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CHAPTER I 

INTRODUCTION 

Running speed plays a significant role in numerous 

sports. In many sports, running is the ultimate factor. 

Some of the factors which influence speed are ;nuscle 

strength, force and acceleration, soraatotype, flexibility, 

speed-force relationships, age, sex type, temperature, and 

stride length. 

Considering the above factors, muscle strength and its 

effect on speed will be focused upon. More specifically this 

investigation attempts to disclose the relationship of dy

namic strength to speed. Whitley and Smith (1963) have indi

cated that strength and speed have little relationship when 

light resistance exercise is used. In their investigation, 

strength was measured statically. However, Fisher and Jensen 

(1972) revealed a significant relationship between speed and 

dynamic strength. Dynamic strength requires more strength to 

overcome a heavier resistance. Therefore, as the resistance 



is increased, strength has a greater impact on speed. Chui 

(1964), Dintiman (1964), and Smith (1964) suggest that there 

is a strong relationship between increased strength and 

improvement of speed of movement. deVries (1980) states that 

improving sprinting speed falls into one of two categories; 

1) training with added resistance (sprint resisted) training 

and 2) training to improve the rate of leg alternation 

(sprint assisted training). For our purposes, the former 

category is applicable because it deals with weight 

resistance to increase the dynamic strength factor. Thus 

considering the variables affecting speed of movement, this 

study will ' concentrate on the strength, measured 

isokinetically, of specific muscle groups involved in 

running, in an attempt to determine if one muscle group 

contributes more to speed of movement than the other. 

Stride length is another factor which influences speed. 

Therefore, to properly evaluate the importance of stride 

length, this investigation also deals with the relationship 

of running speed to anthropometric lengths. Current research 

makes it evident that a statistically significant 

correlation exists between speed and movement. The question 



of whether speed can be increased by improving strength has 

been answered with considerable evidence in the affirmative 

(Fisher and Jensen, 1972; Wilmore and Pipes, 1976; Dyson, 

1977; Doherty, 1980). However, a paramount question still 

remains: Is there a significant correlation between a 

specific muscle group's strength and running speed? 

Justification of Study 

In view of the available information on strength train

ing, it should be noted that primary emphasis has been di

rected toward quadriceps development. This muscle group is 

located on the anterior portion of the femur (upper leg). 

The quadriceps consists of the rectus femoris, vastus me-

dialis, vastus intermedius, and vastus lateralis. These four 

muscles unite to form a single broad, flat tendon that at

taches to the base of the patella. The patellar ligament at

taches to the tibia of the lower leg completing the muscle's 

attachment. All four muscles extend the leg at the knee 

joint. The rectus femoris is a two-joint muscle and as such 

acts to flex the femur at the hip. Leg extensor exercises 



are historically used to strengthen the quadriceps (Wells 

and Luttgens, 1976; Dyson, 1977). In one typical training 

program, the only attention given the hamstring muscle group 

was hamstring stretching exercises (Dintiman, 1974). The 

hamstring muscle group is located on the posterior section 

of the upper leg. This muscle group consists of the biceps 

femoris, semimembranosus, and semitendinosus muscles. The 

hamstring group acts at both the knee and the hip. However, 

their main function is knee flexion (Wells and Luttgens, 

1976; Dyson, 1977). During a running exercise, extension of 

the lower leg during the drive phase is caused by the 

quadriceps, which acts as a powerful knee extensor 

regardless of hip position. In the drive phase, the foot 

lands and takes the full weight of the body. As the body 

passes over the foot, the lower leg is flexed to create the 

recovery phase. During this phase, flexion at the hip and 

knee is caused by the hamstring muscle group (Wells and 

Luttgens, 1976; Dyson, 1977). 

Considering the function of the two muscle groups, it 

is easy to discern that proper attention and strength 

development should be given to both. Hamstring stretches 



will not satisfy strength requirements for that muscle 

group. According to Williams (1969), coaches of today are 

constantly faced with the problem of developing better 

athletes. Most of these coaches soon realized that their 

more skilled athletes possessed above average speed. As a 

result, training programs geared to produce speed were 

initiated. The importance of speed has grown through the 

years, and has developed as an essential ingredient in sport 

(See Table 1). 

TABLE 1 

The Importance of Speed 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x \ x x x x x x x x \ x x \ x x x 

100 meter dash* 

year 1956 I960 1964 1968 1972 1976 1979 1980 

High School Athletes: 
10,2 10,4 10,5 10,1 

Olympic Champions: 

10,5 10 .2 10.0 9.95 10 ,1 10.0 10.2 

* No data recorded for High from 1956-1968 



statement of Purpose 

The purpose of this study was to determine to what de

gree hamstring strength contributes to running speed in 22 

male track and football sprinters at Texas Tech University. 

More explicitly, this investigation attempts to answer five 

questions; 1) Does a significant correlation exist between 

hamstring strength and speed? 2) Does a significant corre

lation exist between quadriceps strength and speed? 3) 

Does a significant correlation exist between anthropometric 

lengths and hamstring strength? 4) Does a significant corre

lation exist between anthropometric lengths and quadriceps 

strength? 5) Does a significant correlation exist between 

anthropometric lengths and speed? The main hypothesis of 

this study is that the hamstring muscle group plays a much 

greater function in speed performance than the quadriceps 

muscle or anthropometric status. This hypothesis, if shown 

to be conclusive, should make considerable impact on current 

training philosophies. 



Scope of Study 

This study was limited to 22 college male athletes, 

ranging between the ages of 18 to 22 years. All of the sub

jects were enrolled at Texas Tech University during the 

Spring semester of 1981. The subjects in this study were in

volved in two sports: 5 track sprinters and 17 football 

players. Testing of the subjects was limited to full exten

sion and flexion of the lower leg at the knee joint. In ac

cordance with the standardized athletic protocol, the con

tralateral limb was also tested. The subjects were tested at 

Cybex II velocity settings of 60 and 240 degrees per second 

(d/sec.). The torque values found are valid only for the two 

speeds in which subjects were tested. Cybex II protocol re

quired each subject to do three consecutive repetitions of 

maximum extension and flexion at a verbal command. Motiva

tion and amount of exertion was limited to verbal instruc

tion and encouragement stressing the importance of optimal 

effort. Each subject was tested with each speed setting and 

the initial leg tested was randomly alternated. 
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Definitions 

Cybex II Dynamometer-a device used in testing isokinetic 

strength in units of torque. With this apparatus, the 

external load on the muscle can be increased to a maximum 

resistance while the speed of the limb remains constant 

throughout the full range of motion. 

Torque-the turning effect of a force which acts about 

an axis of rotation. It is the product of this force 

times its perpendicular distance from the axis of rotation. 

Torque is expressed in foot pounds (ft-lb.) (Example: the 

turning of a barbell at waist level during a power lift). 

Angular Velocity-the rate of rotatory displacement of 

an object. Displacement is the distance an object is 

moved from a reference point. Angular velocity is 

expressed in degrees per second, radians per second, 

or revolutions per second. 

Static Contraction-a muscular contraction where no 

movement occurs because the force exerted by the muscle 

is not sufficient to overcome the resistance against 



the muscle. 

Dynamic Contraction-a muscular contraction where movement 

occurs when the muscle either shortens or lengthens. 

Isokinetic Contraction-involves the control of the speed 

of muscular activity instead of the control of either the 

distance or the amount of resistance. It is referred to 

as an accommodating resistance exercise. 

Isokinetic Testing-measures dynamic strength, but assesses 

the greatest weight that can be moved through the full 

range of motion incorporating an accommodating resistance. 

