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CHAPTER I 

INTRODUCTION 

Physical educators and coaches have been aware of the importance 

of muscular strength and its relationship to athletic performance. 

This has been especially noticeable in recent years due to the 

greater emphasis on weight training or progressive resistance exer

cise for improving strength. For many years, progressive resistance 

exercise has been considered the most effective method for improving 

strength. This method utilizes the overload principle and was prac

ticed by Milo of Crotona in the 6th century before Christ (9). Milo 

carried a bull every day from its birth to maturity. As the bull 

became heavier, Milo's strength increased sufficiently so that he 

was able to carry the full-grown bull twice around the arena at the 

Olympic games. 

Increased strength in the muscles of the hip and knee by ur.e of 

progressive resistance exercise has resulted in improvement in leg 

power. This was shown in studies where the improvement of leg 

strength resulted in increased speed (19) (12) (8), vertical jumping 

ability (20)(10) (5), high jumping ability (15), shot put (12) (19), 

broad jumping ability (5) (12) and reaction time (24). These stud

ies examined the effects of increased leg strength on performance, 

but were not concerned with the strength contributed separately by 

the hip and knee extensor muscles in the performance of a movement. 

In fact no previous study has been found that detennined the strength 

contribution of the hip extensor and knee extensor muscles in the 



performance of a movement involving simultaneous action by both 

muscle groups. 

Purpose of the Study 

The purpose of this study was to determine the concentric hip 

extension strength and the concentric knee extension strength at 

various knee angles while performing a knee bend exercise movement. 

Review of the Literature 

Since the purpose of this study was to determine the hip 

extension strength and knee extension strength at various angles of 

the knee, it was necessary to know the muscles involved in these 

actions. The principal movers involved in the action of hip exten

sion are the gluteus maximus, biceps femoris, semitendinosus, semi

membranosus and adductor magnus. The gluteus maximus is a large 

superficial muscle of the buttocks and a powerful hip extensor. The 

proximal attachments are the posterior gluteal line of the ilium and 

adjacent portion of the crest, the posterior surface of the lower 

part of the sacrum and side of the coccyx. The distal attachments 

are the posterior surface of the femur on the ridge below the greater 

trochanter and iliotibial tract of the fascia lata. The biceps 

femoris forms the outer hamstring muscle, the proximal attachment of 

which is on the lower and medial impression on the tuberosity of the 

ischium. The distal attachments are the lateral side of the head of 

the fibula and lateral condyle of the tibia. The semitendinosus and 

semimembranosus muscles form the inner component of the hamstring 

muscle group. The proximal attachments of the semitendinosus are the 

lower and medial impressions on the tuberosity of the ischium with 

the biceps femoris. The distal attachments are the upper part of 



the tibia. The proximal attachments of the semimembranosus are the 

upper and lateral impressions on the tuberosity of the ischium. The 

-distal attachment is the horizontal groove on the posterior surface 

of the medial condyle of the tibia. The relationship of the semi

tendinosus and semimembranosus is similar to that of the long head 

of the biceps femoris. The adductor magnus, with proximal attach

ments on the inferior rami of the pubis and the lateral border of 

the inferior surface of the ischial tuberosity, and distal attach

ments on the linea aspera, medial supracondylar line and adductor 

tubercle on the medial condyle of the femur, is active in the act 

of extension when the thigh is flexed beyond 45 degrees. The gluteus 

medius neutralizes the adductor tendency of the adductor magnus. The 

proximal attachments of the gluteus medius is on the posterior sur

face of the ilium between the crest, posterior gluteal line and 

anterior gluteal line. The distal attachment is on the oblique ridge 

on the lateral surface of the greater trochanter. The rectus ab

dominis and the erector spinae stablize the pelvis during hip exten

sion. The rectus femoris, vastus lateralis, vastus intermedius and 

vastus mediales muscles unite to form the quadriceps femoris and are 

the principle movers in knee extensions. The proximal attachments 

of the rectus femoris are the anterior inferior iliac spine and 

groove above the brim of the acetabulum. The distal attachment is 

at the base of the patella. The proximal attachment of the vastus 

lateralis muscle is the upper part of the intertrochanteric line, 

anterior and lower borders of the great trochanter, lateral lip of 

the gluteal tuberosity, and the upper half of the linea aspera. The 

proximal attachment of the vastus intermedius is the anterior aiid 



lateral surfaces of the upper two thirds of the shaft of the femur. 

