here, the patient gains continuous awareness of 
the physiological process being measured-in this case, the frontalis muscle-that he may 
learn voluntary control of the function. The control involves changing both body tension 
and mental set. 
 
The following paper reports the use of GSR feedback as an integral part of a dynamic 
psychotherapy process. The therapeutic process was eclectic, with emphasis on emotional 
flooding (Hogan, 1967). Peaks in reactivity or paradoxical response patterns were 
emphasized in order to intensify the client's experience and facilitate emotional release. 
Desensitization techniques call for manipulations which reduce organic arousal 
(Jacobson, 1939; Wolpe, 1958). 
 
PHYSIOLOGY OF SKIN RESISTANCE AND THE GSR 
 
The reader is referred to Martin (1961), Lang (1971) and Prokansky & Raskin (1973) for 
comprehensive reviews of GSR research relevant to use in psychotherapy. Briefly, the 
Galvanic Skin Response is a measure of sweat gland activity. While sweat glands are 
innervated by only the Sympathetic branch of the Autonomic Nervous System, their 
reactivity is mediated by cholinergic transmission at the end organ. Darrow (1943) noted 
that conditions which alter cholinergic activity may limit the magnitude of the GSR 
response to stimulation. These conditions include the amount of available acetylcholine, 
the concentration of cholinesterase, the presence of adrenalin, and antidiuretic hormone. 
 
Changes in skin resistance form part of the emergency reaction of the Sympathetic 
Nervous System, and may thus be used as a rough measure of an individual's 
physiological stress pattern. This measure has also been used to indicate general arousal, 
activation level (Schlosberg, 1954) and energy mobilization (Duffy, 1951). 
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Several investigators have found various aspects of the GSR within subjects reliable over 
time. Freeman and Griffith (1939), Lacey & Lacey (1962), and Block (1965) find its 
magnitude reliable; Bull & Gale (1971) find its latency, magnitude, and recovery reliable. 
Hughes & Shean (1972) find the interaction of feedback and awareness an effective 
means of modifying ongoing GSR reactivity in both high and low neurotic Ss. 
 
The GSR has been criticized as a monitor of internal change because it so readily 
responds to such psychologically irrelevant functions as coughing, deep breathing, and 
body and hand movements. However, the GSR feedback technique described below 
makes use of these functions which confound the experimentalist. They are included in 
computing the individual's baseline measure. They contribute to an understanding of the 
general GSR activation pattern of each individual. GSR responses which are defined as 
therapeutically relevant must cause a change in the GSR which is both greater than and 
more persistent than that created by these extraneous factors. In addition, the 
therapeutically relevant GSR response may be manipulated by further exploration of the 
anxiety-provoking or conflictual material which accompanies the skin-conductance rise 
or suppression. Thus, if the individual laughs or breaths deeply while talking about, for 
example, his mother, and the GSR feedback tone rises (skin conductance increases), it 
will soon return to baseline if the material is not emotionally arousing. If it is emotionally 
arousing, the GSR will continue to respond as long as the relevant content is foreground 
and emotionally stimulating. Or it may "flatten"-stop responding and then respond again 
when the disturbing material is no longer foreground. 
 
The skin conductance instrument used for this work3 accurately quantifies the skin 
conductance level in micromhos. It has a psychotherapy scale in which amplified rate of 
change of conductance is added to the ongoing conductance level. This provides the 
necessary sensitivity to relevant small changes and maintains the indications within the 
usable dynamic range of the instrument. With this technique the therapist is free to attend 
to relevant psychological material without being distracted by necessary instrument 
adjustments for under- or over-range activity. 
 
METHOD 
 
The GSR is introduced to the client in the following way. He is shown the instrument, 
and its function as a monitor of general nervous system activation is briefly explained. If 
the client is willing to use this device, electrode cream is placed on the electrodes and 
they are connected to the palmar surface of the dominant hand. The client is then 
instructed that he may move his hands at will. As he moves, he notices a rise in the GSR 
feedback tone which signifies a rise in skin conductance. This familiarizes him with the 
sound of the instrument and the effect of movement on the GSR. He is then asked to take 
a deep breath. Again, there is usually a rise in the GSR feedback tone. The intensity of 
this response, as well as the length of time it takes for the GSR to decrease, are observed. 
A few minutes of relatively light conversation ensues while the client adapts to the new 
situation. The conversation also includes teaching about the instrument, exploration of 
                                                 
3 Biofeedback Research Institute Model 505. 
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feelings about its use, and evoking fantasies about what it might reveal about his inner or 
''secret'' being. The client's attention is directed to changes in the feedback tone and he is 
asked to describe any physical sensations which correlate with large changes in the tone. 
This process forms a basis for interpreting the GSR response of each individual. It also 
establishes a baseline for that session. 
 
Both the client and the therapist hear the feedback tone. This allows the client as well as 
the therapist to maximize understanding of the ways the individual responds to both 
external and internal stimuli. Also, the client becomes more involved in directing the 
content of the therapeutic hour to areas which are potentially most difficult for him to 
deal with. His own internal responsivity is the measure of significance. Therapist and 
client together are guided by the GSR feedback in focusing their efforts. Defensive 
maneuvers are reduced. Questions of ''Who is right'' about the importance of certain data 
are eliminated. The GSR serves as an impartial third party in the therapist-client 
relationship. For example: a large increase in GSR conductance was found to accompany 
a client's habitual pattern of placing his right hand on his left biceps. He thought this was 
irrelevant. However, no skin conductance rise accompanied his touching any other part of 
his body. He then willingly explored the factors which might be related to this particular 
body posture. It was found that he always sat at the dining table with his father at his left. 
Further, he always felt uncomfortable about the people who sat at his left in classes and 
meetings. He expected them to be critical of him. Without the GSR feedback this ''body 
language" would not have been ''decoded." 
 
GSR REACTIVITY PATTERNS 
 
According to observations made in this study, most individuals may be described along 
three GSR reactivity dimensions. They may he seen as over-reactors, under-reactors, and 
variable reactors. When attempting to place individuals in one of these categories, it is 
important to observe them in a number of circumstances. For example, a person whose 
GSR freely varies (a variable reactor) in ordinary circumstances may become an under or 
paradoxical reactor when very tired or hungry, or when stressed in a particular manner. 
The following description reflects reactivity patterns in an ordinary conversation 
condition. 
 
Over-reactors. These are people who respond to stimuli excessively. A deep breath 
results in a marked rise in skin conductance which persists for a minute or more. A 
change from a neutral to a mildly exciting or emotionally charged stimulus results in a 
sharp rise in skin conductance which persists beyond the time that the subject matter is 
under consideration. The rise from a baseline of 10 micromhos might be as much as three 
micromhos. The over-reactor may not be able to lower his skin conductance (the GSR 
feedback tone) at will. This individual feels uncomfortable when he lowers his skin 
conductance level below baseline through ordinary relaxation procedures (being quiet for 
a few minutes, attending to breathing, etc.). He may describe the subjective state which 
accompanies lowered skin conductance as "a feeling of deadness," or "This is how I feel 
when I am depressed." A typical over-reactor may be described as follows: 
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Clara, a 24 year old wife and mother, was unable to feel satisfied with anything. 
She fought constantly with her husband; she could not concentrate more than a 
few minutes on any subject: she felt anxious most of the time.  
GSR levels fluctuated in wide swings of three micromhos or more in general 
conversation, 10 or more when dealing with emotional material. Using the GSR 
feedback tone she learned to differentiate her feelings when skin conductance was 
relatively high and relatively low. She was quite uncomfortable at first at the low 
level, but soon was able to tolerate relaxation as measured by a low, relatively 
stable GSR. She would not practice quieting procedures at home, for they made 
her feel depressed. It appeared that much of her angry, fear inducing, erratic 
behavior was designed to maintain a high level of arousal. It was as if she were 
addicted to her own high arousal state. At first she was encouraged to explore 
activation behavior that was less damaging to her interpersonal relationships. 
She began to substitute shopping, telephoning, etc. for fighting and complaining 
as a way of staying "high''. Her husband, who reacted to her hyperactivity by 
withdrawing, was encouraged to accept "constructive" activity and to do more 
with her. She thus felt less frustrated and rejected. Gradually, along with the 
ordinary psychotherapeutic process which relieved some of her internal 
psychodynamic stress, she learned to tolerate being quiet for longer and longer 
periods of time. She found she could feel alive with less sympathetic nervous 
system activation. When she left therapy, she was still highly responsive, but was 
able to channel her activity into areas that were constructive; she could be 
comfortably quiet when she wanted to be. 


 
Under-reactors. These are people whose skin conductance changes very little with 
changes in attention, body movement, or emotional stimulation. A deep breath may result 
in little more than a rise of one rnicromhos from a baseline of 10 micromhos. Even 
laughter, clapping the hands sharply in front of the individual's face, or the gentle touch 
of a hand may leave the GSR relatively unaffected. These individuals tend to have little 
awareness of the subjective feelings which accompany internal body processes and 
emotions. 
 


Alan, a 35 year old business executive, came to therapy because he felt that he 
was missing out on things. His wife complained he was not sufficiently responsive 
to her. He did not feel she was justified in her complaint, for he believed he was 
very much in tune with her. His GSR level varied no more than three-tenths 
micromhos during the greater part of the first interview, rising only briefly when 
he mentioned sex. He began to understand what he was missing, namely his own 
body responsivity.  He now understood and accepted his wife's complaint. He 
began to break up his compulsive work pattern and to focus more on his feelings. 
Therapy centered on his fear of losing control, and gradually his GSR activity 
level increased. He is now finding ways to allow himself to feel emotionally alive, 
rather than pushing himself to feel alive through constant intellectualization and 
compulsive working. 
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Dick, a 27 year old student, appeared extremely active and alive.  He was almost 
manic in his rapid speech, ready laugh, and optimistic, positive view of life. He 
felt, however, that he was out of touch with people somehow. The GSR baseline 
was high. about 15 micromhos, but changed little, even when he laughed. Asked 
to be quiet for a few minutes, to speak more slowly and go beneath surface 
thoughts and feelings, the GSR became more reactive and he began to feel sad. 
Using the GSR feedback, he soon learned the difference between defensive and 
meaningful laughter. His activity and his laughter activated the GSR only when it 
was genuine. As Dick quieted, the GSR baseline lowered to around 2.5 micromhos 
and he felt comfortable over a wide range of GSR levels. 


 
Variable-reactors. These people's GSR reactivity pattern moves up and down in an 
undulating manner which clearly reflects changes in attention, excitation, and emotional 
involvement. A deep breath results in a marked increase in skin conductance which 
returns to baseline rather quickly. Changes of two or more micromhos are common. 
These individuals easily learn to recognize changes in internal states which accompany 
emotion. 
 
Awareness of GSR reactivity patterns adds an important dimension to psychotherapy-the 
immediate awareness of subliminal psychophysiological processes. Such phrases as "1 
feel turned off," "I seldom get angry," "1 have to keep active," "I feel funny inside when I 
think of…,'' ''I freeze under stress'' become clear at an objective, physical level. Both 
therapist and client become more accepting of the individual's quality of being and the 
extent to which his Sympathetic Nervous System reactivity patterns limit his range of 
overt behavioral patterns in relationships with himself and others. 
 
GSR BIOFEEDBACK TRAINING 
 
The immediate awareness of Sympathetic Nervous System reactivity through GSR 
feedback allows for retraining of maladaptive patterns. (Crider et al., 1971; Hughes & 
Shean, 1971; Johnson & Schwartz, 1971; Shapiro et al., 1971; Shapiro & Crider, 1971). 
The individual decides what levels or patterns of activation he deems positive and 
negative. The feedback tone then serves as the reinforcer which moves him to alter 
thoughts, attitudes, and body mechanisms so as to increase the likelihood that he will 
respond-at least at the electrodermal level-in a way which he positively values. 
 
A paradoxical GSR response proved extremely valuable in the case of a 35 year old man 
who was unable to maintain an erection. Four years of conventional psychotherapy had 
resolved most other problems, but made no impact on this one. He claimed his sex drive 
was quite high and reported often feeling sexually aroused. When GSR feedback was 
introduced, we found however, the feedback tone dropped with every mention of sex, 
despite a high level of muscular tension, particularly in his legs. He defined this 
physiological state as "sexual arousal.'' The GSR was then used to train a new and more 
usual definition of the sexually aroused state with increase in skin conductance. 
 
GSR FEEDBACK AS GUIDE TO RELEVANT CONTENT 
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There are two GSR patterns which indicate that the therapeutic material at hand is 
important: (1) a sharp rise in conductance level beyond that which is usual for the 
individual indicates that emotionally meaningful material is at or near the conscious level 
and is ready to be dealt with; (2) a paradoxical flatness or drop in skin conductance, 
especially in the context of obvious emotional distress, indicates deeply repressed 
material is coming to awareness and that the individual is strongly resisting. An essential 
condition of relevance is that the GSR reactivity pattern closely follows the material at 
hand. So long as the emotionally arousing material is foreground, the tone continues to 
stay high or go higher, or it maintains its paradoxical flatness until a breakthrough in 
awareness occurs, at which point it rises precipitously. 
 
An example of the first instance, where material is close to the surface, is that of a 42 
year old man who has spent some years in therapy and who is a variable reactor. 
 


Jim has blamed much of his present difficulty with women on his mother, who 
indeed did contribute a great deal to his poor life adjustment. However, the gently 
undulating tone of the GSR during mother-blaming stories and mother-
destruction fantasies indicated that this material was now relatively comfortable 
for him. His apparent anger was an “acting'' of feeling, rather than true feeling. A 
reference to his sister, however, was accompanied by a 3.5 micromhos rise. 
Motivated by his understanding that such a rise in the GSR feedback tone 
indicated important material was at hand, he explored his feelings for his sister 
and found them important in his relationships with women. He had previously felt 
this relationship was not relevant to his present problem and resisted dealing with 
it since his relationship with his sister was now satisfactory. 


 
The following is an example of the paradoxical GSR response in which the skin 
conductance level remains flat or decreases when the individual is obviously distressed: 
 


Susan woke in panic every morning at 4:30-5:00, and the anxiety did not subside 
until after breakfast. In a hypnotherapy session, she remembered being eight 
years old and hearing the screams of a neighbor dying of cancer. Tears came to 
her eyes and she reported feeling fear and tension, but the GSR was flat. Asked to 
be quiet and go deeper into the hypnotic state, the GSR tone suddenly rose 
precipitously. Questioned, she stated that the lullaby from Hansel and Gretel was 
running through her head. She thought it unimportant. The words to the 
remembered portion are ''14 angels guard my rest." Further exploration revealed 
a repressed childhood fantasy that she must be very bad to need 14 angels to 
guard her rest every night, and that death was in the closet waiting to get her 
when she masturbated. Yet she was in conflict. She could not stop masturbating. 
Further exploration revealed an elaborate fantasy of which only a few elements 
had previously surfaced in dreams. After working through this material, she was 
able to sleep and wake normally. 


The GSR feedback tone represents a guide to both therapist and client as to the value of 
the content in a therapeutic transaction. The therapist is less likely to he led into blind 
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alleys and trapped by defensive maneuvers. Most clients appreciate this objective 
evidence of relevance. It cuts down their time in therapy and deepens the level at which 
they work. The client's resistance to threatening material is reduced, thus smoothing the 
flow of the therapeutic experience for both therapist and client. 
 
CONCLUSION 
 
GSR biofeedback is a useful aid in dynamic psychotherapy. It increases the effectiveness 
of the therapist through providing immediate awareness of body-mind relationships and 
Sympathetic Nervous System reactivity patterns. It further provides the client with a 
fuller awareness of himself, encourages the cooperation of the client, and reduces the hit 
or miss quality of the therapeutic process. It increases the likelihood that relevant content 
will be dealt with and accompanying emotions elicited. It adds a new dimension to the 
practice of psychotherapy-the direct training of dysfunctional Sympathetic Nervous 
System reactivity patterns and some of the attitudes that maintain the stress response. 
 
The introduction of continuous monitoring of internal processes within the therapeutic 
setting reduces the body-mind dichotomy. It is particularly valuable to the primarily 
verbal therapist who wants direct access to the body. 
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Since 1972, the Toomim 505 GSR has been in daily use in our Psychotherapy Center, 
and has been developed and refined principally for use by psychotherapists. Since its 
clinical introduction, and the pioneering clinical research here by Majorie Toomim, 
Ph.D., Director of Psychological Services, the Toomim 505 GSR has become the most 
widely used professional GSR in the U.S. 
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Heart Rate Variability (HRV) Biofeedback 
Donald Moss, Ph.D.  


 
Abstract:  Heart rate variability (HRV) is a critical marker of a healthy organism. Low HRV 
predicts greater morbidity and mortality after heart attack, and also predicts death by all causes. 
HRV biofeedback can increase the adaptive and coherent variability in heart rate, and moderate the 
symptoms of asthma, COPD, and other autonomically mediated medical conditions. Diaphragmatic 
breathing, cognitive relaxation, and positive emotion are conducive to optimal increases in HRV.  
 


Key Words:  biofeedback, heart rate variability, asthma, anxiety, COPD, cardiovascular rehabilitation 
 
Heart Rhythms and Human Health:   
 
The human heart is a four-chambered bioelectric pump beating at an ever changing rate.  This variability in 
heart rate is an adaptive quality in a healthy body. By variability we mean changes in the interval or 
distance between one beat of the heart and the next, as measured in milliseconds (DelPozo, et al., 2004).  
The interbeat interval (IBI) is the time between one R wave (or heart beat) and the next, in milliseconds. 
The IBI is highly variable within any given time period.  Multiple biological rhythms overlay one another 
to produce the resultant pattern of variability.  Interbeat interval variations, or heart rate variability, have 
relevance for physical, emotional, and mental function. 


As human beings age or suffer illness, the total variability in heart rate is reduced, and the risk of illness 
and death increases.  Regular exercise increases heart rate variability. Scientific study of the variability in 
heart rate is fairly recent, and only in the past ten years did it become possible to train human beings to 
change the variability in heart rhythms, through biofeedback training. 


Several clinical findings show the importance of the heart’s variability:  Changes in the rhythms of the 
heart occur before a fetus goes into distress, and decreased variability may predict sudden infant death. 
Lower variability in heart rate predicts a greater risk for further cardiac symptoms and death after a heart 
attack (Kleiger, et al., 1987). Clinical depression also lowers heart rate variability, and increases risk for 
coronary artery disease (Carney, et al., 2001). Heart rate variability has come to be regarded as a useful 
prognostic index or marker for morbidity and mortality. 


Autonomic Balance   


The rate at which the heart beats is governed by two internal “pacemakers” -- the sinoatrial (SA) and 
atrioventricular (AV) nodes, which are responsible for heart rhythms. The SA node initiates an electrical 
signal which begins each cycle of the heart’s pumping action. This signal passes through the AV node 
which spreads the electrical current through the ventricles of the heart. 


The body’s autonomic nervous system (ANS) governs many of the body’s internal functions, through the 
two pacemakers. The sympathetic branch of this ANS activates or increases the heart’s action, while the 
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parasympathetic branch acts as a brake slowing the action of the heart. The vagus nerve plays a role in 
the parasympathetic braking action. The balance between this throttle and brake system produces an 
ongoing oscillation, an orderly increase and decrease in heart rate. Training in HRV biofeedback does not 
appear to simply increase parasympathetic or sympathetic dominance; rather it exercises the balance 
between the two.  


A variety of factors, including breathing, pressure sensors (Baroreceptors) in the arteries, the body’s 
thermal regulation, and anxious thinking, increase specific rhythms in heart activity. The overall process of 
heart function is the end product of these various sub-rhythms.  


Research on Heart Rate Variability 


Research on HRV traces back in the United States to the research in the 1960’s and 1970’s by John and 
Beatrice Lacey (Lacey, 1967; Lacey & Lacey, 1964, 1978), suggesting that changes in cardiovascular 
function facilitated or inhibited cortical processing. Their classic 1978 article suggested a “two way 
communication between the heart and the brain.” They showed, for example, that the greater the cardiac 
deceleration, the faster the individual’s reaction time. Cardiac deceleration coincides with a phase of 
attention and preparation for action. This perspective was applied by Carlstedt to athletic performance 
(2001).  


A second thread of applied research on HRV leads back to Russian researchers, who trained subjects to 
increase heart rate variability by a combination of biofeedback and breath training, producing decreases in 
asthma symptoms and other autonomically mediated disorders (Lehrer, Vaschillo, & Vaschillo, in press). It 
was largely this second thread of Russian research which spurred the current interest in clinical applications 
of HRV biofeedback to medical and psychological disorders. 


Heart Rate Variability Biofeedback 


Heart Rate Variability Biofeedback, or HRV biofeedback, is a relatively new technique training human 
beings to change the variability and dominant rhythms in their heart activity.  Research is now going on in 
several sites, applying HRV biofeedback to medical and psychiatric conditions including: anger, anxiety 
disorders, asthma, cardiovascular conditions, irritable bowel syndrome, chronic fatigue, chronic pain, 
fibromyalgia, etc.  


Initial case reports and small research studies are raising hopes that HRV biofeedback can help patients 
with these conditions (Bhat & Bhat, 1999; Gevirtz, 2000, 2003; Herbs, Gevirtz, & Jacobs, 1994; Del Pozo 
& Gevirtz, 2003).  


Some more rigorous recent studies are strengthening these hopes for HRV biofeedback. For example, 
Lehrer and colleagues recently published an article in Chest, describing substantial moderation of asthma 
symptoms, using a protocol including HRV biofeedback, with or without training in pursed lipped 
diaphragmatic breathing (Lehrer, et al., 2004). Similarly, Giardino, Chan, and Borson (2003) combined 
HRV biofeedback with exercise guided by pulse oximetry feedback for patients with chronic obstructive 
pulmonary disease, and reported a significant improvement in the distance walked in six minutes, and in 
quality of life as measured by a respiratory questionnaire.  Significant improvements were also seen in self-
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efficacy, disability, and dyspnea. Finally, Del Pozo, et al.  (2004) provided HRV biofeedback to 
patients with coronary artery disease, and demonstrated a significant increase in the patient’s heart rate 
variability (as measured by the SDNN index). This result suggests that HRV biofeedback is a promising 
tool for improving survival rates in coronary artery disease.  


Training Criteria for HRV Biofeedback 


Research and clinicians reports frequently refer to “providing HRV biofeedback training” to a group of 
subjects, without specifying further what specific responses the biofeedback is monitoring or reinforcing.  
Others report “doing RSA training,” which can mean anything from training the subject to create parallel 
sinusoidal line graphs for respiration and heart rate, to training the patient to increase the amplitude in the 
sinusoidal line graph. In the following we will describe several complementary training strategies, each of 
which can effectively be used to increase cardiac variability in a health enhancing fashion.  Today’s 
computer interfaced biofeedback systems can be programmed to guide the subject in each of the training 
strategies described here.i 


Increasing Heart Rate Variability 


One measure of heart rate variability is the difference between the highest heart rate and the lowest heart 
rate within each cardiac cycle. Twenty year olds often show a swing of five to ten points between the high 
and low points in their heart rates. Persons over fifty often show changes of only three to five beats. 
Persons who are more physically active show a wider range between their maximal and minimal heart rate. 
HRV biofeedback can enable the individual to increase this variability in heart rate, sometimes producing a 
range of fifty beats a minute during training. HRV biofeedback training can focus on increasing the HR 
Max –HR Min index.  (Objective 1 = increasing HR Max – HR Min). 


SDNN 
 
Another Index of Heart Rate Variability, widely used in medical research is the Standard Deviation of the 
N to N interval.  The N to N interval is the “normalized” beat to beat interval.  The SDNN is the standard 
deviation of those intervals, a measure of how variable those intervals are.  The SDNN is a measure in 
milliseconds (ms).  The trainee in HRV biofeedback can also be directly reinforced for including the SDNN 
index.  (Objective 2 = increasing SDNN). 
 
Directing Heart Rhythms 
 
A statistical technique called “spectral analysis” allows us to see the component rhythms that make up the 
overall rhythm of heart activity. HRV biofeedback uses this spectral analysis to train increases in specific 
rhythms.  


Heart rate changes are driven by several biological governors, each producing changes in specific time 
frames. Statistically, these can be separated out as waveforms of varying frequencies.  The Task Force of 
the European Society of Cardiology and the North American Society of Pacing and Electrophysiology 
(1996) established a standard for categorizing these frequency ranges: 
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 High Frequency -- .15 - .4  Hz 
 Low Frequency -- .04 - .15 Hz 
 Very Low Frequency -- .0033 - .04 Hz 
 Ultra Low Frequency -- < .0033, beyond biofeedback  measurement technology 


Psychophysiological research suggests that these frequency ranges reflect the following biological 
influences: 


 High Frequency – parasympathetic pathways, the influences of respiration  
  in normal frequencies on vagal tone  
 Low Frequency – influence of BP rhythms (baroreceptors) on heart  
  rhythms (meditative/slow breathing augments this range) 
 Very Low Frequency – sympathetic activation, or more probably the  
  withdrawal of parasympathetic braking, also the influences of  
  visceral and thermal regulation. Rumination and worry augment  
  this range. 
 Ultra Low Frequency—slower acting biological influences 
 
Biofeedback training can focus on increasing the amount of total HRV in a specific frequency range. To 
date, it appears optimal to increase the amount of heart rate change in the Low Frequency Range.  Evgeny 
Vaschillow, the Russian physiologist, hypothesizes that there is a “resonant frequency,” native to each 
organism, which is optimal for overall health. For most persons that resonant frequency involves a 
dominance of heart rate change in the Low Frequency (LF) range, around 0.1 Hz.  HRV biofeedback can 
therefore guide and reinforce trainees for shifting their overall heart rate variability into the LF range. 
(Objective 3 = increasing percentage of overall heart rate change falling in the LF range). 
 
This 0.1 Hz frequency is most frequently produced by persons in a relaxed mental state, with a positive 
emotional tone, breathing diaphragmatically at a rate of about 5-7 breaths per minute.  Relaxed breathing at 
six breaths per minute produces a spike of heart rate variability at 0.1 Hz. Remember that one tenth of a 
Hertz equals one tenth of a cycle per second, so that 0.1 Hz equates mathematically to six cycles per 
minute.  The other measures of HRV also tend to maximize when heart rate change is dominated by 
rhythms in this Low Frequency range. The amplitude of variation is higher, because the effects of the 
baroreceptors on heart rate are added to the effects of slow breathing on heart rate. So finally, HRV 
biofeedback can reinforce breathing in the 5-7 breaths per minute range, and reinforce the production of a 
dominant spike in HRV at 0.1 Hz.  (Objective 4 = breathing at 6 breaths a minute and producing a 
dominant spike of HRV at 0.1 Hz.) 


 
Tools in Modifying Heart rate Variability 
 
Diaphragmatic Breathing:A number of strategies are helpful when an individual wants to control heart 
rate variability. First, diaphragmatic breathing is a critical tool for increasing heart rate variability and 
creating a coherent heart rhythm. In diaphragmatic breathing, the individual breathes deeply, smoothly, and 
fully, using the diaphragm muscles below the lungs. With each breath, the individual fills the lungs fully 
but without effort, and then empties the lungs fully and smoothly. Breathing continues evenly and smoothly 
at a rate of about six breaths per minute.  







Heart Rate Variability Biofeedback 285
 
The calming effects of slow, full breathing have long been recognized in schools of meditation and yoga. 
Traditional Chinese medicine long ago observed the reciprocal relationship between regular breathing and 
the subject’s mental state:  “… the tranquility of the mind regulates the breathing naturally and, in turn, 
regulated breathing brings on concentration of the mind naturally.” (Questions and Answers of Meisha, Yue 
Yanggui, Qing Dynasty, cited by by Xiangcai, 2000, p. 7). The same source noted that: “…the mind and 
breathing are interdependent and regular respiration produces a serene mind.” (Yue Yanggui, cited by 
Xiangcai, 2000, p. 7). 
 
Relaxation and Meditation:  It is helpful to relax both physically and mentally, letting go of anxious 
thoughts, disturbing emotions, and muscular tensions. A variety of relaxation techniques are helpful, 
including progressive muscle relaxation, Autogenic Training, and visualization techniques (Lehrer & 
Carrington, 2003). Meditation techniques are also helpful, enabling the individual to quiet and focus the 
mind (Baer, 2003; Carrington, 1993), since worrisome thoughts produce more sympathetic nervous 
activation, and disrupt the efforts to achieve one’s Resonant Frequency.  
 
Cultivating Positive Emotion:  It is also helpful to cultivate positive, “feel-good” emotions, such as 
warmth, caring, and love, which appear to help the person enter a resonant frequency (Bhat & Bhat, 1999). 
For example, imagining someone like Mother Theresa caring for a sick child creates a warm feeling for 
most persons, which increases the orderliness or “coherence” of heart rhythms. In contrast, negative 
emotions such as anger and bitterness decrease the coherence of heart rate, and block the resonant 
frequency.  A line graph tracking heart rate shows a ragged and irregular pattern during moments of anger; 
during positive emotion one sees a smooth sinusoidal variation with increasing amplitude in variation. A 
spectral analysis of heart rate shows a significant difference in heart rhythms during negative versus 
positive emotions, with much of the overall activity focused in the low range of Heart Rate Variability.  
Spectral displays during positive emotional states show a unimodal peak in heart rate variation, at about 0.1 
Hz, corresponding to a relaxed, full and slow process of breathing at about 6 breaths per minute. 
 
Both research and clinical practice show the harmful impact of negative emotions on cardiac health. 
Ironson, et al. (1992) reports that remembering anger decreases the ejection fraction of the heart, and 
Boltwood, et al. (1993) shows that remembering anger produces a spasm in arteries clogged with 
atherosclerosis. The Heart Math Institute in California has promoted training in positive emotions as a basic 
tool for health and wellness, and as a stepping stone toward optimal control of heart rate variability 
(Childre & McCraty, 2001; McCraty, Atkinson, & Tiller, 1995). In the same direction MacLean (2004) 
argues that that retraining heart rhythms can transform the person in emotions, relationships, and mode of 
awareness – toward “open-hearted” living and loving. In this sense HRV biofeedback presents a tool for 
personal transformation and not just for addressing medical disorders.  
 
Summary 
 
Diaphragmatic breathing, relaxation, meditation, the cultivation of positive emotion, and heart rate 
variability (HRV) biofeedback are interrelated techniques which can be helpful in improving heart health as 
well as overall well-being.  Both the early research by the Laceys and more recent work at the Heart Math 
Institute shows that HRV changes are integrally connected with transformations in thought and emotion. 
Recent research suggests a positive role for HRV biofeedback in the treatment of anxiety, asthma, chronic 
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obstructive pulmonary disease, irritable bowel, and other autonomically mediated conditions.  Several 
training strategies can be effective in training subjects to increase heart rate variability, and today’s 
computer interfaced biofeedback systems can be programmed to reward each of the training criteria.  
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f.  Further Readings 
 
Definition 


Heart rate variability (HRV) refers to the beat-to-beat alterations in heart rate. Under resting 
conditions, the ECG of healthy individuals exhibits periodic variation in R-R intervals. This 
rhythmic phenomenon, known as respiratory sinus arrhythmia (RSA), fluctuates with the phase of 
respiration -- cardio-acceleration during inspiration, and cardio-deceleration during expiration. 
RSA is predominantly mediated by respiratory gating of parasymphathetic efferent activity to the 
heart: vagal efferent traffic to the sinus node occurs primarily in phase with expiration and is 
absent or attenuated during inspiration. Atropine abolishes RSA. 


Reduced HRV has thus been used as a marker of reduced vagal activity. However, because HRV 
is a cardiac measure derived from the ECG, it is not possible to distinguish reduced central vagal 
activity (in the vagal centers of the brain) from reduced peripheral activity (the contribution of the 
target organ -- the sinus node -- or the afferent/efferent pathways conducting the neural impulses 
to/from the brain). 


What aspect of allostasis does HRV potentially measure? 


Although our understanding of the meaning of HRV is far from complete, it seems to be a marker 
of both dynamic and cumulative load. As a dynamic marker of load, HRV appears to be sensitive 
and responsive to acute stress. Under laboratory conditions, mental load -- including making 
complex decisions, and public speech tasks -- have been shown to lower HRV. As a marker of 
cumulative wear and tear, HRV has also been shown to decline with the aging process. Although 
resting heart rate does not change significantly with advancing age, there is a decline in HRV, 
which has been attributed to a decrease in efferent vagal tone and reduced beta-adrenergic 
responsiveness. By contrast, regular physical activity (which slows down the aging process) has 
been shown to raise HRV, presumably by increasing vagal tone. 


In short, HRV appears to be a marker of two processes, relevant to the conceptualization of 
allostatic load: (1) frequent activation (short term dips in HRV in response to acute stress); and 
(b) inadequate response (long-term vagal withdrawal, resulting in the over-activity of the counter-
regulatory system -- in this case, the sympathetic control of cardiac rhythm). 
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How is HRV measured?  


Originally, HRV was assessed manually from calculation of the mean R-R interval and its 
standard deviation measured on short-term (e.g., 5 minute) electrocardiograms. The smaller the 
standard deviation in R-R intervals, the lower is the HRV. To date, over 26 different types of 
arithmetic manipulations of R-R intervals have been used in the literature to represent HRV. 
Examples include: the standard deviations of the normal mean R-R interval obtained from 
successive 5-minute periods over 24-hour Holter recordings (called the SDANN index); the 
number of instances per hour in which two consecutive R-R intervals differ by more than 50 msec 
over 24-hours (called the pNN50 index); the root-mean square of the difference of successive R-
R intervals (the rMSSD index); the difference between the shortest R-R interval during inspiration 
and the longest during expiration (called the MAX-MIN, or peak-valley quantification of HRV); and 
the base of the triangular area under the main peak of the R-R interval frequency distribution 
diagram obtained from 24-hour recording; and so on. So far, experimental and simulation data 
appear to indicate that the various methods of expressing HRV are largely equivalent, and there 
is no evidence that any one method is superior to another, provided measurement windows are 5 
minutes or longer. 


 


Figure 1. Tachogram 


In contrast to the so-called time domain measures of HRV cited above, recent developments in 
microprocessor technology has enabled the calculation of frequency measures based on 
mathematical manipulations performed on the same ECG-derived data. Frequency measures 
involve the spectral analysis of HRV. Briefly, R-R interval data are represented on a tachogram 
(Figure 1), in which the y-axis plots the R-R intervals, and the x-axis the total number of beats. 
Spectral analysis of the tachogram transforms the signal from time to frequency on the x-axis, by 
representing the signal as a combination of sine and cosine waves, with different amplitudes and 
frequencies (Figure 2). 


 







Heart Rate Variability 303


 


Figure 2. Power spectrum of HRV (PSD = power spectral density) 


The approach uses Fourier transforms. The HRV spectrum contains two major components: the 
high frequency (0.18-0.4 Hz) component, which is synchronous with respiration and is identical to 
RSA. The second is a low frequency (0.04 to 0.15 Hz) component that appears to be mediated by 
both the vagus and cardiac sympathetic nerves. The power of spectral components is the area 
below the relevant frequencies presented in absolute units (square milliseconds). The total power 
of a signal, integrated over all frequencies, is equal to the variance of the entire signal. Some 
investigators have used the ratio of the low-to-high frequency spectra as an index of 
parasympathetic-sympathetic balance; however, this remains controversial because of our lack of 
complete understanding of the low frequency component (which seems to be affected by centrally 
generated brainstem rhythms, baroreceptor feedback influences, as well as both sympathetic and 
vagal input). 


As a measure of vagal activity, spectral analysis of the high-frequency component probably offers 
no additional information over time-domain measures of RSA. On the other hand, the meaning 
and utility of the low frequency component deserves further investigation. 


In sum, the analysis of HRV (whether by time-domain or spectral approaches) offers a non-
invasive method of evaluating vagal input into cardiac rhythm. The measurement of HRV is 
becoming increasingly standardized (e.g., see report of the Task Force of the European Society 
of Cardiology, 1996). Although, the assessment of HRV requires electrophysiologic expertise, the 
equipment is not prohibitively expensive, requiring only ECG equipment, microprocessors, and 
relevant software for carrying out Fourier analyses. 


Does HRV predict disease?  


The major reason for the interest in measuring HRV stems from its ability to predict survival after 
heart attack. Over half a dozen prospective studies have shown that reduced HRV predicts 
sudden death in patients with MI, independent of other prognostic indicators such as ejection 
fraction. Reduced HRV appears to be a marker of fatal ventricular arrhythmia. Moreover, a small 
number of studies have begun to suggest that reduced HRV may predict risk of survival even 
among individuals free of CHD. 
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Does HRV vary with psychosocial factors?  


Several studies have now suggested a link between negative emotions (such as anxiety and 
hostility) and reduced HRV. Kawachi et al (1995) reported a cross-sectional association between 
anxiety and reduced HRV (as assessed by two time-domain measures) in 581 men. Offerhaus 
(1980) observed lower HRV in individuals who were "highly anxious" according to the Minnesota 
Multiphasic Personality Inventory. Yeragani et al. (e.g., 1990; 1993) have published a series of 
reports indicating reduced HRV (using both time domain and spectral measures) among DSM-III 
diagnosed panic disorder patients. In turn, at least three prospective epidemiologic studies 
(Haines et al, 1987; Kawachi et al, 1994a; Kawachi et al, 1994b), and one case-crossover study 
(Mittleman et al, 1995) have suggested a relationship between high levels of anxiety and risk of 
CHD. 


Sloan et al (1994) reported reduced high-frequency power among 33 healthy volunteers who 
scored high on the Cooke-Medley Hostility scale. The association between negative affect and 
reduced HRV may thus provide a potential mechanism linking chronic stress to disease outcomes 
(e.g., risk of CHD). 
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UNIT ONE:  OVERVIEW OF PULMONARY ANATOMY AND PHYSIOLOGY 
 
A. The Respiratory System 
 
A person can live for weeks without food and a few days without water but only a few minutes 
without oxygen.  Every cell in the body needs a constant supply of oxygen to produce energy to 
grow, repair or replace itself, and maintain vital functions.  The oxygen must be provided to the 
cells in a way that they can use.  It must be brought into the body as air that is cleaned, cooled or 
heated, humidified, and delivered in the right amounts. 
 
The respiratory system is the body's link to this supply of life-giving oxygen.  It includes the 
diaphragm and chest muscles, the nose and mouth, the pharynx and trachea, the bronchial tree, 
and the lungs, each of which is discussed below.  (See Figure 1-1.  The Respiratory System.)  
The bloodstream, the heart, and the brain are also involved.  The bloodstream takes oxygen from 
the lungs to the rest of the body and returns carbon dioxide to them to be removed.  The heart 
creates the force to move the blood at the right speed and pressure throughout the body.  The 
smooth functioning of the entire system is directed by the brain and the autonomic nervous 
system. 
 
A person at rest breathes about 6 liters of air a minute.  Heavy exercise can increase the amount 
to over 75 liters per minute (3).  During an 8-hour work day of moderate activity, the amount of 
air breathed may be as much as 8.5 m3 (300 cubic feet).  The skin, with its surface area of 
approximately 1.9m2 (20 sq. ft.) is commonly thought to have the greatest exposure to air of any 
body part.  However, in reality the lungs have the greatest exposure, with a surface area exposed 
to air of 28 m2 (300 sq. ft.) at rest and up to 93 m2 (1,000 sq. ft.) during a deep breath (4). 
 
The respiratory system is susceptible to damage caused by inhaled toxic materials and irritants 
because the surface area of the lungs exposed to air is so large and the body's need for oxygen so 
great.  The ability of the respiratory system to function properly has a great impact on the body.  
Disease in any one of its parts can lead to disease or damage to other vital organs.  For example, 
occupational lung disease can also cause heart disease. 
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 FIGURE 1-1. THE RESPIRATORY SYSTEM 


 
 
From American Lung Association: Occupational Lung Diseases: An Introduction. New York, 
NY. Macmillan. 1979:  pp 10. (5). 
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B. Mechanics of Respiration 
 
Air containing oxygen enters the body through the nose and mouth.  From there it passes through 
the pharynx or throat on its way to the trachea (windpipe).  The trachea divides into two main 
airways called bronchi upon reaching the lungs; one bronchus serves the right lung and the other 
the left.  The bronchi subdivide several times into smaller bronchi, which then divide into 
smaller and smaller branches called bronchioles.  These bronchi and bronchioles are called the 
bronchial tree because the subdividing that occurs is similar to the branching of an inverted tree. 
 After a total of about 23 divisions, the bronchioles end at alveolar ducts.  At the end of each 
alveolar duct, are clusters of alveoli (air sacs).  The oxygen transported through the respiratory 
system is finally transferred to the bloodstream at the alveoli.  (See Figure 1-2.  Schematic 
Diagram of the Airway.) 
 
