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The purpose of the research study was to provide improved 

relaxation training with the use of an electromyography 

feedback device based on the design of Green et al. (1969). 

It was intended that this instrument would allow the train-

ing of deep muscle relaxation to the point of neuro-muscular 

silence, while remaining inexpensive enough to be applied 

in the clinical setting. 

The subjects were ten female undergraduate students 

from Texas Woman's University. Each subject received twenty 

minutes of relaxation information feedback training and 

twenty minutes of tension information feedback training 

after baseline measurements had been made. 

Muscle tension curves were recorded for each subject 

in each phase of training. The curves indicated that 

relaxation and tension increases could be attributed to 

electromyographic information feedback training. Qualitative 

observations suggested that brief periods of neuro-muscular 

silence were obtained. 

It was concluded that the instrument was an effective 

and inexpensive relaxation training device. 
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For twenty years it has been known that muscle relaxa-

tion may be induced with electromyography (EMG) feedback 

training (Gaardner, 1971). Muscle relaxation has been the 

goal of both medical and psychological research for several 

decades {Jacobson, 1938), but EMG feedback training has 

only recently been applied to the problem. Methodological 

and procedural problems associated with EMG feedback train-

ing are trivial compared to the complex assortment of 

instrumental difficulties; hence technological advances 

have often provided the most telling progress in this area. 

As early as 1842, du-Bois Raymond was aware that the 

muscle emits electrical signals which may be measured with 

electrodes (Jacobson, 1943). Amplification of motor unit 

activity provides little information regarding muscle ten-

sion because frequency rather than amplitude of motor 

firing varies linearly with contraction. As a result, the 

signal must be integrated before tension information can 

be directly obtained (Lippold, 1967). EMG instruments 

before 1940 only provided pure amplification, so useful 

feedback information was not available. 

The instrumental potential for EMG feedback training 

began in 1940 with the invention of the "Integrating Neuro-

voltmeter" by Edmund Jacobson (1940). This device permitted 

the quantification of muscle tension levels in terms of 



peak voltage integrals averaged over unit time. Jacobson 

produced the first empirical muscle tension data with this 

instrument and inadvertently completed the first EMG feed-

back loop by telling subjects how they were doing during 

measurement sessions (Gaardner, 1971). Jacobson appreciated 

that the human muscle could be relaxed to the point of 

total neuro-muscular silence, a fact which is not univer-

sally accepted even today. His instrument incorporated 

many functions which remain essential to modern EMG systems , 

including amplification, frequency band-pass filtering, and 

integration. 

EMG became a valuable medical diagnostic tool for 

neuro-muscular pathologies and physical therapies. Instru-

mental progress has largely been the domain of medical 

researchers for the past twenty years. A computer scan 

of the EMG medical literature for the years 1971-72 revealed 

that at least 357 studies used EMG measures. Feedback 

applications have been ignored by most medical researchers. 

As a result, the EMG instrument itself has reached a high 

degree of technical sophistication while the other compo-

nents of a feedback system remain in a primitive state of 

development. 

Psychological researchers intentionally used feedback 

in the 1950's. Whatmore and Kohli used EMG feedback to 

induce muscle relaxation but never published their findings 

(Gaardner, 1971). The first published account of EMG 



feedback training was done by Hefferline (1958). He con-

trolled subjects' tension levels without them being aware 

that they were using feedback information. 

Basmajian showed that single motor units could be 

consciously controlled with a great amount of precision if 

EMG feedback was provided (1963, 1967). Individual motor 

units were trained to start, stop, and play complicated 

drumbeat rhythms. Basmajian1s instrumentation was not 

suited to general muscle relaxation training but his data 

provided ample evidence that control could be obtained. 

Budzynski and Stoyva (1969) trained subjects to relax 

with the first commercially available EMG feedback instru-

ment, the bioelectric information feedback system or BIFS. 

Its features are indicative of current instrumentation 

technology. The BIFS provides two types of auditory feed-

back and a three level visual color display. Time constants 

allow automatic sequencing of trials with digital "NIXIE" 

tube readout of tension levels on a trial by trial basis. 