Concentric Contraction-referred to as a shortening 

contraction, the muscle actually shortens while moving 

a load (Example: when a person performing a biceps curl 

raises the weight to full flexion). 

Eccentric Contraction-referred to as a lengthening 

contraction, the muscle lengthens as it maintains 

tension (Example: when a person lowers the weight 
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during the biceps curl exercise). 

Isometric Contraction-contraction without any appreciable 

change in the length of the muscle. 

Isometric Testing-measures the maximum force exerted at 

one joint angle. It determines static strength (without 

producing motion) , but has one major limitation in that 

isometric strength testing measures the contraction 

at only one joint angle. 

Isotonic Contraction-the resistance remains constant as 

the muscle shortens with varying speed. 

Isotonic Testing-measures dynamic strength (producing 

motion) using the one repetition maximum method, the 

greatest weight that a person can move through the 

the complete range of motion once. The major limitation 

is that the amount of strength is determined by the 

weight that can be overcome at the weakest point in 

the range of motion. 



CHAPTER II 

REVIEW OF LITERATURE 

Introduction 

This chapter contains a review of related literature 

and is divided into sections dealing with: 

1) The Importance of Strength 

2) Strength Measurement 

3) Expanded Uses of the Cybex II Dyanmometer 

4) Other Speed Components 

The three main areas of strength training are isometric, 

isokinetic, and isotonic. Each area is important and will be 

discussed and compared to show scientific relevance. As 

stated earlier, dynamic strength is more closely related to 

speed than static strength. The importance of speed and its 

related component of strength comprises the basis of this 

1 1 
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study. Each area will now be discussed with summaries 

following each section to give the reader an overview of the 

data presented. 

Importance of Strength 

The vast amount of available data on athletic perfor

mance reveals the significance of strength to speed. The 

question of whether speed can be increased by increasing 

strength has been answered in the affirmative with consid

erable scientific evidence. 

Clark and Henry (1961) conducted a study to examine 

neuromotor specificity and the increase of arm speed through 

strength development. Sixty-two subjects were selected for-

the investigation, and were divided into t̂ o eqjal groups. 

The control group was composed of volunteers f^om requi'-ed 

military science courses while the experimental g»̂ oup were 

members of a non-required elementary weight training class. 

Initially, the men were measured, trained for 10 weeks, and 

then remeasured . Subjects involved in the experimental g'̂ oup 

were enrolled in a weight training class which met twice a 

week for a 35 minute durat:ion. Trie exercises perfo'̂ :Tie1 were 
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selected to increase the muscular strength of the upper and 

lower extremities, but special attention was given to 

strengthening the arm and shoulder girdle. The results 

indicated a significant increase in speed, strength, and 

strength to mass ratios. 

Chui (1964) measured the effects of isomecric and 

dynamic weight training exercises upon strength and speed of 

movement. Forming four groups (I,R, S, & control), Chui 

used 96 male subjects to perform various weight training 

exercises. Group I used the isometric contraction method, 

Group R used a fast dynamic method, and Group S used a slow 

dynamic method. Each group was divided into 24 subjects. 

Strength scores were recorded with a cable tensiometer. 

Sp eed of movement times were taken in six movements against. 

no resistance, then against a resistance. Groups I, R, and S 

gained strength and speed of movement in both measurements. 

The data concluded that gains in strength, either against or 

without resistance, are experienced when there are gains in 

the force exerted to perform a movement. 
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Dintiman (1964) studied the effects of various training 

programs on running speed. One hundred and forty-five 

subjects were randomly selected, and assigned to one of five 

groups to determine whether a flexibility training program 

or a weight training program (or the combination of both) 

would have a significant effect on running speed. Before 

the eight week training period began, each subject was 

tested for flexibility, leg strength, and running speed. 

Group A performed a conventional program of sprint and 

flexibility training. Group B performed the conventional 

program of sprint and weight training, while Group C 

performed the conventional program of sprint, flexibility, 

and weight training. Group I performed a conventional sprint 

training program, and Group II was inactive. Results showed 

a significant increase in running speed in the groups 

performing weight and flexibility training. 

Smith (1964), during a 12 week period, conducted a 

study with 26 college men participating in an 

isoraetric-isotonic training program to determine the 

influence of strength training on pre-tensed and free arm 

speed. Heavy weight resistance exercises were selected on 
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the basis of improving arm strength. The free arm of the 

subject contracted against a tight wire for five straight 10 

second exercises; between each exercise there was a 30 

second rest period. The pre-tensed hand was tested with the 

subject grasping a T-shaped handle connected to a spring 

dynamometer. At the conclusion of the strength training 

program, significant increases in static, free, and 

pre-tensed arm strength were recorded, 

Colgate (1966) conducted a study to investigate arm 

strength and its relationship to arm speed. Forty-nine 

subjects were assigned to three training groups and a 

control group. The training groups performed exercises with 

pully weights for a six week training period. Each subject's 

strength and speed were tested before and after training. 

The conclusion indicated that significant increases in the 

mean strength of the arm and shoulder produced a significant 

increase in the mean arm speed at the position tested. 

Hinson and Rosentswieg (1972) conducted an experiment 

with 52 female students at Texas Woman's University in 

Denton, Texas. Each subject had electrodes placed on the 
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biceps brachii of her dominate arm and performed one maximum 

isometric, one isotonic, and one isokinetic contraction. The 

results showed that isokinetic exercise produced 

significantly more electrical activity than the other two 

exercises. As a result, the isokinetic method was 

recommended to people interested in gaining strength. 

In summation, the data presented give a clear 

indication of the importance of strength. Investigations 

ranging from isometric-isotonic training to determine 

pre-tensed and free arm speed (Smith), to strength and its 

relationship to arm speed (Colgate), support the fact that 

strength is extremely important to speed. Isokinetic 

strength methods were the most productive (Hinson and 

Rosentswieg). 

Strength Measurement 

The various studies in this section will feature each 

method of strength testing. The data presented will show how 
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strength is measured isometrically, isokinetically, and 

isotonically. 

Katch, McArdle, Pechar, and Perrine (1974) measured leg 

force output capacity with a newly developed isokinetic 

dynamometer-bicycle ergometer in 43 college men. The input 

shaft of an isokinetic dynamometer was connected with the 

pedal sprocket of a bicycle ergometer on this new machine. 

The new device extended the functions of the isokinetic 

dynamometer measuring the absolute force and work rate 

capabilities of the leg to the pedal pattern and velocity of 

the bicycle ergometer. The seat of the ergometer was 

positioned at a height with the leg of the subject slightly 

bent at 150 degrees with the opposite leg in a vertical 

position to the pedals. Each subject was given three 

eight-second trials with one minute rest intervals. Each 

trial allowed the subject three or four complete pedal 

revolutions using a light resistance before exerting a 

maximum force. The pre-set speed of 60 revolutions per 

minute was used because it is a commonly used speed in other 

physiological measurements. The tests were given twice to 

each subject. The scores revealed a reliability coefficient 
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of r=.94 for average output scores. Comparing the two trial 

days, the scores had a reliability coefficient of r=.89. 

Results of the study revealed a method to measure the direct 

force-output and work rate capacity of the leg throughout a 

360 degree range of pedaling motion. 

