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ABSTRACT

Title of study. The Effect of Quadriceps Development
on Sprint Running Time.

Statement of problem. To evaluate the influence of pro-
gressive resistance exercise on quadriceps development and

sprint running time.

Methodology. Two groups of four subjects each matched
in seventy-five yard sprint times were tested in this study.
The experimental group consisted of two freshmen track candi-
dates and two members of & track and field class. The experi-
mental group participated in a progressive resistance exercise
program. This prbgram consisted of meeting four days a week
and performing a knee extension exercise for both right and
left lega. At the end of each week a 1 R.M. was determined
and recorded.

The control group consisted of one freshmen track can-
didate and three members of a track and field class who did
not participate in progressive resistance exercise. All sub-
jects participated in daily track fraining and were tested
Wednesday and Friday of each week for seven weeks. A two
‘week layoff was brought about because of a between term
school vacation and took place between week four and week
five.
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The testing program consisted of measuring each Wednes-
day, thigh girth development and tension strength. ZFriday was
set agide for testing seventy-five yard dash times and also de-
termining and recording of one R.M. for the experimental group
only. The data was presented graphically and tested statisti-
'cally by the analysis of variance. When "F" values were
gignificant, small sample "t" testswere utilized to further
analyze the data.

Conclusions. The following conclusions are drawn from
the basis of the data presented in the study. Any interpreta-
tion of these conclusions should be in light of the limitations
of the study.

1. frogressive resistance exercise even above the
weight loads used in knee exercises had no deleterious effect
on sprint running times in either the twenty or seventy-five
yard dashes. The trends, in fact, were toward faster times
but insignificantly so.

2. No significant differences between groups were
found in knee extension strength, as measured by the cable
tensiometer.

3. fThere was a significant increase (F = 12.1 and
32.5 at the 1% level) in one R.M. values, from initial to
final test, in the experimental group. On the basis of the
present study no conclusions can be drawn &s to whether this

significant increase was due to running or weight training.
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CHAPTER I
INTRODUCTION

Knee injuries have long been a threat to athletes. The
knee is one of the weakest joints in the body for the pressﬁro
put on it and for this reason, many athletes are plagued with
knee injuries. Progressive resistance exercise has been one
of the more successful clinical approaches to stabilize weakened

knees.

Statement of the problem. To evaluate the influence of

progressive resistance exercise on quadriceps development and

sprint running times.

Need for the study. The effect of progressive resgist-

ance exercise on sprint running time has not been established.
The question of how much progressive resistance exercise can
be given an individual without slowing him down has been a
constant problem to the clinical people, coaches, trainers,
and the athletes.

:DeLorme1 has pointed out that quadriceps muscles to be-
come powerful enough to maintain the stability of the knee
without help of the ligament, must have greater than normal

1 T. L. Delorme, "Restoration of Muscle Power by Heavy
Reszstance Exercise," The Journal of Bone and Joint Surge
27: October, 1945, p. 656.




power built in the involved extremity. Therefore, extremely
heavy resistance must be used in cases dependent on muscular
support of the knee. It is hoped this study, in a small way,
will contribute insight to the amount of weight which can be
safely used with athletes dependent on running speed.

Limitations of the study. 1. Size of samples. This

study was performed with four experimental and four control
subjects matched on seventy-five yard running times.

2. Psychological factor. It is difficult to determine
whether the subjects are performing maximum lifts or running
maximum speed. It is felt, however, errors of this type are
at a minimum.

3. One R.M. measure. The one R.M. has its limitations
as & means of & strength measurement, principally due to the
difficulty in determining exactly when the knee is straight.

4. Control group. A maximum contraction was per-
formed once per week on the tensiometer which has some bearing
on increased strength, therefore, adding some bias to the data.

Definitions. The following are defined briefly for
use in this study.

Progressive Resistance Exercise - For use in this study,
the term progressive resistance exercise refers to load-
resisting knee extension exercise. A boot attached to a
short bar on which weights are placed, is strapped to the

foot and used to exercise the quadriceps muscles.



3

Load-Resisting Exercises - "This term (load-resisting
exercise) refers to those in which the exercise load resists
the muacle."2

Ten R.M. - The maximum weight which can be lifted cor-
rectly for ten repetitions.

One R.M. - The maximum weight which can be lifted to

complete knee extension once.

2 T. L. Delorme and A. L. Watkins, Progressive Resistance
Exercise, (New York: Appleton-Century-Crofts, lmc., 1951, )

Pe ' -



CHAPTER I1I

RELATED LITERATURE

Nowhere in the human body is the functional
integrity of a joint so dependent upon muscle
support as it is in the knee. It is true that
with a weak quadriceps muscle the individual pay
be denied very few ordinary daily activities.

