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ABSTRACT

Title.

A Comparison of Cable Tensiometer Strength, 1-RI
3 s

and 10-Ri7 Values, Cbtained in XKnee Extension.

Statement of the Problemn.

The problem consists of the followins two phases:
1) to determine the relationship between cable tensio-
meter strensth asnd the 1-RII value; and 2) to determine
the percentase of the tensiometer poundasge which most

nearly corresponds to tne 10-Ril value.

Hethodology.

Two hundred men of the liichigan State University
Required Physical Education population were randomly
selected, and 137 of this group participated in the
experiments. These men were randomnly assizned to four
levels of all-out performance to determine the value of
the 10-RiI from tensiometer poundage. e men were
contacted in their clsss and irmmediately performed the
experiments after an explanation of *tr2 purnose and
procedure invelved. The tests aduinistered, in order,
were: tle tensiometer tec®; the 1-77 test; and the

percentn~e lovel all-out repetitions.



Connlusions.

1l., Tre relationship between cable tensiometer
strencth and the 1-Rli capacity as measured in this study
is relatively low (r = ,6793). The correclation, thouch
significant, 1s poorer than was anticipated. Apparently
being affected either by the unreliability of the 1-Ril
test or because there may be a poor relationship between
static and dynamic strength,

2. The 10-R!M value lies between the mean of the
30 per cent lzvel (1L,9) and the L0 ver cent level (7.9).
By interpolation, the 10-RMvalue was determined to be
37 per cent of the cable tensiometer poundage.

3. The mean of the 1-RIM data was found to be
116 per cent of the mean of the cable tenslometer data.
These results are contrary to some of the earlier findings,

ll, A table for use in the selection of 1-RM and

10-RY treatment levels has becn presented.
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CHAPTER I

INTRODUCTION

During the past decade or two there has been
considerable apathy in the field of physical education,
rehabllitation, and among medical persons concerning the
practice of weight 1lifting, During World War II,

T. L. DeLorme and othersl initiated the practice of
progressive resistance exercises? with excellent results,
Progressive resistance exercises are weight 1lifting
exercises utilizing the avallable range of motion of a
limb or joint with regular increases in the amount of
weight proportional to the strength increase of the
particular muscle group in an attempt to regain the normal,
or higher, functional strength of that muscle group.

The 1-RM and the 10-RM3 are the values set by DeLorme
and his associates for the administration of the progres-

sive reslistance exercise program. It 1s reasonably

1T. L, DeLorme and A. L. Watkins, Procressive
Resistance LExercises: Technic and Ifledical Application.
New York: Appleton-Century-Crofts, Inc., 1951, pp. 1-5.

2Origina11y termed "heavy resistance exercises" but
later chansed to prosressive resistance exercises to be
more descriptive of the actual practice.

3Por definitions of 1-Ri and 10-RH see pace 2.






difficult and time consuming, however, to determine these
values without some guide as to the strength of the muscle

group before epplying the weight,

Statement of the Problem.

———— e e ——

Tre problem consists of the followins two phases:
1) to determine the relationship between cable tensiometer
strength and the 1-RM value; and 2) to determine the
percentage of the tensiometer poundase which most nearly

corresponds to the 10-Ril value.

Definition of Terms.

£

ggig@qtgg.h A gauze for measuring coble tension in
which the catl= nasses over two sectors and,when tension
is applied, offsets a third sector (riser) which connects
mechanically to the face of the device to permit recording
in dial units which are convertable to pounds. (See

Figure 2)

Ten Repetition Maximum (10-Rk). "Tie term referring

to the greatest welght that can be correctly carried through

the available rance of motion for 10 repetitions."S

ll'I-Ianufactur'ed by the Pacific Scientific Company, Inc.,
11130 Grande Vista Avenue, Los Angeles, California.

ST. L. DeLorne, F. &, Vest, and W. J. Shriber,
"Influence of Progressive Resistance Exercises on Inee
Function Following Femoral Fractures," Journal of Bone and
Joint Surcery. Vol., 32-4, WNo. l, 1950, p. 911.




One Repetition lMaximum (1-R¥), "The term referring

to one repetition instead of ten. It represents the maximum
volitional effort."6’7

Prosressive Resistance Exercises, Originally known as

' tkhis is the administration

"heavy resistance exercises,'
of resistance to movement by use of weights proportional
in amount to the strength of the muscle group being
exercised, The 1-RI and the 10-RM are values arbitrarily

set for the administration of these exercises.

Percentace Level., Refers to the phase of the study

in which the subjects for all-out repetitive lifting were
assicned selected welsht loads., The loads were assigned
by taking selccted percentages of the quadriceps extension
strength measure as determined by the cable tensiometer.,
The percentage levels utilized were 30, L0, 50, and 60

per cent. The subjects fully extended theilr assligned
amount of weight the mazimum nunber of repetitions possible
(all-out), This was done in an attempt to determine which
percentage level most nearly corresponds to the ten

repetition level.

61114,

TThere is a question, of course, as to whether the
measure is actually the maximum effort possible,



Need For This Study.

The progressive resistance exercise values of 10-RII
and 1-Rl1 are empirically derived treatment levels utilized
by DeLorme and a host of subsequent workers., !Methods of
determining these values involve as much as 20 to 30
repetitions through the full range of motion for injured
knees at least once each week, This method yields somewhat
inaccurate results due to the fatigue resulting from the
successive extensions. A simpler and less fatigueing
method of arriving at these values would be beneficlal
both to the patient and the therapist,

With the completion of this study it 1s hoped that
the simply administered tensiometer test might be given
and with one maximum contraction the poundage might be
determined for the 1-Rii and the 10-Ril values in the treat-

ment phase.

Limitations of the Study.

1., The test administrator observed in some of the
subjects a negative response towards lifting what seemed
to be a large amount of weight., It is believed, therefore,
that 1t 1s possible some of the subjects did not exert as
rmich effort as they were capable of exerting. The subjects,

however, in each case seemed to be working all-out,



2, The battery of tests was given with the cable
tensiometer test first; the 1-Ril value determined immediately
afterward; the 10-RIl percentace level values immediately
following the 1-RII test. The effects upon the accuracy of
these values because of the successive pattern of adminis-
tration is not known and the data are limited by this
pattern,

3. In the calculation of the percentage levels from
the cable tension strength, the poundage was rounded off
to the nearest five pounds, i.e. 76 pounds would be rounded

off to 75 pounds and 78 pounds to 80 pounds.