The trachea, main bronchi, and approximately the first dozen divisions of smaller bronchi have 
either rings or patches of cartilage in their walls that keeps them from collapsing or blocking the 
flow of air.  The remaining bronchioles and the alveoli do not have cartilage and are very elastic. 
This allows them to respond to pressure changes as the lungs expand and contract.   
 
Blood vessels from the pulmonary arterial system accompany the bronchi and bronchioles.  
These blood vessels also branch into smaller and smaller units ending with capillaries, which are 
in direct contact with each alveolus.  Gas exchange occurs through this alveolar-capillary 
membrane as oxygen moves into and carbon dioxide moves out of the bloodstream.  (See Figure 
1-3.  A Close-Up View of Alveoli and Capillaries.)  Although the 300 million alveoli found in 
the lungs are microscopic, they have a total surface area equivalent to the size of a tennis court 
(6). 
 
Diffusing capacity measures the ease with which gas exchange takes place between the alveoli 
and capillaries.  Certain lung diseases affecting the alveoli and capillary walls can interfere with 
diffusion and reduce the amount of oxygen reaching the bloodstream.  Spirometry does not 
measure diffusing capacity, but it can be measured in a pulmonary function laboratory using an 
instrument which cost $20,000 to $40,000. 
 
The movement of air into and out of the lungs is called ventilation.  The contraction of the 
inspiratory muscles (principal inspiratory muscle is the diaphragm) causes the chest cavity to 
expand, creating a negative pressure.  The resulting flow of air into the lungs is called 
inspiration.  During a maximal inspiration, the diaphragm contracts forcing the abdominal 
contents downwards and outwards (See Figure 1-1).  The external intercostal muscles, found 
between the ribs, are also involved.  These muscles contract and raise the ribs during inspiration, 
thus increasing the diameter of the chest cavity.  In addition to these muscles, the scalene muscle 
and the sternomastoid muscle in the neck may be employed during extreme ventilation or in 
conditions of respiratory distress. 
 







 FIGURE 1-2.  SCHEMATIC DIAGRAM OF THE AIRWAY 
 


 
 
 
 
Schematic diagram of the airway.  Progressive subdivision of the tracheo-bronchial tree 
illustrating both conducting airways and respiratory unit.  From E.P. Horvath Jr., S.M. Brooks, 
and J.L. Hankinson [1981].  Manual of Spirometry in Occupational Medicine, U.S. Department 
of Health and Human Services, p. 5. (6). 
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 FIGURE 1-3. A CLOSE-UP VIEW OF  
 ALVEOLI AND CAPILLARIES 


 


From E.P. Horvath Jr., S.M. Brooks, and J.L. Hankinson [1981].  Manual of Spirometry in 
Occupational Medicine, U.S. Department of Health and Human Services, p. 9. (6) 
 
Normal expiration is a passive process resulting from the natural recoil or elasticity of the 
expanded lung and chest wall.  (However, when breathing is rapid, the internal intercostal 
muscles and the abdominal muscles contract to help force air out of the lungs more fully and 
quickly.)  A lung can be viewed as the opposite of a sponge.  When a sponge is squeezed and 
released, its elasticity causes it to rebound to its larger initial size.  At the end of an inspiration, 
the elasticity of the lung causes it to return to its smaller inter-breath size.  The ability of the lung 
to do this is called elastic recoil.   
 
The degree of stiffness or compliance of the lung tissue affects the amount of pressure needed to 
increase or decrease the volume of the lung.  Lung compliance can affect elastic recoil.  With 
increasing stiffness, the lung becomes less able to return to its normal size during expiration.  
Lung diseases are discussed later in this unit. 
 
The amount of airflow resistance can also affect lung volumes.  Resistance is the degree of ease 
in which air can pass through the airways.  It is determined by the number, length, and diameter 
of the airways.  An individual with a high degree of resistance may not be able to exhale fully, 
thus some air becomes trapped in the lungs. 
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The total capacity of the lungs is sometimes useful for understanding pulmonary pathology.  A 
reasonable estimate of total lung capacity can be obtained by combining several volume 
parameters.  (See Figure 1-4.  Lung Volumes.)  The most common parameters are: 
 


1. Tidal Volume (TV):  during quiet, relaxed breathing, the volume of air that is inhaled or 
exhaled with each breath.  


 
2. Expiratory Reserve Volume (ERV):  the maximal amount of air forcefully exhaled after 


a normal inspiration and expiration.  The amount of exhaled air will be more than was 
just inhaled. 


 
3. Inspiratory Reserve Volume (IRV):  the maximal amount of air forcefully inhaled after 


a normal inhalation.  
 


4. Residual Volume (RV):  the amount of air remaining in the lungs after the deepest 
exhalation possible. 


 
5. Vital Capacity (VC):  The maximum amount of air that can be exhaled after the fullest 


inhalation possible.  Vital capacity is the sum of the tidal volume, the inspiratory reserve 
volume, and the expiratory reserve volume.  (The amount of air that can be exhaled with 
a maximal effort after a maximal inhalation is called the Forced Vital Capacity (FVC).  
The FVC is the volume that is measured in spirometry and will be discussed in more 
detail in subsequent units.) 


 
6. Total Lung Capacity (TLC):  the sum of the vital capacity and the residual volume. 


 
(The reader may find it helpful to refer to Appendix A. Glossary of Terms Commonly Used in 
Spirometry when reading this and subsequent units.) 
 


  Inspiratory Reserve


     Tidal Volume


  Expiratory Reserve


   Residual Volume


    Vital
 Capacity   Total


  Lung
 Capacity


 
FIGURE 1-4. LUNG VOLUMES 
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C. Mechanisms for Protecting the Lungs against Airborne Hazards 
 
Airborne contaminants can be in the form of gases (vapors), liquids (mists), or solids (smokes 
and dusts).  (See Appendix B.  An Overview of Occupational Lung Hazards for a discussion 
of common types of lung hazards seen in the occupational setting.)  Toxic chemicals or irritating 
materials that are inhaled can damage the tracheo-bronchial tree or the lungs.  These substances 
can cause harm in other parts of the body as well because the lungs provide an important route of 
exposure.   
 
In order for a hazardous substance to affect the lungs, it must first pass through the bronchial tree 
and reach the alveoli.  The body's defensive mechanisms prevent all but the smallest respirable 
particles from reaching the alveoli.  The average person can see with the naked eye particles as 
small as 50 microns in diameter.  (The symbol "Fm" is the abbreviation for micron.)  To put this 
in perspective, there are 25,400 microns in an inch or 10,000 microns in a centimeter.  Smaller 
particles can sometimes be seen if a strong light is reflected from them (such as specks that can 
be seen in the air when sunlight streams through a window).  Particles of respirable size are less 
than 10 microns and cannot be detected without a microscope. 
 
The size, shape, and mass of particles affect where they are deposited in the respiratory system.  
Particles bigger than 5 microns usually do not remain airborne long enough to be inhaled or they 
are trapped by the nose.  Heavier particles also settle out quickly and are easily removed if they 
are inhaled.  Particles of intermediate size (1-5 microns) are more likely to deposit in the trachea 
and bronchi.  Small particles (0.01-1 micron) are more likely to reach the bronchioles, alveolar 
ducts, and alveoli.  Fibrous or irregularly shaped particles tend to become caught at bronchiole 
branching points.  However, some fibers and small particles travel readily to the alveoli because 
of their aerodynamic properties. 
 
The lungs have several mechanisms to protect themselves from contamination by particles and 
infectious agents.  The fine hairs in the nose provide the front-line barrier by filtering out large 
dust particles and other materials.  However, when individuals exercise or work hard, they need 
to breathe through their mouths to get enough air, and the nasal filtering system is bypassed. 
 
The cough reflex clears foreign material from the trachea and main bronchi.  Whenever irritating 
materials touch the walls of these airways, the chest and lungs quickly contract.   As a result, air 
is rapidly forced out of the lungs, which usually expels the irritant. 
 
The trachea, bronchi, and larger bronchioles are lined with fine, hair-like ciliary cells.  These are 
covered with a thin layer of mucous that catches foreign material.  The cilia rhythmically beat 
and move the mucous-trapped material up to the throat where it can be swallowed or spit out, 
and thus eliminated from the body.  This process is called the mucociliary escalator (see Figure 
1-5.  Mucociliary Escalator). 
 
 
 
 







 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 FIGURE 1-5. MUCOCILIARY ESCALATOR 
 
The tracheal lining showing ciliated and goblet cells and the mucous layer.  This is called the 
"mucociliary escalator." 
 
From E.P. Horvath Jr., S.M. Brooks, and J.L. Hankinson [1981].  Manual of Spirometry in 
Occupational Medicine, U.S. Department of Health and Human Services, Cincinnati, p. 9. (6) 
 
 
Alveolar macrophages are specialized cells that mobilize to destroy bacteria and viruses.  In 
healthy lungs, the production of macrophages and mucous increase as needed to remove foreign 
matter and then return to normal levels.   
 
Coughing usually removes irritating particles instantly and the mucociliary escalator may take 
only a few hours to expel foreign materials.  However, the innermost areas of the lungs can take 
considerably longer to clear out foreign matter (7).  Lungs that receive prolonged or repeated 
exposure to air contaminants eventually cannot keep up with the rate of deposition and/or the 
constant irritation.  As a result, the contaminants accumulate, contributing to the development of 
occupational lung diseases. 
 
D. Smoking and Occupational Lung Disease 
 
Smoking contributes to lung disease in several ways.  It impairs the lungs' natural defense 
mechanisms by irritating the airways and inhibiting the work of macrophages and the 
mucociliary escalator.  In itself, it is a leading cause of serious lung and heart disease and certain 
types of cancer.  It also has a synergistic effect with other pulmonary carcinogens, such as 
asbestos, chromium and uranium compounds, and arsenic.  Synergistic means that the combined 
effect of two or more substances is greater than the effects of each added together.  Smoking 
increases the risk of lung cancer by 15%, chronic asbestos exposure by 4%, but together they 
produce a 60% increase in risk, not a 19% increase (8).  As a result, smokers who receive 
prolonged occupational exposures to other airborne contaminants develop heart and lung disease 
and cancer more readily than do nonsmokers with comparable exposures, and these diseases 
progress more rapidly because of the extra burden on the lungs created by smoking. 
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E. Occupational Lung Diseases 
 
Spirometry is used to detect lung abnormalities that show obstructive or restrictive patterns, or a 
combination of the two.  (See Appendix C.  Overview of Occupational Lung Disease for 
descriptions of some of the better known occupational lung diseases.  Also see Appendix D.  
Respiratory Surveillance Programs for information on the role of spirometry in the medical 
surveillance of occupational lung disease.)  Obstructive diseases or abnormalities interfere with 
the flow of air into and out of the lungs.  The underlying disease process frequently alters the 
diameter or integrity of the airways, causing increased airflow resistance from bronchospasm, 
mucosal edema, and increased production of secretions.  Emphysema is one form of obstructive 
disease.  When individuals with emphysema exhale (especially if they exhale forcefully) the 
airways narrow further or collapse.  Asthma and chronic bronchitis are other common 
obstructive diseases.   Restrictive diseases, such as asbestosis and silicosis, are caused by fibrotic 
tissue changes that reduce the ability of the lungs to expand (i.e., they have low compliance) but 
do not necessarily affect air flow.  Disorders that affect the neuromuscular functioning of the 
chest wall may also produce a restrictive pattern.  Other lung diseases, such as pneumonia, may 
show both obstructive and restrictive patterns. 
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Reprinted from:  
Peper, E. (1976). Problems in Biofeedback Training:  An Experimental Analogy—Urination.  


Perspectives in Biology and Medicine, 19, 404-412. 
 


PROBLEMS IN BIOFEEDBACK TRAINING:  
AN EXPERIENTIAL ANALOGY—URINATION1 


 
Erik Peper2 


 
 
The research literature on biofeedback training is filled with contradictions.  Certain researchers 
and experimental settings appear to enhance learning in trainees, whereas other combinations 
appear to inhibit learning.  Further, some researchers, educators, and clinicians suggest that 
biofeedback can be a useful tool for preventive medicine, since a person who can sense his body 
response can learn to change or modulate the patterns of his behavior (Luce & Peper, 1971). 
Other researchers, especially those who have been unsuccessful in teaching voluntary control, 
believe that claims of any usefulness should be made extremely cautiously. 
 
Two examples of the many studies that could be cited are those of Love, Montgomery, and 
Moeller (Love et al, 1974) and Sterman (1973), who report that biofeedback training can be used 
to ameliorate a number of disorders such as hypertension and epilepsy.  Conversely, other 
researchers report that biofeedback training does not ameliorate these conditions.  An even more 
confused picture of visceral learning is presented in an article describing research on curarized 
rats (Miller, 1969), in which the same researchers could not successfully replicate their own 
studies. 
 
Researchers often discuss in detail the technical problems encountered in biofeedback research, 
such as the correct physiological feedback or unique combinations of lengths of training-trial 
periods.  However, they usually ignore the subtle qualities of the experimental setting, such as 
smiles, smells, attitudes, and the comforts of the trainee’s chair.  The idiosyncratic behavior of 
the subject, trainer, or both is not well understood, and little attention is given to it.  Usually, in 
experimental psychology, group behaviors are measured (mean, average); however, biofeedback 
learning is not group behavior but learning unique to an individual.  The term statistical average 
in biofeedback training is as meaningless as the term normal person in clinical assessment. 
 
In discussing biofeedback learning, sometimes known as visceral learning or autonomic learning, 
no distinction is generally made between autonomic learning and striate muscle learning.  Yet a 
number of research programs are focused precisely around the questions of to what extent those 
learning processes are the same or different (Miller, 1969; Black, 1974). In many cases the major 
difference seems to be the type of reinforcer or the number of “conscious” learning trials.  In 
muscular striate learning, the learning time involved and the necessity for attentiveness to the 
task are often underestimated. 
 


                                                           
1 Adapted from E. Peper, S. Ancoli & M. Quinn, (1979), Mind/Body Integration, New York: Plenum, pp. 69-75 
2 Erik Peper  Institute for Holistic Healing Studies, San Francisco State University, San Francisco, CA  94134 
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The intense practice necessary is easily demonstrated in the training of musicians or athletes.  As 
a more ordinary example, consider the complicated process of learning to type.  The fine finger 
movement and discrimination involved in typing takes an adult weeks to learn.  However, this is 
only a variation of the child’s process of learning to tie shoelaces, which takes months to learn.  
Tying shoes in turn is only a small advance over learning to hold a spoon to eat, which is a small 
advance over the grasping reflex present at birth. 
 
Whether or not the process in autonomic learning and striate muscle learning is different, both 
require a large number of learning trials. 
 
Many complicated striate muscular learning tasks are as unconscious as visceral learning in 
coordination, and often include autonomic processes.  For example, in skiing there is a total 
coordination of balance, breath, blood flow, and timing of muscle movements, which allows the 
successful skier to experience the sensation of “floating over the slopes.”  It is no wonder that 
autonomic learning may take a long time.  In trying to make this process conscious, we are 
having to make ourselves aware of sensations we have not noticed since infancy and have long 
learned to suppress.  Moreover, some of the learning possible for a baby may no longer be 
possible for an adult; the adult slowly constricts his learning capabilities by the internal physical 
structure he creates in the process of development. 
 
Biofeedback training cannot be described accurately, just as we cannot describe the process of 
getting out of a chair.  Although language exists to describe our internal processes or our 
emotions (words like angry, afraid, friendly), the actual experience behind these words is 
uniquely different for each person.  Each verbal label used to describe an emotion actually 
describes many components—think of the many meanings of “love,” or “anxiety.”  The 
biofeedback process used to teach autonomic control is not analytical, logical, or verbal, but 
poetic.  Thus the clearest description is through analogy. 
 
This chapter uses an introspective analysis of urination as an editorial device to encourage 
research experimenters to become more responsive to the subtleties of autonomic control that 
affect subjects in biofeedback experiments.  By using the analogy of voluntary control over 
urination as a figure-ground, the conflicting results of biofeedback experiments may become 
obvious. 
 
The one autonomic process that each of us has learned is voluntary control of urination, which 
involves a mixture of smooth and striate muscles.  Urination occurs under different conditions 
with immediate knowledge of results and is encouraged by strong motivation and plenty of 
reinforcement. 
 
Urinary control definitely is executed by autonomic smooth muscles, as Lapides, Sweet, and 
Lewis (Lapides, et al, 1957) demonstrated when they used curare or succinylcholine to paralyze 
the skeletal muscles of 15 human subjects maintained on artificial respiration.  While paralyzed, 
these subjects were able to initiate and stop urination on command.  Urination is neither more 
nor less subtle than the processes involved in biofeedback learning, such as developing 
peripheral warmth, cardiac control, or EEG or EMG control.  
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Analysis of the biofeedback training paradigms of visceral learning in terms of the process 
involved in urination (especially voluntary onset) reveals many of the reasons for the conflicting 
results in the literature.  For example, many laboratories reporting that learning is difficult or 
impossible have focused on performance and critical analysis of all the parameters involved and 
have not allowed the animal or human subject to perform at his own rate. 
 
The research paradigms that analyze “scientifically” all the dimensions of performance are 
analogous to a doctor’s asking you to urinate “now” while he is measuring the penis size.  A few 
people may be able to urinate at that instant, but most, even if they tolerate the doctor’s cold 
fingers holding their genitals, find it impossible to perform on command.  But the “results” of 
such a study would “demonstrate” that humans cannot learn to control urination. 
 
How can one describe experimentally the qualities involved in biofeedback learning?  One way 
is to go to the bathroom and urinate before continuing to read the rest of this paper, and note 
carefully the following sensations: (1) Feel how you initiate urination.  Where does your 
attention wander?  Is part of you feeling the urine flow?  Is that the same part that is analyzing 
the process or looking at the graffiti?  (2) Analyze where you hold tensions in your body.  Why?  
Are these tensions necessary?  Are you pressing down to enhance the flow? 
 
After completion, reflect on how the urination process felt.  Did you notice the warmth?  Under 
what conditions is it more easy or more difficult to urinate?  Is there an effect from social 
pressure or even sexual arousal?  Reflect on how you originally learned urination control.  Look 
at some young children and note when they have and do not have bladder control.  Is there a 
difference in control during excitement or passivity? 
 
These obvious and subtle factors make each individual urination unique each time one urinates, 
and unique for each individual.  Similar factors operate during biofeedback training of any 
visceral function.  This means that each trainee needs a slightly different condition for optimum 
expression of learning.  Yet, ironically, most research laboratories emphasize that trainees are 
trained under identical conditions regardless of individual requirements that may be too subtle to 
be described verbally and regardless of the fact that each individual has different fears and 
motivations that are brought to the experimental setting. 
 
Some of these fears are “primal.”  For example, during the process of urination, especially in 
public, fear reactions are common and often inhibit urination.  This is a natural reaction since 
during urination and defecation the organism is vulnerable and defenseless (observe a defecating 
dog), and the fight-flight triggers are readily activated.  Often the experimenter unknowingly 
inhibits biofeedback learning by activating these primitive fight-flight responses (personal 
antagonism, sexual attractions, authority).  Also, stress and social constraint affect urination (and 
biofeedback learning): When one must urinate or hurry the flow, urination becomes more 
difficult because one is actively striving.  Ordinarily, one forgets about the process and just 
allows it to occur through passive attention. 
 
Teaching passive attention is as nonverbal as teaching control over urination.  When trainees are 
asked to attend passively during feedback training (that is, in the same mode in which they attend 
to urination), how does one know that they are doing it?  A major problem in autonomic learning 
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is defining or explaining attention—especially attention to the body.  There are no verbal 
descriptions for the actual process.  Even when the trainee reports that he is attending to the 
biofeedback signal, he may in fact not be.  Moreover, how does the researcher know that, when 
two people report they are “attending,” that they are using the same process? 
 
Some subjects appear to be able to learn more physiological gymnastics without learning passive 
attention.  They strive to perform, instead of allowing the process to occur.  For example, one of 
my hypertensive trainees reported that whenever he did his homework exercises in his office he 
recapitulated the low EMG activity and did some autogenic training exercises.  However, he did 
not appear to benefit from the exercises.  When I asked him specifically and in detail what he 
was doing, he reported that, while doing his exercises, he always listened to the opening or 
closing of the doors to his office to see if his business partner was entering.  He believed his 
partner would consider him foolish for doing the exercises.  Clearly, he was doing the exercises 
incorrectly, because he should have been listening to his body with the same gentle attentiveness 
that he gave the door. 
 
“How do you teach biofeedback training?”  This question is the same as, “How do you explain to 
someone else how to urinate?”  Looking for linguistic labels is analogous to trying to teach 
someone to play the violin by describing how to move and how to hold the fingers on the strings.  
It is far easier with the experience supplied by the violin instructor.  However, these instruction 
qualities are usually missing from biofeedback experimenters, trainers, and technicians.  The 
problems involved in biofeedback learning are nonverbal and poetic.  They can be experienced 
directly or illustrated through analogy, but even instructions may be inherently contradictory.  
They demand “relax now,” which is as paradoxical as “be creative now” or “be passionate and 
loving now.” 
 
Most experimental biofeedback researchers or clinicians have not gone through their own 
experimental design and experienced the process they are investigating or using in clinical 
therapy.  I suggest that, before teaching biofeedback training, the researcher and clinician first 
spend 25 hours learning to control his own EEG, EMG and/or temperature.* By experiencing 
biofeedback training, the researcher experiences the subtleties involved in autonomic  learning. 
 
These subtleties often involve the degrees of competence, attention, warmth, loving, coldness, 
anxiety, and other parameters that both the trainee and the trainer (experimenter) bring to the 
learning situation.  A major dimension that affects autonomic learning is social pressure, striving, 
and demand for performance.  This anxiety is well illustrated by the urination analogy.  During 
an intermission at the theater, you are standing at the urinal and a line of people behind you is 
saying implicitly or explicitly, “hurry up,” making it more difficult for you to start urinating.  
The greater the social pressure, the more difficult it becomes, and so you read the graffiti to try to 
take your mind off the sense of pressure.  Instead of taking 5 seconds to start the urine flow, it 
takes 30 seconds, and you sweat and feel embarrassed.  The urine starts to flow when you finally 
give up and no longer care.  At this point, you are successful. 


                                                           
* The certification procedure for practitioners of autogenic training requires that they experience the entire process 
as part of their training before they can be accepted (International Committee of Autogenic Therapy, 1973). 
Practitioners in biofeedback would do well to follow the same procedure. 
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This paradox often is experienced by subjects during biofeedback training.  Usually, when 
subjects attempt to increase their alpha EEG activity, it initially decreases.  When they finally 
stop trying, alpha EEG may increase.  Similarly, one of my migraine patients always “tried” to 
warm her hand, and each time she tried the temperature dropped.  Finally, she literally said, 
“Damn this study, I’m leaving,” and her temperature rose 14 F. 
 
The implicit demand to perform under pressure often permeates university laboratory settings, 
especially when the researcher must “publish or perish.” 
 
An analogy from “forced” urination to voluntary control biofeedback training studies is shown in 
the research paradigm where the trainee is asked to increase or decrease a certain biological 
function, such as EMG activity or EEG activity, every 1 or 2 minutes (keep alpha on for 1 
minute, off for 1 minute, etc.).  Why people learn and do not learn in these situations usually is 
not understood or explored; but consider what happens if a doctor asks you to urinate into a test 
tube, and just as you are ready to urinate he says, “stop.”  You wait for 30 seconds, then he says, 
“Do it now for 5 seconds, and then wait for 30 seconds.”  Obviously, this would be difficult.  
Moreover, the more you tried, the more difficult it would be.  Our rates of response or adaptation 
to experimental demands are different.  For some of us, 5 seconds would be enough to do the 
task.  For others, this would not be enough time, so that the trainee would still be trying to 
urinate when the doctor said, “stop!”  Here, the experimental conditions would not allow the 
trainee to learn or demonstrate learning: consequently, only a percentage or trainees would learn. 
 
If one wishes to enhance the learning process and mobilize the trainee’s own competency, one 
might try letting the person take responsibility for switching the conditions when he is ready to 
switch conditions.  For some people, switching may take 5 seconds, for others, 20 minutes.  This 
was the range found during a program for teaching trainees to tense and relax alternatively with 
EMG feedback, as is shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 1.  Distribution of trial lengths that were determined by 10 subjects while they received 
EMG.  They signaled to the experimenter when they felt ready to change conditions to feel either 
relaxed or tense (10 trials for each subject). 
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In this study, 10 subjects sat in a lightproof, sound-attenuated room, in which they received 
feedback from their integrated frontalis electromyographic activity.  Instead of having fixed trial 
lengths using an A-B design (alternate conditions of voluntary tensing and relaxing of the 
frontalis muscle), the subjects controlled the 10 sequential trial lengths themselves.  They 
signaled the experimenter when they achieved their optimum performance, which they could 
gauge from the auditory feedback signal.  The distribution of trial lengths is shown in Figure 1.  
However, had we used 1-minuted fixed trials, 70% of the relaxation trials would have taken less 
than that time and the subjects would have felt bored, while 30% of the trials would have taken 
longer and the subjects would have felt frustrated.  Similarly, during the tense condition, 82% of 
the trials took less than 1 minute, while 18% were longer than that (Peper, 1974).  Fixed trials 
would not have allowed the subjects to optimize their performance and probably would have 
occluded the results with frustration and boredom on the part of subjects. 
 
With these conditions in mind, one can again ask: What is the process for allowing visceral 
control?  Some of the initial assumptions are: 


1.  You can learn.  This is the implicit message the parent gives to a child by     “knowing” 
the child can gain voluntary bladder control.  In many research settings, the subject 
receives a mixed message.  Try to do it, but you may not succeed. 


2.  Patience with the learning process.  Again, parents assume children will require many 
trials before they gain control.  But in many research settings, only 2, 3, or 10 training 
sessions may be used.  Negative results indicate only that the person did not learn the 
task within the experimental constraints and do not prove that learning is not possible. 


3.  Learning is individualistic and is developed for and by the individual.  In urination 
control, each child is handled differently.  The learning is optimized when it corresponds 
to the mood of the person or to biological readiness.  The usual biofeedback training 
paradigm fits the clinical hour of 50 minutes that includes a certain number of trials.  
The emotional, physical, and spiritual state of the person is usually not considered.  The 
training is conducted regardless of whether the person is tired, sleepy, anxious, or happy.  
(Obviously, some experimenters do realize these conditions, since they do not select 
uncooperative subjects.) 


4.   Rewards (or reinforcements) in the research setting are too weak and ineffective.  They 
often consist of credits, money, time off, or brownie points.  Incentives such as growth, 
self-respect, love, and self-mastery (which are often the rewards for a child learning to 
control over urination) might lead to a different outcome.  


  
Luckily, human beings can rapidly learn to habituate to strange conditions or to the factors that 
inhibit learning.  For example, many people find it difficult to urinate in public, but they finally 
do adjust to the presence of other people—or often can be taught to do this with a technique such 
as systematic desensitization (Budzynski & Stoyva, 1973).  However, the researcher usually does 
not take into account the slowness of habituation.  Review the process of urination and the steps 
will become clearer.  What feelings are associated with it?  Almost everyone would report that 
relaxation of the sphincter with a passive gentle attentive focus allows urination to occur.  Self-
consciousness and thinking about the process or the smells, whether the stream is within the 
urinal, slows or stops the flow or urine.  The process takes longer once inhibition is established, 
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and a vicious circle can be established.  The subtleties of social stress in this example are not so 
different from those that trainees experience in biofeedback training. 
 
Many of the problems of teaching biofeedback are the result of those subtle qualities that 
similarly affect our control over urination.  It is hoped that as introspective analysis of urination 
may make research experimenters more responsive to the subtleties of autonomic control. 
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A Teaching Strategy for Successful Hand Warming1 


 
Erik Peper and Katherine H. Gibney 


San Francisco State University 
 


“I truly feel relaxed.” 
 
“I did not know it was possible.  I opened up my eyes after following the 
guided instructions and my finger temperature had increased from 78 to 96 
Fahrenheit.  I literally can feel the warmth in my hands and a slight pulsing in 
my fingers.  I now know I can influence my health.  I wonder if I can get rid of 
my chronic irritable bowel?” 
 


Increasing peripheral hand temperature is a powerful demonstration that voluntary self-
control is possible. Peripheral warming with temperature biofeedback is also one of the 
common biofeedback approaches for the treatment of vascular related disorders such as 
migraine (Green and Green, 1989; Peper and Grossman, 1976; Fahrion, 1977) and Raynauds 
Disease (Freedman, 1987; Sedlacek, 1989). It is also used in the self-regulation of blood 
pressure (Fahrion et al, 1986; Blanchard, 1990), as part of general stress management and an 
integral part of many relaxation procedures (Schwartz, 1995).  Although, it can be used as a 
treatment approach, peripheral hand warming is a strategy to demonstrate passive attention. 
This is a non-striving way of being with the soma and experiencing that an autonomic 
physiological function can be voluntarily influenced.    
 
This essay outlines a successful approach used in groups to elicit rapid peripheral warming as 
a strategy to encourage learning and personal beliefs.  It is an useful tool to demonstrate to an 
audience to the value of a biofeedback approach to mobilize health.  Through this 
educational/clinical strategy, almost all participants experience an increase in hand 
temperature. The experimental data of 219 subjects who participated in this structured 
temperature warming experiment is included. 
  
A Structured Group Experience 
The structured guided imagery practice is an integral component of our general lectures on 
stress management, healthy computing training seminars, specialized skill learning in peak 
performance training and specific treatment protocols in which peripheral warming is 
indicated.  We recommend teaching this procedure in groups because most participants will 
experience an increase in peripheral temperature. For the few for whom there is no or very 
little change, or for whom the temperature decreases, they observe that almost all people 
were successful in  significantly increasing their peripheral temperature. Hence, the group 
experience reverses the skepticism that often occurs when individual subjects do not increase 


                                                           
1 For more detail see: Peper, E., Gibney, K.H. & Holt. C. (2002).  Make Health Happen: Training Yourself to 
Create Wellness.  Dubuque, IA: Kendall-Hunt. 
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peripheral temperature.  Instead of knowing that temperature does not increase, they now 
observe that it is a natural skill and can occur in most participants.  
 
This practice is adapted from the integrated practice described by Peper and Holt (1993) and 
integrates the components from Quieting Reflex (Stroebel, 1982), guided mental focus 
(Cousins, 1982), and breathing (Peper, 1990).    
 
Instructions: 
 
The exercise sequence is done in the middle of a lecture after participants have adapted to the 
room temperature.  The following steps are detailed below: 
 
1. Develop an atmosphere of fun and exploration in which passive attention is enhanced 
2. Quieting Reflex with touch role rehearsal 
3. Handout small glass thermometers and record index finger thumb temperature  (Pre-


measure). 
(Optional: Hand out an optional data sheet to record room temperature and subjective 
experience.) 


4. Guide an integrated relaxation, focus of attention and breathing practice (approximately 7 
minutes) 


5. Record the temperature of the index-thumb finger (Post-measure) 
6. Record the temperature data on the black board  
7. Discuss subjective experiences and implications of these experiences 


 
 
 
1.   Develop an atmosphere of fun and exploration in which passive attention is 


enhanced. 
 
Begin the sequence of the practice by setting a framework that you want to teach some useful 
self-regulation skills. You would like to teach a rapid stress reduction technique that can be 
done anywhere.  We usually discuss this with humor (e.g., if I became stressed when I saw 
my supervisor and I needed 20 minutes to lie down to practice relaxation—my supervisor 
would not appreciate it).  Therefore, we need to learn a technique that takes only three 
seconds (e.g., something I could do while standing in line at the supermarket even though 
they promised that they would open another register if there were more than three people in 
line—except when I am there!). In addition, it is assumed that the instructor is himself/herself 
successful in warming his/her own hands.  If one can do it, then there is no issue of belief.  
One knows it is possible.  This knowing is covertly communicated to the audience and will 
facilitate hand warming (Peper and Sandler, 1987). 
 
 
2. Quieting Reflex with touch role rehearsal (about 10 minutes) 


 
Begin with a short discussion of a simple stress response (fight/flight alarm reaction).  We 
usually model and exaggerate this reaction in front of the audience by showing how our 
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bodies would react to a very loud noise (e.g., we gasp and hold our breath, clench our jaw, 
frown, flex our arms, etc.).  Then we make the point that we do this unknowingly many times 
during the day (e.g., when the phone rings, during traffic when some one cuts in front of 
you). Laughter and heads nodding confirmation of this response pattern usually follow. We 
then point out that in many cases this reaction carries is a significant personal cost because 
they have no control over the stressors.  They just need to learn to control or inhibit their own 
response.  The process includes 1) recognition of the beginning of the stressor and stress 
reaction and 2) use of the stress reaction to automatically trigger the opposite body responses.  
This anti-stress response consists of a smile to stop the frowning; gentle diaphragmatic 
breathing to counter the breath holding; a gentle exhalation while loosening the jaw and 
shoulders, to relax the tense jaw; and imagining the breath flowing out while allowing hand 
warming (to reduce the sympathetic arousal). 
 
After the discussion, practice this change in alarm response with the audience (e.g., clap your 
hands loudly and, in response to this startle, ask them to smile, take a deep breath, exhale 
through their mouths allowing their jaws to relax and their shoulders to drop, while 
imagining their breath flowing down their arms).  We then ask, “How many of you feel air 
flowing through your arms.” Most will usually confirm the feeling.  With humor we respond 
that many of our engineering clients look at us strangely and say, “I know you are a professor 
at the University, however, I know air goes out of my nose and mouth and not through my 
arms!”  At this point we would agree with them and explain that we mean it is a felt sense of 
going down their arms.  This felt sense is then illustrated in front of the audience with a 
volunteer. 
 
The volunteer stands facing one of us and we explain that we will rehearse the quieting 
reflex.  Namely, we will clap and, in response to the clap, he will smile, take a gentle breath 
and, while loosening his jaw, exhale down his arms.  As he exhales, we begin stroking from 
his shoulders down his arms and hands. (Remember, as you stroke down the arms you are 
role modeling relaxation and exhaling at the same time as the volunteer.) The touching down 
the arms is performed in rhythm with his exhalation.  Often we squeeze the arms as if 
squeezing the toothpaste out his fingers.  This demonstration usually results in the volunteer 
reporting that he feels better and more relaxed. 
 
After the demonstration, have the audience work in pairs practicing with each other while 
standing.  Allow them to do this to each other for three or four breaths each.   
 
When done, let every one sit down and explain how they can now do this Quieting Response 
in many situations.  It can be done during meetings, each time the phone rings, when they 
think of family conflict, distressing thoughts etc.  Remind them that, if they practice this 
many times during the day, many symptoms such as tension headaches and hypertension will 
be reduced.   
 
We point out that the purpose of imagining blowing air down their arms is to elicit hand 
warming as a way to reduce sympathetic arousal since many people experience cold hands 
under stress. Hence, let’s practice learning hand warming. 
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3. Handout small glass thermometers (optional data sheet to record room 
temperature, subjective experience and index finger thumb temperature  - Pre-
measure). 


 
For systematic studies we handout a short data collection form to record the room 
temperature, age and sex and subjective experience of stress as shown in Figure 1. 
 
Small glass hand thermometers are handed out with the instructions that they initially do not 
hold the bulb but look and record the room temperature.  The initial temperature of the 
thermometer reflects the room temperature.  
 
Then instruct the participants to hold the bulb end of the thermometer between their right 
index and thumb while letting their hands relax on their laps. (Option: tape the thermometer 
to the tip of the index finger.)  
 
After two minutes of holding the thermometer, they record their index finger-thumb 
temperature (Pre measure). They are then instructed to sit comfortably on their chair with 
their hands on resting on their lap while still holding the thermometer as is shown in Fig. 2. 
 


 
   


Figure 2: Holding thermometer between fingers 
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Date:______________ Time:____________  Gender:___ M ___F    Age:_____  
 
Room Temperature ______________________ 
 
PRE: Hold thermistor between right thumb and index finger 
.  
Pre Temp:__________________ 
 
Rate how you feel (Please circle) 
 Relaxed                                             Tense 


0 1 2 3 4 5 6 7 8 9  
        
 
Describe:   
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 


******************** 
Imagery exercise 


******************** 
POST Temp:__________________  
 
Rate how you feel (Please circle) 
 


0 1 2 3 4 5 6 7 8 9  
       Relaxed                                                Tense 
 
Describe: 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
________________________________________________________________ 
 
Calculate temperature change:  Post temp – Pre temp = ____________ 
 
Figure 1: Short temperature assessment form 
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4.   Guide an integrated relaxation, focus of attention and breathing practice 
(approximately 7 minutes) 


 
Read this script to the audience.  (…. means wait a few moments before going on.) 


 
Wiggle around…. Sit comfortably in the chair, let your weight just rest against the back of 
the chair and seat of the chair…Allow your eyes to close; if you want to keep them open, that 
is all right too.  
 
Now press together your ankles, now knees and continue pressing while tightening your 
buttocks, raising your shoulders and frowning.  Hold this for the count of 10…. Now let go 
and relax and let your eyes be closed… Feel your body relaxing and being supported by the 
chair… Just keep gently holding the thermometer between your thumb and index finger.  In 
case you relax so much that the thermometer drops just pick it up again and continue with the 
exercise. 
 
Now think back on a nice memory. Think of the nicest thing that happened to you—
something that made you feel very good at that time.  When you think of this memory, just 
nod your head….  (Usually, it takes no more than 30 seconds for a memory to be summoned 
and most people will nod.  In response to the nod, just say, “Good”… “Good”…) In case no 
memory comes up, which is very common, just create some imaginary place or event….. 
 
Allow this memory to be as real as possible, so real you can almost taste it.  Imagine that 
your are reliving that experience.  Go slowly, breathe easily…. Feel the way you did during 
that experience… Let everything about that experience give you the same pleasure now as it 
did then…Enjoy the feeling… Breathe evenly and easily…. (Allow this to continue for a 
minute or so.) 
 
Now let go of the memory, and imagine that you can focus your concentration and attention 
so that it is like the tip of a blackboard pointer that you can move from place to place inside 
your head.  Let this point of consciousness and focus of attention slowly move and come to 
rest toward the front of your face, just behind your nose.  Then concentrate on the tip of your 
nose... Keep focussing on the tip of your nose. Imagine the sensation of touching the tip of 
your nose with your mind… (Allow this to continue for about 30 seconds) 
 
Now elevate this point of consciousness until it comes to rest just behind your eyes.  Bear 
down at that point… When you are bearing down on the point just behind your eyes, gently 
nod your head (Use the nod response to pace the sequence of the instructions.)  In a little 
while you may experience a pulsing sensation behind your eyes…  (Allow this to continue 
for about 1 minute). 
 
Now raise your point of consciousness even higher until it comes to rest just under your scalp 
in the middle of your head.  Concentrate on that point.  Concentrate hard….(Allow for about 
90 second.)  In a little while you may experience slight tingling sensations.  When you feel 
those sensations, gently nod your head…  (When a number of people have nodded continue.) 
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Now bring your attention to your hands and allow blood to flow into them.  Just visualize 
you heart pumping your blood up to your shoulder, across your shoulders, and then down 
your arms, past your elbows, down your forearms, past your wrists, and into your hands… 
Let this flow of warmth into your arms and hands continue…. (Allow this to continue for 
about 30 seconds.) 
 
Allow your breathing to go slowly and easily.  Each time you exhale imagine your breath 
flowing through your shoulders, down your arms, and out your hands….  Imagine your 
breath flowing like a gentle warm breeze through your arms as though they were hollow 
tubes…. As you are breathing allow your exhalation to go slower…. Allow each exhalation 
to flow through your arms… If your attention wanders that is OK, just gently bring it back to 
an awareness of feeling the air flow down your arms and out your fingers. As if you can still 
feel someone stroking down your arms … Continue to allow the air to flow down your 
arms… (Allow this for about two minutes.)  Feel the warmth flowing out through your 
fingertips…. You may want to repeat to yourself, “My arms are heavy and warm…. My arms 
are heavy and warm…..” Many of you may notice gentle pulsation and tingling in your 
fingers…. Be aware and feel the sensations while you continue to exhale slowly and allow 
the air to flow down your arms and out your hands and fingers… (Continue for one minute.) 
 
Now let go of breathing down your arms, become aware of the room, take a deep breath, 
stretch, open your eyes and look at the temperature of the thermometer held between your 
thumb and index finger.  
 
5. Record the temperature of the index-thumb finger (Post-measure) 
 
Record this temperature (Post-measure) and optionally fill out the questionnaire to rate your 
experience of stress level at this moment. 


 
 


6.  Record the participants’ temperature data on the black board  
 
Ask the members in audience to raise their hand if their temperature went up.  Usually about 
90% report an increase in temperature.  Tally their findings on the blackboard.  Ask,  “For 
whom did the temperature decrease?”  Usually a few will report a decrease.  Most 
commonly, the decrease is reported by those who have very cold hands (less than 80 
degrees)--they are too chilly to warm up--or those who have very warm hands (greater than 
95 degrees)-- they are sitting and relaxing and beginning to reduce their metabolic rate and 
cool down.  