Introduction to progressive resistance exercise.

DeLorme and W'atkins2 pointed out that progressive resistance
exercise principles and technices as they are now employed
therapeutically had their inception in World War II. Due

to the urgent need for hospital beds and speedier rehabili-
tation of the wounded, this type of exercise was developed in
Gardiner General Hospital, Chicage, Illinois, in the spring of
1944.

Delorme, West, and shiber3

studied the effect of pro-
gressive resistance exercise on the knee following femoral

fractures of soldiers at Gardiner General Hospital. It was

1 T. L. Delorme and A. L. Watkins, ogressive Resist-
;?cezEfercigg, (Nev !brk? Appleton»CenturyE%rofie, Inc,, 1991),

2 Ibido, ppo 1"'50

3 @, 1. DeLorme, F. B. West, and W. J. Shiber, "Influence
of Progressive Resistance Exercise on Knee Function Following
Femoral Fractures," The Journal of Bone and Joint Surgery,

32-As October, 1950, p. 910.
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determined that progressive resistance exercise had aided in
faster recovery and more rapid restoration of muscle power.

The scope of progressive resistance exercise
hag steadily widened since its inception with
rehabilitation of veterans of World War II.4
The age limits of progressive resistance exercise applieations
have been extended to include, not only the army age group, but
the very young and the agod.s
The old term of heavy resistance exercise led to much
false interpretation as found by DeLorme and Watkins.6~ The
false interpretation that only great poundage was used and that
a muscle initially must have nearly normal power, led to the

change in name to progressive resistance exercise.

furpose and need for proggeaeivo.resistanco exercise.
Progressive resistance exercise is used, primarily, for in-
creasing strength. This exercise is based on the sound phys-
lological principle that in order to rapidly improve muscular

strength, one must contract against a resistance which will

4 T. L. Delorme, *Recent Developments in Progressive
Resistance Exercise,®" American Academy of Orthopedic Surgeons

Instructional Course Lectures, pter VIII, Progressive
Resistance Exercise, or, Michigan: J. W. Edwards, 1950),
Pe 225. .

5 Ibid.

6

T+« L. Delorme and A. L. Watkins, "Technics of Progressive
ggzéstanceegxercise,' Archives of Physical Medicine, 29: May,
’p020 .
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elicit a near maximal voluntary effort. The resistance must

be progressively increased.7

DcLormaa found exercise to be essential in restoring

function to muscles, which were weakened and atrophied as a
result of injury and disease.
Delorme states:
Most injuries of the thigh and knee result in
atrophy of quadriceps of varying degree. When
the local injury has healed, redevelopment of
quadriceps power is the most important factor in
restoring normal function of the extremity.9
Gallagher, Andover, and DeLormelo note that the tend-
ency for knee injuries to recur is known and that it is all
important to combat the atrophy and hypotnia of the extensor
muscles of the thigh. It is further stated:
Progressive resistance exercise can featore
the power lost, and can produce a much greater

strength in the supporting muscles thailthey
possessed prior to the incited injury.

7 A. L. Watkins, "Practical Applications of Progressive
Resistance Exercise," Journal of American Medical Association,

148: February, 1952, p. 443,

8 ?. L. Delorme, "Restoration of Muscle Power by Heavy
Resistance Exercise,® The Journal of Bone and Joint Surgery,
27:s October, 1945, p. 645.

9 pvia.

10 J. R. Gallagher, Andover, and T. L. Delorme, *"The
Use of the Techniques of Progressive Resistance Exercise. in
Adolescents," The Journal of Bone and Joint Surgery, 31:

October, 1949, p. 847.
11

Ibid.



7
Robertson and Hawklz point out the knee joint is not
a simple hinge and that the quadriceps are the most active
stabilizers of the joint.
There seems to be ample evidence in the litera-
ture, and in our own experience, to prove conclusive-

ly that the quadriceps muscle group {3rms the first
line of defense against knee injury.

Exercise effects on muscle. Wakim 4 pointed out that

exercises which are regular and systematic, and of heavy
nature will tend to thicken and toughen the sarcolemma of
muscle fibers and increase the amount of connective tissue
within the muscle. There is an increase in muscle size, but
not an increase in the number of muscle fibers. Delorme and
Watkina15 further emphasize that there is an increase in the
number of capillaries, and the content of muscle hemoglobin,
phosphocreatine, and glycogen.