CHAPT=ZR II

REVIEN OF LITERATURE

Progressive resistance exercises are of recent origin,
having been started during World War II, The original
term of heavy resistance exercise was chenged to the term
presently used., The orizinal term was lnaccurate in
describing the technique because of the existing apathy
toward weight 1lifting in general, and the term had the

1

connotation generally associating it with building the
largely muscled body.1

For the benefits wkich have been derived from this
system of exerclses, there seems to have been relatively
little research performed to refine the technique. There
is ample evidence, however, for the value of this program
as the next section indicates.

The main purpose of progressive resistance exercise
1s for the development of strength, and the technique is

based on the physiological "overload principle" utilized

by weight lifters.® Trom his observation of weight lifters

17, L. DeLorme and A, L, Watkins, Procressive Resistance
Exercise; Technic and ledical Apnlication., New York:
Appleton-Century-Crofts, Inc., 1951, p. 2l.

2

Ibid., pp. 10-11.



exercises DelLorme set the maximum repetitions per exercise
bout at ten, thus originating the ten repetition maximum
(10-RM). From this he arrived at the one repetition
maximum or the 1-RM., This he recommends as an index of

strensth to be determined "once a week"3 and recorded.

]
Value of Progressive Deslstance Exercises.

DeLormeu lists four ouvtcomes for therapeutic exercise:
power, endurance, speed and coordination., He emphasizes
that progressive resistance exercises are basically for the
development of power and strength as it is necessary to
have a certain degree of strengsth before any of the others
can be efficiently developed.

Studies have been made to determine the usefulness of
progressive resistance exerclses in various orthopedic
conditions. Such a study was completed by DeLorme, Schwab,
and Watkins5 on the quadriceps muscles of poliomyelitic
patients. Nineteen subjects were used with sixteen of the
subjects being tested bilaterally. Three methods of

administering the exercises were necessary due to the

37, L. DeLorme, "Heavy Resistance Exercises," Archives
of Physical Medicine. Vol. 27, 1946, p. 612,

h1p1a., pp. 607-608.

5P, L. Delorme, R. S. Schwab, and A. L. Watkins,
"Response of Quadriceps Femoris to Progressive Resistance
Exercises in Poliomyelitic Patients," Journal of Bone and
Joint Surgery. Vol. 30, (October, 1948), p. 83l.




condition of the muscles., These were: 1) the regular
technique in sitting position; 2) the gravity assisting
technique with the patient in a prone position; and

3) the hip-knee extension method in the sitting position.

Muscle strength was determined by the use of spring
scales and the Lovett muscle grading method. After one
to four months, of the 27 muscles involved, 17 were graded
higher and ten were rated higher within their grade, i.,e.
normal, good, fair, poor, trace, zero, etec.

As a result the authors6 stated:

"The qualitative and quantitative evidence
presented supports the hypothesis that, follow-

ing acute anterior poliomyelitis, the remaining

innervated muscles respond to progressive

resistance exercises by an lncrease in strength

and work capacity in much the same manner as

nornal muscles,"

Gallagher and DeLorme! studied the effect of progressive
resistance exercise on adolescent boys. Twenty-five boys
with varions injuries cf the knee and nine boys with low
back strains were stuvdied., Exerclse for tlie knees
consisted of knee extension exercises with boot and weight

and hip and knee flexion-extension exercises. Exercise

for the lower back strains was the trunk extensor exercise

67pid., p. 846,

735, R. Callagher and T, L. DeLorme, "The Use of the

Technique of Prozressive Resistance Ixercise in Adolescence,"
Journal of Bone and Joint Sur-ery., Vol, 31-A, No. L,
’

(Cctover, 1949), pp. CiL7-35C.




with weights strapped to the back. The boys with knee
injuries ranged from 5 to 60 exercise periods and all
increased significantly the strength of their legs. The
majority doubled tlhe strength of their legs while some
tripled their strength., These boys exercised four days

a week with the 1-RIl being dctermined at the beginning of
each week,

Tre exercise periods for the boys with lower back
strains renged from 10 to L8 and all of the boys increased
thelr strength, some doubling and some tripling, or better,
the origlinal strencth,

Retests of hHoth conditions at varying veriods ransing
from twe te twelve rnientle revonled vary little loss of
strength in a couple of boys, nd the rest maintained or

nhad increased their final test strensth,

Ten Repetitlion Maximum (10-RM).

This treatment level was set by DeLor'me.8 The number
of repetitions was empirically derived, based on the
practice of weight 1lifters. The original set of repetitions
recormended was 70 to 100, but this number was lowered to
20 to 30 for exercise with heavier loads.® This 20 to 30

repetition set 1s arransed in three bouts of ten repetitions

—
OT, L, DPeLorne and A. L. Watkins, Prozressive Resistance

Exercises: Technic and lMedical Annlication., Nsw York:

Appleton-Century-Crofis, Inc., 1951, p. 7.

®1vid., p. 2.
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each: the first bout using one-half of the 10-RII load;
the second using three-cuarters of the 10-RII load; and the
nird usins the full 10-RI load.

Tire 10-RM load value 1s determined once each weel: and
the technique for the initlial determination is as follows:10

"Starting with the weisht of the boot

(5 pounds) and increasins by small amounts

(1 1/ to 5 pounds) ti.e patient lifts each

weight in ten repetitions. That weight which

reonires maximum exertion to verform ten

repetitions is thus determined."

This value 1s determined once each week and that
amount of weight is used for the week following. The
initial weight used in deternining the new 10-Rl{ value is
the weight exercised for the past week.

A modification of this method was made by Zinovierfll
and 1is titled the "Oxford Technique". This modification
was made after the author attempted to use Delorme's
orizinal (70-100 repetitions) technique (10-Rl) with the
result that the patients co'ld not complete the exercise
due to fatizue of the quadriceps muscles., This modifica-
tion of the DeLorme technigue emphasizes a reduction

instead of an increase in the amount of weight per set of

ten repetition bouts and maintains the 100 total repetition

107, L. DeLorme, "Heavy Resistance Exercises," Archives
of Physical Medicine. Vol., 27, 16L6, p. 611,

11p, w, Zinovieff, "Heavy Resistance Execrcises: The
1Cxford Technique!'," British Journel of Physicel liedicine.
Vol. 1, 1951, pp. 129-132.
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per set, This change varies, however, in that the patient
tries to increase his 10-Rd each day by one pound or works
on successive cdays to increase to the one pound extra
until it is achieved. Another variation is that during
the repetitions, the foot is rested for a second or two
between each 1lift with the weight supported on an
adjustable weight support.