 
Now do a tally of the observed temperature change of the participants. How many –2 
degrees, -1, no change 0 degrees, + 1, 2, 3, …20, 21, etc.  As numerous members of the 
audience report temperature increases of 10 to 20 degrees, a sense of wonder ripples through 
the audience.  All of a sudden, they realized the impossible is possible—for them a shift in 
beliefs has now occurred. Control over peripheral warmth is possible. At this point they may 
begin to wonder about other possibilities. 
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7. Discuss subjective experiences and implications of these experiences 
 
“I feel incredibly relaxed right now, and somewhat surprised that I raised my hand 
temperature 26 degrees” 
 


Lead a discussion on the factors that are involved in peripheral warming and the implications 
of this experience. Discuss the concept that many people would have said that they have cold 
hands because of poor circulation.  Yet, if it was poor circulation, how could their hands 
warm-up? Most likely, they maintained a covert state of chronic arousal by breathing 
shallowly and thoracically, and remained anxious or worried throughout the day. Remind the 
audience that the goal is to recall the sense of streaming and hand warming when they 
practice the Quieting Response as they react to life’s compulsory stressors. Discuss the 
implication of chronic arousal and how hand warming could reduce the risk of illness and 
promote health.  
 
The practice also calls attention to the fact that awareness and imagery affect peripheral 
temperature.  Explore the implications of the relationship between thinking and body.  
Namely, be careful what you think and imagine; it may effect your physiology. 
 
One major concept to point out is the Law of Initial Values.  That is to say, if your hands are 
very warm, the increase in temperature is limited to the core temperature.  Other important 
considerations in temperature regulation include: 
A. Thermo-regulation (the brain likes to stay at the same temperature). The peripheral blood 


vessels will constrict to preserve warmth. Hence, one way to warm your hands and feet is 
to reduce heat loss by wearing a hat (something our grand mothers knew when they wore 
a nightcap to bed if they had cold feet and could not fall asleep). 


B. Chronic arousal and probable thoracic breathing.  When relaxation occurred in the guided 
exercise and the body was attended to passively and without judgment, the blood vessels 
dilated which allowed more blood to flow through the tissue.  This process evokes an 
anabolic state that facilitates regeneration and healing. 


C. Pharmaceutical agents and hormonal processes.  Certain chemicals such as caffeine and 
nicotine induce peripheral vasocontriction  (hand cooling) while alcohol induces 
peripheral vasodilation.  


 
If the participants rated their stress levels before and after the exercise, they would have 
observed a significant decrease in subjective stress. Discuss the usefulness of using hand 
warming as a technique to reduce stress.   
 
Research Date: Hand Temperature Changes and Correlation between Change in 
Temperature and Perceived Stress: 
 
Using the above procedure, we collected data from 219 subjects in different groups: physical 
therapists in the Netherlands (86 females and 26 males, mean age 39.4 years, SD 8.4) and 
San Francisco State University Students (81 females and 25 males, mean age 25.4, SD 7.7).   
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Results: 
 
The average temperature increased from 85.3 to 95.4° Fahrenheit during this exercise as 
shown in Figures 3. In addition, the change in subjective stress level as measured from the 
university students decreased from 4.3 to 2.2 (on the scale from 0 relaxed to 9 tense) as 
shown in Figure 4. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Figure 3. Change in temperature for each individual subject 
 
 
 


   Figure 4.  Change in subjective stress rating and peripheral hand warming 
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There was no significant difference in peripheral hand warming due to gender. 
 
Discussion: 
In our experience with thousands of students, workshop and lecture participants the practice 
works best if the room is not too warm. The data shows that if people have very cold hands 
then fewer will warm their hands, however, those who do warm will warm them more (law 
of initial values). If the room is too warm, the hand temperature of the participants is too high 
and will not increase again due to the Law of Initial Values. 
 
We usually give the workshop/lecture participants the glass thermometer to take home so that 
they can continue to practice this skill.  It also is an advertising tool, since the cardboard is 
printed with our address.  Thus it is a reminder for referrals. 
 
A Lasting Experience: 
This detailed guided practice is a pragmatic and successful strategy to evoke peripheral hand 
warming.  It can be done very effectively in different groups of various sizes. The most 
important experiential value of this practice is that so many people can rapidly warm their 
hands, thus it facilitates a shift in participants’ beliefs that voluntary control is possible.  With 
this change in belief structure, participants understand that they can regain control; there is 
hope that they can prevent illness and mobilize health.  
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Erik Peper, Ph.D., and Katherine H. Gibneyii 
San Francisco State University 


 
 
After the first week to my astonishment, I have fewer hot flashes and they bother me less.  
Each time I feel the warmth coming, I breathe out slowly and gently.  To my surprise they 
are less intense and are much less frequent.  I keep breathing slowly throughout the day. 
This is quite a surprise because I was referred for biofeedback training because of 
headaches that occurred after getting a large electrical shock. After 5 sessions my 
headaches have decreased and I can control them, and my hot flashes have decreased 
from 3-4 per day to 1-2 per week. 
                   -50 year old client 
 
For the first time in years, I experienced control over my premenstrual mood swings.  
Each time I could feel myself reacting, I relaxed, did my autogenic training and 
breathing. I exhaled.  It brought me back to center and calmness.    
          
  -26 year old student 


ABSTRACT 
 
Women have been troubled by hot flashes and premenstrual syndrome for ages.  
Hormone replacement therapy, historically the most common treatment for hot flashes, 
and other pharmacological approaches for pre-menstrual syndrome (PMS) appear now to 
be harmful and may not produce significant benefits.  This paper reports on a model 
treatment approach based upon the early research of Freedman & Woodward to reduce 
hot flashes and PMS using biofeedback training of diaphragmatic breathing, relaxation, 
and respiratory sinus arrhythmia.  Successful symptom reduction is contingent upon 
lowering sympathetic arousal utilizing slow breathing in response to stressors and 
somatic changes.  We strongly recommend that effortless diaphragmatic breathing be 
taught as the first step to reduce hot flashes and PMS symptoms. 


 
 


A Long and Uncomfortable History 
 
Women have been troubled by hot flashes and premenstrual syndrome for ages. Hot 
flashes often result in red faces, sweating bodies, and noticeable and embarrassing 
discomfort. They come in the middle of meetings, in the middle of the night, and in the 
middle of romantic interludes.  Premenstrual syndrome also arrives without notice, 
bringing such symptoms as severe mood swings, anger, crying, and depression.  
 
Hormone replacement therapy (HRT) was the most common treatment for hot flashes for 
decades. However, recent randomized controlled trials show that the benefits of HRT are 
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less than previously thought and the risks—especially of invasive breast cancer, coronary 


artery disease, dementia, stroke and venous thromboembolism—are greater (Humphries 
& Gill, 2003; Shumaker, et al, 2003; Wassertheil-Smoller, et al, 2003). In addition, there 
is no evidence of increased quality of life improvements (general health, vitality, mental 
health, depressive symptoms, or sexual satisfaction) as claimed for HRT (Hays et al, 
2003). 
 


“As a result of recent studies, we know that hormone therapy should not be used to prevent heart 
disease.  These studies also report an increased risk of heart attack, stroke, breast cancer, blood 
clots, and dementia…” 


 -Wyeth Pharmaceuticals (2003)  iii 
  


 
Because of the increased long-term risk and lack of benefit, many physicians are weaning 
women off HRT at a time when the largest population of maturing women in history 
(‘baby boomers’) is entering menopausal years.  The desire to find a reliable remedy for 
hot flashes is on the front burner of many researchers’ minds, not to mention the minds of 
women suffering from these ‘uncontrollable’ power surges.  Yet, many women are 
becoming increasingly leery of the view that menopause is an illness. There is a rising 
demand to find a natural remedy for this natural stage in women’s health and 
development.  
 
For younger women a similar dilemma occurs when they seek treatment of discomfort 
associated with their menstrual cycle. Is premenstrual syndrome (PMS) just a natural 
variation in energy and mood levels? Or, are women expected to adapt to a masculine 
based environment that requires them to override the natural tendency to perform in 
rhythm with their own psychophysiological states? Instead of perceiving menstruation as 
a natural occurrence in which one has different moods and/or energy levels, women in 
our society are required to perform at the status quo, which may contribute to PMS. The 
feelings and mood changes are quickly labeled as pathology that can only be treated with 
medication.   
 
Traditionally, premenstrual syndrome is treated with pharmaceuticals, such as birth 
control pills or Danazol. Although medications may alleviate some symptoms, many 
women experience unpleasant side effects, such as bloating or acne, and still experience a 
variety of PMS symptoms. Many cannot tolerate the medications. Thus, millions of 
women (and families) suffer monthly bouts of ‘uncontrollable’ PMS symptoms.   
                    
For both hot flashes and PMS the biomedical model tends to frame the symptoms as a 
“structural biological problem.”  Namely, the pathology occurs because the body is either 
lacking in, or has an excess of, some hormone. All that needs to be done is either 
augment or suppress hormones/symptoms with some form of drug.  Recently, for 
example, medicine has turned to antidepressant medications to address menopausal hot 
flashes (Stearns, Beebe, Iyengar, & Dube, 2003).  
 
The biomedical model, however, is only one perspective. The opposite perspective is that 
the dysfunction occurs because of how we use ourselves.  Use in this sense means our 
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thoughts, emotions and body patterns.  As we use ourselves, we change our physiology 
and, thereby, may affect and slowly change the predisposing and maintaining factors that 
contribute to our dysfunction.  By changing our use, we may reduce the constraints that 
limit the expression of the self-healing potential that is intrinsic in each person.   
 
The intrinsic power of self-healing is easily observed when we cut our finger.  Without 
the individual having to do anything, the small cut bleeds, clotting begin and tissue 
healing is activated.  Obviously, we can interfere with the healing process, such as when 
we scrape the scab, rub dirt in the wound, reduce blood flow to the tissue or feel anxious 
or afraid.  Conversely, cleaning the wound, increasing blood flow to the area, and feeling 
“safe” and relaxed can promote healing.  Healing is a dynamic process in which both 
structure and use continuously affect each other. It is highly likely that menopausal hot 
flashes and PMS mood swings are equally an interaction of the biological structure 
(hormone levels) and the use factor (sympathetic/parasympathetic activation). 
 
Uncontrollable or Overly Aroused? 
 
Are the hot flashes and PMS mood swings really ‘uncontrollable?’ From a physiological 
perspective, hot flashes are increased by sympathetic arousal.  When the sympathetic 
system is activated, whether by medication or by emotions, hot flashes increase and 
similarly, when sympathetic activity decreases hot flashes decrease.  Equally, PMS, with 
its strong mood swings, is aggravated by sympathetic arousal. There are many self-
management approaches that can be mastered to change and reduce sympathetic arousal, 
such as breathing, meditation, behavioral cognitive therapy, and relaxation.  
 
Breathing patterns are closely associated with hot flashes.  During sleep, a sigh generally 
occurs one minute before a hot flash as reported by Freedman and Woodward (1992).  
Women who habitually breathe thoracically (in the chest) report much more discomfort 
and hot flashes than women who habitually breathe diaphragmatically.  Freedman, 
Woodward, Brown, Javaid, and Pandey  (1995) and Freedman and Woodward (1992) 
found that hot flash rates during menopause decreased in women who practiced slower 
breathing for two weeks.  In their studies, the control groups received alpha 
electroencephalographic feedback and did not benefit from a reduction of hot flashes.  
Those who received training in paced breathing reduced the frequency of their hot flashes 
by 50% when they practiced slower breathing.  This data suggest that the slower 
breathing has a significant effect on the sympathetic and parasympathetic balance.   
 
Women with PMS appear similarly able to reduce their discomfort. An early study 
utilizing Autogenic Training (AT) combined with an emphasis on warming the lower 
abdomen resulted in women noting improvement in dysfunctional bleeding (Luthe & 
Schultz, 1969, pp. 144-148).  Using a similar approach, Mathew, Claghorn, Largen, and 
Dobbins (1979) and Dewit (1981) found that biofeedback temperature training was 
helpful in reducing PMS symptoms.. A later study by Goodale, Domar, and Benson 
(1990) found that women with severe PMS symptoms who practiced the relaxation 
response reported a  







Taking control: Hot Flashes and PMS 314


58% improvement in overall symptomatology as compared to a 27.2% improvement for 
the reading control group and a 17.0% improvement for the charting group. 
 
Teaching Control and Achieving Results 
 
Teaching women to breathe effortlessly can lead to positive results and an enhanced 
sense of control. By effortless breathing, the authors refer to their approach to breath 
training, which involves a slow, comfortable respiration, larger volume of air exchange, 
and a reliance upon action of the muscles of the diaphragm rather than the chest (Peper, 
1990).  
 
Slowing breathing helps to limit the sighs common to rapid thoracic breathing—sighs 
that often precede menopausal hot flashes. Effortless breathing is associated with stress 
reduction—stress and mood swings are common concerns of women suffering from 
PMS.  In a pilot study Bier, Kazarian, Peper, and Gibney (2003) at San Francisco State 
University (SFSU) observed that when the subject practiced diaphragmatic breathing 
throughout the month, combined with Autogenic Training, her premenstrual 
psychological symptoms (anger, depressed mood, crying) and premenstrual responses to 
stressors were significantly reduced as shown in Figure 1.  
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Figure 1.  Student’s Individual Subjective Rating in Response to PMS Symptoms. 
 
In another pilot study at SFSU, Frobish, Peper, and Gibney (2003) trained a volunteer 
who suffered from frequent hot flashes to breathe diaphragmatically. The training goals 
included modifying breathing patterns, producing a Respiratory Sinus Arrhythmia (RSA), 
and peripheral hand warming.  RSA refers to a pattern of slow, regular breathing during 
which variations in heart rate enter into a synchrony with the respiration.  Each 
inspiration is accompanied by an increase in heart rate, and each expiration is 
accompanied by a decrease in heart rate (with some phase differences depending on the 
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rate of breathing).  The presence of the RSA pattern is an indication of optimal balance 
between sympathetic and parasympathetic nervous activity. 
 
During the 11-day study period, the subject charted the occurrence of hot flashes and 
noted a significant decrease by day 5.  However, on the evening of day 7 she sprained her 
ankle and experienced a dramatic increase in hot flashes on day 8. Once the subject 
recognized her stress response, she focused more on breathing and was able to reduce the 
flashes as shown in Figure 2.  
 


 


Day 1 Day  2 Day  3 Day  4 Day 5
Day  6 Day 7 Day 8


Day 9 Day  10
Day  11


Bothersome


Frequency
Intens ity


0


0.5


1


1.5


2


2.5


3


3.5


4


4.5


5


Se lf Report of Hot Flashes
Self Report of Hot Flashes


Ankle injury


 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 2.  Subjective Rating of Intensity, Frequency and Bothersomeness of Hot Flashes.  
The increase in hot flashes coincided with increased frustration about an ankle injury. 
 
Our clinical experience confirms the SFSU pilot studies and the previously referenced 
research by Freedman and Woodward (1992) and Freedman et al. (1995).  When arousal 
is lowered and breathing is effortless, women are better able to cope with stress and 
report a reduction in symptoms. Habitual rapid thoracic breathing tends to increase 
arousal while slower breathing, especially slower exhalation, tends to relax and reduce 
arousal.   Learning and then applying effortless breathing reduces excessive sympathetic 
arousal.  It also interrupts the cycle of cognitive activation, anxiety, and somatic arousal. 
The anticipation and frustration at having hot flashes becomes the cue to shift attention 
and “breathe slower and lower.”  This process stops the cognitively mediated self-
activation. 
 
Successful self-regulation and the return to health begin with cognitive reframing: We are 
not only a genetic biological fixed (deficient) structure but also a dynamic changing 
system in which all parts (thoughts, emotions, behavior, diet, stress, and physiology) 
affect and are effected by each other.  Within this dynamic changing system, there is an 
opportunity to implement and practice behaviors and life patterns that promote health.   
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Learning Diaphragmatic Breathing with and without Biofeedback 
 
Although there are many strategies to modify respiration, biofeedback monitoring 
combined with respiration training is very useful as it provides real-time feedback.  Chest 
and abdominal movement are recorded with strain gauges and heart rate can be 
monitored either by an electrocardiogram (EKG) or by a photoplethysmograph sensor on 
a finger or thumb.  Peripheral temperature and electrodermal activity (EDA) biofeedback 
are also helpful in training. The training focuses on teaching effortless diaphragmatic 
breathing and encouraging the participant to practice many times during the day, 
especially when becoming aware of the first sensations of discomfort.   
 
Learning and integrating effortless diaphragmatic breathingiv into daily life is one of the 
biofeedback strategies that has been successfully used as a primary or adjunctive/ 
complementary tool for the reversal of disorders such as hypertension, migraine 
headaches, repetitive strain injury, pain, asthma and anxiety (Schwartz & Andrasik, 
2003), as well as hot flashes and PMS.  
 
The biofeedback monitoring provides the trainer with a valuable tool to: 
 


1. Observe & identify:  Dysfunctional rapid thoracic breathing patterns, especially in 
response to stressors, are clearly displayed in real-time feedback. 


2. Demonstrate & train:  The physiological feedback display helps the person see 
that she is breathing rapidly and shallowly in her chest with episodic sighs. 
Coaching with feedback helps her to change her breathing pattern to one that 
promotes a more balanced homeostasis. 


3. Motivate, persuade and change beliefs: The person observes her breathing 
patterns change concurrently with a felt shift in physiology, such as a decrease in 
irritability, or an increase in peripheral temperature, or a reduction in the 
incidence of hot flushes. Thus, she has a confirmation of the importance of 
breathing diaphragmatically.  


 
In addition, we suggest exercises that integrate verbal and kinesthetic instructions, 
such as the following: “Exhale gently,” and “Breathe down your leg with a partner.” 


 
Exhale Gently: 
 
Imagine that you are holding a baby.  Now with your shoulders relaxed, inhale gently so 
that your abdomen widens. Then as you exhale, purse your lips and very gently and softly 
blow over the baby’s hair.  Allow your abdomen to narrow when exhaling.  Blow so 
softly that the baby’s hair barely moves. At the same time, imagine that you can allow 
your breath to flow down and through your legs.  Continue imagining that you are gently 
blowing on the baby’s hair while feeling your breath flowing down your legs. Keep 
blowing very softly and continuously.  
 
Practice exhaling like this the moment that you feel any sensation associated with hot 
flashes or PMS symptoms. Smile sweetly as you exhale.  
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Breathe Down Your Legs with a Partner: 
 
Sit or lie comfortably with your feet a shoulder width apart.  As you exhale softly 
whisper the sound “Haaaaa….”  Or, very gently press your tongue to your pallet and 
exhale while making a very soft hissing sound.   
 
Have your partner touch the side of your thighs. As you exhale have your partner stroke 
down your thighs to your feet and beyond, stroking in rhythm with your exhalation.  Do 
not rush.  Apply gentle pressure with the stroking.  Do this for four or five breaths.   
 
Now, continue breathing as you imagine your breath flowing through your legs and out 
your feet.   
 
During the day remember the feeling of your breath flowing downward through your legs 
and out your feet as you exhale.   


 
Learning Strategies in Biofeedback Assisted Breath Training 
 
Common learning strategies that are associated with the more successful amelioration of 
hot flashes and PMS include:  
 
1. Master effortless diaphragmatic breathing, and concurrently increase respiratory sinus 


arrhythmia (RSA). Instead of breathing rapidly, such as at 18 breaths per minute, the 
person learns to breathe effortlessly and slowly (about 6 to 8 breaths per minute). 
This slower breathing and increased RSA is an indication of sympathetic-
parasympathetic balance as shown in Figure 3.  


2. Practice slow effortless diaphragmatic breathing many times during the day and, 
especially in response to stressors. 


3. Use the physical or emotional sensations of a hot flash or mood alteration as the cue 
to exhale, let go of anxiety, breathe diaphragmatically and relax. 


4. Reframe thoughts by accepting the physiological processes of menstruation or 
menopause, and refocus the mind on positive thoughts, and breathing rhythmically.  


5. Change one’s lifestyle and allow personal schedules to flow in better balance with 
individual, dynamic energy levels.  
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Session 1: Physiological assessment. 
Observe the rapid breathing during 
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Figure 3.  Physiological Recordings of a Participant with PMS. This subject learned 
effortless diaphragmatic breathing by the fifth session and experienced a significant 
decrease in symptoms. 
 
Generalizing Skills and Interrupting the Pattern 
 
The limits of self-regulation are unknown, often held back only by the practitioner’s and 
participant’s beliefs.  Biofeedback is a powerful self-regulation tool for individuals to 
observe and modify their covert physiological reactions. Other skills that augment 
diaphragmatic breathing are Quieting Reflex (Stroebel, 1982), Autogenic Training 
(Schultz & Luthe, 1969), and mindfulness training (Kabat-Zinn, 1990). In all skill 
learning, generalization is a fundamental factor underlying successful training. 
Integrating the learned psychophysiological skills into daily life can significantly improve 
health—especially in anticipation of and response to stress. The anticipated stress can be 
a physical, cognitive or social trigger, or merely the felt onset of a symptom. 
 
As the person learns and applies effortless breathing to daily activities, she becomes more 
aware of factors that affect her breathing. She also experiences an increased sense of 
control: She can now take action (a slow effortless breath) in moments when she 
previously felt powerless. The biofeedback-mastered skill interrupts the evoked 
frustrations and irritations associated with an embarrassing history of hot flashes or mood 
swings.  Instead of continuing with the automatic self-talk, such as “Damn, I am getting 
hot, why doesn’t it just stop?” (language fueling sympathetic arousal), she can take a 
relaxing breath in response to the internal sensations, stop the escalating negative self-
talk and allows more acceptance—a process reducing sympathetic arousal. 
 
In summary, effortless breathing appears to be a non-invasive behavioral strategy to 
reduce hot flashes and PMS symptoms. Practicing effortless diaphragmatic breathing 
contributes to a sense of control, supports a healthier homeostasis, reduces symptoms, 
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and avoids the negative drug side effects. We strongly recommend that effortless 
diaphragmatic breathing be taught as the first step to reduce hot flashes and PMS 
symptoms.  
 


I feel so much cooler.  I can’t believe that my hand temperature went up. I actually feel calmer 
and can’t even feel the threat of a hot flash.  Maybe this breathing does work! 


--Menopausal patient after initial training in diaphragmatic breathing 
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GOOD BREATHING, BAD BREATHING 
Breathing is behavior, a unique behavior that regulates body chemistry, pH. 


Peter M. Litchfield, Ph.D., May 2006 
 


Breathing is behavior, a behavior that regulates acid-base physiology.  Acid-base physiology is about pH balance of body 
fluids, including blood and the fluids that surround tissue cells.  The effects of deregulated pH (or chemistry) on health and 
performance can be dramatic and profound.  The way you have learned to breathe may have a much greater impact on you, 
than you might have ever imagined! 
 
Good breathing behavior means proper regulation of body chemistry (pH), a chemistry that ensures electrolyte balance and 
proper distribution of oxygen.  Bad breathing behavior means deregulating body chemistry.  Breathing, like any other 
behavior, is regulated in varying degrees by learning, and thus by motivation, emotion, cognition, perception, and memory.  
Bringing together these two simple facts, that (1) breathing is a behavior subject to the principles of learning, and that (2) 
breathing regulates body chemistry (pH), means bringing together the biological and behavioral sciences in profoundly 
practical ways relevant to the lives of millions.   
 
Hypocapnia 


Breathing behavior regulates pH through proper exhalation (ventilation) of carbon dioxide (CO2).  In fact, pH plays a major 
role in the distribution of oxygen itself.  Proper exhalation of CO2, at rest, is only about 12 to 15 percent of the total CO2 
arriving in the lungs.  The remaining 85 to 88 percent of the CO2 is retained in the blood, and is absolutely vital to pH 
regulation.  Exhalation of more than this relatively small amount of CO2, results in a CO2 deficit in the blood and other 
body fluids, a deregulated respiratory chemistry known as hypocapnia.  Traditional common sense has misguided us into 
believing that CO2 is poisonous.  This superstition needs to be replaced with the facts.    
 
Hypocapnia is the result of overbreathing behavior, the mismatch of breathing rate and depth.  Its consequence is an 
increased level of pH, or respiratory alkalosis, which may have profound immediate and long-term effects that trigger, 
exacerbate, and/or cause a wide variety of emotional, perceptual, cognitive, attention, behavioral, and physical deficits that 
may seriously impact health and performance.  Although the fundamental importance of CO2 in body chemistry regulation 
is common knowledge to any pulmonary or acid-base physiologist, it remains virtually unknown by most healthcare 
practitioners, health educators, breathing trainers, and laypeople.   
 
Overbreathing behavior 


Overbreathing can be bad breathing, and like any behavior, it can be learned.  Its effects on body chemistry may mediate 
�unexplained symptoms,� misunderstood performance deficits, and acute and chronic �effects of stress,� all of which may 
be falsely attributed to other causes.  Good breathing behavior, on the other hand, can improve health and enhance human 
performance, as well as mediate �unexplained positive outcomes� and placebo effects that may otherwise be falsely 
attributed to a practitioner�s treatment intervention.  Educating people about breathing as learned behavior, personalizes 
these effects, the good ones, and the bad ones.  In this context, the effects of breathing on health and performance become 
behavioral consequences, rather than unexplained clinical symptoms and deficits.   
 
Overbreathing behavior is commonplace.  Based on surveys regarding ambulance calls, 60 percent of the ambulance runs in 
the larger USA cities are a direct consequence of symptoms precipitated by overbreathing.  But, for every person who 
shows up in emergency, how many more show up in physician�s offices with unexplained symptoms?  For every person 
who goes to see their physician, how many more simply go to work?  And for everyone who reports a �medical symptom,� 
how many more suffer with unreported performance deficits, not even identified as symptoms?  Half of the patients visiting 
outpatient clinics of the UK National Healthcare Services (NHS), receive a diagnosis of �functional disorder,� where no 
organic factor is identified.  And, unfortunately, they go from practitioner to practitioner without resolution.  Hypocapnia 
may play a significant role in many of these cases, where it may mediate homeostatic deregulation attributed to stress.    
 
Breathing learning and training 


Millions of people worldwide teach and practice breathing behavior.  They all agree that good breathing is basic to healthy 
physiology and psychology.  They all claim one kind of success or another.  They all have theories about how, why, when, 
and where breathing is good or bad.  Traditions, culture, personal experience, incomplete knowledge, convenient facts, 
testimonies, misinformation, misunderstandings, myths, and superstitions are stitched together into diverse �schools of 
thought,� including theory and practice, usually identified with its �innovative� creator and a supporting philosophy.  
Unfortunately, however, their knowledge is almost invariably restricted to the mechanics of breathing, such as the 
relaxation benefits of slow and diaphragmatic breathing, and does not include the underlying physiology and chemistry that 
truly account for the most profound effects of learned breathing behavior. 
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Breathing evaluation and training should address breathing as a behavior.  People breathe very differently as a function of 
what they are doing, thinking, and feeling.  Good body chemistry is vital to health and performance, and must be regulated 
despite the breathing acrobatics of talking, emotional encounters, and professional challenges.  It needs to be maintained 
regardless of whether or not you are relaxed or stressed, excited or bored, active or inactive, working or playing, focused or 
distracted.  To insist on slow breathing and relaxation, for example, during these times is not only unrealistic, but may also 
be counterproductive.  Failure to directly address breathing behavior as it pertains to body chemistry means leaving out the 
most fundamental, practical, and profound factors that account for (1) the far-reaching effects of bad breathing, as well as 
for (2) the surprising benefits of good breathing.  Good respiration requires neither relaxation nor a specific mechanical 
prescription, save one: the varied melodies of breathing mechanics must ultimately play the music of balanced chemistry. 
 
In this article, we will examine (1) the physiology of hypocapnia and its effects on health and performance, and (2) the 
behavioral origins, the sustaining variables, and the management of overbreathing behavior.  Learning good breathing is 
about personal experiential expertise, rather than prescriptive professional expertise.  It is about inside-out personal 
exploration and development, rather than outside-in professional diagnosis and treatment.  It helps us set the stage for a new 
emerging consciousness about health and performance, and unlike both traditional and alternative healthcare, it emphasizes 
the psychology of physiology, the role of learning in your own biology.  Breathing behavior is center-stage to moving us 
through this doorway.  Let�s see why. 
 
External respiration  


External respiration is about the mechanics of breathing, getting oxygen into the lungs and regulating it in a way that 
ensures its diffusion into the blood.  It is also about ensuring proper diffusion of carbon dioxide from the blood into the 
lungs, and its subsequent excretion into the atmosphere.  It includes breathing rate, breathing depth (volume of air in a 
single breath), breathing rhythmicity (holding, gasping, sighing), locus of breathing (chest and diaphragm), breathing 
resistance (nose and mouth), and accessory muscle activity (muscles other than the diaphragm).   
 
The diaphragm is the primary inspiratory muscle.  Inspiration, at rest, typically includes only the diaphragm, and the 
external intercostal muscles.  As the diaphragm contracts, the viscera are moved aside, and the lungs are drawn downward 
into the abdominal cavity, creating the negative pressure necessary for inhalation.  Expiration, at rest, is passive; no muscle 
contractions need be involved, only the relaxation of the diaphragm and the external intercostals. 
 
Accessory breathing muscles, used to assist external breathing, include abdominal, chest, back, and neck muscles useful 
during exercise, talking, singing, coughing, and so on.  �Chest breathing� has reference to the use of accessory muscles, 
and �diaphragmatic breathing� has reference to breathing dominated by the diaphragm and external intercostal muscles.  
Chest breathing, at rest, may mean (1) using accessory muscles when they are not required, (2) using accessory muscles to 
do the work of the diaphragm, and worst of all, (3) using accessory muscles at the expense the diaphragm, i.e., �reverse� 
breathing.  This, as we will see, increases the likelihood of deregulated breathing chemistry, disturbed acid-base balance. 
 
Ventilation and its measurement 


Gases (air) are measured by virtue of the pressures that they exert.  When gases are mixed they each contribute to a total 
pressure.  Each gas contributes a partial pressure.  Total atmospheric air pressure at sea level, at 15◦ C and zero humidity, 
is 760 mmHg (millimeters of mercury).  At sea level partial pressure oxygen, written PO2 is 159 mmHg (20.93%), and 
partial pressure carbon dioxide, written PCO2, is 0.3 mmHg (less than 0.04%). 
 
The alveolus is the fundamental respiratory unit.  There are about 300 million alveoli.  The alveoli are surrounded by about 
280 billion pulmonary capillaries.  Most of the gas exchange, O2 and CO2, takes place in the alveolar-capillary unit.  
Normal inhalation, at sea level, increases alveolar PO2 (average PO2 in the alveoli) to about 104 mmHg.  Because the 
venous blood arriving in the pulmonary capillary network contains only about 40 mmHg PO2, rapid diffusion from the 
alveoli takes place, resulting in an arterial PO2 (PaO2) of about 100 mmHg, most of which (98.5%) is transported to the 
tissues by hemoglobin in the red blood cells.  Without pure oxygen (where PO2 = 760 mmHg) or hyperbaric chamber 
pressure (where PO2 = 600 mmHg), the O2 dissolved in blood plasma by itself is not adequate to support life.  
  
Carbon dioxide is transported to the lungs where it is (1) excreted into the alveoli of the lungs for discharge into the 
atmosphere, and (2) reallocated to the body for proper maintenance of acid-base physiology.  Reallocation of CO2 means 
reflexive coordination of breathing depth and rate, where arterial PCO2 (PaCO2), which under normal circumstances, is 
maintained at about 40 mmHg for normalizing blood plasma pH (about 7.4).  PCO2 in capillary venous blood, at rest, is 
about 46 to 48 mmHg, whereas inspired atmospheric air contains only about 0.3 mmHg PCO2.  Because pulmonary 
capillary PCO2 equilibrates with alveolar PCO2 as a result of diffusion, alveolar PCO2 levels must also be continuously 
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maintained at about 40 mmHg.  Thus, if alveolar PCO2 increases, so too does arterial PCO2, and if alveolar PCO2 drops as a 
result of overbreathing, so too does arterial CO2.  Bad breathing is when learned breathing behavior disturbs the proper 
regulation of CO2 allocation. 
 
Overbreathing and hypocapnia is measured with a capnograph, an instrument used to measure average alveolar PCO2.  In a 
lung-healthy person the alveolar PCO2 is equivalent to PaCO2.  These instruments are used worldwide in emergency 
medicine, in critical care, and during surgery for gas monitoring and regulation purposes; these are medical applications.  
This article is about the educational applications of capnometry instrumentation, where it is used for evaluating and 
managing overbreathing behavior, specifically the educational use of the CapnoTrainer. 
 
Overbreathing reduces levels of alveolar PCO2, resulting in local hypocapnia, i.e., reduced CO2 levels in the lungs, which 
by itself may directly increase the likelihood of bronchial constriction and airway resistance, and reduce lung compliance.  
As a result, breathing may become more labored and contribute substantially, both physically and psychologically (e.g., 
fear of not getting your breath), to the likelihood of a breathing-struggle episode, even an asthma attack. 
 
Acid-base balance, hydrogen ion concentration, and pH 


Acid-base balance is about the regulation of hydrogen ion concentration, written [H+], in body fluids (50% of body 
weight).  These fluids are both intracellular (fluids within cells, 32% body weight) and extracellular (fluids outside cells, 
18% body weight).  Extracellular fluids include blood plasma, cerebrospinal fluid, lymph fluid, and interstitial fluid 
(fluid immediately surrounding cells).  Maintaining correct levels of [H+], also known as pH, is absolutely critical to 
healthy physiology, healthy psychology, and optimal performance.  Because pH, mathematically speaking, is the negative 
logarithm of [H+], as pH rises [H+] decreases, and as pH drops [H+] increases. 
 
The pH of water is 7.0, but it contains an equivalent concentration of hydroxyl ions [OH] which offsets [H+], and is thus 
said to be �neutral� (buffered).  Thus, solutions with a pH below 7.0, where [H+] is greater than [OH¯], are acidic.  And, 
solutions with pH levels above 7.0, where [OH¯] is greater than [H+], are alkaline.  The range of extracellular pH levels is 
very restricted.  Blood plasma, for example, is a slightly alkaline aqueous (water) solution, with a normal pH range of 7.35 
to 7.45.  Plasma acidemia is a pH below 7.35 (although this is still alkaline), and plasma alkalemia is a pH above 7.45.  
Plasma pH levels below 6.9, and above 7.8, are fatal.  Levels below 7.35 and above 7.45 can result in physical symptoms, 
psychological changes, and performance deficits. 
 
Hydrogen ions are generated by the body as a result of metabolism.  Most of these ions are �utilized,� which means that 
once they are produced, they are �used up� in either the synthesis of other body substances, like glucose, or they are 
oxidized, converted into CO2 and H2O.  Before hydrogen ions are utilized, or before they are excreted as in the case of 
protein metabolism, they are �buffered� (neutralized) by bicarbonates (HCO3


).  Thus, pH level is maintained and 
metabolic acidosis (lower pH) is prevented.  Examples of metabolic acids include lactic acid, generated in its largest 
quantities during anaerobic metabolism, and ketoacids, generated as a result of fat metabolism.  The hydrogen ions of these 
acids are continuously utilized, and thus the bicarbonates used to buffer them, are also continuously restored.    
 
The Henderson-Hasselbach (H-H) equation, known to virtually everyone who has studied basic physiology, tells us that 
pH in extracellular fluids is regulated by the relationship between the presence of carbon dioxide, PCO2, regulated by 
breathing, and bicarbonate concentration, [HCO3


], regulated by the kidneys: pH = [HCO3
] ÷ PCO2.  Changes in the 


numerator of the equation, bicarbonate levels, are generally slow (8 hours to 5 days), whereas changes in the denominator, 
carbon dioxide, are immediate.  This places breathing center stage in moment-to-moment acid-base regulation.  In the case 
of blood plasma, a PaCO2 of about 40 mmHg results in a pH of about 7.4.  Ventilating off too much CO2 by breathing too 
deeply, or rapidly, or both, constitutes overbreathing behavior, which lowers PCO2 below 40 and raises the pH above 7.4, 
making plasma (and other extracellular fluids) too alkaline.   
 
Generally, PaCO2 levels below 35 mmHg constitute hypocapnia:  30-35 mmHg is mild to moderate, 25-30 mmHg is 
serious, and 20-25 mmHg is severe hypocapnia.  One of the direct consequences of CO2 deficit is smooth muscle 
constriction, including, among others, muscles in: (1) the gut, leading to increased likelihood of spasm, pain, and nausea, 
(2) the lungs, leading to bronchial constriction, (3) the placenta, leading to reduced blood flow and reduced supply of 
nutrients to the fetus, and, (4) the vascular system, leading to cerebral artery constriction, coronary constriction, vascular 
resistance, vasospasm, and higher blood pressure.  Constriction of smooth muscle as a result of hypocapnia, depending on 
the person, can result in symptoms of all kinds, including most of the symptoms identified with the �effects of stress.� 
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Reflexive compensatory breathing 


Fundamental breathing reflexes are regulated by spinal chord and brainstem mechanisms.  These centers regulate breathing, 
from breath to breath, based on pH of the surrounding cerebrospinal and interstitial fluids, along with the PCO2, but 
surprisingly not PO2.  In addition to receptor sites in the nervous system, however, there are also receptor sites in the aorta 
and the carotid arteries which are sensitive not only to arterial CO2 and arterial pH, but also to arterial PO2 (PaO2).   
 
When the numerator of the H-H equation, bicarbonate concentration, is disturbed by a metabolic condition, there is 
normally reflexive breathing compensation, where PCO2, the denominator of the equation, rises or falls, balancing the 
ratio, and thus keeping the pH somewhere within its normal range, in the case of blood plasma, 7.35 to 7.45.  For example, 
when bicarbonate concentration is reduced as a result of ketoacidosis (diabetes), overbreathing decreases arterial PCO2 and 
restores extracellular pH toward normal.  Overbreathing, in this case, despite its potential negative side effects, is an 
adaptive response to ketoacidosis.   
 
Another important example of reflexive respiratory compensation is during severe physical exercise.  During transition 
from aerobic to anaerobic exercise, abnormal amounts of lactic acid begin to be generated.  Hydrogen ion production 
begins to �outstrip� its utilization, and there may no longer be an adequate bicarbonate reserve, resulting in lactic acidosis.  
Fortunately, lung capacity normally exceeds cardiovascular capacity, so that acidosis during strenuous exercise can be 
compensated for through overbreathing, PaCO2 reduction.  Observing PCO2 levels during exercise, on a stationary bike or 
on a treadmill, gives sports and fitness enthusiasts a rough indication of their anaerobic threshold: when CO2 level drops 
breathing compensation for lactic acidosis has begun.  
 
The brainstem chemo-regulatory management of breathing relies principally on the diaphragm for its control.  Thus, 
learned use of accessory muscles during times of stress and challenge, chest breathing, may lead to deregulation of the 
brainstem mechanisms, resulting in symptoms of hypocapnia, usually attributed to �stress� rather than to the response to 
challenge, in this case deregulated breathing behavior.  Unfortunately, practitioners, who do not understand breathing from 
a behavioral perspective, neither evaluate the likely behavioral contributions to the deregulated denominator of the H-H 
equation nor educate their clients/patients about how to manage breathing behavior and its personal consequences. 
 
Internal respiration 


Internal respiration is about ensuring the transport of oxygen in the blood from the lungs to the cells, and the transport of 
metabolic carbon dioxide from the tissue cells into the blood and to the lungs.   
 
Once CO2 and H2O enter the interstitial fluid (around the cells) as a consequence of cellular respiration, they diffuse into 
the plasma of the blood.  About 90 percent of the CO2 then diffuses into the red blood cell.  The balance of about 10 percent 
remains dissolved in the plasma, the dissolved PCO2.  The presence of CO2 in the red blood cell, as we will see, is crucial 
to oxygen distribution.  Carbon dioxide is hydrated (combines with H2O) to form carbonic acid: CO2 + H2O ↔ H2CO3.  
The carbonic acid dissociates (breaks down) into hydrogen and bicarbonate ions: H2CO3 ↔ H+ + HCO3.  The increased 
presence of hydrogen ions, H+, means that the red blood cells become less alkaline, i.e. the pH of the fluid (cytosol) in red 
blood cells drops.  The bicarbonates, HCO3, diffuse into the blood where they buffer acids, e.g. lactic acid.  
 