When systematic progressive exercise is carried on for

a sufficiently long period of time, &bility to do work is

12 p, 5. Robertson and J. M. Hawk, "Corrective Therapy
in the Surgical Knee," The Journal of the Association for
2h¥pical and Mental Rehabilitation, Vol. 6, No. 1, September-
October, 1952, p. 7.

13 Phe Knee, (Gardner, Kansas: The Cramer Chemical
Company, no date) p. 23. .o

14 K. G. Wakim, "The Physiological Aspects of Thera-
peutic Physical Exercise,® The Journal of the American Medical
Association, 142: 2: January 14, 1950, pp. 104-105.

15 p. L. DeLorme, and A. L. Watkins, Qp. Cit., p. 14.



augmented.l6

It is further determined that when graphed
against time, the slope gradient of the training curve will
vary from individual to individual as well as the peak de-

velopment attainable.

Studies related to weight training. Chuil? studied

twenty-three subjects engaged in weight training two to three
times weekly for one hour, compared with twenty-two subjects
participating in a required physical education program. The
study hoped to ascertain some pertinent facts covering the
effects systematic weight training bhad on athletic power.

The weight training subjects showed & slight improvement

over the required physical education group in body weight,

the Sargent jump, the eight and twelve pound shot put, and
sixty yard dash. In the sixty yard dash the weight training
group improved speed of 0.33 seconds. The mean improved from
7.2 to 7.57 seconds. One subject lost in speed 0.l seconds.
The physical education group's speed went from 8.05 to 8.1
seconds showing loss of speed of 0.05 seconds. Chui concluded
that the subjects engaged in weight training improved over the
control group and that results indicated the probability of

16 T. L. DeLorme and A. L. Watkins, Loc. Cit.

17 gaward Chui, "The Effect of Systematic Weight Train-
ing on Athletic Power," Research Quarterly, 21' oCtober, 1950,
pp. 188-194.
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increasing speed through systematic weight training, although
no statistical significance was shown.

Capen.l8

in a similar experiment compared a weight
training group to a required physical education group. The
weight training group showed greater general improvement'in
muscular strength, although there were no statistically sig-
nificant differences between the two groups in muscular strength
(McCloy's Revision), muscular endurance (chinning, push-ups,
sit-ups, and squat jumps), and circulo-endurance (300 yard
shuttle run) or in athletic power. The weight training group
did, however, excel the required physical education group in
all final scores, though not significantly due to the differ-
ence in initial scores. Capen concluded that the weight train-
ing group improved more in speed evenis than the required
physical education group.

Zorbas and Karpovich19 studied six hundred men, ages 18
to 30 years, in an effort to determine the effects of training
with weights on speed of muscular contraction. Two groups were
used, the control group consisted of 300 men who never indulged
in weight training, the experimental group consisted of 300
men who had participated in weight training for a minimum of
gix months and still were engaged in this activity.

18 E. K. Capen, "The Effects of Systematic Weight Train-
ing on Power, Strength, and Endurance," Research Quarterly,
21: May, 1954, pp. 83-93. )

13 W. S. Zorbas and P. V. Karpovich, *"The Effect of
Weight Lifting upon the Speed of Muscular Contractions,®

Research gQuarterly, 22: May, 1951, pp. 145-148.
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A specially constructed apparatus for recording speed
of rotary movements of the arm was used for measurement.
Each group had two trials with three minutes of rest between
tests. The lowest recorded time in seconds was used.. The
weight lifting group was concluded to be faster in speed
than the non-lifters, although no statistical significance
was shown.

20 gtudied the effects

Delorme, Ferris, and Gallagher
of progressive resistance exercise on muscle contraction time.
Elbow flexion and knee extension were studied in ten adolescent
boys. Two groups cgnsisting of five boys in an exercise group
and five boys as controls were used. The exercise group was
given progressive resistance exercise foﬁr times a week for
four months. Elbow flexion and knee extension was measured
on an electric clock calibrated in and accurate to within
1/100ths seconds. One R.M.'s were determined for biceps,
knee extension, and hip-knee extension, while circumferential
upper arm and thigh measurements at the beginning and end of
the experimental period were taken. It was concluded that
following the progressive resistance exercise period there

was an increase in circumferential measures and a consider-

able increase in knee extension and elbow flexion one R.M.

20 T?. L. DelLorme, B. G. Ferris, and J. R. Gallagher,
wEffects of Progressive Resistance Exercise on Musuclar
Contraction Time," Archives of Physical Medicine, 33:
February, 1952, pp. 86-92.
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The results of the post-exercise contraction time tests showed
no evidence of slower times for the exercise group. No statis-
tical eignificance was shown in this study.

lilkin321 tested three groups as a means of finding
the effects of weight training on speed of movements. The
first group consisted of an elementary ieight lifting class
with no previous experience; the second group was made up of
chronic weight lifters with an average of two and a half years
experience; thé third group,'a control group, was taken from
an elementary swimming class and a golf class.

