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CHAPTER I 

INTRODUCTION 

Various studies have determined the muscular strength of 

different groups of muscles which make up the structure of the 

body (1) (2) (3) (5) (7) (12) (17) (25). Some of these studies 

have determined muscular strength of the muscles of two joints 

acting simultaneously (10) (16). Campney (3), Haxton (12), and 

McCraw (17) v;ere concerned with the contribution of muscular force 

supplied by the muscles of two different joints vdien the joints 

operate simultaneously in a movement. The study of Herod (14) 

determined the muscular strength contributed separately by hip 

and knee extensor muscles in the knee bend exercise. No previous 

study has been found that determined the strength contributed by 

the shoulder joint muscles and the elbow extensor muscles while 

acting simultaneously in the standing press. 

Purpose of the Study 

The purpose of this study was to determine the force 

contribution of the elbow extensor muscles and shoulder joint 

muscles during the performance of the standing press, at various 

angles of the elbow. 



2 

Review of the LiteraLiire 

Since the purpose of this study was to deterrrlne the force 

contribution of the elbow extensor muscles and shoulder joint 

muscles in the standing press at various angles of the elbow, it 

was necessary to have some understanding of the muscles that pro

vide movement at these joints. The shoulder joint is a synovial 

joint of ball-and-socket variety in v/hich freedom of movement is 

developed at some expense to stability. The socket is little more 

than a third the size of that of the humeral ball, so the adaptation 

of these surfaces contributes very little to the security of the 

joint. The fibrous capsule does not play a great part in stability, 

for it is lax enough to permit the required freedom of movement. 

The real strength of the joint lies in the muscles that surround 

it. Lockhart (16) describes the muscles proper to the shoulder as 

the deltoid, supraspinatus, infraspinatus, and teres minor, teres 

major, and subscapularis. The muscle groups of the shoulder can 

be divided into three functional groups: (a) the subscrapularis, 

supraspinatus, infraspinatus, and teres minor which act as ad

justable ligaments and keep the humerus in contact with the glenoid 

cavity during all movements executed at the joint; (b) the deltoid, 

pectoralis major, latissimus dorsi, and teres major are the chief 

effectors of humeroglenoid movement; (c) the deltoid, triceps, 

biceps, and coracobrachialis, and the articular muscles assist in 

sustaining the weight of the limb in the erect posture. 

WaLmsley (21) describes the elbow joint as a large synovial 

joint, of hinge variety, in which the bones of the forearm 



articulate v.lth the lower end of the humerus. The upper ends of 

the radius and ulna are bound together by the anular ligament of 

the radius in such a way as to pennit free movement between these 

two bones at what is described separately as the proximal radio

ulnar joint. 

The triceps, assisted by the anconeus, are the extensors of 

the elbow joint (16). Six main muscle groups are involved in per

forming the standing press; deltoids, trapezius, pectoratis major, 

supraspinatus, triceps, and anconeus. The deltoid muscles greatest 

activity is between 90 and 180 degrees of elevations and the supra

spinatus acts with the deltoid throughout the entire range of 

motion. The pectoralis major works synchronously with the anterior 

deltoid in forward elevation. The trapezius muscle is active in 

abduction of the humerus* upward rotation of the scapula and 

flexion of the humerus. 

The triceps, which runs parallel with the long axis of the 

humerus, is a forceful extensor of the forearm. The anconeus, 

which is attached to the upper part of the ulna assists in the 

extension of the forearm. 

Electromyographic Studies 

Electromyography is used in determining the relative 

contribution of a muscle to a particular movement, and may be used 

to determine the amount of muscle activity that is present in injury 

or paralysis. The most common applications of electromyography in 

physical education are those related to basic anatomical movements 

and to the performance of sports skills. 