Zinovieff tested this modification on 55 out-patient
cases with quadriceps weakness, The test resulted in an
average girth increase of three-eighths inch every two
and one-half weeks. The 10-RM increased on an average of
seven pounds every five days, and the absolute strength
measured by an iceman's spring scale increased on an
average of ten pounds each week.

The advantages claimed by Zinovieff are that the
Oxford technique gives less strain on the patlients knee
and provides a satisfactory increase in size and strength

with less difficulty.

One Repetition Maximum (1-RM).

DelLormel2 also originated the 1-Rl test wvalue which

is the amount of weight which can be carried through the

12T. L. DeLorme and A, L, Watkins, Progressive Resistance
Exercises: Technic and Medical Apnlication. New York:
Appleton-Century-Crofts, Inec., 1951, p. 127.
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available range of motion, once and once only. DeLorme
explains the function and the determination of this value

in the following:13

"As previously stated, once a week the
patient exerts his maximum quadriceps power
(maximum weight that can be lifted with one
repetition the knee going into complete
extension). This one repetition maximum
(1-R.M.) is determined on the same day as the
10 R.M,, in the following manner: When the
10-R.M. has been determined, the increases in
welght are continued. With each increase
beyond the 10-R.!,, fewer repetitions can be
done, until finally that weight which can be
extended only for one repetition with maximum
exertion is reached., This is recorded weekly
as the index of quadriceps power,"

Zinovieff, in using the S.S.L. (single spring 1lift),
gained by use of a spring ice scale, instead of determining
the 1-Rii, stated: "This figure is more easily and quickly
arrived at than is Delorme's 1-R.M., Furthermore it does
not have the disadvantage of fatigueing the quadriceps
during assessment, which makes the 1-R.lM. an unreliable

measure."lu

Cable Tensiometer Testing.

The cable tensiometer as a device for objectively

recording muscle strength was first originated during

137, L. DeLorme, "Heavy Resistance Exercise," Archives
of Physical Medicine. Vol. 27, 1946, p. 612.

luA. N, Zinovieff, "Heavy Resistance Exercises: '0xford
Technique'," British Journal of Physical Medicine. Vol. 1l,
1651, p. 130.
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World War II by Clarke and Peterson.15 Eventually, Clarke
constructed 38 objective muscle tests involving movements
of the finger, thumb, wrist, forearm, elbow, shoulder,
neck, trunk, hip, knee, and ankle joints. Research for
these tests was conducted in the Physical Education
Laboratory at Springfileld College, Springfield, Mass.l6

"This instrument was originally used to
measure the tension of aircraft control cable,
Cable tension is determined by measuring the
force needed to create offset (on riser) in the
cable between two set points (the sectors).
This tension may be converted directly into
poinds on a calibration chart."

Clarkel? compared the effectiveness of four muscle
strencth recording instruments, the cable tensiometer,
the Wakim-Porter strain guege, the spring scale, and the
Newman myometer.l8

"As reflected by objectivity coefficients,
the cable tensiometer had the greatest percision
for strength testing. It was the most stable
and generally useful of the instuments; and was
free of most of the faults of theé other devices,
The strain gauge had a satisfactory degree of
precision; but was extremely sensitive to slight
tensions, including changes in room temperature.
Both the spring scale and the Newman myometer
had deficiencies which limited their usefulness,

15H, H, Clarke, Cable-Tension Strencth Tests.
Chicopee, lass,, 1953.

161pid., p. 2.

17g, =, Clarke, "Comparison of Instruments for
Recording Muscle Strength," Research Quarterly. Vol. 25,

1951, pp. 398-411.
181p14., p. 398.
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Wakim and others compared the strain gauge and the
tensiometer:19

"Simultaneous readings were taken with the
two instruments at angles of pull of 90, 100,
110, and 120 degrees (200 otservations on 20
young women). The average power recorded with
the strain gauge was 61,1 pounds, whereas with
the tensiometer it was 57.0 pounds. The
average difference in readings between the
two instruments was l.1 pounds, with the
strain gauge giving higher results in 183
observations, the tensiometer giving higher
readings in 10, and the two giving identical
recordings in 7. Since the two instruments
gave identical readings under static conditions,
it seemed as if the lower results with the
tensiometer were due to friction within the
instrument,”

Clarke and others20 revised their original form of
administering the cable tensiometer test for quadriceps
strength with a higher objectivity derived from the new
method, In this method the position 1s the same as in
the original test except that the hands are placed on the
csides of the table and to the rear with the subject leaning
backward instead of the subject crossing his arms on his
chest as in the original test. The reason for this change

1s stated by Clarke:<l

19x. G. wakim, J. W. Gersten, E. C. Elkins, and
G. M. Martin, "Objective Recording of liuscle Strength,"
Archives of Physical kedicine. Vol., 31, (February, 1950),
p. S5.

20y, H, Clarke, E. C. Elkins, G. M. Martin, and
K. G. Wakim, "Relationship Between Body Position and the
Application of Muscle Power to lMovements of the Joints,"
Archives of Physical lMedicine. Vol., 31, (February, 1950).
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"In the original testing position, the
guadriceps muscles are in a shortened position,
and the hamstring muscles offer countertension.

In the revised position, the quadriceps muscles
are more nearly at their full length and the
tension of the hamstring muscles is not so great."

Related Studies.