All groups were tested on an arm movement recording ap-
paratus. A bicycle crank with & radius of 7-1/4 inches was
mounted on & frame and attached to the wall. The axis of the
crank was 58 inches from the floor. There was no resistance
other than the ball bearings used. Hand grips were made from
the taped pedal sleeves. An electric counter set at fifteen
second intervals was used to count the number of revolutiens
the subjects made. Both hands were used. The elementary
weight lifters and the control group improved the same fron
the first test to the retest. The trend of data appears to
be toward weight training improving speed.

21 B, M. Wilkine, "The Effects of Weight Training on
Speed of Movement," Research Quarterly, 25- October, 1952,
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working with
three groups; a beginning weight lifting class, a volley
ball class, and a sports lecture class, studied the effect

Masley, Hairabedian, and Donaldaon22

of systematic weight training on coordination and speed of
movement. Speed was determined by twenty-four clockwise

revolutions of the arm in a frontal plane in seconds. The
apparatus used was similar to the hand crank of Zorbas and
Karpovich.23

at a copper disc for speed and accuracy. Strength was tested

The coordination test consisted of a foil test

by McCloy's revision of Roger's Strength Index. The weight
training class improved in strength, speed, and coordination
over the two other groups, although no statistical significance
was shown.' It was concluded that weight training had no ap-

parent deleterious effect on the subjects.

22 5, W. Masley, A. HBairabedian, and D. N. Donaldson,
uWeight Training in Relation to Strength, Speed, and Coordina-
tion," Research Quarterly, 24: October, 1953, pp. 308, 315.

- 23 4. S. Zorbas and P. V. Karpovich, Qp. Cit., pp. 146-



CHAPTER III
RESEARCH METHODS

This study was designed to determine the erfoctlof pro-
gressive resistance exercise on quadriceps development and
sprint running time. In addition to determining the effect
of progressive resistance exercise on sprint running time, it
wag hoped that some determination could be made of the amount
of quadriceps weight training which could be safely given
athletes dependent on running speed without being deleterious
to them.

I. SOURCE OF DATA

Method. The experimental method of research was used

as diagramed:

Experimental group !] T2

Control group Ql 12 Ta 14

The subjects were matched on their respective seventy-
five yard times. The times used for matching purposes were the
best of two trials.

Selection of meagures. The twenty, as well as the
seventy-five yard dash, was used to gain further insight into
the effects the weight training had on sprint running. The

cable tensiometer strength measure was utilized for both groups
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and the one R.M. measure as an additional strength measure

for the experimental group.

Selection of subjects. A large number of subjects were
tested a8t the beginning of the experiment. The subjects fi-
nally selected consisted of Michigan State Uhivereity fresh-
men track candidates and members of an individual athletic
(track and field class) physical education class. Two groups
of matched subjects in seventy-five yard dash time were se-~
lected from these tests.

The experimental group consisted of two freshmen track
candidates and two members of a track and field class. The
control group consisted of one freshman track candidate and
three members of a track and field class. All subjects were
participating in training for track.

The experimental factor. A progressive resistance ex-

ercise program for quadriceps development was set up for each
subject in the experimental group. The program consisted of
the experimental group meeting four days a week and performing
knee extension exercise on both right and left legs. The ex-
ercise was accomplished by determining the one R.M. for each
subject, subtracting five pounds, and having the subject 1lift
this weight for three sets of ten repetitions with a rest be-

tween each set.l

1 K. K. Klein and E. Johnson, "Research: A Methed of
Determining the Maximum Load for Ten Repetitions in Progres-
sive Resistance Exercise for Quadriceps Development,® Journal
of ghxsical and Mental Rehabilitation, 7: July-August, 1953,
p. L ] .
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The control group did not participate in any weight
training program but merely performed in their track train-

ing program.

Testing routine. All subjects met Wednesday of each
week for festing on the following measures: 1) thigh girth
measurement, 2) cable tension strength (right and left leg),
and Friday for testing, 3) maximum strength (experimental
group), 4) twenty yard dash, and 5) seventy-five yard dash.

The experiment was conducted for seven complete weeks
with a two week layoff between week four and week five. The
two week layoff was principally brought about because of a
between school term vacation. At the end of the two week lay-
off, training and testing was resumed. The experiment was
stopped at the end of seven weeks on the recommendation of Dr.
I‘.ourig,g team physician at Michigan State University, because
of his feeling that the heavy weights (190 pounds) being used
in the progressive resistance exercises (unilateral) might

cause & slipping of the tibial tuberosity.