Loop-gain is continuously adjustable, necessary for the 

gradual shaping of successive approximations to the desired 

relaxation level. Filters allow the attenuation of cardiac 

and room artifact. The system integrates the signal before 

presenting the information to the subject. 

The BIFS has disadvantages. It costs $2,600, a pro-

hibitive price for modestly funded clinical applications. 

The relaxation which the system produces is limited by the 



gain obtained. If gains are higher, closer approximations 

to neuro-muscular silence may be measured and trained. 

Increased electrical noise problems result from high gain 

and shielding becomes necessary. Green et al. (1969) have 

shown that extremely high gain EMG feedback can produce 

periods of total neuro-muscular silence interrupted by 

occassional bursts of single motor unit firing. Green's 

instrumentation innovations appear to improve upon the 

BIFS in terms of cost and effectiveness, but experimental 

clinical applications of EMG relaxation training have relied 

on systems similar to the BIFS. Feedback has been used 

to treat tension headache (Budzynski et al., 1970) whiplash 

injury (Jacobs et al., 1969), nervous tics (Barret, 1962), 

reading disabilities (Hardyck, 1966), and anxiety or tension 

(Jacobs et al., 1969; Malmo, 1970; Shipman et al., 1970; 

Wilson et al., 1970; Cleaves, 1970; Grimm, 1971; Haugen et 

al., 1963). 

The purpose of the present research study was to develop 

a high gain EMG feedback system based on the Green et al. 

(1969) design which would enable trainees to quickly reach 

low levels of muscle tension. This study is a replication 

of Green's study in terms of showing relaxation effects, 

muscle silence, and single motor unit firing resulting from 

a similar feedback system. It was intended that the instru-

mental innovations would provide an efficient inexpensive 

feedback system easily applied to the clinical setting. 



Improvements included reduction in cost, simplification 

of the integrating function, extreme high gain, and reduced 

noise, resulting in superior training effects. 

Method 

Subjects 

The subjects were ten 19-to 21-year-old female under-

graduate college students from Texas Woman's University. 

Subjects volunteered for the study from a government class. 

Instrument 

Electrode lead placements on the dorsal forearm were 

determined according to standards used in the Laboratory 

for Physiological Studies, Allan Memorial Institute of 

Psychiatry, McGill University (Lippold, 1967). A monopolar 

arrangement was chosen because common mode rejection in 

the amplifiers attenuates signals reaching both electrodes, 

and the largest possible amount of muscle was to be measured, 

It is important to locate the reference electrode in an 

electrically quiet area which is some distance from the 

active lead. By placing the reference electrode on the 

bony styloid process of the dorsal wrist, higher sensitivity 

was obtained from the active lead. The forearm extensor 

muscle was chosen for training. The active electrode was 

placed one-third of the distance between the lateral epi-

condyle of the humerous and the styloid process of the 

ulna. The point determined in this manner was one of 



maximum visible contraction with extensor movement of the 

middle finger. 

The active electrode was silver plated copper and 

measured four centimeters by eight centimeters. The refer-

rence electrode was copper and measured two centimeters by 

four centimeters. Two leads of co-axial cable were attached 

to the referrence electrode and the third shielded lead 

was attached to the active electrode. 

Subjects were placed in a prone position on a padded 

table. The head was slightly elevated and the right forearm 

was supported, allowing the hand to comfortably fold over 

a sponge-rubber mound. This position seemed to permit 

optimal relaxation in the forearm extensor muscle. The 

table was located within a ten foot cubed Faraday screen 

cage made of fine copper mesh with wood supports. The cage 

was covered with dyed sheets in order to provide a warm 

colored atmosphere for the subject. During training, the 

experimenter was not visible to the subject. Lighting in 

the room was low and silence was only occassionally broken 

by traffic noises. 

The signal was initially amplified 50,000 times by a 

North Beach Laboratories Integrating Bio-electric Monitor. 