Van Oteghen (1975) conducted a study using two speeds 

of isokinetic exercise in relating the vertical jump 

performance of 48 female varsity and second team 

intercollegiate volleyball players. The subjects were 

selected from four universities and were randomly placed in 

a control, isokinetic training (fast), or isokinetic 

training (slow) group. Over a period of eight weeks, each 

subject performed three sets of 10 maximum leg press 

repetitions three days a week. The subjects were brought 

together after the training period to measure their 

performance in the vertical jump. The isokinetic fast and 

slow groups were combined and compared with the control 

group. The results indicated significantly superior scores 

recorded by the slow and fast groups over the control group 

in the vertical jump. 
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Osternig (1975) examined the torque values of the 

quadriceps muscle of 16 college football players using the 

isokinetic dynamometer to assess optimal loads and 

velocities which produce muscular power. The velocities of 

the test ranged from 5 to 25 revolutions per minute (rpm) 

from 50 to 85 degrees of knee flexion. Isometric forces were 

taken under the same test conditions and compared to the 

isokinetic torque values. The findings indicated that the 

maximum muscular power produced from isokinetic torque and 

velocities were not directly comparable to isometric torque 

values. It was conceived that the weight of the leg may have 

contributed to submaximal findings. The data indicated that 

during the production of maximum power, a plateau of 

isokinetic torque was probably reached. 

Pipes and Wilmore (1976) compared muscular strength 

through isotonic and isokinetic resistance training. The 

participants were 36 males between 20 and 30 years of age. 

The subjects were assigned to one of four groups; isotonic 

group, isokinetic low speed group, isokinetic high speed 

group, and a control group. All groups performed the biceps 

curl, leg press, bench press, and bent row three days a week 
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for a duration of 40 minutes. The high speed group performed 

three sets of 15 repetitions at a speed of 136 degrees per 

second. The low speed group performed three sets of eight 

repetitions at 24 degrees per second. The isotonic group 

trained at 75 percent of their maximum in three sets of five 

repetitions. The results revealed that there were 

significant increases in static strength for the isokinetic 

low and high speed groups for all movements. Although all of 

the training groups increased their isotonic strength over 

the control group, the isokinetic high speed group had 

significantly greater strength increases, with increases as 

much as 78.9 percent higher than the isotonic group. 

Murray, Baldwin, Gardner, Sepic, and Downs (1977) 

conducted a study to measure maximum isokinetic knee flexor 

and extensor muscle contractions in two healthy male groups 

ranging from 20 to 35, and 45 to 65 years of age. Peak 

torque values were measured at three angles at no less than 

0.1 second and no longer than 0.9 seconds. At each angle the 

extensor muscles had a higher mean torque value than the 

flexor muscles in both age groups. However, the extensor 

muscle torque had its highest value at 60 degrees, while the 
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flexor group was highest at 45 degrees. The mean torque 

values of the younger group were higher than those recorded 

by the older group. 

Isometric and isokinetic force relationships were 

measured on 28 men by Osternig and Bates (1977). The 

velocities were constant, ranging from 5 to 25 rpm's at 

elbow angles ranging from 10 to 90 degrees. The findings 

indicated slight correlations at the slower speeds, 

suggesting that the slower speeds simulated isometric 

efforts. However, the highest correlations had a common 

variability of less than 24 percent, concluding that 

isometric strength capacities cannot be predicted by 

isokinetic measures. 

Lesmes, Costil , Coyle, and Fink (1978) measured 

muscular strength and power of the extensors and flexors of 

the knee during maximum isokinetic training. The isokinetic 

dynamometer was used to test the subjects for peak torque at 

velocities ranging from 0 to 300 degrees per second. The 

work output was measured when the subjects repeated knee 

extension and flexion for work duration of 6 to 30 seconds. 
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Before and after training, each subject was given a one 

minute test of repeated maximum contractions to determine 

muscular fatigue. The subjects trained seven weeks, four 

times a week at a maximal force and a velocity setting of 

180 degrees per second. The results indicated that 

isokinetic training programs of 6 to 30 seconds can increase 

peak torque significantly. There was a 30 percent increase 

of total work output at 60 and 180 degree velocities, while 

registering significant reductions in the fatigue of the 

knee extensor muscles. 

Johnson and Siegel (1978) with 40 females between 17 

and 50 years of age studied the reliability of isokinetic 

testing of the knee extensors. The subjects were seated in 

an upright position with the knee flexed at 90 degrees. The 

Cybex II was set at 180 degrees and each subject was given a 

warm-up, then instructed to exert maximum force through the 

full range of motion. There were six trial tests given on 

three consecutive days, the reliability coefficients ranged 

from .93 to .99. Johnson and Siegel determined that 

reliability was more affected by testing over days rather 

than trials. 
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Hosier, Morrow, and Jackson (1978) used a volleyball 

tournament held at the University of Houston in 1977 to 

study 180 collegiate women volleyball players to measure 

strength, anthropometric, and speed characteristics. 

Anthropometric measurements were taken for stature, 

biacromial diameter, and bi-iliac diameter. Skinfolds taken 

at the triceps, suprailliac, and thigh were used to estimate 

body density. Arm and leg isokinetic strength was recorded 

by the Cybex II Power Bench Press and Cybex II Power Leg 

Press. The pre-set speed was 20 degrees and following a warm 

up contraction, each athlete was asked to exert the maximum 

effort through the full range of motion four times. The 

estimates for reliability were .98 for the bench press and 

.95 for the leg press. Anthropometric data showed a 

reliability of .91. The subjects tended to be taller and 

heavier than norms, and possessed broader shoulders and 

narrower hips. 

The Journal of American Medical Association (1978) 

described the Cybex II device and compared it to isotonic 

testing methods. Isotonic testing used the Universal Gym to 

assess strength. Dynamic strength was measured through the 
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full range of motion, understanding that the strength 

measured related to the weakest point in that range. 

Isokinetic testing was found to overcome this drawback by 

incorporating an accommodating resistance while the joint 

was moved at a constant angular velocity throughout the 

complete range of motion. The Cybex II used in this study 

had a dual recorder dynamometer, and an electrogoniometer 

which registered peak torque with a printout curve showing 

the range of motion. 

Gilliam, Villanacci, Freedson, and Sady (1979) 

performed a study to measure knee flexor and extensor torque 

differences between 28 boys and 28 girls, ranging from 7 to 

13 years in age. The Cybex II, set at speeds of 30 and 120 

degrees, revealed significant sex differences. The boys 

generated 12 percent more torque than the girls, 

Gilliam, Villanacci, Freedson, and Sady (1979) examined 

115 high school football players for knee extensor and 

flexor values. Subjects were tested on the Cybex II at 

speeds of 30 and 180 degrees for three maximum leg 

extensions and flexions, and were placed in three age 
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groups (15, 16, 17) by position played (linemen vs, backs 

and receivers) . There were significant torque values 

recorded at both speeds, but the flexion to extension ratios 

did not differ significantly. Weight was shown to have the 

most significant relationship to torque values. The oldest 

group had the most significant values during flexion and 

extension of the right leg, however; when the effect of 

weight was removed, all relationships with age decreased 

significantly. In the sport of football, it was concluded 

that torque measures differed with age and position. 

Grimby, Gustafsson, Peterson, and Renstrom (1980) 

measured quadriceps muscle strength of 30 subjects between 

the ages of 16 to 46. Each subject had sustained ligament 

damage which required corrective surgery. Prior to, and 

after the training period, isokinetic quadriceps muscle 

strength was measured on the Cybex II at angular velocities 

of 30, 42, and 120 degrees. The subjects were randomly 

divided into the following three groups: 1) Tne Isokinetic 

Training Group trained six weeks, three times a day Joing 10 

maximal contractions from 100 degrees to full extension at 

the angular velocity of 42 degrees 2) The Weight T-3ining 
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Group trained six weeks, three days a week performing 10 

repeated contractions 3) The Self Training Group followed a 

program designed by the Department of Orthopedic Surgery 

requiring subjects to train 25 times daily during the first 

three weeks and 50 times daily during the last three weeks. 