Slaughter (21), by means of electromyograpny, was aL-le to 

record tae contractions of oheibllowing muscles for study; the 

long head of the biceps brachii; the short head of the biceps 

bracaii; the long head of t-he triceps orachii; ana the pronator 

teres. Four subjects were tesLea for: (a) movements of arm ex

tension and flexion; (b) movements of arm flexion and forearm 

extension; (c) movements of forearm flexion; and (d) movements of 

forearm extension. The iriovements selected for st-udy were such 

that, if the articular muscles contracted, they would assist the 

movement at the one joint and would hinder the movement at the 

other joint. The author found, by electromyographic study, that 

both heads of the oiceps brachii assist in the movements that 

require arm extension and forearm flexion. The amount of aid was 

smallest when the band was held in the supination position. Weak 

muscle potentials were recorded from both heads of the biceps 

brachii in the movements in which a contraction of these muscle 

parts would assist flexion of the arm and hinder extension of the 

forearm. Little or no action was recorded from the long head of 

the triceps orachii in movements in which a contraction of this 

muscle part would assist arm extension and hinder forearm flexion 

or assist forearm extension and hinder arm flexion. 

The purpose of the study by Hermann (13) was: 

(a) to investigate by means of electromyograpny the functions 

oi the pectoralis major, the deltoids, the teres major, and 

Lne triceps brachii in putting the shot; (b) to compare xindings 

from tnis study with findings from a mechanical analysis of 



the execution of the shot put, and (c) to compare the muscle 

actions and movement patterns of shot putters differing in skill. 

A grass Model III-D electroencephalograph equipped with four 

channels of amplification and four ink-writing recorders were used 

for recording action potentials. Six males at the State University 

of Iowa served as subjects for the study. The subjects were 

divided into three groups according to shot putting ability. The 

groups were rated as good, average, and poor. Pour recordings of 

each muscle involved were taken. The author found: (a) the 

pattern of acceleration that results in the greatest final velocity 

when the shot is released appears to be a gradual increase in 

acceleration during the movements across the circle, with a large 

increase in acceleration during the final shoulder and arm thrust, 

(b) the muscles contributing the greatest force to a maximiim effect 

in the shot appear to be the upper pectoralis major, the triceps 

brachii, and the deltoidius. 

Stren.p̂ th at Various Elbow Joint Angles 

Haxton (12) compared the action of extension of the knee 

and elbow joints. He concluded that the extensor muscles of the 

elbow and knee joints act at a mechanical disadvantage because the 

extensor muscle fibers are shortened during contraction. Strength 

of elbow extension reaches a maximum at a joint angle of about 120 

degrees, while the knee extension continues at least to the 150 

degree position of the joint. Improvement in leverage of the quad

riceps between 60 degrees and 150 degrees is 42.2 per cent, vMle 

that for the triceps is only 18.9 per cent. 



Campney and V/ehr (3) measured the strength differences 

associated vath varying angles of pull for 42 subjects. The sub

jects v.-ere measured at 13 joint angles from 60 degrees to 180 

cegrees at 10 degree intervals of shoulder flexion-abduction. A 

gravity goniometer was used to measure all joint angles. Shoulder 

flexion strength varies as the joint angle changed in magnitude 

from 60 degrees to 180 degrees in 10 degree increments. It v/as 

determined that a 60 degree angle must be increased more than 30 

degrees to produce a significant difference in shoulder flexion 

strength and a 70 degree joint angle must be increased more than 

90 degrees to produce the same results. 

Stutzman and Williams (25) made a study which showed that 

from the anatomical position-with the shoulder at 30 degrees 

behind the frontal plane, a force of 115 pounds could be exerted. 

Results were based on ten college men who were measured with a 

tensiometer and a cable placed at right angles to the force applied. 

As the angle increased in shoulder flexion, strength decreased. 

A relative plateau was reached around 60 to 90 degrees, with mean 

strength measuring 78 to 80 pounds. At 120 degrees, strength was 

60 pounds and reached its lowest point of 40 pounds at 150 degrees 

of shoulder flexion. 

Clarke (6) tested subjects for shoulder flexion in a supine 

position with hips and knee flexed, feet resting on the testing 

table and free arm resting on the chest. The elbow of the arm 

being tested was in the thrust position. Descending strength was 

recorded for shoulder flexion, beginning alongside the body to the 
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overhead position. A plateau of strength was reached from 90 to 

135 degrees. The strongest position was at 240 degrees with the 

elbow extended well to the rear of the body. 