2 James Feurig, M. D., Team Physician, Michigan State
University.
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II. TESTING TECHNIQUES

Thigh girth measurement. The eight subjects were meas-
ured for quadriceps girth development of both right and left

legs. An anatomical mark was determined s8ix inches above the
patella and was held constant throughout the study. The sub-
jects were instructed to stand and set the quadriceps muscles.
The measurement was taken with a tape measure and the circum-
ference of each leg was read in inches. The measurement was

made with the tape tight over contracted muscles.

Cable tension strength. Cable tension strength meas-
ures were made exactly as described by Clarke.3
l&2) Clarke4 found the coefficient of objectivity for this

test to be between .92 and .97.

See Figures

Strength measurement (One R.M.). Each of the experi-
mental subjects were measured weekly for maximum strengih by

one R.M. knee extension lift. A one R.M. was determined for

both the right and left leg. The one R.M. determination was

performed as prescribed by Klein and Johnaon.5

5 H. H. Clarke, Cable Tension ;treggth Tests, (Chicoppe,
Massachusetts: Brom"murfhy CO., Ig52 s PPe

4 H. H. Clarke, "Objective Strength Tests of Affected
Muscle Groups Involved in Orthopedic Disabilities,® Research
Quarterly, 19: May, 1948, pp. 118-147. )

5 K. K. Klein and E. Johnson, Loc. Cit.



17

FIGURE 1
TIMING EQUIPMENT USED DURING THE EXPERIMENT
Back row: Starting blocks attached to platform.
Front row: Photoelectric Unit and Timing Unit.
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FIGURE 2

CABLE TENSION STRENGTH TEST EQUIPMENT
USED DURING THE EXPERIMENT

Back row from left to right: Tensiometer and goniometer.
Front row: Pulling strap with wire and chain attached.
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Twenty and seventy-five yard dash. The eight subjects

each Friday were tested for time in both the twenty and seventy-
five yard dash and the time was recorded.* Each subject ran
three twenty-yard dashes, one at a time, and an average of the
three times were recorded. The seventy-five yard dash was re-

corded by taking the best time of two trials.

Piming device. The timing device developed by Montoye,
et al.,6 was used. The subject took his position on the start-
ing blocks, depressing & micro-switch. A pre-set button on the
timer was set and as the subject left the starting blocks the
depressed micro-switch released, starting the electric timer.
As the subject crossed the electric eye beam, at the finish
line, the current was cut stopping the electric timer. By
testing in this manner starting times were not involved, only

running times were recorded.

Method of exercise. Knee extension with overload pro-
duced by boot with weights was used as described by DeLorme7,
with the following exception: A maximum single lift capacity

was determined for each of the four subjects on right and left

* See Appendix

6 H. J. Montoye, et 8l., "An Electric Track and Reaction
Timer," FIEP-Bulletin, 2: 1954, pp. 1l=-6.

7 T. L. Delorme and A. L. Watkins, "Technics of Progres-
sive Resistance Exercise," Archives of Physical Medicine, 29.
May, 1948, p. 263.




FIGURE 3
MEASURING CABLE TENSION STRENGTH

20
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FIGURE 4
TIMING UNIT
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FIGURE 5
PHOTOELECTRIC

UNIT
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legs. Five pounds were deducted from the single lift to ac-
quire ten R.M. capacity.8

All subjects participated in the track training pro-

gram.

Statistical technique. The differences between the ex-

perimental and control groups and the differences within the

groups from the initial through the final test were evaluated

using the analysis of variance technique.9
Where the analysis of variance results were found to

be significant, small sample “t® 10 tests were utiliged to de-

termine which differences were significant.

8 K. X. Klein and E. Johnson, Loc. Cit.

9 A. L. Edwards, Statistical Analysis, (New York:
Rinehart and Company, 1946), p. 207.

10 1pid., pp. 174-1T6.



CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA

The preceding chapters have discussed the statement of
the problem, needs for the study, related studies, and the
methods used in collecting the data. This chapter will give
the results of the study indicated in the procedure described
in Chapter III.

The purpose of this study was to evaluate the influ-
ence of progressive resistance exercise on quadriceps develop-
ment and sprimt running time. Because many believe that weight
training is deleterious to speed, this study also hoped to de-
termine the amount of progrgssive resistance exercise which

may be given athletes dependent on running speed.

Methodology. The subjects used in this experimental
study were divided into an experimental and control group.
Four subjects were placed in each group, individually matched
on their respective seventy-five yard sprint time.

