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CHAPTER I 

INTRODUCTION 

Physical educators and coaches have long been aware of the relat

ionship between muscular strength and physical performance. The value 

of strength in attaining optimum levels of performance is recognized. 

Knowledge of the importance of an increase in strength for improving 

athletic ability has brought about intensive research to determine the 

most effective method of weight training for this accomplishment. The 

traditional method for improvement of strength has been progressive re-

sis tence exercise or dynamic weight training. This method has been 

subscribed to for centuries. Milo of Crotona, a Greek of the Sixth 

Century before Christ, is said to have developed enough strength by 

progressive resistance exercise to carry a full grown bull twice a-

round the arena at the Olympic Games (13). He developed the strength 

to perform this feat by carrying a bull each day from its birth to 

maturity. As the bull became heavier, Milo became stronger. 

In the last decade, attention has been focused on a different 

method for improving strength xizhich employs static muscle contraction. 

Static strength is the force a muscle can apply to an immovable ob

ject without the muscle appreciably shortening in length. The evolve-

ment of static strength training has led to studies comparing and 

relating dynamic strength to static strength. Physical therapists use 

dynamic weight exercises in the correction of muscular weakness. The 
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load most frequently employed by a patient permits ten repetitions using 

macimum muscular exertion. This exercise load is determined by trial 

and error, which may lead to inaccurate results due to fatigue of the 

muscles involved. Consequently, studies have attempted to predict the 

exercise load from a static strength test thus eliminating the repeat

ed trial and error attempts (28) (21) (7). However, no method has ac

curately predicted dynamic strength from static strength since the cor

relation coefficient between the two has been found to be .70 or less 

(3) (17) (28). Because of this, the need for a method of predicting 

dynamic strength from a single static strength test still exists. 

Several studies have been done to determine the knee joint angle 

at which the greatest amount of force is able to be applied statically. 

Studies by Carpenter (10) Lindeburg (24), Berger (4), Haxton (17), and 

Linford and Rarick (25) measured leg strength by testing simultaneously 

both hip and knee extensor muscles. Other studies by Clarke and Wehr 

(9) measured static strength of only the muscles involved in knee exten

sion, a wide variety of results have been obtained and, therefore, the 

evidence is not conclusive. However, no previous study has determined 

the joint angle at which the greatest amount of force is able to be 

exerted, combined Xr̂ ith the determination of the relationship between 

static and dynamic strength and the static strength values that best 

predict dynamic strength. 

Purpose of the Study 

The purpose of this study was three-fold: 

1. To determine whether there were differences in the amount of 
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force able to be exerted at knee angles of approximately 35, 62, 90, 

135, and 170 degrees. 

2. To determine the relationship between static and dynamic 

strength at knee angles of approximately 35, 62, 90, 135 and 170 de

grees. 

3. To determine the static strength values at knee angles of 

approximately 35, 62, 90, 135, and 170 degrees which best predict 

dynamic strength. 

Definition of Terms 

Static Strength. The force a muscle can apply to an immovable object 
» 

without appreciably shortening the length of the muscle. Isometric 

and static strength are synonymous terms. 

Dynamic Strength. The force a contracting muscle can apply in moving 

an object a prescribed distance. The length of the contracting muscle 

shortens while moving the load. Dynamic strength and isotonic strength 

are synonymous terms. 

1-RM Dynamic Strength. The load that can be raised only once using 

maximum muscular effort. 

1-RM Static Strength. The maxim.um recorded force of a muscle without 

the muscle appreciably shortening in length during muscular contraction, 

10-RM. The load that can be raised for only ten repetitions using max

imum muscular effort. 

Review of the Literature 

Comparison Between the Effects of Static and Dynamic Strength Training 

on Dynamic Physical Performance 

Meadows (27) compared the effects of static and dynamic training 



on the speed and force of the offensive football charge. Eighty-four 

subjects were equated into three groups of twenty-eight each. One group 

trained statically, another group dynamically, and the third group was 

a control. Meadows found that both the static and dynamic exercise 

groups improved significantly in speed and force in the offensive foot

ball charge. However, these two groups did not differ significantly from 

each other. The control group did not change significantly in any of 

the tests. 

Baer et al. (1) compared the differential effects of static and 

dynamic training on static strength, work capacity, and reaction time. 

Sixty-three subjects participated in static and dynamic training pro

grams designed to increase the strength of the wrist flexors. The sub

jects participated in one of six programs for either a four or a six-week 

period. Five of the groups trained statically. A strain gauge was used 

to measure isometric tension while work capacity v/as determined with an 

ergograph. An electronic device was used to measure reaction time. 

No significant differences were found between the effects of static 

training and dynamic training in work capacity, reaction time, or static 

strength. 