Williams and others (24) tested three hundred children, 

ranging in age from eight to nineteen years, for elbow extension 

strength. Elbow extension strength was tested at 120 degrees, 90 

degrees, 60 degrees, and 30 degrees. Peak force of all subjects 

was found to be at the 60 degree position of the elbow. 

Clarke and Bailey (8) under the auspices of the Office of 

Naval Research, initiated a research project in which elbow exten

sion was included as one of 22 tests. The subject was in a supine 

position with hip and knees flexed, feet resting on testing table, 

and free arm on chest. The arm being tested was abducted to 180 

degrees at the shoulder. The tester prevented elevation of the 

shoulder, raising the forearm, and abducting the upper arm. The 

strongest point of the elbow was noted when the elbow was fully 

flexed. A plateau was reached from 80 to 140 degrees, followed by 

some dropping off as the elbow straightened and the angle increased. 



CHAPTER II 

l-IETHODS AND PROCEDURES 

Numerous studies have investigated strength of the upper 

arm and shoulder, either acting individually or simultaneously. 

Hov;ever, no study has been found that determined shoulder and 

elbow extension strength, each alone, in a movement involving 

both muscle groups acting simultaneously. The purpose of this 

study was to determine the force contribution of elbow extensor 

muscles and shoulder joint muscles acting simultaneously in the 

standing press at various angles of the elbow. 

Procedure 

Ten male students at Texas Technological College were tested 

for static strength in the standing press at elbow angles of 35, 

60, 90, 135, and 170 degrees. The subjects ranged in age from 25 

to 34 years and in weight from 160 poiinds to 210 pounds. Ten sub

jects were considered an adequate number of samples since the 

physiological data is relatively stable, and represents a number 

equal to, or greater than, that used by Clarke and Bailey (8), 

Falls and Weibers (11), Sedgwick and Whalen (20, DeVries and Gray 

(9), Eckert (10), and Jensen (15). 
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Test Apparatus 

An isometric rack. Figure 1, was used to test strength and 

shoulder flexion-abduction strength in the standing press. The 

subjects were required to stand with both feet flat on the floor 

tv/elve inches apart. A belt was securely placed around the sub

ject's waist and fastened to a stationary bar positioned at the 

lower back just above the hip bones. A second bar was placed just 

below the scapula so that an angle of I65 degrees of the upper 

torso from a vertical line was maintained for each subject. The 

inside of the hands was placed in line with where the clavicle is 

attached to the acromion process. A cable was attached around 

the lifting bar six inches outside the hand hold forming a right 

angle with the floor and lifting bar. The cables were traversed 

through pulleys at the floor and connected, forming one strand 

at the rear of the subjects. A three foot chain was used as a 

splice between the cable and hook in the wall so that the length 

of the cable could be adjusted easily for different angles of the 

elbow. A tensiometer was used to measure strength force. 

In testing shoulder flexion-abduction strength, the subjects 

were required to assume the preceding position. The cables were 

attached to the tip of the alecronon process with a belt. Figure 2. 

The pulleys were adjusted on the floor so that the cables were in 

a line of force with the forearms when maximum strength was exerted 

in the lift. 
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FIGURE I 

TEST APPARATUS 



FIGURE II 

TEST APPARATUS 
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Strenĝ th Testing 

Each subject was given two trials at each of the five 

different angles of the elbow for strength in the standing press 

and for shoulder flexion-abduction strength. The mean strength 

of the two trials was used as maximum amount of force. The force 

applied was kept vertical during the testing. In shoulder flexion-

abduction strength, the force applied was in line with the fore

arm. The difference between strength of arm extension and shoulder 

flexion-abduction strength was the amount of force supplied by the 

elbow extensors in the standing press. Only two angles were tested 

each day to minimize fatigue. 

Slbov; Angle 

A goniometer was used to determine the desired angle of the 

elbow. The angles of the elbow were determined prior to actual 

testing while each subject exerted near maximum force in the 

correct testing position. The goniometer was placed in line with 

the fourth metatarsal bone of the left hand, the middle of the 

head of the left humerus of the elbow, and kept parallel with the 

humerus to the middle of the acromion of the left shoulder. 