The amount of CO2 generated by tissues determines precisely how much carbonic acid is formed, and thus the pH of the red 
blood cell, as well as the amount of bicarbonate entering the plasma.  The presence of CO2 gas and the drop in pH within 
red blood cells, independently and together, alter the spatial constitution of the hemoglobin, which decreases its affinity for 
oxygen, i.e., it more readily gives up its oxygen and raises plasma PO2 level; this change is known as the Bohr Effect.  
Thus, hemoglobin more readily distributes its O2 to the tissues that need it, while simultaneously buffering the hydrogen 
ions to restore normal pH in red blood cells.  Reduced pH and increased PCO2 not only predisposes hemoglobin to release 
its oxygen, but also to release nitric oxide (a gas), a potent vasodilator.  The result is increased blood volume and flow, 
which increases oxygen and glucose supply to cells that generate more CO2, cells with elevated metabolism.   
 
Increased PCO2 levels lead to increased (1) supply of oxygen (more blood), (2) supply of glucose (more blood), (3) PO2 
(O2/ml blood), and bicarbonates for buffering acids.  Proper PCO2 regulation means that red blood cell chemistry reflects 
surrounding tissue metabolism.  Overbreathing reduces dissolved PCO2, and thus decreases CO2 and carbonic acid in red 
blood cells.  This means reduced hydrogen ion concentration, increased pH in red blood cells.  The effect on hemoglobin is 
twofold: (1) increased affinity for O2 (Bohr Effect), reducing the likelihood of its release into the plasma, and (2) 
diminished release of nitric oxide, resulting in vasoconstriction.  This translates into less oxygen (local hypoxia), less 
glucose (local hypoglycemia), and reduced buffering capacity for the tissues in need.  Reduced nitric oxide also elevates 
plasma platelet level, their aggregation, and �adhering� propensity, thus elevating the likelihood of blood clotting. 
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Hypocapnia and electrolyte balance 


Hypocapnia has a direct impact on the electrolyte balance of extracellular fluids.  In the brain, for example, sodium ions in 
the interstitial fluid are exchanged for hydrogen ions in the neurons.  Although this lowers the pH of the interstitial fluid 
toward normal, which is desirable, the excessive sodium ions increase neuronal excitability, contractility, and metabolism.  
Even more unfortunately, this increase in metabolism occurs when the neurons can least afford it, at a time of reduced 
blood flow and deficits of both oxygen and glucose.  This reduces the threshold for anaerobic glycolysis, increasing the 
likelihood of lactic acidosis in neurons, which may contribute to yet further physical and psychological symptoms and 
deficits.  It also may lead to excitotoxin production and antioxidant depletion. 
 
Hypocapnia alters the balance of calcium and magnesium in muscles, which increases the likelihood of tetany, spasm, 
weakness, and fatigue.  This includes skeletal muscles with serious implications for athletes and fitness enthusiasts.  And, it 
includes smooth muscles, where imbalance may exacerbate or trigger migraine, angina, and electrocardiogram 
abnormalities.  The transport of sodium and potassium ions into cells at large, in exchange for hydrogen ions, may also lead 
to symptoms and deficits associated with sodium and potassium deficiencies.   
 
Respiration and kidney physiology 


The nephron, the kidney�s basic structural and functional unit, is responsible for the purification and filtration of the blood.  
During filtration, bicarbonates leave the blood and become part of nephron filtrate, including water, electrolytes, glucose, 
amino acids, vitamins, small proteins, creatinine, and urea.  As these substances pass through the nephron, many of them 
are selectively reabsorbed and returned to the blood, including sodium and bicarbonate ions.  Other substances are 
secreted into the filtrate from the surrounding cells and capillaries, such as hydrogen and ammonium ions.  Carbon dioxide 
plays the key role both in the return of bicarbonates from the filtrate back into the blood, and the synthesis of new 
bicarbonates lost through the buffering of unutilized hydrogen ions, generated during protein metabolism.   
 
Carbon dioxide and H2O, in the filtrate, diffuse into the tubular cells that surround the filtrate, to form carbonic acid: CO2 
+ H2O ↔ H2CO3.  Just as in the case of red blood cells, carbonic acid dissociates into hydrogen and bicarbonate ions: 
H2CO3 ↔ H+ + HCO3.  The bicarbonates in tubular cells are transported into the surrounding capillaries, and are thus 
fully reclaimed for general circulation.  The hydrogen ions in these cells are transported into the filtrate in exchange for 
sodium ions.  Sodium ions in the tubular cells, together with the bicarbonate ions, are co-transported to the capillaries, and 
thus returned to general circulation.  And, the hydrogen ions, now in the filtrate, combine with more bicarbonate ions in the 
filtrate to form carbonic acid: H+ + HCO3 ↔ H2CO3.  The carbonic acid in the filtrate dehydrates into CO2 and H2O, which 
then diffuse into the same tubular cells, where once again they form carbonic acid in the tubular cells, and the cycle begins 
anew.  A nearly identical process, also requiring CO2, provides for the synthesis of new bicarbonates that replace the ones 
lost in the buffering of acids generated during protein metabolism.  In this case, however, H+ in the filtrate is combined with 
sodium phosphate and excreted, rather than being utilized in the formation of H2O reabsorbed by tubular cells. 
 
Overbreathing results in CO2 deficit in the kidneys, which means that less bicarbonate is recovered from the filtrate, and 
new bicarbonate is no longer formed.  This may mean that bicarbonate ions, crucial to the buffering of metabolic acids, 
such as lactic acid produced during exercise, are depleted.  The consequences may include (1) compromised physical 
endurance in sports and fitness enthusiasts, and (2) the appearance of fatigue symptoms associated with chronic stress, 
where adequate buffering of even small amounts of lactic acid is compromised.  The exchange of hydrogen ions for sodium 
ions is also reduced, and may contribute to development of sodium deficiency and its associated symptoms.  
 
Syndromes, symptoms, and deficits triggered, exacerbated, or caused by overbreathing 


Together, the effects of all of the above considerations can be profound and dramatic, effects well recognized in clinical 
physiology.  It has been standard procedure, for example, for many years, even now, in emergency medicine, to induce 
hypocapnia for reducing bleeding and swelling in the brain.  Although potentially lifesaving in cases of head trauma, it is 
now recommended against because of the potentially dangerous side effects that may outweigh its benefits.  Unfortunately, 
many of us engage this same �emergency procedure,� without realizing it, when we go to work, face challenges, and 
communicate with others.  Hypocapnia can result in serious changes in brain chemistry, leading to profound physical and 
psychological changes.  Here are some of its effects: 
 
NEUROLOGICAL SYNDROMES: epilepsy, ADD, ADHD 
COGNITIVE DEFICITS: attention, learning, thinking, problem solving, memory 
PSYCHOMOTOR DISTURBANCES: coordination, reaction time, integration 
EMOTIONAL REACTIVITY: anger, anxiety, low mood, frustration tolerance 
PERFORMANCE ANXIETY: public speaking, test taking, music recitals 
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PSYCHIATRIC SYNDROMES: phobias, panic attack, anxiety syndromes, depression 
PERSONALITY CHANGES: self-esteem, confidence, cognitive style, emotional posture 
PSYCHOLOGICAL DEFENSIVENESS: denial, self-talk, dissociation, disconnectedness 
STRESS SYMPTOMS: fatigue, generalized anxiety, burnout, and physical symptoms 
CARDIOVASCULAR: angina, heart attack, arrhythmias, irregular heart beat, nonspecific pain, ECG abnormalities 
VASCULAR SYNDROMES: hypertension, migraine phenomena, digital artery spasm  
BREATHING DISORDERS: bronchial constriction and spasm, asthma symptoms and attack 
GASTRIC SYNDROMES: irritable bowel syndrome (IBS), nausea, cramping, bloatedness, non ulcer dyspepsia 
BIRTH COMPLICATIONS: fetal health and premature birth 
MUSCLE COMPROMISE: spasm, hyperreflexia, pain, tetany, weakness, fatigue, and stiffness 
NEUROMUSCULAR DYSFUNCTIONS: repetitive strain injury (RSI), pain, injury, fibromyalgia  
BLOOD: red blood cell rigidity (effects of calcium), thrombosis (blood clotting) 
PHYSICAL ENDURANCE: altitude sickness, acute fatigue, chronic fatigue, effort syndrome 
SLEEP: apnea and other disturbances 
 
Here are some of the acute (immediate) symptoms triggered by overbreathing: 


BREATHING: shortness of breath, breathlessness, feelings of suffocation 
CHEST: chest tightness, pressure, and pain 
SKIN: sweaty, cold, tingling, and numbness  
HEART: palpitations, irregularities, rate 
EMOTION: anxiety, apprehension, worry, emotional outburst, crying 
STRESS: tenseness, fatigue, weakness, headache, hypertension 
HEAD: dizziness, lightheadedness, fainting, black-out, confusion, disorientation  
SENSES: blurred vision, dry mouth, sound seems distant, reduced pain threshold  
PSYCHOLOGICAL SHIFTS: memory discharge, hallucinations, self-esteem  
COGNITION: attention deficit, loss of focus, inability to think 
CONSCIOUSNESS: feelings of �other worldliness,� sense of disconnectedness 
PERIPHERAL CHANGES: trembling, twitching, and shivering 
MUSCLES: tetany, spasm, weakness, fatigue, and pain 
ABDOMEN: nausea, cramping, and bloatedness. 
 
The Henderson-Hasselbach equation rewritten 


Medical practitioners are interested in the organic factors that disturb the numerator of the H-H equation, the bicarbonate 
concentration.  Breathing, the denominator, is considered to be a reflexive chemo-physiological compensatory mechanism 
that contributes to the restoration of acid-base balance.  Integrating behavioral science with the H-H equation, however, 
means examining behavioral and psychological variables that disturb the denominator of the equation.  Thus, the equation 
might be rewritten as follows:  acid-base regulation (pH) = physiology ÷ breathing behavior, or even physiology ÷ 
psychology, where psychology makes its entry through its effects breathing behavior.  The implications are impressive. 
 
In revisiting this equation, it is important to take note that pH not only has a profound effect on behavior, but that behavior 
has an immense effect on pH.  Why isn�t this common knowledge?  Why is the content of this article new to most readers?  
Why aren�t practitioners everywhere implementing this knowledge?  The answers are really very simple:  (1) Medical 
practitioners practice what they�ve learned, and provide the services for which they are licensed.  They are generally not 
behavioral scientists, psychologists, counselors, therapists, teachers, consultants, or breathing coaches.  Even if they had the 
skills, and the time, the healthcare delivery system does not provide well, either philosophically or financially, for patient 
education services.  (2) Behavioral practitioners have never heard of the H-H equation.  Many of them are �afraid of� 
physiology, and consider anything that references physiology as being beyond the scope of their practice and license.  Thus, 
the otherwise obvious applications, become hidden and remote, lost in the divisions of cultural thinking.  
 
Behavioral origins of overbreathing behavior 


Why do we learn deregulated breathing behavior?  The answers to this question are no more a mystery than the same 
questions about any other behavior, adaptive or maladaptive; the same behavioral principles apply.  And, like other 
behaviors, overbreathing can be quickly and easily learned, and unfortunately, like so many habits, can be challenging to 
disengage, manage, modify, or eliminate.  Most learning is unconscious.  Very little of it is intentional or conscious.  
Deregulating breathing may be learned based on some of the following behavioral principles:  
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Instrumental (operant) conditioning, or learning based on reinforcement, is an underlying biological learning principle 
for the acquisition of many behaviors.  Access to emotions, such as anger, may serve as a defensive reinforcement.  
�Reaching for air� may be reinforcing, offering resolution to the �survival� metaphor for �drowning.�  A sense of �control� 
may be achieved, through intentional regulation, external manipulation.  Intentional use of accessory muscles (falsely) 
resolves a sense of distrust of the body.  �More air� introduces a (false) sense of security.   
 
Secondary gain, resulting from unexplained symptoms and deficits, may lead to learning the role of �victim.�  The 
breathing-induced symptoms and deficits become the basis for visiting healthcare practitioners, as well as sympathy, 
support, and attention from family and friends. 
 
Classical (Pavlovian) conditioning, also an underlying biological learning principle, may lead to the development of 
phobias about �getting your breath,� which may develop at an early age, or at any time, as a result of conditions such as 
asthma.  The experience of the physical sensations of breathing itself may, through classical conditioning, trigger emotional 
responses.  And, overbreathing itself may become a classically conditioned response to specific emotional, social, physical, 
and even professional experiences. 
 
Stimulus generalization, basic to biological learning, means that although overbreathing may be learned under one set of 
circumstances it may �generalize� to similar but different sets of circumstances.  This may be true not only perceptually but 
also metaphorically, where it may become embedded in seemingly unrelated comprehensive patterns of coping behavior.  
 
Vicious circle behavior may develop, where the solution to a problem, becomes the problem.  Depleting buffers through 
chronic overbreathing, in predisposed individuals, may mean that even during aerobic activities there are not adequate 
buffer reserves to manage lactic acidosis.  Thus, even minimal effort, such a walking through a supermarket, may result in 
lactic acidosis.  The resulting unbalanced H-H equation, where the numerator has now decreased, requires compensatory 
reduction of PCO2 (the denominator) through overbreathing, a solution to what is also a contributing cause. 
 
Cognitive learning can play a major role in the development of overbreathing.  Misconceptions, misinformation, personal 
beliefs about biological self, experiential unfamiliarity with breathing, misinterpretation of physical sensations, distrust of 
the body, defensive thinking, self-talk, and intentional breath manipulation all contribute to setting the stage for learning 
deregulated breathing behavior. 
 
State dependent learning may be the consequence of overbreathing, where radical shifts in brain chemistry and associated 
states of consciousness may provide the context for learning new behaviors, as in the case of drug dependence.  Alternative 
cognitive styles, emotional postures, and senses of self may then become dependent upon the state changes brought about 
by breathing behavior.  The consequence may be chronic overbreathing behavior, especially in cases of emotional trauma, 
where state change may set the stage for learning an alternative personality, one based on defensiveness and safety.  
 
Fight-flight reflexes may provide the context for learning to overbreathe.  Overbreathing may be learned as a defensive 
response to specific challenges e.g., performing before an audience, or confronting a distressed partner.  It may mediate 
shifts in consciousness, through its immediate and direct effects on brain chemistry, that provide for dissociation, a 
gateway for disconnecting from emotional vulnerability and traumatic memory.  Even as a compensatory reflex for acidosis 
as a result of disease, toxicity, and organ failure, overbreathing may be reconfigured through learning and experience, as are 
other basic reflexes.  Adverse physical conditions, e.g., injury, in fact, can set the ideal stage for learning to overbreathe.   
 
Breathing is a unique behavior.  It points to the in inseparability of physiology and behavior, where breathing plays a key 
role both in homeostasis from a biological perspective and in self-regulation from a behavioral perspective.  Breathing 
behavior plays both obvious and subtle roles in the regulation of health and performance.  The following considerations 
attest to its special place in mediating �unexplained symptoms,� placebo effects, and the �effects of stress:�  
 
●Breathing is a �perpetual� behavior.  It emerges at all times in all places.   
●Breathing is necessarily woven into virtually every behavioral topography.   
●Breathing is a trigger for emotions, memories, thoughts, physical symptoms, senses of self, and personality. 
●Breathing is a gateway that sets stages, creates backdrops of meaning, establishes contexts, and changes states. 
●Breathing is controlled centrally from diverse neurophysiological sites, as well as locally by cells and tissues. 
●Breathing is voluntary and involuntary, conscious and unconscious. 
●Breathing is critical to homeostasis: acid-base balance, electrolyte balance, and delivery of oxygen and glucose. 
●Breathing is vital to social behaviors such as verbal communication. 
●Breathing is reflexive in nature, although complex in its relationship with the environment and other behaviors.   
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CapnoBreath Training 


�Capno� means carbon dioxide.  CapnoBreath Training is about learning and teaching �capno regulation,� adaptive 
respiratory chemistry, within a wide range of breathing mechanics.  It means precision coordinating of breathing rate and 
depth through reflex control of the diaphragm, restoring control to the brainstem mechanisms that regulate breathing based 
on pH, PCO2, and O2.  This reflex mechanism can be easily deregulated, consciously or unconsciously as a consequence of 
learning.  CapnoBreath training is about setting the stage for reinstating this reflex mechanism.   
 
CapnoBreath learning requires integrating knowledge of internal breathing with external breathing, chemistry with 
mechanics.  Emphasis is on the relationship dynamics of breathing mechanics for achieving good chemistry, rather than on 
specific �mechanics� prescriptions.  There is no inherently correct breathing rate, no correct depth, and no correct rhythm.  
Different breathing patterns, such as during the breathing acrobatics of talking or singing, serve different objectives.  The 
varied melodies of breathing mechanics must ultimately play the music of balanced chemistry.   
 
CapnoBreath Training requires the use of a CapnoTrainer, a computer-operated capnograph designed for educational 
rather than medical applications, which provides real-time PCO2 feedback for observing, evaluating, teaching, and learning 
breathing behavior.  The practical guidelines of doing CapnoBreath coaching can be organized into seven categories, all of 
which include evaluation, education, and training.  Some steps are accomplished in parallel, some sequentially, and  
depending on training objectives, some not at all.  CapnoBreath Training includes the following: 


(1) Exploration: originating and sustaining factors and circumstances; 
(2) Identification: dysfunctional breathing patterns, when and where; 
(3) Phenomenology: the experience of breathing and its effects; 
(4) Knowledge-learning: understanding basic breathing concepts; 
(5) Mechanics-learning: play dynamics for awareness of breathing as behavior; 
(6) Somatic-learning: play dynamics for awareness of the effects of breathing; and 
(7) State-learning: breathing through consciousness. 
 
(1) Exploration: originating and sustaining factors and circumstances 


Learning about breathing is not simply making a measurement.  It is about a partnership exploration, client and trainer.  
Remembering that breathing is behavior, is vital to a productive exploration.  Breathing changes immediately and 
significantly as a result of thoughts, feelings, people, physical experience, sense of self, and specific life circumstances, 
e.g., public speaking, or communicating with an upset person.  A client may breathe well in front of you, but deregulate 
immediately in front of her/his spouse, supervisor, or teacher. 
 
During an initial evaluation session, the breathing coach conducts a breathing interview for purposes of identifying 
deregulated breathing patterns, symptoms and deficits associated with breathing habits, and the possible origins of 
overbreathing.  During the interview PCO2 is continuously monitored for observation of changes in chemistry and 
associated changes in breathing mechanics.  Observations are noted by the breathing coach on a checklist, and a self-
evaluation checklist is completed by the client, as a part of breathing interview.  The following kinds of considerations are 
explored, discussed, and evaluated: 


● What are the specific breathing complaints?  
● When did the complaints first appear? 
● What are the associated symptoms and deficits? 
● What emotions and thoughts accompany the symptoms?  
● What kind of self-talk about breathing is there? 
● How does the breathing behavior interfere with performance? 
● What are the specific triggers, including when, where, and with whom? 
● Is there fear associated with breathing?  How so? 
● Is breathing a �struggle?�  How so? 
● Is the deregulation specific or pervasive? 
● Are there �unexplained� symptoms that tie together with the breathing? 
● How does your client cope with the breathing challenges?  What does s(he) do? 
● What are his/her opinions about why s(he) breathes the way s(he) does? 
 
Learned overbreathing behavior may be triggered by any of the following: 


● task challenges, e.g., cars, planes, equipment operation 
● social situations, e.g., meeting people, authority figures, public speaking 
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● emotional circumstances, e.g., relationship issues, anger problems 
● physical limitations, e.g., pain, injury, discomfort 
● learning environments, e.g., testing, school, skill acquisition, computers 
● past trauma, e.g., accidents, emotional abuse 
● disease, e.g., asthma 
 
Reviewing the physiological breathing record in the context of behavioral observations, client comments, and information 
gathered during the breathing interview, provides for development of testing strategies for experiential exploration of 
breathing and its effects. 
 
(2) Identification: dysfunctional breathing patterns, when and where 


Breathing mechanics are invariably involved in deregulated chemistry, and are a very important part of the evaluation.  
Significant deregulated mechanics include: 


●failure to breathe diaphragmatically 
●failure to exhale completely 
●failure to allow transition time between breaths 
●reaching for air through deep breathing 
●intentional manipulation of breathing 
●mouth breathing 
●using accessory muscles, when not required 
 
These breathing mechanics are significantly correlated with overbreathing, however they may not necessarily be the cause 
of overbreathing.  Mouth breathing and overbreathing, for example, although correlated with one another may both be 
caused by worrying about breathing.  It is important to understand that correcting any one of these mechanics may increase 
the likelihood of regulated breathing, but may not significantly address the fundamental causes of overbreathing, e.g., 
dissociating from traumatic memory.   
 
Dysfunctional breathing patterns can be identified by monitoring breathing physiology with a CapnoTrainer.  When clients 
see their breathing on a computer screen, the information convincingly speaks for itself.  It allows clients to see for 
themselves how they are breathing, how mechanics interact with chemistry (PCO2), and the effects that may be triggered.  
Identifying faulty breathing patterns, however, is only the beginning of a very personal exploratory process: the factors that 
originate and sustain these patterns must be addressed.  There are many ways to explore these factors with your client.  
Testing for these factors can be accomplished in a variety of ways, by monitoring breathing behavior during: guided 
recollection of previous experiences, public sharing of previous experiences, story telling, physical challenges, thought-
challenges, emotional challenges, psychodrama, breathing mechanics challenges, in vivo testing, and intentional 
overbreathing.  Testing constitutes evaluation, education, and training.   
 
Breathing behavior, like other behaviors, is tied to specific contexts, states, and stimuli.  Measurement during actual 
circumstances, in vivo testing, is undoubtedly the best of all worlds.  Examples include monitoring breathing during: 
relationship challenges, making an oral presentation, recital performances (playing the piano for an audience), piloting in a 
flight simulator, before performing a sport (getting ready to swing a golf club), reading a paragraph and being tested on it, 
composing a paragraph on the computer, and taking a competency test.  The impact of overbreathing on these activities can 
be devastating: emotional outburst, anxiety, anger, attention deficit, loss of focus, poor memory, inability to think clearly, 
perceptual-motor deficit, and feelings of low self-confidence.  CapnoTrainers can be used by trainees in the field through 
Internet coaching, where the practitioner can observe live physiology through �remote assistance.�  
 
(3) Phenomenology: the experience of breathing and its effects 


Absolutely crucial to successful CapnoBreath training is exploring the phenomenology of breathing, the personal 
consciousness associated with breathing as an experience.  This consciousness is about emotions, thoughts, sense of self, 
and relationship to people and environment.  Changing breathing changes consciousness.  The �psychology of breathing� 
includes (a) how you respond to the experience of breathing behavior, (b) how breathing behavior affects you, and (c) how 
you respond to the effects of breathing. 
 
(a) Misinterpreting the meaning of the experience of breathing itself, as a behavior, can increase the likelihood of 
overbreathing.  Fast breathing, for example, is easily misinterpreted, consciously or not.  Fast breathing is not 
overbreathing.  It is not inherently good or bad by itself; it depends.  It may, however, lead to overbreathing because of the 
psychology associated with it: 
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● It can make it �seem like� you are having difficulty getting air. 
● It can make breathing seem urgent, which may introduce worry and anxiety. 
● It can lead you into chest and mouth breathing, which make fast breathing easier. 
● It can make you feel like �something must be wrong, I�m breathing too fast.�  
● It can lead you to conclusions like, �I�m anxious, I can�t relax, I�m overwhelmed.� 
 
What does your client say about her/his breathing?  Self-talk sets the stage for overbreathing by creating a sense of urgency.  
Examples of negative self-talk are: �I can�t get my breath.�  �There�s not enough air in here.�  �I won�t be able to breathe, 
if��..�  �I�m going to have an �attack� if I don�t get my breath.�  �Oh, Oh, I�m not breathing enough, I�m holding by 
breath.�  �Breathing is such a struggle, I feel exhausted.�  Learning constructive self-talk is essential to learning good 
breathing: �I don�t have to �get� my breath.  Breathing is easy.  It will come.�  Learning to trust the respiratory system, 
through conscious experience of it, is fundamental to learning good breathing; this is discussed in the next section. 
  
(b) Learning about how breathing affects you means changing your breathing and observing the outcomes.  Intentional 
overbreathing is an important discovery and training tool for people who already overbreathe.  By taking proper 
precautions, neither the breathing coach nor the trainee, need be afraid of intentional overbreathing.  After all, 
overbreathing is the problem, and as a behavior, it must be addressed.  In fact, fear of overbreathing and its effects may be 
contribute to the problem.  Warning: Do not introduce intentional overbreathing to clients with medical conditions, without 
first checking with the client�s physician.   
  
Learning what hypocapnia �feels like� is a very important part of evaluation and training.  During intentional 
overbreathing, look for triggered physical symptoms, emotions, memories, and shifts in consciousness.  Does changing 
PCO2 level remind your client of earlier times, places, or people?  Intentional overbreathing will often trigger experiences 
very similar to ones previously experienced in real life circumstances.  This kind of experience during an exploratory and/or 
training session often has a profound impact on clients, and becomes enormously instructive as to how deregulated 
breathing can mediate previously unexplained or misunderstood physical symptoms and performance deficits.  
  
The rate of recovery from hypocapnia is a very important indicator of deregulation.  Frequently people who have serious 
overbreathing problems become prisoner to the effects of overbreathing, where the effects themselves, e.g., breathlessness, 
motivate them to breathe deeper and faster, thus worsening the effects.  The cause of the problem unknowingly becomes the 
(self-defeating) solution to the problem.  In real life, clients may begin overbreathing only to find themselves trapped in 
vicious circle overbreathing behavior for hours at a time.  And, like any other behavior, it may not change until there is a 
contextual shift, e.g., doing physical exercise, or leaving the scene. 
  
(c) Learned responses to the effects of hypocapnia vary considerably and depend upon biological individual differences and 
previous learning histories.  Some people have anxiety reactions when they begin to feel disconnected from their 
environment, others feel safe and relieved, while others yet feeling nothing significant.  The setting in which the effects 
(e.g., disorientation) are experienced, such as a social situation, plays an important role in determining the emotions and 
thoughts that may be triggered, e.g., low self-esteem. 
  
In people who are chronic overbreathers, restoring normal levels of PCO2 may result in a sense of vulnerability, anxiety, 
and unhappy memories.  They quickly retreat into overbreathing, despite its associated adverse side effects.  Learning good 
breathing in this case is not only threatening, but if learned is very unlikely to be generalized into life at large.  The solution 
in this case is psychotherapy, where breathing becomes a gateway for titrating personal dynamics.   
 
(4) Knowledge-learning: understanding basic breathing concepts 


It is important to know the underlying physiology that accounts for the positive outcomes of breathing training, to make the 
implicit explicit, wherein relevant mechanisms are addressed directly, rather than incidentally.  Making the implicit explicit 
for trainees provides for direct focus on the variables that count, the ones that provide for the efficacy.  This approach 
points the way to far greater efficacy of breathing training, not to mention its credibility.  Faulty assumptions and 
understandings about the physiology of breathing are implicit in training practices everywhere, which unfortunately, in  
many cases, may actually lead to counterproductive practice: 


(a) Clients are often told that breath holding means underbreathing, when in fact, it may constitute a brainstem reflex for 
restoring PCO2 levels, a compensatory response to overbreathing.  �Remember to breathe� is often a recommended antidote 
to stress, when if fact it is usually overbreathing that leads to the observed symptoms of homeostatic deregulation.   
Underbreathing behavior, contrary to popular opinion, is rare in healthy people.  An important exception is hyperinflation, 
where people take a deep breath, immediately abort the exhale, reach for another breath, and trap themselves in the 
anatomical dead space of the upper airways, where diffusion of O2 and CO2 is minimal. 
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(b) Deep diaphragmatic breathing is often counterproductive practice, a practice that may create a problem, rather than offer 
a solution.  Diaphragmatic breathing is vital to success, but deep breathing, under most circumstances, leads promptly to 
hypocapnia and its unfortunate effects, e.g., anxiety.  Good respiration should not be held hostage to relaxation.   
 
An interesting example is the work of a psychologist in Europe, who gave her corporate clients relaxation training 
homework exercises, which included diaphragmatic practice.  Not infrequently they would report their displeasure in doing 
the exercises, which she had interpreted as �Type A� discomfort with inner experience.  Upon working with a 
CapnoTrainer, however, she discovered to her surprise, that many of her clients had been practicing overbreathing!  Their 
discomfort, and sometimes, outright refusal to do the assigned homework, was precipitated by the effects of hypocapnia.  
 
(c) Slow breathing is often labeled as �good� and rapid breathing as �bad.�  There is nothing inherently special about the 
physiology of slower breathing, but rather it is the psychology of slower breathing that is special.  It sets the stage for 
improving breathing chemistry.  It encourages diaphragmatic breathing, allows for complete exhalation, teaches patience 
between breaths, reduces the urgency for getting another breath, reduces fear about transitioning between breaths, and it 
establishes trust in the respiratory reflexes.  It statistically favors learning adaptive breathing behaviors, but does not by 
itself necessarily constitute better physiology.   
 
(5) Mechanics-learning: play dynamics for awareness of breathing as behavior 


Developing familiarity and a sense of comfort with, and confidence and trust in, breathing mechanics, is essential to 
learning good breathing.  This means playing with breathing mechanics for learning how they relate to good and bad 
respiratory chemistry.  Breathing mechanics are typically acrobatic during life�s daily challenges, which often include 
continuous and unabated conversation, laced with emotion, thoughts, and attitudes.  While talking breathing may be jerky 
or even, aborted or extended, fast or slow, oral or nasal�..utterly dysrhythmic, but nevertheless, these mechanics must be 
subordinated to brainstem reflex mechanisms, that coordinate rate and depth for healthy chemoregulation.  Mechanics play 
typically includes (a) diaphragmatic and chest breathing, (b) exhalation and inhalation, and (c) breathing rate and depth. 
 
(a) Diaphragmatic breathing is essential to maintaining healthy body chemistry: chemoregulation is achieved primarily 
through diaphragmatic control.  Adaptive diaphragmatic breathing is effortless, efficient, quiet, slow, and gentle, but not 
deep.  Diaphragmatic breathing simply happens, and it does so in accordance with brainstem chemoregulation mechanisms.  
It usually doesn�t need your help.   
 
Chest breathing, the use of accessory muscles when they are not required, is �controlled breathing.�  It often triggers 
muscle posturing, even in muscles entirely unrelated to breathing, which can result in tension and pain, even headache.  It is 
inefficient, labor intensive, and can make breathing seem difficult, even exhausting.  It usually requires faster breathing, 
which may introduce a sense of urgency and anxiety about breathing.  It makes completion of exhale difficult, which can 
trigger breathlessness, chest tightness, and worry about getting the next breath.  It may create a sense of feeling confined, 
restricted, and trapped, setting the stage for feeling defensive and insecure.  Chest breathing makes breathing intentional, 
and �requires� that you �take� a breath!  Intentional breathing, conscious or unconscious, interferes with diaphragmatic 
control.  It brings a sense of struggle to breathing, a behavior that should otherwise seem automatic, effortless, and easy.  
Chest breathing is a quick and easy way to deregulate chemistry. 
 
Learning good diaphragmatic breathing also means learning to be aware of dysfunctional mechanics, bad breathing.  
Practicing both the desired diaphragmatic mechanics and the undesirable chest breathing mechanics, means utilizing the 
principle of negative practice.  If you can breathe either way by choice, and are aware of their defining sensations and 
consequences, you are more likely to regulate even in the most challenging of circumstances.   
 
(b) Exhalation and diaphragmatic breathing, acting in concert with one another, are mechanical keys to ensuring proper  
chemoregulation.  Not allowing for relaxed and passive exhalation translates into:  


● fear of not getting enough air; 
● worry that the next breath may not come in time; 
● being in a hurry to take your next breath; 
● distrust of the body, so that breaths must be intentionally �taken;� 
● restricted range of inhalation, giving a sense of limitation that is real and scary; 
● making it impossible to take a deep breath; 
● requiring you to compensate with faster breathing; and 
● sensitizing you to breath transition, where waiting for a breath becomes intolerable. 
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Exhaling is passive, and is about letting go, �allowing.�  It does not require muscles.  It means �letting� the air out by 
relaxing the diaphragm.  The exhale should not be forced, not �pushed out.�  Forcing the air out, may motivate you to 
�take� a deep breath.  Forcing air out, translates into using accessory muscles, which may then lead to overbreathing.  
Learning to be comfortable with transition time desensitizes you to the waiting period.  Convert patience to meditation.   
 
Inhaling is active.  Nevertheless, it too should be �allowed.�  The brainstem reflex mechanisms ordinarily do not need your 
assistance.  Being in a hurry usually means �taking� breaths, intentional breathing, and is likely to lead to overbreathing.  
Mechanics play allows for learning how the brainstem reflex engages your inhale, how is happens on its own accord.  See 
how small the breath can be, and still be comfortable.   
 
(c) Learning about the relationship between breathing depth and rate is fundamental to CapnoBreath training, and requires 
PCO2 feedback monitoring.  Maintaining good chemistry while breathing more rapidly means that depth must be adjusted 
accordingly.  Learning to maintain PCO2 levels within the healthy window, 35 to 45 mmHg, during fast and slow breathing 
develops a sense of how chemoregulation takes place.  It provides the basis for reinstatement of brainstem reflexes.   
 
(6) Somatic-learning: play dynamics for awareness of the effects of breathing 


Fundamental to behavioral management of hypocapnia is learning the somatic (physical) subtleties of PCO2 changes.  The 
experiential effects of hypocapnia vary greatly from person to person.  Learning to physically identify the effects of 
hypocapnia, as in the case of breathing mechanics, is achieved through chemistry play.  What does it physically feel like to 
breathe at 35 mmHg vs. 30 mmHg, or 25 vs. 30 mmHg?  Trainees learn by monitoring PCO2 levels and changing them 
intentionally, moving down to one level and back to the previous level.  If someone can overbreathe down to 30 mmHg on 
purpose, and then know how to get back to 35 mmHg, an awareness of the differences begin to emerge.  Ultimately, the 
result is awareness of even small changes in chemistry along with the mechanical shifts required for restoring good 
chemistry.  Train first with PCO2 feedback.  Then train without it.   
 
How does playing with PCO2 feedback specifically affect the individual?  Are there noticeable changes in muscle tension: 
in the jaws, around the eyes, below the ears, around the vocal chords, across the forehead, and in the upper back, shoulders, 
chest, and abdomen?  Is there spasm or tetany?  Is skin temperature changing: in the fingers, hands, feet, face, or ears?  
Does the person feel cold, or hot?  Is there numbness, tingling, light-headedness, feeling of being off-balance, blurred 
vision, dry mouth, stiffness, or forehead pressure?  Is there ringing in your ears?  Do sounds seem closer or more distant?  
Does the person feel nausea, pain, or cardiac changes (e.g., a racing heart)? 
 
Basic principles of breathing mechanics for raising PCO2 levels include coaching clients to use the diaphragm, to breathe 
more slowly, to allow the exhale, to be present for the transition, to allow the inhale to come on its own, and to observe how 
little air is actually required for achieving maximum comfort.  During this time ask your client what s(he) feels, physically 
and emotionally.  Are physical sensations changing, disappearing, or emerging?  Are emotions engaging or disengaging? 
 
(7) State-learning: breathing through consciousness 


State-learning is about teaching and learning to breathe through consciousness.  It is about internalizing chemoregulatory 
control.  It is about embedding a sense of breathing chemistry within consciousness as a whole, where it can orchestrate 
good breathing during times of rest and relaxation, while facing difficult tasks and relationship challenges, and during times 
of gymnastic breathing while communicating or exercising.  It means embedding awareness of good and bad chemistry in 
the multiple contexts of consciousness.   
 
Good breathing is regulated based on how YOU feel on the inside, rather than what IT looks like from the outside.  It is not 
bound to specifically arranged circumstances outside of ourselves, such as music, a pleasant environment, relaxation 
techniques, or prophylactic breathing prescriptions, e.g., six breaths per minute.  These are only half way measures, 
measures that may be useful in assisting learning while transitioning from bad breathing to good breathing.  Successful 
transition from awareness of the outside to awareness from the inside, involves learning how breathing alters consciousness.  
This consciousness is about arousal, attention, presence, emotions, thoughts, sense of self, and relationship to people and 
environment.  Healthy breathing is about learning to breathe inside-out, intuitively, rather than outside-in, prescriptively.  
  
Good breathing is ultimately about �embracing� instead of �bracing.�  It is about engaging life challenges, rather than 
�defending from� them.  Embracing means �being present,� connecting, and learning, where defending (or bracing) means 
armoring, isolating, and disconnecting.  Breathing reveals the psychological nature of physiology, the �meaning� contained 
within physiology.  Traditional focus on health and life style emphasizes the meaning of fight-flight physiology and its 
management, including the role of prescriptive breathing for relaxation.  The focus of CapnoBreath Training is on 
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embracement physiology, where breathing behavior serves as a dynamic center of balance within the diversity of states of 
consciousness.  This means understanding breathing as behavior rather than simply as manipulated physiology: 
 
(a) State-learning involves exploring the effects of self talk, imagination, and thought on breathing, and how they determine 
your experience of breathing and can assist you in changing your breathing behavior.  Clients learn to align their breathing 
behavior with their internal dialogue, body-mind with self. 
 
(b) State-learning involves weaving good breathing into the fabric of emotion and motivation, and discovering first hand 
how breathing can trigger, exacerbate, redirect, diminish, eliminate, or change excitement, passion, humor, anxiety, tension, 
disorientation, arousal, aggression, frustration, depression, euphoria, relief, and safety.  Clients learn to come into these 
feeling states with good chemistry through being present, embracement. 
 
(c) State-learning involves folding good breathing into performing tasks, mentally rehearsing actions, active listening, 
focusing, resting, communicating, socializing, fitness training, learning new information, thinking, and remembering.  
Clients learn to engage these activities through the consciousness of good breathing chemistry. 
 
(d) State-learning involves changing breathing chemistry and observing its effects on sense of self, including self-esteem,  
defendedness, self-confidence, social competence, and alternate personality styles.  Clients learn to bring good chemistry 
into challenging states of self through recognizing signs of deregulated breathing.  Breathing becomes a navigational guide 
to preventing and/or reversing dissociative state changes, by reconnecting to their bodies and becoming available to 
themselves and others.  Breathing is now experienced as shifts in consciousness.  Clients breathe with their whole bodies 
rather just with their lungs.  
 
Successful training 


Experiential familiarity with the chemical and mechanical dimensions of breathing, means embedding the experience of 
breathing in personal consciousness.  It means increased presence and availability to people and circumstances, improved 
attention to learning and connecting, and healthy emotional and intuitive self-regulation.  In summary, achieving successful 
changes in breathing behavior involve learning to: 
 
● maintain good chemistry across a wide spectrum of breathing mechanics; 
● reinstate chemo-reflex control of diaphragmatic breathing;  
● distinguish between defensive and embracing physiologies;   
● be present for feelings, intuitions, and images arising from physiology; 
● recognize what �respiration feels like,� rather than what �it looks like;� 
● experience the whole body �breathing,� not just the lungs; 
● breathe �inside-out� intuitively, rather than �outside-in� prescriptively; 
● think and talk differently about your breathing (stop negative self-talk);  
● recognize personal signs of deregulated breathing; 
● trust your own breathing through mechanics awareness training; 
● breathe diaphragmatically, slowly, quietly and gently, but NOT deeply. 
● allow the exhale, and avoid �doing the exhale;� 
● allow the inhale to arrive, and avoid �taking� the breath;  
● desensitize to transition time between breaths (reducing fear and anxiety); 
● breathe through your nose (teaches confidence and patience); 
● stop worry about underbreathing, which takes care of itself; 
● think about experiences that engage positive feelings; and 
● breathe from your consciousness. 
 
Short-term solutions for acute hypocapnia 


Many people, as a result of overbreathing, become trapped in vicious circle breathing behavior (see case #1 below).  They 
misinterpret their symptoms as meaning that getting enough air is difficult and that it requires a struggle, e.g., 
breathlessness, chest tightness, and dizziness.  The misconceived solution, of course, is faster and/or deeper breathing, 
which worsens the symptoms and verifies suspicions and prejudices about their physical competence.  A self-fulfilling 
prophecy is the consequence.  This kind of deregulated pattern may result in episodic crises.  What are some short term 
interventions that your clients can utilize for crisis management?  Here are some recommendations: 
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●Exhale completely, but not forcibly.   
●Extend the transition times from exhale to inhale. 
●Breathe with your diaphragm, if possible. 
●Breathe slowly, but NOT deeply. 
●Breathe through your nose. 
●Breathe gently and quietly. 
●Stop negative thoughts about your breathing.  
●Think about people, circumstances, and events that engender positive feelings. 
●Use earplugs, and listen to your breathing.  Make it absolutely as quiet as possible. 
●Walk hard, or do other exercise, to create additional amounts of CO2. 
 
Do the above with a paper bag, if desired.  Breathe into a medium sized paper bag for 5 to 10 minutes, or until you feel 
comfortable.  This procedure will restore CO2 levels little by little.  Breathe into the bag as quietly as possible.  We suggest 
that you carry earplugs and a paper bag with you at all times, should you have a need for crisis management.  If, however, 
you are physically compromised, where PaO2 is below normal, do not use a paper bag.  
 