The experimental group only participated in a weight
training program, consisting of knee extension exercises.

Both groups remained on & track training program. The testing
program consisted of the following meagures: 1) thigh girth
meagures, 2) cable tension strength (right and left leg),
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3) maximum strength (experimental group only), 4) twenty-yard
dash, and 5) seventy-five yard dash. All measures were taken

weekly for seven weeks.

Ireatment of data. A4ll resulte were tabulated and dif-
ferences within the groups from T, through T4 were evaluated
using the analysis of variance technique. The small sample
mt® test was utilized for further analysis in all cases where

the "F" values were significant.

Presentation of data. The data is presented graphical-
ly and discussed as to the trends, findings, and statistical
significance. The presentation is d;vided into two categories
(I) the testing results, and (II) discussion.

I. TESTING RESULTS

Seventy-five yard dash reaul?s. The results of the
seventy-five yard dash are shown in Chart I.

The differences from él to !4 for each group were compared
using the "F" test and were found not to be significantly
(F = 1.11 with 3 df) different. The "F® value computed on
the experimental group's data alone also was not significant
(F = 8.43 with 12 daf).
| In the limitations of the study, Chapter I, it was
brought out how difficult it is to determine whether the sub-
jects are performing maximum lifts or maximum running speed.
The psychological factor seems to be evident in this study.
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Pwo subjects of the experimental group are questionable, al-
though they stated they were performing maximum lifts and
running maximum speed, the writer questions their performances.
This observation, however, may or may not be correct. While
the data bear it out, it is entirely possible that they were
performing their best at the time but that there was inadequate
motivation to stimulate them to better porformanced. An
analysis of variance was calculated for between row values
(subject's repeat test values), for the seventy-five yard dash.
The *¥* value found in this analysis of variance was 4.57, sig-
nificant at the 5% level. The significance holds little mean-
ing for the over-all study other than to substantiate the
writer's observation as to the differences in subjects.

It is important to remember, however, that although no
statistically significant improvement was found in the seventy-
five yard dash results, the experimental group did not slow

down in their time. The effects of progressive resistance ex-

ercise were not deleterious to them. The trends, in fact, are

in the opposite direction (faster times) but not significantly
8o in this study.

Twenty yard dash results. The results of the twenty
yard dash can be seen in Chart II, page 27.

The "F"* value found in differences between groups was
not significant (F = 1.32 with 3 df). The small sample "t"
value also calculated for the experimental group only yiélded
& value of 3.31 not significant at the 5% level.
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The small sample ®*t" test was worked out for the
writer's interest in the twenty yard dash. The "t% value
obtained in the T, Versus 7, in analysis for the experimental
group wag 6.0, significant at the 1% level. Comparing the 14
results of the experimental group and control groups, a small
sample "t" value of 3.95 (3 df) significant at the 5% level
was obtained. The "t" test results in this study are confusing
as the significance obtained in the small sample "t" tests were
due not to significant differences in the mean, but rather be-
1 An indication of
this was shown in the between row wFr* test analysis of the

cause o0f the differences in the variances.

seventy-five yard dash data.

In the twenty yard dash results as in the seventy-five
yard results, & slight, but insignificant change was noted in
the experimental group's speed. The mean score for the experi-
mental group between T, and T, in twenty yard dash times were
2.85 to 2.73 seconds, an increase of speed of .15 seconds.

The control group's time for rl and T4 wag 2.89 to 2.81 seconds
respectively, an increase in speed of .09 seconds. The in-
crease of the experimental group as compared to the control
group was not statistically significant. The "F" obtained in
analyzing the differences between groups was 1.32 (3 dat).

Cable tension strength results. The results obtained
in cable tension strength for the right and left lege are shown
in Chart III and Chart 1IV.

1 A. L. Edwards, Statistical Analysis, (New York:
Rinehart and Company, 1946), p. . i
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The differences between groups using the "F* test was
found for tension strength for both right and lef%-logo. The
“F* value found for the right leg was not significant (F = 1.07,
12 df). Likewise, the "F" value found for the left leg was
not significant (F = 1.11, 3 4f).

The analysis of variance was also computed independently
for the experimental and control groups. The *F" value found
for the experimental group for the right lég s%réngtha, was
significant at the 5% level (F = 4.15, 3 df). The "F" value
calculated for the left leg results was not eignifiéant
(F = 2.75, 3 df).

The "F" values for the control group showed no signif-
icance for the right leg results (F = 2.7, 3 df), but signifi-
cance &t the 5% level was obtained in the left leg data
(F = 3.56, 3 df).