The proximal attachments of the vastus medialis are the lower half 

of the intertrochanteris line, medial lip of the linea aspera, and 

the upper part of the medial supracondylar line. The distal attach

ments of the three vasti muscles are at the base of the patella. 

The vastus lateralis and vastus medialis muscles neutralize one 

another's lateral and medial components of force, thus steadying 

the knee. The hip extensors help to stabilize the thigh against 

the pull of the rectus femoris. 

Skeletal muscles supply the force for moving body segments. 

The point of application of muscular force is the center of the mus

cle's attachments to the bony lever. This application corresponds 

to the muscle's insertion, or distal attachment. The size of the 

angle between the muscle and the bone and the stretch of muscle have 

a direct bearing on the force the muscle can exert in moving the 

bony lever. With the change of the angle of the knee and hip, the 

angles of the muscles line of pull will change also, and, therefore, 

the force that can be exerted by the muscles is altered. The length 

of the muscles involved in hip and knee extension will vary at 

different angles of the knee. Since the force of a contracted mus

cle depends on its length (22), variations in strength of a limb 

movement are due partly to the changes in length of the muscles 

Involved in producing the movement. 

The hip and knee joints have two-joint muscles; that is, the 

muscles pass over and act upon two joints. The hamstrings flex the 

leg at the knee and also extend the thigh at the hip; the rectus 



femoris flexes the thigh and extends the leg. These muscles are 

not long enough to permit complete movement in both joints at the 

same time so the tension of one muscle is transmitted to another. 

If the hamstrings contract to help extend the hip, tension is trans

mitted to the rectus femoris, causing it to extend the knee. 

Electromyographic Studies 

Pocock (21) did a study to investigate the phase of action of 

the three superficial quadriceps components during various exercises. 

The relationships between electromyographically recorded muscle 

action potentials and the exercise resistances applied v;ere deter

mined. Electromyographic records V7ere obtained from the vastus 

medialis, the vastus lateralis and the rectus femoris muscles of 

eleven subjects during exercise. The subjects were in a seated 

position and recordings were made from the right quadriceps during 

the follov/ing exercises: knee extension, no load; knee extension 

with Increased and decreased resistance; knee extension using a 

quadriceps exercise board; knee extension using a conventional 

pulley system; knee extension using a DeLorme-type quadriceps exer

cise boot; and m.aximum isometric contraction of the quadriceps with 

the knee in full extension and the subject in a sitting and supine 

position. The author found that there was little variation in 

sequence of activity among the components of the quadriceps; action 

potential patterns for the quadriceps were similar in hip and knee 

extension; the various muscles of the quadriceps function as a group; 

and no simple relationship existed between action potential amplitude 

and the exercise load applied to the quadriceps muscle. 



The purpose of the study by Merrlfield (18) was to determine 

the action potentials of the gluteus maximus, the vastus lateralis, 

and the tensor fasciae latae. Eight graduate students were used as 

subjects. A Grass Model III-D Electroencephalograph was used to 

collect electromyograms in movements that involved the leg and thigh. 

The individual movements of thigh extension were performed against 

no resistance and then repeated against thirty pounds of resistance. 

Leg extension movements were performed in the sitting, the supine, 

and the prone positions without and with forty pounds of resistance. 

Combined movements of walking, walking upstairs, walking dovmstairs, 

and the vertical jump were performed in the normal position and then 

repeated with the trunk flexed at ninety degrees. Little relationship 

was found between the number of degrees of flexibility and the size 

of pen deflections shown on the electromyograms. The conclusions of 

the author were that the gluteus maximus registered action potentials 

during extension and abduction of the thigh and stepping upstairs; 

the vastus lateralis registered action potentials during all move

ments performed with the leg extended and during leg extension; the 

tensor fasciae latae registered action potentials during individual 

movements of the thigh and leg extension; and that the action poten

tials were of a greater magnitude when registered with the performance 

against resistance. 

Strength at Various Angles of the Knee 

Carpenter (4), using thirteen female and seven male college 

students, did a study to determine at what angle of the knee the 

greatest amount of force could be exerted. A back and leg dynamometer 



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

knee angles of 115 to 124 degrees the highest scores were attained. 

