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Fischer, Russell Douglas, Electromyographic Analysis of 

the Pectoralis Major During Six Selected Antigravity Calis

thenics. Doctor of Education (College Teaching), August, 

1976, 120 pp., 3 tables, 13 illustrations, 54 titles.  

The problem of this study was the analysis of the 

pectoralis major during six antigravity exercises using 

electromyographic techniques. Thirty male subjects were used 

for the investigation from physical education classes at 

North Texas State University during the spring of 1976. The 

research design of the study was a 2 x 6 split-plot factorial 

with repeated measures. The dimensions of the design were 

the two segments of the pectoralis major and the six selected 

exercises.  

Procedures for the use of the electromyographic technique 

included proper skin preparation at the bipolar electrode 

sites over the defined sternal and clavicular motor points.  

The effects of fatigue were controlled with the use of five

minute rest periods between exercises and the use of only one 

trial for each subject per exercise. Exercises were randomly 

selected for each subject to control for a possible order 

effect. Each of the six exercises was performed by a cadance 

established by the investigator as a control for speed of 

movement and duration of the exercise. Instrumentation of 

the study was provided by the use of integrators connected



to digital displays which established a numerical score which 

was representative of muscular activity and, thus, was the 

independent variable used throughout the investigation.  

Results of a two-way analysis of variance revealed sig

nificant differences to exist among the exercises, the 

segments of the pectoralis major and the interaction of the 

two main effects. Duncan's multiple comparison test used 

on the combined means of the segments revealed that the dip 

created the most muscular activity. The results of Duncan's 

test after a one-way analysis of variance was performed on 

the clavicular segment suggested the dip as creating the 

most activity. The pull-up did not display a significant 

difference in the sternal pectoralis major compared to the 

other exercises. A taxonomy was established as follows: the 

dip, the two push-ups, pull-up and chin-up, and the sit-down 

push-up.  

During the development of the investigation, several 

problem areas were observed that lend themselves to further 

investigation. Other calisthenics and progressive resistance 

exercises for the pectoralis major and other muscles need 

to be analyzed. The sport skills that utilize the pectoralis 

major have not been exhaustively researched. Also, the time 

element for rest periods needs to be investigated for 

validating electromyographic procedures.
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CHAPTER I

INTRODUCTION 

Few would question the need for a scientifically 

developed taxonomy of developmental exercises. Physical 

educators and physical therapists are in need of infor

mation relative to the order effect of prescribing exercises 

for the purpose of physical development and rehabilitation.  

Face validity rather than scientific evidence is the 

present basis for most progressive exercise prescriptions.  

Until recently, no research has been conducted for the 

purpose of developing a taxonomy of exercises for muscle 

groups.  

A progression of exercises for the rectus abdominus 

was established by Gutin and Lipetz (10) in 1971. These 

investigators realized at that time that not all people 

could adequately perform developmental exercises for the 

rectus abdominus. Sensing the importance for a contin

uum of exercises from low to high activity levels and a 

further need for classification of the performance of 

such exercises, these investigators established such a 

progression and classified which exercises in fact created 

the most activity in the rectus abdominus.
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The investigation by Gutin and Lipetz created a 

significant change in the performance of exercises for 

the rectus abdominus; however, similar investigations 

using other muscles and muscle groups have not ensued.  

The pectoralis major, a widely used muscle in developmental 

exercises, has not been studied extensively, especially 

in terms of taxonomy of difficulty. An analysis of this 

muscle would remove some of the myths and assumptions 

that have surrounded muscular development of the pectoralis 

major.  

In recognition of the need to establish and classify 

exercises for the development of the pectoralis major, 

this investigation has assumed that purpose. The pectoralis 

is one of the larger muscles of the anterior trunk wall 

and has a great deal to do with the mobility of the upper 

arm. Investigations of the pectoralis major are needed 

because of its role in upper arm mobility.  

Previous electromyographic studies of the pectoralis 

major have been categorized into three areas. The first 

category of concentration is the analysis of selected 

sports skills that utilize the pectoralis major (1, 11, 14).  

Investigators have analyzed duration, occurrence, and 

exertion of the pectoralis major. These studies also 

compared the pectoralis involvement and coordination 

between good and poor performers. The second category
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of electromyographic studies has defined the basic upper 

arm movements which involve the pectoralis major as a 

prime mover (5, 13, 20). The third and most deficient 

category is the comparative studies of exercises purported 

to develop the pectoralis major. Given the evidence of 

past research, Hinson (12) conducted one of the few studies 

that have dealt with exercises for the development of the 

pectoralis major.  

The pectoralis major is readily active in several 

sports skills involving upper arm movement, but the research 

in the sports skills area has been by no means exhaustive.  

It would seem that the third area, development of the 

pectoralis major, would be very important to several sports 

skills. The dearth of research in the area of developmental 

exercises for the pectoralis major has been the impetus for 

this study, therefore, an analysis of the pectoralis major 

during selected exercises has been indicated.  

Statement of the Problem 

The problem of this study was the analysis of the 

pectoralis major comparing six selected antigravity exer

cises using electromyographic techniques.  

Purposes of the Study 

The purposes of this study were to answer the following 

questions.
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1. Is there any mean group difference of pectoralis 

major activity attributable to the selected exercises? 

2. Is there any mean group difference attributable 

to the observed portions of the pectoralis major? 

3. Is there any mean group difference attributable 

to interaction of exercise types and observed portions 

of the pectoralis major? 

4. Is it possible to establish a progression of 

the observed exercises from low to high activity levels? 

Hypotheses 

The research problem undertaken in this study required 

the advancement of six major hypotheses. All hypotheses 

were tested at the .05 level of significance.  

1. There will be a significant difference in the 

pectoralis major activity among the selected exercises.  

2. The clavicular portion of the pectoralis major 

will produce a significantly greater activity level than 

the sternal portion in the exercises under investigation.  

3. There will be significant interaction effects 

between the exercises and portions of the pectoralis major.  

4. The dip will produce a significantly greater 

activity level within the clavicular portion of the 

pectoralis major than any of the exercises under investi

gation.
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5. The pull-up will produce a significantly greater 

activity level within the sternal portion of the pectoralis 

major than any of the exercises under investigation.  

6. There will be an order effect in terms of 

pectoralis major activity among the selected exercises.  

Background and Significance 

Man for centuries has studied that element of his 

physical being that creates movement, the muscle. As 

early as 1700 Duverny (16, p. 2) conducted the classical 

experiment of mechanical stimulation of a frog leg.  

Galvani (16, p. 4) in 1794 was the first to suggest 

electrical stimulation for producing a muscle contraction 

and his work was further verified in 1838 (16, p. 5) when 

it was discovered that electrical current did originate 

in the muscle for contraction purposes. Prior to Duchenne's 

work, all muscle stimulation was done directly to the 

muscle tissue. Duchenne (16, p. 6) in 1833 was the first 

to stimulate a muscle through the surface of the skin.  

He also suggested that some areas seem to be more likely 

to elicit a response.  

Electrodiagnosis became clinically practical when 

Proebster (16, p.17) in 1928 noted the irregular firing 

patterns of denervated muscle of a small boy. Proebster 

has been called the "father of clinical electromyography"
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because of his significant clinical observations. A 

significant step in electromyography was taken when Bayer 

(16, P. 18) in 1950 revealed that muscle potential increases 

with the strength of the contraction. Many authorities, 

including Miles (17, 25) had earlier suggested the 

possibility of greater electrical activity with increased 

contraction, but did not have the sophisticated equipment 

of Bayer's work. Bigland and Lippold (6) observed the 

relationship among force, velocity and integrated electrical 

activity. These investigators concluded when muscle 

lengthening or shortening was held constant, the electrical 

activity was proportional to tension. When tension or 

resistance was held constant with increases in velocity, 

there was an increase in electrical activity. Therefore, 

tension, velocity, and electrical activity have been 

found to be interdependent.  

The technique of electromyography historically has 

been intertwined with anatomy and physiology. Kinesi

ologists have used this technique for purposes other 

than those of a clinical nature. O'Connell and Gardner 

(18) have suggested areas where electromyography may 

be a research tool for kinesiologists within the field 

of physical education. First, these investigators 

concluded that electromyography would be of value in 

describing movement in muscles that were used. Secondly,
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the duration of muscular contraction during a particular 

sport skill may be analyzed. The third application of 

electromyography has been to examine the exertion certain 

muscles have in terms of movement. Therefore, muscles 

can be electromyographically analyzed in sports skills 

in terms of occurrence, duration and effort.  

Several studies have been conducted to describe 

upper arm movements with the electromyographic technique.  

Slaughter (23) examined the triceps and biceps involvement 

in the sagittal plane. Slaughter concluded that both 

heads of the biceps aid movement of arm extension and 

forearm flexion. One of the muscles that has been 

identified, and has a profound effect on upper arm 

movement is the pectoralis major. Wells (27, p.184) 

has defined the pectoralis major as a two-headed muscle 

in which the clavicular portion originates on the medial 

two-thirds of the clavicle. The sternal portion attaches 

to the sternum and upper six ribs. The clavicular and 

sternal portions are inserted into the lateral surface 

of the humerus by a common tendon about two to three 

inches wide. The fibers of the pectoralis major are 

twisted (27, p.186) in such a way that the upper clavicular 

fibers are attached to the lower part of the humeral 

insertion; while the sternal portion lies superior to
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the clavicular fibers. Wells describes the sternal portion 

as active only in downward and forward movements (27, 

p. 186).  

Sigerseth and McCloy (21) investigated several shoulder 

girdle muscles and the findings concurred with the results 

of Inman and others (13). In terms of the pectoralis major, 

the movements have been identified as either clavicular or 

sternal in nature. Sigerseth and McCloy concluded that the 

clavicular portion was involved with initiating upper arm 

extension in the sagittal plane and upper arm adduction in 

the horizontal plane. No conclusions were made on the 

sternal fiber's function.  

Scheving and Pauly (20) agreed with the conclusions 

of Sigerseth and McCloy. Scheving and Pauly suggested that 

medial rotation causes electrical activity in the clavicular 

portion when a resistance accompanied the movement. When 

no resistance accompanied medial rotation, there was no 

activity in the clavicular fibers of the pectoralis major.  

These researchers further concluded that adduction is pri

marily a function of the latissimus dorsi and the pectoralis 

major.  

Bearn (5) analyzed static loading of the upper limb.  

The muscles observed were the trapezius, deltoid, bicept, 

triceps and clavicular fibers of the pectoralis major.  

Forty-six male subjects were asked to stand relaxed,
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have ten pounds of weight added to their arm, and 

progressively increased the load to twenty-five pounds, 

inducing fatigue. In an unloaded state the clavicular 

fibers showed no activity. When ten pounds were added, 

there was initial activity and then silence. While 

twenty-five pounds were added, initial activity and 

then silence or slight activity was noted. Therefore, 

Bearn concluded that the clavicular head had some partic

ipation in prevention of dislocation of the humerus when 

initially loaded.  

Basmajian (3, p. 163) supported Bearn's analysis of 

movements of the humerus. Basmajian also observed that 

the pectoralis is active in forceful inspiration. While 

breathing, rate, and depth were normal, no activity of 

the pectoralis major was observed.  

The movements attributed to pectoralis major contrac

tion have been well defined. Unfortunately, the analysis 

of the pectoralis major in terms of occurrence, duration, 

and effort have not been as well defined in sports skills.  

Rice (19) observed some specific muscles involved 

in two forms of the lacrosse cradle. Little difference 

in lower and upper arms activity was observed in the 

vertical carry. The horizontal carry elicited more 

activity in the upper arm then in the lower arm.
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Slater-Hammel (22) observed muscles of the shoulder 

girdle in four subjects while performing the golf swing.  

Only the propulsive phase of the golf swing was analyzed.  

All subjects were skilled and right-handed. The right 

pectoralis was observed to have a very active role in 

swinging the golf club. This was contradictory to the 

then current concept that the right arm was merely a 

guide for the golf swing.  

The shot put was analyzed by Hermann (11). Hermann's 

study included the pectoralis major, deltoid, teres 

major, and triceps muscles. Six subjects were used 

and were rated as good, average or poor performers.  

Four electromyographic recordings were taken on each 

subject. Hermann concluded that a pattern of gradual 

increase in acceleration across the circle with rapid 

acceleration during final shoulder and arm thrust was 

most beneficial to performance. Secondly, he concluded 

that the clavicular portion of the pectoralis major 

along with the triceps, and deltoid contribute the greatest 

force for the shot put.  