Statistical Analysis 

An analysis of variance was used to determine if significant 

differences were present in arm extension strength, shoulder 

flexion-abduction strength, and elbow extension strength mean 

scores at the various elbow angles. A t-test was used to deter

mine at which t:vo angles the differences were significant. The 
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Tukey procedure, called the honestly significant differences 

(HGD) procedure, was used as the post hoc test after the anaiysis 

of variance. This procedure rrdjiimizes the type one error and uses 

the same critical value between mean comparisons regardless of 

the number of steps two means are apart on an ordered scale (26). 



CHAPTER III 

PRESENTATION AND ANALYSIS OF RESULTS 

The purpose of this study was to determine the force con

tribution of elbow extensor muscles and shoulder joint muscles 

while acting simultaneously in the standing press. Ten male stu

dents at Texas Technological College were used as subjects. The 

subjects v;ere tested for arm extension strength, shoulder flexion-

abduction strength, and elbow extension strength at elbow angles 

of 35, 60, 90, 135, and 170 degrees. Arm extension strength and 

shoulder flexion-abduction strength was determined by tests. 

Elbow extension strength was the difference between arm extension 

strength and shoulder flexion-abduction strength. 

Analysis of Results 

The mean and standard deviation for static arm extension 

strength, shoulder flexion-abduction strength, and elbow extension 

strength are presented in Table 1 and Figure 3. The means of 

static arm extension strength decreased 35«7 pounds from 35 "to 60 

degrees and by 10.7 pounds from 60 to 90 degrees. From 90 to 135 

degrees there was an increase of 10.0 pounds in static arm extension 

strength. From 135 to 170 degrees a decrease of 17.8 pounds was 

noted. The mean differences in arm extension strength scores 

between the various angles were considered significant by the 

14 
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TABLE 1 

STATIC STRENGTH MEANS AND STANDARD DEVIATION 

Elbow Shoulder Elbow Arm 
Angle Flexion-Abduction SD Extension SD Extension SD 

•3 5 88.3 14.84 61.0 19.47 149.5 26.07 

60 69.3 19.03 44.3 17.16 113.8 11.85 

90 62.1 14.07 40.9 13.48 103.1 9-63 

135 51.1 11.25 62.1 18.20 113.1 15.70 

170 48.6 8.96 46.1 8.37 95.3 13.59 

analysis of variance in Table 2. T-tests in Table 3 showed that 

five angles - 35-60, 35-90, 35-135, 35-170, and 60-170 degrees -

were significant beyond the .10 per cent level. Two angles, 60-90 

and 135-170 degrees were significant beyond the .05 per cent level. 

TABLE 2 

ANALYSIS OF VARIANCE OF ARM EXTENSION STRENGTH SCORES BETWEEN 

ELBOW ANGLES OF 35, 60, 90, 135, AND 170 DEGREES 

SOURCE SUM OF SQUARES DF MEAN SQUARE F 

Columns 17250.00 4 4312.50 17.82^ 

Rows 6742.32 9 749.15 3.09 

Residual 8710.60 36 241.96 

TOTAL 32702.92 49 

•"- Significant beyond the .01 level 
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FIGUP:E 3 

STATIC AFOL STRENGTH, SHOULDER FLEXION STPL^XGTH AND 

ELBOVI EXTENSION STRENGTH AT THE SELECTED ANGLES 

-•<M 
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TABLE 3 

C0:-TARIS0N BEr/.EEN ARI4 EXTENSION STRENGTH 

AT SELECTED ELBOW ANGLES 

ELBOW 
ANGLE MEAN t 

35 149.5 3.74^ 

60 113.8 

35 149.5 5 .01-

90 103.1 

35 149.5 3.60-

135 113.1 

35 149.5 5.53^ 

170 95.3 

60 113.8 1 .97^ 

90 103.1 

60 • 113.8 .11 

135 113.1 

60 113.8 3.08^^ 

170 95.3 

90 103.1 1-63 

135 113.1 
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TABLE 3 (CONTINUED) 