At knee angles of 125 to 139 degrees and below 115 degrees, lov;er 

strength scores resulted. The conclusion of the author was that 

maximum leg strength is obtained when the lift is performed at the 

knee angles between 115 and 124 degrees. 

Haxton (13) studied the action of knee extension using the limbs 

of cadavers. /The tension in the extensor tendons was measured v;ith 

a tensiometer at knee angles of approximately 30, 60, 90, 120, 150, 

and 180 degrees. It was found that the knee extensors performed 

more efficiently in the more extended positions and that the leverage 

reached a maximum at about 150 degrees. This study also resulted in 

the finding that the patella plays a major role in increasing the 

leverage of the quadriceps in the extended positions of the knee. 

With the patella removed, the effective leverâ ^̂ c bet\7een 60 and 150 

degrees of the knee was greatly reduced ;̂̂  

Williams and Stutzman (23) studied the strength variations throuf>h 

the range of knee extension. Subjects for the test were selected from 

male and female college students and sixth grade children. The childrens' 

group consisted of tv/enty subjects, ten boys and ten girls. The 

college group consisted of ten males and ten females. Forces v/ere 

measured at 30 degree intervals through the range of motion of knee 

extension, A sling attached to a tensiometer v;as applied to the dis

tal end of the leg. The subject was seated in a chair with the hands 

grasping the sides. The ^̂ .reatest amount of force was able to be 

applied at approximately 65 degrees, although some indiviJuals had 
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higher force readings at 90 degrees of knee extension. Most of the 

subjects showed a sharp decrease in strength at knee angles from 65 

,,to 120 degrees. 

Clark and others (6) studied leg extension strength at various 

angles of knee extension. The subjects were seated on the end of a 

table leaning backwards v/ith the arms extended to the rear and the 

hands grasping the sides of the table. The lower portion of the legs 

was allox̂ ed to hang freely. A tensiometer was used to measure the 

force of leg extension. Leg angles between 105 and 124 degrees 

were found to permit the greatest amount of force. Leg angles below 
« 

105 degrees and above 124 degrees were found to permit a lesser 

amount of force. 

Lindeburg (16) studied the knee angle at which the greatest 

amount of force could be exerted. The subjects vrere thirty-seven 

high school boys. Each subject was 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. No significant difference in leg 

strength between any two angles resulted, although there was a 

gradual increase in strength from knee angles of 121.6 to 144.3 

degrees (48.6 pounds) and a gradual decrease in strength from 144.3 

to 159.7 degrees (31.4 pounds). The conclusion of the author was 

that between the 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. 

Campney and Wehr (3) measured the strength at ten degree intervals 

for nine joint angles ranging from 80 to 160 degrees of knee exten

sion. A tensiometer was used to determine the strength. The findings 



indicated that strength decreased from 120 degrees to 180 degrees of 

knee angle with little change in strength 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 re

corded at any knee joint angle between 80 and 120 degrees. The 

authors concluded that changes in knee joint angles of ten degrees 

between 80 and 120 degrees do not result in significant changes in 

strength, but that changes of ten degrees within the 130 to 160 

degree range can result in significant changes in strength. 

The effect of knee angles on recorded leg strength in twenty 

college males was studied by Linford and Rarick (17). A back and 

leg dynamometer was used to test for leg 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. Results showed that all angles 

within the range 135 to 164 degrees produced scores which were sig

nificantly higher than those produced between knee angles of 115 to 

134 degrees. Knee angles between 125 and 134 degrees resulted in 

significantly higher scores than when knee angles were between 115 

and 124 degrees, 

Berger (2) studied leg extension force at leg angles of 105, 120 

and 140 degrees. The inverted leg press was used with the subject 

lying 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 

was measured by the amount of weight on a barbell a subject was able 

to perceptably raise vertically while extending the leg. The results 

showed that there was an increase in force as the angle of the leg 
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increased from 120 degrees (296,67 pounds) to 140 degrees (456.94 

pounds). The conclusion of the author was that leg extension force 

was increased as the angle of the leg increased from 105 degrees to 

140 degrees in the inverted leg press position. 

