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ABSTRACT

ditle

Selected Progressive Resistance Exercise Programs and Their

Effects on Strength, Muscle Hypertrophy and Strength Decrement,

Statement of the Problem

The problem consists of three phases: 1) to determine the dif-
ference in static and dynamic strength fﬁnrovements in matched groups
training three days per week for three sets each day on selected
progressive resistance programs employing the 10 BM, 20 BM, and 30
RM, 2) to determine the effects of these progressive resistance
programs on strength decrement. 3) to determine the effects of

these progressive resistance programs on muscular hypertrophy.

Methodology

Twelve subjects were gelected from a group of thirty volunteers
from Michigan State University physical education classes. They
were divided equally into three groups matched on static strength of
the right quadriceps femoris muscle group as measured by the cable
tensiometer. All subjects had normal strength and function of their
knees. None had a history of knee injuries., The groups were placed
on training programs of 10 RM, 20 RM and 30 RM, respectively, three
days per week for a period of five weeks. At the end of the training
period, the subjects were again tested on the matching varlable,

1 BM strength, hypertrophy, and strength decrement.



Conclugions

The following conclusions are drawn on the basis of the data
presented and should be viewed with careful consideration of the
limitations of the study.

1, No differences of statistical significance were found be-
tween the groups studied in this investigation for static and dynamic
;trength. strength decrement or muscular hypertrophy.

2. Dynamic strength was improved significantly by all of the
training programs,

3. Strength decrement did not shift significantly as a result
pf any of the training programs.

L4, The static strength and muscle hypertrophy results were not

significant and were not interpretable,
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CHAPTER 1

INTRODUCTION

Progressive resistance exercises as such had their inception in
World War II, The urgent need during the war for speedier rehabili-
tation of the wounded to vacate badly needesd hospital beds, led to
the development of this type of exercise therapy. However, weight-
lifting in some form for various purposes has long been practiced,
Much credit for the rapid spread of the progressive resistance ex-
ercise program is due to those who appreciated principles of over-
load training and apolied them in their work.

The actual opportunity to first test these principles of exer-
cise arose when a ski trooper who had injured his knee appealed for
some sort of treatment that would allow him to remove a long leg
brace which he was permanently vearing.l He was due for a medical
discharge and he desperately wanted to be able to remove the leg
brace bdefore his discharge. He had previously received conventional
Physical therapy for six months consisting of heat, massage, muscle-
setting exercises, and the usual quadriceps exercises. The knee did
not respond to this treatment and there was no improvement with this
type of therapy. Oonsequently, as a last resort, a program of heavy
weight-1lifting exercises was undertaken as a possible solution. Af-
ter a month on this program, all knee symptoms of injury, pain, fluid,

and buckling, completely subsided and the knee brace was discarded.

The patient could even jitterdug again, much to the amazement of both
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patient and physician,

With this as its beginning, the progressive resistance exercise
program has rapidly grown in scope and effectiveness chiefly because
of the interest and aid of the Pope Foundation, and the Hational
Foundation for Infantile Paralyaio.z These foundations have made it
possible to develop equipment and techniques to investigate the effec-
tiveness of progressive resistance exercises in a large number of
clinical conditions. Conditions on which these exercises have been
investigated are poliomyelitis, muscular dystrophy, scolious, kypho-
sis, peripheral neuritis and nerve injuries, osteo and rheumatoid
arthritis, multiple sclerosis, and following vitallium mold arthro-

plasties of the hip,

Statement of tHe Problem

The problem consists of three phases: (1) To determine the
difference in strength improvement in matched groups training three
days per week on selected progressive resistance exercise programs
employing the 10 BM, 20 BM, and 30 RM respectively. (2) To deter-
mine the effects of these progressive resistance programs on strength
decrement. (3) To determine the effects of these progressive resist-

ance programs on muscular hypertrophy.

Heed for This Study

The basic principles of progressive resistance exercise were
4

established empirically by the weight lifters. It has been known
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for centuries that if a person lifts progressively larger loads, his
muscles in response to the work stimulus will increase in strength
and size,

It 13 in fact nov a commonly known physiological principle that
strength can be augmented significantly by contracting against a
degree of resistance that calls forth maximal effort. However, ab-
solute strength does not necessarily mean that the participant has
developed either the endurance or speed of movement necessary to do
the physical work associated with a specific job or sport. There is
very little sclentific evidence in regards to the number of repeti-
tions needed for maximum muscle girth and strength increases. There-
fore, it was hoped this study might give further insight into the
use of progressive resistance exercise for the development of func-

tional strength.

Definition of Terms

One Repetition Maximum () BM). The greatest weight that can be
lifted once through the full range of extension.

T t M RM).* The maximum weight that can be
5
lifted through the full range of extension 10 times.

Cable Tengionmeter.® A small compact unit designed to measure
6

the amount of tension applied to a cable.

® The same definition is applicable for 20 and 30 BM,
* Manufactured by Pacific Scientific Company, Inc., 1430 Grande Vista
Avenue, los Angeles, California,
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Progressive Resigtance Ezercige. Exercises in which the resist-
ance to contraction is progressively increased commensurate with the
subject's muscle power,

Strength Decrement. The loss of cgrength in a given muscle
group resulting from physical exertion., |

Bicycle Ergopeter. Frictional type of bicycle in which the re-
sistance to pedaling is supplied by friction against the wheel of the
bicyole.9

Yolumogeter. A device to measure muscular volume by wvater dis-

placement,

limjtations of the Study

1. The inadility to control the subjects' activity during the
week may have had some influence on the results,

2. In some cases, due to conflicting schedules, the impossi-
bility of testing the subjects at the same time of day, may have
caused some diurnal variations.

3. Lack of motivation, determination, and belief in self may
possibly have affected the results., The sight of a hoa;y weight on
the sudbject's foot may affect the effort he puts forth, °

4, The method used to measure muscular hypertrophy was not

sufficiently reliable.