Actual gain was 400 to 500 times because of attenuation in 

the next stage. This amplifier has an adjustable frequency 

band-pass function which was set at 100 to 300 Hertz. High 

frequency electrical noise is attenuated by the 300 Hertz 



roll-off and 60 Hertz power noise as well as cardiac arti-

fact is reduced by the 100 Hertz low pass. Oscillatory 

patterns in the range of 80 to 95 Hertz were observed by 

Green et al. (1969) during gross muscle contraction, so 

100 Hertz low pass filtering helps keep the amplifiers from 

being over-driven when the subject adjusts his position. 

After amplification, the signal was directed into a 

variable resistor and capacitor shunt (VRCS). The VRCS 

shunts electrical noise to ground by means of a capacitor 

on a potentiometer, and permits gain adjustments for optimal 

signal-to-noise ratios. 

After leaving the VRCS, the signal was further ampli-

died 500 times by another bio-electric monitor. Frequency 

band-pass settings on this unit were also 100 to 300 Hertz. 

The maximum gain obtainable with this configuration is 25 

million times. In actual practice, the gain was adjusted 

to about 200,000 times by means of the VRCS. 

At this point in the system, three branches were made. 

One line out of the monitor displayed the raw amplified 

signal on a Tectronix oscilloscope cathode ray tube. Another 

amplified line drove the rectifier circuit designed by Green 

et al. (1969). The diodes in this circuit have a voltage 

threshold which is matched to EMG signals. At the correct 

gain, single motor unit firing will drive the rectifier. 

This simple rectifier served the usual integrative function 

in the feedback system. Frequency of motor unit firing is 



converted into voltage amplitude, providing directly observ-

able muscle tension information when displayed. The 

rectified signal was amplified by a channel of the oscil-

loscope, displayed on the cathode ray tube, and connected 

to the feedback display VU meter. 

The third branch from the last amplification stage 

permitted quantification of relaxation levels. The monitor 

itself integrates the EMG signal and then converts this 

amplitude information into frequency with the use of a 

voltage controlled oscillator (VCO). The frequency of 

pulSes coming from this stage is linearly proportional to 

muscle tension. A Hewlett-Packard electronic counter aver-

aged this pulse frequency over one second time constants 

and displayed root mean square voltage with digital readout. 

If gain had been constant across subjects, tension levels 

would have been directly read in units of RMS voltage. 

Because exact gain was not specified, the numbers read 

were arbitrary units of muscle tension. Relative to each 

subject, the units vary linearly with actual tension. 

The final stage of the feedback information loop was 

completed by the VU meter. It was mounted on the outside 

wall of the cage where it could be viewed by means of an 

angled mirror hanging over the head of the subject. The 

meter could not be mounted inside the cage because of the 

60 Hertz electrical noise which would have been introduced. 



The complete system, as diagrammed in Figure 1, has 

several unique features. Extremely high gain permits the 

level of sensitivity obtained by Green et al. (1969). Many 

components are superflous to actual training. The entire 

integration, VCO, and pulse counting function was only 

necessary to research oriented quantification. The oscil-

loscope served no training function except for the rectified 

signal amplification which may be obtained with any low 

gain power amplifier. The pre-amplification may be provided 

by any of a number of relatively inexpensive integrated 

circuit operational amplifiers, physiograph pre-amplifiers, 

or home-made units. This component must have high input 

impedance, low noise characteristics, some frequency filter-

ing, and adequate gain. The high common mode rejection 

ratios necessary may be found in a large variety of easily 

obtained units. The sophisticated and expensive components 

of the system were added for this research application. 

The parts of the system necessary for relaxation training 

are simplified and inexpensive. The correct functioning 

of this system resulted in a feedback loop which provided 

the subject with analog muscle tension information. If the 

needle on the VU meter went down, the subject knew that the 

muscle was relaxing. 