Higginbothara (14) measured static strength and dynamic strength 

of the leg at knee angles of approximately 35, 62, 90, 135 and 170 

degrees on twenty-three male subjects for the purpose of determining 

whether there were differences in the amount of force that could be 

exerted at those angles. A goniometer was used to measure the knee 

angles. The investigator found that the ability to exert force 

statically decreased from 35 degrees to 61 degrees and increased 

from 61 degrees to 167 degrees of the knee angle. The ability to 

exert force dynamically increased from 35 degrees to 167 degrees. 

Varied results have been found when studying the joint angles 

and strength. Of the studies listed, five (14) (4) (2) (17) (16) 

used a combination of hip and knee extension to measure leg strength 

and four (3) (13) (23) (6) used only knee extension to measure the 

same force. Three of the studies using a combination of hip and 

knee extension force found there was a gradual increase in strength 

from knee angles of 115 to 124 degrees (4), 120 to 140 degrees (2), 

and 135 to 164 degrees (17). The fourth study (16) showed only a 

slight increase in strength from knee angles of 121.6 to 144.3 

degrees, but found no significant difference in leg strength between 

any two angles. The fifth study (14) found that the force that 

could be exerted statically increased from 61 to 167 degrees and 

the force that could be exerted dynamically increased from 35 to 167 



11 

degrees. Of the studies using strictly knee extension force, one 

(13) found maximum leverage was able to be applied at a knee angle 

.of 150 degrees; another (3) found no change in strength from 120 

to 160 degrees; a third (6) found the greatest amount of force was 

exerted between knee angles of 105 to 124 degrees; and a fourth 

study (23) found the greatest amount of force exerted at a 65 degree 

angle of the knee. 

5̂ r 
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CHAPTER II 

METHODS AND PROCEDURES 

Numerous studies have investigated strength of the lower limbs 

at various knee angles. The studies can be divided into two catego

ries on the basis of the testing technique. One group of studies 

(14) (17) (2) (16) (4) determined strength produced by simultaneous 

action of both hip and knee extensor muscles. The other group of 

studies (3) (23) (6) determined only knee extension strength. How

ever, no study has been found that determined hip and knee extension 

strength in a movement involving both muscle groups acting simul

taneously. The purpose of this study was to determine the maximum 

force that can be exerted by hip extensor muscles and knee extensor 

muscles in the performance of a knee bend exercise at knee angles 

of 35., 60, 90, and 135 degrees. 

Procedure 

Fifteen male students enrolled at Texas Technological College 

were used as subjects. They ranged in weight from 136 pounds to 195 

pounds and in age from 18 years to 32 years. The subjects were 

tested for static leg strength and static hip extension strength of 

the right lower limb at knee angles of 35, 60, 90 and 135 degrees. 

Leg strength was defined as the maximum force exerted by the hip 

extensor muscles and knee extensor muscles working simultaneously 

In the actions of a knee bend exercise. After the determination of 

leg strength, the subjects were tested for strength of the hip 

extensor muscles. Knee extension strength was the difference between 

leg strength and hip extension strength. 

12 
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Test Apparatus 

The Universal Gym Machine*, Figure 1, was used to test leg 

strength and hip extension strength. To perform the test, the 

subject was seated in the chair of the leg press station of the 

machine. The right foot was placed on the pedal directly in front 

of the subject and in the same horizontal plane as the hip-joint. 

The subject's hands grasped the handles extending from the seat of 

the chair. The chair was moved forward or backward to permit the 

knee to assume the desired knee angle. The pedal was attached to 

the right angle lever which was attached to the load. Hip extension 

strength was tested by means of a cable attached to the knee and in 

line with the lower limb (Figure 1), It was important that the cable 

be in line with the lower limb, which in turn was placed at the 

desired knee angle, in order to simulate the actual testing position 

used when leg strength was determined. The cable was attached to 

the knee and traversed through two overhead pulleys and attached to 

the load. The design of the testing apparatus permitted the cable 

to be attached to the knee in the correct line of force. To account 

for the friction created when the cable traversed through the two 

overhead pulleys, the Universal Gym was calibrated from 80 pounds to 

210 pounds at ten pound increments. The coefficient of friction was 

found to range from .150 to .159. Adjustments were made in the hip 

extension poundages at each knee angle to allow for the friction of 

the pulleys. For example, recorded hip extension strength of 100 

* Manufactured by Universal Athletic vSales Company, Fresno, 
California. 