Here is a partial listing of some of the factors that may trigger or prevent overbreathing behavior.  


 
 


 


 


 


 


 


 


 


 


 


 


 


 
Case study #1: unable to go to work 


A physiotherapist, previously an Olympic athlete (running) was frequently unable to go to work.  On certain mornings, 
upon not being able �get her breath,� for reasons unidentified, she would call in �sick,� and struggle the rest of the day with 
breathing.  At the end of each day she did fitness workouts, which restored her sense of well being.  Based on her own 
interpretation of the symptoms, she was certain that she was underbreathing, and somehow unable to get ample air.  She 
had struggled with this condition for several years.   
 
We tested her PCO2 levels with the CapnoTrainer at rest, and challenged her with tasks and emotions, and could find 
nothing, no overbreathing, although based on our breathing interview, we were convinced that there was a problem.  We 
then coached her into intentional overbreathing by increasing breathing volume, and within not more than a minute, we had 
recreated her struggle.  She immediately claimed that �this is what happens to me, and now I won�t be able to get out of it, 
for the rest of the day!�  With the CapnoTrainer, however, she could see for herself: she was overbreathing, not 
underbreathing.  She had confused symptoms of overbreathing with underbreathing. 
 
We immediately showed her an easy way out.  Our coaching emphasized use of the diaphragm, passive and relaxed exhale 
(no use of muscles), allowing for transition between breathes, quiet and small breaths (and still be comfortable), and 
thoughts about happy events.  Within three or four minutes her PCO2 levels normalized and she felt relaxed and relieved.  
We re-educated her about the physiology of breathing, taught her some simple prophylactic techniques for emergency 
application, and gave her homework for learning good breathing chemistry.  She learned that her workouts, in fact, had set 
the stage for (1) disruption of vicious circle overbreathing behavior, and (2) reinstatement of adaptive breathing behavior. 
 


TRIGGERING FACTORS   PREVENTION FACTORS


Worry about breathing     Breathing self-confidence, trust 
Using accessory muscles (chest)    Diaphragmatic breathing 
Intentional breathing     Allowing breathing to happen 
Deep breathing      Quiet effortless breathing 
Rapid breathing      Slow quiet breathing 
Failure to exhale completely    Allowing for exhale & its transition 
Negative self-talk  & thought about breathing  Self-affirmations about breathing 
Misinformation about breathing    Education about the facts 
Emotional responses to hypocapnia symptoms  Desensitization, counterconditioning
Mouth breathing      Nasal breathing 
Discomfort with breathing sensations   Experiential exploration 
Anxiety between breaths     Relaxation and imagery 
Breath holding      Breath consciousness 
Fight-flight challenges     Breathing inside-out   
Dissociative thinking     Embracing instead of defending 
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Case study #2: exercise 


A competitive athlete, also a physiotherapist, became fearful of doing exercise because it triggered unwanted emotions.  
She had discontinued her workouts altogether for the previous six months, and had gained 10 kilos.  She was even afraid to 
hike with friends.  It is significant to note that breathing training was an inherent part of her work as a physiotherapist, 
although in her own case, she had no idea as to the role of breathing behavior in her symptoms. 
 
We tested her for PCO2 levels on an exercise bike with the CapnoTrainer.  Upon doing any significant degree of exercise, 
her PCO2 levels plummeted to 20-25 mmHg (serious hypocapnia), and her unwanted emotions were immediately triggered.  
Practicing the restoration of normal PCO2 levels with the CapnoTrainer during exercise eliminated the emotional episodes.  
She was able to return to doing physical exercise without further incident. 
   
Case study #3: emotional outburst at work 


An elementary school teacher experienced emotional episodes in the middle of class for reasons unknown.  She cried for no 
apparent reason.  And, she felt trapped by her breath.  The problem was serious; it interfered with her doing her job. 
 
We tested her for overbreathing with the CapnoTrainer at rest, and while challenged with tasks and imagination.  We found 
no overbreathing.  Upon doing an overbreathing induction, when at about 28 mmHg PCO2, she burst into tears.  Coaching 
as previously described, led to immediate cessation of the emotional outburst.  In this case we recommended consultation 
with a mental health counselor or psychologist.  Clearly a referral was in order; breathing wasn�t her only problem. 
 
Case study #4: safety in overbreathing 


A middle-aged realtor had been diagnosed with emphysema.  After having spoken with her doctor, she was convinced that 
because of her condition, she couldn�t get enough air. 
 
We examined her PCO2 level with the CapnoTrainer and found it to be less than 25 mmHg.  Although, CO2 retention in 
some patients with lung disease may account for low PCO2 levels observed with a capnometer, this was not true in her case.  
Upon elevating the PCO2 levels through coaching, she felt her face and hands warm, as a result of vasodilation, but as she 
came into normal range she reported feeling vulnerable, emotional, and with memories that she did not like. 
 
In this example, the patient was suffering with chronic hypocapnia, a place of disconnection where she was able to 
dissociate by changing her state of consciousness, leading her to a place of safety, protected from her sense of vulnerability.  
In fact, overbreathing behavior is almost invariably present, in cases of emotional abuse and posttraumatic stress syndrome.  
Breathing behavior in these cases becomes a way of exploring feelings and memories during psychotherapy. 
 
Case study #5: overbreathing while at rest 


A successful businessman, with a reportedly happy family life and lots of friends, found himself frequently in the 
emergency room of the nearest hospital with unexplained symptoms.  The last incident was on British Airways on his way 
to London.  His struggle with breath nearly required landing the flight at the nearest airport, before starting over the 
Atlantic Ocean.  Upon arriving in London, he ended up in emergency, again with no explanation for his symptoms.  His 
next trip to London was coming in less than a week.  He was now in our office looking for a quick solution. 
 
We performed a standardized PCO2 assessment with the CapnoTrainer, and found that during challenges there was no 
overbreathing, but that during rest or idle periods he went immediately into moderate overbreathing, about 30 mmHg.  We 
then recreated his last experience on British Airways through an imagination induction: we retold his own story about 
boarding the aircraft, step by step.  His PCO2 level plummeted to 18 mmHg within about four minutes!  This extreme 
hypocapnia precipitated all of the symptoms and deficits that typically brought him into emergency. 
 
We had a short time before his flight.  Thus, we taught him only some short-term prophylactic ways of preventing 
overbreathing, so that he could make his trip to London.  We saw him again, by coincidence, about six months later.  He 
was eager to tell us about he had never again had an attack, and that all was now well under control. 
 
Case study #6: overbreathing for pain relief 


A computer consultant with hypocapnia and had been referred to us by a chiropractor, who also owned a CapnoTrainer.  
The chiropractor was stumped and wanted our assistance.  The client suffered an automobile accident and then spinal 
surgery that had gone bad. 
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The CapnoTrainer revealed that he indeed was overbreathing and suffering with chronic hypocapnia.  Upon restoring 
normal PCO2 levels through PCO2 feedback and coaching, he began to feel tingling in his lower leg and neck, followed by 
pain in his upper back.  Upon his return to overbreathing the tingling and pain ceased.  There was no medical evidence in 
his record that suggested that his overbreathing might be compensation for a metabolic disturbance. 
 
The client rented a CapnoTrainer for home use.  Upon doing his afternoon workout on an exercise bike, he noticed that his 
PCO2 levels had normalized, but that there had been no signs of tingling or pain.  Subsequently, he learned that his 
strenuous exercise had masked the tingling and pain experience, and that if he had simply tolerated the experience while not 
exercising, the symptoms would have abated within a few minutes.  He had unconsciously learned pain management 
through overbreathing.  He successfully retrained himself over a period of two months with the CapnoTrainer.  
Overbreathing and hypocapnia are no longer a problem.  
 
Case study #7: yoga 


A mental health counselor sat down for a demonstration during a workshop.  He told us that he had hypertension, and 
suffered with a diastolic pressure that hadn�t been less than 95 mmHg in many years.  We monitored his breathing with the 
CapnoTrainer and took his blood pressure.  His breathing rate was 32 breaths/minute, his PCO2 was 25 mmHg, and his 
diastolic blood pressure 96 mmHg.  When we informed him that he was �hyperventilating,� he was resistant.  He told us 
about his expertise on the subject of breathing and how he had been training clients for many years.  He also told us about 
his ten years of yoga practice and that he knew the principles of good breathing.  We then reminded him that despite his 
expertise, he was still overbreathing. 
   
We asked him to do his yoga.  After about ten minutes his breathing rate was six breaths/minute, his PCO2 was normal, and 
his diastolic blood pressure was 74 mmHg!  When we revealed the blood pressure reading he was in a state of disbelief.  He 
had taken his blood pressure almost every day for many years, and had never seen a reading below 95.  We asked him 
whether or not he had ever taken his blood pressure while doing his yoga.  The answer was, �no.�  Blood pressure went 
down while restoring good breathing chemistry during meditation, but thereafter immediately increased upon resuming 
overbreathing, the only time during which he had recorded his own blood pressure.  
 
Case study #8: chemical sensitivities 


A psychologist reported that she suffered with a chemical sensitivity that led within minutes to a loss of consciousness 
(syncope), a problem that she had suffered with, episodically, for more than 30 years.  No one could adequately explain to 
her the triggers that may have mediated her symptoms, including her hypoglycemic swings and radical drops in blood 
pressure.  The possibility of loss of consciousness was dangerous, requiring her to take special precautions, such as having 
to be accompanied by others during local outings as well as during extended travel.  The consequences were debilitating 
and expensive. 
 
A breathing interview, along with education based on use of the CapnoTrainer, revealed that her detection of chemicals �set 
the stage� for the triggering of overbreathing behavior.  The resulting hypocapnia may have lowered the threshold for the 
consequences of her blood sugar and blood pressure changes, one of which was fainting.  Many of her �chemical 
sensitivity� symptoms, including the fainting, may have been falsely attributed to the chemicals rather than to the effects 
mediated by her breathing behavior.  Although some of the symptoms were, of course, indeed a result of the chemicals, the 
clinicians looking after her, NOT recognizing the role of learned breathing behavior, attributed ALL of the symptoms to the 
�chemical� sensitivity and/or other physiological conditions.  Attributing symptoms only to known organic variables 
without regard to learning principles that underlie physiological homeostasis, is common place in healthcare; in 
physiotherapy, for example, therapists usually attribute symptoms and deficits only to the injuries being treated, and do not 
consider the effects of meditating behaviors such as breathing. 
 
Breathing, in the presence of chemicals, was not the only behavior that changed.  Self-talk, imagination, emotions, attitude, 
and self-perception changed within seconds, all of which together constituted a unique configuration of learned behaviors, a 
personalized �syndrome,� triggered by her detection of chemicals (and other circumstances).  This configuration 
established a psychological context, including a �sense of self,� which may have set the stage for learning vicious circle 
overbreathing, where specific self-talk, for example, may have served to confirm her suspicions about not being able to �get 
enough air,� while simultaneously providing the basis for some the symptoms attributed to her sensitivities, e.g., 
breathlessness, dizziness, and other effects of oxygen and glucose deficit in the brain. 
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Like most all behavior, she unconsciously learned overbreathing somewhere previously in her life.  Subsequent interviews 
helped her discover one of the possible origins of this learned behavior, a circumstance that she vividly recalled during 
pregnancy when, because of the position of the child, the pressure on her diaphragm resulted in a struggle with �getting 
enough air.�  Her conscious struggle with air during pregnancy may have �metaphorically� generalized to other challenging 
circumstances.  By systematically exploring changes in her PCO2 levels with the CapnoTrainer, in combination with 
mechanics awareness training, she learned good breathing, breathing that transcended external circumstances and permitted 
reinstatement of the brain-stem chemo-regulation breathing reflex.  She no longer faints in the presence of chemicals. 
 
Breathing coaching with a CapnoTrainer    


Breathing coaching is about education, not about diagnosis and treatment.  Professionals of all kinds can learn to be 
breathing coaches, including healthcare practitioners, mental health practitioners, human service professionals, corporate 
consultants, and educators.  In fact, most anyone can get involved.  We all breathe.  It is always important, however, to keep 
your eyes open.  A referral may be in the making.  Breathlessness, for example, is not just a sign of overbreathing, but may 
be a sign of cardiovascular compromise that requires immediate medical attention.  Partnership with other professionals is 
always the wisest approach to helping people to learn new breathing behaviors. 
 
Educational applications of capnography are wide ranging: athletic/fitness training, alternative healthcare, cardiovascular 
rehabilitation (e.g., hypertension), chiropractic and osteopathic practice, corporate coaching/training (anger and stress 
management), learning disabilities (e.g., attention deficit), marriage and family counseling (e.g., couples counseling), 
mental health counseling, nursing (pregnancy and child birth), occupational therapy, patient education (e.g., epilepsy), 
performance training (music recitals, public speaking, flight training), physical/rehabilitation therapy (e.g., pain 
management), psychology and psychiatry (e.g., anxiety disorders), speech therapy, respiratory therapy (e.g., asthma 
management), and social work. 
 
The Japanese �word� for �breath� perhaps best describes good breathing.  The word is a picture of �self� and �heart.�  It 
expresses the essence of my message about breathing and the psychology of physiology.  The consciousness of the union of 
self and heart is embracement.  And, good breathing is vital to the integrated consciousness of self and heart. 
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 Introduction 


The underlying premise of this protocol is if the startle response or alarm reaction is embedded in the 
performance of an activity which adversely affects the respiratory patterns (e.g. gasping, thoracic 
breathing, breath holding), then changing the respiratory patterns with effortless diaphragmatic breathing 
may lead to an improvement in health and performance. This protocol includes an assessment of 
dysfunctional breathing and training strategies towards effortless breathing. 


Respiration is under both voluntary and involuntary control, and often occurs without awareness unless 
symptoms such as breathlessness are present. Yet even without awareness or symptoms, breathing can 
be highly dysfunctional. Respiration is customarily described in terms of rate, volume, gas exchange (02 
and CO2), airway reactivity, and mast cell activity (Fried, 1993; Wientjes, 1993); however, a major 
omission is the breath pattern. 


Respiratory patterns include location of predominant breathing movements (thoracic or abdominal), 
presence or absence of upper thoracic muscle activity, timing and flow rates of air during inhalation and 
exhalation, and the exhalation pause. These respiratory patterns are reflected in language phrases such 
as "breath of fresh air", "a sigh of relief", "catch my breath", "all puffed up", "inflated", "full of hot air", 
"gasping for air", "breathing room" and "inspired." These expressions reflect the 
mind/body/consciousness interrelationships in which changes in breath patterns affect the soma and vice 
versa. 


The common dysfunctional breathing pattern is the tendency to breathe in the upper thorax characterized 
by an absence of abdominal movement. In upper thoracic breathing, sometimes referred to as 
paradoxical or reverse breathing, the cross sectional abdominal diameter decreases or stays the same 
during inhalation and/or increases during exhalation. Other dysfunctional patterns include shallow and 
rapid breathing punctuated with gasps and sighs (often an indication or hyperventilation), breath-holding, 
gasping, bracing of the upper chest and shoulders, chest compression at the end of exhalation, and a 
reduction of respiratory sinus arrhythmia (RSA). RSA is the change of heart rate associated with 
respiration such that heart rate increases during inhalation and decreases during exhalation. 


The most common dysfunctional breathing are dyspnea, fatigue, irritation, tension in the upper thorax 
(shoulders and neck), less physical stability, and increased effort during the inhalation to "draw in more 
air." In addition, psychological symptoms can be exacerbated or evoked and may include a sense of 
panic, doom, anxiety and loss of control (Fried, 1993; Peper & Tibbetts, 1993; Peper and MacHose, 
1993). 
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Breath patterns are covertly conditioned to common or habitual activities. These conditioned patterns 
include breath holding when the telephone rings, shallow thoracic breathing when entering data at the 
computer keyboard, and gasping during speech. These responses are components of the alarm reaction 
which were probably evoked and then conditioned during initial skill acquisition (excessive striving) and 
were never unlearned. Hence, the dysfunctional breathing patterns have become part of the physiological 
response during task performance. 


When dysfunctional thoracic breathing predominates, a shift occurs towards excessive arousal which as a 
catabolic state predisposes the soma towards pathology. See Table 1 (Nixon 1989). 


 


Table 1 


Effortless diaphragmatic breathing reduces sympathetic arousal and promotes an anabolic state, which 
encourages regeneration. See Table 1. This regeneration through breathing has been demonstrated in 
the treatment of a variety of disorders such as asthma (Peper and Tibbetts, 1992) coronary heart disease 
(van Dixhoorn, 1990; Nixon, 1989), hypertension (Fahrion et al, 1986), epilepsy (Fried, 1987), pain (Luan-
Massey & Peper, 1986), hot flashes during menopause (Freedman & Woodward, 1992), hyperventilation 
syndrome (Lum, 1976; Fried, 1987) and panic attacks (Ley, 1991). This anabolic state mobilizes health 
and may improve performances in activities such as, swimming, diving and singing (Clavenna & Peper, 
1993). 
 
What is Effortless Breathing? 
Effortless diaphragmatic breathing consists of a slower respiration rate (<8) with large tidal volume 
(>2000ml)4, and smooth flow rates, predominant abdominal expansion during the inhalation and 
abdominal contraction during exhalation. The exhalation time which includes and exhalation pause is 
significantly longer than the inhalation time (Umezawa, 1993) and the end-tidal CO2 is ³ 5% (Fried, 1993). 
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In addition, respiratory sinus arrhythmia is increased and in phase with the breathing pattern. In practicing 
effortless diaphragmatic breathing, passive attention is encouraged, allowing the breath to move in and 
out without effort or striving. This approach evokes internal quieting (mindfulness), relaxation, and 
peripheral warning. Clients report that diaphragmatic breathing is one of the most useful stress reduction 
techniques (Peper & Holt, 1993; Schwartz, 1987; Stroebel, 1982; Umezawa, 1993). 
 
Assessment of Dysfunctional Breathing 
 
The assessment consists of two phases: A) excessive efforts of breathing and B) dysfunctional breathing 
patterns during the performance of various tasks. The patterns can be physiologically recorded with upper 
thoracic surface electromyography (sEMG), incentive inspirometry, thoracic and abdominal strain gauges, 
capnograph, nasal thermistor, heart rate (photoplethysmograph of blood volume pulse), and/or 
electrodermograph (EDG) using either the ProComp or FlexComp systems. 
 
Assessment of Excessive Efforts of Breathing 


Purpose: To assess the excessive upper thoracic efforts (scalene/trapezius, the accessory muscles of 
breathing) associated with increasing inhalation volume (Peper, 1988). Surface EMG is recorded across 
the neck and shoulders while the subject inhales increasingly larger volumes. The inhalation abdominal 
and thoracic strain gauge measurements to measure relative volumetric changes. The incentive 
inspirometer is a helpful volumetric visual feedback device since the attained inhalation volume matches 
the subjective experience of most people when they report difficulty inhaling. 


Sensor and Equipment Placements 


Upper thoracic sEMG: Place one sensor over the upper right trapezius midway between the acromion 
and vertebra prominents, the other sensor over the left scalene, and ground on vertebra prominents (T1). 
(See Fig. 1). 


Strain gauges: Place the thoracic strain gauge around the upper chest beneath the axilla, and place the 
abdominal strain gauge around the abdomen one inch above the umbilicus.  


 


Figure 1. Electrode placement for monitoring upper throacic sEMG. 


Incentive inspirometer5: Position the incentive inspirometer on a stable surface so that the inhalation tube 
is level to the mouth. 
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End-tidal CO2: Insert a nasal catheter about ¼ inch into the nostril which is most open and tape it to the 
upper lip (Fried, 1993). 


Procedure: 


 Have client sit comfortably erect. Attach scalene/trapezius sEMG sensors and strain gauges 
and/or place incentive inspirometer at mouth level.  


 Have client practice breathing comfortably with the incentive inspirometer. 
 Ask client to inhale sequential volumes of air (500, 1000, 1500, … 4000ml) as indicated by the 


marker on the incentive inspirometer (Peper, 1988). Allow two tries for each target volume before 
the next larger volume is attempted. If client is unable to inhale to the target volume, stop. 


 
 


 


Figure 2. EMG Pre-training/Post-training baselines 


 Record sEMG activity at the peak of the inhalation volume. When using the MyoDac2, use the 
EMG scan and set the scale X10. A sample data collection form, consisting of sEMG pre-training 
and post-training baselines is shown in Figure 2. 


Observing Dysfunctional Breath Patterns 


Purpose: To assess the dysfunctional breathing patterns associated with task                performance. 


Procedure: 


 Have client sit or stand in a comfortable position and monitor for one minute with sEMG, 
respiratory strain gauges, incentive inspirometer, and/or end-tidal CO2 from dominant nostril. 
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 Ask client to perform a variety of tasks, which can include writing, talking, walking, or imaging 
stressful scenes. After each task, relax and breathe comfortably. 


 Repeat step 1. Have the client sit or stand in a comfortable position. (Figure 3 illustrates 
dysfunctional and effortless breathing). 


 


Figure 3. Dysfunctional & effortless breathing. 


 
Training of Effortless Breathing 


Training of effortless breathing consists of skill mastery and generalization so that diaphragmatic 
breathing predominates under most conditions. In order to learn this skill, many clients will need to loosen 
their clothing because of "designer jeans syndrome." The clothing as well as habitual upper thoracic 
bracing restricts abdominal displacement (MacHose and Peper, 1991; Shaffer et all, 1993). 


 
Mastery of Effortless Breathing 


Train clients to reduce their upper thoracic efforts during early phases of inhalation, to increase exhalation 
time, and increase abdominal displacement and to increase the percentage of end-tidal CO2. The most 
important component is to have clients exhale completely so that inhalation can occur without effort. 
Prolonged exhalation feels counter - intuitive since the subject usually strives to inhale more (gasping for 
breath). 
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Table 2 


Have the therapist/coach/teacher demonstrate breathing. This can include role modeling by the therapist 
(Shaffer et all, 1994), extended exhalation by the clinician in synchrony with the client's exhalation 
(Tibbets & Peper, 1993), and physically pressing the abdomen and lateral waist/lower ribs inward during 
the exhalation phase (Roland and Peper, 1987; Peper, 1990). A more detailed description of coaching 
and generalization techniques are described in Table 2 and more extensively in the tape series Breathing 
for Health (Peper, 1990). 


In the early phases of training, focus on increasing the exhalation phase without compressing the chest 
downward and thereby increasing upper thoracic sEMG while the circumference of the abdomen 
decreases. The abdominal wall is pulled slightly in and up. To facilitate exhalation, give abdominal and 
thoracic strain gauge feedback using either the ProComp or FlexComp system. If unavailable, use 
MyoTrac2 or MyoDac2 for sEMG feedback from the lower abdomen to feed back increased sEMG activity 
during later phases of exhalation and decreased sEMG activity during inhalation. (Place active sEMG 
sensors midway between the umbilicus and pubis and one inch medial from each iliac crest). 
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To encourage longer exhalation, have the client whisper a very soft "HAAaaa" sound. At the end of the 
exhalation, encourage the person to relax, allow the lower ribs and back to widen, and the abdomen to 
expand while the air flows in without effort. Promote a slower rate of breathing with larger tidal volumes. 
Mastery of effortless breathing is attained when subjects can breathe in a slow rhythmical pattern so that 
the exhalation phase is significantly longer (³2 times) than the inhalation phase, and upper thoracic EMG 
remains low during the initial inhalation phase. To encourage the regenerative/anabolic state, train clients 
to breathe at the rate of 3 to 4 times per minute without any sense of effort or air hunger. 


Regardless of the training procedure and modality used, many clients feel awkward when they begin to 
breathe diaphragmatically (e.g. self-image changes as the abdomen expands; too much striving while 
attempting to breathe "perfectly"). It may take a number of sessions before mastery of diaphragmatic 
breathing is achieved. 


Cautions: Be aware that when learning diaphragmatic breathing, clients may: 


 Experience light-headedness due to exhaling too rapidly and possibly hyperventilating. Coach 
them to breathe and especially exhale more slowly. 


 Become aware of and experience strong emotions sometimes related to past trauma. Give 
support and allow expression. 


 Desire to discontinue prematurely medication at the first signs of improvement. Have medication 
reduction supervised by appropriate health professional. 


There are NO absolute respiration values; range varies with the individual. Respiration is a 
continually nchanging homeostatic system. Pathology may be induced by forcing the system to 
match normative standards such as breathing at a fixed pace or volume. The breathing rhythm 
needs to be dynamically adapted and varied for each person. 


Additional Monitoring Strategies 


Monitor heart rate, electrodermal response (EDR) and peripheral temperature as indicators of the 
relaxation response. Relaxation tends to be accompanied by an increase in RSA, a decrease in EDR and 
an increase in peripheral temperature. If EDR increases or temperature decreases, the client is probably 
striving or hyperventilating. When monitoring RSA, have subjects breathe so that the RSA is 
synchronized with respiration. 


The breathing rhythm can also be monitored with a nasal thermistor. Tape the lead of a rapid responding 
thermistor at the opening of the nostril that is most open. Ensure that the thermistor does not touch the 
inside skin of the nostril. During nasal exhalation the temperature will increase; during inhalation the 
temperature will decrease. 


Generalization of Effortless Breathing 


After clients develop mastery, have them practice diaphragmatic breathing while performing other 
activities without changing their breath patterns. This generalization may begin with very simple activities 
such as breathing while imagining positive or stressful scenes, writing or data entry, standing and sitting, 
walking, and talking. (For detailed instructions see: Peper, 1990; Peper and Tibbetts, in press). During 
talking, be sure the inhalation is effortless and not initiated with a gasp. If the activity includes aerobic 
activity, then the rate and volume may increase while maintaining an overall pattern of diaphragmatic 
breathing and complete exhalation. After mastery, begin a physiological desensitization strategy in which 
the subject may also practice exhaling to stressful stimuli, allergens, pain, or any noxious stimuli. Finally, 
have the client practice role rehearsal of imagined and actual stressors while continuing to breathe 
diaphragmatically. 
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Home Practice 


Home practice is an integral component of the mastery and generalization process. It includes: 


 Self-observation of dysfunctional breathing patterns such as sighs, gasps, breath holding, and/or 
shift to thoracic breathing (Peper & Crane-Gockley, 1990). 


 Using the onset of the dysfunctional breathing pattern as the stimulus to evoke and re-establish 
effortless breathing. 


 Prolonged diaphragmatic breathing practice (>15 minutes) while lying supine with a five pound 
weight on the abdomen. 


 Counting out loud to increasingly higher numbers with a single breath (one, two, three, four, … 
twelve, thirteen,… etc.) to encourage longer exhalation.  


 Practicing 5 to 10 diaphragmatic breaths periodically throughout the day. (This may also be done 
in front of the mirror as a visual home feedback device). 


 Breathing diaphragmatically in anticipation to stressors or situations which previously evoked 
dysfunctional breathing. 


 Using sEMG feedback from the MyoTrac as a home trainer device to monitor excessive covert 
upper thoracic activity during the early phase of inhalation. Speaking while keeping the sEMG 
levels low to inhibit gasping and urgency during speech. 


 Using GSR2 feedback as indicator of effortless breathing, practice breathing so that the feedback 
tone decreases as an indicator of lower arousal (Peper, 1990). 


 
Applications 


 Reduction of sympathetic arousal and stress (Schwartz, 1987; Nixon, 1989; Stroebel, 1982). Use 
breathing to focus attention, reduce arousal during the day, and inhibit the somatic responses 
induced by stressful stimuli and pain. 


 Reduction of asthmatic and breathlessness symptoms (Peper and Tibbetts, 1992). Practice slow 
diaphragmatic breathing in response to all stimuli. These can range from emotional situations to 
walking up hill or exposure to allergens. 


 Reduction of anxiety, panic attacks, and hyperventilation syndrome (Lum, 1976; Ley, 1987). 
Practice effortless breathing and especially prolonged slow exhalation in anticipation of the 
stressor as well as at the initiation of anxious feelings and thoughts. 


 Decrease of discomfort and frequency of menopausal hot flashes. Practice effortless breathing 
(six to eight cycles per minute) between and in anticipation of hot flashes (Freedman & 
Woodward, 1992). 


 Reduction of the occurrence of a second coronary (van Dixhoorn, 1990). Practice gentle 
awareness of body experiences during and following whole body breathing. Develop a non-
judgmental awareness during breathing and in daily life. 


 Enhancement of endurance and physical performance. Breathe diaphragmatically with slow 
complete exhalation while performing strenuous activities (Clavenna and Peper, 1993). 


 
Conclusion 


Respiration reflects the mind/body interphase. Effortless breathing encourages health and healing. 
Through mindful practice and generalization of effortless breathing, the anabolic state is encouraged; 
regeneration occurs. Mastery of the skill promotes empowerment since the person can actively participate 
in their own self-healing. 
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Notes 


1. Reprint requests contact: Erik Peper, Ph.D., Institute for Holistic Healing Studies, San Francisco State University, 1600 Holloway 
Avenue, San Francisco, CA 94132. FAX: 415-338-0573; EMAIL: epeper@sfsu.edu. 


2. We thank Dianne Shumay for her helpful contributions. 
3. From: Nixon, P.G.F. (1989). Human functions and the heart In: Seedhouse, D & Cribb, A. (eds). Changing Ideas in Health Care. 


New York: John Wiley & Sons, 37. 
4. Rate and volume will vary upon age, size, sex, and metabolic load. 
5. We recommend incentive inspiometers which encourage very slow inhalation such as the 4000ml Voldyne, produced by 


Sherwood Medical Inc., 11802 West Line Industrial Drive, St. Louis, MO, 63146 or the 4000ml Coach, produced by DHD Medical 
Products, 125 Rasbach Street, Canastota, NY 13032. 


6. Adapted from: Roland, M. & Peper, E. (1987). 
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		Procedure:

		Cautions: Be aware that when learning diaphragmatic breathing, clients may:

		There are NO absolute respiration values; range varies with the individual. Respiration is a continually nchanging homeostatic system. Pathology may be induced by forcing the system to match normative standards such as breathing at a fixed pace or volume. The breathing rhythm needs to be dynamically adapted and varied for each person.
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A growing body of research reports the health benefi ts 
of training heart rate variability (HRV), and the clinical 
use of HRV training protocols has increased dramatically 
in recent years. Many of the home training devices and 
many of the sophisticated biofeedback instrumentation 
systems rely on the blood volume pulse (BVP) sensor, or 
photoplethysmograph, because it is more user friendly than 
the electrocardiogram used in medical settings. However, 
the BVP signal is valuable in its own right, not merely 
as a convenient measure of HRV. This article explores the 
methodology of BVP recording, the underlying physiology, 
and the potential benefi ts from BVP treatment and training 
protocols. For example, the shape of the BVP waveform 
refl ects arterial changes correlated with hypertension. In 
addition, BVP training offers promise for the treatment of 
migraine and the monitoring of human sexual arousal.


Studies of methods for training improvement in heart 
rate variability (HRV), respiratory sinus arrhythmia (RSA), 
and cardiorespiratory synchrony (CRS) are promising 
areas of current research, expanding our knowledge of new 
clinical applications and training procedures for improving 
sympathetic-parasympathetic balance (see Table for the 
expansion of the abbrevations in text). For example, research 
by Lehrer and colleagues (Lehrer  et al., 2006; Lehrer et al., 
2004) has demonstrated that HRV training in patients with 
asthma reduces their asthma severity. Similarly, research 
by Del Pozo and colleagues (Del Pozo, Del Pozo Scher, & 
Guarneri, 2004) has shown that cardiac patients can improve 
their HRV. In addition, Giardino, Chan, and Borson (2004) 
reported a benefi t for patients with chronic obstructive 
pulmonary disease using HRV training and an exercise 
protocol. It appears that learning to increase HRV results 
in strengthening sympathetic-parasympathetic balance 
and offers hope for many chronic illnesses (Gevirtz, 2003). 
Whereas clinical applications and feedback training of RSA 
or CRS have been used to address illness affected by the 


sympathetic-parasympathetic imbalance, new HRV training 
protocols could be employed as well.


Measuring HRV, the beat-to-beat variability in the sinus 
rhythm over a given period of time, is usually done by 
calculating the standard deviation of the average of normal-
to-normal heart beats (SDNN or SDANN). This statistical 
index has health implications, predicting morbidity and 
mortality. We will elaborate later on this relationship between 
HRV and health (Kleiger, Miller, Bigger, & Moss, 1987).


There are many technologies that can estimate the beat-
to-beat variability in the sinus rhythm over a given period 


SPECIAL TOPICS
Is There More to Blood Volume Pulse Than Heart Rate 
Variability, Respiratory Sinus Arrhythmia, and 
Cardiorespiratory Synchrony?
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Table. Alphabet soup of abbreviations


BVA Blood volume amplitude


BVP Blood volume pulse


CRS Cardiorespiratory synchrony


EKG Electrocardiography


ECG Electrocardiography


FFT Fast Fourier transform


HR Heart rate


HRV Heart rate variability


NN Normal-to-normal beat (interbeat interval)


PPG Photoplethysmography


PTT Pulse transit time


RSA Respiratory sinus arrhythmia


SDANN Standard deviation of average normal-to-normal 
beat (also known as SDNN: standard deviation 
of the normal-to-normal beat)


SDAHR Standard deviation of average heart rate
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of time using measures of the volume of blood that passes 
over a photoplethysmographic (PPG) sensor with each 
pulse, also called blood volume pulse (BVP). Recently, HRV 
training using BVP measurements has escaped out of the 
laboratory and into the marketplace. BVP training devices 
are commercially available as portable units such as the 
StressEraser and the emWave or as units built for use with 
computers such as the FreezeFramer or the Journey to Wild 
Divine. By using these BVP training devices, individuals 
can become aware of factors that increase or decrease their 
HRV. For example, excessive sensory arousal; shallow, rapid 
breathing; and excessive emotions of fear, worry, anger, 
or panic will decrease HRV. On the other hand, reducing 
sensory arousal, breathing slowly at approximately fi ve to 
seven breaths per minute, and experiencing emotions of 
appreciation and love will increase HRV. In clinical settings, 
practitioners use sophisticated multichannel biofeedback 
systems to train clients to increase HRV and CRS. In most 
clinical settings, heart rate information is derived from a 
BVP signal rather than from an electrocardiography (ECG) 
signal. Whereas the ECG signal is more precise (e.g., with 
fewer movement artifacts), applying an ECG sensor is also 
more cumbersome and obtrusive compared to applying a 
BVP sensor (e.g., without gel or tape or placement on a chest). 
Using PPG feedback devices alone and/or in conjunction 
with respiratory feedback devices such as respiratory strain 
gauges, clients can learn to increase HRV/RSA, as shown in 
Figures 1 and 2.


The participant data from Figure 1 represent an average 
respiration rate of 14 breaths per minute, with a corresponding 
heart rate of 68 beats per minute (SD = 5.0 beats). The data 
from Figure 2 represent an average respiration rate of 7 


breaths per minute with a corresponding heart rate of 73 
beats per minute (SD = 10.1 beats).


Whereas designing training protocols for improving 
HRV or RSA/CRS is possible using BVP technologies, the 
BVP signal holds even greater promise as a tool for use in 
improving other clinical applications and training protocols. 
The remainder of this article explores various components 
of the BVP technology.


Background
The BVP signal is derived with a PPG sensor that measures 
changes in blood volume in arteries and capillaries by shining 
an infrared light (a light-emitting diode) through the tissues. 
This infrared light is selectively transmitted, backscattered, 
refl ected, and absorbed. The amount of light that returns 
to a PPG sensor’s photodetector is proportional to the 
volume of blood in the tissue. The PPG signal represents 
an average of all blood volume in the arteries, capillaries, 
and any other tissue through which the light passed. The 
PPG signal depends on the thickness and composition of the 
tissue beneath the sensor and the position of the source and 
receiver of the infrared light.


Most PPG sensors can be placed anywhere on the body, 
from the earlobe to the vaginal wall, with the fi nger as the 
most common location for recording a BVP signal. The PPG 
sensor measures relative changes in the perfusion of the 
blood through the tissue underneath the sensor. For example, 
changes in the BVP signal can indicate relative changes in 
the vascular bed due to vasodilation or vasoconstriction 
(increase or decrease in blood perfusion) as well as changes 
in the elasticity of the vascular walls, refl ecting changes in 
blood pressure. Because the blood volume in the arteries and 


Figure 1. Blood volume pulse, blood volume amplitude, heart rate, and 
respiration before training.


Figure 2. Blood volume pulse, blood volume amplitude, heart rate, and 
respiration during training designed to increase cardiorespiratory synchrony.
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capillary bed increases with each arterial pulsation, heart 
rate can be estimated from the BVP signal. Heart rate, or the 
number of heartbeats per minute, is calculated by estimating 
the time interval between the heartbeats, called the interbeat 
interval. The time in seconds of the interbeat interval is 
divided into 60 seconds to calculate the beat-by-beat heart 
rate, as shown in Figure 3.


The time between each beat can vary; therefore, the 
estimated beat-by-beat heart rate can also vary. There are 
two estimates of the variability of the heart rate: variability 
estimated by the SDANN or variability estimated by the 
standard deviation of the average beat-by-beat heart rate 
(SDAHR). A methodological issue includes the fact that 
the raw BVP signal must be artifact free before meaning is 
assigned to the SDANN and SDAHR measures of variability 
in the heart rate data. The next section address artifacts in 
the BVP signal.


Inspecting the Raw BVP Signal for Artifacts
When analyzing average heart rates, it is important to 
eliminate artifacts before calculating estimates of HRV. Heart 
rate averages calculated from the data may not be reliable if 
artifacts exist, as illustrated in the following vignette:


What happened? He reported increased arousal during 
the stressful imagery, yet his heart rate was higher during 
the initial baseline condition. It was only when I included 
the raw blood volume pulse (BVP) signal from which the 
heart rate was calculated that I realized the average signal 
was incorrect.


This dialogue illustrates issues related to artifacts in the 
BVP data. The data included movement artifacts, as shown in 
Figure 4. After eliminating the movement artifact as shown 
in Figure 5, the heart rate information was nearly fi ve beats 
lower. Note also that in this participant, there was a slight 
increase in heart rate during the stressful imagery rehearsal 
once the segments of data affected by artifact were removed.


Once movement artifacts are removed from BVP 
estimates of heart rate, the BVP measure of HRV becomes 
an easy-to-administer technology for use in clinical settings. 
HRV is usually a sign of cardiac health, as it suggests that the 
heart has fl exibility in response to the demands of the body. 
HRV refl ects cardiovascular health as a sign of sympathetic 


Figure 3. Heart rate is derived from measures of blood volume pulse by 
measuring the interbeat interval and then transforming this information into 
beats per minute. For example, the interbeat interval of 0.80 seconds is equal 
to a heart rate of 75 beats per minute, whereas the interbeat interval of 0.93 
seconds is equal to a heart rate of 64.5.


Figure 4. Recording of the heart rate derived from the raw blood volume pulse 
during the baseline period. The average heart rate included a segment of very 
rapid heart beat refl ecting movement artifact rather than a true increase in 
average heart rate.


Figure 5. When movement artifact is excluded from the signal shown in Figure 
4, the actual heart rate is estimated at 61.05 beats per minute.
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and parasympathetic nervous system balance. When HRV 
is absent or reduced, it may signal pathology (Del Pozo et 
al., 2004; Kleiger et al., 1987). Namely, when HRV is low, as 
indicated by an SDANN <50 milliseconds and an SDAHR 
<2.5 beats, there is a fourfold increase in relative risk of death 
after myocardial infarction compared to those who have 
a high HRV (SDANN >100 milliseconds and SDAHR >5 
beats; Kleiger et al., 1987). Whereas artifact-free BVP signals 
can be used for training of HRV, BVP measures may also be 
used for estimating cardiovascular health in terms of blood 
pressure because the BVP signal also refl ects changes in the 
elasticity of the vascular walls (Asada, Shaltis, Reisner, Rhee, 
& Hutchinson, 2003; Babchenko et al., 2001; Speckenbach & 
Gerber, 1999; Weng, Matz, Gehring, & Konecny, 2002).


Changes in BVP Waveform Shape Refl ect 
Other Types of Cardiovascular Health
The shape of the BVP waveform may be an indicator of 
cardiovascular variables such as blood pressure because 
stiffer arterial walls are associated with higher blood 
pressure (Speckenbach & Gerber, 1999). The raw BVP signal 
is the product of many factors that infl uence blood fl ow 
through the vascular bed. The raw BVP wave pattern is the 
result of the recording location, the heart’s left ventricular 
ejection, and the elasticity/stiffness of the aorta and arteries. 
The shape of BVP signal can be used for deriving interbeat 
interval (t1), which in turn can be transformed into an 
estimate of heart rate as well as the pulse amplitude (P1), 
both of which represent the relative increase in blood volume 


caused by the heart contracting, as shown in Figure 6. The 
elasticity in the arterial vasculature is partially refl ected 
in the magnitude of the dicrotic notch signal, shown as 
marker 3 in Figure 6. The dicrotic notch signal depends on 
the interaction of the initial pressure wave when the heart 
contracts, arterial stiffness that decreases the pulse transit 
time, and the refl ected pressure wave from the peripheral 
arterial bed.