Klelin and Johnson22

conducted an experiment with six
patients with the original purpose of gaining information
on the effect of unilateral exercise which later developed
into a method of determining the value of the 10-RM in
relation to the tensiometer test. These six subjects were
exercised according to the "Oxford technique" of maximum
lift first bout of ten repetitions and tren reducing the
weight during successive bouts. Tre subjects consished

of three post-menesectomies and three muscle atrophy cases
resnlting from atll~%lc injuries,

The 1-RM values were determined with two of *the patients,
and ten pounds were dropped of for the 10-Ril exerclse. The
patients were capable of doing over the 10-RIM 1limit with
this welight. The second day five pounds were dropped off
of the 1-3M value, and during the three weeks following the
"ten R.!. capacity was established by reducing the maximum

single by five pounds." All of the other patients were

22X, K. Klein and E. Johnson, "RBesearch: A NMethod of
Determining the Maximum Load, for Ten Repetitions, in
Progressive Resistance Exercises for Quadriceps Development,"
The Journal of the Association for Physical end lental
Rehabilitation. Vol. 7, No. [ (July-August, 1953), pp. 130-
131.
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tested on this method and it was found to worlk for then,
The tensiometer readings were established as equaling
about three times the 1-RlM values,

Fettinecer and Mullere3 report a new method of
developing muscle strength. They give evidence that
exerting two-thirds of maximun force for a period of six
seconds per day will increase the strength of a muscle
5 per cent per week until it reaches its maximun
hereditary strength. '

McCloyzu indicates, however, that the benefits of
exercise should be considered into the adininistration of
this new method of strength development, Strength is
not the only value gained by exercise although it is
important to exercise. He suggests that this technique
be tried along with exercise through full range of motion

to get better results,

237h, Hettinger and A. E. Muller, "Muskelleistung und
Muskeltraining," Arbeitsphysiologie. Vol. 15, No. 2
(October, 1953), pp. 116gf26. ’

2lc. H. MeCloy, "Something New Has Been Added," The

J =€
Journal of the Association for Physical and lMental
iehabilitation. Vol. 9, No. 1 (January-Iebruary, 1955),
rp. 3-4.




CHAPTLR III

IETHIODOLOGY

Introduction.

This study was undertaken in an attempt to establish
the cable tensiometer test as a simply administered means
of determining the 1-RM and the 10-RlM treatment levels,
Two hundred subjects were selected randomly from the
Michigan State University required male physical education
ponulation., All of the participating subjects were
measured for knee extension strength of their strongest
leg using the cable tensiometer and then subsequently
tested on the 1-RIM and the percentage level all-out
repetition tests, The data obtained on these subjects
were then correlated and tabled., The procedures involved

are described in detail in this chapter,

Selection of Subjects.

Two hundred men were selected as a representative
sample of the Michigan State University Physical Education
Instructional Program (required) population., These men
were chosen randomly from 2,342 by use of numbered class

1

lists and a table of random numbers. Bighty two of the

1, G. Kendall and B. B, Smith, Tables of Random
Sampling Numnbers, London: Cambridge University Press, 1939.
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one hundred and eichty-seven men of the two hundred
randomly chosen participated in the experiments.
Thirteen men did not wish to participate, and no attempt
was made to substitute for these thirteen men.

The total sample was numbered consecutively from
1 to 200. This number was used to place them into one of
the four percentage level catagories by the following
method: Each number was divided by four and the remainder
of the division used for category placement. Remainders
of 0, 1, 2, or 3 were placed in the 307, 0%, 507, or 607

level groups respectively.

Tegsts Utilized,

The cable tensiometer test was administered as
described by Clarke2 with a change made in the table to
facilitaﬁe the reading of the tensiometer3 (see Figures 1
and 2). This change was accomplished by placing a moveable
pulley at the rear of the table and fixing the cable just

above seat level at the back of the table. The pulley was

2H. H, Clarke, Cable-Tension Strencth Tests., Chicopee,
Mass.: Brown-lurphy Co., 1953, p. 29.

3Bryant W. Pocock, research engineer at Michigan State
University was consulted regarding the change. He stated
that the cable tension would be the same at the measurement
point 1in this table as in a direct hook-up like Clarke's,
neglecting the slight friction of a single pulley.
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Figure 1, Table and equipment as used in tensio-
metcr test. .

Figure 2. Zouipment utilized in administering the
tenciometer test. Top: Chain, cable, and strap apparatus.
Richt: Tensiometer. ILeft: Goniometer for setiing joint
angles.
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moveable so the cable angle at the leg could be maintained
at 90° as recommended by Clarke.t

The 1-RM was determined following the measurement of
the cable tension strength. The subjects were given various
welghts, and through several repetitions the maximum weight
which could be lifted to full extension once was determined,

The percentage level all-out repetition test followed
and concluded the tests, In this test the subjects
exercised with the assigned percentage levels of the
tensiometer poundage, Repetitions were continued until

fatigue made full extension impossible.

Techniques in Collection.

Subject Contact. When the men were selected, the

information, including name, class sport, class section,
iInstructor's name, and hours and days the class was
scheduled to meet, was recorded on a separate card for

each man. (see Appendix A). These cards were then

arranged according to class and section and the men were
contacted in their class just prior to performing the
experiment, The instructors had been notified approximately
one week in advance and arrangements made to excuse the men
for the testing period. The purpose of the experiment and

the procedures were explained to the subjects who then

Y. H. Clarke, Op. Cit., p. 7.
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participated In the experiment one at a time. The subjects
were very cooperative and demonstrated interest in the
experiment, Thirteen of the men were unable to participate
for various reasons. No attempt was made to replace them,

Administerinz the Tests. The test$ were given as they

are arranged on the card (see Appendix A). he men were
tested one at a time for the complete test.

Ieight and weight measurements are not accurate in
all cases as the subjects were dressed in various clothing
at the time of their contact and the men usually had
classes to meet during the next scheduled class hour,
Requiring clothing change would have hindered them in
meeting with their classes on time. Therefore, height and
weight are merely indications of the true measurements,

Tensiometer test: The men were requested to sit on
the table facing the proper direction with their hands

placed at the back of the table5 and the back of the knee

5H. H. Clarke, E. C. Elkins, G. M. lartin, and
K. G. Wakim, "Relationship Betwecn Body Position and the
Application of liuscle Power to Movements of the Joints,"
Archives of Physical lMedicine., Vol. 31 (February, 1950),
pp. 01-59., (This is a revision of the original method of
performing this test. In the original test the subject
crossed his arms over hils chest, When the subject was
allowed to do this, his upper body position chanred, possibly
affecting the reading as he either leaned forward or baclkward
when pulling against the cable, The following is an explana-
tion for the revision of this new test position: "The
position is the same as for the original test except that
the subject 1s sitting and leening backward with the arms
extended to ti:e rear and tlie hands grasping the sides of the
table . . . In the originel testing position the quadriceps
muscles are 1n a shortened position, and the hamstring
muscles offer counter tension. In the revised position, the
quadricens muscles are more nearly at tleir full length and
the tension of the hamstring muscles is not so great." p. 85.
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against t'e front edre of tlre teble, Clarke's method of
testing knee extension wes then conductzd with the revision
of the hvi'c et the back of the tahle rether than on the
slide to prevent flexion of the arms.é’7

Two readings were taken successively and recorded,
The mean score of the two readlnzs was used exceprt in varia-
tions of more than four places on the dial on the face of
the tensiometer. If the readinms were more than four places
apart, the highest recorded number wes used as the indication
for poundage pulled.