The results indicated significant increases in maximal 

torque values for isometric and isokinetic extensor 

measurements. 

Ingeraann-Hansen and Halkjaer-Kristensen (1979) used the 

Cybex II to show force velocity relationships in the 

quadriceps muscle group with 15 young male soccer players. 

The subjects were tested with angular velocity settings 

ranging between 30 to 360 degrees. The peak torque decreased 

linearly with increased angular velocity, concluding that 

the present isokinetic device allowed force velocity 

measurements in the intact quadriceps in man. 

Murry, Gardner, Mollinger, and Sepic (1980) looked at 

the strength of isometric and isokinetic contractions of the 

knee flexor and extensor muscles in 72 men ranging f'̂ om 20 

to 86 years of age. The isokinetic contractions we^e 
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performed at 36 degrees. The isometric contractions were 

held for five seconds. The investigators concluded that 

strength in the younger men was significantly higher than in 

the older men. However, at all joint angles, the strength 

of the isometric contractions was significantly more than 

the isokinetic contractions. The torque values of these 

subjects were used to provide criteria for assessing 

patients with knee joint disabilities. 

In summation, strength has been measured for various 

purposes Strength was measured to determine levels of 

isokinetic, isotonic, and isometric torque values (Lesmes, 

Costil, Coyle, and Fink). Strength measurements were 

important in measuring work output capacity (Katch, McArdle, 

Pechar, and Perrine), to other skills such as the vertical 

jump (Van Oteghen), torque values of children (Gilliam, 

Villanacci, Freedson, and Sady), and in determining the 

relationships between the three types of strength testing 

(Pipes and Wilmore). From the research presented, the Cybex 

II has demonstrated reliability, versatility, and general 

importance in strength testing. Comparing the isokinetic 

strength method with isometric and isotonic, the Cybex II 
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was selected to measure strength in this study because of 

its effectiveness. 

Expanded Uses of The Cybex II 

Moffroid and Whipple (1970) performed a study on spe

cificity of speed of exercise using 30 subjects randomly se

lected from the staff at the Institute of Rehabilitation 

Medicine, New York University Medical Center. Each subject 

was assigned to either an exercise group to work at slow 

velocities, an exercise group to work at high velocities, or 

a control group to receive no exercise. During a two week 

period, a pre-test was given consisting of six testing ses

sions with subjects performing five maximum contractions of 

both the hamstring and quadriceps muscle groups. A constant 

velocity of 65 degrees for knee extension and 45 degrees for 

hamstring flexion was used. Tests were performed on alter

nate days for three weeks in the slow group (6 rpm's; 20 re

petitions in two minutes), and fast group (18 rpm's; 60 re

petitions in two minutes). According to the findings, there 

were mean increases in peak torque values of the quadriceps, 

and significant increases in the torque levels of the isoki

netic high speed group. 
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Costil, Fink, and Habansky (1977) studied 18 patients 

in an effort to gain information revealing the importance of 

endurance training after knee surgery. The subjects, still 

casted, were divided into two groups; Group I was involved 

in a progressive strength training program, and Group II 

performed a similar strength program along with one-leg 

cycling 20 to 30 minutes daily. The cast was removed and 

subjects cycled for 10 to 15 minutes a day. Each day, five 

minutes were added to the existing duration until reaching 

30 minutes. Following the training session, the effects of 

the different programs were tested by increasing the 

resistance until the subjects voluntarily quit. Results 

disclosed a 20 percent weakness in the surgically treated 

leg to that of the untreated leg when performing leg 

presses. However, cycling increased the endurance capacity 

of the injured leg by increasing the level of succinic acid 

dehydrogenase (SDH). SDH is an enzyme which reflects 

oxidative potential, and has a high correlation to the 

endurance capacity of a muscle. 

Gleim, Nicholas, and Webb (1978) compared the Cybex II 

with isometric and isotonic methods in strength evaluation 
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after leg injuries. Patients were informed about the 

Institute of Sports Medicine and Athletics Trauma at Lenox 

Hill Hospital where testing was performed. Five motions were 

regularly tested: knee flexion, knee extension, hip 

abduction, hip adduction, and hip flexion at speeds of 30, 

90, and 180 degrees. These five areas were tested because 

they are the five proximal motions that represent the prime 

activity of most of the major muscles of the thigh. The 

pathological findings of such testing were knee problems 

(ligaments, and patello-femoral joint dislocations), foot 

and ankle problems, and back disorders. 

According to the Journal of American Medical 

Association (1978), since the date of its development in 

1970, the Cybex II has played a significant role in most 

professional football clubs and sports medicine clinics 

across the United States. However, the future expectations 

of this device are even more promising. Within a short 

period of time, the Cybex II shall be used in occupational 

injury evaluation, athletic screening, and verification of 

treatment results. The Dynamometer is capable of giving 

detailed profiles of the condition of selected muscle 
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groups. Not only is the Cybex II used to evaluate leg and 

knee injuries, it is also invaluable in diagnosing the 

extent of injuries, and determining how soon an athlete may 

return to action. The evaluation is accomplished by 

measuring the strength of the injured leg with that of the 

unaffected leg. Another main function of the Cybex II is in 

rehabilitating and training an injured limb. Specificity of 

training can also be achieved with this device. This machine 

has one major drawback; it measures only concentric 

strength, eccentric strength cannot be accurately measured 

by the Cybex II. 

Stagle (1979) discusses the importance of pre-testing 

the knee joint which is subject to more stress through the 

course of a day than any other joint in the body. Among most 

athletes, thoughts of a knee injury are constantly feared. 

The "classic" knee injury occurs when the knee is slightly 

flexed with the foot planted, and the upper leg is rotated 

inward creating a force that causes damage to the lateral 

side of the knee. The severity of knee injuries is 

contingent upon the amount of force applied to the knee 

joint and the strength level of the athlete. It is 
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important for athletes to maintain optimal muscular 

strength. Pre-testing the strength of the knee allows 

comparison and provides guidelines. Each football player at 

Penn State University was tested for muscular strength of 

the hamstring and quadriceps muscle groups. Using the Cybex 

II, the athlete was instructed to do three sets of eight 

repetitions with a minute rest between sets. After a 

comparison of quadriceps to hamstrings was made, if the 

athlete had a definite weakness in one knee, he was placed 

on a rehabilitation program. 

Hunter, Cain, and Henry (1979) reported on pre-season 

isokinetic knee evaluation in professional football 

athletes. The Cybex II was used by the Houston Oilers 

football team to identify players with low strength levels. 

Since low strength had been found to increase the 

susceptibility of knee injuries, the Oilers wanted a 

permanent record of hamstring and quadriceps strength 

values. With these records, after an injury, an accurate 

rehabilitation process could be assessed. Inadequate 

rehabilitation in one athlete showed that the non-affected 

leg had a maximum quadriceps peak torque of 258 foot pounds 
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and a hamstring maximum peak torque of 144 foot pounds. The 

injured leg had maximum quadriceps and hamstring peak torque 

values of 156 and 150 respectively. The disparity indicated 

a need for quadriceps rehabilitation. 

Hosier and Morrow (1980) compared the arm and leg 

strength values among 80 untrained men and two groups of 80 

well-trained women basketball players and 80 well-trained 

volleyball players. The Cybex II was set at 20 degrees for 

all testing. The results showed that untrained men were 

significantly stronger than well-trained women in relative 

strength; however, these relative differences were more 

obvious only in upper body strength. 