The loss of arterial wall elasticity is usually an indicator of 
aging and suggests an increased risk of cardiovascular disease, 
especially hypertension (Izzo & Shykoff, 2001). Increasing 
arterial stiffness decreases the pulse transit time (PTT). PTT 
can be time referenced to the R-wave of the ECG signal 
corresponding time between P1 and V of the BVP signal 
graph in Figure 6. The stiffer the arterial walls, the faster the 
PTT, with the effect most pronounced in the periphery of 
the toes compared to the fi ngers and ears (Allen & Murray, 
2002). Decreases in PTT have been signifi cantly correlated 
with an increase in blood pressure and age. The decrease in 
PTT affects the BVP waveform by appearing as a diminution 
of the dicrotic notch as the initial and refl ected pressure 
waves come closer together. The relationship between the 
PTT and BVP waveforms is illustrated by the BVP and the 
blood pressure recordings of parents and children of varying 
ages, as illustrated in Figure 7.


Even though HRV training offers great clinical potential, 
it is important to remember that many factors affect blood 
circulation and thereby the BVP signal. These include 
sympathetic arousal, which induces vasoconstriction; 
decreased sympathetic arousal and increased parasym-
pathetic arousal, which induce vasodilation especially as the 
person relaxes; low external temperature, which induces 
vasoconstriction; recreational and prescription drugs (e.g., 
alcohol increases vasodilation, whereas nicotine increases 
vasoconstriction); and illnesses such as Raynaud’s disease, 
which is characterized by arteriole vasoconstriction and 
reduced blood fl ow in the fi ngers. Changes in the BVP signal 
can be very rapid and thereby may refl ect sudden shifts in 
arousal or cognitions. Because arousal and cognitions change 
rapidly, the BVP signal may also be used as an indicator of 
transient processes.


Changes in BVP Amplitude May Refl ect Mo-
ment-by-Moment Sympathetic/Parasympa-
thetic and Cognitive/Emotional Activity
The BVP amplitude displays moment-by-moment HRV 
and may offer signifi cant insight into individual emotional 
responses, as illustrated in Figure 8. Figure 8 shows 
psychophysiological responses during a standardized stress 
protocol. The participant’s responsiveness to internal and 


Figure 6. Example of blood volume pulse signal with amplitude and timing 
markers. Time t1 (between markers 1 and 5) indicates the interbeat interval and 
is used to calculate the heart rate. Pulse measure P1 (marker 1) is a measure 
of pulse amplitude. Volume at V (marker 3) is the indicator of the blood volume 
infl uenced by the dicrotic notch. Reprinted with permission from Hlimonenko, 
Meigas, and Vahisalu (2003).
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external physical and emotional stressors is vividly depicted 
in the variations of BVP amplitude presented Figure 8. The 
pattern portrays decreases in amplitude in the BVP signal in 
response to prompts such as sighs and claps that triggered 
sympathetic activation. In this participant, eye closure during 
the protocol evoked an unanticipated and large decrease 
in the BVP amplitude compared to any of the physical or 
imagined stress conditions. This unanticipated decrease in 
BVP may be interpreted as a kind of anticipatory anxiety.


Initially, the eye closure was only an instruction before 
asking the person to think about a stressful experience. The 
idiosyncratic BVP amplitude changes are a window into her 
psychological processes. The large response (vasoconstriction) 
to the instruction “close your eyes” indicates the participant’s 
general ongoing arousal and vigilance. Instead of relaxing 
to the “close your eyes” instruction, she reported later that 
she started to think, “What will happen now?” She was 
continuously checking if her experience of the world was 
safe. This cognitive reaction is often found in people who 
are anxious, fearful, or want to please others. The BVP 
amplitude can also indicate the extent to which the person 
has been captured by his or her emotions; the more captured, 
the longer it takes for the BVP signal to return to some 
baseline level. In the example above of anticipatory anxiety, 
the BVP signal returned rapidly to baseline, refl ecting a 
state of vigilance rather than the activation of a memory 
of an emotional trauma. By observing her response pattern 
during the training session, the participant could explore 
strategies that would enable her to feel safe and to prevent 
a decrease in her BVP amplitude when she closes her eyes. 


This exploration of emotions and BVP training could include 
some of the following:


• Identifi cation of the thoughts, feelings, and emotions 
associated with the responses


• Exploration of past and present patterns that let the 
person interpret the world as unsafe


• Exploration of how to reframe the experience so that the 
vigilance response is not evoked


• Practice of physiological desensitization so that the 
response is extinguished


The BVP signal may also be interpreted in terms of 
peripheral temperature changes because the signal refl ects 
changes in vasoconstriction and vasodilation.


The Use of BVP Amplitude as an Indicator 
of Changes in Peripheral Temperature
Changes in BVP represent changes in the blood volume. If 
BVP amplitude increases, it refl ects an increase in vasodilation, 
which leads to an increase in peripheral temperature; if the 
BVP amplitude decreases, it refl ects a decrease in peripheral 
circulation and a decrease in peripheral temperature. BVP 
amplitude changes are very rapid and precede changes in 
temperature, as temperature is a slow-averaging signal, as 
shown in Figure 9.


When BVP is monitored simultaneously with temp-
erature, the rapid BVP amplitude changes can facilitate 
peripheral warming. For example, when the BVP amplitude 
started to increase, even though the peripheral temperature 
was still decreasing, it may help the clinician and participant 
to identify emotional and cognitive images and sensations 


Figure 7. Comparison of fi nger blood volume pulse recording of parents (62-
year-old father and 52-year-old mother) and child (17-year-old daughter). The 
mother has borderline hypertension. The absence of the dicrotic notch in 
the borderline hypertensive (top) tracing suggests a stiffening of the arteries, 
indicating increased blood pressure.


Figure 8. Example blood volume pulse amplitude analysis by measuring the 
percentage change for each condition [(maximum – minimum)/maximum × 
100].
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that facilitate peripheral warming. Among these strategies 
are slower and diaphragmatic breathing, autogenic phrases, 
relaxation instructions, and imagery to increase peripheral 
warmth. In addition to BVP signals being used as indicators of 
peripheral temperature, the BVP signal may also be used for 
treating headaches as well as for monitoring sexual arousal.


Overlooked BVP Applications: Treatment 
of Migraine and Monitoring Human Sexual 
Arousal
Using BVP feedback to encourage vasomotor control offers 
numerous clinical applications such as the treatment for 
migraine by recording the BVP from the temporal artery 
(Feuerstein & Adams, 1977). Allen and Mills (1982) used 
photoelectric plethysmograph feedback to train to self-
regulate BVP amplitude in eight female migraine sufferers. 
Participants learned to increase and decrease BVP amplitude 
on the scalp at superfi cial temporal artery (STA) and fi nger 
locations. The results of the research showed a signifi cant 
relationship between voluntary pulse amplitude changes in 
the BVP amplitude measured at the STA and corresponding 
pain reports during a migraine. Hoelscher and Lichstein 
(1983) used a temporal BVP biofeedback protocol in treating 
chronic cluster headache patients. The result shows a 70% 
reduction in daily headache frequency and a 45% decrease 
in headache severity. Improvement was maintained at 1, 3, 
6, 12, and 21 months of follow-up. Large decreases in the 
consumption of migraine abortives, narcotic analgesics, and 
antiemetics were also observed. Gauthier, Lacroix, Coté, 
Doyon, and Drolet (1985) reported using fi nger warming 


and temporal BVP reduction biofeedback in the treatment 
of migraine. Results showed that temporal constriction 
and fi nger temperature biofeedback were equally effective 
in controlling migraine headaches and produced greater 
benefi ts than the waiting list condition. Nestoriuc and 
Martin (2007) performed a meta-analysis examining the 
effi cacy of biofeedback training in treating migraine. Results 
showed that biofeedback training was more effective than 
control conditions. The strongest improvements were in the 
frequency of migraine attacks and perceived self-effi cacy. 
BVP feedback yielded higher effect sizes than peripheral 
skin temperature feedback and electromyography feedback. 
Moderator analyses revealed biofeedback training in 
combination with home training to be more effective than 
therapies without home training.


BVP has also been used as an indicator of sexual arousal. 
For example, PPG sensors measure tissue engorgement by 
blood from any location ranging from the nasal septum to 
measure cerebral blood fl ow to the vaginal wall to measure 
sexual arousal. As early as 1967, Palti and Bercovici used 
a PPG sensor to measure vasoengorgement of the vaginal 
wall as an indicator of sexual arousal to erotic stimuli, as 
shown in Figure 10 (Brotto, Basson, & Gorzalka, 2004; Palti 
& Berovici, 1967). Other applications of BVP measurement 
and feedback have yet to be fully explored


Exploring Other Uses of the BVP Signal
The biofeedback applications of BVP are expanding rapidly 
with the availability of the new economic HRV/CRS home 
trainers. These portable and relatively inexpensive devices 
allow people to become aware of factors that affect the BVP 
signal. Through HRV training, participants can develop 


Figure 9. Simultaneous recording of right and left blood volume pulse 
(BVP), temperature, and electromyography signals. Temperature changes lag 
behind the BVP amplitude changes. Even as BVP amplitude is increasing, the 
temperature is still decreasing. From Zoe Talbot and Sarah Langensiepen, 
personal communication.


Figure 10. The vaginal blood volume and pulse amplitude of a woman who is 
shown a neutral stimulus and an erotic stimulus. The genital response occurs 
within seconds of the presentation of an erotic stimulus in sexually healthy 
women, regardless of age or menopausal status. Reprinted with permission 
from Brotto and Gorzalka (2006).
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sympathetic/parasympathetic balance and master strategies 
to prevent and reverse illness. In addition, easily available 
computerized monitoring providing the corresponding 
digital analysis such as power spectrum analysis (fast Fourier 
transform) and feedback may allow new areas of biofeedback 
BVP applications to emerge. Among those are the following:


• Analysis and training of specifi c components of the BVP 
signal, such as increasing the dicrotic notch to improve 
cardiovascular fl exibility or reducing high blood pressure.


• Correlating BVP waveforms recorded from multiple 
locations on the body with Chinese pulse used as a 
diagnostic tool in traditional Chinese medicine (TCM). 
In TCM, for more than 2000 years, a stiff pulse has been 
an indicator of aging and/or pathology.


• Exploring the changes in blood fl ow as indicators of 
illness or health by recording the BVP response patterns 
simultaneously from multiple locations such as from 
different sympathetically enervated dermatomes.


• Ongoing analysis and treatment of male and female 
sexual dysfunctions as well as development of strategies 
to enhance orgasmic quality. This could possibly include 
correlations of penile and vaginal wall engorgement with 
peripheral blood fl ow changes in other areas of the body 
that may contribute to sexual arousal.


• Combining BVP monitoring with psychotherapy, as the 
rapid changes in BVP amplitude may indicate cognitive 
and emotional responses.


• Teaching increasing BVP amplitude to improve circulation 
and thus regeneration in cases of diabetic ulcers and 
frostbites (Rice & Schindler, 1992; Graul, Stanculescu, 
Peper, Johansen, & Doyle, 2004).


The goal of this article was to raise awareness of the 
use of BVP technologies beyond the calculation of HRV or 
RSA/CRS indicators. Whereas other uses of the PPG/BVP 
technology will emerge in the future, those described here 
offer a good start for stimulating new areas of research.
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Neurofeedback, also known as EEG biofeedback or EEG operant conditioning, is an 
emerging modality with the potential of becoming an important part of effective 
psychological practice. Neurofeedback is a process whereby individuals learn to self-
regulate their brain waves. Preliminary findings indicate that teaching individuals to alter 
electrocortical activity may have beneficial effects for attention-deficit/hyperactivity 
disorder (ADHD). Other research is ongoing to determine the effectiveness of 
neurofeedback for other disorders as well, including depression and schizophrenia. Its 
promise notwithstanding, neurofeedback has been virtually ignored by the mainstream 
investigators and clinicians. Even accounting for the absence of conclusive empirical 
efficacy, a process that combines two pillars of psychology-operant conditioning and 
brain function-deserves greater attention from the psychological community. With this 
article we hope to call attention to this modality by presenting some of the history and 
research pertaining to brain wave self-regulation. 


A Brief History of Electroencephalography and Neurofeedback  


Observations of electrical activity of the brain were first reported in 1875 when British 
physician Richard Caton observed electrical signals while probing the exposed cortices of 
animals. Fifty years later Hans Berger (1929) showed that electrocortical activity could 
be detected from the surface of the human scalp. It was Berger who first used the term 
electroencephalogram (EEG) and who identified different frequencies of brain waves 
measurable from the scalp. He also found that certain frequencies were characteristic of 
different states of attention. If subjects sat quietly with eyes closed, Berger observed 
frequencies around 10 cycles per second (10 Hz); if they were asked to focus on a 
mathematics problem with eyes open, frequencies were more likely to be in the range of 
15 Hz. 


Berger's work encouraged others to determine whether particular features of an EEG 
were diagnostic for neurological or psychological disorders (see Robbins, 2000). 
Although there was some success linking EEG patterns to brain trauma and seizure 
disorders, early research was largely unsuccessful in relating EEG to psychopathology. 
Later in this article we report on more recent developments in the use of sophisticated 
techniques such as quantitative EEG (QEEG) that have revealed electrocortical correlates 
of a number of psychological and neurological disorders (Cantor, 1999; Hughes & John, 
1999). 


Following Miller's (1969) seminal work demonstrating that autonomic functions can be 
operantly conditioned, psychologists were the first to discover that animals and humans 
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could likewise learn to control their brain waves via contingent feedback (Robbins, 
2000). A long series of studies by Sterman and his colleagues (Sterman & Friar, 1972; 
Sterman, Macdonald, & Stone, 1974) demonstrated that both cats and humans were able 
to learn to increase the amplitude of frequencies in the 12-15-Hz range recorded in the 
area of the sensorimotor cortex. Sterman (2000) found that patients with seizure disorders 
could use operant conditioning to increase these so-called SMR (sensorimotor rhythm) 
frequencies and thereby reduce seizure activity. As we report below, Sterman and Friar's 
(1972) work with seizure disorders led directly to the first use of EEG biofeedback for 
ADHD (Lubar & Shouse, 1976). 


At about the same time as Sterman and Friar's (1972) work with frequencies in the 12-15-
Hz range, Kamiya (1969) reported that the amplitude of slower brain waves in the 8-11-
Hz range (so-called alpha waves) could also be increased through contingent feedback. 
Kamiya attached electrodes to the surface of the scalp to determine whether humans 
could correctly identify when there was a predominance of alpha waves (8-12 Hz) in the 
area of the occipital lobe. His participants were able to identify the state associated with 
alpha in relatively short order and were able to increase the amplitude of the alpha 
frequency when signaled to do so. 


Kamiya's (1969) work precipitated great interest in the operant conditioning of slower 
frequencies, both alpha and 4-7-Hz (theta), and the 1960s and 1970s witnessed a large 
number of studies designed to determine the efficacy of alpha/theta operant conditioning. 
Outcomes assessed ranged from enhancing peak performance, drug and alcohol abuse, 
and posttraumatic stress disorder (Evans & Abarbanel, 1999). 


Neurofeedback could not withstand the multitude of claims made for its efficacy. The 
modality quickly became associated with the psychedelic, altered states of consciousness 
movement that was perceived as a fringe element of scientific psychology. It is not 
surprising then that it only required a few negative findings for neurofeedback to fall out 
of favor within the mainstream psychological community (Budzynski, 1999). 


Neurofeedback in a New Technological Era  


At about the same time that early efforts at EEG biofeedback were falling into disrepute, 
initial strides were being made in brain imaging techniques. In the past 20 years there has 
been a revolution in neuroscience, resulting in large part from advances in neuroimaging. 
Neuroimaging as well as progress in computerized neurophysiology, also known as 
QEEG, provide tools that may elucidate the mechanisms underlying neurofeedback. 


Positron emission tomography (PET) and single photon emission computed tomography 
(SPECT) assess blood flow and activity patterns in the brain. The procedures require 
injection of small amounts of radioactive material that allow for visual representation of 
brain oxygen and glucose utilization. Functional magnetic resonance imaging is a more 
recent noninvasive technique that, along with PET scans, allows researchers to apprehend 
brain activity during cognitive tasks (see Sarter, Bernston, & Cacioppo, 1996). 



http://dbproxy.lasalle.edu:2052/WebZ/#c036

http://dbproxy.lasalle.edu:2052/WebZ/#c036

http://dbproxy.lasalle.edu:2052/WebZ/#c044

http://dbproxy.lasalle.edu:2052/WebZ/#c045

http://dbproxy.lasalle.edu:2052/WebZ/#c043

http://dbproxy.lasalle.edu:2052/WebZ/#c044

http://dbproxy.lasalle.edu:2052/WebZ/#c044

http://dbproxy.lasalle.edu:2052/WebZ/#c026

http://dbproxy.lasalle.edu:2052/WebZ/#c044

http://dbproxy.lasalle.edu:2052/WebZ/#c021

http://dbproxy.lasalle.edu:2052/WebZ/#c021

http://dbproxy.lasalle.edu:2052/WebZ/#c012

http://dbproxy.lasalle.edu:2052/WebZ/#c005

http://dbproxy.lasalle.edu:2052/WebZ/#c042





Neurofeedback in Psychological Practice 337


In QEEG, electrodes are placed on multiple predetermined sites on the scalp, and data 
from these sites are submitted to computer analyses and "brain mapping." The kinds of 
results available from conventional EEG and QEEG include but are not limited to 
distribution of electrical frequencies in various brain regions, the amplitude and shape of 
these frequencies, and the symmetry of frequencies, amplitudes, and wave shapes on 
homologous sites on each hemisphere. By comparing these measures to normative 
databases, researchers are able to identify brain wave patterns that are characteristic of 
various clinical populations. 


On the basis of a review of over 200 studies, Hughes and John (1999) concluded that 
QEEG qualifies as an assessment tool for cerebrovascular disease, dementia, learning and 
attention disorders, mood disorders, postconcussion syndrome, schizophrenia, and 
substance abuse. In the discussion that follows, we show how some of these advances in 
EEG assessment are being used as the bases for neurofeedback interventions. We focus 
our discussion of the association between altered electrocortical activity and 
psychological disorder on ADHD and, to a lesser extent, depression. We do so because of 
recent work showing that each of these disorders can be distinguished by characteristic 
QEEGs and the existence of outcome studies implicating their responsiveness to 
neurofeedback. 


QEEG and Neurofeedback for ADHD  


QEEG evaluation.  


Three independent research teams have now documented that individuals with ADHD 
can be differentiated from nonclinical samples by means of QEEG (Chabot & Serfontein, 
1996; Janzen, Graap, Stephenson, Marshall, and Fitzsimmons, 1995; Monastra, Lubar, & 
Linden, 2001). Research consistently reveals that elevation in the average amplitude of 
slow brain wave frequencies (4-7 or 8-11 Hz) and a corresponding decrease in amplitude 
of higher frequencies (12-15 or 15-18 Hz), especially over the prefrontal or medial 
central cortex, is a distinguishing feature in ADHD subjects. These subjects show an even 
greater relative elevation in slow brain wave activity compared with faster activity when 
cognitively challenged (Lubar & Lubar, 1999). 


The QEEG studies showing slower brain function among ADHD patients are 
corroborated by brain imaging research. Using PET scans, Zametkin et al (1990) reported 
a slowing of frontal cortex glucose metabolism in ADHD subjects. Much like the QEEG 
findings, those of Zametkin et al. showed that the slowing was especially noticeable 
during cognitive tasks. Using SPECT imaging, Amen and Carmichael (1997) also 
reported lower rates of metabolism in frontal and/or parietal lobes among their ADHD 
participants. Thus, the findings of relatively slower brain waves among subjects with 
ADHD are confirmed by brain imaging research showing relatively slower rates of 
metabolism at similar brain locations in similar populations. 


The neurofeedback procedure.  
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Regardless of disorder, the neurofeedback procedure is relatively consistent across 
studies. Neuroelectrical activity is detected via surface electrodes; this activity is then 
amplified and processed by software programs that provide contingent auditory, tactile, 
and/or visual feedback to the patient via a game simulation on a computer monitor. For 
instance, a Pac-Man figure advances and sounds a tone whenever a client maintains 
waves in the 15-18-Hz range above a certain amplitude threshold while keeping waves in 
the 4-7 Hz range below a certain threshold. Amplitude thresholds are established for each 
individual so as to optimize motivation and learning. In this example, a reward would 
occur whenever the client maintains 15-18-Hz above predetermined amplitude 70% of 
the time while keeping the 4-7-Hz frequency above a predetermined amplitude only 20% 
of the time. 


Outcomes using single-case designs.  


Neurofeedback for ADHD began as an extension of Sterman and Friar's (1972) 
groundbreaking work with epilepsy. Lubar and Shouse (1976) reasoned that increasing 
the sensorimotor rhythm through neurofeedback might serve to quiet motor responses in 
"hyperactive" children (as they were then called), much as it did for Sterman's epileptic 
patients. Using a blinded ABA reversal design, Lubar and Shouse (1976) provided the 
first empirical evidence for the value of neurofeedback for ADHD. In this ABA design, a 
9-year-old child first learned to improve EEG patterns and behaviors associated with 
ADHD (as assessed by observers who were blind to the procedure), then to return 
measures to baseline values, followed by a return to improved behavioral and EEG status. 
The authors reported that medication was permanently ended following the study and that 
the child continued to function well without medication long after the study's termination. 
Using the blind ABA design with other children, Shouse and Lubar (1979) and Tansey 
(1993) replicated these findings. They also reported long-term positive effects of 
neurofeedback for these clients that lasted years after treatment, a finding with special 
significance, because the benefits of psychostimulants are known to last only while the 
patient is medicated. 


Nash reviewed a number of other multiple-case studies (e.g., Alhambra et al., 1995; 
Tansey & Bruner, 1983; Thompson & Thompson, 1998 [all cited in Nash, 2000]) in 
which pre- and postneurofeedback assessments demonstrated improvements on measures 
including intelligence, academic skills, continuous performance tests, and behavioral 
rating scales. 


Results of single-case designs and case studies can tell much about treatment 
effectiveness under real-world circumstances, but controlled studies comparing the 
treatment with placebo or other modalities are required to demonstrate efficacy of 
specific interventions (Chambless & Hollon, 1998). In the following section, we review 
results from published controlled group studies from four different research teams that 
are suggestive of a role for neurofeedback for ADHD. 


Controlled group studies.  
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Rossiter and LaVaque (1995) compared neurofeedback and stimulant therapy in 46 
patients (ages 8-21 years) who had self-selected participation in either neurofeedback or 
stimulant therapy conditions. Although assignments were not random, there were no 
significant pretest differences between groups on measures of age, gender, intelligence, 
ADHD subtype, frequency of other diagnoses, or type of school placements. The 
neurofeedback group received 20 sessions over a 3-month period; the medication-only 
group received doses of either methylphenidate or dextroamphetamine as prescribed by 
their personal physicians. Both neurofeedback and stimulant groups showed 
improvements from pre- to posttest on behavioral ratings completed by mothers using the 
Behavior Assessment Scale for Children (Reynolds & Kamphaus, 1992) and on a 
continuous performance measure, the Tests of Variables of Attention (TOVA; Greenburg 
& Dupuy, 1993). Results indicated positive effects for both medication and 
neurofeedback and an equal contribution from both therapies for symptom amelioration. 


Linden, Habib, and Radojevic (1996) randomly assigned 18 patients (ages 8-21 years) to 
either a neurofeedback treatment or a wait-list control group. The treatment group learned 
to suppress theta (4-7 Hz) while enhancing beta waves during 40 sessions of feedback 
extending over 6 months. Neither group received medication. Compared with the control 
group, the neurofeedback group demonstrated significant pre- to posttest reductions in 
inattentive behaviors as assessed with the Swanson, Nolan, and Pelham (1988) measure 
and the Iowa Conners (Atkins & Milich, 1987) rating scales, as well as a significant 
increase in scores on the Kaufman Brief Intelligence Test (Kaufman & Kaufman, 1990). 


Monastra, Monastra, and George (2002) compared the effects of Ritalin, EEG 
biofeedback, and parenting styles on the primary symptoms of ADHD in 100 children 
ages 6-19 years. All subjects participated in a 12-month comprehensive intervention that 
included Ritalin, parent counseling, and academic support at school. Fifty-one of the 100 
children also received weekly sessions of neurofeedback modeled on the Lubar protocol 
designed to increase amplitudes in the 12-18 Hz range while decreasing amplitudes in the 
4-11 Hz range at the central midline cortex (Lubar & Lubar, 1999). Pre- and 
posttreatment assessment included the Attention Deficit Disorders Evaluation Scales 
(ADDES, home and school versions; McCarney, 1995), TOVA, and a QEEG measure 
previously shown to distinguish children with ADHD (Monastra et al., 2001). No 
significant pretreatment differences existed for the two groups. After one year, children 
were assessed while taking Ritalin and while not taking the medication. While not taking 
Ritalin, only children who had received neurofeedback sustained the gains in the ADDES 
and TOVA. In addition, only children who received neurofeedback showed posttreatment 
improvement on the QEEG measure of neurophysiological changes. Thus, by 
"dismantling" the effects of neurofeedback from other forms of treatment, Monastra et al. 
(2002) demonstrated that only children who displayed changes in cortical arousal 
maintained improvements while not taking Ritalin and that only children who received 
neurofeedback training manifested those changes. 


Fuchs, Birbaumer, Lutzenberger, Gruzelier, and Kaiser (2003) assigned 8-12-year-old 
children with ADHD to either a neurofeedback (n = 22) or methylphenidate (n = 12) 
condition on the basis of parents' preference. The authors reported that both groups 
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showed significant improvements on all subscales of the TOVA and on the d2 Attention 
Endurance Test (Brickenkamp, 1994). In addition, both groups showed significant 
declines in disordered behaviors as assessed by the German version of the Iowa Conners 
Behavior Rating Scale (Atkins & Milich, 1987). On all measures, improvements in 
outcomes from pre- to posttreatment were comparable between neurofeedback and 
methylphenidate. 


In summary, four different research teams have performed controlled trials showing the 
efficacy of neurofeedback for ADHD. Each of these teams used a variation of Lubar's 
original protocol designed to help children to increase frequencies ranging from 12-18 Hz 
while inhibiting frequencies in the 4-7 Hz or 8-11 Hz range. What is more, findings from 
one study (Monastra et al., 2002) suggested that neurofeedback provided for sustained 
changes in underlying EEG patterns, thereby indicating a potential mechanism for the 
effects of neurofeedback on behavior. Indeed, one of the implications of the Monastra et 
al study (2002) is that, unlike methylphenidate, neurofeedback's benefits are retained 
when children are not receiving treatment. Although more research is required, we 
believe that these findings begin to demonstrate the role that neurofeedback can play in a 
multimodal approach to ADHD. 


Neurofeedback for Other Disorders  


It has been known for some time that damage to the left frontal lobe often leads to 
symptoms of depression, whereas damage to right frontal lobe is more likely to lead to 
symptoms of mania (Gainotti, 1972; Robinson & Downhill, 1995; Robinson, Starr, & 
Price, 1984). Recently, Davidson and colleagues (Davidson, 1993, 1994; Davidson, 
Jackson & Kalin, 2000) showed that alpha wave asymmetry between the frontal lobes can 
be diagnostic for mood disorders. Positive affect was associated with relatively lower 
amplitudes of frequencies in the 8-12 Hz (alpha) range in the left frontal cortex compared 
with the right frontal cortex. Conversely, negative affect corresponded to lower 
amplitudes of the alpha range in the right frontal compared with the left frontal lobes. 
Actively depressed patients as well as participants in current remission who had 
previously experienced depressive episodes showed relatively more left than right frontal 
alpha activity. The latter finding is consistent with a diathesis-stress model of depression, 
inasmuch as a person's affective style appears to predispose him or her to depressive 
episodes. 


Using alpha asymmetry as a starting point, Baehr, Rosenfeld, and colleagues sought to 
determine whether changing alpha asymmetry through neurofeedback could reduce 
symptoms of depression (Baehr, Rosenfeld, Baehr, & Earnest, 1999; Rosenfeld, 2000). In 
the Baehr et al. protocol, the subject hears a clarinet tone only when the amplitude of 
alpha (8-12 Hz) measured from the right frontal cortex is relatively greater than that of 
alpha measured from the left frontal cortex. Individuals were asked to maintain the tone 
and to increase its pitch for as long as possible during a session lasting 15-30 min. Baehr, 
Rosenfeld, and Baehr (2001) recently reported follow-up data on 3 of 6 depressed 
patients treated with the alpha asymmetry protocol. Patients showed positive changes in 
alpha asymmetry and on the Beck Depression Inventory both immediately after and 1-5 



http://dbproxy.lasalle.edu:2052/WebZ/#c004

http://dbproxy.lasalle.edu:2052/WebZ/#c002

http://dbproxy.lasalle.edu:2052/WebZ/#c031

http://dbproxy.lasalle.edu:2052/WebZ/#c031

http://dbproxy.lasalle.edu:2052/WebZ/#c031

http://dbproxy.lasalle.edu:2052/WebZ/#c014

http://dbproxy.lasalle.edu:2052/WebZ/#c037

http://dbproxy.lasalle.edu:2052/WebZ/#c038

http://dbproxy.lasalle.edu:2052/WebZ/#c038

http://dbproxy.lasalle.edu:2052/WebZ/#c009

http://dbproxy.lasalle.edu:2052/WebZ/#c010

http://dbproxy.lasalle.edu:2052/WebZ/#c011

http://dbproxy.lasalle.edu:2052/WebZ/#c011

http://dbproxy.lasalle.edu:2052/WebZ/#c003

http://dbproxy.lasalle.edu:2052/WebZ/#c039

http://dbproxy.lasalle.edu:2052/WebZ/#c055

http://dbproxy.lasalle.edu:2052/WebZ/#c055





Neurofeedback in Psychological Practice 341


years following treatment. Similar clinical case studies (e.g., Hammond 2001; Rosenfeld, 
Baehr, Baehr, Gotlib, & Ranganath, 1996) are suggestive of the potential benefits of 
neurofeedback for the treatment of depression. Although a mechanism underlying the 
potential efficacy of neurofeedback has been articulated and clinical case studies are 
suggestive, controlled group outcomes are clearly required. Similar preliminary findings 
exist for other disorders, including schizophrenia (Gruzelier, 2000) and anxiety disorders 
(Moore, 2000). 


Conclusion  


It is not possible to make unqualified or categorical conclusions about the value of 
neurofeedback as a therapeutic modality. There are varying degrees of certainty about 
what is known. First, we have known for over 100 years that electrocortical activity can 
be measured and for over 50 years that different frequencies reflect different states of 
arousal. Second, we have known for 25 years that both animals and humans can learn to 
alter their brain waves through operant conditioning and thereby reduce seizures. Third, 
the work of Hughes and John (1999), among many others, documents that a number of 
psychological disorders, including ADHD, mood disorders, and schizophrenia, may be 
discriminated by characteristic patterns of the QEEG. Fourth, although still in its early 
stages, research documenting the efficacy of neurofeedback for ADHD is beginning to 
accumulate; four different research teams have demonstrated its efficacy using controlled 
trials. Finally, outcome research concerning the efficacy of neurofeedback for other 
disorders is still either experimental, or preliminary at best. On the basis of these 
findings, we suggest that clinicians begin to give greater consideration to neurofeedback 
as part of a multimodal approach, especially in the treatment of ADHD. We agree with 
Oubré (2002), who concluded the following:  


Neurofeedback is perhaps best viewed not as an alternative to conventional 
psychopharmacological agents but rather as one component of a multimodal approach. 
When used as an adjunctive treatment in combination with standard medication, 
neurofeedback may improve clinical outcomes in some psychiatric patients. (p. 8) 


It is also important to point out that the neurophysiological mechanisms purported to 
underlie neurofeedback are consistent with an emerging model in the neurosciences. This 
model is based on findings that timing of electrical activity throughout the brain and 
between various regions of the brain play a basic role in the emergence of 
psychopathology (Llinas, Ribary, Jenmonod, Kronberg, & Mitra, 1999; McCormack, 
1999; Varela, Lachaux, Rodriquez, & Martinerie, 2001). 


We encourage practicing psychologists to educate themselves more fully about the 
potential of neurofeedback; helping clients to learn to self-regulate neuronal function can 
become an important addition to psychological practice. Recent changes in billing codes 
include biofeedback (and EEG biofeedback) as reimbursable, either alone or in 
combination with psychotherapy. There are venues that provide clinicians with training, 
and most offer continuing education credits approved by the American Psychological 
Association. Private groups such as EEG Spectrum International 
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(www.eegspectrum.com) and Thought Technology (www.thoughttechnology.com) offer 
introductory and advanced training in the skills necessary to begin to integrate 
neurofeedback into practice. In addition, the International Society for Neuronal 
Regulation sponsors the Journal of Neurotherapy and an annual conference. For those 
practitioners interested in referring their clients to clinicians trained in neurofeedback, the 
society's Web site (www.snr-jnt.org) lists providers throughout the world. The 
Association for Applied Psychophysiology and Biofeedback focuses on the more general 
practice of biofeedback but includes a journal and annual conference that offer education 
in EEG biofeedback (www.aapb.org). 


Unlike other biological treatment modalities, neurofeedback is steeped in the history and 
ethos of psychology. Especially for ADHD, practicing psychologists would do well to 
further educate themselves regarding the modality, as it shows promise as a therapeutic 
option in managing this condition. 
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EXERCISE OR PLAY? MEDICINE OF FUN  
 


Katherine H. Gibney and Erik Peper 
San Francisco, CA  


 
Abstract 
 
Patients often equate biofeedback training homework to mandatory activities, which are often 
viewed as one more thing to do. Changing the perception from that of work to fun can 
encourage laughter and joy and help overcome a chronic pain pattern all necessary for 
healing. This paper encourages therapists to explore utilizing childhood activities and 
paradoxical movement to help patients release tension patterns and improve range of motion. 
A strong emphasis is placed on linking diaphragmatic breathing to movement. 
 
Key words:      Breathing, Chronic pain, Biofeedback, Range of motion 
 
 


When I went home I showed my granddaughter how to be a tree swaying in the 
wind, she looked at me and said, “Grandma, I learned that in kindergarten!” 


 
‘Betty’ laughed heartily as she relayed this story.  Her delight in being able to sway her arms 
like the limbs of a tree starkly contrasted with her demeanor only a month prior. Betty was 
referred for biofeedback training after a series of 9 surgeries – wrists, fingers, elbows and 
shoulders. She arrived at her first session in tears with acute, chronic pain accompanied by 
frequent, incapacitating spasms in her shoulders and arms.  She was unable to abduct her arms 
more than a few inches without triggering more painful spasms. Her protective bracing and 
rapid thoracic breathing exacerbated her pain and contributed to limited range of motion of 
her arms.  Unable to work for over a year, she was coping not only with pain, but also with 
weight gain, poor self-esteem and depression.  
 
Biofeedback training began with what we feel is the foundation of health: effortless, 
diaphragmatic breathing (Peper, 1990).  Each thoracic breath added to Betty’s chronic 
shoulder pain.  Convincing Betty to drop her painful bracing pattern and to allow her arms to 
hang freely from her shoulders as she breathed diaphragmatically was the first major step in 
regaining mobility. She discovered in that first session that she could use her breathing to 
achieve control over muscle spasms.  During the first week, she practiced her breathing 
assiduously at home and had fewer spasms. Betty was able to move better during her physical 
therapy sessions. Each time she felt the onset of muscle spasms she would stop all activity for 
a moment and ‘go into my trance’ to prevent a recurrence. For the first time in many months 
she was feeling optimistic. 
 







Medicine of fun  382 


    
  


© 2000 Peper


Relax/hold      Activity           Relax/hold               Activity


Inhale  Exhale                              Inhale Exhale


Chest


Abdomen


Heart rate


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 1. Perform physical activity that could aggravate pain only during the 
exhalation phase to inhibit pain sensations. Discomfort can usually be minimized if 
activity (movement or treatment that induces pain, such as an  injection) is performed 
or given during the exhalation phase.  During the inhalation phase, one pauses with 
the activity and resumes during the exhalation phase.  The activity commences slightly 
after the initiation of exhalation and when the heart rate has started to decelerate.  


 
Subsequent sessions built upon the foundation of diaphragmatic breathing: boosting Betty’s 
confidence, increasing range of motion (ROM), and bringing back some fun in life. Activities 
included many childhood games: tossing a ball, swaying like a tree in the wind, pretending to 
conduct an orchestra, bouncing on gym balls, playing “Simon Says” (following the 
movements of the therapist), and dancing. Laughter and childlike joy became a common 
occurrence. She looked forward to receiving the sparkly star stickers she was given after 
successful sessions. With each activity Betty gained more confidence, gradually increased 
ROM, and began losing weight. Although she had some days where the pain was strong and 
spasms threatened, Betty reframed the pain as occurring as a result of healing and expanding 
her ROM—she was no longer a victim of the pain. In addition, her family was proud of her, 
she was doing more fun activities, and she felt confident that she would return to work. 
 
Betty’s story is similar to many other clients whom we have seen.  The challenge presented to 
biofeedback therapists is to help the patient better cope with pain, increase ROM, regain 
function and, often the most important, to reclaim a joie de vivre.  Increasing function 
includes using the minimum amount of effort necessary for the task, allowing unnecessary 
muscles to remain relaxed (no dysponesisi), and quickly releasing muscle tension when the 
muscle is no longer required for the activity (work/rest). The challenge is to perform the task 
without concurrent evocation of components of the alarm reaction, which tend to be evoked 
when “we try to do it perfectly,” or “it has to work,” or “If I do not do it correctly, I will be 
judged.” For example, when people learn how to implement micro-breaks (1 – 2 second rest 
periods) at the computer, they often sit quietly believing that they are relaxed.  However, they 
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may continue a bracing pattern.  Alternatively, tossing a small ball rather than resting at the 
keyboard will generally evoke laughter, encourage generalization of skills, and covertly 
induce more relaxation.  Ironically, therapists in their desire to help patients to get well 
commonly assign structured exercises as homework that evoke striving for performance and 
often boredom—this striving to perform the structured exercises may inhibit healing.   
Utilizing tools other than those found in the work setting helps the patient achieve a broader 
perspective of the healing/preventive concepts that are taught.  
 
Obviously, clients are active participants in their own healing process. This implies that they 
practice exercises during the therapeutic session, at home and at work. Consequently, home 
practices are assigned to integrate the mastery of news skills into daily life. To help patients 
achieve increased health through physical activity three different approaches are often used:  
movement reeducation, youthful play, and pure exercise. How the patient performs the 
activity may be monitored with surface electromyography (SEMG) to identify muscles 
tightening that are not needed for the task and how the muscle relaxes when not needed for 
the task performance.  This monitoring can be done with a portable biofeedback device or 
multi-channel system when walking or performing the exercises. Patients can even use a 
single channel SEMG at home.  
 
When working to improve ROM and physical function, the following rules are recommended: 
 


1. Maintain diaphragmatic breathing – rhythm or tempo may change but the breath 
must be generated from the diaphragm with emphasis on full exhalation. Use strain 
gauge feedback and/or SEMG feedback to monitor and train effortless breathing.  
Strain gauge feedback is used to teach a slower and diaphragmatic breathing 
pattern, while SEMG recorded from the scalene to trapezius is used to teach how 
to reduce shoulder and ancillary muscle tension during inhalation 


2. Perform activities or stretching/strengthening exercises that may trigger or 
aggravate pain during the exhalation phase of breathing. 


3. Use the minimum amount of tension necessary for the task and let unnecessary 
muscles remain relaxed. Use SEMG feedback recorded from muscles not needed 
for the performance of the task to teach patients awareness of inappropriate muscle 
tension and to learn relaxation of those muscles. 


4. Quickly release muscle tension when the task is accomplished. Use SEMG 
feedback to monitor and show that the muscles are completely relaxed.  If rapid 
relaxation is not achieved, teach the subject to first relax before repeating the 
muscle activity. 


5. Perform the exercises as if you have never performed them and do them with a 
childlike, beginner’s mind, and exploratory attitude (Kabat-Zinn, 1990). 


 
Movement and exercise can be taught as pure physical exercise, movement reeducation or 
youthful playing. Physical exercise is necessary for strength and endurance and at the same 
time, improves our mood (Thayer, 1996).  However, many exercises are considered a burden 
and are often taught without a sense of lightness and fun, which results in the patient thinking 
in terms that are powerless and helpless (depressive)—“I have to do them.”   Helping your 
patients to understand that exercise is simply a part of every day life, that it encourages 
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healing and improves health, and that they can “cheat” at it, may help them to reframe their 
attitudes toward it and accomplish their healing goals.   
 