90 103.1 1.41 

170 95.3 

135 113.1 2.57-̂ -̂  

170 95.3 

- Significant beyond the .01 level 
•̂ -5̂ -Significant beyond the .05 level 

Shoulder flexion-abduction mean. Table 1 and Figure 3, 

shows that as the angle of the elbow is increased, the strength of 

shoulder flexion-abduction slowly decreases. The analysis of 

variance. Table 4, showed that all of the angles were significantly 

different beyond the .01 per cent level. T-tests, Table 5, showed 

four angles, 35-90, 35-135, 35-170 and 60-170 degrees were sig

nificantly different beyond the .01 per cent level. Three of the 

angles, 35-60, 60-135, and 90-170 degrees were significantly dif

ferent beyond the .05 per cent level. Tukey's HSD process. 

Table 6, showed three angles, 35-90, 35-135 and 35-170 degrees were 

significantly different beyond the .05 per cent level. 

Stutzman and Williams (25) made a study which showed that 

from the anatomical position with the shoulder at 30 degrees behind 

the frontal plane, a force of 115 pounds could be exerted. Results 

were based on ten college men who were measured with a tensiometer 

and a cable placed at right angle to the force applied. As the 

angle increased in shoulder flexion, strength decreased. A relative 

plateau of strength was reached around 60 to 90 degrees, and the 

lowest point of strength was reached at 150 degrees. 
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TABLE 4 

ANALYSIS OF VAJIIANCE OF SHOULDER FLEXION-ABDUCTION STRENGTH SCOR 

BETV£EN ELBOW ANGLES OF 3 5 , 6 0 , 9 0 , 1 3 5 , AND 170 DEG.-EES 

17 C 

SOURCE :UM OF SQUARES DF I>ZAN SQU.\RES 

Columns 

Rov/s 

Residual 

TOTAL 

9904.80 

13370.40 

3980.80 

27256.00 

4 

36 

49 

2476.20 

1485.60 

110.58 

22.38«-

13.43 

- Significant beyond the .01 level 

ELBa-; 
ANGLE 

35 

60 

35 

90 

35 

135 

35 

170 

60 

90 

TABLE 5 

COMPARISON BETWEEN SHOULDER FLEXION-ABDUCTION 

STRENGTH AT SELECTED ELBOW ANGLES 

MEAN t̂ __ 

88.3 2.34^ 

69.3 

88.3 3.84̂ -

62.1 

88.3 6.00̂ ^ 

- 51.1 

88.3 6.87-

48.6 

69.3 .91 

62.1 



20 

60 

135 

TABLE 5 (CONTINUED) 

69.3 

51.1 

Z.UT'^ 

60 

170 

69.3 

48.6 

2.95̂ -̂  

90 

135 

62.1 

51.1 

1.83 

90 

170 

62.1 

48.6 

2.43*^ 

135 

170 

51.1 

48.6 

.52 

- Significant beyond the .01 level 
>̂ -"-Signifleant beyond the .05 level 

TABLE 6 

TUKEY'S (HSD) PROCESS 

DEGREES 

35 

60 

90 

135 

170 

54.2^-

18.5^ 

7.8 

17.8^ -̂

135 

36.4-

.7 

10.0 

ARM EXTENSION STRENGTH 

io. 

•><• 

60 

46.4^ 

10.7 

35.7-̂ -

HSD=15.56 
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TABLE 6 (CONTINb^D) 

SHOULDER FLEXION-ABDUCTION STiffiNGTH 

DEGREES 120 1^^ 20 60 HSD=21.91 

35 39 .7^ 37.2^^ 26.2* 19.0 

60 20.7 18.2 7.2 

90 13.5 11.0 

135 2.5 

ELBOW EXTENSION STRENGTH 

DEGREES 120 Ul 20 60 HSD=14.09 

35 14.3"^ 1.1 20.1-«- 16.7* 

60 2.4 17.8^^ 3.4 

90 5.8 21.2* 

135 15.4-

* Significant beyond the .05 level 

Clarke (6) tested subjects in a supine position while the 

arm tested was flexed at the shoulder joint at 135 degrees. Des

cending strength was recorded for shoulder flexion beginning along

side the body to the overhead position because of the reduced power 

of the extensor muscles of the shoulder girdle. 