The control group was executing three maximum contrac-
tions once per week during the tensiometer testing. In the
analysis of variance, the control group did increase strength
significantly in the left leg, but not significantly in the
right. It is possible the maximum contractions elicited dur-
ing the tensiometer testing have biased this phase of the data.
How much the data has been biased is not known but in the light
of Hettinger and Muller's? work, it seems logical the three
maximum contractions may explain the lack of significant dif-
ferences in strength improvement.

2 pn. Hettinger and A. E. Muller, "Muskelleistung und

Muskeltraining,® Arbeitsphysiologie, xv. No. 2: October, 1953,
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One R.M. results. The results of the experimental
groups one R.M. strength meagures are shown in Chart V and
Chart VI.

In calculating the analysis of variance for the exper-
imental group one R.M. results, the "F" values were found to
be highly significant for the right and left leg, 12.1 and 32.5
regpectively at the 1% level with three degrees of freedom.

In order to determine where the significance was, small
sample "t"'s were utilized. The small sample "t"'s calculated
for the right leg one R.M. data jiemed 4.76 (3 af) in T, ver-
sus T, data and 4.32 (3 df) in the P, versus i4 data, both sig-
nificant at the 5% level.

The small sample "t%'s calculated for the left leg one
R.M. data yielded & 5.22 (3 df) in the T, Versus T, data and
3.81 (3 df) in the T, versus T, data. Both values were sig-
nificant at the 5% level.

The analysis of variance and small sample "t* tests in-
dicate a gignificant increase in dynamic strength as measured
by the one R.M. in the present study. It must be nmoted the one
R.M. is a dynamic strength measure. The differences in the one
R.M. and the gtatic strength measure of the tensiometer are of
extreme interest. The data raise the question of how valid the
cable tensiometer data are of dynamic strength. It seems en-
tirely possible that dynamic strength could improve and static
strength remain approximately the same. This point merits
further investigation. |
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TABLE I
VALUES OF "F® TESTS

]
Differences Experimental Control

between group group

TESTS groups data data
75 yard dash 1.11 8.43
20 yard dash 1.32 3.31
Tension strength

Right leg 1.07 4,15% 2.27

Left leg 1.11 2.85 3.56%
One R.M.

Right leg 12,05%%

Left leg 32.,65%*

— ——— re—
—— — ———

|

* Significant at 5% level.
** Significant at 1% level.
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Thigh girth meagures results. The thigh girth measures

were not used because of their apparent unreliability. Though
the measurements were made six inches above the top of the
patella over contracted quadriceps with the tape pulled tight,
they fluctuated and did not improve. The author observed the
contracted quadriceps was higher on theAleg during maximum
contraction as the strength measures were increasing. How

much this may have affected the girth measures is not known.
II. DISCUSSION

fwo limitations of this study seemed to have some appar-
ent effect on the results. The psychological factor was observed
in the experimental group. Although all the subjeects seemed to
be performing maximum lifts and running maximum speed, twe of
the subjects showed very little improvement in both strength
and speed. It was felt by the writer that these two subjects
were not performing maximum lifts. It is possible that though
these subjects were lifting what was maximum for them at the
time that there was insufficient motivation to obtain maximum
performances. Though all experimental subjects lifted equal-
ly, two made excellent improvements (subject E. C. 84 to 190
and D. W. 192 to 185.) and two little improvement (subject M. R.
122 to i55 and subject K. K. 100 to 152.). These results also
&dded bias to the running times of the experimental group. Evi-
dence to substantiate this observation was shown in the analysis
of variance when differences between rows or subjects in the

seventy-five yard dash times were calculated. The "F" value
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of 4,57 (3 4f) was significant at the 5% level, indicating a
significant difference in subjects.

The other limitation came about in the control groupe.
The control group, although not participating in progressive
resistance exercise, did increase leg strength, due to perform-
ing three all out maximum contractions once a week in the ten-
sion strength test. The "F" value of the analysis of variance
showed the control group to increase left leg strength 3.56
at the 5% level. In utilizing & small sample "t", a value of
4.2 was found significant at the 5% level in Ti versus T4 for
the control group. This increase in strength may have had
some bearing on running time.

The trend of the graphs on seventy-five and twenty yard
dash times shows that the experimental made improvement in
mean scores. The two week layoff had some effect on slowing
the experimental group up in running time, although this was
not statistically significant.

It can be determined that with seven weeks of progres-
sive resistance exercise, the dynamic quadriceps strength as
measured by the one R.M. measure can be significantly increased.
The "F" values of 12.1 and 32.5 respectively for right and left
legs, are significant at the 1% level with three degrees of
freedom.