Kitzman (14) used electromyography to analyze profes

sional and freshmen subjects in the performance of the 

bat swing in baseball. The four subjects were analyzed 

as to the activity in the triceps, latissimus dorsi and 

clavicular pectoralis major. It was observed that the
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professional performers' action potential peaked earlier 

than the freshmen. It was also observed that the left 

pectoralis major was active in the positioning phase of 

the bat prior to the propulsive swing.  

Shoulder muscle activity during supportive skills 

on the uneven parallel bars was observed by Landa (15).  

Four college gymnasts purported to be good gymnasts 

were used as subjects. The right pectoralis major, 

anterior-medial-posterior deltoid, bicep, trapezius I 

and II and the latissimus dorsi were monitored. Landa 

concluded that the latissimus dorsi contributed the 

most activity for the skills tested. It is important 

to note that the skills were of a supportive nature.  

Anderson (1) observed the ballistic movement of 

the tennis forehand drive. The muscles under investigation 

were the anterior deltoid, biceps, brachialis, pectoralis 

major, long and lateral head of the triceps and the 

coracobrachialis. Nine subjects were judged to be 

highly skilled, average or beginner. Anderson concluded 

there was a great variation between subjects, and that 

the consistency of muscle activity was greater in both 

the highly skilled and average player than the beginner.  

Hinson (12) in 1969 contrasted four push-up styles 

for women. The let-down was one of the exercises where 

the subjects from extended position lowered themselves
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to the floor. Three other exercises, the knee push-up, 

the bench push-up, and the full push-up were contrasted 

with the let-down in terms of activity levels. Two 

groups of five women each participated in the experiment.  

The first group could do ten full push-ups. The second 

group could do only knee push-ups. The triceps, deltoid, 

pectoralis major, trapezius, serratus anterior, rectus 

abdominus and external obliques were the muscles under 

investigation. Hinson concluded that the full push-up 

created the most activity in the pectoralis major followed 

by the bench push-up, knee push-up and the let-down.  

Hinson also noted a lack of efficiency and coordination 

of muscles in the lower strength group. The let-down 

as suggested by Hinson, is a valid exercise for shoulder 

development if a subject is unable to do a knee push-up.  

Whether muscular development is for improvement of 

sports skills or rehabilitation purposes, it would seem 

that a progression of exercises is needed for these 

objectives. Muscular development, strength or endurance, 

is needed for rehabilitation and improvement of performance.  

Gutin and Lipetz's study analyzed several abdominal 

exercises to establish a progression from low to high 

activity levels. Because of the importance of the 

pectoralis major in upper arm movements, exercises
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purported to develop the pectoralis major should be 

studied to establish differing intensities. Possibly, 

importance of progressive exercises is best stated by 

Gutin and Lipetz (10, p. 262): "In development of 

muscular strength and endurance it often is necessary 

to increase the intensity of contraction in order to 

move beyond a plateau..." 

Definition of Terms 

The terms used in this study are defined as follows.  

1. Chin-u~p---"occurred when a subject grasped a 

horizontal bar or ladder with the palms supinated. From 

a hanging position on the bar he pulled up until his 

chin was over the bar and then returned to the starting 

position" (26, p. 117).  

2. Dip.-'was performed with the body between 

parallel bars in a position such that the upper arm was 

parallel to the bars. The subject pushed up until the 

arms were extended and then lowered again" (8, p. 94).  

3. Electromyography.--"was defined as the study 

of electrical potentials produced by muscle" (3, p. 5).  

4. Muscular Development--was defined as the increase 

of efficiency of a muscle whether it has been an increase 

in strength or endurance.  

5. Pull-up.-'was executed with the hands pronated, 

gripping the bar with the arms fully extended and
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pulling up so that the chin cleared the bar. The 

arms were then fully extended to the starting position" 

(2, p. 141).  

6. Push-up.-I'was performed with the subject lying 

in a prone position with his hands under his shoulders 

and his fingers pointed forward. The subject then 

pushed up to a fully extended position with his back 

straight, and subsequently lowered himself to the 

starting position" (9, p. 24) .  

7. Sit-down Push-up.--"was performed with the legs 

elevated about twelve inches with the hands placed 

upon a bench behind the subject's back. The subject 

pushed up from the sitting position until the arms 

were fully extended and then lowered himself to the 

starting position" (24, p. 52) .  

8. Wide Push-up.--was performed with hands placed 

one and one-half shoulder widths apart. The subject 

then pushed up to a fully extended position with his 

back straight and subsequently lowered himself to the 

starting position.  

Limitations of the Study 

1. This study was limited to thirty male students 

enrolled in physical education classes at North Texas 

State University during the spring semester of 1976
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who were able to perform the exercises under investi

gation.  

2. This study was limited to six antigravity 

calisthenics.  

Basic Assumptions 

1. It was assumed the subjects in this investi

gation would cooperate on the test items.  

2. It was assumed that electromyography was a 

valid technique to determine relative intensities of 

muscular contraction.  

3. It was assumed that surface electrodes detected 

the total muscular activity.  

Procedures 

Selection of the Sample 

An incidental sample of thirty volunteer subjects 

were selected from the male population of students enrolled 

in physical education classes at North Texas State Uni

versity during the Spring of 1976. Subjects were screened 

to determine if they were able to do the exercises under 

investigation. Those unable to properly perform the 

exercises were dismissed from the study and new selections 

were made until thirty subjects were available for 

investigation.
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Research Design 

The research model for this investigation was a 

two-way factorial design with repeated measures. The 

two main effects in the experiment were the study of 

different portions of the pectoralis major and the six 

selected exercises commonly used to develop the pectoralis 

major. Since all subjects were required to perform each 

of the six exercises, the design was termed as one with 

repeated measures.  

Testing Procedures 

Subjects reported to the North Texas State Human 

Performance Laboratory at pre-assigned times to be weighed, 

measured for height, and have their ages recorded. These 

date were used to describe the sample. Range, mean, and 

standard deviation of height, weight, and age are reported 

in Chapter III.  

Subjects reported to the Human Performance Labora

tory at Texas Woman's University to complete the testing.  

Transportation was provided by the investigator. Prepar

ation of the subjects for electromyographical study required 

bipolar surface electrode placement at the two motor 

points and a ground electrode at the wrist. Hinson's 

(12) method of placement of electrodes was followed.  

The clavicular motor point was defined as inferior to 

the midpoint of the clavicle. The sternal motor point
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was defined as at the midpoint of the anterior border 

of the axillary space. The skin resistance was lowered 

to or below 5,000 ohms by shaving hair when indicated, 

light abrasion with sandpaper, and final cleaning with 

alcohol. To insure that skin resistance was below 5,000 

ohms, the circuitry was checked with an ohmmeter. Basmajian 

(4, p.261) has cited that the use of surface electrodes 

express a global expression of muscle involvement. Intra

muscular electrodes are of use in monitoring single or 

limited numbers of motor units. The electrodes were 

anchored with adhesive washers and electrode paste was 

used to enhance conductivity.  

With the electrodes in place, the lead wires were 

inserted into two Newport Laboratory Integrators. These 

integrators accumulated the signal received from the 

electrodes. This integrated signal was representative 

of muscle energy used to perform the various exercises.  

Two Hewlett-Packard digital displays accumulated the 

signals, and muscle energy was represented by the digital 

display. The digital output was recorded, and used as 

the score for that particular subject's exercise. Each 

subject performed each of the predetermined segmented 

treatments with five minutes rest between exercises.  

While Gutin (10) suggested two minutes rest and Hinson 

(12) suggested three minutes rest between exercises,
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results of a pilot study utilizing pectoral musculature 

suggested that three minutes of rest was not sufficient 

to avoid artifacts between exercise bouts. Two trials 

of the push-up, pull-up and dip revealed differences 

between the first and second trial in pectoralis major 

muscular activity. The three minute rest period did 

not allow sufficient time for the pectoralis major to 

return to baseline measures. Therefore, five minutes 

of rest between exercises was utilized in this study.  

Each of the six exercises required both an upward 

and downward movement and was performed at a cadence 

established by the investigator. The cadence which 

each subject followed was: up-two-three-down-two-three.  

At the end of the first three counts the subject should 

have been at the maximal height for each exercise. When 

the cadence had reached the last count of three, the 

subject should have been in the resting or starting position.  

If the subject was unable to maintain this cadence, a 

retrial of the same exercise was given after five minutes 

of rest. The same rhythm was used in the screening of 

subjects so that the subjects were familiar with the 

cadence procedure. Each exercise was initiated from 

the lower position. The subject then pushed or pulled 

himself up, opposing gravity until the desired position 

for each exercise was attained. The subject then lowered
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himself to the starting position. Only one trial of 

each treatment was given each subject. One trial, 

instead of using the mean of several trials, was adopted 

because of the possibility of utilizing multiple trials 

could have caused recruitment. Recruitment of muscle 

tissue thus motor units, could have inflated the measured 

electromyographic activity.  

Procedures for Treating the Data 

The integrated measurement of electromyographic 

activity served as the dependent variable. The program 

STO 17 was used in conjunction with the IBM 360 computer 

to establish if differences did exist between exercises 

and between portions of the pectoralis major. The program 

STO 17 was a two-factor ANOVA with repeated measures.  

If interaction was significant, Duncan's multiple compar

ison test included in the above program established where 

differences existed. The mean score of the exercises 

were used to rank the exercises to establish a progression 

of exercises for pectoralis major development.
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CHAPTER II

REVIEW OF RELATED LITERATURE 

The Technique of Electromyography 

Electromyography has been utilized to study muscular 

function. The electrical energy derived from the muscle 

contraction has been amplified with a preamplifier. The 

muscle signal was then amplified again to achieve record

ing potential. The amplified electrical output has been 

recorded, and interpretation has been based upon that out

put. The need for an objective measure of muscle intensity 

has lead to the use of electromyography to obtain objective 

data for comparison purposes. Miles (33) suggested that 

the technique of electromyography provided objective evi

dence to broaden one's concept of muscle function. An 

important aspect of electromyography for consideration was 

the fact that the amount of electrical activity derived 

from the electrodes is only representative of muscular 

contraction. A muscle contraction and the consequent 

electrical activity were not the same. The correlation 

between muscle contraction and electrical activity within 

that muscle have been rather high, but a cause and effect 

relationship does not exist.  

Lippold and others (29) implied that muscle contrac

tion, whether induced from physiological, mechanical, 
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neurological, emotional or fatigue state, displays an 

increased intensity of electrical activity. Darcus and 

Salter (13, p.183 ) suggested that no differences existed 

in muscular activity due to age, sex or previous physical 

injury. Stetson and Bouman (46) concluded that the greater 

the contraction, the greater electrical activity displayed.  

Based upon the previous studies, electromyography displayed 

muscular activity in terms of electrical activity no matter 

which type of stimulation was used; age, sex or previous 

injury had no effect upon electrical activity displayed, 

and an increase in muscular contraction was accompanied 

with an increase in electrical activity.  

As early as 1700 Duverny (27, p.2) conducted the class

ical experiment of mechanical stimulation of a frog leg.  

The significance of the study was the demonstration that 

human muscle could be stimulated artificially. Galvani 

(27, p.4) in 1794 was the first to suggest that a muscle 

could be stimulated with electricity. Galvani hypothesized 

that electricity that originated within human beings was 

the element that causes muscle contraction.. In 1838, 

Galvani's (27, p.5) theory was accepted when new research 

techniques provided procedures sophisticated enough to 

validate Galvani's hypothesis. Up to the early 1800's all 

stimulation whether mechanical, electrical or chemical was 

transmitted directly to the muscle. Duchene (27, p.6) in 

1833 was the first to stimulate a muscle through the surface
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provided by the skin. Duchene further suggested that some 

areas above the muscle seem to be more likely to elicit a 

response.  

Electrodiagnosis became clinically practical when 

Proebster (27, p. 17) in 1928 noted the irregular firing 

patterns of denervated muscle in a young boy. As a 

result of the capability of diagnosis with electromy

ography, Proebster has been called the "father of clinical 

electromyography." The results of Bayer's work (27, p. 18) 

substantiated a significant step in electromyography when 

he concluded that muscle potential increases with the 

strength of contraction. Therefore, substantiating the 

earlier hypothesized phenomenon that an increase of electro

myographic potential was accompanied by increased muscular 

contraction.  