 
Pure Physical Exercise—Enjoyment through Strength and Flexibility 
 
The major challenge of structured exercises is that the person is very serious and strives too 
hard to attain the goal.  In the process of striving, the body is often held rigid: Breath is 
shallow and halted and shoulders are slightly braced.  Structured exercises are very helpful for 
improving ROM and strength. Maintaining a daily chart is an excellent tool to show 
improvement (e.g., more repetitions, more weight, increased flexibility). When using pure 
exercise, remember that injured patients often have a sense of urgency – they want to get well 
quickly and, if work stress was a factor in developing pain, they often rush when they need to 
meet a deadline.  As much as possible make the exercise fun. Help the patient understand that 
he can be quick while not rushed.  For example, monitor SEMG from an upper trapezius 
muscle using a portable electromyograph.  Begin by walking slowly.  Add a ramp or step to 
ensure that there is no bracing when climbing (a common occurrence). Walk around the room, 
down the hall, around the block.  Maintain relaxed shoulders, an even swing of the arms, and 
diaphragmatic breathing.  Walk more quickly while emphasizing relaxation with speed rather 
than rushing. Go faster and faster.  Up the stairs.  Down the stairs.  Walk backward.  Skip.  
Hop.  Laugh. 
 
Movement Reeducation – Be ‘Oppositional’ And Do It Differently 
 
Movement reeducation, such as Feldenkrais, Alexander Technique or Hannah Somatics, 
involves conscious awareness of movement (Hanna, 1988; Murphy, 1993).  Many daily 
patterns of movement become imbedded in our consciousness and, over the years, may 
include a pain trigger.  A common trigger is lifting the shoulders when reaching for the 
keyboard or mouse.  Patients suffering from thoracic outlet syndrome (TOS) often have such 
patterns.  A keyboard can often inadvertently cue the patient to trigger this dysponetic, and 
frequently painful, pattern.  Have the patient do movement reeducation exercises in which 
they are guided through practices in which they have no expectancy and the movements are 
novel.  The focus is on awareness without triggering any fight/flight or startle responses.    
 
Ask the patient to explore performing many functional activities with the opposite hand, such 
as brushing her hair or teeth, eating, blowing her hair dry, or doing household chores, such as 
vacuuming.  (Try this for yourself, as well!). Be aware of how much shoulder muscle tension 
is needed to raise the arms for combing or blow-drying the hair. Explore how little effort is 
required to hold a fork or knife (you might want to do this in the privacy of your own home!). 
Do movements differently such as, practicing alternating hands when leading with the 
vacuum or when sweeping, changing routes when driving/walking to work or the store, 
getting out of bed differently. Or, break up habitual conditioned reflex patterns such as eye, 
head and hand coordination.  For example, when doing a movement, slowly rotate your head 
from left to right and simultaneously shift your eyes in the opposite direction (e.g., turn your 
head fully to the right while shifting your eyes fully to the left, and then reverse) or before 
reaching forward, drop your elbows to your sides then, bend your elbows and touch your 
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shoulders with your thumbs then, reach forward.  Often, when we change our patterns we 
increase our flexibility, inhibit bracing and reduce discomfort.  
 
 
Free Your Neck and Shoulders* 
 
--Push away from the keyboard and sit at the edge of the chair with your knees bent at right 


angles and your feet shoulder-width apart and flat on the floor.  Do the following 
movements slowly.  Do NOT push yourself if you feel discomfort.  Be gentle with yourself. 


--Look to the right and gently turn your head and body as far as you can go to the right. When 
you have gone as far as you can comfortably go, look at the furthest spot on the wall and 
remember that spot.  Gently rotate your head back to center.  Close your eyes and relax. 


--Reach up with your left hand; pass it over the top of your head and hold on to your right ear. 
Then, gently bend to the left lowering your elbow towards the floor.  Slowly straighten up.  
Repeat for a few times feeling as if you are a sapling flexing in the breeze.  Observe what 
your body is doing as it bends and comes back up to center. Notice the movements in your 
ribs, back and neck.  Then, drop your arm to your lap and relax.  Make sure you continue to 
breathe diaphragmatically throughout the exercise. 


--Reach up with your right hand and pass it over the top of your head and hold on to your left 
ear.  Repeat as above except bending to the right. 


--Reach up with your left hand and pass it over the top of your head and hold on to your right 
ear.  Then, look to the left with your eyes and rotate your head to the left as if you are 
looking behind you. Return to center and repeat the movement a few times.  Then, drop 
your arm to your lap and relax for a few breaths. 


--Again, reach over your head with your left hand and hold onto your right ear. Repeat the 
same rotating motion of your head to the left except that your eyes look to the right. Repeat 
this a few times then, drop your arm to your lap and relax for a few breaths. 


--Reach up with your right hand and pass it over the top of your head and hold on to your left 
ear.  Then, look to the right with your eyes and rotate your head to the right as if you are 
looking behind you.  Return to center and repeat a few times.  Then, drop your arm to your 
lap and relax for a few breaths. 


--Again, reach over your head with your right hand and hold onto your left ear. Repeat the 
same rotating motion of your head to the right except that your eyes look to the left.  Repeat 
this a few times then, drop your arm to your lap and relax for a few breaths. 


--Now, look to the right and gently turn your head and body as far as you can go. When you 
can not go any further, look at that point on the wall. Did you rotate further than at the 
beginning of the exercise? 


--Gently rotate your head back to center, close your eyes, relax and notice the feeling in your 
neck, shoulders and back. 


 
 *This practice was adapted from a demonstration by Sharon Keane and developed 
    by Ilana Rubenfeld (2000). 
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Youthful Playing – Pavlovian Practice 
 
Remember the story of Pavlov in the hospital?  Many, including his family, thought he was 
slipping into death when he quietly lay in his hospital bed and gently played with a bowl of 
water and dirt. Yet, the next morning he awoke and ate a hearty breakfast.  Soon he was out of 
the hospital.  Pavlov knew that evoking the playful joy of childhood would help to encourage 
mental and physical healing (Peper, Gibney, & Holt, 2002).  Having patients play can 
encourage laughter and joie de vivre, which helps in physical healing. Often being involved in 
childhood games or actually playing these games with children removes one from worries and 
concerns—both past and future—and allows one to be simply in the present.  Just being 
present is associated with playfulness, timelessness, passive attention, creativity and humor.  
A state in which one’s preconceived mental images and expectancies—the personal, familial, 
cultural, and healthcare provider’s hypnotic suggestions—are by-passed and for that moment, 
the present and the future are yet undefined.  This is often the opposite of the patient’s 
expectancy.  Namely, the past experiences and the diagnosis create a fixed mental image that 
expects pain and limitation.  
 
Explore some of the following practices as strategies to increase movement and flexibility 
without effort and to increase joy.  Use your creativity and explore your own permutations of 
the practices.  Observe how your mood improves and your energy increases when you play a 
childhood game instead of an equivalent exercise. For example, instead of dropping your 
hands to your lap or stretching at the computer terminal during a micro- or meso-breakii, go 
over to your coworker and play “pattycake.” This is the game in which you and your partner 
face each other and then clap your hands and then touch each other’s palms.  Do this in all 
variations of the game. 
 
For increased ROM in the shoulders explore some of the following (remember the basics: 
diaphragmatic breathing, minimum effort, rapid release): 
 
Ball Toss:  a hand-sized ball that is easily squeezed is best for this exercise.  Monitor 
respiration patterns, and SEMG forearm extensors and/or flexors, and upper trapezii muscles. 
Sit quietly in a chair and focus on a relaxed breathing rhythm. Toss the ball in the air with 
your right hand and catch it with your left hand. As soon as you catch the ball, drop both 
hands to your lap.  Toss the ball back only when you achieve relaxation—both with the empty 
hand and the hand holding the ball.  Watch for over-efforting in the upper trapezii. Begin 
slowly and increase the pace as you train yourself to quickly release unnecessary muscle 
tension.  Go faster and faster (just about everyone begins to laugh, especially each time they 
drop the ball). 
 
Ball Squeeze/Toss:  Expand upon the above by squeezing the ball prior to tossing.  When 
working with a patient, call out different degrees of pressure (e.g., 50%, 10%, 80%, etc.).  The 
same rules apply as with the ball toss. 
 
Ball Hand to Hand:  Close your eyes and hand the ball back and forth.  Go faster and faster 
and add ball squeezes prior to passing the ball. 
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Gym Ball Bounces:  Sit on a gym ball and find your balance.  Begin bouncing slowly up and 
down.  Reach up and lower your left then, right hand.  Abduct your arms forward then, 
laterally. Turn on the radio and bounce to music. 
 
Simon Says:  This can be done standing, sitting in a chair or on a gym ball.  When on a gym 
ball, bounce during the game.  Have your patient do a mirror image of your movements: 
reaching up, down, left, right, forward or backward.  Touch your head, nose, knees or belly.  
Have fun and go more quickly. 
 
Back-To-Back Massage 
With a partner stand back-to-back.  Lean against each other’s back so that you provide mutual 
support.  Then each rub your back against each other’s back.  Enjoy the wiggling movement 
and stimulation.  Be sure to continue to breathe. 
 
Summary: An Attitude of Fun  
 
In summary, it is not what you do; it is the attitude by which you do it that affects health.  
From this perspective, flexibility and movement are enhanced, discomfort decreased and 
health increased when exercises are performed with joy and experienced as fun.  Inducing 
laughter promotes healing and disrupts the automatic negative hypnotic suggestion/self-
images of what is expected. The patient begins to live in the present moment and thereby 
decreases the anticipatory bracing and dysponetic activity stirred-up by striving.  By 
decreasing striving and concern for results, patients may allow themselves to perform the 
practices with a passive attentive attitude that may facilitate healing.  For that moment the 
patient forgets the painful past and a future fraught with promises of continued pain and 
inactivity.  Instead, the moment is lived in a joyful present—one in which the pain cycle is 
interrupted and which can provide hope and a glimpse into a healthy future.  
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i Dysponesis involves misplaced muscle activities or efforts that are usually covert and do not add functionally to 
the movement. From:  Dys” meaning bad, faulty or wrong, and “ponos” meaning effort, work or energy 
(Whatmore and Kohli, 1974)  
 
ii A meso-break is a 10 to 90 second break that consists of a change in work position, movement or a structured 
activity such as stretching  that automatically relaxes those muscles that were previously activated while 
performing a task.  
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BIOFEEDBACK FOR MIND/BODY SELF-REGULATION: HEALING AND CREATIVITY
1 


 
Elmer E. Green, Alyce M. Green, and E. Dale Walters2 


 
 
As people in this audience know,* the revolution in consciousness we are now talking about was 
foretold a long time ago.  It was thought of as the time when the sleeping giant, humanity, would 
awaken, come to consciousness, and begin to exert its power.  British medical people began to 
get an inkling of the power of consciousness as long as 250 years ago when they began to study 
certain Indians who could do some very unusual and interesting things.  These people, called 
yogis, apparently had phenomenal powers of self-regulation, of both mind and body.  Of course, 
medical doctors as a whole did not believe it, but as the decades passed and reports became more 
numerous, some British and European physicians began the study of mind/body relationships.  
By the end of the 19th century the physiological phenomena of hypnotism, spiritualism, and 
various yogic disciplines had attracted some serious medical and philosophical attention, and by 
1910 of this century, a mind/body training system, eventually called autogenic training (self-
generated, or self-motivated training), had begun to be developed by Johannes Schultz in 
Germany.  This was at approximately the time that Freud gave up the use of hypnosis as a 
medical tool because it was unpredictable.  It occurred to Schultz that perhaps hypnosis was an 
erratic tool because the patient often unconsciously resisted the doctor.  If the patient were able 
to direct for himself the procedure being used, with the doctor acting as his teacher, then the 
control technique would come into the realm of self-regulation and perhaps be more effective. 
 
It is an interesting fact that the first English translation of Schultz and Luthe’s handbook, 
Autogenic Training (1959), contains in its 604 references only 10 that are in English.  In addition 
to telling us that there was much interest on the continent in healing by self-regulation, it also 
tells us something about the British and the Americans.  Freud’s ideas became very important in 
the United States, whereas the self-regulation techniques of autogenic training were largely 
confined to Europe.  It is also interesting to note that because of his interest in self-awareness, 
Schultz included in his training system some psychological disciplines that he called 
“meditative” exercises.  These exercises gradually lead into a kind of self-awareness in which the 
person develops both physiological and psychological self-knowledge. 
 
It was because of our interest in both consciousness and volition that my wife, Alyce, and I 
decided in 1965 to test autogenic training and find out whether or not people who used the 
exercises actually could develop some of the physiological controls Schultz talked about.  Our 
research program began with 33 housewives.  They practiced autogenic exercises for only 2 
weeks and at the beginning and end of their training experience we measured most of the 
physiological variables that were easy to get, such as brain waves, heart rate, breathing rate, skin 
                                                           
1 Adapted from E. Peper, S. Ancoli & M. Quinn (1979), Mind/Body Integration, New York: Plenum, pp. 125-139. 
2 Elmer E. Green, Alyce M. Green, and E. Dale Walters  Biofeedback Center, Research Department, the Menninger 
Foundation, Topeka, Kansas 66601. 
 
* This chapter was originally a talk given at the symposium called “The Varieties of Healing Experience” at De 
Anza College, Cupertino, California.  The symposium was sponsored jointly by the Academy of Parapsychology 
and Medicine and the Lockheed MSC Management Association. 
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potential, skin resistance, blood flow in the fingers, and the temperatures of both hands, front and 
back.  Some of the ladies failed to achieve much temperature control but a couple of them 
succeeded so well that we decided to continue studying autogenic training.  It was clearly a 
training technique in which volition “entered” into the psychosomatic domain.  It was also clear 
that if psychosomatic disease really existed, then it was logically necessary to hypothesize the 
existence of psychosomatic health.  Both the literature of autogenic training and our research 
indicate that psychophysiological processes definitely could be self-regulated, and to allow for 
the existence of psychosomatic disease without postulating its opposite, psychosomatic health, 
would be an absurdity.  If we can make ourselves sick, then we must also be able to make 
ourselves well. 
 
Since physicians are saying these days that about 80% of human ailments are psychosomatic in 
origin, or at least have a psychosomatic component, it seems reasonable to assume that bout 80% 
of our disabilities can be cured, or at least ameliorated, by the use of special training programs 
for psychosomatic health. 
 
Gardner Murphy was very much interested in these research implications and one day suggested 
that we include biofeedback in our research methodology.  He had been interested since 1952 in 
the possibility of using electrophysiological instrumentation for measuring and presenting to a 
person some of his own normally unconscious physiological processes, that is, processes of 
which a person is normally unaware.  He knew, for instance, that muscle tension problems were 
often extremely difficult to handle, and when the doctor says, “Your problem is that you are too 
tense,” he does not give much new information, nor does it help much.  Generally, the medical 
pronouncement is followed by a prescription, but what Gardner was suggesting was that if a 
person could “see” his tension, could look at a meter and observe its fluctuations, then perhaps 
he could learn to manipulate the underlying psychophysiological problem.  He could practice 
“making the meter go down” and its behavior would tell him immediately if he was succeeding.  
In essence, this is an application of the engineering principle of feedback, the servomechanistic 
principle by means of which automatic machines are controlled.  A furnace and its thermostat, 
for instance, form a closed (self-contained) feedback system.  In the analogy, the human who 
adjusts the thermostat represents volition entering into the system from an energy source outside 
the closed loop. 
 
Murphy’s ideas seemed useful, so we combined it with autogenic training and developed in 1967 
a system of psychosomatic self-regulation that we called autogenic feedback training.  By 
coupling biofeedback with autogenic training, progress in controlling physiological variables is 
often highly accelerated.  The self-suggestion formula of autogenic training (such as “I feel quite 
quiet”) tells the unconscious section of mind, or brain, the goal toward which the person wishes 
to move, and the physiological feedback device immediately tells him the extent to which he is 
succeeding.  The objective fact of a feedback meter, as a "truth” detector, has a powerful though 
not entirely understood effect on a person'’ ability to control normally involuntary physiological 
processes.  For example, if a person'’ heart is malfunctioning from psychosomatic causes it is 
certainly not “all in his head,” but knowing that the cause is psychosomatic does not tell him 
what to do about it.  When his heart rate is displayed on a meter, however, he can easily and 
objectively experiment with the psychological states that influence the rate.  While using any 
kind of biofeedback device as a tool for learning something about yourself, it is interesting and 
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instructive to experimentally induce in yourself a feeling of anxiety and nervousness, then 
calmness and tranquility.  You can play with anger and with peacefulness.  Then you can 
experiment with muscle tension, relaxation, slow deep breathing, etc.  Learning to manipulate 
physiological processes while seeing the meter (or listening to it if it has an auditory output) is 
quite similar to learning to play a pinball machine with your eyes open.  If you had to learn 
blindfolded it would be difficult, but if you use your eyes (employing visual feedback), it is easy. 
 
I will summarize the work we have been doing in the Voluntary Controls Project at The 
Menninger Foundation and later mention our research with Swami Rama, an Indian yogi who 
demonstrated in the laboratory some of the results of his own psychosomatic training program.  
If you wish to receive more information on any of this work, a note or postcard to us will be 
sufficient. 
 
As already mentioned, our first project was to train a group of housewives to increase the 
temperature of their hands, using only autogenic training methods.  After that we began an 
ambitious program in which an attempt was made to train 18 college men to control three 
physiological variables simultaneously, using autogenic feedback training.  Feedback meters 
showed muscle tension in the right forearm, temperature of a finger on the right hand, and 
percentage of alpha rhythm in the brain-wave pattern (over the preceding 10-second interval of 
time). 
 
Muscle tension was picked up from an electrode attached with salt paste to the skin.  
Temperature was obtained from a thermister taped lightly to the middle finger of the right hand, 
and brain-wave (EEG) signals were obtained from an electrode pasted to the left occiput (the 
back of the head).  The instruments were adjusted so that if the subject could relax his forearm 
completely the meter would “rise to the top.”  Complete relaxation means that there is a 
complete absence of muscle fiber “firing” and the electrical signal resulting from muscle tension 
“goes to zero.”  In this situation, the meter is wired to go to the top, showing complete success in 
relaxation.  If the subject’s finger showed an increase in of 10 F, the temperature meter would 
rise to the top.  It is interesting that if a subject tried to force the temperature to rise, by active 
volition, it invariably went down.  But if he relaxed, “told the body” what to do, and then 
detached himself from the response, the temperature would rise.  This is passive volition.  A 10 
decrease would cause the meter to go to the bottom.  In other words, we set the meter in the 
center of its scale regardless of the absolute temperature of the hand, and studied only the 
temperature variations associated with the training program.  The third meter showed percentage 
of alpha rhythm in the visual (occipital) area of the brain.  After a period of training in relaxation 
and temperature control we would say to the subject, “Now while you keep the relaxation and 
warmth meters up try to make the third meter, the alpha meter, go up without closing your eyes.”  
It is common knowledge that about 90% of the population produce alpha waves when the eyes 
are closed, so if subjects closed their eyes they could be expected to produce alpha waves, but we 
wanted them to generate, or bring about, an increase in the percentage of alpha while their eyes 
were open.  One of our research objectives was to test the hypothesis that a person’s success in 
remembering would be a function of, or correlated with, the percentage of alpha waves present 
while he was trying to remember.  The eyes-open condition was useful because it served the 
purposes of keeping the subject from getting drowsy, permitted the use of a simple visual 
feedback device (though we could have used auditory feedback if desired), and also enhanced 
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the subject’s “coupling” to the outside world.  We wanted the subject to be able to look at the 
outside world and to answer questions without destroying his alpha rhythm, so it seemed useful 
to train him in awareness of both internal and external “worlds” at the same time by using a 
visual feedback system for brain waves.  Results showed that in the students with whom we 
worked, the ability to remember was indeed positively correlated with the percentage of alpha (r 
= .54, p = .1), and it indicated that an alpha training program might be of great value in assisting 
students to overcome “mental blocks” during examinations. 
 
Before continuing, however, it is useful to examine Figure 1.  It shows the major brain-wave 
frequency bands and their relation to conscious and unconscious processes, in the general 
population.  When people focus attention on the outside world they usually produce only beta 
frequencies.  If they close their eyes and think of nothing in particular, they generally produce a 
mixture of alpha and beta.  If they slip toward sleep, become drowsy, theta frequencies often 
appear and there is less of alpha and beta.  Delta waves are not normally present except in deep 
sleep.  For example, at this moment I am predominately in the beta state, and so are you—at least 
I think so. 
   


Normally Unconscious


Delta  Theta Alpha


   1              4                   8                 13             26 
                 Hertz (cycles per second) 


Beta


Normally Conscious
 
 
 
 
 
  Figure 1. Major frequency bands in the electroencephalographic (EEG) record. 
 
Now, alpha waves can be made to appear when the eyes are open if attention is turned inward, 
away from the outside world, but the way to make the alpha meter go up while looking at it is to 
learn to “observe without looking.”  Perhaps this sounds paradoxical, but it is not as difficult as 
answering the Zen koan, “What is the sound of one hand clapping?”  In any event, we wanted 
students to be able to produce alpha waves with their eyes open and also to be able to answer 
questions while in this state. 
 
The attempt to develop simultaneous self-regulation of three physiological variables in 5 weeks 
proved to be overly ambitious but students usually learned to control one or another of the 
original three variables quite well, and sometimes could control two at once, but it was not easy 
for anyone to control all three at the same time. 
 
As we worked with the college group, we also ran pilot subjects in a theta training program and 
soon we noticed that the psychological state associated with theta contained, in a number of 
subjects, very clear hypnagogic-like imagery.  Pictures or ideas would spring full-blown into 
consciousness without the person being aware of their creation.  The theta “reverie,” as we began 
to call it, was definitely different from a daydreaming state and much to our surprise we found 
that it seemed to correspond with descriptions given by geniuses of the past of the state of 
consciousness they experience while being their most creative.  From these observations and 
from our experiences in training college students we developed our present project called “alpha-
theta brain-wave feedback, reverie, and imagery.” 
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Without going into details about the machinery and procedures of theta training, in our present 
research, in order to signal the presence of both alpha and theta frequencies in the occipital 
(visual) brain rhythm, we used auditory feedback (musical tones) rather than visual feedback.  As 
already mentioned, alpha production can easily be learned with the eyes open, but theta 
production is generally possible only with the eyes closed.  The imagery associated with theta is 
often so tenuous that open eyes drive it away.  In our currently used EEG feedback devices 
(these machines are manufactured under licensing agreement from The Menninger Foundation, 
by a small electronics firm in Lawrence, Kansas), a low frequency feedback tone signifies theta 
and a higher frequency signified alpha.  For training away from the lab we have developed 
portable alpha-theta “home trainers,” but in the lab we use an auditory feedback system that 
detects the presence of various brain waves and multiplies their frequencies by 200 (up to the 
audible range).  By this procedure, beta waves are made to produce a “piccolo” type of music.  
Alpha sounds like a flute, theta like an oboe, and delta like a bassoon.  This combination results 
in an interesting and not unpleasing quartet.  We have constructed two identical sets of 
amplifiers, filters, multipliers, and associated hardware, so that two brain-wave channels can be 
studied simultaneously, and when we attach electrodes to the two sides of the head, it is possible 
to feed back to the subject musical information concerning the simultaneous electrical activity of 
the two cerebral hemispheres. 
 
The right ear “listens” to the right side of the brain and the left ear listens to the left side.  We 
have not used this elaborate laboratory feedback system except in pilot research, but we 
sometimes claim that we are going to use the machine to train a subject to play “The Star 
Spangled Banner,” with the hope that it will encourage the federal government to release 
additional funds!  That, at least, would demonstrate a high level of control. 
 
In working with research subjects we obviously do not say that the physiological functions they 
are going to control are involuntary—because if they believed that, the training would not work.  
In actuality, it is the “belief” of the subconscious (or unconscious) that is the controlling factor in 
learning to manipulate a so-called involuntary process.  Feedback meters are remarkably 
powerful in training the autonomic nervous system because seeing is believing, even for the 
unconscious.  There is little room for skepticism or disbelief concerning the practicality of 
temperature control when the temperature (blood flow) meter is used.  Unconscious skepticism, 
as a factor in the psychophysiological matrix, seems to cause the hand temperature to drop, but 
this response indicates to the subject that the meter really does tell something, even it at first he 
does not know what it is.  After a bit of practice with a feedback device, the situation is rather 
like learning to drive a car.  The student driver does not question whether the car will move if he 
steps on the accelerator.  And if he thinks that turning the steering wheel to the left will make the 
car turn to the right, he soon discovers his error. 
 
Without getting involved in details, it seems that a hierarchy of attitudes (or sets) is involved in 
learning to control normally involuntary processes-—first, hypothesis; then, belief, and finally, 
knowing.  A person may start with the hypothesis that the temperature of his hand will rise, but 
because of his previously conditioned response to introspection, his temperature may rapidly 
drop when he attempts to raise it.  This response tells him, however, that something significant is 
going on in his nervous system in response to his efforts.  Then, when he relaxed and begins to 
think of something else, becomes detached, the temperature begins to rise.  So he begins to 
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believe that the training system will work.  Eventually he knows he can control the process and 
he knows what is happening in himself (in regard to raising or lowering hand temperature) 
whenever he turns his attention to the matter. 
 
Quite often with beginners the hand temperature will rise at first, but then an insidious thought 
will creep in, such as, “it may work with other people, but it probably won’t work for me.”  This 
precipitates vasoconstriction in the hands due to the activation of the sympathetic nervous system 
and blood flow in the hands is appropriately reduced.  Within a few seconds temperature of the 
hands begins to drop. 
 
From our various research experiences with autogenic training and biofeedback, and with highly 
trained persons such as Swami Rama and lately with Jack Schwarz, we are beginning to believe, 
or at least hypothesize, that “any physiological process that can be detected and displayed in an 
objective fashion to the subject can be self-regulated in some degree.”  Blood pressure, blood 
flow, heart rate, lymph flow, muscle tension, brain waves, all these have already been self-
regulated through training in one laboratory or another.  Where is the limit to this capacity for 
psychosomatic self-regulation?  Nobody knows, but research indicates that the limits lie much 
farther out than was at first suspected by most of those interested in biofeedback. 


 
Figure 2. Psychophysiological diagram relating he conscious-unconscious psychological domain to the various 
sections of the voluntary-involuntary physiological domain.  The solid vertical line separates the central and 
peripheral nervous systems into functional subregions.  The dashed line (conceptually visualized to be in continuous 
undulatory movement) separates the conscious and unconscious areas. 
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It is useful here to draw attention to the major areas of the brain and discuss their relation to the 
process we are calling voluntary control of internal states.  The item of particular significance in 
Figure 2 is that it is divided vertically into conscious and unconscious domains, on the right and 
left, respectively.  The conscious side contains both the cerebral cortex, which someone in the 
American Medical Association called the “screen of consciousness,” and the craniospinal 
nervous system, roughly, the voluntary muscular system.  The unconscious side includes both the 
subcortical brain, the “old” lower brain structures that man shares with most of the animals, and 
the autonomic nervous system, the involuntary nervous system, which lies outside of the brain 
and brainstem, and which controls, among other things, the skin, the internal organs and glands, 
and the vascular system of the body.  The paleocortex, the old brain, includes a section called the 
limbic system, which has been given a name of particularly great significance for understanding 
psychosomatic self-regulation, namely, “visceral brain.”  It is quite clear from recent research 
that electrical stimulation of the visceral brain and related neural structures through implanted 
electrodes causes emotional changes in humans.  Conversely, it is well known that perceptual 
and emotional change are followed by neural changes, or responses, in the limbic system of the 
brain, though most of this work was performed with animals.  Putting together some of the 
pieces of the mind/body system as observed both physiologically in the nervous system and 
behaviorally (through autogenic feedback training), we have found it convenient to postulate a 
psychophysiological principle that goes as follows, “Every change in the physiological state is 
accompanied by an appropriate change in the mental-emotional state, conscious or unconscious, 
and conversely, every change in the mental-emotional state, conscious or unconscious, is 
accompanied by an appropriate change in the physiological state.”  This closed-loop statement 
obviously does not allow for volition or free will in humans any more than the furnace-and-
thermostat system of your house is “allowed” to have a will of its own, but even as the 
thermostat is manipulated by a force from the outside, namely, your hand (which would have to 
be categorized as a metaforce in the furnace-and-thermostat system), so also the 
psychophysiological principle, or its expression in the psychosomatic unity of mind and body, is 
manipulated by volition, which at present is of indeterminate origin, but which at least exhibits 
some of the characteristics of a metaforce.  These idea, incidentally, are quite clearly put forth in 
the Vedas, sacred scriptures of India, and lie behind the system of Raja Yoga.  These basic 
concepts are well considered in Aurobindo’s Integral Yoga, especially in his book called The 
Synthesis of Yoga. 
 
But to return to the diagram, the dashed line represents at a specific moment the actual, rather 
than the theoretical, division between conscious and unconscious functions in the nervous 
system.  We must visualize the dashed line as continually shifting and undulating between 
various brain structures as attention shifts from one thing to another.  It is clear that when we 
learnt to drive a car, every movement must at fist be worked over in the conscious domain.  But 
after we have learned to drive well enough it is possible, when we are thinking of something 
else, to drive all the way through town without being aware of stopping at stop signs.  In other 
words, what was once conscious become unconscious for a time.  In other words, the dashed line 
moves from left to right and extends for a period of time over neurological structures in the 
neocortex and the craniospinal system.  On the other hand, when one learns through biofeedback 
training to control the flow of blood in his hands, he is obviously extending conscious control for 
a period of time over an area that lies to the left of center in the diagram.  That is, some of the 
subcortical brain structures and some of the neural circuits in the autonomic nervous system have 
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come under conscious control.  It is interesting that when patients using autogenic training 
reported to Dr. Schultz that they could not achieve control over some physiological process, he 
would say that they had not made “mental contact” with that part of the body.  In other words, 
again, they had not extended the dashed line of the diagram far enough to the left in a specific 
neural pathway. 
 
Now we will discuss our research with Swami Rama.  Dr. Daniel Ferguson, at the Veterans 
Administration Hospital in St. Paul, Minnesota, became aware of the “voluntary controls” work 
at the foundation and one day near the end of 1969 he wrote to me saying that if we were 
interested in making some tests of an Indian yogi who could control a number of normally 
uncontrollable physiological processes, he would arrange a meeting in Topeka.  The upshot of 
this was that Swami Rama (of Rishikesh and the Himalayas) and Dr. Ferguson visited us for 3 
days in March 1970.  The Foundation for the Study of Consciousness, Philadelphia, 
Pennsylvania, provided research funds for this visit.  Later we obtained funding both from the 
Millicent Foundation, Vancouver, Washington, and from the Joseph and Sadie Danciger Fund, 
Kansas City, Missouri, to work with the swami over an extended period of time. 
 
During the first visit, Swami Rama demonstrated that he had exquisite differential control over 
arteries in his right hand.  We had “wired” him for brain waves, respiration, skin potential, skin 
resistance, heart behavior (EKG), blood flow in his hands, and temperature.  While thus 
encumbered he caused two areas a couple inches apart on the palm of his right hand to gradually 
change temperature in opposite directions (at a maximum rate of about 4 F per minute) until 
they showed a temperature difference of about 10 F.  The left side of his palm, after this 
performance (which was totally motionless), looked as if it had been slapped with a ruler a few 
times—it was rosy red.  The right side of his hand had turned ashen gray.  During the last session 
of this visit, he made the comment that according to theory a swami could not be upset or 
distracted, but that it was a good thing that none of his students were here to demonstrate their 
powers of physiological control, because he doubted if they would be able to succeed in such a 
strange scientific setting.  Other demonstrations included the speeding and slowing of his heart 
rate, and finally we concluded the tests, we thought.  But during dinner, on the evening before he 
and Dr. Ferguson were to return to Minneapolis, he suddenly said he was sorry he had not 
demonstrated “stopping” his heart and that he would do it in the morning. 
 
Both Alyce and I objected to this because he had just finished telling us that in order to 
demonstrate some of the more physiologically serious controls, such as stopping the heart, it was 
necessary to fast for a couple of days, taking nothing but fluids.  I could well believe this because 
according to the swami he would stop his heart in this particular demonstration by control of the 
vagus nerve.  Since the vagus nerve also has an important control function over the stomach and 
other visceral organs, it could logically cause a serious case of indigestion, to say the least. 
 
The swami’s answer to our objection, however, was that anything he could do in 3 minutes his 
guru could do in 3 seconds and that he wanted to perform this experiment in order to test 
himself.  Finally, having satisfied himself that he had answered, or demolished, our arguments, 
and having said that if necessary he would sign papers to the effect that The Menninger 
Foundation was not in any way responsible for anything that might happen to him, he said that 
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he could stop his heart in this way for 3 or 4 minutes, and how long would we need for an 
adequate test.  I said that 10 seconds would be quite impressive and he agreed to this limitation. 
 
The next day we hurried to the lab at 9:00 o’clock (we had previously scheduled a lecture for 
him at 10:00 o’clock) and wired him for the demonstration.  Before starting his “inner focusing” 
procedure, however, he said that when his heart stopped he wanted Alyce to call over the 
intercom from the control room and say “that’s all.”  This would be the signal for timing the 
duration of this demonstration and would also remind him not go “go too far.”  He said that he 
did not want to interfere with the functioning of his “subtle heart,” the one that lay behind the 
workings of his “physical heart.”  Having explained this, he made a few trial runs at speeding 
and slowing his heart, then said, “I am going to give a shock, do not be alarmed.”  To be this 
meant that he was going to give himself some kind of neural shock, but later I learned that he 
was going to shock the research personnel and doctors who were watching the paper records and 
polygraph pens in the control room, and they were being told not to be alarmed.  After 20 
seconds of motionless silence I heard Alyce say, “that’s all.”  At this, the swami pulled in his 
stomach muscles for a few seconds, then he relaxed.  From his look I could see that he felt the 
test had been a success, so I began asking questions about the “internal” process he used to 
accomplish such a thing.  While he was answering, Alyce called over the intercom and said that 
the heart record was not what we had expected and suggested that I look at it before going any 
further. 
 
To my surprise, the heart rate instead of dropping to zero had jumped in one beat from about 70 
per minute to about 300 per minute.  I returned to the experimental room and described the 
record to swami.  He seemed somewhat surprised and bothered and said, “You know that when 
you stop the heart in this way, it still trembles in there,” and he illustrated with fluttering hands.  
I speculated then that what we had recorded might be some kind of fibrillation, but later I was 
told by Dr. Marvin Dunne, cardiologist and professor at the Kansas University Medical Center 
(Kansas City, Kansas), after he had examined the records, that it was a case of "atrial flutter,” a 
state in which the heart fires at its maximum rate without the blood filling the chambers properly 
or the valves working properly.  He showed me similar records obtained from patients and asked 
what happened to the swami, he should have passed out, but I had to answer that we quickly 
“unwired” him so he could get to his lecture on time. 
 
The atrial flutter actually lasted for an interval between 17 and 25 seconds.  The exact duration 
could not be determined from the record because when the Swami drew in his stomach the 
resulting electrical signal from muscle firing caused the EKG pen to go off the edge of the paper, 
and after it returned the heart rate was normal again.  I asked him why he had moved his stomach 
and he said that he had established a “solar plexus lock,” by means of which the heart condition 
could be maintained for quite a long time if desired.  It is interesting to note that when the heart 
began to flutter the people in the control room had a hurried consultation among themselves to 
decide if this was what the swami meant by “stopping” his heart.  After about 8 seconds they 
decided that whatever it was it looked dangerous and decided to give the “that’s all” signal. 
 
In summary, we may say that the swami stopped his heart from pumping blood for at least 17 
seconds.  This was his technique, we discovered, for obliterating his pulse during examination by 
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medical doctors.  The “other” kind of heart stopping, he said, involved a hibernationlike state 
that he might be prepared to demonstrate on some other occasion. 
 
The importance of Swami Rama’s demonstrations did not lie in the performances themselves but 
in their implications.  I do not intend to practice stopping my heart or try to teach anyone else 
according to the swami’s instructions, but the fact that it can be done is of major scientific 
importance.  Aside from supporting the psychophysiological theory previously discussed, it more 
importantly gives us additional reason to believe that training programs are feasible for the 
establishment and maintenance of psychosomatic health.  If every young student knew by the 
time he finished his first biology class, in grade school, that the body responds to self-generated 
psychological inputs, that blood flow and heart behavior, as well as a host of other body 
processes, can be influenced at will, it would change prevailing ideas about both physical and 
mental health.  It would then be quite clear and understandable that we are individually 
responsible to a large extent for our state of health or disease. 
 
Perhaps then people would begin to realize that it is not life that kills us, but rather it is our 
reaction to it, and this reaction can be to a significant extend self-chosen. 
 
Later in the year Swami Rama returned to the foundation for another series of experiments, 
especially for correlating internal psychological states (phenomenological or existential states) 
with brain-wave patterns.  At first the experiments appeared disastrous for our general theory of 
“focus of attention and brain-wave correlates.”  No matter what psychological state we asked the 
swami to demonstrate, from a list he had supplied, the only definite brain rhythm was in the beta 
frequency band, which was presumably associated with (at least in our understanding of the 
matter) attention on outside-world sensory processes or attention on intense internal activation of 
a stressful nature.  But one day, after about 2 weeks of sessions, the swami said he had some 
news for us.  All the records would have to be thrown away because he had not successfully 
entered any of the subjective states we had been attempting to study.  Since I had not shown him 
the records and had not discussed my misgivings with him, this unsolicited announcement came 
like a ray of light through dark clouds.  I asked what the problem seemed to be and he answered 
that it would have been much better if I had not told him that the polygraph paper cost $16 per 
box.  All he could think of, he said, was the terrible expense involved and all the people 
watching paper shoot out of the machines. 
 
After that came out, we assured him that if necessary we could run paper for 24-hour periods 
without bankrupting the project, and it was agreed that henceforth he would take as long as 
necessary to move into a particular state of consciousness and that at the appropriate time he 
would come out of the state and tell us, essentially, that the last 5 minutes of the record contained 
what we were looking for.  The result of this conversation was a considerable lessening of 
tension and the swami was subsequently able to enter various states (evidenced by remarkable 
changes in brain-wave patterns) in no more than 15 minutes, and usually in 5 minutes. 
 
In five 15-minute brain-wave feedback sessions he was able to tie together in his mind the 
relationship between the tones produced by activation in the various brain-wave bands and the 
states of consciousness he had learned in a Himalayan cave.  Then he produced 70% alpha waves 
over a 5-minute period of time by thinking of an empty blue sky “with a small white cloud” 
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sometimes coming by.  After a number of alpha-producing sessions the swami said, “I have news 
for you, alpha isn’t anything.  It is literally nothing.”  This did not surprise us, because we had 
already observed that the best way to produce alpha was to close the eyes and think of nothing in 
particular, but it would have provided a shock, I suppose, to the many mind-training researchers 
who are telling people all over the country than when in the alpha brain-wave state you can get 
rid of your diseases, get the most wonderful ideas, and best of all be telepathic.  This kind of talk 
is nonsense to those clinicians and technicians who work in EEG labs.  Whether they accept the 
possibility of telepathy or not, they know that about 90% of the population of the United States 
produce alpha waves when the eyes are closed, and the majority of our people are certainly not 
telepathic nor can they rid themselves of disease merely by being in alpha brain-wave state. 
 
In any event, the swami next produced theta waves by “stilling the conscious mind and bringing 
forward the unconscious.”  In one 5-minute period of the test he produced theta waves 75% of 
the time.  I asked him what this experience was and he answered that it was an unpleasant state, 
“very noisy.”  The things he had wanted to do but did not do, the things he should have done but 
did not do, and associated images and memories of people who wanted him to do things came up 
in a rush and began shouting at him.  It was a state that he generally kept turned off, he said, but 
it was also instructive and important to look in once in a while to see what was there.  From what 
he said I could well understand that his life in India, of rigorous discipline and strenuous 
practice, had involved a good deal of suppression and that his reverential attitude toward his 
guru, as a being in whom conflicts were resolved, was partly based on his understanding of the 
difficulty of creating a true synthesis of forces in oneself.  The perfected guru, according to 
Indian tradition, is a liberated being who, among other things, has consciously examined all parts 
of his nature, conscious and unconscious, and has established tranquility and harmony there. 
 
After producing theta waves, the swami said he knew exactly how the inner state of awareness 
were arranged in respect to the brain-wave frequency bands.  Then he said, “Tomorrow I will 
consciously make delta waves for you.”  I replied that I doubted that he would succeed in that 
because he would have to be sound asleep in order to produce delta.  He laughed at this and said 
that I would think that he was asleep but that he would conscious of everything that occurred in 
the experimental room. 
 