Dennison et al. (13) examined the effects of static and dynamic 

exercise programs upon muscular endurance. Ten subjects in each of two 

groups, participated in static and dynamic training programs twice a 

week for eight weeks. One group performed the Commander Set of static 

exercises while the other group participated in a weight training pro

gram. Chinning and dipping were used to measure muscular endurance. 

Endurance was determined before and after the eight-week training pro

gram. Both groups showed significant improvement in chinning and dip-



ping ability; however, the groups were not significantly different 

in muscular endurance. 

Berger (2) studied the effects of static and dynamic strength im

provement on vertical jump ability. Eighty-nine subjects were divided 

into four groups. One group trained with the squat exercise for ten 

repetitions each session, another group trained with fifty to sixty per 

cent of the 1-RM for ten repetitions of the jumping squat exercise. 

Training took place three times weekly for seven weeks. The two groups 

that trained dynamically improved significantly more in vertical jump 

than the group that trained statically. 

Three of the studies reported that no significant difference ex

isted between static and dynamic training in improving perform.ance (1) 

(13) (27). Only one study reported that dynamic training improved 

performance significantly more than did static training (2). The evi

dence that dynamic training was more effective for improving physical 

performance was not conclusive. 

Relationship Between Static and Dynamic Strength 

Richards (30) studied the relationship between static and dynamic 

strength using 187 subjects. Knee extension strength was determined 

both statically and dynam.ically. Static leg strength was m.easured with 

the angle of the leg at eighty degrees while dynamic leg strength was 

measured by the amount of load that could be raised once using maximum-

muscular exertion. A correlation of .67 was found between static 

strength and dynamic strength. A similiar correlation of .68 was found 

by Berger (3) when fifteen subjects were tested in the same manner and 

dynamic Strength was related to static strength. 
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Henderson (18) studied the relationship between static strength 

and dynamic strength using sixty-six male college subjects. Each sub

ject was measured for static leg strength and dynamic leg strength at 

ninety degrees of knee extension. The strength test was measured with 

the .subject in a squat position. A correlation of .60 was found be

tween static leg strength and dynamic leg strength. 

The relatively low correlations found between static and dynamic 

strength indicated that an improvement in either static or dynamic 

strength would not lead to a corresponding increase in the other. Also, 

the low correlations indicated that static and dynamic strength may not 

be of equal value for predicting performance on motor skills. 

Relationship Between Static Strength and Dynamic Physical Performance 

Rarick (28) analyzed a battery of athletic and physiologic tests 

by means of factor analysis to determine whether com.mon elements assoc

iated with speed of muscular movement might be isolated. Six common 

factors were isolated and identified. One of the factors was strength 

which was determined from static tests of the back lift and leg lift. 

These static strength tests all related significantly to the factor of 

speed of movement. 

A study was done by Harris (16) to determine the relationship 

that exists between force and velocity in athletic events of various 

kinds for 163 junior high school girls. Intercorrelations were deter

mined for thirteen different physical tests. Among these were two 

tests which measured static leg strength and static back strength. 

Significant correlation coefficients were found between the static 

strength tests and seven physical performance tests consisting of the 
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Sargent Jump, forty yard dash, broad jump, basketball throw for dis

tance, three pound shot for distance, twelve-pound shot for distance, 

and obstacle relay time. 

Rasch (29) studied the relationship of static arm strength to 

speed of arm movement. The strength of the arm was measured by a con

tact chronoscope which was specially designed for this purpose. The 

strength of the arm was measured by the pull exerted against a Cha-

tillions Improved Spring Balance. An insignificant correlation co

efficient was found between static strength and speed of movement. 

The relationship between static strength and speed of arm move

ment was studied by Henry et al. (19). A spring scale was used to mea

sure arm strength. The speed of lateral arm adduction was determined 

and related to static- strength of the arm. No significant correlation 

coefficient was found between static strength and speed of arm movement. 

Smith (31) measured the leg strength of seventy male subjects with 

a conventional leg dynamometer and related the scores to a modified 

Sargent Jump Test. The arms were not used to assist in the vertical 

jump. The jump in inches was found to be insignificantly related to 

both strength and a strength/mass ratio with correlation coefficients of 

.19 and .16, respectively. The author concluded that static leg strength 

and vertical jump were not related. 

No general conclusions can be drawn which state emphatically that 

static strength is related to muscular performance. The presence or ab

sence of significant relationships appeared to dependend on the cri

terion to which static strength was related. However, the studies have 

shown that relating static strength to the same criteria may not produce 



8 
the same results. This was shown in the studies by Smith (31) and 

Harris (16) who both related leg strength to vertical jump but obtained 

different results. 

Comparison Between Relationships of Static and Dynamic Strength to Per-

formiance 

Larson (22) related static and dynamic strength variables to a 

criterion measure of motor ability. The components which influenced 

performance on certain selected motor skills were determined and compared. 