Procedure 

The electrode site was prepared after the location 

had been determined and marked. The hair was shaved with 
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Fig. 1—Diagram of the EMG Feedback Apparatus 
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a razor and the site briskly rubbed with sandpaper to remove 

dead skin. The area was then rubbed with solvent to remove 

oils, and a series of shallow punctures were made with a 

cork mounted needle. These punctures were of such slight 

depth as to cause little pain, but they reduced impedances 

considerably. Electrolytic solution was then rubbed into 

the area. A solution impregnated pad was placed on the 

electrode face, and the electrode was fastened firmly to 

the site with rubber straps. The subject was comfortably 

positioned on the table and told to relax as well as possible, 

Resistance across the two electrodes was measured by means 

of a circuit in the pre-amplifier, and recorded. If impe-

dances were too high, over 5,000 ohms, the site was prepared 

again and the electrodes replaced. Final resistances varied 

between 500 and 4500 ohms. Before baseline data were taken, 

the sensitivity of the instrument was fine-adjusted. While 

the subject relaxed, the raw amplified signal displayed on 

the oscilloscope was observed for artifact. If the electrode 

had been placed over an artery, considerable cardiac artifact 

resulted, necessitating slight change of electrode location. 

A discernable amount of 60 Hertz electrical noise was always 

present, but the signal-to-noise ratio could be improved 

with the VRCS. If the gain adjustment was too high, the 

tops of motor unit firing waves were clipped off by ampli-

fier peak-out. If the gain was too low, the signal to noise 

ratio, as estimated from relative heights of observed waves, 
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was not optimal. The VRCS resistance was adjusted so that 

the peaks of signal waves just touched maximum amplifier 

output, ten volt amplitude. The capacitor shunt resistance 

was adjusted to attenuate 60 Hertz noise maximally. 

One of the within subject control conditions called 

for reversal of training contingencies. Reverse feedback 

information could be provided manually by means of the 

oscilloscope gain adjustment. In this condition, if the 

subject made the VU meter go down, he could only do so by 

increasing muscle tension. For purposes of exposition, 

this feedback situation will henceforth be called "reverse 

feedback", while the actual relaxation inducing situation 

will be called "positive feedback". During reverse feed-

back, no complete information loop existed in the instrument. 

When tension decreases were observed by the experimenter, 

the VU meter would be manually adjusted to show increase. 

During positive feedback, the instrument automatically dis-

played correct muscle tension information to the subject. 

Gain on the oscilloscope was occassionally adjusted as 

relaxation progressed in order to provide a rectified signal 

strength within the VU meter's range. 

After sensitivity and artifact adjustments were made, 

the subject was requested to "get as comfortable as you 

can and relax to the best of your ability." Baseline data 

were recorded directly from the pulse counter digital read-

out. These numbers were plotted later on relaxation curve 
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graphs, and represent the arbitrary tension units. Stable 

baseline was defined as relaxation "bottoming-out". Cri-

terion consisted of waiting for tension to reach a low level 

and then fluctuate above that level. Stable baselines were 

reached within five minutes at which time one or the other 

of the two feedback situations were instituted. To control 

for possible order effects, five of the subjects began with 

reverse feedback and five began with positive feedback. 

Two types of data were collected during training trials. 

Quantitative numbers were recorded and the oscilloscope 

provided qualitative information about short periods of 

neuro-muscular silence and single motor unit firing. The 

quantitative averaging smoothed over a great deal of transi-

tory tension fluctuation observed on the oscilloscope. 

After twenty minutes of training, feedback conditions 

were reversed. Subjects receiving positive feedback first 

were now presented reverse feedback. Subjects initially 

receiving reverse feedback were now presented positive 

feedback. This phase lasted for twenty minutes more, at 

which time the session was terminated. Overall training 

duration was forty minutes, twenty of which were spent under 

true relaxation training conditions. 