-5-

REFERENCES
1. '.l'homal L Delorme and Arthur L, Watkins. Progressive Re-
' - ’ ion, New York:

Appleton-century Grofts. Ino. ’ 1951 p. .7

2. Ibid.. po 2.
3. 1Ibid., p. 2.
4, Ibid., p. 19.

5. Thomas L. Delorme and Arthur L, Watkins. “Techniques of
Progressive Resistance Exercise", hiv ical Med
29:264, 1948,

6. H. Harrison Clarke, "Objective Strength Tests of Affected
Muscle Groups Involved in Orthopedic Disabilities”™, Research Quarter-
1y, 19:120, May, 1948,

7. William Biemman. d i ral P
Paul B, Hoefer, Inc., Medical Book Department of Harper and Brother-.
1952, p. bol,

8. H, Harrison Clarke, Clayton T. Shay, and Donald K, Mathews,
"Strength Decrement Index: A New Test of Muscle Fatigue®, Archivesg
of Phyaical Medioipe, 36:376, 1955.

9. Peter V. Karpovich. "A Frictional Bicycle Ergometer", Re-
Search Ouarterly, 21:210-215, 1950.

10. S8.J. Houtz, A.M. Parrish and F.A, Hellebrandt, "The In-
fluence of Heavy Resistance Exercise on Strength", The Physiotherphy

3.!!19!. 263300‘3050 1946,



CHAPTER II

REVIEW OF LITERATURE

It has been recognized for many years that one form or another
of heavy resistance exercise provided one of the most effective
methods for the development of strength,

DeLorne1 in 1945, pointed out that the skeletal muscle possessed
several qualities, namely, power, endurance, speed and coordination-=-
and that a different type of exercise was needed to develop the de-
sired quality in any particular muscle, He described a system of
heavy resistance and lov repetition exercises to dbuild up power and
volume in the nusclbs, as opposed to low resigstance and high repeti-
tion exercises to develop endurance,

The basic principle of progressive resistance exercise is that
muscle power is better developed by exercising a muscle a few times
at its maximum capacity than by having the muscle repeat an exercise
many times against less resistance,

This phenomenon of increasing strength is explained by the prin-
ciple of overload, A muscle will develop most rapidly in size and
strength when its power of contrectim is against a maximum

3,4,5,6,7
load.

e E P v t rci 11 h

Numerous studies have been conducted to show the effects of pro-

gressive resistance exercise on strength,
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8

In an experiment by Gallagher who used ten adolescent boys to
determine the effect of progressive resistance exercise on strength,
-4t was found that over a period of four months exercising four times
a day with hip-knee extension exercises, the mean increase in strength
as determined by 1 RM was 49 per cent, No sudbject in the exercise
group failed to increase his 1 RM., The smallest increase was 23 per
cent. Likewise, in a control group, none of the subjects increased
his 1 RM,

9

Mc Morris and Elkins applied progressive resistance exercises
to‘the right triceps brachii of twelve varied subjects over a twelve
week period, A mean gain in isotonic strength over the twelve week
period was 24,542, 74 pounds or a gain of 59.4 per cent,

Gnrevitachlo studied the effects of progressive resistance ex-
ercise on patients suffering from infantile paralysis. Thirteen ex-
perimental patients were placed on an intensive program of progress-
ive resistance exercise and a control group of thirteen patients
followed a program of the usnal physical therapy applied to infantile
paralysis. The experimental group on the progressive resistance ex-
ercise program increased in strength more rapidly than the control
group.

The power of normal muscles can be doubled in the first four to
six weeks of exercise by using progressive resistance exercises., This
is supported by evidence brought forth by DeLornoll who studied

twenty-seven weaker quadriceps muscles and found that fifteen doubled

or more than doubled quadriceps power in the first month. The twelve
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remaining showed improvement ranging from 1 per cent to 89 per cent.
These results are believed by Delorme to compare favorably with the
response of normal muscles,

Delorme's results supports Houtz, Parrish and Hellobrandtlz in
that the single-effort test of strength cannot be used as a criterion
0f the functional capacity of a skeletal muscle. Others have shown
that an actual decrease in work capacity takes place with a large
increase in muscle strength,.

DoLornol3 also states that the degree of improvement in power
and work capacity is approximately the same for extremely weak mus-
cles as for muscles of greater initial strength, and that the failure
to reach normal functional capacity is due to the absence of a nor-
mal number of motor units.. Results of Delorme's experiment on polio-
myelitis patients were that progressive resistance exercise improved
the functional ability of the patients in that they had less diffi-
culty in performances requiring strength and added ability to perform
for longer periods without fatigue.

Irueenlu found evidence, however, that was contrary to Delorme's.
Krusen exercised quadriceps muecles affected by poliomyelitis using
resistive exercises and found that on the average muscular strength
increased practically as a straight line function over the period of
study. The period of study averages about ten weeks depending on the
condition of the patients involved, Strength improvement was deter-
mined by comparing the initial 1 BM and 5 BN with the final 1 RM and

5 BM. Investigation showed that the gains in strength of the weaker
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muscles were consistently greater than the gains of the stronger
muscles,

Krusen stated that some improvement of muscular strength might
be produced by resistive exercises, but that a limit would be reached
within the period of the study. However, this limit was never at-
tained; there was no appreciable leveling-off period, even after
twelve weeks of training.