Electromyography in Kinesiological Research 

Bierman and Yamshon (8, p. 211) noted four conclusions 

that would have benefit for kinesiological research. First 

of all, muscles in action produce electrical potential, how

ever, resting muscles do not produce electrical activity.  

Therefore, electromyography could support theories dealing 

with muscular occurrence in a given movement. Secondly, a 

muscle crossing a joint has a role in the motion of that 

joint. The third conclusion Bierman and Yamshon noted was 

the fact that one muscle may initiate a movement while
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another muscle completes the movement. Thus integration 

and coordination of muscle groups could have been analyzed 

with electromyography. The last conclusion reported by 

Bierman and Yamshon was that the position of the body, speed 

of movement, and degree of resistance influenced the produc

tion of electrical potentials. Therefore, electromyography 

could be used to compare speeds of movement, degree of 

resistance, and position of the body.  

O'Connell and Gardner (34) suggested similar uses of 

electromyography in kinesiological research. The first use 

of electromyography in kinesiological research was occur

rence of muscle activity. Whether a muscle was actually 

active during a particular movement could be determined by 

electromyography. Movement analysis suggested by O'Connell 

and Gardner was similar to Bierman and Yamshon's use for 

speed and body position. The determination of the duration 

of muscle contraction was another use for electromyography 

in kinesiological research. The determination of variable 

muscular effort had required increasingly sophisticated 

equipment and techniques. O'Connell and Gardner suggested 

that electromyography could be useful in determining occur

rence, duration, movement analysis, and comparison of effort.  

Interpretation of Electromyograms 

The sophistication of interpretation of an electro

myogram has been dependent on what type of questions to
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be answered. To measure whether a muscle was active in 

a movement or sports skill, the presence of an interference 

pattern would be adequate. For demonstration of duration 

of a muscular contraction, any of the pen writing devices 

with known paper speed would have provided the needed infor

mation. To measure intensity of muscle contraction several 

systems have been used. Intensity of muscle contraction 

has been based upon the amplitude of the interference pat

tern, the number of spikes in the interference pattern and 

the integration of electrical activity derived from the 

contraction.  

McCloy (32) based the interpretation of contraction 

intensity upon the height of the interference pattern.  

Rating scales have been devised to interpret muscle con

traction intensity. Garrison (16) described muscle con

traction as strong, moderate, minimal, or none based upon.  

the interference pattern. Hermann (19) used a scale of 

0-3 based upon amplitude. A score of zero represented a 

deflection of less than .2 millimeters, a score of 1 

represented a deflection of .2-6 millimeters, a score of 

2 represented a deflection of 6-10 millimeters, and a 

score of 3 represented 10 or more millimeters of deflection 

from the baseline. Mapes (31) and Finanger (15) used 

the same scale in their investigations. Scales have been 

developed with greater differentiation for more precise 

evaluation. Sigerseth and McCloy (42) used a scale of
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0-4 for interpretation of amplitude of an electromyogram.  

Basmajian and Elkus (6) based their interpretation on a 

scale of 0-5. Direct measurements of amplitude have been 

used for evaluation of electromyograms. Landa (26) meas

ured the amplitude of the interference pattern every .2 

seconds. The sum of the amplitude measurement was used 

for interpretation of muscular activity.  

Another method of interpretation of electromyograms 

has been the counting of the spikes of an interference 

pattern. Lippold and others (28) used the frequency of 

the spikes for interpretive purposes. An increase of 

muscular contraction has been accompanied with a larger 

amplitude and greater frequency of spikes (33). Inter

pretation of muscular contraction based upon frequency 

of spikes has justification.  

Adrian (1, p.353) stated that integrated electromy

ography was the most accurate form of interpretation of 

electromyograms. A correlation coefficient of .86 to .95 

has been calculated for isometric muscle tension and inte

grated scores by Wilcott and Beenken (48). Males and 

females were used in this study with essentially a linear 

relationship concluded to exist between scores and tension.  

Partridge (25, p.1287) reported that possibly a linear 

relationship would exist with isotonic contraction if 

gravity, synergistic, and antagonistic muscles were con

sidered. Basically, two types of integrated muscular
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interpretation have been used. One type of integrated 

system has been the use of a separate channel to inscribe 

a smooth curve. The area measured under the curve corre

lated to muscle tension. A planimeter measured the area 

under the curve and became the numerical interpretation of 

muscle contraction. Hallet (17), Harding (18), and Randall 

(36) used the planimeter method of integrated electromy

ography. Anderson (2) used the second method of integrated 

interpretation. This method consisted of the integrated 

signal connected to a digital display. The numerical fig

ure displays have been used to represent muscular con

traction. The digital display removed human error that 

accompanied the usage of a planimeter.  

Procedures of Electromyography 

The selection of procedures for electromyography lead 

to the type of electrodes used, interelectrode distance, 

skin preparation and proper rest periods between exercises.  

All of the above criteria lead to the development of cri

teria necessary for accurate evaluations.  

Needle and surface electrodes have been used for elec

tromyographical investigation. O'Connell and Gardner (34) 

offered two guidelines for choice of electrodes. First of 

all, does the investigation analyze the whole muscle or 

just some specific fibers within the muscle. Basmajian 

(3) and Adrian (1) have suggested surface electrodes for



30

a more global evaluation of total muscle activity. Needle 

electrodes have been used to study muscle fibers (6). The 

second criteria needed for electrode selection O'Connell 

and Gardner reported was the amount of movement involved.  

Surface electrodes do not restrict amount of movement due 

to injury as compared to needle electrodes.  

Basmajian and Elkus (6) used needle electrodes for 

measuring muscle fatigue. Randall (36) used surface elec

trodes while investigating selected muscles involved in 

two types of chinning. Bigland and others (9) in their 

classical study in establishing relationships among muscle 

activity, velocity of movement, and force used both needle 

and surface electrodes.  

Two types of electrode placement have been used. A 

monopolar lead has one electrode directly over the motor 

point with a ground electrode placed on a flat bony plane 

of the body. A bipolar lead places two electrodes on 

either side of the electrodes and parallel to the muscle 

fibers. A ground electrode using the bipolar lead is 

placed in the same location as a monopolar lead.  

Sigerseth and McCloy (42) used monopolar leads while 

studying upper arm movements. Clarke and Clarke (10) 

suggested that bipolar leads were more reliable and less 

susceptible to artifact. Lloyd (30) used bipolar leads 

while studying sustained isometric contractions. Hinson
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(20) used a bipolar lead system while studying the pector

alis major comparing different forms of the push-up.  

Hinson's electrode placement for the sternal portion of 

the pectoralis major was over the midpoint of the anterior 

bordor of the axillary space. The clavicular pectoralis 

major placement was inferior to the midpoint of the clav

icle.  

Interelectrode distance varied from one centimeter to 

two and one-half centimeters apart. Harding (18) and 

Santomier (38) used two and one-half centimeters for inter

electrode distance. Kamon (23) and Anderson (2) used two 

centimeters for interelectrode distance. Recent studies 

by Hinson (20) and Hallet (17) have used one centimeter 

for electrode distance. More involved procedures for 

reducing skin resistance are needed for greater distance 

between electrodes.  

Skin preparation procedures have been suggested by 

several investigators for adequate conduction from the 

surface of the skin to electrode and to improve the val

idity of measurements. Randall (36) and Garrison (16) 

have indicated shaving the area of electrode contact to 

insure adhesion of the electrode. Kamon (23) and Finanger 

(15) have suggested abrading the skin with sandpaper to 

remove dried skin. Santomier (38) suggested the use of 

a bristle brush for the same purpose. Hallet (17) and 

Anderson (2) have used an alcohol wash to remove skin
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oils. Harding (18) and Santomier (38) have suggested 

the use of electrode paste to insure conductivity. There

fore, suggested procedures for skin preparation may be to 

shave when indicated, to abrade with sandpaper, or brush, 

to wash with alcohol and to use electrode paste.  

The range of skin resistance has been reported from 

5,000 ohms to 15,000 ohms. Hinson (20), Finanger (15), 

and Harding (18) established 5,000 ohms as a maximum 

acceptable resistance. Hermann (19) and Randall (36) 

established 10,000 ohms for acceptable maximum. Siger

seth (42) and Santomier (38) used 15,000 ohms as a maximum 

limit.  

Bigland and Lippold (9) studied the gastrocnemius 

of males and females. They concluded that, at constant 

velocity, electrical activity is directly proportional to 

muscular tension. When tension was held constant, elec

trical activity increased with velocity. Therefore, speed 

of movement has been established as an important factor 

in electromyography. Hinson (20) attempted to control for 

speed of movement in comparing four different push-ups by 

establishing a five second interval to complete each 

exercise.  

The effects of fatigue have been noted by Lippold and 

others (28). Lippold and others have concluded that with 

the emergence of fatigue, the average amplitude decreased, 

the longer duration occurred. Secondly, interspersed
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within the interference pattern were large waves of greater 

amplitude. The synchronous firing may have been due to 

recruitment of other motor units or to the increased 

activity of synergists. Lance and Chaffin (25) also noted 

change in neuromuscular function due to fatigue. They 

suggested that the synchronous firing of muscle tissue may 

be due to synchronization of motor units and/or recruit

ment of higher threshold motor units. Lloyd (30, p.7 13 ) 

concluded that the direct relationship between amplitude 

and muscle tension holds briefly due to fatigue inducing 

more spikes and greater amplitude. Therefore, rest periods 

between electromyographical comparisons to control for 

fatigue have been used with exercise bouts.  

Suggested rests between exercises have been reported 

from two to five minutes. Santomier (38) suggested two 

minutes for rest. Basmajian (6) suggested four minute 

rest periods. Lance and Chaffin (25) used five-minute 

rests between exercise bouts. Rest periods have a function 

in electromyographical research.  

Actions of the Upper Arm Produced by the Pectoralis Major 

Studies of the mechanisms of shoulder movement have 

been done. Dempster (14) has studied several movements of 

the shoulder girdle. Crase (11) studied moments of force 

for the shoulder girdle using the pectoralis major and the 

anterior, medial and posterior deltoid. Wells (47, p.184)
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located the origin and insertion of the sternal and clav

icular pectoralis major. The clavicular pectoralis major 

has a defined origin on the medial two-thirds of the clav

icle. The sternal pectoralis major's origin has been 

located on sternum and cartiledge of the first six ribs.  

The sternal and clavicular section have a common origin 

on the lateral surface of the humerus just inferior to 

the head of the humerus. Wells suggested that the pec

toralis major was active during pushing, throwing or 

punching activities.  

Shambes and Waterland (40) studied the motor unit 

control of skill and postural muscles. An analysis of 

biceps and triceps of twenty college women suggested that 

skill muscles are more controllable than postural muscles.  

Shambes and Waterland based this conclusion upon the 

presence and the shape of interference patterns. If the 

conclusion of Shambes and Waterland was valid, the pec

toralis muscle should have had a great deal of motor unit 

control.  

The classical study by Inman, Saunders and Abbot 

(21, p.7) suggested that the pectoralis major at one time 

was a single muscle mass. Gradually, the origin of the 

pectoralis major migrated superiorly to produce the clav

icular head. Inman and others (21, p.17) concluded that 

the clavicular head of the pectoralis major was active 

in flexion from 0 to 170 degrees elevation. No clavicular
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activity was present in adduction. Forward flexion was 

found to be attributable to the clavicular portion of the 

pectoralis major. The clavicular head seemed to work 

synchronously with the anterior deltoid during forward 

flexion. Inman and others (21, p. 29) concluded that the 

sternal pectoralis major was active in adduction and medial 

rotation.  

McCloy (32) confirmed Inman's study and viewed some 

unique movements. McCloy concluded that the clavicular 

head was fairly active while a subject's arm was swung diag

onally from a side position to an upward position. While 

hands were pressed together at the abdominal level, some 

activity was noted in the clavicular head, but much more 

activity was noted in the sternal head of the pectoralis 

major. While hands were pressed together at the level of 

a subject's forehead, the clavicular head was very active 

while the sternal portion showed almost no activity.  