Dynamic strength was found to be more closely related to dynamic physical 

performance (r = .84) than was simple static strength (r = .49). Larson 

concluded that dynamic strength was more closely related to motor ability 

than was static dynamometrical strength. 

By means of factor analysis and intercorrelations, Larson (23) 

found insignificant correlation coefficients between a factor he called 

gross body coordination and static strength tests of right grip, left 

grip, and back and legs. Significant correlation coefficients were found 

between a factor of motor ability and static strength tests of arm pushing, 

legs, left and right grip and back (r = .49). When dynamic strength was 

related to gross body coordination, significant but negative correlation 

coefficients were found with dips, chinning, and Roger's Arm Strength. 

Positive correlation coefficients were found between the factor of motor 

ability and dynamic strength tests of dips, chinning, and floor push ups 

(r = .84). The author concluded that the motor ability tests correlated 

highly with dynamic strength and comparatively low with static strength. 

Joint Angle and Strength 

Carpenter (10) determined at what angle of the knee the greatest 



9 

amount of force could be exerted. Twenty college students, thirteen women 

and seven men, were used as subjects. A back and leg dynamometer 

with a leather strap over the hips was used to measure strength. It was 

found that at knee angles of 115 to 124 degrees the highest scores were 

attained. Knee angles of 125 to 139 degrees and below 115 degrees result

ed in the lower strength scores. Angles above 139 degrees resulted in 

higher scores than those below 100 degrees. The author concluded that 

maximum leg lift is obtained when the lift is done with the knees at an 

angle between 115 to 124 degrees. 

Lindeburg (24) determined the knee angle at which the greatest 

amount of force was able to be exerted. Thirty-seven high school boys 

were tested for static leg strength in an inverted leg press position at 

knee angles of 121.6, 133.7, 144.3, 153.5, and 159.7 degrees. There was 

no significant difference in leg strength between any two angles although 

there was a gradual increase in strength from knee angles of 121.6 to 144.3 

degrees (48.6 pounds), and to 159-7 degrees (31.4 pounds). It was 

concluded that between the starting angles of 121.6, 133.7, 144.3, 153.5, 

and 159.7 degrees of the knee, there was no significant difference in leg 

strength in the inverted leg press. 

Berger (4) studied leg extension force at three different leg ang

les; 105, 120, and 140 degrees. The inverted leg press was used and re

quired the subject to lie on his back with one leg in a position above the 

hips and the other leg slightly flexed and lying on the ground. Muscular 

force at the three leg angles was measured by the amount of weight on a 

barbell a subject \jas able to perceptably raise vertically while extending 
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the leg. Results showed there was an increase in force as the angle of 

the leg increased from 120 degrees (296.67 pounds) to 140 degrees (456.94 

pounds). The author concluded that leg extension force was increased as 

the angle of the leg increased from 105 to 140 degrees in the inverted.leg 

press position. 

Haxton (17) studied the action of extension of the knee using the 

limbs of cadavers. A tensiometer was used to measure the tension in the 

extensor tendons of the knee at angles of approximately 30, 60, 90, 120, 

150, and 180 degrees. It was found that during knee extension the improve

ment in the leverage reaches a maximum at a joint angle of about 150 de

grees and that the knee extensors operate more efficiently in the more 

extended position. The study also found that the patella plays a major 

role in increasing the leverage of the quadriceps in the extended posi

tions of the knee joint. When the patella was removed, leverage between 

60 and 150 degrees of the knee greatly reduced in effectiveness. 

Strength variation through the range of joint motion was studied by 

Williams (33). Data were obtained from tests of college men and women 

and of sixth-grade children. Forces were measured at 30 degree intervals 

through the range of knee extension. A sling attached to a tensiometer 

was applied to the distal end of the leg. The subject was seated in a 

chair with the hands grasping the sides. The greatest amount of force 

was able to be applied at approximately 65 degrees, although several in

dividuals in the group had higher force readings at the 90 degree posi 

tion of the joint. However, most of the subjects showed a sharp decrease 

in strength in angles from 65 to 120 degrees. 

Linford and Rarick (25) studied the effect of knee angle on the 
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measurement of leg strength in twenty college males. A leg dynamometer 

was used to measure strength at angles of 115 to 124 degrees, 125 to 134 

degrees, 135 to 144 degrees, 145 to 154 degrees, and 155 to 164 degrees. 

The study showed that all the angles within the 135 to 164 degree range 

produced scores which were significantly higher than those obtained with 

knee angles in the 115 to 134 degree range. Knee angles between 125 and 

134 degrees produced significantly higher scores than those obtained with 

knee angles in the 115 to 124 degree range. The authors concluded that 

the highest strength scores were obtained when the knee angle was be

tween 135 and 164 degrees. As the knee angle increased from 115 to 134 

degrees the recorded strength also became greater. No significant diff

erences were found in the recorded leg strength scores within the range 

of 135 to 164 degrees. 