Steele (1980), in describing rehabilitation of the 

injured athlete, states that effective rehabilitation of an 

injury is important. When an athlete fails to fully restore 

the knee to its total capacity, the stress imposed upon the 

musculature frequently leads to further injury in the same 

part of the body. Repeated trauma to an injured site causes 

a slowed response to treatment. Specificity is important in 

rehabilitation because treatment for the athlete should be 
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specific to the conditions associated with that spo'-t. 

Physiotherapists often use isometric exercises for 

rehabilitation where active movement is painful. Under the 

proper circumstances, isometrics has demonstrated its 

effectiveness by increasing muscle tension throughout 

rehabilitation. With isokinetic training, the force 

generated by an injured athlete is matched by an equal, 

opposite resistance. This resistance changes according to a 

change in muscular force through the fjll range of motion. 

The accommodating resistance feature makes the dynamometer 

effective in knee rehabilitation. Certain factors must be 

regained before the knee is fully restored. Tinese factors 

are 1) strength 2) muscular endurance 3) power 

4) flexibility 5) speed of movement, agility, and rotation 

6) limb balance 7) muscular balance and 8) ligament 

stability. 

In summation, it is evident that the uses of tne Cybex 

II Dynamometer makes it a valuable machine. Specificity of 

speed of exercise (Moffroid and Whipple), the importance of 

endurance training after knee surgery (Costil et al.), the 

importance of pre-testing the knee joint (Stagla), knee 
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rehabilitation (Steele), and pre-season knee evaluati:'n in 

professional football athletes (Hunter et al,) are a few 

examples. These are a some of the researchers who owe much 

credit to this device, and there are others depending on the 

Cybex II for future advancements. 

Other Speed Components 

According to Fisher and Jensen (1972), some other fac

tors which influence speed are force and acceleration, soma-

totype, flexibility, age, sex type, speed-force relation

ships, temperature, and stride length. Stride length is an 

important speed component. 

Doherty (1980) describes the nature of a longer stride, 

considering factors such as a certain cadence, force, and 

relaxation. The length of the stride is important in both 

early and full speed acceleration. Therefore, in an attempt 

to increase the length of the stride, the person should nev

er overextend his leading foot for a longer strije. The 

stride is the product of a driving forward of tne enti'-e 

body. 
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Dyson (1976) describes how Hoffman examined the 

performances of 56 Olympic male sprinters and found that the 

average stride length over 100 meters was 1.14 times an 

athletes height or 2.11 times his leg length. Hoffman 

discovered that on the average, stride frequency diminished 

with an increase in height and leg length. The stride was 

longer, thereby decreasing stride frequency. 

deVries (1980), in his kinesiological analysis of 

running, supported the concept that improvement in running 

results from increasing stride length as opposed to the rate 

of motion. Efficient running, shown through photographic 

analysis, identifies high knee lift, longer running stride, 

and placement of feet beneath the runner's center of gravity 

as important characteristics. deVries states that "stride 

length is more important at lower speeds, while frequency 

becomes more important at higher speeds" (p. 454). 

In conclusion, viewing the importance of stride length, 

anthropometric measurements would seem to be necessary in 

analyzing speed components. The Nature of a longer stride 

(Doherty), the examination of Olympic sprinters (Dyson), and 
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strength, anthropometric, and speed characteristics of women 

volleyball players (Hosier, Morrow, and Jackson), are 

published sources which illustrate the need for 

anthropometric data. As a result, leg segment measurements 

were considered as part of this study. 



CHAPTER III 

METHODS AND PROCEDURES 

This chapter will discuss the Cybex II Dynamometer used 

in this investigation, as well as the measurement proce

dures, and data analysis methods. The chapter is divided 

into sections dealing with subjects, experimental design, 

apparatus, and data analysis. 

Subjects 

Twenty-two college male track and football sprinters volun

teered to serve as subjects in this investigation. All of 

the subjects were athletes at Texas Tech University and 

ranged between the ages of 18 to 22 years. Following appro

val of the Human Subjects Committee, all subjects signed an 

informed consent. The details and purpose of the study was 

explained to each subject. It should be mentioned that all 

subjects were familiar with the Cybex II and had been tested 

on the apparatus previously. The physical characteristics of 

38 



39 

the subjects as well as group torque means for both legs and 

both speed settings appear in Table 2. 

' ^ ^ ^ ^ ' ^ ' ^ ^ ' ^ ^ ^ ^ ^ ^ ^ N ^ x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x ^ ^ x x ^ x ^ 

TABLE 2 

Variables, Means, and Standard Deviations 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 

Variabl 
Entered 

age 
ht 
wt 
dash 
hip 
knee 
ankle 

R Quad 
R Ham 
R Quad 
R Ham 
L Quad 
L Ham 
L Quad 

es 

60 
60 

240 
240 
60 
60 

240 

Ms 

20.047 
71.904 
187.428 
4.668 

95.614 
52.761 
3,357 

181,047 
1 11,809 
92,095 
67.904 
177.309 
1 11 ,428 
89.619 

an 

years 
inches 
pounds 
second s 
cms, 
cms, 
cms, 
ft/lbs 
ft/lbs 
ft/lbs 
ft/lbs 
ft/lbs 
ft/lbs 
ft/lbs 

Standard 
Deviations 

1 .023 
2.300 

20,701 
0, 122 
4,497 
2,928 
1 ,236 

31.972 
19.265 
16,976 
16,493 
25.945 
20.377 
15.394 

L Ham 240 64,714 ft/lbs 16.368 
X X X X X X X X X X X N X X X X X X X X X X X \ X \ X X X X X X X \ \ \ X X X X X \ X \ X X \ X X X \ N X X N X \ X 

Experimental Design 

Testing was conducted over a one day period at the end 

of the Spring, 1931 semester. Each subject tooK 
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approximately 15 minutes to be tested. Since this study was 

concerned with establishing a positive correlation between 

hamstring muscle strength and sprint performance, each 

subject selected was capable of running the 40 yard dash in 

4,9 seconds or faster. The maximum isokinetic torque values 

were recorded by a Cybex II Dynamometer produced by 

Lumex,Inc,, located in the Industrial Engineering Building 

at Texas Tech University. 

Apparatus 

The Cybex II Dynamometer consists of the following 

three components: 1) Speed Selector 2) Dynamometer and 

3) Dual-channel Recorder, 

Speed Selector 

The speed selector regulates the velocity that the ma

chine's lever arm can be moved. The range of velocity speed 

settings are 0 to 300 degrees per second or 50 revolutions 

per minute (Figure 1), 
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Figure 1: Speed Selector 

Dynamometer 

The torque generated throughout a joint ran^e is mea

sured by the main unit of the dynamometer. Dor si f i ex io ̂. of 
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the ankle and extension-flexion movements at the knee joint 

are easily performed with the placement of the shin pad (at

tached to the lever arm of the dynamometer) above the ankle 

(Figure 2) . 
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F i g u r e 2 : Dynamometer 
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Dual-channel Recorder 

Torque curves generated when the subject moves the limb 

through the complete range of motion are recorded by tne 

dual-channel recorder. On the opposite side of the chart, 

angles of movement are simultaneously registered with torque 

curves. The dual-channel has torque and angle range scales 

of 30, 180, and 360 foot-pounds, and 150 to 300 degrees 

respectively (Figure 3)-
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Figure 3: Dual-Channel Recorder 

Testing 

The subjects were tested at the speed settings of 60 

and 240 degrees per second. Measurements were taken while 
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the subject was seated with the thigh tightly secured by a 

strap. The dynamometer was positioned laterally to the 

subject's knee with the axis of the dynamometer coinciding 

as closely as possible to the axis of rotation of the knee 

joint (Figure 4). An adjustable lever arm transimttted the 

force generated at the distal end of the leg to the dynamom

eter. Back pads were used (whenever necessary) to make sure 

that correct alignment of the axis of rotation was achieved 

(Figure 5). 