Actually, the time required to develop maximum power in the
normal muscle, is not known, Professional-strength athletes feel
that approximately four years of hard work are necessary to achieve
maximum muscle developmont.ls

The effect of weight training on athletic power which is related
;o strength, has been investigated by Chn1.16 In this study, one
group of twenty-three subjects performed weight training exercises
from two to three times a week for one hour over a period of three
months, A control group of twenty-two subjects participatedAin the
required physical education program at the University of Iowa, but
d1d no weight training. Both groups were tested at the beginning
and end of the term on the Sargent Jump-standing, Sargent Jump
running, standing broad jump, eight-pound shot put from a stand,
twelve-pound shot put from a stand, and sixty-yard sprint, Chui
found a greater increase in all events by the weight trainers than
by the control group,

Gapon17 also studied the effect of systematic weight training

on power, strength, and endurance. Two groups of students were used.,

.-
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One was a weight training class of sophomores and the other was a
control group consisting of a conditioning class of freshmen all from
the University of vl‘onneuee. The classes met twice a week for eleven
wveeks, Both groups were tested at the beginning and end of the eleven
week period on muscular strength, muscular endurance, circulo-respir-
atory endurance, and athletic power, Batteries of tests were admin-
istered to find the above items. OCapen found that the weight train-
ing group showed greater general improvement in muscular strength
than 414 the control group. There was no significant difference be-
tween the two groups in the improvement of muscular endurance or
circulo-respiratory endurance. The weight lifting group increased
significantly more in speed events than did thevconditioning group.
It is interesting to note here that the weight training group had no
practice in these speed events while the conditioning group had con-
siderable practice.

A more recent study conducted by caponls studied the effects of
four different types of progressive resistance exercise programs on
the development of muscular strength, The results of this study were
that all subjects gained in muscular strength in all four programs,
and that the smount of strength that was gained from each of the four
programs was found to be nearly equal.

Hettinger and Huller19 performed seventy-one separate experiments
on nine male subjects over a period of eighteen months on the develop-

ment of strength in muscle in relation to the intensity and frequency

of training activities. They concluded the source of the increase in
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strength is neither the intensity of contraction nor the degree of
exhaustion of a muscle fidber, but rather a condition of anoxia within
the muscle fiber. The observation that strength grows more rapidly
as the training load increases from 1/3 to 2/3 maximal strength is
to them only an apparent contradiction. They state that due to the
internal arrangement of fibers within a muscle, not all fibers are
equally taxed so that not until the training load is about 2/3 max-
imum are all fibvers suffering some oxygen deficit. Hettinger and
Muller claim that there is a ceiling on the development of strength
in every muscle., This is usually accompanied by pain resulting from
gome injury within the muscle that stops further increase in effort,
They postulate that the maximal strength of any muscle in the body is

probably about three times the tension demanded of it in everyday

activities,

It is accepted that a muscle under the proper conditions of work,
may show a considerable increase in size, as shown by the arm muscles

of a blacksmith or the general musculature of an athlete. Zoethout
20
and Tuttle state:

"The greater size of a trained muscle is caused by hypertrophy
of the individual muscle fibers. This increased size of the
fiber is attributed wholly to an increase in the amount of
sarcoplasm present. An increase in the toughnese of the con-
nective tissue which binds the fibers together makes the muscle
better able to withstand any additional mechanical demands
placed upon it."”
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An increase in the size of a muscle increases its strength. But
the increase in the sige of the muscle is not in proportion to the
strength gained by exercise. The strength gained by exercise is us-
ually greater than can be accounted for by the increase in the .'1“
of the mclo.n

A muscle when required to perform heavy work for a protracted
}nterval of time increases in volume. The cause of this has not yet
been proven. It is the general opinion that this growth is due to
hypertrophy of existent muscle fiber, rather than an increase in

22,23
their number,
24

In an experiment by Delorme eight out of eighteen polio pat-
ients showed a substantial 1ncro/ue in thigh circumference. These
eight were muscles of good strength initially and developed nearly
normal power after exercise, No increase in thigh circumference was
found in several impaired subjects,

Delorme's initial view of hypertrophy was that in order to obd-
| tain rapid hypertrophy, the muscle must be subjected to st;enuous
exercise and at regular intervals to its maximum exertion. g How-
ever, Hellebrandt and Hout:26 state, "The mere repetition of prevail-
ing performance does not lead to the hypertrophy of skeletal muscles,
Hypertrophy appears only when the rate of working is increasged.”

Siebert27 with rats, also demonstrated that the mere repetition
of prevailing performance does not lead to the hypertrophy of skeletal

muscles, Hypertrophy appeared only when the rate of work was in-

creased. It seems that power was the decisive factor, not the total
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amount ef work done,

Thus far, little has been said about the nature of the changes
occuring in the machinery of the human body by which the ability to
perform work is enhanced., The rapidity with which overload stress
increases the capacity for strenuous exercise suggests that this must
be due to changes in the central nervous system and not to altera-
tions in anatomical structure,

It appears that too much attention has been placed on the con-
tractle tissue and not enough on the mechanisms which drive the
skeletal musculature,

Prom his initial view on hypertrophy, Delorme since has changed
and advocated that, "Fewer repetitions permit exercise with heavier
muscle loads, theredy yielding greater and more rapid muscle loads,
thereby yielding greater and more rapid muscle hypertrophy. "28 Yo
systematic attempts, hovever, have been made to test this hypothesis.
"Reasoning from first principle suggests that some point must exist
below which reduction in the dosage of exercise defeats the purpose
for which it has been administered."29

The principle of overload is as important in the rehabilitation
of the disabled as it is in the training of athletes, Limits of per-
formance must be persistently extended to restore the function of
mugscles. The rate at which improvement progresses depends on the
degree to which the person 1s willing to overload. Hellebrandt and
Boutsao conducted 620 experiments on 17 normal adult subjects on the

mechanisms of muscle training in man. Their conclusions were as
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follows:

l. Strength and endurance increase when repetitive exercise
is performed against heavy resistance.

2, The slope gradient of the training curve varies with the
magnitude of the stress impaired, the frequency of the
practice sessions, and the duration of the overload effort.