Campney and Wehr (9) measured the strength of forty-two subjects 

at 10 degree intervals for nine joint angles ranging from 80 to 160 

degrees of knee extension. The device used to measure strength was a 

tensiometer. The results showed strength decreased from 120 degrees 

through the larger joint angles, but little change in strength occurred 

from knee angles of 80 to 120 degrees. Joint angles of 140, 150, and 

160 degrees resulted in strength values which were significantly less 

than the strength observed at any joint angle between 80 to 120 de

grees. The study also revealed that changes in the joint angle as small 

as 10 degrees can produce significant changes in strength within the 130 

to 160 degree segment of knee extension range. 

Clarke and others (11) determined leg extension strength at various 

angles by having subjects sit on the end of a table while leaning back-
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ward with the arms extended to the rear and hands grasping the sides of 

the table. The lower portion of the legs hung freely. A tensiometer 

was used to record force of leg extension. Leg angles between 105 and 

124 degrees were found to permit the greatest application of force. 

Varied results have been obtained when studying joint angles and 

strength. Of the studies presented, four (11) (25) (4) (24) measured 

a combination of hip and knee extension strength, and four (17) (33) (9) 

(11) measured only knee extension strength. The three studies measuring 

a combination of hip and knee extension force found that there was a 

gradual increase in strength from knee angles of 115 to 124 degrees (11), 

120 to 140 degrees (4), and 135 to 164 degrees (25). The fourth study 

(24) showed only a slight increase in strength from knee angles of 121.6, 

to 144.3 degrees, although this increase was not found to be significant. 

Of the studies measuring only knee extension force, one (17) found max

imum leverage was able to be applied at a knee angle of 150 degrees; an

other (9) found no change in strength from 120 to 160 degrees; a third 

(11) found the greatest amount of force was exerted between knee angles 

of 105 and 124 degrees; and a fourth study (33) found the greatest amount 

of force exerted at a 65 degree angle of the knee. 



CHAPTER II 

METHODS AND PROCEDURES 

The use of static training for the improvement of muscular strength 

has drawn much interest in recent years. Prior to this, the use of pro

gressive resistance exercise had been the primary means for improving 

strength. Interest in static training was brought about through re

search studies which showed great strength increases using static mus

cular contractions. The existance of two effective methods for increas

ing strength has led to studies to determine the relationship between 

isometric strength and dynamic strength. The purposes of this study 

were to determine whether there were differences in the amount of force 

able to be exerted at leg angles of approximately 35, 62, 90, 135, and 

170 degrees; to determine the relationship between static and dynamic 

strength at these angles; and to determine the static strength values 

which best predict dynamic strength. 

Procedure 

Twenty-three male students enrolled in a physical education tennis 

class at Texas Technological College were used as subjects. They ranged 

in age from seventeen to twenty-four years and in weight from 123 to 217 

pounds. The average weight was 162 pounds and the standard deviation 

was 23 pounds. The subjects were tested for dynamic and static strength 

at knee angles approximating 35, 62, 90, 135, and 170 degrees. The knee 

13 
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angles of 35, 90, 135, and 170 degrees were selected because they represent 

the complete range of movement. The angle of 62 degrees was selected 

on the basis of a study by.Berger (6) who found that as the angle of the 

knee increased from 35 to 62 degrees there was a decrease in exertable 
I 

force. However, as the knee angle increased from 62 to 90 degrees there 

was a corresponding increase in strength. It was important for this 

study that the knee angle exhibiting the lowest strength score be kno\im 

in order to more accurately analyze the results of this study. The angle 

of the knee was determined with a goniometer while the subject exerted 

maximum effort to extend the knee and hip. The subject was in a seated 

position with the angle of the trunk at 120 degrees with reference to 

the position of the legs at 180 degrees (Figure 1). The goniometer was 

placed at the lateral tip of the malleous bone on the ankle, the middle 

of the lateral portion of the head of the tibia on the knee, and para

llel to the femur. The angle was determined several days prior to the 

actual lifting. A close approximation was made of the selected knee 

angles of 35, 62, 90, 135, and 170 degrees as shown by the actual angle 

means and standard deviations in Table 1. The greatest amount of vari

ation occurred at 135 degrees (S.D. = 4.33) and the least amount at 167 

degrees (S.D. = 1.90). Henceforth, in this study, the knee angles re

ferred to will be the actual mean angles rounded off to the nearest de

gree; that is 35, 61, 89, 135, and 167 degrees. The sequence at which 

strength was tested at the various knee angles was randomly varied among 

subjects in order to control for the improvement in strength, expected 

from taking the test, on the final results. Subjects were tested over a 

four-week period at only one angle of the knee per test day. One week 
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Fig . 1. — Ti'&Ling Appartr.?. 
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TABLE 1 

ACTUAL MEAN KNEE ANGLE DEGREES 
AND STANDARD DEVIATIONS 

MEA-N STANDARD DEVIATION 

35.08 3.69 

61.34 3.25 

89,40 2,30 

135.00 4.33 

167.01 1.90 
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prior to the beginning of testing, each subject performed five repeti

tions with a relatively heavy load on three different days to condition 

the muscles before the actual testing began. 