FIGURE I 
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TEST APPARATUS 
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pounds was multiplied by the coefficient of friction of .150 at 

that poundage. This product was added to the recorded hip exten

sion strength of 100 pounds which resulted in actual hip extension 

strength of 115 pounds. The coefficient of reliability of the 

Universal Gym Machine was found to be .98 as determined in a 

previous study (11). 

Leg and Hip Strength Tests 

Each subject did five repetitions with a relatively light load 

prior to each testing session as a warm-up before actual testing 

began. The force applied during the test for leg strength was in 

a line parallel, and in the same horizontal plane, to the hip-joint. 

Force applied during the test for hip extension strength was in a 

line parallel to the lower limb while the knee angle simulated the 

angle tested during leg strength. Strength was the amount of 

weight that could be perceptably raised vertically and required 

maximum muscular exertion. Weight was added in tv/enty pounds incre

ments until maximum muscular exertion V7as approached and then added 

in ten pound increments. Between testing attempts, each subject 

was allowed sufficient time to rest to reduce the effects of fatigue 

on the results. The subjects were tested at knee angles in the 

following order: 35, 60, 90, and 135 degrees. Day to day variations 

in strength of the subjects were minimized by determining leg 

strength and hip extension strength at the same angle the same 

testing session. Knee extension strength was the difference between 

leg strength and hip extension strength. 
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Knee Angle 

A goniometer was used to determine the desired knee angle for 

the tests. Knee angle was measured while maximum muscular exertion 

was applied during the leg strength test. 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 parallel 

to the femur, to determine the specific knee angle. At no time during 

the tests was there a deviation from the desired angle which exceeded 

four degrees. 

Statistical Analysis 

The analysis of variance was used to determine if significant 

differences were present in leg strength, hip extension strength, 

and knee extension strength mean scores at the various knee angles. 

A jt̂ -test V7as used to determine at which two angles the differences 

were significant. 



CHAPTER III 

PRESENTATION AND ANALYSIS OF RESULTS 

This study was designed to determine hip and knee extension 

strength at various knee angles during the performance of a knee 

bend exercise movement. Fifteen male students enrolled in Texas 

Technological College were used as subjects. The subjects were 

tested for leg strength, hip extension strength, and knee extension 

strength at knee angles of 35, 60, 90, and 135 degrees. Leg strength 

was determined with the hip extensors and knee extensors acting 

simultaneously in the performance of a knee bend. Hip extension 

strength was determined separately at each of the knee angles. Knee 

extension strength was the difference between leg strength and hip 

extension strength. 

Analysis of Results 

The means for static leg strength at each angle of the knee 

are presented in Table 1 and Figure 2. As the angle of the knee 

increased from 35 degrees to 60 degrees, there was a decrease in 

leg strength amounting to 28 pounds. But as the knee angle in

creased from 60 degrees to 90 degrees there was an increase in 

strength of 72 pounds, with a very sharp increase from 90 degrees 

to 135 degrees amounting to 431.66 pounds. The mean differences in 

leg strength scores betXNreen the various angles were considered sig

nificant by the analysis of variance in Table 2 and t-tests in 

Table 3, which showed that strength was significantly different 

between all angles. 

17 



TABLE I 

STATIS STRENGTH MEANS 

18 

KNEE 
ANGLE 

HIP 
EXTENSION 

KNEE 
EXTENSION 

LEG 
STRENGTH 

35 

60 

90 

135 

152.73 

141.27 

136.87 

159.80 

61.93 

45.40 

121.80 

530.53 

214.67 

186.67 

258.67 

690.33 
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FIGURE 2 

\ 
\ 

STATIC LEG EXTENSION STRENGTH, HIP EXTENSION STRENGTH 
AND KNEE EXTENSION STRENGTH AT THE SELECTED ANGLES 
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TABLE 2 

ANALYSIS OF VARIANCE OF LEG STRENGTH SCORES 
BETl^EN KNEE ANGLES OF 35, 60, 90 and 135 DEGREES 

SOURCE OF 
VARIATION 

Angle 

Subject 

Error 

Total 

SUM OF 
SQUARES 

2525034. 