All controls were within subject, hence each subject 

may be considered a separate experiment. Pilot studies 

indicated that levels of relaxation, reached during initial 

baseline periods, would not vary significantly during forty 
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minutes of inactivity in the apparatus. As a result, relaxa-

tion effects may not be attributed to prolonged rest or 

habituation to the apparatus. If subjects are asked to 

spend forty minutes in the apparatus without any training, 

relaxation tends to decrease over time. Temporal relation-

ships between tension changes and training phase onset provide 

evidence of training. Reversal of feedback contingencies 

further indicates that relaxation and tension were feedback 

induced. 

Results 

Figures two through six are the relaxation curves plotted 

directly from the digital RMS voltage readout. When muscle 

tension reached levels near to zero, both 60 Hertz room 

noise and thermal noise in the amplifiers became the pri-

mary signal. If EMG was being recorded from a slice of 

beefsteak, some signal would still be observed from noise 

sources. The "N" level shown on each graph indicates the 

approximate base noise level for each subject. Other aspects 

of the response curves are self explanatory, but several 

qualitative observations are worthy of note. 

Observations of the raw amplified signal on the oscil-

loscope revealed aspects of response topography which do 

not appear in the averaged data. If no EMG signal is 

observed, the amount of striated tissue under scrutiny is 

determined by amplifier gain and the boundaries of silence 
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are defined by instrument sensitivity. Gain or sensitivity 

also determines how much muscle will be trained. Brief 

periods of neuro-muscular silence were observed most often 

when relaxation had progressed to its lowest point. These 

periods were of less than one second duration, interrupted 

by individual waves which matched the description of single 

motor unit firing observed by Green et al. (1969) and Mor-

tinson (1962). Determination of the amount of striated 

tissue totally relaxed is difficult. Subjective reports 

varied considerably. Some subjects remarked on having 

experienced unique sensations during the training. Others 

mentioned nothing of interest. Subject reports did not 

support or refute the data in a significant manner. 

The tenth subject showed no evidence of relaxation 

training. Fluctuations in tension did not appear to vary 

in a significant fashion. 

Conclusion 

The exact amount of muscle effected by the training 

has not been determined, but the gains used suggest that 

the training was more pervasive than that provided by lower 

gain systems. At the moments during which no EMG signal 

was observed, muscle tension in the effected area was reduced 

by 100 percent. The averaged curves also show substantial 

proportions of tension decrease in 9 out of 10 subjects. 
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Subject number 10's failure to train is not surprising 

in light of previous research (Green et al., Budzynski et al., 

1970) which shows that about 10 per cent of subjects did 

not appear to learn from EMG feedback. This training failure 

could be a function of individual differences in perceptual-

motor control or unknown motivational variables. Subject 

number 10 was trained between two successful subjects, hence 

instrument variables are not suspected. 

The EMG feedback system used may be built for about 

one fourth the cost of commercially available systems which 

may not perform as well. Schematic diagrams of the rectifier 

circuit may be found in the Green et al. paper (1969), and 

constructed with ease. The VRCS would be unnecessary if 

continuous gain adjustments could be made on the pre-amplifier 

so a complete system might consist of pre-amplifier, amplifier, 

rectifier, amplifier, and VU meter, in that order. The 

simplicity and performance of the system could facilitate 

modestly funded clinical applications of great number. 

Problems most amenable to EMG feedback treatment are 

localized muscular difficulties like tension headache, sprain, 

nervous tic, or whiplash injury. Low back pain is a common 

complaint which could be treated with deep relaxation train-

ing . High gain feedback offers the promise of greater 

generalization. If multiple electrodes are used from several 

recording sites, or if single muscles are trained which cause 

more generalization, the problem of general muscular tension 

could be treated. Systematic desensitization procedures 
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could greatly benefit from more efficient relaxation tech-

niques as could hypnosis and other forms of psychotherapy 

which are impeded by nervousness and tension. Many medical 

problems have origins in tension also. The need for better 

relaxation methods is best dramatized by the millions of 

dollars spent by Americans each year for muscle relaxant 

drugs. EMG feedback training may have unknown side-effects, 

but at present this technique appears superior to drug 

therapies in terms of safety, effectiveness, and specificity. 
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