Testing Apparatus 

The Universal Gym Machine * was used to test both static and dynamic 

strength (Figure 1). To perform a lift, the subject was seated in the 

chair of the leg press station of the machine. The feet were placed on 

the pedals directly in front of the subject and the hands grasped the 

handles attached to the seat of the chair. The chair was moved forward 

or back to permit the knees to assume different angles. The pedals were 

attached to a right angle lever which was in turn attached to the load. 

When pressure was applied to the pedals, the load was lifted upward on 

a guiding shaft. 

The coefficient of reliability of the Universal Gym Machine was 

found to be .98 as determined in a previous study (15). 

Leg Strength Test 

Dynamic leg strength was the amount of weight able to raised 

once using maximum muscular exertion (1-RM). A lift was considered 

successful when the weight was moved from the selected angle to a posi

tion at which the angle of the knee was 180 degrees. Each subject warm

ed-up by performing five to ten repetitions with a moderately heavy load 

before testing. For the angles of 35, 61, and 89 degrees, weight was 

* Manufactured by Universal Athletic Sales Co., Fresno, California, 

^ ^ 
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added in ten pound increments when the 1-RM was approached. For the 

angles of 135 and 167 degrees, due to the large amount of weight lifted 

at those angles, weight was added in twenty-pound increments when the 1-RM 

was approached. During testing, each subject was allowed approximately 

one to two minutes rest between attempts. 

After dynamic strength was determined at a specific angle, static 

strength was measured at the same angle. Static leg strength was meas

ured by the amount of load a subject could perceptively move in a vert

ical direction. Ten-pound increments were used until the subject was 

unable to move the load. Only two or three additional attempts were 

required to determine static strength after dynamic strength was determined. ^j 

It was believed that testing for dynamic and static strength at the 

same testing session would result in higher correlation coefficients be

tween static and dynamic strength since day to day variations in perform

ance were eliminated. In most instances, the total number of lifting 

attempts for determining dynam.ic and static strength seldom exceeded eight. 

Static and dynamic strength at 35 degrees were not measured the same day 

because of the difficulty in obtaining both strength scores in a reason

able number of attempts so as to minimize the effects of fatigue. Fat

igue was not considered highly important in this study as a limiting fac

tor in obtaining true strength values since sufficient rest was taken 

between lifts to keep fatigue at a minimum. J 

Statistical Analysis 

The analysis of variance was used to determine whether significant 

differences existed between strength scores at the selected knee angles. 

Intercorrelation coefficients were calculated, using Pearson's Product 

/. 



Moment correlation method, between static and dynamic strength at all 

angles. Multiple prediction equations were determined to predict dyn

amic strength at each angle from static strength values. 

19 



CHAPTER III 

PRESENTATION AND ANALYSIS OF RESULTS 

This study was designed to determine whether there were differ

ences in the amount of force able to be exerted at leg angles of 35, 62, 

90, 135, and 170 degrees; the relationship between static and dynamic 

strength; and the static strength values that best predicted dynamic 

strength. Data were collected from twenty-three male students at Texas 

Technological College who were tested for static and dynamic strength at 

knee angles of approxim.ately 35, 62, 90, 135, and 170 degrees. 

Analysis of Results 

The means for dynamic and static strength for each angle of the 

knee are presented in Table 2 and graphed in Figure 3. The actual mean 

knee angles were found to be 35, 61, 89, 135, and 167 degrees, after 

rounding off to the nearest degree. Henceforth, in this study these mean 

angles will be discussed. It can be seen that as the angle of the knee 

increased from 35 to 167 degrees, the amount of dynamic strength increas

ed at the average rate of approximately 1.96 pounds per degree from 35 

to 61 degrees, 5.83 pounds per degree from 61 to 89 degrees, 10.59 pounds 

per degree from 89 to 135 degrees, and 2.27 pounds per degree from 135 

to'167 degrees. When strength was measured statically, it was found 

that from 35 degrees to approximately 61 degrees the ability to exert force 

decreased at a rate of approximately 2.86 pounds per degree, but beyond 

20 
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TABLE 2 

STRENGTH MEANS 

21 

KNEE ANGLE STATIC POUNDS DYNAMIC POUNDS 

35 414.78 nii,l% 

61 338.69 328.69 

89 490.00 489.13 

135 973.91 965.86 

167 1049.78 1045.43 
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61 degrees there was a gradual rise in strength approximating that of 

the dynamic strength values at the corresponding angles. The analysis 

of variance, presented in Tables 3 and 4, revealed significant differ

ences existed in static and dynamic strength, at the .05 level of confi

dence, between the selected knee angles. The t tests in Table 5 showed 

that there was a significant difference between static strength scores 

at all knee angles. Similar results were found in Table 6 for dynamic 

strength except that no significant difference was found between strength 

at knee angles of 35 and 61 degrees. As a consequence of the reduction 

in static strength from 35 to 61 degrees, it was expected that dynamic 

strength at 35 degrees was a function of strength at 61 degrees. This 

was shown by the correlation coefficient of .878 between dynamic streng

th at 35 degrees and static strength at 61 degrees. 