1-RIT1 test: This test was administered directly after
the tensiometer test with no rest except for the change
from the tensliometer strap to the boot and weights for

determination of the 1-RI.

6The writer found that with the hands at the side of
the table, some subjects were inclined to bend their elbows
upon extension of the leg. Therefore, the subjects were
required to place their hands on the back edse of the table
and to keep their elbows straight. The small table top
macde this applicable. With the hands at the back of the
table it was more difficult to bend the elbows, and a more
consistent position and recording is obtained since the
subjects concentrate on the leg extension instead of gain-
ing advantage by leaning backward. DBody vosition was
changed slightly, if at all, because the size of the
table ton was small and the back edse of the table weas
close to the subjects sitting position.

TH, E. Clarke, Cable-Tension Strentth Tests. Chicopee,
liass.: DBrown-Hurphy Co., 1953, p. 29.







The 1-Rl] poundasie was determined by the addition or
subtraction of weisht with eacin extension of tlhe leg until
the amount of weight wes too much to be lifted to [ull
extension once, The subjects were not told how much they
were liftin; until the experinent was completed. The
subjects hands were placed at the back of the table as 1in
tne tensiometer test. The sarne teble was used in all
three tests,

A riser was placed under the knee at the Ifront edge
of the table as recommended by Delorme and ﬁatkins.B
When the subject was 1In the correct position for knee
extension wlth weishts epplied to the boot, he was instructed
to 1ift the boot as hich as possible without swinging the
weight or kicking it uvp and to keep Lis arms straight
while doing this,

The weight of the boot was not figured into the
poundage lifted as tlie same boot, bar, and clamps were used
throughout the testing. Tlie simallest weight used was five
pounds. Smaller denominations of two and one-half pounds
would be necessary in using the 1-RM in treatment but is
not necessarily needed in determining raw weights on normal

knees. The 1-Ril determined in this manner 1s not precisely

8 . . . .
T. L., DeLorme and A, L. Watkins, Prorressive Resistance
- . . ’ -t - -
Uxercises: Technic and Iiedical Avn»lication. New York:
Appleton-Century-Crofts, Inc., 1951, p. %2.
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accurate anyway, since the number of extenslons required
varies with each person and the degree of fatigue would
be different according to the number of extensions
performed.

The men were not given any more rest than was
obtainable during tre changing of the weight. While the
weights were being changed, the subject was in a half-sit
and half-stand position at the front of the table., The
weight of the boot was lifted and held by the administrator
of the tests until the subjects were ready for extension
so as not to tire the muscles more than necessary.

"~ 10-RM test: This test was broken down into the four
percentarce levels and followed the administration of the
1-RM test. The poundage for the percentage level was
arrived at with the use of the table in Appendix B. The
subjects were instructed to lift the weight on the boot
at a slow rate of repetition allowing a pause before each
extension to avoid advantage galned by swinging the weight
and also to get full extension each time, The same leg
was used throughout the three tests, The position of the
subject for the 10-RIM test was the same as for the 1-RIl
test. The number of pounds lifted and the number of
repetitions performed were recorded in thelr proper places

on the individuvals card irmediately after each test.
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Before administering any of the three tests, the
sub jects were questioned as to whether they had ever
injured either leg and were assured that there was no
danger in the performance of these tests. The stronger
leg according to the opinion of the subject, or the better

leg which was not injured was used for the three tests,

Methods of Statistical Analysis.

The coefficient of Correlation was determined for
the tensiometer and tle 1-RiM data., The mean, standard
deviation and standard error of the mean of the two tests
wefe also computed for these data.

The means, standard deviations, and standard error cf
the means was calculated for the four percentage levels
of the 10-RI in an attempt to determine which percentage
.or two percentages most nearly corresponded to the actual
10-Rii value.,

The cable tensiometer and 1-RM data and the correspond-
ing 10-RM percentage level data (interpolated) were then

tabled in McCall? T-Score Tables utilizing the 6 sigma range.

9J. F. Bovard, F, W, Cozens, E. P. Eagman, Tests and
Measurements in Physical Education. (Third edition;
Philedelphia and London: W, B, Saunders Company, 1950),
p. 317.




TAPTER IV

ATALYSIS AYD PRESENTATION OF DATA

In an attempt to determine the relationship between
cable tensilon strensth tests and the cne repetition
maximum (1-RIM) and the ten repetition maximum (10-R})
values this study was performed. One hundred and eighty-
seven men of the two hundred man sample performed in the
experiment, The subjects, ranging in age from 17 to 27
were randomly selected from the liichigan State University
male required physical education classes (total enrollment,
2,3u2).

The subjects were tested successively for cable
tension strength, 1-Ri poundage value, and in the all-out
lifting of a weight percentage of the poundage recorded
on the cable tensiometer test. The last test was an
attempt to determine which percentage of the cable tensio-
meter test poundage most nearly approximated the 10-RII
value. The subjects were assigned to the arbitrarily
selected 30, L0, 50, and 60 per cent levels. The method
of assignment was to dlivide by four the consecutive nwiber
of the subject's selection. The remeinder of the division

determined the assignment, i.e. remaincers of 0, 1, 2, 3
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vere assigned to the 30, L0, 50, or 60 per cent levels

respectively,

Analvysis of Data.

Trie data were analysed in the followins manner: The
cable tensiometer strength poundage was correlated with
the 1-RII value and the standard deviation and the standard
error of the mean determined on each, IicCall's T-3core
formula, usings trhe 6 sifuma rance, was then utilized and
standard score tables developed for the two valucs.