It is felt by the writer that if more all out efforts
could be obtained from the subjects in both lifting and run-
ning, by using rewards or other motivational techniques, sig-
nificant results would be obtained in running times. This is
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substantiated by the improvements made by the two subjects,
E. C. and D. W., who were obviously more interested.

Probably the most important single point in this study
is that though one R.M. yalues 8s high as 190 pounds were ob-
tained, which is & considerably heavier load than is used in
progressive resistance exercise for the quadriceps group, the

effect was not deleterious. The trends, in fact, even at these

loads were toward faster not slower times. These results are

similar to those obtained in the earlier weight lifting
studies.Br 41 55 6, 7

The tensiometer results are of extreme interest. An
experimental group lifted maximally for seven weeks but there
was no significant difference between groups. This failure to
obtain significance is possibly explained by three maximum con-

tractions executed once per week. Hettinger and Muller's8

3 Baward Chui, "The Effect of Systematic Weight Train-
ing on Athletic Power,' Research Quarterly, 21 October, 1950,
pp. 188-194.

4 E. K. Capen, "The Effects of Systematic Weight Train-
ing on Power, Strength, and Endurance,®™ Research Quarterly, 21:
May, 1954, pp. 83-93.

5 W. 8. Zorbas and P. V. Karpovich, "The Effect of Weight
Lifting upon the Speed of Muscular Contractions,® Research
uarterly, 22: May, 1951, pp. 145-148. .

6 B. M. Wilkins, "The Effects of Weight Training on Speed
of Iovement, Research Quarterly, 23° October, 1952, pp. 361-
369.

7 Je. W. Magsley, A. Hairabedian, and D. N. Donaldson,
nWeight Traznlng in Relation to strength Speed, and Coordina-
tion,* Resear uarterly, 24: October, 1953 pp. 308-315.

8 ph. Hettinger and A. E. Muller, Loc. Cit.
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study lends further insight into this explanation. What re-
mains unexplained, however, is why the one R.M. (dynamic lift-
ing) values increased significantly in the experimental group
and the tensiometer values were significant for the right leg
enly. It would seem from the data that it is possible to in-
crease dynamic strength without significant changes in static
strength. The writer feels the data in this study are insuf-
ficient to draw conclusions but they are certainly sufficient

to raise the question for further investigation.



CHAPTER V
SUMMARY, CONCLUSION, AND RECOMMENDATIONS

Summary. The purpose of this study was to determine
the influence of progressive resistance exercise on quadriceps
development and sprint running time.

Two groups of iJour subjects each matched in seventy-
five yard sprint times were tested in this study. The experi-
mental group consisted of two freshmen track candidates and
two members of a track and field class. The experimental group
participated in a progressive resistance exercise program. This
program consisted of meeting four days a week and performing a
knee extension exercise for both right and left legs. At the
end of each week a 1 R.M. was determined and recorded.

The control group consisted of one freshmen track can-
didate and three members of a track and field class who did
not participate in progressive resistance exercise. All sub-
jects participated in daily track training and were tested
Wednesday and Friday of each week for seven weeks. A two week
layoff was brought about because of a between term school wvaca-
tion and took place between week four and week five.

The testing program consisted of measuring each Wednes-
day, thigh girth development and tension strength. Friday was
set agide for testing seventy-five yard dash times and also
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determining and recording of one R.M. for the experimental
group only. The data was presented graphically and tested
statistically by the analysis of variance. When "F" values
were significant, small sample "t" tests were utilized to fur-
ther analyze the data.

Limitations of this study may have added some bias to
the data because of the psychological factor involved in doing
maximum lifts and running maximum speed. Also increase of
strength may be obtained by performing a maximum contraction

once per week in tension strength.

Conclusion. The following conclusions are drawn on the
bagis of the data presented. Any interpretation of these con-
clusions should be in light of the limitations of the study.

l. Progressive resistance exercise, even above the
weight loads used in knee exercises, had no deleterious effect
on sprint running times in either the twenty or seventy-five
yard dashes. The trends, in fact, were toward faster times
but insignificantly so.

2. No significant differences between groups were found
in knee extension strength, as measured by the cable tensio-
meter. Possible reasons for these results have been discussed
in the previous chapter.

3. There was & significant increase (F = 12.1 and 32.5
at the 1% level) in one R.M. values from initial to final test
in the experimental group. On the basis of the present study
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no conclusions can be drawn as to whether this significant in-

crease was due to running or weight training.

Recommendations. The recommendations of this study are
as follows:

1. Due to the small number of subjects used in this
study, it is recommended that the same study should be repeated
with more subjects.

2. It is recommended that a similar study be extended
for a greater length of time.
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