In using the Cybex II equipment, the muscular contrac

tion speed is governed by the speed setting of the machine. 

Regardless of how much force is exerted by the subject, the 

lever arm will not move faster than the set angular veloci

ty. On the other hand, if the subject exerts less force to 

the lever than is pre-set, no resistance will be encoun

tered. Therefore, optimal muscular exertion was mandatory. 

The importance of such an effort was explained to the sub

jects prior to testing. Using the Cybex II protocol, aach 

subject was required to perform three consecutive repeti

tions at randomly alternated speeds of 60 and 240 degrees. 

During the test, verbal encouragement was given to induce 
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Figure 4: Knee Alignment 

maximum efforts. Each subject was told that in order to 

achieve valid torque measurements of the hamstring and 

quadriceps muscle groups, he had to fully extend and flex 
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Figure 5: Use of Back Pads 

his legs as fast and hard as possible three times. It should 

also be noted that each subject underwent a session of 

static stretching emphasizing the musculature of the lower 
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leg. A trial test on the Cybex II served as a warm-up before 

the actual test. Anthropometric lengths of the hip, knee, 

and ankle were taken with an anthropometer (Figure 6). 

Measurements of the hip were taken from the top of the 

trochanter to the floor (Figure 7). The knee was measured 

from the axis of the knee to the floor (Figure 8). The ankle 

was measured from the axis of the ankle to the floor (Figure 

9). 
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Figure 6: Anthropometer 
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Figure 7: Measurements of the Hip 
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Figure 8: Measurements of the Knee 
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F i g u r e 9 : Measurements of the Ankle 

Data A n a l y s i s 

The g r e a t e s t t o r q u e v a l u e for bo th q u a d r i c e p s and 

h a m s t r i n g s was r e c o r d e d for each l e g u s i n g t h e Cybex I I r e 

c o r d i n g c a r d ( F i g u r e 1 0 ) . 
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Figure 10: Cybex II Recording Card 

The card was placed over the tracing shown to have the 

highest torque reading, and the zero baseline of the card 

was aligned with the baseline of the printout. The torque 
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value, in foot-pounds was then read from the Cybex II card 

(Figure 11). 
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Maximum values were recorded as the raw data. 

Anthropometric measurements, 40 yard dash times, and 

physical characteristic data were recorded by each subject's 

number. Appendix A contains the recorded torque values, age, 

height, and weight, the recorded measurements for the hip, 

knee, and ankle, and the 40 yard dash times for each subject 

in this experiment. 

The Pearson Product-Moment Correlation and the Multiple 

Regression techniques were used to analyze the data. The 

correlation technique was chosen to show if any relationship 

existed between the variables tested, while the multiple 

regression was used to identify which variables were the 

best predictors of running speed. 



CHAPTER IV 

ANALYSIS OF DATA AND DISCUSSION OF FINDINGS 

Introduction 

This chapter contains the procedures used for the ana

lysis of data, the findings, and a discussion of the find

ings. The analysis of data was been conducted in order to 

seek an answer to the five questions posed in Chapter I: 

1) Does a significant correlation exist between hamstring 

strength and dash speed? 

2) Does a significant correlation exist between quadriceps 

strength and dash speed? 

3) Does a significant correlation exist between 

anthropometric lengths and hamstring strength? 

4) Does a significant correlation exist between 

anthropometric lengths and quadriceps strength? 

5) Does a significant correlation exist between 

anthropometric lengths and dash speed? 

57 
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The Pearson-Product Moment Correlation and Multiple Re

gression methods were used to analyze the data. Before exa

mining the data, the two forms of analysis selected for tnis 

study will be discussed prior to presentation of the find

ings. 

Pearson-Product Moment Correlation Coefficient 

According to Nie, Hull, Jenkins, Steinbrenner, and Bent 

(1975), the Pearson-Product Moment Correlation Coefficient 

(symbol r), serves to identify linear regression. In re

search, rarely is a regression line found which perfectly 

fits the data due to either errors in data collecting, or 

because the true relationship does not quite fit the drawn 

curve. When there is a perfect correlation, r takes on a 

+1.0 or -1.0 value. When r is negative, it does not mean a 

bad correlation; more correctly it signifies an inverse re

lationship. Given w and z as variables, as w becomes lar

ger, z becomes smaller. When r is positive, the values of w 

and z tend to increase or decrease in the same direction. 

The researcher can safely assume there is little or n u 



59 

linear relationship between the two variables when r is 

close to zero. The Pearson-product satisfies a dual purpose. 

Not only does it denote a good linear regression 

relationship, but it also measures the strength and 

direction of the linear relationship between two variables. 

The Pearson-product square (r square) is also important 

because it measures the relationship of strength rather than 

the relationship of direction. 

Multiple Regression 

Nie et al. (1975), describes multiple regression as a 

descriptive tool used in a technique that allows the re

searcher to analyze the relationship between a dependent 

variable, and a set of independent variables to find the 

best linear prediction equation, while at the same time 

evaluating its accuracy. Multiple regression is important 

because it focuses upon the predictors of the dependent 

variable and the set of independent variables, but also per

mits the examination of the relationship between tne depen

dent variable and a specific independent variable. A step by 

step progression is used in multiple regression, and in eacn 
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step a variable is added to the examination and a composite 

correlation is given. The steps will equal the number of 

variables entered. 

Analysis of Data 

This investigation attempted to establish significant 

correlations between the compared variables. A significant 

correlation is one of sufficient magnitude to allow the re

searcher to say that it is significantly different than 

zero, statistically. 

Strength-Dash Speed Relationships 

The Pearson Product-Moment Correlation Coefficient was 

used to determine relationships between strength and speed. 

The .05 level of confidence was used in determining the sta

tistical significance of the correlations. Correlation coef

ficients of 0.0375 and 0.2365 were found to exist between 

the right and left hamstrings, respectively, and dash speed 

measured at 60 degrees per second. At the 240 degree speed 

setting, right and left hamstring strength to dash speed had 

correlation coefficients o -0.17298 and -0.2^63, 
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respectively. At 60 degrees, correlation coefficients 

-0.1683 and -0.1707 for the right and left quadriceps, 

existed between quadriceps and dash speed. At 240 degrees, 

correlation coefficients of -0.2419 and -0.3061 were found 

to exist between dash speed and the Vight and left 

quadriceps, respectively. Strength ratios of the hamstring 

and quadriceps muscles, when compared to dash speed, had 

correlation coefficients of -0.1031 and 0.0898 for the left 

and right legs, respectively, at 60 degrees, while at 240 

degrees, left and right correlation coefficients to dash 

speed were -0.0610 and 0.0562, respectively. None of the 

correlations was of a sufficient magnitude to be 

statistically significant. The correlation coefficients for 

these variables appear in Table 3. 
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TABLE 3 

Strength-Dash Speed Correlation Coefficients 

X X N X X X N N N X N X X X N N ^ ^ X ' > ' ' X X X > N N V N N N X X X X X X X X X X X X X X X X \ X X X X X X X \ X X 

Dash R Ham R Quad L Ham L Quad 

Sixty (60) degrees 

dash 
R Ham 
R Quad 
L Ham 
L Quad 

1.000 
-0.037 
-0. 168 
-0.236 
-0. 170 

-0.037 
1 .000 
0.696 
0.794 
0.523 

-0.168 
0.696 
1 .000 
0.741 
0.696 

-0.236 
0.794 
0.741 
1 .000 
0.632 

-0.170 
0.523 
0.696 
0.632 
1 .000 

Two hundred-forty (240) degrees 

Dash 1.000 -0.172 -0.241 -0.246 -0.306 
R Ham -0.172 1.000 0.712 0.846 0.526 
R Quad -0.241 0.712 1.000 0.747 0.773 
L Ham -0.246 0.846 0.747 1,000 0,770 
L Quad -0.306 0.526 0.773 0.770 1.000 