The percentage all-out repetition scores were then
avera;ed and the standard deviaticn and standard error of
the mean were determined, The approximate weisght value
of the 10-Ril was tren determined by interpolation from the
above mentioned results, Using this interpolation wvalue
the 10-R! value was added to the above mentioned standard
score tables as a rouch estimate of the 10-RIl value from
the cable tensiometer results, It is to be noted, however,
that the 10-RM values are not actually standard score data
but were arrived at througnh multiplication of thie cable
tensiometer score by the percentase., This methodology, of
course, has strict limitations, but the author considers

the method presented more objective than any method

presented heretofore.
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Results.,

Cable tensiometer poundace and 1-RM poundage: A

coefficient of correlation of .6798 was found between the
cable tensiometer poundage and the 1-Ril poundage. This
correlation is highly significant though not as high as
had been expected. Thea-.‘;'-: was 9.30 which is considerably
greater tran the 2,58 value necessary to conclude with
confldence the universe value for r is greater than zero.l’

The mean value of the cable tensiometer poundage was
determined at 206,27 pounds, Tre standard deviation
equaled 50,97 pounds and the range was from 105 to 30
pounds. The standard error of the mean was 3,73 pounds,

The mean value of the 1-Rif poundage was 96,71 pounds.
Tne standard deviation was 21.06 and the range frowm 50 to
170 pounds. The standard error of tlie mean was 1,540

pounds., Table I lists these ficures.

TABLE I

A COMPARISON CI" THZ CABLE TENSIONMETER AND 1-RIf RESULTS

Rance
(1bs.) o o% Fich Low N

Tensiometer - 206,27 50.67 3.73 30 105 13
1-RHM - 96,71 21.06 1.5 170 o 187

—

-~

1Quinn lMcNemar, Pswvchological Statistics, IT-w Yori:

John Wiley and Sons, Inc., 1549, p. 122,
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Cable Tensiometer Percentare Level All-Qut Repetitions.

The mean nunber of all-out repetitions the subjects were
capable of at the various percentase levels are as follows:
305 = 14.9; LO5 = 7.9; 505 = 3.l; and 605 = .29, The value
of the 10-Ril lies between the 30 per cent and L0 per cent
levels of tle tensiometer values. The percentage equivalent
to the 10-R!, by interpolatioh, is approximately 37 per cent
of the tensiometer poundage.,

Table II lists the ranses of the varlous percentage

levels according to pounds lifted and number of repetitions.

TABLE II

ERCENTAGE LEVEL ALL-CUT REPETITICNS; RANGES OF WIIGHTS
LIFTED AUD RLZPSTITIONS PERFORMED IN ThRE
VARIOUS PLRCENTAZE LLVELS

305 .05 5075 607
Ibs, Reps, Lbs, Rens, Lbs., Rens, Lbs. Rens.
Low
Values - 35 9 Ly o 65 0 65 0
High

Values = 110 26 130 23 170 17 200 7

Table III lists the mean values of the pounds lifted
and the number of repetitions with the standard error of
the mean for each, It is to be noted the 10-Ri value lies
between the 30 and Li0 per cent levels., By interpolation

the value is approximately equcl to 37 per cent,
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TABLE III

ALL-CUT PERCENTAGE LIVZL VALUZS

Percentage

Levels M (Lbs.) 9y M-Repetitions T L
30 60.9 I 2.7 .9 I 2.02 L7
10 86,6 £ 3 7.9 % .98 43
50 101.6 ¥ 1.0 3. 2 76 Lo
60 125.7 I 4.7 29 = 1,88 16

Standard Score Tables., Table IV was arrived at by use

of McCall's T-Score formula for equal intervals.2 This table
is an indication of the weights which may be used for
treatment., The table would be used in the followins manner:
A subject would be administered the ceble tensiometer test
and the poundage would be determined from the tensiometer
calibration chart. When this value is found the administra-
tor would use the 1-R: and the 10-Rii values which will be
directly across in the next two colwmns respectively.

The mean of the 1-Ri data was 96,7 pounds, which is

16 per cent of the mean of the tensiometer data. These

23y, F. Boverd, ¥, W. Cozens, and B, P, Eagman, Tests
and lleasure.cents in *hysical Zducation. Third edition,

Philadelphia and London: . B. Sauncers Company, 1950,
p. 317.
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TABIT IV
TUISICLET LR ALD 1-RiD 3TALDARD 3CORE TABLLS

Standord Percentile Tensioweter 1=RI 10=-ki*
score sScore I'ounds Pounds rounds
100 99.9 559 160 133
95 ©9.7 - > 155 127
90 99.2 329 147 122
85 98.2 21% 141 116
&0 G6e4 298 125 110
75 G3.3 283 128 1C5
70 88,4 268 122 G
5 €l.6 252 116 93
60 7246 257 189 t1S]
55 61l.8 222 103 &2
50 50.0 206 S7 75
45 38.2 191 90 71
40 274 176 &4 65
35 18.4 160 78 55
50 11.5 145 72 54
25 5.7 130 65 47
20 .0 115 59 42
15 1.8 ¢9 55 27
10 «8 84 46 51
5 o4 69 4.0 25

0 .1 53 o4 <0

*The 10-II values are not bzsed on the total
distribution. These values were arrived ¢t oy rmulticlying
3%77% times the ternsioreter value for a rough c¢stinate of
thet standard score level,



results are contradictory to those of Klein3 who stated
the 1-Ril measures were approximately one-third of the

tensiometer values,

Diccussion,
The metihiod presented 1is rough and is yet to be tested.
Tie advantage lies in 1ts simplicity and objectiveness.