3. Mere repetition of contractions which place no stress on
the neuromuscular system has little effect on the functional
capacity of the skeletal muscles,

L4, The amount of work done per unit time is the critical var-
iable on which extension of the limits of performance depends.

5. The speed with which functional capacity increases suggests
that the central nervous system changes contribute an im-
portant component to training.

6. The ability to develop maximal tension appears to be de-
pendent on the proprioceptive facilitation with which over-
loading is associated.

7. No evidence was forthcoming in support of the validity of
currently popular techniques of administering progressive
resistance exercise clinically.

At best, the increased area of the extremity is a rough estimate
of hypertrophy of a muscle contained therein. Without microscopic
studies, the only present means of measuring hypertrophy is indirectly
either by volumetric studies of an extremity, by calipers or by girth
measurements,

Several studies have been completed in an attempt to show the
effects of progressive resistance exercises on muscle girth and the
amount of increase that takes place.

McMorrie and Elkin.Bl applied progressive resistance exercises
over a twelve week period to the right triceps brachii of twelve nor-
mal subjects, nine male and three female, aged 20-29 years. Circum-
ference measurements of the arm were taken preceding the exercise,

at six weeks, and at the termination of the training program.
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Measurements were taken with a steel tape and done by the same exam-
iner. The mean gain in circumference was 3.1 per cent.

McGovern and Luacomb932 after modifying Delorme's and Zinovieff's
methods of progressive resistance exercises in an attempt to reduce
the time required by these methods, found that in all experiments,
measurements of thigh girth were of no significance. In all groups
tested, thigh girth increased in some subjects, and decreased in
others. They believe that thie is related to change of individnal
difference in subcutaneous and fat deposits and not related to muscle
substance., It was felt by these authors that their modifications
produced results in terms of strength gain that are equal to those of
the original procedure,

In a particular technique of progressive exercises by Zinovieff33
(The "Oxford Technique,") carried out on fifty-five consecutive out-
patients wifh weak quadriceps muscles, the average increase in muscle
volume was 3/8 inch every 24 weeks. The "Oxford Technique® involves
the same principle of heavy resistance and low repetitions to develop
maximal strength but after each bout of ten 1lifts, weight was reduced
instead of increased to approximate the fatigue in the muscles, yet
the muscle was exercised to its maximum of capacity.

Gallagherau found that thigh measurement showed a mean increase
of approximately 7/8 inch for members of an exercise group using pro-
&ressive resistance exercises on a knee extension program four times

& week for four months, No member of a control group showed an in-

crease in muscle girth,
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Very little has been done using the volumometer as a test of
muscle girth., The first modern volumometer for the human body was
Spivak'335 developed in 1915 in Denver. Sixteen men were tested,
the volume was obtained by direct immersion. The increase in the
level of the water permitted the calculation of the volume of water
displaced by the body. The tank had an outside glass tube graduated
in centimeters and millimeters. It was entgred by means of a step
ladder, the water level being carefully read before and after immer-
sion, The reliability of this instrument was not given,

The volumometer or any other clinical measurement of muscle
girth has many variable factors that must be taken into consideration
when measuring the circumference of an extremity. Yet, measuring the
circumference of a 1limb is the most common means used clinically to
determine hypertrophy or muscle growth. Among the many variables
are; the "amount of subcutansous tissue, the state of hydration, the
amount of vasodilation, the state of development of other included

36

muscles and the muscle length",

Strength Decrement

The Strength Decrement Index has been proposed as a test of
muscle fatigue, The basic concept of this test is that an immediate
effect of fatiguing muscles is to reduce their ability to develop

37

tensions,
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The formula for strength index is:
sp1 = S1=Sfy 100
81
When:

Si Initial strength; taken before exercis
Sf Final strength: taken after exercise,’

39
Clarke demonstrated the effect of strength decrement and

fatiguing exercise on the elbow flexor muscles, He found the immed-
iate effect of muscular fatigue is to reduce their ability to apply
nuscular tension, the degrees of muscular fatigue are reflected in
changed strength scores. OCable-tension elbow flexion strength tests
were given each subject 30 seconds after the exercise, and again at
intervals of five minutes to determine the strength recovery. The
initial drop at 30 seconds after exercise was 29 to 32 per cent of
pre-exercise strength,

Muscles under physical stress may weaken when carrying loads.
This was clearly demonstrated by Clarke,

When conditioned, however, subjects experience lzss strength
loss as measured by a lower strength decrement index. ' The strength
decrement of men carrying various army packs on military marches was
gstudied. They found the physical condition of the subjects imoroved
as a result of repeated pack-carrying marches., This factor was re-
flected in lessened strength losses for the late marches in the
series. As a result of these studies, the Strength Decrement Index
was proposed as a test of local fatigue of muscle groups.

In the performance of even simple motor acts, the element of
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learning plays an important part and probably contributes to the in-
creased ability to exert a maximum effort. At the time of initiation
of exercise, the influence of learning is the lowest, and strength
measurements taken at this time often reveal considerable lower values
than measuremonte taken a few days later, This early improvement in
strength would appear to be due to motor learning.

Measurable strength loss then results from exhaustive exercise.
tho amount of weight required to induce exhaustion in a short time
depends on the strength of the included muscles. The work output of
mugcles in exhaustion performances is greater when in position to

42
apply greatest strength at the point of greatest stress.

"Muscle fatigue is accompanied by loss in ability to develop
tension; the amount of this loss can be measured, or this amount
varies in relation to the degree of fatigue, the proportionate
strength loss may be utiliszsed as an indicator of the amount of
fatigue, "3

Cable Tensiometer

The cable tenciometer is a device for measuring strengzﬁ. A re-
view of the literature by Daniels, Williams and Worthingham on
strength testing techniques indicates that nearly all tests developed
between 1912 and 1946 were dependent upon the subjective judgment of
the examiner as he estimated the ability of the muscle to overcome
gravity and outside force, In view of the lack of objectivity of
strensth tests, Glarkoh5 examined several different types of instru-

ments to find the one most applicable for measuring muscle strength,
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The cable tensiometer was found to be superior for this purpose.