> > > N X N X X N N N N X X X X X X X X X X X X X X X X \ X X X X X X \ X X X X X X X X X X X X X X X X X X X X X X 

Anthropometric Lengths-Strength Relationships 

In comparing anthropometric lengths to hamstring 

strength, correlation coefficients of -0.1427, -0.0553, and 

0.2016 for the hip, knee, and ankle, respectively, existed 

when testing the right hamstrings at 60 degrees. Correlation 

coefficients of 0.0987, 0.1677, and 0.1637 were recorded 

when testing the left hamstrings at 50 degrees. At 240 



63 

degrees, correlations -0.0511, -0.0369, 0.0169 for the right 

leg, and 0.0494, 0.0520, -0.0612 for the left leg existed 

between the hip, knee, and ankle, respectively. In comparing 

anthropometric lengths to quadriceps strength at 60 degrees, 

correlations of 0.1422, 0.1475, 0.0771 for the right leg, 

and 0.3025, 0.4549, 0.2214 for the left leg, existed for 

the hip, knee, and ankle, respectively. Correlations of 

0.0244, 0.2948, -0.0212 for the right leg, and 0.1761, 

0.3269, -0.0696 for the left leg were found to exist for the 

hip, knee, and ankle, respectively, and quadriceps strength 

at 240 degrees. None of the correlations was of a suffi

cient magnitude to be statistically significant. The corre

lation coefficients appear in Table 4, 
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X N N N X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N X X X X X X X X X X X X X X X X X 

TABLE 4 

A n t h r o p o m e t r i c L e n g t h s - S t r e n g t h C o r r e l a t i o n C o e f f i c i e n t s 

X N X X X X X X X X X X X X X X X X X X X X X X X X X N X > N V X X X X X X X X X X X X X X X X X X X X X X X X X X 

M u s c l e / d e g r e e s Hip Knee Ankle 

L Quad 
R Quad 
L Ham 
R Ham 
L Quad 
R Quad 
L Ham 

60 
60 
60 
60 
240 
240 
240 

0,302 
0. 142 
0.098 
-0,142 
0. 176 
0.224 
0.049 

0.454 
0. 147 
0. 167 
-0.055 
0.326 
0.294 
0.052 

0.221 
0.077 
0. 163 
0.021 
-0.069 
-0.021 
0.061 

R Ham 240 - 0 . 0 5 1 - 0 . 0 3 6 0 .016 
N N ^ N \ X X % N N N % N N X \ N X - \ N \ N X \ N N \ \ N \ X X N N N \ \ X N X \ \ X N \ X N X X \ ' \ x \ \ \ \ X N 

Anthropometric Lengths-Dash Speed Relationships 

Correlation coefficients of -0.2278, 0.0462, and 0.2085 

existed between dash speed and hip, knee, and ankle, 

respectively. None of the correlations was of a sufficient 

magnitude to be statistically significant. Table 5 includes 

the correlation coefficients of the anthropometric lengths-

speed relationships. 
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^ • ^ X N > > N X X X X X X X \ X X X X ' ' ^ X X N X N X X X X X N X X X X X X X N X X X X X X X X X X X X X X X X X X 

TABLE 5 

A n t h r o p o m e t r i c Leng th -Dash Speed C o r r e l a t i o n C o e f f i c i e n t s 

^ • ^ x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 

Hip Knee Ankle 

Dash - 0 . 2 2 7 8 - 0 . 0 4 6 2 0.2085 
X N > X N X X X X X X X X X \ X X X X X X X X X X X X X X X X X \ X X X X X X X X X X X X X X X X X X X X X N X X \ 

Multiple Regression 

Another means of analysis used in this investigation 

was the Multiple Regression method. Age, height, and weight 

were also included in addition to dash speed, strength, and 

anthropometric variables. Multiple regression partials out 

specific variables (holding them constant), and in a step by 

step equation selects the ones which are the highest predic

tors of dash speed. Examination of the age-dash speed rela

tionship (rr .454), showed it to be the only variable in the 

study to be significant. Subsequent variables added to the 

equation resulted in a reduced standard error for the first 

six steps. The multiple correlation coefficient at tnat 

point was not high enough for prediction of individual 

scores. The multiple correlation finding of all 13 
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v a r i a b l e s , .86005 , was not s t a t i s t i c a l l y s i g n i f i c a n t a t the 

.05 l e v e l . M u l t i p l e r e g r e s s i o n f i n d i n g s appear in Table 6, 

X ' ^ ' V N X N X X X X X X X X 
^ ^ ^ ^ ^ X X ^ ' > X X X > X X X X N X X X \ \ X X X X X V N N V \ > N \ X X X X X N X X 

TABLE 6 

Multiple Regression of the Variables Entered 

X X X ' ^ X ' ^ ' ^ X N N X N \ X X X X X \ \ > X X X X X \ X X X X X \ X N X X \ X \ X X X X X X \ X X X X X X X X X X X 

or Variable 
Entered 
Age 
L Ham 
R Ham 
Ht 
Hip 
Ankle 
L Ham 
R Ham 
R Quad 
L Quad 
Knee 
L Quad 
R Quad 

60 
60 

240 
240 
60 
240 

60 
240 

Multiple R 

0,454 
0,574 
0.621 
0.645 
0.724 
0.793 
0.805 
0.813 
0.825 
0.334 
0.855 
0,853 
0.860 

R Square 

0.206 
0.330 
0.386 
0.416 
0.524 
0.636 
0.648 
0.662 
0.681 
0,695 
0.732 
0,736 
0.739 

STD Err 

0,03467 
0,00428 
0,0051 1 
0,02696 
0,01686 
0.06841 
0.00899 
0.00400 
0.00206 
0.00865 
0.04461 
0,00233 
0,00452 

(Constant) 
X X X X X X X X X X X X X X X X X X X N X X X X X N X X X X X X X X X X X X X X N X X X X X N X N N X X X X X X X X 

From results of the data collected and analyzed in this 

study, the following conclusions seem justified: 

1) There was no significant relationship between leg 

strength and dash speed. 
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2) There was no significant correlation between 

anthropometric lengths and dash speed, 

3) There was no significant correlation between 

anthropometric lengths and strength, 

4) The multiple correlation coefficient (r=.860) between 

speed and the 13 variables of leg strength, 

anthropometric lengths, and demographic data was not 

statistically significant at the .05 level. 

5) There was a significant linear correlation (r=.454) 

between age and dash speed. 

Discussion of Findings 

The findings in this study indicate no significant re

lationship between dash speed and any of the variables ex

cept age. Although age was selected as the first predictor 

of speed, it is circumspect due to recruiting. The correla

tions revealed that the older subjects were faster. The 

question which stands without an answer is: were the older 

athletes actually faster because of age, or because tney 

were a faster group of athletes that were recruited that 
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particular year? All of the following researchers found age 

to be significant. Gilliam et al. (1979), in their study 

measured the knee flexor and extensor torque values in 115 

high school football players. Their study determined that in 

the sport of football, torque values differed with age and 

position. In the present investigation, it should also be 

noted that age was the only variable to have a statistically 

significant relationship with speed in the 40 yard dash; the 

correlation coefficient of .454 was significant for 

scientific purposes. 