There are, however, serious limitations to the technique

g

before it can be generally adopted: 1) The lowness of
the correlation bhetween tle tensiometer and 1-RI results
indicate that either the 1-R' value is too unreliable or
that there is a difference between the static tensiometer
test used and tlie dynamic 1-Rii test. Ouelletteh in
studying the effects of aradriceps wz2ight training on

Py

leg speel obtained sirnificant Increazes In the 1-FM bt
rot in tensiometer res.lts following a sevai-uecek

traininc program; 2) "re tsble, as presented, assumes the
Interpolation between the 30 per cent and the !'0 rer cent

levels to be correct, There is no assurance the data are

linear as the interpolation would asswie, The date, in fact,

3v, I, ¥lein and E, Johnson, "Research: A iothod of
Determining the laximum Load, Tor Ten Repetitions, In
Procressive Resistance Exerclises For Quadriceps Developient,"
Tre Journal of the Association Tor Prysical and licntal

Relebilitation, Vol, 7, No. L., July-Ausust, 1953, pp. 130-1321,

~ ke

uR. C. Cuellette, "The Uffect of GQuadriceps Develcpument
on Shrint Running Time, Unpublished Master's thes is,
Michigan State uq*vorsxty, Zast Lansing, Ausust, 1955,



aprear to be curvilinear when percentage velues are plotted
with repetitions. The table also asswies the 37 per cent
vaelue is applicable at botn the top and bottom of the scale.
There 1s no assurance this is true thouch the standard
error of the mesn at the ;0 per cent level is less than one
repetition. The teble, however, is easily used and 1s
objective., The value of tre method will have to be

determined by further Iinvestication,



CEAPTER V

SUIIARY, CCICLUSICHS AND RLCOMMETTDATIONS
Swmary.

One hundred and eighty-seven of a randonly selected
two hundred men frox the Michigan State University male
required physical education classes participated in a
battery of three tests. The tests included: Cable
tensiometer strencth, one repetitlon maxirmmm, and a
tensiometer poundare percentage level all-out repetition
test. The purpose of the experiment was 1) to determine
the relationship between the cable tensiometer test and
the 1-Rli test and 2) to determine what percentage of the
cable tensiometer poundage most nearly equaled the ten
repetition value. A table for the selection of the 1-RII
and 10-R!M treatrient levels from the simply administered
cable tensiometer test was arrived at for an easier and

more objective determination of the two measures,

Conclusions.

1. Tie relationshio between cable tensiometer
strensth and the 1-Riu capacity as measured in this study
is relatively low (r = .€6793). The correlation, though

significant, is poorer than was anticipated. Apparently

being affected elther by the unreliability of the 1-RlM



test or becauce there may be a poor relationchip between
static and dynamic strength.

2o The 10-kil value lies betwecn the nmean of the 30%
level (14.9) and the 40% level (7.S9). By interpoletion,
the 10-R.. value was determined to be 3775 of the cable
tensiometer poundage.

3¢ The mzezan of the 1-1 data was found to be 4&5% of
the mean of the cable tensicmeter data. These results are
contrary to some of the ecrlier findings.

4, A table for use in the selection of 1-kil and

10-Rl trectment levels has been presented.

Recommendations.

l. The tzable for use in the selection of 1-RI and
10-R.I trecatment levels merits further investigation in
longitudinal studies.

2. 4 further study should be made of the 37/ value
to determine its accuracy at selected standard score levels
from O to 10C.

3. A longitudinal study utilizing difierent numbers
of repetitions should be corpleted to determine the valid-

ity of the 10-Kl measure.

- —

| N A S——



BIBLIOGRAFEY



ZIBLIOGHALRY

A. BOCYS AlD Pl lLuts

!

Bovard, J. F., F. . Cozens, and I. P. hagnen. Tests and
lleasurerents in Frhnysical Zducation. Third editian
Friladelvhia =ond LonGon: we. B. saunders Company,
1950. 315 pp.

Clarxe, Hs H. Cable Tension Strencth 7T

ests. Chicopee,
l.assachusetts: Brovwn-iurvhy Co., 1Y

Delorme, 4. L., ard L. L. Jatxins. ¥Fro - ressive Resistance
vm;c1 ¢Sy Yechnic and lediccl spulication. new Yors:
Apoleton-Century-Crofts, Inc., 1Y51.

Fendall, IL. G., and B. B. Snith. Tables of Iondom Szxpling
Numbers. ZILondon: Cambridge University tress, 1usy

B. FuoRICDICALS

inderson, #. He "Heavy Lesistance, Low hepetition .:lercise
in the Restoration of Function in the Inee Joint," Lova
scotia l.edical Bulletin, 25:397-400, 1S46.

Clerke, H. Ho "Improvement of Objective Strenzth Tests of
luscle Croups by Cable Tension l.ethods," Iececrch
uarterly, 21:599-425, 1950,

"Objective 3Strength Tests of iAfriected luscle Groups

tnvolved in Crthovedic Disabilities," Resecrch .uar
terly, 19:118-147, 1S43.

"Pfesting luscle Strength," Research EReviews, January
1950’ ppo 1-8.

y Te L. Bailey znd C. T. Zhay. Ilew Objective
strength Tests of luscle Groups by Cable Tension
_ethoas," Research .uarterly, 235:2:156-143, Ly, 1952.

y Le Co Blkins, G. i.. lLartin, aad . G. vakiao., "xela=
tionship setween Body Fosition and the ~fprlicction of
Iluscle rover to lLovements of the Joints," Archives of
Thvsicoal iedicine, 31:81-89, February, 195C.




" DeLorme, T. L. "Heavy Resistence zxmercise," iLrchives of
Physical lLcdicine, 27:607-6%0, 1540G.

"Restoration of luscle Fower by Heavy Lesistance
wxercises," Journal of Eone ard Joint Jurzery,

27:645, Cctober, 1S4D.

sy Re 5. Schwab, and A. L. Vetkins. "Response of
wuadricers Femoris to Progressive nesistance IZxcrcis
in Poliomyelitic Fatients," Journal of Eone and Joint
Surq.ry, 30-4:8%4, October, ly4c.

y Be G. Ferris, and J. R. Gallasher, "iffect of Prog-
ressive Resistance ixercise on lLuscle Contraction Time,"
Archives of I'hysical liedicine, 3%:86-92, February, 1952.

, and A. L. Viatkins. "Techniques of I'rogressive hesis-
tunce Ixercise," Archives of rhysical lLedicine,
29:263-275%, 1948,

s Fo E. West, and ¥. J. Schriber. "Iufluence of Frro-
gressive Resistance Exercise on Xnee Function Following
Femoral Fractures," Journal of Bone and Joint Surzery,
32=A:4:910-024,

Elkins, E. Ce, U. Ii. Leden, and K. G. \akim. "Objective
Recording of the Strength of ilormal luscles," Archives
of Physical ledicine, 352:639, October, 1S51.