Only studies measuring both hip and knee extension strength simul

taneously are comparable to the results of the present study. The re

sults of this study are in agreement with studies by Berger (4) and Lin

ford and Rarick (25) who found an increase in hip and knee extension 

strength as the angle of the knee increased from 105 degrees upward. 

However, the results of the present study do not agree with the results 

of Carpenter (10) who found that maximum strength scores were obtained 

between leg angles of 115 and 124 degrees. Since a belt around the hips 

was used to measure leg strength by Carpenter, the values may be in error 

if the testing was the same as in a pilot study by Berger (4). Berger 

found that the belt used in testing would slip down on the hips at great

er knee angles and, consequently, result in smaller strength values at 

these angles. This may be the reason that Carpenter obtained maximum 
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TABLE 3 

ANALYSIS OF VARIANCE OF STATIC STRENGTH SCORES 

SOURCE OF 
VARIATION 

SUM OF 
SQUARES 

df MEAN 
SQUARE 

Between Angles 

Between Subjects 

Residual 

10,178,052.00 4 

469,076.50 22 

282,889.76 88 

2,544,513.00 

21,321.65 

3,214.66 

791.53 

6.63 

Total 10,930,018.26 114 
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TABLE 4 

ANALYSIS OF VARIANCE OF DYNAMIC STRENGTH SCORES 

SOURCE OF 
VARIATION 

SUM OF 
SQUARES 

df MEAN 
SQUARE 

Batween Angles 

Between Subjects 

Residual 

12,000,758.76 4 

403,763.60 22 

1,467.407.21 88 

3,000,189.69 179.92 

18,352.89 

16,675.08 

1.10 

Total 13,871,929.57 114 
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TABLE 5 

t TESTS BETWEEN STATIC STRENGTH AT KNEE ANGLES 
OF 35, 61, 89, 135, AND 167 DEGREES 

26 

t 
s 

KNEE 
ANGLE 

35 

61 

35 

89 

35 

135 

35 

167 

61 

90 

61 

135 

61 

167 

MEAN 
STATIC STRENGTH 

414.78 

338.69 

414.78 

490.00 

414.78 

973.91 

414.78 

1049.78 

338.69 

490.00 

338.69 

973.91 

338.69 

1049.78 

SE 

24.381 

24.381 

24.381 

24.381 

24.381 

24.381 

24.381 

t* 

3.121 

3.085 

22,933 

26.045 

6.206 

26.054 

29.166 
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TABLE 5—Continued 

, " ' " • • 

KNEE ANGLE MEAN 
STATIC STRENGTH 

SE t* 

89 

135 

490,00 

973.91 

- - 1 — . . . . — — • - ' ' 

24.381 18.002 

89 

167 

490.00 

1049.78 
24,381 22.960 

135 

167 

973.91 

1049.78 
24.381 3.111 

* Significant beyond the .01 level of confidence 

^ ^ . :ii.jMLillO • ' - ^ ' • ^ ^ -
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TABLE 6 

t TESTS BETWEEN DYNAMIC STRENGTH AT KNEE ANGLES 
OF 35, 6 1 , 89, 135, and 167 DEGREES 

KNEE ANGLE 

35 

61 

MEAN 
STATIC STRENGTH 

274.78 

328.69 

1 • j'r'ii-i • • 1 . , ,. • 

SE 

38.46 

t* 

1.401** 

35 

89 

274.78 

489.13 
38.46 5.631 

35 

135 • 

X V • > • • 

35 

167 

61 

89 

61 

.135 

274,78 

965.86 

274.78 

1045.43 

328.69 

489.13 

328.69 

965,86 

38.46 

38.46 

38.46 

38.46 

17.968 

20.037 

4.171 

16.567 
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KNEE ANGLE 

• • • ' ' • • ' - ' - ' 

MEAN 
STATIC STRENGTH 

SE t* 

61 

167 

328.69 

1045,43 
38.46 18.635 

89 

135 

89 

167 

135 

167 

489.13 

965.86 

489.13 

1045.43 

965.86 

1045.43 

38.46 

38.46 

38.46 

12.395 

14.464 

2.068** 

*Signifleant beyond the .01 level of confidence 

**Significant beyond the .05 level of confidence 
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strength scores between leg angles of 115 and 124 degrees rather than 

at greater angles. Although Lindeburg (24) found no significant diff

erences in strength at various leg angles when the inverted leg press 

was used, there was a gradual increase in strength at angles of 126.1 

degrees (298.6 pounds), 133.7 degrees (330.5 pounds), and 144.3 degrees 

(347.2 pounds). The increase in pounds lifted from the leg angle of 

126.1 to 144.3 degrees amounted to 48.6 pounds. 