Sigerseth and McCloy (42) used a shoulder wheel for 

analysis of upper arm movement. They concluded that the 

clavicular head was active during the first part of upper 

arm extension in the sagittal plane. From shoulder level 

downward, the clavicular head was active in adduction in 

the frontal plane. Sigerseth and McCloy's final conclusion 

was that the clavicular head was active in adduction in 

the horizontal plane.
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Daniels (12) suggested that from 90 degrees of flexion 

the sternal head was active when the arm was moved upward 

and outward. Downward and outward movements from 90 degrees 

was due to clavicular activity. Scheving and Pauly (39) 

concurred with other investigations concerning arm movements.  

Scheving and Pauly suggested that the pectoralis major was 

active in medial rotation only when resistance was applied.  

Adduction was accomplished primarily by the latissimus 

dorsi and the pectoralis major. Shevlin and others (41) 

analyzed elevation and depression from 0 to 110 degrees 

at three different angles in the horizontal plane. They 

concluded that at 0 and 45 degree positions, the sternal 

head was active during depression from 110 to 45 degrees 

of elevation. The clavicular head of the pectoralis major 

was active in elevation from 45 to 110 degrees at all three 

positions; 0, 45 and 90 degrees.  

Basmajian and Elkus (6) observed male and female sub

jects who were hanging by their hands in pronated and sup

inated positions. They concluded that slight to moderate 

activity was noted in the pectoralis major while hanging 

with the hands supinated. More activity was observed in 

the pectoralis major while the hands were pronated.  

Bearn (7) studied the static loading of the upper limb.  

While the limb was unloaded, no activity occurred in the 

pectoralis major. When a subject's limb was loaded with ten 

pounds, the pectoralis major displayed no activity. When
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twenty five pounds were added to a subject's upper limb, 

initial activity and eventually slight or no activity 

occurred. Basmajian and Bazant (5, p.1185) concluded 

that downward dislocation was prevented by the superior 

section of the capsule, by the supraspinatus and to a 

lesser degree by the posterior deltoid. They noted that 

when the humerus was forced downward, the humerus was 

pushed laterally because of the incline of the glenoid fossa.  

Pectoralis involvement producing upper limb involve

ment has been documented and the prevention of dislocation 

of the shoulder has been discussed (7) (5). Basmajian 

(4, p.163) suggested the possibility of one other invole

ment of the pectoralis major. While breathing rate and 

depth was considered heavy, the pectoralis major was active 

in forced inspiration.  

Some studies have been done that have analyzed upper 

arm movements but have not observed the pectoralis major.  

Slaughter (45) observed upper arm movement, but did not 

analyze pectoralis major involvement. Rice (37) analyzed 

two types of la crosse cradles, but did not observe the 

pectoralis major. The upper arm movement in both of the 

above studies should have been obvious. The lack of con

sideration of pectoralis major activity would have been a 

limiting factor in those studies.
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Pectoralis Major Activity in Sports Skills 

There were two studies found dealing with pectoralis 

major activity in baseball. Kitzman (24) observed skilled 

and unskilled performers in swinging a baseball bat. The 

muscles that Kitzman observed were the lateral and long 

head of the triceps, the latissimus dorsi and the clavicular 

head of the pectoralis major. Kitzman derived three con

clusions from his investigation. He observed that the 

skilled performers' action potentials peaked earlier than 

the non-skilled performers. Secondly, Kitzman observed the 

left clavicular pectoralis major was active during the 

start of the backswing of right-handed batters. The 

activity of the left pectoralis was considered to be mod

erate to strong for skilled batters. Kitzman's third con

clusion was that strengthening the left triceps in right

handed batters would allow more force to be applied with 

the bat. Mapes (31) analyzed the baseball throw. The 

muscles involved in Mapes study were the biceps, the del

toid, the latissimus dorsi, the triceps and the sternal 

pectoralis major. Three college baseball players were used 

in the study. Mapes concluded in the check action phase 

that the medial and posterior deltoid, latissimus dorsi 

and the long head of the biceps were active. During the 

ballistic phase Mapes concluded that no agonist muscle was 

active throughout, but a segmented pattern of agonist mus

cular involvement did exist. The final conclusion of Mapes
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investigation was that slight sternal pectoralis major 

activity was observed during the follow-through phase 

of the throw.  

Two investigations were conducted on the golf swing.  

Slater-Hammel (43) observed four right-handed male sub

jects who were reported to be good performers. The muscles 

Slater-Hammel analyzed were the lateral and long head of 

the triceps, long and short head of the biceps, deltoid, 

latissimus dorsi and the pectoralis major. Right and 

left sides of each subject's body was analyzed. Slater

Hammel concluded that contraction-movement relationships 

vary widely among subjects. Each subject's trials appeared 

to be coordinated in terms of analysis of the interference 

pattern. The acceleration of the club appeared to be the 

result of the right and left triceps, right latissimus dorsi, 

right pectoralis major and left posterior deltoid muscular 

involvement. Garrison (16) also examined the golf swing.  

Four right-handed male subjects were used who were com

peting amateurs. The biceps, triceps, deltoid, flexor 

carpi, extensor carpi, pronator teres, sternal pectoralis 

major and the latissimus dorsi were studied by Garrison.  

Garrison concluded that the right sternal pectoralis major 

was used beyond contact with the ball. He then concluded 

that no difference existed between woods and irons in the 

golf stroke.
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Several studies have been conducted on gymnastic ac

tivities. Hallet (17) observed muscular activity in three 

different cross hold positions on the rings. All of the 

positions were with arms extended at a ninety degree angle 

in the frontal plane. The ideal position placed the center 

of gravity in the same plane as the hands. The other two 

positions placed the center of gravity slightly anterior 

and posterior for its' normal location. Eleven subjects 

were used who could adequately perform the iron cross in 

the desired positions. The muscles under investigation 

were the sternal pectoralis major, teres major and latis

simus dorsi. Hallet concluded that the pectoralis major 

and teres major differed significantly from the latissimus 

dorsi. The latissimus dorsi displayed more electrical 

activity.  

Kamon (23) analyzed the upper limb during static and 

dynamic postures of subjects on the pommel horse. The 

static supports were the front support and straddle support.  

The dynamic support consisted of continuous swing under 

each hand. Kamon concluded that the latissimus dorsi and 

the pectoralis major had a similar function in supports 

during the static supports. Throughout the dynamic support 

the sternal head of the pectoralis major was fairly active.  

The clavicular head was active in initiating and deceler

ating later movements. Kamon (22) observed the same phen

omenon while the scissors exercise was performed. The
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sternal head was active in a supportive function. The 

clavicular head displayed short bursts of activity for 

directional changes in lateral body movement.  

Landa (26) analyzed shoulder muscle activity during 

selected supportive skills on the uneven parallel bars.  

Four college gymnasts were used. The pectoralis major, 

deltoid, biceps, latissimus dorsi, and trapezius I and IV 

were observed. Landa concluded that the latissimus dorsi 

appeared to contribute the greatest strength for under 

the bar support skills.  

The tennis forehand drive was observed by Slater

Hammel (44) and Anderson (2). Slater-Hammel observed both 

heads of the biceps, deltoid, latissimus dorsi, pectoralis 

major and the triceps. All male subjects that were used 

had several years of experience. Slater-Hammel concluded 

that the pectoralis major and anterior deltoid functioned 

to swing the arm forward. He also concluded that little 

difference in activity patterns existed for an individual 

subject, but differences between subjects was extensive.  

The final conclusion of Slater-Hammel was that the tennis 

forehand drive was not a ballistic movement. Anderson 

observed three different skill levels of tennis players. Be

ginning players, members who were seated in third, fourth, 

and fifth teams and regionally ranked players made up the 

three groups. Anderson agreed with Slater-Hammel and
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concluded that the tennis forehand drive was not a ballistic 

movement. Anderson found that among subjects and among skill 

levels great differences occurred. A consistent pattern 

of muscle activity for each individual subject in the two 

advanced groups was apparent. Anderson also agreed with 

Slater-Hammel and concluded the pectoralis major was one of 

the prime movers in the tennis forehand drive.  

Hermann (19) analyzed selected muscles during the per

formance of the shot put. The muscles investigated were 

the pectoralis major, deltoid, teres major and triceps.  

Three groups were analyzed and were reported to be groups 

of good, average and poor performers. Six male subjects 

were used in the investigation. Hermann concluded that 

based upon the groups used, a pattern of gradual increase 

in acceleration across the circle provided the best per

formance. The largest acceleration should appear during 

the final shoulder and arm thrust according to Hermann.  

Hermann concluded that the greatest force for acceleration 

of muscles studied for arm thrust came from the pectoralis 

major, deltoid and triceps.  

Finanger (15) investigated muscular function involved 

in the discus throw. Muscles investigated were the anterior 

and medial deltoid, short head of the biceps, pectoralis 

major, external and internal obliques, serratus anterior, 

teres major and latissimus dorsi. Four subjects from a 

college track team were used for the investigation.
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Finanger found sternal pectoralis activity right after 

the first step of the discus throw. The pectoralis major 

was very active in holding the discus close to the body.  

The pectoralis was not active throughout the performance.  

From the final spin to the final plant of the foot, both 

the sternal and clavicular head of the pectoralis major 

were very active.  

Comparative Exercises for Pectoralis 
Major Development 

Santomier (38) analyzed specific muscles while perform

ing selected isotonic weight training activities. Muscles 

under investigation were the pectoralis major, biceps, 

triceps, gastrocnemius, biceps femoris, deltoid, latissimus 

dorsi, rectus abdominus and rectus femoris. The activities 

used for the investigation were the standing press, bent

over-rowing, three-quarter squat, standing curl and bench 

press. Five male subjects of the college service program 

were used in this study. Santomier concluded that the 

bench press exhibited the greatest activity in the pector

alis major followed by the standing press. Santomier 

also concluded that antagonists and stabilizing muscles are 

trained as well as the prime movers.  

Hinson (20) observed four diffferent types of push-ups 

designed for women. The four exercises were the let-down 

push-up, bench push-up, knee-push-up and the full push-up.  

Two groups of ten women each were used in the investigation.
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The lower ability group could do no more than five knee 

push-ups. The higher ability group could do at least ten 

full push-ups. The muscles under investigation were the 

triceps, deltoid, pectoralis major, trapezius, serratus 

anterior, rectus abdominus and external obliques. The 

rank order from low to high activity levels was the let

down push-up, knee push-up, bench push-up, and full push-up.  

Hinson noted a lack of efficiency and coordination of 

muscle function in the low ability group. Hinson also 

concluded that the let-down push-up was a valid exercise 

for pectoralis major development.  

Randall (36) analyzed the pull-up and chin-up, but 

did not investigate the pectoralis major. Randall recom

mended observations of the pectoralis major, latissimus 

dorsi, teres major and posterior deltoid needed to be 

performed for a more complete comparison between the pull

up and chin-up. Santomier (38) recommended studies to be 

performed on different exercises for analysis of muscular 

involvement. The lack of information analyzing exercises 

for muscular development has been evident. Unfortunately, 

few analytical studies for development of muscles using 

appropriate exercises have appeared in the literature.  

The use of the electromyographic technique has been 

well documented for the analysis of muscular activity.  

The procedures for conducting an electromyographic study 

have approached the degree of sophistication necessary
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for hypothesis testing. Electromyographic studies of 

pectoral musculature have been categorized as studies 

defining pectoralis major involvement in upper arm move

ments, analysis of sports skills utilizing the pectoralis 

major and analyses of the activity of pectoralis major 

during developmental exercises for the pectoralis major.
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CHAPTER III

PROCEDURES OF THE STUDY 

Selection of the Sample 

The subjects utilized for this experiment were com

prised of 34 volunteer students incidentally sampled from 

required undergraduate physical education classes during 

the spring semester of 1976. Students volunteered for 

the proposed investigation and upon initial contact with 

the students, several items were discussed. First, a brief 

discussion as to the nature of the study was mentioned, and 

the title and statement of the problem were presented, and 

any questions at that time were entertained. Secondly, some 

of the unique procedures of electromyography were reviewed.  

The students were told that skin would have to be abraded 

and electrodes placed in a bipolar configuration over the 

motor points. A brief visual approximation of the location 

of the two motor points involved was illustrated. The 

final consideration of the initial meeting was the fact 

that two meetings were needed. The first meeting was to 

take place at the North Texas State University's Human 

Performance Laboratory. The second meeting would take 

place at Texas Woman's University where the necessary 

equipment and facilities were available for the final
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meeting. At this point, it was announced that transpor

tation would be provided for the final meeting at Texas 

Woman's University. The volunteer subjects then signed 

a time schedule for the final meeting.  