In using the cable tensiometer as a test for strength, one of
the difficulties in administering the test is to isolate the effect
of the muscles controlling the specific joint movements and to elim-
inate the effect of compensatory muscles, When considerable care
was taken in administering the test and svecific instructions were
followed, Glxva.x'l-.'e’.’6 found the objectivity coefficient of this test
when used to test the strength of the quadricep muscles by exten-
sion of the leg at the knee joint to be .94, The accepted standard
of objectivity is .90.'."7

Clarke and Elkins found the best position for testing the
quadriceps is in a sitting position leaning backward with the arms
extended to the rear and the hands grasping the sides of the table,

The leg is best tested at 115 degrees of extension.






-20-

1. Thomas L. Delorme, "Restoration of Muscle Power by Heavy
Restive Exercises®, Jourpa) of Bone and Joint Surgery, 27:645, 1945,

2. Thomas L. Delorme, Robert L. Schwadb, and Arthur L. Watkins.
"The Response of the Quadriceps Femoris to Progressive Resistance
Exercises in Poliomyelitis Patients", 1 of aJ u
KOry, 30A:847, 1948,

3. Arthur H, Steinhaus, "8ome Selected Facts from Phsiology
to Illustrate Scientific Principles in Athletic Training", College

Fhysical Education Proceedings, 57th:8, 195L4.

k. Peter V. Karpovich. Phvsiology of Muscular Activity, FPhila-
delphia: W.B, Saunders Co. 1953, p. 28.

5. Duane A, Schram, "Resistive Exercises in the Treatment of
Poliomyelitis", Archives of Physical Medicipe, 33:549, 1952,

6. K.G. Wakim, "The Physiologic Aspects of Therapeutic Phyeical
Exercise®, American Medical Asgoclation Jourpal, 142:106, Jamuary 1950.

7. Thomas L. Delorme and Arthur L. Watkins., Progregsive Re-
() et T Me 1 lication, New York:
Appleton-Century-Orofts, Inc., 1951, p. 6.

8. Roswell J, Gallagher. "Bffect of Progressive Resistance

Exercise on Muscle Contraction Time", Archives of Physical Medicinpe,
33386'92o 19520

9. Rex O, McMorris and Earl C. Blkins, "A Study of Production

and Evaluation of Muscular Hypertrophy"' Archives of Phvsical Medicipe,
35:420-426, 195k,

10, David A, Gurevitsch. "Intensive Graduated Exercises in Barly

Infantile Paralysis”, Archives of Physical Medicime, 31:213-218, April
1950,

11, Delorme, Schwad and Watkins, op. cit. 30A:841,

12, 8.J. Houtz, A.M, Parrish and F.A. Hellebrandt, "The Influ-
ence of Heavy Resistance Exercise on Strength®, The Physiotherapy
Revioy, 26:300-305, 1946.

13. Delorme, Schwadb and Watkins, op. cit., 30A:843,






14, BEdward M. Krusen. "Functional Improvement Produced by Re-
sistive Exercise of Quadriceps Muscles Affected by Poliomylitis",

15. Delorme, Schwad and Watkins, op. cit., 30A:846,

16, Edward Chui. "The Effect of Systemic Weight Training on
Athletic Pover", Besearch Quarterly, 21:188-194, 1950,

17. Edward K. Capen. "Functional Improvements Produced by Re-
sistive Exercise of Quadriceps Muscles Affected by Poliomyelitis®,

Archives of Physical Medicige, 30:271-277, 1949,

18, BRdward K, Capen. "Study of Four Programs of Heavy Resistive
BExercises for Development of Muscular Strength®, Regearch Quarterly,
27:132-142, Nay 1956.

19, Thomas Hettinger and E.A. Muller, "Murkelleistung and Mur-
keltraining"”, Ardeitsptysiologie 15:111-116, 1953.

20, V¥William D. Zoethout and W.W. Tuttle, Textbook of Phvgiology.
St. louis: C.V. Mosby Company, 1952, p. 114,

21, Ibid., p. 114,
22, R,D. Adamg, . Dennis-Brown and C.M, Pearson. D

Diseases of
Muscle, A Study in Pathology, Wew York: Paul B, Hoefer, Inc., 1953,
op. 208-210,

23. Bob Hoffman. §implified System of Barbell Training, New York,
New York: Barbell Co., 1941, p. 12.

24, Delorme, Schwad and Watkins, op. cit., 30A:844,
25, Delorme, op. cit., 27:645,

26. T.A. Hellebrandt and Sara Jane Houtz, "Mechanisms of Muscle
Training in Man: Experimental Demonstration of the Overload Principle”,

The Phyeical Therapy Review, 36:12, June 1956,

27. A.H, Steinhaus. "Chronic Effects of Exercise", FPhygjological
Beview, 13:109, January 1933.

28, Thomas L. Delorme and Arthur L. Vatkins. "“Techniques of

Progressive Resistance Bxercise", Archives of Physical Medicine,
291264, 1948,

29, Hellebrandt and Houtz, op. cit., p. 2.






-22-
30. 1bid., pp. 1-13.

31, McMorris and Elkins, loc. cit,

32, Richard BE. McGovern and Harold B. luscombe. "Useful Modi-
fications of Progressive Resistive Exercise Technique", Archives of

Physical Medicipe, 34:475-479, 1953,
33. A.M, Zinovieff, "Heavy Resistance Exercises., The 'Oxford

Technique'", The British Jourpal of Phvsjcal Medicine, 14:128-132,
1951,

34. Roswell J. Gallagher. "“Effect of Progressive Resistance
Exercise on Muscle Contraction Time", hiv f M .
33:86-92, 1952.