The correlation coefficients found in the present study between 

static strength and dynamic strength at knee angles of 35, 61, 89, 135, 

and 167 degrees are presented in Table 7. The coefficients for static 

and dynamic strength at the same angle are: .793 at 35 degrees, .965 at 

61 degrees, .998 at 89 degrees, .997 at 135 degrees, and .995 at 167 de

grees. All coefficients were significant at the .01 level of confidence. 

These relationships were considerably higher than the coefficients of 

.67, .68, and .60 obtained by Richards (30), Berger (4), and Henderson 

(18)", respectively, between static and d3mamic strength. The smaller 

coefficients obtained in these studies were probably a result of the 

methods used in measuring static strength, which were different than the 

methods used to measure dynamic strength. In the studies of Richards and 

Berger, static strength was measured by having the subject sit on a table 

with the joint of the knee at the edge of the table and the lower limb 

extended to a knee angle of 115 degrees. A wire cable was attached at 

the ankle at a 90 degree angle. Maximum force was exerted from this 

position in an attempt to extend the knee while the tension applied to 

. the cable was measured by a tensiometer. Dynamic leg strength was 
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TABLE 7 

CORRELATION COEFFICIENTS BETWEEN STATIC AND DYANMIC 
STRENGTH AT KNEE ANGLES OF 35,61, 

89, 135 AND 167 DEGREES 

t^ii-j« 

KNEE ANGLE CORRELATION 
COEFFICIENT 

35 .793 

61 .965 

89 .998 

135 .997 

167 .995 

Ij^ 
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measured, in the same seated position, by the amount of load that could 

be lifted from a knee angle of 90 degrees to a knee angle of 180 degrees 

using maximum muscular exertion. The results of these two different 

methods of measuring static and dynamic strength are not comparable since 

static strength was measured at the knee angle of 115 degrees and dynamic 

strength was measured throughout the range of 90 degrees. In addition, 

the dynamic strength score was more limited by strength at 170 degrees 

than at any other angle less than this. This was shown by the mechanical 

analysis of knee extension (32). Consequently, the comparison between 

static and dynamic strength was between knee angles of 115 degrees and 

approximately 170 degrees, respectively. A higher relationship may 

have occurred had static and dynam.ic strength been measured at the same 

angle of the knee. 

Variations in testing procedure by Henderson (18) also resulted in 

a relatively small coefficient (r = .60) between static and dynamic stre

ngth. Sixty-six male college students were measured for static leg 

strength using a leg dynamometer. The starting position for the test was 

in a sitting position with the back in a vertical position against a 

wall. The upper legs were in a position parallel to the floor with the 

feet spread about twelve inches apart. A leather strap was placed be

hind the subject's neck and secured to the handle of the dynamometer. 

The subject attempted to rise vertically keeping the back and shoulders 

against the wall. The starting position for the dynamic strength test 

was similar to the starting position for the static strength test, al

though not identical. The subject assumed a squat position with the 

Igy. 
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upper legs parallel to the floor and the feet shoulder-width apart. 

A barbell was held behind the head, resting on the shoulders. From this 

position, the subject attempted to extend the legs and attain a standing 

position. During the static test, the angle between the body trunk and 

thigh was approximately 90 degrees. During the dynamic strength test 

this angle was less than 90 degrees. Although the angle of the knee was 

approximately the same, the trunk had to be inclined in order to lift from 

the squat position. Use of these two different testing methods resulted 

in variations in body positions which contributed to the relatively small 

correlation coefficient of .60 between static and dynamic strength. 

The present study used a method in which the tests for static and 

dynamic strength were identical. The subject was seated in a chair of 

the Universal Gym Machine (Figure 1) with the hands gripping handles 

on each side of the chair to maintain the sitting position while exerting 

maximum effort. Force was applied to foot pedals directly in front of 

the subject and on the same horizontal plane with the hip-joint. The 

desired angle of the knee was obtained by moving the chair back or for

ward in the same plane. Dynamic strength was determined by the maximum 

amount of weight that could be moved from a specific knee angle to a 

knee angle of 180 degrees. Static strength was measured by the amount 

of weight a subject could perceptively move in a vertical direction. 

The identical testing positions for measuring static and dynamic strength 

permitted a more accurate assessment of the relationship between static 

and dynamic strength. 