While thirty-four male students originally expressed 

an interest and volunteered for the study, four subjects 

failed to meet both scheduled testing sessions, therefore, 

a total of thirty subjects completed the testing. Twenty

one of the thirty subjects came from two upper division 

physical education classes for physical education majors.  

It was assumed that this population would be able to ade

quately perform the exercises and that their interest in 

physical education would serve as a motivation to partic

ipate and complete the requirements for the investigation.  

The two upper division classes were PHED 305 Section 002 

Kinesiology and PHED 433 Section 001 Measurement in Health 

and Physical Education. The remainder of the volunteer 

subjects came from PHED 154 Section 501 Handball-Racketball, 

an activity class for non-majors.  

The mean height of the subjects was 69.69 inches. The 

range of height was from 63.5 to 74.5 inches with a stan

dard deviation of 2.58 inches. The mean subject weight 

was 170.24 pounds. The subjects ranged from 124.5 to 

246.25 pounds with a standard deviation of 26.42 pounds.  

The mean age of the sample population was 22.44 years.
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A range of 18.33 to 28.75 years and a standard deviation 

of 2.63 years defined the sample.  

Screening of Subjects 

Screening the subjects was necessary to establish the 

fact that each volunteer subject could perform each of the 

exercises and that each subject could maintain the estab

lished cadence. The first meeting at North Texas State 

University's Human Performance Laboratory was primarily 

to obtain descriptive data of the sample and to ascertain 

if the subjects could perform the exercises at the desired 

rate of speed. A secondary purpose was to complete the 

Use of Human Subject form (Appendix A) as suggested by the 

North Texas State University committee on the use of human 

subjects in research. A similar format (Appendix B) had 

to be completed for the opportunity to collect data at 

Texas Woman's University. Upon entering the laboratory 

the subjects were asked to read and then sign the necessary 

form.  

Subjects were then asked to remove their shoes. At 

this time height and weight were recorded on the data sheet 

(Appendix C). The age of each subject was recorded in terms 

of years and to the nearest month. For computational pur

poses age was later converted to years and the nearest one

hundredth of a year.
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A brief description of the cadence to be used followed 

the collection of descriptive data. It was emphasized to 

the subjects that this cadence was needed for the control 

of speed of each treatment so that each treatment was to 

have the same duration as compared to ensuing treatments.  

The cadence with the aid of a stop watch used was up-two

three, down-two-three. For orientation purposes the sub

jects were told that at the sound of the first "three" they 

should be at the maximum height of the exercise. At the 

sound of the second "three" they were to be back at the 

resting position. Maintaining a smooth motion throughout 

the exercise was emphasized. A demonstration of the cadence 

while a dip was performed concluded the directions for per

formance.  

The volunteer subjects completed one trial of each of 

the six exercises. If some doubt was encountered as to the 

ability of the subject to maintain the cadence, a retrial 

of the same exercise was performed. If a subject was unable 

to perform the exercise properly, he was dismissed from the 

study.  

The first exercise to be performed was the dip. The 

dip was initiated from a position in which the upper arm 

was parallel to the floor. The maximal height of the dip 

was defined as when the elbow was completely extended. The 

subject then lowered himself back to the starting position 

(see Figure 1, page 55).
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The second exercise to be executed was the sit-down 

push-up. The subject rested his heels on a box elevating 

his feet twelve inches. His hands were also placed upon 

a box directly behind him in such a manner as to elevate his 

hands twelve inches. The subject was seated on the floor 

and from this starting position, the subject lifted himself 

from the starting position (see Figure 2, page 57).  

The third exercise was the push-up. The subject 

started the push-up from a prone position with his hands 

placed under the humeroscapular joint. From this position, 

the subject pushed to a position where the arms were fully 

extended. The push-up was completed when the subject lowered 

to the starting position (see Figure 3, page 58).  

A wide push-up followed the regular push-up. The 

same performance was expected of the subject as the regular 

push-up, but with the hands placed further apart. The hands 

were positioned in such a way that the distance between the 

subject's hands equaled one and one-half the distance be

tween a subject's humeroscapular articulations (see Figure 

4, page 59).  

Following the wide push-up, the subjects were asked 

to perform a pull-up. The starting position was defined 

as the hands pronated, arms extended and hands placed 

shoulder width apart. From the starting position the sub

ject pulled in such a manner to a position where his chin
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was even with the bar. The pull-up was completed when the 

subject assumed the starting position (see Figure 5, page 

61).  

The final exercise was the chin-up. The starting pos

ition was similar to the pull-up except that the hands were 

supinated. From the starting position, the subject pulled 

until his chin was level with the bar and then lowered him

self to the starting position (see Figure 6, page 62).  

The final responsibility of the first meeting was for 

the subjects to select a time for the final meeting. With 

the subject's signature on the testing schedule, he had 

completed the criterion of the first meeting. The subjects 

were then advised of the transportation availability, meet

ing place and informed that clothing would not be a factor 

in the final testing.  

Design of the Study 

The study was designed as a split plot factorial exper

iment utilizing a 2 X 6 factorial design with repeated meas

ures. One main effect of the study was portions of the 

pectoralis major, the clavicular and sternal segments. The 

second main effect of the study was the six exercises under 

investigation. Simultaneous measures of the two sections 

of the pectoralis major were recorded for each exercise 

and served as the repeated measures dimension in the exper

imental design. The independent variables were the two
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portions of the pectoralis major and the six selected 

exercises, and the dependent variable was the integrated 

digital output that represented muscular activity.  

Treatments were randomly selected for each subject by 

drawing numbers out of a hat. Each number from 1 through 6 

represented one of the exercises under investigation. The 

order of the selected numbers representing each exercise 

was the order in which a subject executed the treatments 

during the final investigation. An order of treatments for 

each subject was selected, described in the above procedure.  

The randomization of the order of exercises for each sub

ject was to counteract any effect that could tontaminate 

the data and produce inflated scores due to the onset of 

fatigue.  

Control of Fatigue 

The control for fatigue artifacts was essential for 

electromyographic comparisons to be valid. In fatigued 

muscles electromyographic activity may have appeared 

inflated compared to the baseline measures in nonfatigued 

muscles while executing the same motor skill. Two pro

cedures were used to control for the effects of fatigue 

and were designed to maintain baseline measures in the pec

toralis major throughout the testing session. The first 

procedure was to limit the number of trials for each exer

cise to one repetition. Previous investigations have used 

multiple trials and the computed mean score for the trial
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was used for analysis purposes. The possibility of fatigue 

artifacts occurring with the six selected exercises using 

multiple trials was too great for valid measurements of 

pectoralis major activity to be obtained, thus the use of 

one observation per subject performing each exercise was 

felt warranted.  

The second procedure for control of fatigue artifacts 

was to introduce a rest period between exercises. Gutin 

(4) suggested two minutes of rest between exercises in his 

classical study of the rectus abdominus. Hinson (7) used 

three minute rest periods between exercises to control for 

the influence of fatigue while observing the pectoralis 

major during four types of push-ups. Results of a pilot 

study suggested that three minute rest periods were insuf

ficient to control for the influence of fatigue while using 

electromyographic techniques. Therefore, five minute rest 

periods between treatments was used to combat the influence 

of fatigue and maintain baseline measures. With the use of 

only one trial and five minute rest periods it was assumed 

that fatigue was controlled and valid comparisons of pec

toralis major activity during the six exercises was ob

tained.  

Instrumentation of the Study 

The signal from both sections of the pectoralis major 

was integrated by two Newport Laboratories model 100 inte

grators. Adrian (1, p.353) suggested that integrated
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electromyograms were the most precise form of analysis of 

electromyography. The integrated signal, representing the 

intensity of pectoralis major contraction, was displayed on 

two digital displays. Two Hewlett-Packard displays Model 

5300A and Model H22 5211B were used and the digitalized out

put display was used as the dependent variable for statis

tical analysis.  

Six surface electrodes comprised the circuitry needed 

for monitoring the pectoralis major. Narco Bio-Systems 11 

millimeter surface electrodes part number 710-0010 were 

used throughout the investigation. Electrodes were adhered 

to the skin with Narco Bio-System part number 710-0013 

adhesive washers. To insure conductivity between skin and 

electrode, Narco Bio-System part number 710-0014 electrode 

paste was used.  

Skin Preparation and Electrode Placement 

Skin preparation for the attachment of electrodes was 

based upon a review of existing procedures. The area 

where electrodes were placed was shaved if body hair of the 

subject indicated this procedure. Mapes (8) and Randall 

(9) indicated the need of hair removal for secure adhesion 

of the electrodes to the body surface. The skin of the 

subjects was abraded with sandpaper as described by Mapes 

(8) and Harding (6). The area of concern was then washed 

with alcohol as described by Santomier (10). Hinson (7)
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suggests skin penetration with needles to insure low resis

tance and conductivity. This procedure was performed with 

pins driven through the center of the cork with the points 

extended beyond the cork. The cork with the exposed pin 

points was applied to the skin where the electrodes were 

placed. This final procedure completed skin preparation.  

Surface electrodes were used in this study. Adrian (1) 

suggests that surface electrodes express a more global inter

pretation of total muscular activity. Adrian (1) concludes 

that needle electrodes tend to express limited regional 

activity. Total muscle involvement was under investigation 

and thus required the use of surface electrodes.  

A bipolar lead system was used throughout the study.  

Clarke and Clarke (3) maintained that bipolar leads are 

more efficient for kinesiological research than monopolar 

leads. Interelectrode distance was standardized at one 

centimeter as Hallet (5) suggested. Santomier (10) had 

suggested two and one-half centimeters and Anderson (2) 

suggested two centimeters for interelectrode distance.  

Santomier and Anderson allowed for greater skin resistance 

which may have been reflected in the greater distance be

tween electrodes. Electrodes were secured to the skin with 

adhesive washers designed for that purpose. Skin resistance 

was reduced to 5,000 ohms as suggested by Harding (6) and 

Mapes (8). Randall (9) reported a controlled skin resistance
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of 5,000 to 10,000 ohms. Santomier (10) reported skin 

resistance below 15,000 ohms. The use of 5,000 ohms for 

skin resistance appeared to be more widely accepted and 

thus was used for the target skin resistance in this inves

tigation.  

Electrode placement was determined according to 

Hinson's (7) study. A bipolar lead with one centimeter 

interelectrode distance was placed over the motor points 

of the sternal and clavicular portion of the pectoralis 

major. Hinson (7, p.307) located the position of the 

motor points and used the electrode placement described 

above. The clavicular motor point was defined as inferior 

to the midpoint of the clavicle and the sternal motor 

point was positioned over the midpoint of the anterior 

border of the axillary space. With the four electrodes in 

place, skin resistance was measured and was never over 

5,000 ohms. Two ground electrodes were placed over the 

anterior surface of the wrist to complete the electromy

ographic dircuitry.  

Collection of the Data 

The final meeting with the subjects was for the pur

pose of gathering the data needed for analysis of the six 

exercises. The subjects were transported to the Human 

Performance Laboratory at Texas Woman's University. Upon 

arrival at the laboratory, the subjects were asked to re

move their shirts. While the subjects were complying
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with this request, the Newport Laboratories integrators 

and the Hewlett-Packard digital displays were turned on 

to warm-up. The equipment needed for the exercises was 

gathered and positioned according to the limitations of 

space provided from the confines of the room and the length 

of the cables leading to the electrodes.  

Each subject had the basic skin preparation of hair 

shaved, skin abraded with sandpaper, washed with alcohol, 

and skin penetration with the pin filled cork at the elec

trode sites. The electrodes were then placed over the motor 

points using bipolar lead circuitry (see Figure 7, page 69).  

After electrode placement on each subject was completed 

the equipment was calibrated. Thirty minutes of warm-up 

was needed for proper functioning of the integrators accord

ing to the procedures for operation derived from the manual 

that accompanied the equipment. The equipment was given 

the allotted time for reliable performance.  

Each subject's skin resistance was measured with an 

ohmmeter before the first treatment. The skin resistance 

was never above 5,000 ohms during the final testing. The 

subjects during any given test session alternated so that 

during the first subject's rest period the other subjects 

were tested. Generally, four subjects were tested during 

a test session and five minutes of rest was provided each 

subject between each exercise bout. Therefore, in five 

minutes, all subjects completed the first treatment. After
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the first series of tests, the order of subjects was estab

lished and continuous testing with the ordered subjects was 

possible, following each individual's random sequence of 

exercises. The exercises were performed to the same cad

ence as the first meeting at the Human Performance Labora

tory of North Texas State University. If a malfunction in 

the equipment, or the separation of an electrode occurred, 

or if the subject was unable to maintain the cadence, a re

trial of the same exercise was given after five minutes of 

rest. Only one trial for each exercise was performed. The 

data was recorded on each subject's data sheet (Appendix C).  