35. C.D. Spivak, "The Specific Gravity of the Human Body",
Archiveg of Internal Medicige, 39:628-642, 1915.

36, McMorris and Elkins, op. cit., 35:426,

37. H, Harrison Clarke, Clayton T. Shay and Donald K. Mathews,
"Strength Decrement Index: A New Test of Muscle Fatigue", Archives

of Phygical Medicine, 36:376, 1955.
38. Ibjd., 36:376.

39. H, Harrison Clarke, "Objective Strength Tests of Affected
Muscle Groups Involved in Orthopedic Disabilities™, Research Quarter-
1y, 19:118-147, May 1948,

40, Clarke, Shay and Mathews, ep. cit., 36:376-378,

41, H, Harrison Clarke, Clayton T. Shay and Donald K. Mathews,
"Strength Decrements from Carrying Various Army Packs on Military

Marches®, Besearch Quarterly, 26:253-265, 1955.

42, H. Harrison Clarke., "Recent Advances in Measurement and
Understanding of Valitorial Muscular Strength", Research Quarterly,

43, Clarke, Shay and Mathews, op. cit., 36:378,

44, 1lucile Daniels, Marian Williams and Catherine Worthingham,
Mugcle Testing, Philadelphia: W,B. Saunders Company, 1947, pp. 9-13.

45, Clarke, op. cit., 19:120.



23
46, Clarke, op. cit,, 19:118-147,
47, Clarke, op. cit,, 19:135.
48, H, Harrison Clarke, Earl C. Elkins, Gordon M. Martin and
Khalil G. Wakim, "Relationship Between Body Position and the Appli-

cation of Muscle Power to Movements of the Joints®™, Archives of Phy-
8ical Medicipe, 31:84-85, February 1950.






CHAPTER III
METHODOLOGY

Introduction

The present study was undertaken to determine the effects of three
different progressive resistance exercise programs on dynamic and static
strength, muscular hyvertrophy and static strength decrement. The test

1l
battery used consisted of the 1 BRM to measure dynamic strength, a

volumometer to measure musclar hypertrophy by water displacementz and
a cable tensiometer to measure static strength, Twelve subjects were
selected from physical education service courses at Michigan State
University and matched on static strength scores.

Prior to and after their respective training program, the sudb-
Joects were measured for static and dynamic strength, mascular hyper-
trophy and strength decrement of the right quadriceps femoris muscle
&roup. The training program consisted of ten, twenty, and thirty RM,
reapectively. The superiority in the amount of muscular strength
&ained when participating in a program of progressive resistance ex-
ercigses three days a week rather than five yields a probadblility of

I
six per cent,

Bxperimental Degign

Twelve subjects matched into three groups on the static strength
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of the right knee extensors were selected from a large number of

s tudents measured from the physical education service courses at
Michigan State University. All subjects had normal strength and
function of their knees. The groups were randomly placed on train-
1ing programs of 10, 20 and 30 RM three days per week for a period
of five weeks. Subjects were tested prior to (T;) and following
the training program (T2) on the matching variable, 1 RM strength,

hypertrophy, and strength decrement.

Training Pr

Each subject, regardless of group, performed three sets of rep-
@atitions resting two minutes between sets., The muscle group tested
was the right quadriceps femoris muscle by means of a knee extension
movement, The movement was performed by extending the leg completely
from 90 degrees flexion to 180 degrees extension. Progressive re-
sistance was aprlied by means of a boot strapped to the foot with
attachable barbell plates ranging in weight from 2% pounds to 25
Pounds,

The initial resistance used was based on percentages of 70%, 60%
and 50% of the 1 BM which corresvonds roughly to the 10, 20 and 30 RM
respectively. Adjustments were then made to obtain the exact EM for
each subject., Extreme care was taken to make sure that the maximum
load for the number of repetitions was being executed.

Tor example, in the 10 RM program, if the subject could 1ift

the weight 11 times, weight was added before starting the second set.
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¥o change was made for the third set. If the subjects could 1lift the
welght only 9 times, welght was not removed until the next training
day when he would start with a slightly lighter load. 1If the subject
could 1ift only the prescrited number of repetitions and no more,
weight was added the next training day.

In most cases, when two or three bouts of exercise are executed,
only one need be pitched to the level of maximel effort to give a max-
imum gain in strength in a minimum amount of time.s In fact, only
"one-half to tvo-thirdz of the contractions performed require leess
than maximal tension",

The exercise performed was repetitive. The motion of the leg
from flexion to extension by each subject was kept constant by execut-
ing the exercise to the rhythm of a metronome., This eliminated jerk-
ing movements and any advantages that might be gained by an uneven
or speedier movement. The cadence was kept constant throughout the
experiment,

To control the total number of correct movements during a set
of repetitions, an apparatus was used which indicated when the knee
was fully extended (Figure 1). On completing 180 degree extension,
the subject received credit for a complete repetition when his foot
was within three inches of this apparatus, When executing a move-
ment, the buttocks had a tendency to rise off the table, thus lower-
ing the foot slightly. To compensate for this tendency, three inches
was selected arbitrarily as close enough to be considered a complete

repetition,
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The maximum repetition a subject was able to perform with a par-
ticular resistance was the repetition following the last movement in
which contact wag made with the apparatus.

To further eliminate errors, a hand counter was used to count
all repetitions and the total number was recorded after each set,

A Kodak Timer was used to keep the two minute interval constant be-

tween rests,

ZIesting Techniques

Dypamic Strepngth. The one repetition maximum (1 RM) as described
by DeLome7 wvag used as the test of dynamic strength,

WS Determined by use of the cable tensiometer as
described by Clarke,

Static Strepngth Decrement. Determined by using the cable ten-
siometer to measure static strength then riding a friction bicycle
ergometer twenty miles per hour with six and one-half pounds of re-
sistance until pace could no longer be maintained., Thirty seconds
after completion of the ride, the static strength was again measured.
The difference between the two measurements was considered to be
strength decrement.