The multiple regression equations for predicting dynamic strength 

from static strength are presented in Table 8. The angle designations 
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TABLE 8 

MULTIPLE REGRESSION EQUATIONS FOR PREDICTING DYNAMIC 
STRENGTH FROM STATIC STRENGTH AT KNEE ANGLES 

OF 35, 61, 89, 135, AND 167 DEGREES 

PREDICTED EQUATION MULTIPLE r * 
VARIABLE 

35 D (.82) 62 S - 1.99 .878 
(.18) 62 S + .62 (35 S) - 7.26 .897 

(1.05) 62 S - 27.21 .970 

(.99) 90 S + 2.72 .998 

(.94) 135 S + 46.53 .997 

(1.00) 170 S - 11.15 .995 

61 D 

89 D 

135 D 

167 D 

''AH correlation coefficients significant beyond the ,001 level. 
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are followed by the letter D or S which refer to djmamic and static 

strength, respectively. In the prediction of dynamic strength at the 

angles of 61, 89, 135, and 167 degrees, it was found that the static 

strength score at each of these respective angles was the best predictor 

of dynamic strength. However, it was found that at the angle of 35 de

grees the best predictor of dynamic strength was static strength at 61 

degrees. This can be explained by observing the dynamic strength values 

in Figure 2. From the angle of 35 degrees to approximately 62 degrees, 

there is relatively little increase in the ability to exert force dy

namically. Above this point, there is a sharp increase in force exerted. 

It is believed that once a lift is completed to a point approximating 

62 degrees it will always be completed to 180 degrees. Because the 

angle of 62 degrees is a determining factor in whether a lift started 

below that angle will be completed, the static strength score at that 

angle is the best predictor of the dynamic strength score at the 35 degree 

angle of the knee. 



CHAPTER IV 

SUMMARY, RESULTS AND CONCLUSIONS 

Summary and Results 

The purposes of this study were to determine whether there were 

differences in the amount of force able to be exerted at knee angles 

of approximately 35, 61, 89, 135, and 167 degrees; to determine the inter

relationships between static and d3mamic strength at these angles; and 

to determine the static strength values which best predict dynamic strength. 

Data were obtained from twenty-three male college students at Texas Tech

nological College. Each subject was measured for static strength and 

dynamic strength at 35, 61, 89, 135, and 167 degree angles of the knee. 

The movement involved the actions of hip extension and knee extension 

occurring simultaneously. The mechanism used for testing was the Uni

versal Gym Machine. The analysis of variance was used to determine the 

presence of significant differences in strength between the selected knee 

angles. Correlation coefficients were determined between static leg 

strength and dynamic leg strength at all angles. Multiple correlation 

coefficients were used to predict dynamic strength from static strength. 

The static strength means obtained in this study were: 414.78 

pounds at 35 degrees, 338.69 pounds at 61 degrees, 490.00 pounds at 89 

degrees, 973.91 pounds at 135 degrees, and 1049.78 pounds at 167 degrees. 

The dynamic strength means were: 274.78 pounds at 35 degrees, 328.69 

36 
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pounds at 61 degrees, 489.13 pounds at 89 degrees, 965.86 pounds at 135 

degrees, and 1045.43 pounds at 167 degrees. The analysis of variance re

vealed that significant differences (P<.05) existed in static and dy

namic strength between the selected knee angles. The test showed that 

strength varied significantly between all knee angles except between 

dynamic strength at 35 degrees and 61 degrees. The correlation coeffi

cients obtained between static and dynamic leg strength at the same knee 

angles were: .793 at 35 degrees, .965 at 61 degrees, .998 at 89 degrees, 

.997 at 135 degrees, and .995 at 167 degrees. All coefficients were 

significant at the .01 level of confidence. The best predictors of dy

namic strength at the knee angles of 61, 89, 135, and 167 degrees were 

the static strength values obtained at the same angle as dynamic strength, 

However, the most accurate predictor of dynamic strength at 35 degrees 

was the static strength value at the angle of 61 degrees. 
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Conclusions 

Bas€d on the results of this study the following conclusions were 

drawn: 

' 1. The ability to exert static force decreases from 35 degrees to 

61 degrees, but increases as the angle of the knee increases from 61 de

grees to 167 degrees. The ability to exert dynamic force increases as 

the angle of the knee increases from 61 degrees to 167 degrees. 

2. The relationship between static and dynamic strength is signif-

icantly high at knee angles of 61 degrees (r = .965), 89 degrees (r = .998), 

135 degrees (r = .997), 167 degrees (r = .995), and at 35 degrees (r = .793). 

3. The best predictors of djmamic strength at knee angles of 61, 

89, 135, and 167 degrees are the static strength values at the same ang

les. The best predictor of dynamic strength at 35 degrees is the static 

strength value at 61 degrees. 
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APPENL'IX 

A. Dynamic and Static Strength Scores 
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