Murray et al . (1977), tested for :naxi:num knee flexor 

and extensor contractions under isokinetic loads in two 

healthy male groups ranging from 22 to 35 and 45 to 55 years 

of age, respectively. They found that the extensor values 

were significantly higher for those subjects who were in the 

young age group. However, the average torque values for the 

knee extensors in the present investigation were 

approximately the same for both the young and old subjects. 

In another study by Murray et al.(1980), the strength 

of isometric and isokinetic contractions of the knee flexc^ 
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and extensor muscles in 72 men ranging from 20 to 86 years 

of age were measured. The investigators concluded that 

strength in the younger men was significantly higher than in 

the older men . 

The findings of this study indicated there was no 

significant relationship between speed, leg strength, and 

anthropometric lengths. However certain other observations 

were revealed through this study, deVries (1980) concludes 

that leg strength and stride length are definite factors 

which contribute to running speed. On the other hand, Fisher 

and Jensen (1972), and Wells and Luttgens (1976), emphasize 

other factors essential to running speed. Muscle fiber 

composition, neuromuscular coordination, high knee lift, 

proper running mechanics, stride tempo, the angle of puii of 

a muscle, the length of a muscle, and tne velocity of a 

muscle as it shortens--are all important factors in running 

speed. Although age was the only variable found to have a 

significant correlation to dash speed in this study, the 

above eight factors were not focused upon. Even age cannot 

be said to be a good predictor of running speed, but Tiô e 

accurately, this study is saying that of all tne va-iables 



70 

considered, age was the only one that was significantly 

different than zero. The age-dash speed correlation 

coefficient of 0.454 is still quite far from the +1.0 or 

-1.0 correlation sought after. Moreover, a closer look at 

the number, and kind of subjects used in this investigation 

deserves additional comment. Although being a relatively 

small sample size, they were a homogeneous group; they were 

all relatively strong, fast, and exceptional athletes at 

Texas Tech University. The subjects had a mean 40 yard dash 

time of 4.6 with a standard deviation of 0.122. Examining a 

group of athletes of this caliber aided in the difficulty in 

finding significant correlations. A study using a 

heterogenous group of athletes with a wider range of 40 yard 

dash times, anthropometric lengths, and knee flexor and 

extensor torque values might reveal different results. Other 

researchers do consider hamstring and quadriceps strength 

important factors in running speed (Fisher and Jensen, 1972; 

deVries, 1930). Muscular balance is important in preventing 

leg injuries, even though this study did not substantiate 

the proposed hypothesis. This investigation was not so 

conclusive to suggest that future studies in this area would 

not yield significant findings under different conditions. 



CHAPTER V 

SUMMARY 

Purpose of tne Study 

The purpose of this study was to determine what factors 

contribute to 40 yard dash running speed. This study focused 

upon the following comparisons: 

1) Hamstring strength to speed 

2) Anthropometric lengths to hamstring strength 

3) Anthropometric lengths to quadriceps strength 

4) Anthropometric lengths to speed 

The Cybex II Dynamometer was used to measu-^e :naxi:aal 

isokinetic torque values in 22 male track and football 

sprinters at Texas Tech University, The Cybex II is a three 

component device comprised of a speed selector, a dynrno.ne-

ter, and a dual-channel recorder. 
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The findings of this investigation were listed earlier 

in the Discussion of Findings section. The relevance of 

these findings became clearer when describing the 

homogeneous nature of the subjects that were examined. More 

insight was added when the findings of other researchers 

were disclosed. The concluding findings of this study will 

follow in the next section. 

Findings 

1) There was no significant relationship between leg 

strength and dash speed. 

2) There was no significant relationship between 

anthropometric lengths and strength. 

3) There was no significant relationship between 

anthropometric lengths and dash speed. 

4) The multiple correlation coefficient (r= .360) between 

speed and the 13 variables of leg strength, 

anthropometric lengths, and demographic data was not 

statistically significant at the .05 level, 

5) There was a significant linear correlation {^z .45^) 

between age and dash speed. 



3 

Conclusion 

When viewing the data presented, it can be stated that 

based on the results of this investigation, leg strength and 

anthropometric lengths did not have a statistically signifi

cant relationship with the 40 yard dash speed of a homogene

ous group of college male athletes. Age was shown to be the 

only variable (out of 13) to have a significant correlation 

to dash speed, but it was only significant enough to tell 

the researcher that it was different than zero, not a high 

enough correlation to predict running speed with any degree 

of confidence , 

Recommendations For Future Study 

A larger sample size should be used emphasizing a het

erogeneous group of subjects with a wider range of 40 yarj 

dash times, leg strength, and anthropometric lengths. Anotn-

er interesting study would focus upon a select group of hom

ogeneous female college athletes who are extremely fast, 

strong, and similar in size, to see if similar results shown 

in this study using males would hold true for females. k 

researcher could also consider studying isokinetic leg 
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t r a i n i n g to i d e n t i f y i f i t would s i g n i f i c a n t l y improve 

runn ing speed . 
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1978, 49(1), 88-90, 



77 

Katch, F., McArdle, W., Pechar, G., & Perrine, J. Measuring 
leg force-output capacity with an isokinetic 
dynamometer-bicycle ergometer. Research Quarterly, March 
1974, 45(1), 86-91. 

Lesmes, G. , Costil, D., Coyle, E., & Fink, W. Muscle 
strength and power changes during maximal isokinetic 
training. Medicine and Science in Sports, Winter 1978, 
10(4) , 249-"^55: 

Miller, J., Sherman, W., Costil, D., & Maxwell, B. Factors 
influencing fatigue during repeated isokinetic 
contractions. Medicine and Science in Sports and 
Exercise, 1980, J[2(2) , Î TT 
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APPENDIX A 

RAW DATA 

60 degrees 240 degrees 

Age Ht Wt 40 Hip knee ankle RQ LQ RH LH RQ LQ RH LH 

01 21 72 191 475 966 533 106 220 148 90 94 163 134 86 83 

02 21 70 174 454 974 546 90 128 98 84 66 182 96 106 68 

04 21 74 168 470 1008 542 94 174 78 72 42 172 72 44 20 

05 21 72 180 466 959 505 75 148 110 84 62 140 108 78 64 

06 20 76 230 480 1012 553 69 170 94 98 62 176 108 104 76 

07 21 72 173 460 898 491 70 176 120 90 74 164 106 84 66 

08 19 75 202 480 986 541 94 200 132 96 68 210 116 88 62 

09 19 76 226 465 1027 597 110 136 122 120 76 224 132 112 78 

10 20 73 210 460 1002 559 96 184 116 66 24 178 108 86 38 

11 20 70 185 445 982 548 80 202 110 108 76 190 124 104 76 

12 20 73 205 440 1000 531 82 222 126 104 96 196 156 96 86 

13 19 72 182 465 953 506 73 200 10*8 96 68 158 100 88 66 

14 19 67 185 468 850 454 68 166 112 72 56 172 102 78 54 

14 22 69 143 465 921 500 75 104 80 66 54 118 80 74 oO 
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16 21 73 200 460 

17 21 71 180 456 

18 20 69 205 470 

19 20 72 185 474 

20 19 70 173 480 

21 18 73 172 490 

22 19 71 167 480 

946 

960 

910 

971 

933 

927 

894 

517 

539 

512 

532 

530 

537 

507 

68 

70 

86 

92 

83 

88 

86 

230 138 128 90 228 136 120 86 

198 100 98 64 186 96 94 54 

220 128 118 80 196 140 100 84 

144 86 90 76 148 90 86 72 

186 102 90 60 188 114 88 58 

168 102 80 66 168 108 80 54 

176 138 84 72 172 114 86 54 