133120. 

36909, 

2695064. 

56 

83 

16 

56 

df 

3 

14 

42 

59 

MEAN 
SQUARE 

841678. 

9508. 

878. 

18 

63 

78 

¥ 

957. 

10. 

1 

77* 

82* 

*Signifleant beyond the .01 level 
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COMPARISONS BETWEEN LEG STRENGTH 
AT SELECTED KNEE ANGLES 

KNEE 
ANGLE MEAN S.E. 

35" 

60' 

• 

35" 

90" 

35" 

135" 

60" 

90" 

135*̂  

90" 

135** 

214.67 

186.67 

214.67 

260.00 

214.67 

690.33 

186.67 

260.00 

186.67 

690.33 

260.00 

690.33 

10.82 

10.82 

10.82 

10.82 

10.82 

10.82 

* Significant beyond the .01 level 
** Significant beyond the .05 level 

2.59** 

4.18* 

43.96* 

6.77* 

46.54* 

39.77* 
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The only studies comparable to the present study are those that 

measured knee extension strength and hip extension strength 

simultaneously. This was done by Higginbotham (14), Berger (2). 

Linford and Rarick (17), Carpenter (4), and Lindeburg (16). The 

studies by Higginbotham (14), Berger (2), and Linford and Rarick 

(17) found an increase in leg strength as the angle of the knee 

increased from 105 degrees upward. However, studies by Carpenter 

(4) and Lindeburg (16) did not support these results. Carpenter 

(4) found that maximum strength scores were obtained between leg 

angles of 115 and 124 degrees, while strength at angles smaller 

and greater than this was less. Since Carpenter (4) used a belt 

around the hips to measure leg strength, the values may be in error. 

This was suggested in a pilot study by Berger (2) who found that 

as the subject extended the legs the belt around the hips would 

tend to slip downward and, therefore, less force would be measured 

on the dynamometer. Lindeburg (16) found no significant differences 

In leg strength between any two knee angles of 121.6, 133.7, 144.3, 

153.5 and 159.7 degrees in the inverted leg press position, although 

there was a graduate increase in strength from knee angles of 121.6 

to 144.3 degrees (48.6 pounds). 

The static strength means for both the hip extensors and knee 

extensors in Table 1 show that as the angle of the knee increased, 

hip strength remained rather constant, whereas knee extension 

strength varied greatly between knee angles. Comparisons between 

hip extension strength at the various knee angles showed by the 

analysis of variance in Table 4, that significant differences 
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TABLE 4 

ANALYSIS OF VARIANCE OF STATIC HIP STRENGTH SCORES BET\^EN 
KNEE ANGLES OF 35, 60, 90, and 135 DEGREES 

SOURCE OF 
VARIATION 

Angle 

Subject 

Error 

Total 

SUM OF 
SQUARES 

4957.33 

48733.33 

16978.66 

70699.33 

df 

3 

14 

42 

59 

MEAN 
SQUARE 

1652.44 

3480.95 

404.25 

• 

F 

4.088* 

8.611* 

* Significant beyond the .01 level 
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TABLE 5 

COMPARISONS BETWEEN HIP EXTENSION STRENGTH 
AT SELECTED KNEE ANGLES 

KNEE 
ANGLE 

35" 

60" 

35" 

90" 

35" 

135" 

60" 

90" 

60" 

135" 

90" 

135" 

MEAN 

152.73 

141.27 

152.73 

136.87 

152.73 

159.80 

141.27 

136.87 

141.27 

159.80 

136.87 

159.80 

S.E. 

7.34 

7.34 

7.34 

7.34 

7.34 

7.34 

t 

1.56 

' 2.16** 

.96 

.59 

2.05** 

3.12* 

* Significant beyond the .01 level 
** Significant beyond the .05 level 
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existed In hip extension strength between the various knee angles. 

The ^-test showed in Table 5 that significant differences existed 

in hip extension strength between knee angles of 35 and 90, 60 and 

135 and 90 and 135 degrees. Knee extension strength decreased 

from 35 to 60 degrees amounting to 16.53 pounds, but as the knee 

angle increased from 60 to 90 degrees there was an increase in 

strength amounting to 76.40 pounds, v/lth a very sharp increase in 

strength from 90 to 135 degrees amounting to 408.73 pounds. 