Before this test he asked how long I would like to have him remain in the delta state.  I said that 
25 minutes would be all right and he said he would bring himself out at that time.  After about 5 
minutes of meditation, lying down with his eyes shut, the swami began producing delta waves, 
which we had never before seen in his record.  In addition, he snored gently.  Alyce, without 
having told the swami that she was going to say anything (she was in the experimental room 
observing him during this test) then made a statement in a low voice, “Today the sun is shining, 
but tomorrow it may rain.”  Every 5 minutes she made another statement, and after 25 minutes 
had passed the swami roused himself and said that someone with sharp heels had walked on the 
floor above and made a click, click, click noise during the test, and a door had been slammed 
twice somewhere in the building, and that Mrs. Green had said—and here he gave her statements 
verbatim, except for the last half of the fourth sentence, of which he had the gist correct though 
not the words.  I was very much impressed because in listening from the control room, I had 
heard her sentences but could not remember them all, and I was supposed to have been awake.  
Dale Walters, our colleague in this research for the last 5 years, didn’t remember much more 
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than I, but we reminded each other than our attention was supposed to be on the physiological 
records, not on what Alyce was saying. 
 
The swami said that this “yogic sleep,” as he called it, was extremely beneficial.  He said 15 
minutes of it was as good as an hour’s normal sleep.  Most people, he continued, let their brains 
go to sleep while their minds were still busy worrying over various matters, with the result that 
they woke up tired.  It is necessary for the mind and brain to sleep at the same time, he 
explained.  In the delta state he had just produced, he said, he told his mind to be quiet, to not 
respond to anything but to record everything, to remain in a deep state of tranquility until he 
activated it.  He also said this kind of sleep was called “dog sleep,” because a good dog can leap 
up from a sound sleep and chase after something without any apparent signs of having to 
reactivate, a very Zen-like condition it seemed to me. 
 
We did not complete all the experiments planned with Swami Rama.  He became involved in 
giving lectures and seminars around the country and eventually went to India to attend the “yoga 
and science” conference at New Delhi (December 1970).  It was interesting that he carried with 
him two of our biofeedback machines and gave a lecture called “Yoga and Biofeedback 
Training.”  His attitude about biofeedback was that it would accelerate the training of young 
yogis, up to the point where machines could no longer follow.  The machines would also 
eliminate fakers (not fakirs, please note) by the dozens.  We hope we will again, one day, have a 
chance to do more psychophysiological work with Swami Rama. 
 
In our research with the swami we naturally focused a good deal of attention on physiological 
data because they are easy to put into graphical form, and it is easier to get research money for 
projects that come out with red ink on green paper.  Some of Swami Rama’s other 
accomplishments were of utmost interest, however.  For instance, we observed that he could 
diagnose physical ailments very much in the manner of Edgar Cayce, except that he appeared to 
be totally conscious, though with indrawn attention for a few seconds while he was “picking up” 
information.  His training program will be made available to medical doctors, he says. 
 
Before concluding, it should be mentioned that when the swami produce alpha, he did not cease 
the production of beta.  And when he produced theta, both alpha and beta were retained, each 
about 50% of the time.  Likewise, when he produced delta he was also producing theta, alpha, 
and beta during a relatively high percentage of the time.  Perhaps this tells us something 
important.  Since alpha is a conscious state, it may be necessary to retain it when theta is 
produced if one wishes to be aware of the hypnagogic imagery that is often associated with theta.  
This idea was supported by some of our pilot research with a group of adults who were interested 
in being experimental subjects for theta research using brain-wave feedback and also some of 
Swami Rama’s breathing exercises for tranquilizing the autonomic nervous system.  The main 
exercise consisted of deep and slow rhythmic breathing, at a constant rate both in and out, with 
no pauses at the bottom or top of the respiration cycle.  After 4 or 5 months had passed, with at 
least 10 days a month including a “breathing and meditation” period (at home), the breathing rate 
could be comfortably slowed to once or twice per minute, for a period of 10 minutes.  These 
findings are probably consistent with Wallace’s observation, reported in Science, that a 
significant drop in basal metabolism rate (BMR) accompanied the practice of “transcendental 
meditation” by a group of college students.  We did not have metabolism-measuring equipment 
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in our lab, but we might suspect that if the BMR did not drop significantly in our subjects it 
would be very difficult for them to breath at such an “inadequate” rate without experiencing 
involuntary diaphragmatic gasping.  The swami’s instructions, to allow “no jerks,” was 
eventually complied with, much to our surprise. 
 
As a final word, it seems increasingly certain that healing and creativity are different pieces of a 
single picture.  Both Swami Rama and Jack Schwarz, a Western sufi whom we recently had a 
chance to work with, maintain that self-healing can be performed in a state of deep reverie.  
Images for giving the body instruction are manipulated in a manner very similar to that used by 
Assagioli for personality and transpersonal integration, as in his Psychosynthesis.  But this 
“manner” of manipulation of images is also the same as that in which we find ideas being 
handled creatively (by two pilot subjects) for the solution of intellectual problems.  What an 
interesting finding!  Creativity in terms of physiological processes means then physical healing, 
physical regeneration.  Creativity in emotional terms consists then of establishing, or creating, 
attitude changes through the practice of healthful emotions, that is, emotions whose neural 
correlates are those that establish harmony in the visceral brain, or to put it another way, 
emotions that establish in the visceral brain those neurological patterns whose reflection in the 
viscera is one that physicians approve of as stress-resistant.  Creativity in the mental domain 
involves the emergence of a new and valid synthesis of ideas, not by deduction, but springing by 
“intuition” from unconscious sources.   
 
The entrance, or key, to all these inner processes we are beginning to believe, is a particular state 
of consciousness to which we have given the undifferentiated name “reverie.”  This reverie can 
be approached by means of theta brain-wave training in which the gap between conscious and 
unconscious processes is voluntarily narrowed, and temporarily eliminated when useful.  When 
that self-regulated reverie is established, the body can apparently be programmed at will and the 
instructions given will be carried out, emotional states can be dispassionately examined, 
accepted, or rejected, or totally supplanted by others deemed more useful, and problems 
insoluble in the normal state of consciousness can be elegantly resolved. 
 
Perhaps now, because of the resurgence of interest in self-exploration and in self-realization, it 
will be possible to develop a synthesis of old and new, East and West, prescience and science, 
using both yoga and biofeedback training as tools for the study of consciousness.  It is also 
interesting to hypothesize that useful parapsychological talents can perhaps be developed by use 
of these reverie-generating processes of yoga and biofeedback.  Much remains to be researched, 
and tried in application, but there is little doubt that in the lives of many people a penetration of 
consciousness into previously unconscious realms (of mind and brain) is making understandable 
and functional much that was previously obscure and inoperable. 
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This article attempts to provide guidelines for acceptable practice in thermal biofeedback 
training. Criteria are set forth in three major areas: the nature of the interaction between 
the experimenter/therapist and subject/patient, training procedures, and the physical 
characteristics of the temperature sensing and feedback system.  


In thermal biofeedback training, as in almost all other types of biofeedback training, it is 
of the greatest importance that three major factors be given explicit attention: (l) the 
nature of the interaction between the subject/patient and experimenter/therapist, (2) 
adequate methodological procedures to insure both that the training process is as easy as 
possible and that a true training effect and not artifact is being recorded, and (3) the 
physical characteristics of the training environment and of the sensing, feedback, and 
recording system. It is beyond the purview of this article to deal with each of these 
subjects exhaustively; however, we will attempt to specify those aspects of thermal 
biofeedback procedures and techniques that are the most important for avoiding artifact 
and achieving a good result in training.  


THE “PERSON FACTOR” IN  
THERMAL BIOFEEDBACK TRAINING  


Perhaps the most powerful factor influencing whether or not thermal biofeedback 
learning will occur is the quality of the interaction between the experimenter/ therapist 
and the subject/patient, that is, the “person factor.” The first experimenter carrying out 
thermal biofeedback research in our laboratory (May 1970) showed an impersonal 
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attitude toward the experimental subjects and was able to train only 2 of 22 individuals to 
control skin temperature. Another experimenter, using exactly the same technique, was 
more informal and friendly, and trained 19 of 21 subjects. We assumed that the person 
factor was responsible for this apparent reversal of results. This was our first observation 
along these lines, and it was admittedly unsystematic. A formal experiment was carried 
out to investigate this phenomenon. The independent variable was the experimenter’s 
behavior toward two groups of subjects. With one group the experimenter adopted an 
impersonal attitude (i.e., using last names, discouraging extraneous conversation, 
avoiding eye contact, etc.). With another group the experimenter adopted a friendly 
attitude (i.e., using first names, encouraging development of a friendly relationship, 
frequent eye contact, etc.). Both groups showed significant learning. However, the 
impersonally treated group altered hand temperature by a mean of only 1.3°F on the last 3 
days of a 10-day training series; the group treated in a friendly manner achieved a mean 
change of 4.2°F on the same days. This striking difference is by far the largest 
experimental effect we have obtained by the manipulation of any single variable in our 
entire sequence of experiments. It is almost impossible to overemphasize the importance 
of the experimenter-attitude variable for the success of thermal biofeedback training. It 
seems highly probable that the person factor is equally critical for the success of other 
types of biofeedback training.  


ADEQUATE METHODOLOGICAL PROCEDURES 


Presession Stabilization Procedures  


It is extremely important to have an initial stabilization period prior to the beginning of a 
feedback period. It is well known that skin temperature sensitively reflects the emotional 
state of the individual (e.g., Mittelmann & Wolff, 1939; Neuman, Lharnon, & Cohn, 
1944). When a subject is involved in a negative affective state, his hands tend to be cold; 
as he relaxes, his hands tend to increase in temperature. At the beginning of a session, 
skin temperature can change enormously; when the change is large, it is usually in an 
upward direction. The large increases are apparently an indicator that the subject is 
relaxing after being attached (wired up) to the equipment and left alone. Laboratory 
situations are tense for most people, so subjects often do not relax until the experimenter 
leaves the room. It is important not to confuse the effects of general relaxation with the  
effects of specific training. The training task should not be introduced until the relaxation 
process has been completed. We have been shown results by investigators new to the 
field that purport to indicate major temperature self-regulation effects on a few individual 
training days but not on others. These results often arouse suspicion since, once a person 
has learned the task well, he is able to repeat it on almost all occasions. Often novice 
investigators do not establish initial stabilization periods. Almost certainly, the result is 
the type of habituation process described above.  


It is preferable to use a stabilization procedure based on performance rather than the 
simple passage of time. In this laboratory the initial stability criterion established before 
feedback training requires that the temperature variation be no greater than .25°F during 4 
consecutive min. The first 6 min are not considered part of the period used to determine 
the initial stability point; that is, training cannot begin until at least 10 min have elapsed. 
If the stability criterion is not reached in 30 min, self-regulation is initiated. However, 
this occurs infrequently. The mean time required for the initial stability point to be 
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reached differs with the season of the year, but is usually about 15 min. Examination of 
session records in this laboratory indicates that, had a standard temporal interval (such as 
15 min) been employed, many subjects would already have stabilized. However, some 
subjects would not have stabilized, thus contaminating the data for the training period.  


 


 


Pretraining Baseline Sessions  


Some individuals have a marked tendency to exhibit temperature change in a given 
direction while simply sitting quietly in an experimental chamber for a period of time 
equivalent to the full biofeedback session. This does not occur in every individual. The 
temperature of some individuals’ hands increases during some baseline sessions and 
decreases during others. However, when there is a tendency to change in a single 
direction, it is important that this be known, since it can make a major alteration in the 
interpretation of the amount of learning that has taken place. The manner in which this 
problem has been handled quantitatively in this laboratory is described elsewhere (Taub, 
1977; Taub & Emurian, 1976).  


The tendency for temperature change in a given direction is most marked during the 
summer. People tend to come into the experiment from the street with very high hand 
temperatures, and these frequently do not decrease even after sitting in an air-conditioned 
laboratory for 1 h before the beginning of a session. During the stabilization period, there 
is an almost invariable tendency for the hand temperature to decrease slightly, though it 
often remains above 94°F. This is a difficult problem to overcome. We had subjects wash 
their hands in cool water, but this often produced  instability in hand temperature over a 
long period of time. Moreover, hand temperature often returned to the original high level 
within 1/2 h or so. In these cases, we simply accept the initial high hand temperature and 
proceed with the training from that point. Because outside temperature can be such an 
important factor in influencing subjects’ starting temperatures and the results obtained in 
the biofeedback situation, we routinely record the outside temperature prior to each 
session.  


At present, we carry out 5 days of baseline testing. Data for the first day are discarded 
since the initial period of habituation to the laboratory frequently gives an atypical record. 
This procedure is appropriate because most of our work is experimental. For clinical 
purposes, baseline sessions are probably not absolutely necessary. However, it is 
extremely important that there be an initial stabilization period, regardless of setting.  


Methods for Determining Whether the Result is Effect or Artifact 


One of the best methods for determining that true learning has taken place is to train a 
subject to alter his temperature in both an upward and downward direction. This can be 
done in serial periods during the same session from the beginning of training or it can be 
done sequentially, that is, the subject learns to control temperature in one direction and 
then in the other. If the subject uses a “trick” to accomplish the task, he probably cannot 
use the same trick to change temperature in the opposite direction. It is possible, of 
course, but it is highly improbable that the subject can use two tricks with equal 
effectiveness. If a bidirectional procedure is employed, considerations of stabilization 
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periods and baseline sessions become less important than if the subject is trained in only 
one direction. Most clinicians, of course, teach patients to warm their hands, a 
unidirectional procedure. Thus, bidirectional training is inappropriate for clinical 
purposes. However, steps can be taken to reduce the chances of artifacts influencing the 
procedure. One method is to give the subject appropriate instructions prior to the 
beginning of training. He/she should be told to move as little as possible, compatible with 
comfort; this is especially true for moving the hands. The subject should also be told to 
avoid changing breathing from normal resting patterns. During the session, it is important 
to have subjects under visual observation by the experimenter. If subjects deviate from 
instructions, they should be requested to stop the undesirable maneuvers, by intercom if 
subject and experimenter are in separate rooms. The temperature recorded by thermistors 
can be altered by blowing on the devices. Some subjects direct expired breath in the 
direction of the self-regulating hand without being aware of it. When the phenomenon of 
feedback-aided self-regulation of hand temperature was first demonstrated in this 
laboratory, we constructed a transparent Lucite box, open in the direction facing away 
from the subject to permit circulation of air. On the side nearest the subject, there was an 
opening into which the hands fit; a drop cloth covered the opening. This device permitted 
us to determine that the passage of expired air over thermistors was not a factor in the 
control we were observing in our subjects at the time. Clinicians should be alert to this 
possibility and, when appropriate, instruct subjects to refrain from such activities. In 
order to prevent heat from being trapped around the thermistors, thus generating unduly 
high readings, a framed screen (Chucker, Fowler, Motomiya, Singh, & Hurley, 1971) 
rather than a solid wooden board can be used as a lap board upon which the hands rest.  


The training period in this laboratory is typically 15 min, although some subjects given 
feedback for 15 consecutive min complain of fatigue. Maintaining focused attention for 
that long can be aversive for some people. Consequently, we have introduced a 10-sec 
timeout period between successive 50-sec feedback periods. We have no systematic data 
on this issue, but when we introduced the 10-sec between-trial interval, the subjects 
uniformly reported a preference for that procedure rather than for continuous feedback.  


Posttraining Rest Period 


It is useful to have a posttraining rest period. This procedure serves at least two purposes. 
First, if the subject is achieving self-regulatory control by employing “passive volition” 
(Green, Green, & Walters, 1970), it is valuable to give the subject an opportunity to 
emerge slowly from that condition. If subjects begin to engage in normal activity too 
soon, they sometimes report discomfort and mild headache. Second, if a subject is being 
taught to alter temperature in one direction only, temperature variation during a 
posttraining rest period provides a useful crude index of how well the subject has learned 
the task.  


In the early stages of learning, temperature does not change rapidly from the level 
attained at the end of the feedback period. When learning is well established, however, 
there is a marked tendency for the temperature to return to baseline fairly rapidly.  


The Information Display  


Two types of visual feedback displays have been employed in this laboratory. The first 
was an analog device that controlled the brightness of a lamp so that it was proportional 
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to the temperature at a feedback locus on the dominant hand (Taub & Emurian, 1976). A 
priori considerations and comments from subjects indicated that this feedback system had 
a number of drawbacks; consequently, a more sophisticated digital display was 
constructed (Taub, 1977). Surprisingly, the presumably superior feedback system did not 
improve the ability to self-regulate hand temperature (for a fuller discussion, see Taub, 
1977). Roberts and co-workers (Roberts, Kewman, & Macdonald, 1973; Roberts, 
Schuler, Bacon, & Zimmerman, 1975) have employed auditory feedback and have 
obtained results similar to those of this laboratory.  


Use of Other than Augmented Feedback  


A variety of feedback techniques other than that obtained from temperature sensors, 
which is processed electronically and then displayed, can greatly improve a subject’s 
performance. Verbal reward for a subject who does well is extremely important. When 
the subject is not doing well, encouragement and an implicit attitude that the 
experimenter confidently believes that he will be able to learn the task are even more 
important. For the subject who is doing poorly, even small movements in the correct 
direction should be praised.  


When training college students, we routinely employ monetary reward at the rate of 25 
cents for each .25°F in the correct direction. In one study this procedure improved 
performance by .5°F, but the difference between subjects given money reinforcement and 
those without it was not statistically significant. We have continued the money 
reinforcement procedure because it seems to focus a subject’s attention on the task.  


At the end of each session, the subject is given a graph showing his performance on that 
day. This process can be an important ancillary device for maintaining subject interest 
and motivation.  


Finally, at the beginning of training we do not permit a subject to receive too much 
feedback on changes in the wrong direction; .2°F is the maximum allowed. When 
subjects observe large changes in the wrong direction, many become discouraged and 
stop trying or become anxious and try too hard. Both reactions are counterproductive and 
usually result in an inability to perform. The negative results are sometimes not confined 
to that day alone, but generalize and lead to a complete failure of training.  


Units of Feedback and Sampling Rate  


We do not have systematic data on units of feedback and sampling rate. However, at the 
beginning of our work on this project, feedback was given in units of .1°F, and learning 
was poor. The system was redesigned so that the feedback unit was .02°F, and the 
subsequent results were excellent (Taub & Emurian, 1976). Evidently, if the feedback 
unit is greater than .5°F, learning is not as great as it could be with many subjects.  


Our current digital feedback system has the capability of a broad range of sampling rates. 
We began with a sampling-display change rate of 4/sec, that is, the feedback display 
changed four times every second. Subjects found this unpleasant and confusing. We then 
reduced the sampling-display change rate to 2/sec, and this was greatly preferred. There 
is obviously a U-shaped function relating sampling rate and thermal biofeedback 
learning. We have only the most general idea of what the parameters are.  


Factors Conducive to Subject Relaxation  
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A number of simple conditions can generate a relaxing environment. The subject should 
be seated in a comfortable chair. The light in the room should be dim. It is desirable to 
have a rug on the floor since this lends a feeling of warmth and ease. The decor should be 
pleasant. A few plants and prints or paintings in the vicinity seem to help. On the other 
hand, during the early part of training, stressors tend to abolish the ability to self-regulate 
hand temperature. After the task has been well learned, even severe stressors, such as 
immersing the noncontrolling hand in ice water or whole-body cold challenge by water in 
a “cold suit,” do not appreciably affect performance (Taub, 1977).  
 


 
PHYSICAL CHARACTERISTICS OF ENVIRONMENT  


AND FEEDBACK SYSTEM 


Several physical and technical factors may influence temperature biofeedback results. 
Environmental factors include temperature, temperature variability, and air flow patterns 
in the subject’s room, as well as outside temperature. Proper sensor placement is critical. 
In addition, a number of other technical factors contribute greatly to the validity and 
reliability of the measurement.  


Temperature and Air Flow in the Biofeedback Room 


It is virtually impossible to devise a means of reliably sensing skin temperature that is 
wholly uninfluenced by air temperature and flow. Air drafts introduce artifactual 
measurement variation, not only because they are warmer or cooler than the mean 
ambient temperature but also because they change skin temperature by altering 
evaporative skin cooling. Strong drafts probably cause so great a spurious moment-to-
moment temperature change that acquisition is either considerably slower or prevented 
entirely. Similar considerations apply to any other factor that produces large or rapid 
changes in room temperature. Consequently, any temperature variation caused by lack of 
sufficient thermostatic control or drafts must be corrected.  


Typically, home or office room temperatures, which presumably are being maintained at 
a constant level, vary over a 1.5°F to 3.0°F range in a given location. The variability is 
increased still further because most heating/cooling systems produce temperature 
gradients that vary greatly at different locations in a room.  


In our laboratory several steps have been taken to achieve a biofeedback room 
temperature of 73°F + or - .25°F. The inside of the room has been insulated with 3-in.-
thick fiberglass. The material is left essentially open, being kept in place by decorative 
burlap stapled to the wall. This arrangement eliminates hot or cold spots on the walls and 
ceiling. Moreover, the essentially exposed surface of the fiberglass provides excellent 
acoustical isolation. To facilitate achieving the desired biofeedback room temperature, we 
maintain the temperature of the large air mass in the entire laboratory at 74°F, a level 
slightly above the desired biofeedback room temperature. A portion of this air is drawn 
into a semiclosed system consisting of a 13,000-Btu window air conditioner that 
continuously supplies air to the biofeedback room through ducts and registers located in 
the ceiling. Return air is picked up with a duct at floor level.  


The biofeedback room contains a false ceiling constructed of a l-in.-thick sheet of air-
filter material, called Permalast, suspended 20 cm below the real biofeedback room 
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ceiling. This results in an “air box” with a very porous lower surface. An empirically 
designed system of baffles within the false ceiling causes inlet air to be fairly uniformly 
distributed within the space between the false and real ceilings. Although the air flow 
through the biofeedback room is fairly high, the system of baffles, air f1lter, and floor-
level-return-duct produces a very uniform ceiling-to-floor and wall-to-wall temperature 
distribution (<5°F) with no perceptible air drafts.  


A Yellow Springs Instruments Model 73 telethermometer set at 72.75°F with a Model 
401 probe controls the compressor in the air conditioner. Many probe locations were tried 
to achieve the least possible temperature variation. Surprisingly, the best system 
performance was obtained when the probe was placed in a very atypical location-the air 
conditioner outlet duct. With this arrangement, the compressor comes on for 10-15 sec 
every 1-2 min. This brief “on time” is effective in smoothing out thermal hysteresis 
effects.  


The level of temperature control in our laboratory is desirable in a thermal biofeedback 
setting, but it is recognized that this will be difficult, if not impossible, to achieve in a 
typical clinical setting. However, a number of relatively simple steps can be taken to 
improve temperature level and stability. First, a check can be made of the temperature in 
the portion of the room in which the patient will be located. If there are drafts in that area, 
the location of the patient should be changed. If a location change is not possible, some 
means of draft deflection, such as room-dividing screens or large leafy plants, should be 
provided. If the room temperature still varies more than 1.5°F during a typical session, 
qualified service personnel or an air conditioning/heating consultant can recommend 
changes to reduce temperature variation.  


Temperature Sensor Attachment Methods  


Although there are noncontact methods of skin temperature recording such as 
thermography, most temperature biofeedback is done with sensors attached to the skin 
surface. Obviously, proper attachment of the sensors is required to insure adequate 
sampling of the physiological variable. To prevent the obstruction of blood flow, our 
subjects are asked to remove rings and tight wrist bands and not to wear tight sleeves. 
When sensors are located on the fingers, the tape securing them should not occlude blood 
flow. This can be avoided by applying the tape with light pressure and covering only a 
portion of the circumference of the finger. Complete encirclement of the finger should be 
avoided. Attachment is accomplished with a single layer of “skin tape” (Dermilite). For a 
technical reason (stem effect, described below), we always tape at least 5 cm of the 
sensor lead wire to the subject’s skin. The second strip of tape also reduces the chances of 
a sensor falling off during a session.  


Temperature Measurement Sensors and Related Equipment 


Most temperature biofeedback equipment employs thermistor-type sensors. 
Thermocouple sensors are not as commonly used. Thermistors are semiconductor devices 
which change electrical resistance when exposed to different temperatures. 
Thermocouples are made of two unlike metals that produce a voltage when they are 
connected electrically. When attached to appropriate circuitry, both thermistors and 
thermocouples provide a voltage analog that is proportional to temperature.  
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Although thermocouples tend to be inexpensive, fairly linear, and rapid responding 
devices for skin temperature measurement, most designers of temperature biofeedback 
equipment have elected to use thermistors because, for the same system cost, the devices 
provide more sensitive, accurate, and higher resolution readout than that obtainable with 
thermocouples (The 1977 Omega Engineering Temperature Measurement Handbook, 2nd 
ed., available from Omega Engineering, Inc., . Box 4047, Stamford, Connecticut 06907).  


When a commercially available thermilinear device is used to sense temperature, the 
output voltage is linearly related to temperature. Thermistors do not have a linearizing 
thermally coupled resistor and are, therefore, not thermilinear devices. Consequently, 
they may or may not provide enough accuracy, depending upon experimental/clinical 
requirements. Generally, the small additional expense for thermilinear devices is worth 
the benefit.  


No temperature-measuring device responds to a temperature change instantly. The time a 
sensor takes to respond is usually described in terms of “time constant 1.” A time 
constant is defined as the time it takes a sensor to register 63% of a newly impressed 
temperature. If a sensor has a time constant of 1 sec and is exposed to a 1°F change, the 
output of the system it drives will indicate .63°F when 1 sec has elapsed, .86°F after 2 
sec, and 63% of the remaining difference from 100% of the full temperature change in 
each additional second.  


Commercially available biofeedback equipment typically incorporates sensors having 
time constants ranging from approximately .3 sec to several seconds. At present there are 
no data indicating that shorter time constants confer an advantage in temperature 
biofeedback training. Intuition suggests that the shorter time constant is better. However, 
when one considers that most subjects acquire control of skin temperature fairly rapidly, 
despite the fact that the time constant of the skin responding to blood-flow changes is on 
the order of 5 or more seconds, the additional temporal lag produced by typical sensor 
time constants of .3 to 3 sec may not be important, especially when very high resolution 
(.02° F increments) feedback is provided.  


Our laboratory employs thermilinear network sensing devices designed to provide good 
thermal coupling with the skin, a relatively short time constant (.9 sec), extra electrical 
insulation to eliminate the possibility of shock hazard, and small-flexible lead wires 
(Model S015358m, Yellow Springs Instruments).  


Accurate skin temperature sensing requires that a sensor be thermally coupled to the skin. 
To maximize thermal coupling, a sensor should be selected that allows good mechanical 
contact with the skin. Several temperature measurement specialists have recommended 
the use of a nonevaporative liquid or viscous substance such as mineral oil, petroleum 
jelly, or silicone grease to increase thermal coupling. We tested such thermal coupling 
agents and found they provided no significant advantage. When a perceptible draft was 
passed over the sensor, sensor wires, and sensed skin area, a drop of mineral oil placed 
under the sensor eliminated about one-half of the .5°F-1°F change that occurred in the 
absence of a thermal coupling substance. Since thermal coupling liquids are messy and 
hard to remove, and since they confer little advantage in a nondrafty room, we have 
elected not to use them. The need for thermal coupling substances should be evaluated in 
terms of local needs and situations.  
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Stem Effect  


Electrical currents produced by sensors must, of course, be carried by wires or leads 
attached to the sensing element. Since wires are thermally conductive, the temperature of 
the lead wires influences the temperature of the sensor. This is called “stem effect” and 
can produce large artifacts in recording skin temperature. When a sensor is attached to 
the skin and the sensor leads are suspended away from the skin, a 1.5°F temperature 
impressed on the lead wires (not the sensor) produces a .5°F change in readout. Stem 
effect artifact is reduced to insignificant proportions if at least 5 cm of the sensor lead 
wires immediately adjacent to the sensor are thermally coupled to the skin by attachment 
with skin tape.  


Equipment Calibration  


A properly designed temperature biofeedback system should provide an absolute readout 
accuracy of greater than + or - .3°F in the 68°F to 98°F range. To assure that temperature 
biofeedback equipment is operating properly, one must perform frequent checks of 
equipment operation and carry out periodic temperature calibrations. The latter is 
important because the components and sensors employed in even the best systems change 
with use and age. In our laboratory, thorough calibrations are carried out every 4 months 
and each time sensors are changed or equipment is repaired.  


Temperature calibration requires a means of impressing a stable, accurately determined 
temperature on the sensor. We utilize a Haake Instruments, Inc., Model FE constant-
temperature circulator. If the Haake instrument has been temperature stabilized for 2 h, it 
will maintain a temperature that is constant within .05°F. Readings taken in 2.0°F steps 
are sufficient for an adequate calibration. To insure that a sensor is being exposed 
appropriately to the bath temperature, it must be immersed 10 cm into the bath, and it 
must be located near, but not touching, the analytic grade mercury thermometer used for 
calibration readout.  
 
We acquired the Haake constant-temperature circulator because our temperature 
biofeedback equipment is large and elaborate and because our research requires accurate 
absolute temperature calibration. Clinical temperature biofeedback units are portable; 
therefore, they may be taken to a commercial calibration laboratory. If the clinician 
desires, a crude calibration check can be made in his own office through the use of a 1-
liter (or larger) beaker filled with water. The water should be gently stirred with a 
laboratory-type magnetic stirring device. An analytic grade thermometer inserted in the 
beaker can then be used to determine the accuracy of temperatures recorded by the 
commercially available biofeedback device.  
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A BEGINNER’S BEHAVIORAL TEST GUIDE TO BIOFEEDBACK 


INSTRUMENTATION 
 


Erik Peper1 
 
This chapter focuses on a few techniques that a practitioner should know when he/she uses 
biofeedback equipment.  Since biofeedback is a psychophysiological mirror, it is useful only 
if the equipment records and amplifies the biological signal accurately.  The techniques 
discussed will apply to surface electromyographic (SEMG), thermal, electrodermal/skin 
conductance (ED/SC) or skin potential (SP), and electroencephalic (EEG) biofeedback 
equipment.  Obviously these concepts can be extended to other feedback devices not 
discussed here.  The recorded measure must be accurate so that the practitioner can interpret 
changes in the feedback signal as indications of changes in the psychophysiology or 
autonomic self-regulation of the trainee (Peper, 1974).  (The term trainee is used instead of 
patient or client, as biofeedback training is a learning tool.)  For example, the SEMG of the 
forearm extensor could be as high as 18 V even though there is no voluntary muscle tension.  
The reading may imply that the person had tensed his forearm extensors through lifting the 
fingers or bending the hand back at the wrist, and that the reading is not due to artifacts such 
as 60-Hz or sensor (electrode) lead movements.  To avoid misinterpretation of the recorded 
physiological data, the practitioner should be familiar with the human interface of the 
equipment: (1) knowledge of the equipment, i.e., the flow diagram, which is a schematic 
representation of how the signal is processed; (2) external, internal, and physiological factors 
affecting the biological functions recorded; and (3) suggested behavioral testing procedures to 
asses whether the biofeedback equipment is working.  This knowledge is crucial for a 
practitioner who works independently and has no quick and easy access to precision 
laboratory test procedures.  The practitioner must be confident that the feedback equipment is 
operating appropriately. 
 
KNOWLEDGE OF THE EQUIPMENT 
 
The practitioner should have a basic understanding of the equipment’s function and operation 
through the flow diagram and a thorough knowledge of the owner’s manual.  He/sh should 
understand the transformation from input of the signal to output of the physiological data 
inside the “black box.”  (This information is often found in the manufacturer’s equipment 
manual or can be obtained from the sales personnel.)  The practitioner should know which 
segments of the biological signal are or are not recorded, amplified, filtered, or integrated.  
For example, in electromyographic feedback equipment, the frequency band pass is typically 
set between 100 and 200 or 20 and 500 Hz.  This means that muscle signals of less than 100 
Hz or greater than 200 or 1000 Hz are not recorded if the bandpass filter is set between 100 
and 200 Hz. Even if it is not recorded, the filtered out frequencies may contain valuable 
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information, especially in the lower frequency range. For example, when a muscle fatigues 
the mean frequency decreases and may even go below 100 Hz. 
 
Once the flow diagram is understood, the practitioner may test the equipment and sensor.  To 
test the accuracy of a thermal feedback device, the practitioner compares it with standardized 
thermometers and thereby recalibrates his equipment.  To measure the basal level of the 
ED/SC. the practitioner inserts a resistor of known value such as 50 k between the 
electrodes and compares it to the observed recording and recalibrates the equipment.  To 
observe the combined noise level of the equipment and especially of the ambient 60-Hz 
effects on the sensor cable for EEG and SEMG, the practitioner uses a “dummy subject.”  
Usually the dummy subject consists of using two 10 k resistors.  Each resistor is placed 
between the active and ground sensor.  The observed active noise level, which could be as 
high as 2 V, would then be subtracted from the subject’s readings to ascertain a true SEMG 
or EEG level.  When doubtful readings occur, the practitioner must initiate problem solving, 
through checking in sequence each part of the feedback circuit. 
 
Other problems can also be expected.  The probability of inaccurate, artifact-filled recording 
is enhanced by poor sensor contact (resulting in excessive or unbalanced sensor impedance); 
therefore, the practitioner must check the impedance of sensors.  Often poor sensor contact, 
broken sensor leads, or poor electrical contacts of switches in the equipment cause transient or 
intermittent problems.  In many cases, the life span of the EEG and SEMG sensors is less than 
one year.  In addition, offset problems are often caused by miscalibrated equipment, different 
sensors, or low battery voltage.  Every time the equipment is used, the batteries must be 
tested.  When the battery voltage is low, unreliable readings usually occur.  This basic 
knowledge of the equipment can reduce or eliminate most transient and constant offset errors. 
 
 
KNOWLEDGE OF THE EXTERNAL AND INTERNAL FACTORS THAT AFFECT THE 
PSYCHOPHYSIOLOGICAL SIGNAL 
 
The practitioner must know the following. 
 
1.  The External Factors Affecting the Recording at the Sensor (Electrode) Site.  The most 
common external factors affecting the physiological recording are environmental artifacts.  
Examples of transient external factors include CB radio interference and cell phones with 
EEG and SEMG, or an increase in apparent EEG and SEMG activity due to the additional 60-
cycle input each time the practitioner touches the trainee.  Constant offset might include such 
factors as increased SEMG readings (15 V instead of 4 V) due to constant 60-cycle artifact.   
  
Whenever doubtful readings occur, possibly due to external artifacts, one or more of the four 
following steps should be taken to see if the recording levels are affected: 


A.  Change the relative physical position of the trainee and the biofeedback unit. 
B. Turn on and off lights and other operating machines such as air-conditioners, 


typewriters, neighbor’s TV, etc. 
C. Disconnect sensors from unit and then ground the trainee to earth (e.g., a water 


pipe), then reattach sensors.  Be sure there is no AC or DC voltage on the sensor 
leads before re-attaching to a grounded trainee. 
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D. Re-prepare sensor site and reapply sensors. 
There are a number of other external factors that may affect the readings.  For example, 
thermal feedback is affected by room temperature.  If the room is warm, the trainee’s hand is 
likely to be warmer than if the room is cold.  In addition, where and how the thermistor is 
attached affects the reading.  If the person covers the thermistor with another finger or rests it 
on another part of the body, the temperature will usually increase due to additional warmth 
from that body part.  In this case the apparent increase in peripheral temperature obviously 
does not signify that the subject has learned to control temperature, only that the thermistor 
has touched a warmer object.  Finally, with EDR, artifactual recordings can be obtained if the 
trainee gently squeezes the electrode pads and thereby increases the conductance.  Movement 
of electrodes or sensors is another common cause of signal artifact.   
 
2.  The Internal Factors Affecting the Various Physiological Systems.  One common internal 
factor affecting the recorded data is incorrect knowledge of physiological functioning.  The 
function and limits of the physiological system should be understood, e.g., what is the range 
of peripheral temperatures that can be expected or which is the antagonistic muscle.  Often it 
is impossible to teach a certain type of physiological control since two parts of the task are 
incompatible.  For example, when one records the SEMG activity of a muscle being used for 
lifting and object, that muscle cannot relax unless the person stops lifting the object.   
  
Body position can also be critical since in certain positions the body, or parts of it, cannot 
relax. 
  
Finally, the internal physiological system may be difficult to bring under voluntary control 
because it is being regulated by medication.  In the case of EEG, fast beta is often associated 
with barbiturate intake.  Peripheral temperature is affected by nicotine intake, since the 
nicotine causes vasoconstriction and thereby a decrease in peripheral temperature. 
 
 
KNOWLEDGE OF BEHAVIORAL TECHNIQUES THAT CAN ASSESS 
THE FUNCTIONING OF THE BIOFEEDBACK EQUIPMENT 
 
Behavioral techniques to test the relative accuracy of the equipment consist of a series of 
exercises that the trainee performs while the practitioner monitors the effect upon the 
feedback recording.  They are used “on line” to test the function of the equipment.  These 
tests are done routinely after the trainee has been attached to the sensors.  With this approach, 
the practitioner observes the behavior of the trainee to see if it is synchronous with the 
feedback signal.  He observes both the trainee’s behavior and the feedback signal.  Only if 
the two are congruent (the apparent behavior of the trainee and the appropriate direction of the 
feedback signal) does the practitioner accept the relative accuracy of the biofeedback 
equipment. 
 
The behavioral testing for the biofeedback devices can be done as follows. 
 
SEMG.  The surface sensors are attached over the appropriate muscle bundle and the trainee is 
asked to tense and relax that muscle.  For example, if the sensors are placed over the frontal 
are (Basmajian, 1976), the SEMG should increase when the trainee wrinkles his forehead and 


   







A Beginner’s Behavioral Test Guide to Biofeedback Instrumentation 166


decrease as the trainee smoothes his forehead.  This test gives a relative indication of whether 
SEMG is working. 
 
Temperature.  Before the thermistor is attached to the trainee, the practitioner gently exhales 
his/her warm breath over the thermistor.  The recorded temperature should increase.  Then the 
practitioner inhales cool air over the thermistor and the recorded temperature should decrease.  
If the thermistor is already attached to the trainee, then the practitioner could touch his own 
finger to the thermistor.  If his fingers are warmer than the trainee’s fingers, the temperature 
feedback device will indicate an increase in temperature, while if his fingers are colder than 
the trainee’s the feedback will indicate a decrease in temperature.  This test will give a relative 
indication of whether the thermal feedback device is working. 
  
A fairly accurate measure can be obtained by placing the thermistor underneath the arm and 
the axilla temperature can be used as a relatively accurate standard measure: the meter should 
read 96  2. 
 
ED/SC.  Have the trainee take a deep breath, hold for a count of 30, and then exhale rapidly; 
this will usually elicit a rapid increase in skin conductance.  Another techniques is to have the 
practitioner touch or scratch the trainee, make a loud unexpected noise, or ask the trainee to 
think of an unpleasant situation.  Any one of these orienting techniques should show a 
temporary increase in sympathetic activity.  The response indicates that the ED/SC feedback 
unit is in relative working order. 
 
EEG.  The practitioner places the sensor over the trainee’s occipital area.  The trainee is 
instructed to close his eyes.  In the condition of eyes closed and relaxed, 80% of the trainees 
will exhibit some alpha EEG activity.  If the feedback indicated that the alpha EEG occurs in 
the trainee, ask him to open his eyes and focus on a near object: the alpha EEG will 
significantly decrease.  The EEG feedback should be used only if the alpha activity disappears 
when the trainee opens his eyes and focuses.  If alpha EEG unit indicates alpha with the eyes 
focusing, the feedback signal is in most cases incorrect (Mulholland & Peper, 1971). 
 
These tests increase confidence in the recorded data.  Note, however, that this approach 
demonstrates the relative function of the equipment but does not test absolute levels. 
 
A subjective “sense of accuracy” is slowly learned through familiarity with the equipment.  
With time, the practitioner learns the idiosyncratic behavior of his equipment and thereby may 
be able to estimate its performance.  Generally, any unusual monitoring and/or feedback 
patterns are suspect until proven correct. 
 
Every trainee routinely should be taken through these behavioral tests to check the relative 
functioning of the equipment.  A successful behavioral test is one in which the feedback 
signal varies in the appropriate direction with the biological activity.  When the feedback 
confirms the behavioral tests, the practitioner can trust the feedback as a relatively accurate 
psychophysiological mirror, reflecting the internal physiological changes, and can have 
confidence in the relative accuracy of the data.   
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Obviously, the problems described and their solutions are not exhaustive but constitute a brief 
description of some of those most commonly encountered.  There are many more sources of 
artifact and error, which can range from polarization of electrodes through impedance testing 
to the poor condition of electrode cream.  For a more comprehensive treatment, the reader is 
referred to Brown, 1967; Cromwell, Weibell, Pfeiffer, and Usselman, 1973; Geddes and 
Baker, 1975; Greenfield and Sternbach, 1972. 
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