9 . 10

Clarke's tensiometer procedures were followed. Karpovich
describes the use of the friction bdbicycle ergometer in greater detail.

Muscle Hypertrophy. A specially constructed volumometer (Fig-

ure 2) was used to measure the volume of the right leg by water dis-

placement before and after the five week training period. The



Figure 2, Volumcmeter.
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volumometer was constructed just large enough to comfortably contain
a subject's leg, It consisted of two outlets. One a "cut off" valve
and the other an overflow spout, The tank was filled with water to
the "cut-off" valve and allowed to overflow until the water stopped
dripping. The valve was then closed and the subject placed his right
leg in the tank, The water displaced through the overflow spout was
caught in a glass beaker and then weighed on a scale broken down into
grams, Paraffin was placed in the outlets to cut down the drip. The
water was kept at body temperature to eliminate changes that occur
when a muscle is subjected to a sudden temperature change,

A one, two or five inch block was placed in the bottom of the
tank depending on the length of the subject's leg. This was to stand-
ardize the smount of volume that was placed in the tank each time,
The subject's body weight was also recorded before and after the
training program. The reliability of the volumometer as determined
by the test re-test method of correlation on 30 cases was .21,

thods of Statigti i
11

The student "t" test of significance was used on the initial

to final test data for each group. 12

For all measures analysis of variance was used to compare the

differences between groups,.
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CHAPTER 1V

PRESENTATICN AND ANALYSIS OF DATA

Th; sudbjects in this study were individually matched in static
strength and divided into three groups. Each group participated in
knee extension progressive resistance exercise training programs
three times a week for five weeks. The 10 RM, 20 BM and 30 BM res-
pectively were employed for the three groups., The effects of the
training programs on strength and hypertrophy are compared in this

chapter.

b Data

The pre-training (T;) to post-training (T2) data for all mea-
sures were compared using the Student "t" test of eignificance.l

To compare the differences between the 10 RM, 20 RM and 30 RM
groups, the analysis of variance technique was calculated.z

For each group, prior to and following training, static strength
was measured with the tensiometer and recorded. Dynamic strength
was determined by the 1 BM and recorded., Strength decrement and mus-

cle hypertrophy were also measured before and after the 5 week train-

ing period,

Begults
Strepgth. The mean difference from T; to T2 in dynamic strength

improvement was statistically significant beyond the 1 per cent level

in the 10, 20 and 30 BM groups (Table I). In static strength, the
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TABLE 1

INITIAL TO FINAL TESTING RESULTS

10 B MEAN
GROUP MEAY T, MBAN T, DIFFERERCB t
1 RM (1bs.) 60.8 100.6 39.9 10.9*
Static Strength (1lbs.) 213.1 313.1 100.0 1.84
Decrement (1bs.) 14,4 -28.8 43,1 3.0
Hypertrophy (gm.) 3226.0 3433.0 207.0 3.7%*
20 RM
GROUP
1 RM 58.3 101.3 b3.0 15.6*
Static Strength (1bs.) 213.3 296.9 83.6 3.2%¢
Decrement (1vs.) 27.6 -18.1 -45,8 1.7
Hypertrophy (gm.) 2640,8 2737.6 96.9 1.8
30 BM
GROUP
1 BM - 70.3 99.4 29.1 6.7*
Static Strength (1bvs.) 211.9 276.9 65.0 3,4
Decrement (1bs.) 21,9 1.3 -20.6 1.0
Hypertrophy (gm.) 24477 2758.8 311.2 3.6%¢

* Significant at the 1 per cent level.,
*2Significant at the 5 per cent level,
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mean difference from T, to T was statistically significant at the
5 per cent level in the 20 and 30 RM groups, but was insignificant in
the 10 RM group.

The improvements in static and dynamic strength in the 10, 20
and 30 RM groups, however, were not significantly different (F=3.794,
Pa greater than 5 per cent; F = .4i4, P = greater than 5 per cent,
respectively). Though insignificant, dynamic strength improvement
was greatest in the 20 RM group (Table II)., The 10 RM group had a
greater increase than the 30 RM group. The present data seem to
support those of Berger3 in that there apvears to be an inverse re-
lationship between dynamic and static strength improvement. The sig-
nificant static strength results for the 20 And 30 BM groups aro‘the
first in the Michigan State University laboratory. It is important

to note, however, that the programs evaluated are not significantly

different.

S h rem

The differences in strength decrement between the 10, 20 and
30 BM groups (Table II) were not statistically significant. The
differences from initial to final tests were not statistically sig-
nificant (Table I) for each of the groups., Before training, all three
groups showed improvements in strength following the bicycle ergo-
meter ride, After training for five weeks, however, all three groups
showed a decrement in static strength., Before training, the 20 BM

group had the greatest increase in strength after the fatiguing






TABLE II
ANALYSIS OF VARIANCE RESULTS:

'
DIFFERENCES BETWEZN GROUPS, INITIAL AND FINAL TEST DATA’

MEAN DIFFERENCES, Critical F
- T2 Value (5%
MEASURE 1I0RM 20 BN 30 KK ¥ Level)

Dynamiec
Strength (1bs.) 39.9 L3,0 29.1 3.8 5.1
Static
Strength (1bs.) 100.0 83.6 65.0 4 5.1
Decrement (1bs.) 43,1 -45.8 -20.6 3.4 5.1
Hypertrophy (gm.) 207.0 96.9 311.1 2.5 5.1

! Anslysis of variance tables for each analysis are in Appendix B,
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exercise, followed by the 30 BM group and the 10 BM group, After
training, the 20 BM group had the largest dscrement followed by the
10 RM and the 30 RM, These differences, however, were not statistic-

ally significant,

Hypertrophy
In the 10 and 30 BN groups, there were significant differences

between initial and final test results on the right leg (Table I).
The 20 BM groups data were not statistically significant, The 30 RM
group showved the greatest increase in muscle size. Between the three

groups, the differences were not statistically significant (Table I1I),

Discussion

The results of the 10 RM strength improvement may have been
biased due to conditions beyond the anthor's control, One of the
subjects in this group was in the hospital during the last week of
the experiment and missed two days of training, Another subject in
the same group had completed two hours of R,0.T.C, drill just prior
to being tested on dynamic strength, It was felt by the writer that
the latter subJect should have done much better on his 1 RM test.
These two factors may account for the poorer showing in dynamic
strength in the 10 RN group.