The results of this study, regarding knee extension strength, 

were in agreement with a study by Haxton (13) who found that maxi

mum leverage for knee extension was obtained at 150 degrees. Pre

vious studies by Williams (23), Clark and others (6), and Campney 

and Wehr (3), measured knee extension strength at various knee angles 

but obtained results which were not in agreement with results obtained 

in the present study. Williams (23) measured the forces that could 

be exerted at 30 degree intervals of knee extension varying from 30 

to 120 degrees. He found that the greatest amount of force could 

be applied at approximately 65 degrees. Force measurements recorded ĵ 

at angles greater or less than 65 degrees resulted In smaller strength 

scores. Clark and others (6) studied knee extension strength from 

30 to 180 degrees at ten degree intervals. They found that the 

greatest amount of force could be exerted between 105 degrees and 

124 degrees. Leg angles below and above this range were found to 

permit a smaller amount of force. Campney and Wehr (3) measured 

knee extension strength at ten degree intervals for nine joint angles 

ranging from 80 degrees to 160 degrees. The results of their study 
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showed little change in strength within the angles from 80 to 120 

degrees; however, more force was able to be applied with this range 

than between angles from 120 to 180 degrees. The results of the 

studies by Williams (23), Clark and others (6), and Campney and 

Wehr (3) were not comparable or in agreement with the present study, 

probably because of the different testing techniques employed in 

their studies. In the present study, hip and knee extension actions 

occurred simultaneously, with the knee free to move. In their 

studies, the knee remained stationary and knee extension strength 

was measured with a tensiometer during maximum muscular exertion 

of the knee extension muscles only. 

The contribution of hip extension and knee extension strength 

to total leg strength is expressed in percentages in Table 6. At 

35 degrees, hip extension strength contributed 71 percent of total 

leg strength while knee extension strength contributed 29 percent. 

At 60 degrees, the contributions of both hip and knee extension 

percentages of 76 and 24 percent, respectively, changed slightly 

from the percentage contributions at 35 degrees. At 90 degrees, 

hip extension strength dropped 23 percent to 53 percent while there 

was an Increase in knee extension strength from 24 percent to 47 

percent. At 135 degrees, hip extension strength dropped by 30 

percent to only 23 percent while the contribution of knee extension 

strength increased sharply to 77 percent. 

• 
I ! ! I !! 
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TABLE 6 

PERCENTAGE CONTRIBUTION OF HIP AND KNEE EXTENSOR STRENGTH TO 
LEG STRENGTH AT SELECTED KNEE ANGLES 

KNEE 
ANGLE 

HIP 
EXTENSION 

KNEE 
EXTENSION 

LEG 
STRENGTH 

35" 

60" 

90" 

135" 

71 

76 

53 

23 

29 

24 

47 

77 

100 

100 

100 

100 

«1 



CHAPTER IV 

SUMMARY, RESULTS, AND CONCLUSIONS 

Summary and Results 

The purpose of this study was to determine the concentric hip 

extension strength and the concentric knee extension strength at 

knee angles of 35, 60, 90, and 135 degrees while performing a knee 

bend exercise movement. Data were obtained from fifteen male col

lege students who were tested for static leg extension strength and 

static hip extension strength of the right lower limb at the selected 

knee angles. Leg strength involved the actions of hip extension and 

knee extension occurring simultaneously. Hip extension strength 

involved only the hip extensor muscles. Knee extension strength 

was the difference between leg strength and hip extension strength 

since the sum of hip extension strength and knee extension strength 

equaled leg strength. The Universal Gym was used to test the sub

jects. The analysis of variance was used to determine the presence 

of significant differences In leg strength, hip extension strength, 

and knee extension strength between the selected knee angles. A 

t-test was used to determine between which two angles significant 

differences in strength existed. 