Strength of the elbow extensor muscles followed almost the 

same pattern as static arm extension strength. Table 1 and Figure 3. 

Elbow extension strength decreased sharply from 35 to 90 degrees and 

increased by 17.8 pounds at 135 degrees. A decrease was noted at 
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170 degrees of 15.4 pounds. The analysis of variance. Table 7, 

showed that all angles were significantly different. T-tests, Table 8, 

showed that one angle 90-135 degrees was significantly different 

beyond the .01 per cent level; and Tukey*s HSD process. Table 6, 

showed a significant difference between six angles, 35-60, 35-90, 

35-170, 60-135, 90-135, and 135-170 degrees beyond the .05 level. 

TABLE 7 

ANALYSIS OF VARIANCE OF ELBOW EXTENSION STRENGTH SCORES BET//EEN 

ELBOW ANGLES OF 35, 60, 90, 135, AND 170 DEGREES 

SOURCI SUM OF SQUARES DF J^AN SQUARES 

Columns 

Rows 

Residual 

TOTAL 

3886.00 

5530.40 

7025.60 

16442.00 

4 

9 

36 

49 

971.50 

614.49 

195.16 

4.97^ 

3.14 

* Significant beyond the .01 level 

ELBOW 
ANCLE 

35 

60 

TABLE 8 

COMPARISON BETWEEN ELBOW EXTENSION STRENGTH 

AT SELECTED ELBOrJ ANGLES 

IffiAN 

6 1 . 0 

44.3 

1.92 

35 

90 

61.0 

40.9 

2 . 5 5 ^ 
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TABLE 8 (CONTINUED) 

35 61.0 .12 

135 62.1 

35 61.0 2.03** 

170 46.7 

60 44.3 .47 

90 40.9 

60 44.3 2.14** 

135 62.1 

60 44.3 .38 

170 46.7 

90 40.9 2.81* 

135 62.1 

90 40.9 1-10 

170 46.7 

135 62.1 2.31** 

170 46.7 

* Significant beyond the .01 level ' 
•>"-̂ -Signifleant beyond the .05 level 

This study agrees with the findings of Haxton (12) that the 

elbow extension muscles reach a maximum strength at a joint angle 

of about 12 degrees of the elbow. 
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'Williams and others (24) tested three hundred children ranging 

in age from eight to nineteen years for elbow extension strength and 

found that peak force of all subjects to be at the 60 degree position. 

Shoulder flexion-abduction strength contributes 60 per cent 

of arm strength and elbow extensors 40 per cent until the angle of 

the elbow reaches 90 degrees. Table 9. At 135 degrees the elbow 

extensors supply ^^ per cent of the force exerted, and at 170 degrees 

50 per cent of the force is supplied by shoulder flexion-abduction 

and elbow extension. 

TABLE 9 

PERCENTAGE SHOULDER FLEXION-ABDUCTION AND ELBOW 

EXTENSION STRENGTH IN THE STANDING PRESS 

ELBOW 
ANGLE 

35 

60 

90 

135 

170 

SHOULDER FLEXION-
ABDUCTION 

59 

61 

60 

45 

51 

STRENGTH 
ELBOW EXTENSION 

STRENGTH 

41 

39 

40 

55 

49 

ARM EXTENSION 
STRENGTH 

100 

100 

100 

100 

100 



CHAPTER IV 

SUMMARY, RESULTS AND CONaUSION 

Summary and Results 

The purpose of this study was to determine the contribution 

of shoulder joint muscles and elbow extensor muscles at elbow angles 

of 35, 60, 90, 135, and 170 degrees v^ile acting simultaneously in 

performing a standing press. Ten male students at Texas Tech

nological College were tested for static arm extension strength and 

static shoulder flexion-abduction strength of both arms vdiile per

forming the standing press. Elbow extension strength was the dif

ference between arm extension strength and shoulder flexion-

abduction strength. The analysis of variance and t-tests were used 

to determine the presence of significant differences in arm exten

sion strength, shoulder flexion-abduction strength, and elbow exten

sion strength between selected elbow angles (P<.Ol). T-tests and 

Tukey"s HSD process were used to determine the significance between 

the means at selected angles of the elbow. 