At the end of each testing session the integrators 

were calibrated. To complete a testing session, the elec

trodes were cleaned and placed in the proper place, the 

equipment turned off, and the room arranged to its original 

condition. The volunteer subjects were transported to 

North Texas State University and appreciative recognition 

given for their cooperation.  

Analysis of the Data 

Upon completion of the data collection, electromyo

graphical activity was collected on the six selected 

exercises with simultaneous recordings of the two portions 

of the pectoralis major muscle. The two main effects of the 

experiment, the selected exercises and the portions of the 

pectoralis major were clearly defined and data obtained for
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each main effect. The electromyographical data served as 

the dependent variable in analyzing the main effects.  

A two-way analysis of variance with repeated measures 

was performed on the data. When the interaction F-ratio 

was found to be significant, Duncan's multiple comparison 

test designed to show where differences existed was used 

on the combined mean score of the two sections of the pec

toralis major. With Duncan's test, comparisons of the 

exercises in terms of total pectoralis major involvement 

could be analyzed.  

The electromyographical activity for each exercise was 

analyzed for the sternal segment and the clavicular segment 

of the pectoralis major. A one-way analysis of variance 

with repeated measures was performed on each portion of the 

pectoralis major. Duncan's multiple comparison tests were 

also used to examine where differences existed. This pro

cedure allowed for the comparison of the individual sections 

of the pectoralis major to the selected exercises.  

The program STO 17 was used in conjunction with the IBM 

360 computer for analysis of the data. The level of signifi

cance was set at the .05 level for acceptance or rejection 

purposes. The .05 level was used throughout the investi

gation in conjunction with the statistical treatments.
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CHAPTER IV

RESULTS OF THE STUDY 

Results of Two-Way Analysis of Variance 
of the Segments Versus Exercises 

The data used for analysis was derived from the ditigal

ized integrated activity which represented muscular activity.  

Based upon the results of the two-way analysis of variance, 

the sternal segment activity was significantly greater than 

the clavicular portion. A significant difference existed 

among the exercises in terms of the mean electromyographic 

activity of the sternal and clavicular segments of the 

pectoralis major. Interaction between the two main effects, 

segments of the pectoralis major and exercises, was also 

determined to be significant. Duncan's multiple comparison 

test was used on the combined means, the means associated 

with the clavicular segment and the means associated with 

the sternal segment to determine where differences existed 

and to establish an order effect of muscular activity.  

The main effect of exercises when analyzed revealed an 

F-ratio of 12.539. The F-ratio associated with the degrees 

of freedom yielded a probability beyond .0001. To achieve 

significance the .05 level was chosen and therefore, the 

main effect of exercise was well beyond the acceptable values 

for significance. (See Table I.)
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A statistical difference was evidenced among the exer

cises. Three possible explanations were considered. First, 

the exercises selected were executed with several muscles 

that were not under investigation, and the execution of the 

selected exercises involving other muscles and muscle groups 

could have influenced pectoralis major involvement which 

would have been reflected in electromyographic activity.  

Secondly, the range of motion of the humerus was not consis

ent between exercises. The humerus during the pull-up and 

chin-up rotated nearly 180 degrees. While executing the dip 

and push-up, the range of the humerus was approximately 90 

degrees. The range of motion of the humerus would influence 

pectoralis major involvement. A third possibility for the 

observed differences could have been reflected in the amount 

of weight the humerus had to lift to execute the exercise.  

During the pull-up, dip, and chin-up, all subject's weight 

was supported with his hands. During the two push-ups and 

the sit-down push-up a portion of the weight or resistance 

was supported by the feet. Thus, resistance was not constant 

though each subject's weight acted as its own control. The 

variance attributable to exercise may have been reflected in 

one or any combinations of the three explanations listed 

above.  

A computed F-ratio of 76.813 was determined for the main 

effect of portions of the pectoralis major. The F-ratio with 

the associated degrees of freedom, yielded a probability
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beyond the .0001 level of significance. The .0001 level of 

significance was well beyond the .05 level chosen as the 

acceptable probability for significant difference. (See 

Table I.) 

The electromyographical activity difference between the 

sternal and clavicular portion of the pectoralis major was 

significant. The greater activity in the sternal portion 

may be attributable to three explanations. First of all, the 

sternal portion is larger than the clavicular segment. More 

motor units may be operational in the sternal portion and 

thus create more electrical activity. Secondly, the possi

bility exists that the selection of exercises favor the 

activity of the sternal fibers. The third explanation was 

that the anterior deltoid, because of its position, may have 

functionally the same line of force as the clavicular portion 

of the pectoralis major and materially contributed to the 

pulling action during arm movements. Since functional simi

larities exists between the clavicular segment and the anterior 

deltoid, the clavicular segment's activity may be influenced 

by the anterior deltoid. This influence could cause deltoid 

activity in the clavicular segment movements. The variance 

between the clavicular and sternal segments may be attribut

able to one, or any combination, of the three considerations 

listed above.  

The interaction F-ratio of segments by exercises was com

puted to be 4.437. The computed F-ratio with the associated
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degrees of freedom yielded a probability of .00079. The 

interaction level of significance was well beyond the .05 

level of significance needed for determining a statistical 

difference. (See Table I.) 

A graphic representation of sternal and clavicular seg

ments electromyographic activity for the six selected 

exercises demonstrated the interaction significance. (See 

Figure 8, page 79.) The slopes of the lines are not parallel 

which indicates that interaction was operational during the 

selected exercises. Thus an increase in sternal activity 

was not accompanied by the same increase in clavicular activ

ity throughout the exercises. The interaction of exercises 

and segments suggested that choice of exercises influenced 

segmented activity of the pectoralis major.  

The dip, as illustrated in Figure 8, produced the most 

activity in the sternal pectoralis major. The least activity 

recorded in the sternal portion was observed during the exe

cution of the sit-down push-up. The rank order of exercises 

for production of sternal pectoralis major involvement from 

lowest electromyographic activity was sit-down push-up, chin

up, wide push-up, pull-up, push-up, and dip. The dip, as 

illustrated in Figure 8, also produced the greatest involve

ment of the clavicular portion of the pectoralis major than 

any of the other exercises. The least activity was observed 

in the chin-up. The rank order of exercises from low to high 

activity levels for the clavicular segment of the pectoralis
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major was chin-up, pull-up, sit-down push-up, push-up, wide 

push-up and dip.  

Since interaction was significant, Duncan's multiple 

comparison test was used on the combined means of the segments 

for comparison of the exercises. The use of Duncan's test 

established where significant differences existed when com

paring each exercise with the five remaining exercises. When 

matching each exercise with the remaining exercises, fifteen 

comparisons were possible. The .05 level of significance 

was chosen to establish where significant differences between 

the fifteen possible comparisons occurred.  

Duncan's Multiple Comparison of Combined Means 

The use of combined means of the sternal and clavicular 

portion of the pectoralis major were used for analysis pur

poses. The combination of the means expressed a total 

muscular involvement. The rank order of combined means from 

lowest to highest activity level was the sit-down push-up, 

chin-up, pull-up, push-up, wide push-up and the dip. (See 

Figure 9, page 81.) 

Of the fifteen comparisons that were possible, twelve 

of the comparisons were significant. (See Figure 10, 

page 82.) The activity of the dip was significantly greater 

than any other exercise. The activity of the dip could have 

been greater than the pull-up or chin-up because of involve

ment of the latissimus dorsi during the pull-up and chin-up.
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0 D D D D : 
I I I IQ4 
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4J ~H H tU 19 U 

Sit-Down 
PSh-Un . . 91.13 95.38* 99.19** 101.56** 103.43** Push-Up 

Chin-Up . . . . 91.13 95.93** 99.12** 101.56** 

Pull-Up . . . . . .91.13* 95.94* 99.19** 

Push-Up - - . . . . . . 91.13 95.94* 

Wide Wide. . . .. . . . 91.14* 
Push-Up 

Dip..

* - .05 level.  

Fig. 10--Matrix 
combined means.

** - .01 level.

of Duncan's multiple comparisons of
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The activity of the dip could have been greater than the 

activity in the push-up, sit-down push-up and the wide push

up due to the reduced resistance gained by the support of the 

feet. The wide push-up activity was greater than the 

activity of the pull-up and chin-up possibly because of the 

involvement of the latissimus dorsi. The wide push-up 

activity was greater than the activity of the sit-down push

up possibly due to the longer distance between the point of 

application of force and the fulcrum. The longer lever would 

require greater force to move a similar amount of weight 

since the body would act as a third class lever. The push-up 

activity was significantly greater than the activity of the 

sit-down push-up, pull-up and chin-up. The greater activity 

of the push-up could have possibly required more activity in 

the pectoralis major than the sit-down push-up because of the 

distance from fulcrum to the application of force. The third 

class lever has a unique property of requiring more force to 

lift the same weight as the resistance arm increases. The 

push-up activity was significantly greater than the activity 

of the pull-up and chin-up. The latissimus dorsi has been 

recorded as one of the prime movers during the pull-up and 

chin-up, but had limited involvement in the push-up. There

fore, the push-up would not have the advantage of the 

latissimus dorsi and the pectoralis major would exhibit 

greater activity. The pull-up exhibited significantly greater 

activity in the pectoralis major than the activity in the
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sit-down push-up. The variance between the activity of the 

sit-down push-up and the activity in the pull-up may be 

attributable to two considerations. First, during the pull

up, the humerus travels through a 180 degree arc. The sit

down push-up requires approximately a 90 degree arc. The 

pectoralis major could have been more active in the pull-up 

because of the greater distance the humerus traveled. The 

second consideration that may have influenced the activity 

of the pull-up was the entire weight of a subject had to be 

pulled in opposition to gravity. During the sit-down push

up the arm action is opposing only a fraction of a subject's 

weight because of the support function of the feet. There

fore, either of the above conditions could have influenced 

pectoralis major activity and displayed more activity during 

the pull-up. All other comparisons were insignificant as 

determined by Duncan's multiple comparison test at the .05 

level.  

To determine a taxonomy of exercise, the results of 

Duncan's test on the combined means was used. The dip 

created a significantly greater activity in the pectoralis 

major using the combined means of the segments than any of 

the five remaining exercises. The wide push-up and push-up 

would follow after the dip in order from high to low 

activity. The pull-up and chin-up would follow the two 

push-ups, and the sit-down push-up would finish the taxonomy.  

Since differences between the two push-ups and differences
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between the pull-up and chin-up were not significant at the 

.05 level, they were grouped in the final taxonomy. There

fore, a true taxonomy of individual exercises was not 

established, but groups of exercises could establish a pro

gression for continued muscular development.  

Results of One-Way Analysis of Variance of the 
Clavicular Electromyographic Activity 

The analysis of the clavicular activity during exercises 

was based upon the digital display that represented the 

clavicular activity using electromyographic techniques. Dif

ferences of muscular activity did occur in the clavicular 

portion of the pectoralis major. (See Figure 11, p. 86.) 

The least activity was observed in the chin-up. The most 

activity occured in the dip. The remaining four exercises 

from low to high activity levels were the pull-up, sit-down 

push-up, push-up and wide push-up.  

Two possible considerations may have explained why 

differences existed. First, different muscle groups may have 

assisted in the movement of the humerus to a varying degree.  

The latissimus dorsi may have deflated the activity output 

of the clavicular segment in the chin-up and pull-up because 

of the important role the latissimus dorsi plays in these 

exercises. The anterior deltoid may have influenced the 

activity of the clavicular segment of the pectoralis major 

because of the similar functions of the clavicular segment 

of the pectoralis major and anterior deltoid. The second
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possible consideration for differences of activity occurring 

in the clavicular segment was the differences in resistance.  

While the pull-up, chin-up and dip required a subject's 

entire weight to be lifted, the two push-ups and the sit-down 

push-up required only a portion of a subject's total body 

weight to be lifted. The supporting function of a subject's 

feet influenced the resistance that had to be lifted. The 

length of the resistance arm where feet were used for support 

may have had an influence on clavicular segment activity.  