The results of this study show a trend between static and dynamic
strength improvement (See Table 1). With more repetitions and a
lighter load, the mean static strength was less in each group. The

20 and 30 RM groups, though showing less improvement, were both
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statistically significant in the initial to final test data. The
dynamic strength data are not clear due to the bias im the 10 BM re-
sults.

These data seem to indicate a poor relationship between strength
and endurance. Though the differences between groups were not sta-
tistically significant, the 20 RM group had the greatest increase in
dynamic strength and the greater decrement at the end of the training
period., The 10 RM group had the next greatest increase in 1 BRM and
the next largest decrement followed in the same manner by the 30 RN
group, The stronger subjects seemed to have less endurance, This
was also evident before training. It is interesting to note that
before training, all dbut one sudbject had an actual increase in strength
after the fatiguing exercise. VWhile after the training period, all
but twe sudbjects had consideradbly large decrements. This may be due
to warm up factors. (See Appendix A)

However, since there were no significant differences within
groups nor between groups in strength decrement, it should not be
assumed that the testing technique used for this purpose was not
sufficient, Before any definite assumption can be drawn regarding
the effects of various progressive resigstance exercise programs on
strength decrement, a range of loads should be investigated,

It 48 felt by the writer that the test of hypertrophy with some
improvement in the testing techniques would become a fairly reliable
instrument, Bven with its poor reliability of .21, however, there

were definite shifts in hypertrophy. All but the 10 BRM group showed
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statistically significant increases in muscular girth,

Statistically significant differences between groups in all
measures may not have taken place because the training time involved
was not‘aufficient. Since most measures had significant increases
within groups after training, this may have also occurred between groups
had the training period extended over a longer period of time, The
opposite is just as likely, however, in that the training programs
may not have been sufficiently different to produce statistically
significant results, particularly in view of the rather rough 1 RM,

hypertrophy, and strength decrement techniques of measurement,
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CHAPTER V

SUMMARY, OONCLUSIONS AND RECOMMENDATIONS

Sunmary

The purpose of this study was to determine the effect of 10, 20,
and 30 RM progressive resistance exercise programs on strength and
hypertrophy. Three groups of four subjects each matched on static
strength respectively employed 10, 20 and 30 BM programs of progres-
sive resistance exercise three days a week for a period of five weeks,
Testing for each of the measures was completed prior to and immed-

iately following the five week training period.

Sonclugions

The following conclusions are drawn on the basis of the data
presented and should be viewed with careful consideration of the
limitations of the study.

1. No differences of statistical significance were found be-
tween the groups studied in this investigation for static and dynamic
strength, strength decrement or muscular hypertrophy.

2, Dynamic strength was improved significantly by all of the
training progranms,

3. Strength decrement did not shift significantly as a result
of any of the training programs.

4, The static strength and muscle hypertrophy results were in-

consistent and were interpretable.






-41-

nepndat

1, It is recommended that a similar study be made over a longer
period of time and with more subjects.

2, V¥Yhen determining strength decrement for further studies, a
range of loads should be used,

3. A better technique of measuriné mugscular hypertrophy should
be developed before attempting to measure growth of muscle girth in
~future studies.

L4, Additional studies should be made to determine the relation-

ship between static and dynamic strength.
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APPENDIX B

TABLE III

ANALYSIS OF VARIANCE RESULTS
OF DYNAMIC STRENGTH: DIFFERENCES BETWEEN GROUPS

CRITICAL F
VALUE
_SOURCE OF VARIANCE SS af MS P (5% LEVEL)
Between Groups 423.8 2 211.9 3.8 5.1
Between Subjecte 136.8 3 45,6 .8 4.8
Residual 335.0 6 55.8
Total 895.7 11
TABLE 1V
ANALYSIS QF VARIANCE RESULTS
OF STATIC STRENGTH: DIFFERENCES BETWEEN GROUPS
——  — —
CRITICAL ¥
VALUE
SOURCE OF VARIANCE 8S_ af MS ) 4 (5% LEVEL)
Between Groups 2453 .4 2  1226.7 U 5.1
Between Subjects 3071.0 3 10263.7 3.7 L.8
Residual 16562.1 6 2760.4

Total L9806.6 11 4527.9




ANALYSIS OF VARIANCE RESULTS

7

TABLE V

OF STRENGTH DECREMENT: DIFFERENCES BETWEEN GROUPS

CRITICAL ¥
VALUE
SOURCE OF VARIANCE SS ¢ Ms ) J (5% LEVEL)
Between Groups 16792.1 2 8396.1 3.4 5.1
Between Subjects 1585.8 3 528.6 2.1 4.8
Residual 14748 . 4 6 2458,0
Total 33126.3 11
TABLE VI
ANALYSIS OF VARIANCE RESULTS
OF HYPERTROPHY: DIFFERENCES BETWEER GROUPS
CRITICAL ¥
VALUE
SOURCE OF VARIANCE sS _af MS 5 (5% LEVEL)
Between Groups 91373,0 2 L5936.5 2.5 5.1
Between Subjects 52849.8 3 17616.6 1.0 4.8
Residual 109570.9 6 19261.8
Total 254293.7 11 23117.6
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