The static arm extension strength means were found to be 149.5 

pounds at 35 degrees, 113.8 pounds at 60 degrees, 103.1 pounds at 

90 degrees, 113.1 pounds at 135 degrees, and 95.3 pounds at 170 

degrees. 

25 
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The static shoulder flexion-abduction strength means in 

this study was 88.3 pounds at 35 degrees, 69.3 pounds at 60 degrees, 

62.1 pounds at 90 degrees, 51.I pounds at 135 degrees, and 48.6 

pounds at 170 degrees of the elbow. 

The static elbow extension strength means in this study were 

61.0 pounds at 35 degrees, 44.3 pounds at 60 degrees, 40.9 pounds 

at 90 degrees, 62.1 pounds at 135 degrees, and 46.7 pounds at 170 

degrees of the elbow. 

The contribution of shoulder flexion strength to total arm 

strength was 59 per cent at 35 degrees, 61 per cent at 60 degrees, 

60 per cent at 90 degrees, 45 per cent at 135 degrees, and 51 per 

cent at 170 degrees. 

The contribution of elbow extension strength was 41 per cent 

at 35 degrees, 39 per cent at 60 degrees, 40 per cent at 90 degrees, 

55 per cent at 135 degrees, and 49 per cent at 170 degrees of the 

elbow. 

Conclusions 

Based on the results of this study, it was concluded that 

static arm extension strength decreases from the strongest point of 

35 degrees of the elbow to 90 degrees. At 90 degrees, extra force 

is exerted by the elbow extensors which causes an increase in total 

arm extension strength. At 135 degrees of the elbow, the static arm 

extension strength and elbow extension strength decreases as the 

elbow angle is increased to 170 degrees. The static strength of the 

shoulder flexion-abduction muscles decreases from 35 degrees to 170 
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degrees. Shoulder flexion-abduction strength provides 60 per cent 

of static arm extension strength until an angle of 135 degrees of 

the elbow is reached. At 135 degrees of the elbow, the elbow 

extensors provide 55 per cent of the static arm extension strength. 

At 170 degrees the shoulder flexion-abduction and elbow extension 

strength provided 51 per cent and 49 per cent, respectively, of the 

static arm strength. 
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APPENDIX A 

BASIC DATA 

ELBOW TOTAL ARI4 SHOULDER-FLEXION ELBOV/-EXTENSION 
SUBJECT NO. ANGLE STRENGTH STRENGTH STRENGTH 

1 35 

60 

90 

135 

170 

35 

60 

90 

135 

170 

35 

60 

90 

135 

170 

194 

122 

97 

114 

105 

130 

108 

112 

95 

69 

190 

136 

114 

130 

112 

106 

86 

,71 , 

67 

59 

73 

56 

41 

37 

25 

103 

87 

65 

40 

54 

87 

35 

26 

47 

46 

57 

52 

72 

57 

44 

86 

49 

49 

91 

58 

32 
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4 

7 

8 

35 

60 

90 

135 

170 

35 

60 

90 

135 

170 

35 

60 

90 

135 

170 

35 

60 

90 

135 

170 

35 

60 

90 

135 

170 

BASIC 

132 

117 

93 

101 

106 

123 

98 

93 

94 

87 

148 

119 

115 

116 

89 

168 

123 

117 

114 

109 

119 

'.94 

94 

107 

105 

DATA (CONTINUED) 

61 

40 

53 

45 

49 

101 

82 

68 

49 

50 

91 

73 

81 

51 

49 

100 

104 

87 

67 

56 

84 

55 

55 

65 

48 

71 

77 

40 

56 

57 

22 

16 

25 

45 

37 

57 

46 

33 

65 

40 

68 

19 

29 

47 

53 

34 

39 

39 

43 

57 
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10 

BASIC DATA (CONT['INUED) 

35 

60 

90 

135 

170 

35 

60 

90 

135 

170 

130 

107 

100 

111 

92 

161 

114 

96 

149 

79 

70 

54 

52 

37 

53 

94 

56 

48 

53 

43 

60 

53 

48 

74 

39 

68 

57 

48 

96 

36 