The sit-down push-up had a shorter resistance arm than the 

two push-ups. This shorter resistance arm would have required 

less force and thus, less muscular activity. The push-up, 

on the other hand, with its longer resistance arm would have 

required more muscle activity than the sit-down push-up.  

The results of a one-way analysis of variance suggested 

that a statistical difference did exist in clavicular pecto

ralis major involvement during the selected exercises. An 

F- ratio of 13.657 was achieved and equaled a level of sig

nificance of .0001. The .05 level was chosen for acceptance 

or rejection. (See Table II, page 88.) Since the F-ratio 

was significant, Duncan's test for multiple comparison was 

used to establish where differences existed.  

Duncan's Multiple Comparison of 

Clavicular Activity 

The results of Duncan's multiple comparison test sug

gested that eleven of the fifteen possible paired comparisons
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TABLE II 

SUMMARY TABLE OF ONE-WAY ANALYSIS OF VARIANCE 
FOR THE CLAVICULAR SEGMENT

Source Sum Degrees of Variance F-Ratio Probability 
of Squares, Freedom Estimate 

Between 3557266 5 711453 13.657* .0001 

Within 9064162 174 52092 . . . .  

Total 12621428 179 . . . . . . .  

were significant. (See Figure 12, page 89.) The dip dis

played a significantly greater activity in the clavicular 

segment than any of the five other exercises under investi

gation. The wide push-up exhibited a greater activity in the 

clavicular portion than the chin-up, pull-up and sit-down 

push-up. The push-up demonstrated a significantly greater 

activity in the clavicular pectoralis major than the chin-up, 

pull-up and sit-down push-up. All other comparisons were 

insignificant.  

The dip could have displayed greater activity in the 

clavicular segment than the chin-up and pull-up because of 

other muscular involvement. The latissimus dorsi is very 

active in the pull-up and chin-up and this activity could 

have been reflected in defined clavicular activity. The dip 

displayed greater activity in the clavicular segment than 

the sit-down push-up. It was possible the support of a 

portion of each subject's weight by his feet reduced the



89

I I II r I I Q4 rH144 rd-4 
4-) In EnH U) 

Chin-Up . . 115.51 121.59 125.72* 128.72* 131.10* 

Pull-Up . . . . 115.51 121.59* 125.72* 128.72* 

Sit-Down 
Push-Up - - . . . . 115.51* 121.59* 125.72* 

Push-Up - - - . . . . . 115.51 121.59* 

Wide 
Push-Up ' . ' . ' ' . . . - 115.51* 

Dip..  

* = .05 level.  

Fig. 12--Matrix of Duncan's multiple comparison of clavi
cular activity.
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resistance. The reduction in resistance could have been re

flected in lower activity of the clavicular pectoralis major 

because of the reduced force needed to complete the exercise.  

The dip showed a greater activity in the clavicular segment 

than either of the two push-ups under investigation. Two 

possible explanations could have been involved. First, there 

could have been a lowered resistance in the push-ups because 

of the support function of the feet. A second consideration 

was the fact that the anterior deltoid could have shared in 

the clavicular segment's function of humerus rotation while 

executing the two push-ups. Either or both of the above 

possibilities could have been the cause for differences in 

the dip and two push-ups.  

The wide push-up displayed a greater activity in the 

clavicular portion than the chin-up and pull-up. A possible 

explanation for the difference would have been the involve

ment of the latissimus dorsi. The latissimus dorsi is very 

active in the chin-up and pull-up. The wide push-up also 

demonstrated a greater activity in the clavicular pectoralis 

major than the sit-down push-up. The fact that the wide 

push-up had a greater resistance arm and then required more 

force than the sit-down push-up may have been reflected in 

the lower clavicular segment activity during the sit-down 

push-up.  

The push-up displayed greater activity in the clavicular 

portion of the pectoralis major than the chin-up or pull-up.
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The involvement of the latissimus dorsi could have been re

flected in the lower activity during the chin-up and pull-up.  

The push-up exhibited greater activity than the sit-down 

push-up in the clavicular portion of the pectoralis major.  

The shortened resistance arm of the sit-down push-up may have 

resulted in less activity displayed than in the push-up.  

Means did differ in the other comparisons. None of 

these differences could be accepted at the .05 level of sig

nificance. Therefore, all other comparisons are insignificant 

and any difference that did exist could have been subject to 

chance.  

Results of One-Way Analysis of Variance 
of the Sternal Pectoralis Major 

The analysis of the sternal activity during exercises 

was based upon the digital display that represented the 

sternal activity using electromyographic techniques. The 

results of the one-way analysis of variance revealed that 

differences did exist in the sternal segment between exercises.  

These differences may result from three possible explanations.  

First, other muscle groups may have been active to a varying 

degree while executing the selected exercises. The influence 

of other muscle groups would have influenced the sternal 

portion's activity. The second consideration that may have 

influenced the sternal segment's activity was the difference 

in resistance that the humerus had to overcome. Each sub

ject's body weight was used as a control, therefore, the
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resistance would not have been equal between exercises. The 

dip, pull-up and chin-up placed a subject's weight upon his 

arms. Thus each subject's total weight was lifted. In the 

case of the two selected push-ups and the sit-down push-up, 

some of the subject's weight was supported by his feet. Thus 

the force needed to lift the subject would not have been as 

great. Sternal pectoralis major involvement may have re

flected the difference in resistance. The third consider

ation for the differences would have been the range of 

motion of the humerus. During the chin-up and pull-up the 

humerus was rotated through a 180 degree arc. During the 

dip and the two push-ups, the humerus traveled approximately 

90 degrees. Differences may have occurred because of the 

variance in ranges of motion.  

The dip created the most activity in the sternal portion 

of the pectoralis major. (See Figure 11, page 86). The 

least activity was observed in the sit-down push-up. The 

order of the four remaining exercises from lowest to highest 

activity was the chin-up, pull-up, wide push-up and push-up.  

The .05 level of significance was achieved and suggested 

that a real difference did exist. A probability of .0002 was 

achieved for the F-ratio of 5.197 with the indicated degrees 

of freedom. (See Table III, page 93.) Since the F-ratio was 

significant, Duncan's multiple comparison test was used to 

analyze where the differences existed among the fifteen pos

sible paired comparisons.
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TABLE III 

SUMMARY TABLE OF ONE-WAY ANALYSIS OF 
VARIANCE FOR THE STERNAL SEGMENT

Sum Degrees of'Variance 
Source Sm Dgeso aineF-Ratio Probability 

of Squares Freedom Estimate 

Between 1543630 5 308726 5.197 .0002 

Within 10335683 174 59400 . . . . . .  

Total 11879313 179 . . . . . .  

Duncan's Multiple Comparison of Sternal Activity 

Results of Duncan's multiple comparison test indicated 

differences existing in six of the fifteen comparisons. (See 

Figure 13, page 94.) The sit-down push-up displayed signifi

cantly less activity in the sternal portion of the pectoralis 

major than the five other exercises. The low activity in the 

sternal segment suggested that the training effect of the 

sit-down push-up for sternal development was negligible.  

The dip displayed significantly greater activity in the 

sternal pectoralis major than the sit-down push-up. Both of 

these exercises were designed so that the range of the humerus 

was a 90 degree arc. Therefore, range of movement would not 

explain the difference. The difference may have been attrib

utable to the increased resistance that had to be overcome 

during the execution of the dip. The feet served a sup

portive function during the sit-down push-up and that would 

have reduced the resistance necessary to overcome gravity.
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Sit-Down 
PS-Up.n. 123.35* 129.84* 134.25* 137.45* 139.99* Push-Up 

Chin-Up . . . . 123.35 129.84 134.25 137.45* 

Wide 
Push-Up . . . . . . 123.35 129.84 134.25 

Pull-Up . . . . . . . 123.35 129.84 

Push-Up - - . . . . . . 123.35 

Dip . . . .  

* = .05 level.  

Fig. 13--Matrix of Duncan's multiple comparison of 
sternal segment electromyographic activity.
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The dip also displayed a significantly greater activity in 

the sternal segment than the chin-up. The reduced activity 

from the chin-up may have been attributable to the involve

ment of the latissimus dorsi.  

The push-up demonstrated a significantly greater activity 

in the sternal segment than the sit-down push-up. The push

up and the sit-down push-up were partially supported by the 

feet. The difference could have been due to the length of 

the resistance arm. The resistance arm for the push-up was 

much larger than the sit-down push-up. Therefore, more 

force would have been needed to execute the push-up. The 

need for greater force could have been attributable to the 

sternal pectoralis major.  

The pull-up exhibited significantly greater activity in 

the sternal portion than the sit-down push-up. The pull-up 

requires the lifting of a subject's total body weight while 

the sit-down push-up allows for part of the subject's weight 

to be supported by his feet. The difference in resistance 

could have been reflected in sternal pectoralis major in

volvement.  

The wide push-up displayed significantly greater 

activity in the sternal pectoralis major than the sit-down 

push-up. The difference could have existed because of the 

same phenomenon as the regular push-up. The resistance arm 

is greater in the wide push-up than in the sit-down push-up.  

The increased resistance arm would have required more force;



96

and therefore, involvement of the sternal portion of the 

pectoralis major would have been greater in the wide push-up.  

The chin-up in contrast to the sit-down push-up ex

hibited a significantly greater activity in the sternal 

pectoralis major. The difference may have been caused by 

the unequal resistance that had to be overcome. The chin-up 

could have produced more activity in the sternal segment be

cause of the chin-up's greater resistance.  

The results of Duncan's multiple comparison test on 

sternal activity revealed differences between the sit-down 

push-up and the five other exercises under investigation.  

Also the dip displayed a significantly greater activity than 

the chin-up, all other comparisons were insignificant.  

Discussion of the Findings 

The investigation of the pectoralis major was developed 

within the confines of the expressed purposes and hypotheses.  

The data collected from the procedures developed were 

analyzed and the results were found to give credence to 

acceptance or rejection of the stated hypotheses. The sta

tistical treatments of the data reflect the purposes of the 

study and implications were drawn.  

The first purpose of the study was to determine if 

there was any mean group differences of pectoralis major 

activity attributable to the selected exercises. It was 

hypothesized that significant differences would exist.
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Results of the two-way analysis of variance confirmed that 

pectoralis major activity differed among the selected exer

cises. Therefore, when prescribing developmental exercises 

for the pectoralis major, a taxonomy of reported exercises 

would allow successive progressive resistance exercises to 

be established. (See Appendix D.) For muscular development 

to enhance sports skills or for rehabilitation purposes, the 

taxonomy of exercises based upon an object measure would 

suggest a logical progression.  

The second purpose of the study was to ascertain if 

differences of activity level existed between the two seg

ments of the pectoralis major. It was hypothesized that the 

clavicular portion would exhibit a significantly greater 

activity than the sternal portion. The results of statistical 

treatments on the electromyographic activity of the sternal 

and clavicular segments of the pectoralis major suggested 

that the sternal segment exhibited significantly greater 

activity than the clavicular portion. The inference suggested 

was that the sternal segment of the pectoralis major had 

significantly greater activity, thus muscular activity, in 

the observed exercises.  

The third purpose of the investigation was to ascertain 

if interaction between segments and exercises was demon

strated. It was hypothesized that interaction would be 

significant. Results of the two-way analysis of variance 

suggested that interaction between the exercises and segments
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was significant. Duncan's test for multiple comparisons 

determined where differences existed. Thus, the six exer

cises could be ranked according to established differences, 

and a taxonomy of exercises for the development of the 

pectoralis major was developed.  

A hypothesis stating that the dip would produce sig

nificantly greater activity in the clavicular portion than 

the five other exercises was proposed. Based upon the 

results of a one-way analysis of variance and Duncan's 

multiple comparison test, the dip did yield greater activity 

in the clavicular segment than the remaining five exercises.  

If development of the clavicular segment for sports skills 

or rehabilitation was needed, the dip would be the best 

exercise of the six exercises investigated.  

A hypothesis suggesting that the pull-up would produce 

greater activity than the other five exercises under inves

tigation was proposed. The results of a one-way analysis 

of variance and Duncan's test for multiple comparison did not 

support the above hypothesis. No single exercise created 

significantly greater activity in the sternal segment of the 

pectoralis major than the other five exercises under investi

gation. The sit-down push-up created significantly less 

activity in the sternal segment than the other five exercises.  