The static leg strength means obtained in this study were 214.67 

pounds at 35 degrees, 186.67 pounds at 60 degrees, 258.67 pounds at 

90 degrees, and 690.33 pounds at 135 degrees. The analysis of 

variance and t-tests revealed that significant differences (P <.01) 

28 
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existed in static leg strength at all of the selected angles. The 

static hip extension strength means obtained in this study were 

152.73 pounds at 35 degrees, 141.27 pounds at 60 degrees, 136.87 

pounds at 90 degrees, and 159.80 pounds at 135 degrees. The analysis 

of variance and t-test revealed that significant differences (P <.01) 

existed in static hip extension strength between 35 and 90, 60 and 

135, and 90 and 135 degrees. The static knee extension strength 

means obtained In this study were 61.93 pounds at 35 degrees, 45.40 

pounds at 60 degrees, 121,80 pounds at 90 degrees, and 530.53 pounds 

at 135 degrees. The analysis of variance and t̂ -tests revealed that 

significant differences (P<.01) existed in the static knee exten

sion strength between all of the selected angles. The contribution 

of hip extension strength to total leg strength was 71 percent at 

35 degrees, 76 percent at 60 degrees, 53 percent at 90 degrees, 

and 23 percent at 135 degrees. The contribution of knee extension 

strength to total leg strength was 29 percent at 35 degrees, 24 

percent at 60 degrees, 47 percent at 90 degrees, and 77 percent at 

135 degrees. 

Conclusions 

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

the knee angle of 35 degrees, hip extension strength contributes 

71 percent of total leg strength whereas knee extension provides 

29 percent; at 60 degrees, hip extension strength (76 percent) and 

knee extension strength (24 percent) do not vary much in their force 

contributions from what they are at 35 degrees; at 90 degrees, hip 

extension strength contributes 53 percent of total leg strength 
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whereas knee extension strength provides 47 percent; at 135 degrees, 

hip extension strength contributes 23 percent to total leg strength 

whereas knee extension strength provides 77 percent of total leg 

strength. 

Ii 
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Subject 
No. 

1 

2 

3 

• 

4 

5 

Knee 
Angle 

35 

60 

90 

135 

35 

60 

90 

135 

35 

60 

90 

135 

35 

60 

90 

135 

35 

60 

90 

135 

APPENDIX 

Basic Data 

Total Leg 
Strength 

160 

210 

200 

665 

220 

180 

280 

710 

210 

200 

340 

675 

210 

180 

220 

640 

280 

210 

300 

700 

Hip Extension 
Strength 

115 

104 

92 

115 

161 

138 

138 

115 

150 

113 

138 

207 

115 

115 

104 

128 

173 

138 

104 

161 

Knee Extension 
Strength 

45 

106 

108 

550 

59 

42 

142 

595 

60 

87 

202 

468 

95 

65 

116 

512 

107 

72 

196 

539 
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Basic Data Continued 
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Subject 
No. 

.6 

7 

8 

9 

10 

Knee 
Angle 

35 

60 

90 

135 

35 

60 

90 

135 

35 

60 

90 

135 

35 

60 

90 

135 

35 

60 

90 

135 

Total Leg 
Strength 

210 

180 

280 

675 

220 

170 

280 

675 

210 

170 

240 

740 

390 

300 

330 

770 

310 

260 

330 

820 

Hip Extension 
Strength 

173 

138 

104 

127 

161 

127 

127 

127 

115 

138 

150 

127 

230 

219 

184 

242 

196 

219 

207 

230 

Knee Extension 
Strength 

37 

42 

176 

548 

59 

43 

.153 

548 

95 

32 

90 

613 

150 

81 

146 

528 

114 

41 

123 

590 



».jwiwrip%»»K < -W 

35 

Basic Data Continued 

Subject 
No. 

11 

12 

13 

14 

15 

Knee 
Angle 

35 

60 

90 

135 

35 

60 

90 

135 

35 

60 

90 

135 

35 

60 

90 

135 

35 

60 

90 

135 

Total Leg 
Strength 

160 

140 

200 

585 

200 

170 

250 

680 

150 

150 

220 

700 

150 

130 

170 

680 

140 

150 

260 

640 

Hip Extension 
Strength 

150 

138 

138 

138 

138 

127 

161 

173 

138 

140 

161 

173 

138 

127 

138 

150 

138 

138 

127 

184 

Knee Extension 
Strength 

10 

2 

62 

447 

62 

43 

89 

507 

12 

10 

59 

527 

12 

3 

32 

530 

2 

12 

133 

456 