For production of muscular development of the sternal segment 

all exercises except the sit-down push-up could be utilized.  

One other comparison was significant, the dip displayed



99

greater activity than the chin-up in the sternal segment.  

Thus, for muscular developmental purposes, the dip when com

pared to the chin-up, would have a greater training effect.  

The fourth purpose of the investigation was to ascertain 

if a progression of exercises could be established. It was 

hypothesized that an order effect in terms of pectoralis 

major activity among the selected exercises could be estab

lished. The results of Duncan's test upon the combined mean 

of the pectoralis major during the six exercises suggest 

that exercises can be grouped based upon significant dif

ferences among the multiple comparisons. A rank order based 

upon means can be established, but a taxonomy where signifi

cant differences occur between each comparison was not found.  

A taxonomy based upon groups of exercises was possible, but 

not for individual exercises.  

A strong case could be suggested for the dip being the 

best exercise of those studied for pectoralis major develop

ment. When means of the sternal and clavicular segment were 

combined, the dip yielded significantly greater activity 

than the other exercises under investigation. When comparing 

exercises for the clavicular segment development, the dip 

revealed significantly greater activity than the five other 

exercises. The means of the combined segments, and the 

clavicular segment were greater in the dip when compared to 

the five other exercises under investigation. The mean score
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of the dip in the sternal segment analysis was not signifi

cantly greater than the other exercises, but was numerically 

greater.



CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Summary 

The problem of this investigation was the analysis 

of the pectoralis major comparing six selected antigravity 

exercises using electromyographic techniques. The six 

exercises have been suggested by authorities to develop 

the pectoralis major. An assumption was made that surface 

electromyography is a valid technique for measuring muscu

lar activity.  

The purposes of this study were to answer the fol

lowing questions.  

1. Is there any mean group difference of pectoralis 

major activity attributable to the selected exercises? 

2. Is there any mean group difference attributable to 

the observed portions of the pectoralis major? 

3. Is there any mean group differences attributable 

to interaction of exercise types and observed portions of 

the pectoralis major? 

4. Is it possible to establish a progression of the 

observed exercises from low to high activity levels? 

The procedure for collecting data included selection 

of the sample, research design, testing procedures, and

101
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procedures for treating the data. An incidental sample of 

thirty male students enrolled in physical education classes 

during the Spring of 1976 was utilized in the investigation.  

These subjects were screened to determine if they could 

perform the exercises, and if they could perform the exer

cises at the cadence established by the investigation. The 

research design of the investigation was a split-plot fac

torial design with repeated measures of the sternal and 

clavicular electromyographic activity repeated over the six 

exercises. Treatments for each subject were randomized to 

eliminate an order effect that could contaminate the data.  

The skin preparation procedures to lower skin resistance 

to 5,000 ohms were used for each subject. After skin prep

aration, a bipolar lead system was utilized to maintain the 

sternal and clavicular segments of the pectoralis major.  

The electrical activity was integrated and displayed on 

Hewlett-Packard digital systems. The numerical score repre

sention of muscular activity was used for the dependent 

variable in the statistical analyses. Five minute rest 

periods between exercises was utilized to control for fa

tigue and when interaction was determined to be significant, 

Duncan's test for multiple comparisons was utilized. A one

way analysis of variance and Duncan's multiple comparison 

test was performed on each segment of the pectoralis major 

over the six exercises. The .05 level of significance was
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utilized for determination of significance for all statis

tical treatments.  

Results of the two-way analysis of variance confirmed 

that significant differences did occur among the exercises.  

A significantly greater activity was also observed in the 

sternal portion of the pectoralis major compared to the 

activity in the clavicular segment. The interaction of 

segments and exercises was also determined to be signif

icant.  

Duncan's multiple comparison test was used to deter

mine where differences existed among paired comparisons of 

exercises using combined means of the sternal and clavic

ular segment activity. Results of Duncan's test revealed 

several significant differences. The dip demonstrated sig

nificantly greater activity than any of the other exercises.  

The wide push-up demonstrated significantly greater activity 

than the sit-down push-up, chin-up and pull-up. The push

up demonstrated significantly greater activity than the sit

down push-up. All other comparisons were insignificant.  

Results of a one-way analysis of variance upon the 

clavicular segment also revealed significant differences.  

Duncan's test for multiple comparisons revealed where dif

ferences in clavicular activity existed among the exercises.  

The dip exhibited significantly greater activity than the 

five other exercises under investigation. The wide push-up 

revealed significantly greater activity in the clavicular
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segment than the chin-up, pull-up, and sit-down push-up.  

The push-up indicated significantly greater clavicular 

activity than the pull-up, chin-up, sit-down push-up. All 

other comparisons were insignificant.  

Results of a one-way analysis of variance confirmed 

that sternal pectoralis major activity varied significantly 

among the exercises. Duncan's test for multiple compari

sons suggested that the sit-down push-up displayed signifi

cantly less activity in the sternal segment compared to 

the five other exercises. The dip displayed a significantly 

greater activity in the sternal segment than the chin-up.  

All other comparisons were insignificant.  

Conclusions 

Based upon the procedures utilized for data collection, 

the statistical treatments of that data, the limitations and 

major findings of the study, the following conclusions merit 

consideration.  

1. A difference in pectoralis major activity is evi

denced among the exercises under investigation.  

2. The sternal segment of the pectoralis major displays 

greater electromyographic activity than the clavicular 

portion when observing the exercises under investigation.  

3. A significant interaction effect is evidenced be

tween the exercises under investigation and the clavicular 

and sternal pectoralis major.
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4. The dip produces greater electromyographic activity 

in the clavicular portion of the pectoralis major than any 

other exercise under investigation.  

5. The pull-up did not display a difference in electro

myographic activity in the sternal segment of the pectoralis 

major against all other exercises under investigation.  

6. A ranking effect of the pectoralis major activity 

is possible by single exercise or grouped orders. The 

order of difficulty of exercises proceeds in this manner 

from the highest activity level: the dip, the wide push-up 

and push-up, the pull-up and chin-up, and the sit-down 

push-up.  

Recommendations 

During the development of the investigation, several 

problem areas were observed that lend themselves to further 

investigations.  

1. Other calisthenics purported to develop the pec

toralis major activity need to be analyzed in conjunction 

with the six observed exercises.  

2. Exercises that use progressive resistance equip

ment purported to develop the pectoralis major need to be 

analyzed.  

3. Large superficial muscles and muscle groups need 

to be analyzed with surface electromyography to establish 

taxonomies of exercises for muscular development.
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4. Sports skills that utilize the pectoralis major 

have not been exhaustively analyzed. Anatomical analyses 

of sports skills would lead to greater understanding of the 

observed sports skills.  

5. The time needed during rest periods to control for 

fatigue artifacts would aid in substantiating electromyo

graphic procedures.



APPENDIX



APPENDIX A

North Texas State University--Form 2 

Use of Human Subjects 

Informed consent.  

Name of Subject 

1. I hereby give consent to to 
perform or supervise the following investigational pro
cedure or treatment. Placement of Bipolar surface elec
trodes over the two motor points of the pectoralis 
major. One trial of each exercise will be performed 
with five minutes of rest between exercises. The exer
cises to be performed are the push-up, pull-up, chin-up, 
sit-down push-up, wide push-up and dip.  

2. I have (seen, heard) a clear explanation and understand 
the nature and purpose of the procedure or treatment: 
possible appropriate alternative procedures that would 
be advantageous to me (him, her): and the attendant 
discomforts or risks involved and the possibility of 
complications which might arise. I have (seen, heard) 
a clear explanation, and understand the benefits to be 
expected. I understand that the procedure or treat
ment to be performed is investigational and that I may 
withdraw my consent for my (his, her) status. With my 
understanding of this, having received this information 
and satisfactory answers to the questions I have asked, 
I voluntarily consent to the procedure designated in 
Paragraph 1 above.  

Date 

Signed:_Signed: 

Subject 

Signed: or 

Signed: 

Person Responsible 

Relationship
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Instructions to persons authorized to sign: 
If the subject is not competent, the person responsible 
shall be the legal appointed guardian or legally authorized 

representative.  
If the subject is a minor under 18 years of age, the person 

responsible is the mother or father or legally appointed 

guardian.  
If the subject is unable to write his name, the following 
is legally acceptable: John H. (His X mark) Doe and two 

(2) witnesses.



APPENDIX B

Research and Investigation Involving Humans 

Statement by Program Director and 
Approved y Department Chairman 

This abreviated form is designed for describing pro
posed programs in which there is justifiable minimal risk 

to human participants, If any member of the Human Research 

Review Committee should require more information, the 
investigator will be so notified. Six copies of this form 

should be submitted to the committee chairman.  

Title of Study: Electromyographic Analysis of the 

Pectoralis Major During Six Selected 

Antigravity Calisthenics 

Program Directors: Dr. Marilyn Hinson 

Russell D. Fischer 

Estimated beginning date of study.3/22/76 Estimated dur
ation:2 weeks 

Brief description of study (use additional pages or attach
ments, if desired, and include the approximate number and 
ages of participants): 

The general purpose of the proposed investigation is 
to analyze, through electromyography, the pectoralis major 
during selected exercises. The subjects will be thirty 
volunteer men between the ages of nineteen and twenty-five 

who are able to perform the exercises.  

1. What are the potential risks to the human subjects 

involved in this research or investigation? 

There are no potential risks that I am aware of since 

the exercises to be executed are not injurous- because of 
execution or position.
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2. Outline the steps taken to protect the rights and wel
fare of the individuals involved: 

The subjects will be told to do the six exercises.  
Only one trial of each exercise will be performed making 
a total of six performances. The subjects will rest five 
minutes between exercises. Exercises will be performed at 
the Biomechanics Lab at Texas Woman's University.  

3. Outline the method for obtaining informed consent from 
the subjects or from the person legally responsible for the 
subjects. (Attach documents, i.e., a specimen informed con
sent letter).  

See attached Informed Consent Form 

4. If the proposed study included the administration of 
personality tests, inventories, or questionnaires, indicate 
how the subjects are given the opportunity to express their 
willingness to participate. If the subjects are less than 
the age of legal consent, or mentally incapacitated, indi
cate how consent of parents, guardians, or other qualified 
representatives will be obtained: 

(Signed)__ __ _ _ _ __ __ _ _ _ __ _ __ _ _ _ _ 

Program Director Date 

(Signed ) Dean ,_ De _a ___ent _He _d __r _Di _ec _ _______ 
Dean, Department Head or Director Date

Date received by committee chairman:
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TEXAS WOMAN'S UNIVERSITY--FORM 2 

USE OF HUMAN SUBJECTS 

INFORMED CONSENT 

Name of Subject: 

1. I hereby give consent to to 
perform or supervise the following investigational pro
cedure or treatment. Placement of Bipolar surface elec
trodes over the two motor points of the pectoralis major.  
One trial of each exercise will be performed with five 
minutes of rest between exercises. The exercises to be 
performed are the push-up, pull-up, chin-up, sit-down 
push-up, wide push-up, and dip.  

2. I have (seen, heard) a clear explanation and understand 
the nature and purpose of the procedure or treatment: 
possible appropriate alternative procedures that would 
be advantageous to me (him, her): and the attendant 
discomforts or risks involved and the possibility of 
complications which might arise. I have (seen, heard) 
a clear explanation and understand the benefits to be 
expected. I understand that the procedure or treatment 
to be performed is investigational and that I may with
draw my consent for my (his, her) status. With my under
standing of this, having received this information and 
satisfactory answers to the questions I have asked, I 
voluntarily consent to the procedure or treatment desig
nated in Paragraph 1 above.  

Date 

Signed: Signed: 

Subject 

or 

Signed: Signed: 

Person Responsible 

Relationship 

Instructions to persons authorized to sign: 
If the subject is not competent, the person responsible 
shall be the legal appointed guardian or legally authorized 
representative.  
If the subject is a minor under 18 years of age, the person 
responsible is the mother or father or legally appointed 
guardian. If the subject is unable to write his name, the 
following is legally acceptable: John H (His X mark) Doe and 
two (2) witnesses.



APPENDIX C 

Data Sheet 

Name: Date: 

Ht. inches 

Wt. lbs 

age years/months 

Exercises 

Order Sternal Clavicular 

1. Dip 

2. Chin-up 

3. Pull-up 

4. Push-up 

5. Sit-down Push-up 

6. Wide Push-up
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