Gallagher, J. R., and T. L. DelLorme. "The Use of the “ech-
nigue of Frogressive Resistance Ixercise in Aidolescence, "
Journal of EBone and Joint Zurcery, 31-4:8&47-858,

October, 1949,

Hettinger, Th., and A. E. Iuller. "luskelleistung Und
Iuskeltraining," Arteitsohysiologie, iV, Io. 2,
October, 1953, pp. llo-lco.

Hozz, D. G. "Fhysical Therapy in Orthopedics: ./ith 5 _ecial
keference to Heavy lesistance, Low kepetition Zxercise
trogram, " rhysiotherapy Leview, 26:291-294, 1945,

Houtz, 3. Je, A. li. Yarrish, and F. A. Ftellebrandt. "The
Influence of leavy Resistance Ixwercice on 3trength,"
Fhysiotherapy Feview, £6:298-3C4, 1S40,







=29

lein, K. X., and L. dohnson. "keseurch: & lLethod of Deter-
mining tae lamimum Load, for Yen revetitions, In Fro-
mresblve aesistance ;xeroises for wuadricens Develop-
Leﬂt The Jdournzl of the .ssocistion for rhysicol uud
ien Lul LLngblljbath“, V:4:150-1%1, July-suzuste, 1955,

Levenson, C. L. "Therapeutic fxercises in l.enaserent of .ar
Injuries," .rcaives of rhysical lecicine, 28:5E7-596,
1947,

ilacQueen, I. J. "kecent idvances in tne Technicue of rrogres-—
sive kesistonce Lxercise," Eritish ledical Journel,
Lo. 4898, Lovember 20, 1954, po. 1195-119Y8,

al

licCloy, C. H. "Something llew ras Been .dded," The Journal
of the iAssociation ifor *hysical cnd ental _ernzoilita-
tion, 9:1:35-%4, Januury-ncoru,ry, S5C.

licGovern, R. ., and H. B. ILuscombe. "Useful lodifications
of Frogressive Resistance iizercise Technigue," irchives
of fhy51c 1 Iedicine, 54:8:475-477, August, 195).

icliorris, Re O, and B. C. Zlxins. "A Study of rroduction
and Zvaluation of Luscular njpertrouhy," Archives of
thysical iledicine, 55:7:420-426, July, 19

loland, R. Fe, znd F. A. uckhoff. "in .‘dapted rrogressive
riesistence uxercise Levice," rhysiccl Ynercry sLeview,
S4:7:%55=-338, July, 1S9D4.

wakinm, K. Ge., J. ... Gersten, . C. Elking, and G. . leartin.
"Objective recording of luscle Utre“~*n," Archives of
thysicel 1 dlClne, pl-JC—lOU, Feoruary, 1550.

watkins, A. L. "bructical anrlications of Fro.ressive kLesigs-
tdnce mvercise, " Journzl of the srericon _edaiccel ncsoc-
iation, 148:6: 4L3-+4b, Feoruary S, ISCC.

T

zinovieff, A, . "reavy kesistance Ixercises: Oxford Technic,
British Journcl of Thysical Medicine, 14:129-132, June,

1551,

LOTDES, we Bey cnd ro V. Sorpovich. "Lhe Zfrect oi .eirht
Lifting Uoon the Sreed of iuscular Controctions,
resecrch .ucrterly, 22:9:142, Loy, 1951.




AFPFINDIX



APPZIDIX A

Card For Recordins Data,

Number

Name

Address

Class Sport

Section

Instructor

Class Hours: M=W=F

Ace
Weicht ~ lbs,

lielzht ft. in.

Mid=-les; Lencth in.
Tension Strenzth

Raw / Lbs.

1-RIi: 1bs.
10-0i: perccentase_ 1bs.

Repetitions

Comnents:



APPENDIX B

Table for Determination of Percentage Lsvel All=Out Repetition

Poundage From Cable Tensiometer Readinge

Tensio=
meter

Haw Ibse

I9 50
55
22 60
65
% 70
75
28 80
85
31 9
9%
3 100
105
38 110
. 115
L 120
125
43 130
135
L6 140
15
L8 150
155
50 160
165
52 170
175
sL

185
56
58

60
a

&

SRERSRE

percentage levels

X% WOF 208 6%

I5
1645
18
19.5
2
2245
2l
255
27
28.5
30
3.5

20
22
2L
26
28

88

25 30
275 33
30 36
32,5 39
35 L2
375 U5
Lo 48
42,5 51

L5

L7.5 57
50 60
525 63
55 66
575 69
60

62,5 5
6 18
675 81

70
7265 87
75
775 93
80

825 99
85 102
875 105
90 108
92s5 111
9% 11
97¢5 117
00 120
102,5 123
105 126
107.5 129
110 132

63
&4
66
67
69
70
72
3
(0
[t
76
78
19
80
81
82
84
85

Tensio=
meter
Raw Ibse

225
230
235
2,0
2145
250
255
260
265
270
275
280
285

290
295
300
305
310
35
320
325
330
33%
3h0

350
355

365
370
375
380
365
390
395
Loo

percentage levels

Xz Lo 2%

67s5 90
69 92
70,5 Sk
72 96
73s5 98
75 100
765 102
78 104
7965 106
9 108
91,5 110
93 112
LS 114
96 116
975 128
99 120
100,5 122

8%

112.5 135
115 138
117.5 U1

s )N
1'22.5 7
125 150
12745 153
130 156
132.5 159



APPENDIX B

Table for Determination of Percentage Level All=Out Repetition

Poundage From Cable Tensiometer Readinge

Tensiow
moter
Raw Ibse

I9 50
55
22 €0
65
25 70

75
28 80
85
31 9
9%
3 100
105
38 110
. 15
L1 120
125
43 130
135
L6 140
145
48 150
155
50 160
165
52 170
17
5L 180
1
56 1

58
60
a

SRERERE

percentage levels

X% LOE 20%

20
22
2,
26
28

25
275
30
32,5
35
375
L0
42,5

-2/

30
33
36

63
&
66
67
69
70
72
13
[
(]
76
78
19
80
8L
82
84
85

Tensio=
meter
Raw Ibse

225
230
235
2,0
215
250
255
260
265
270
275
280
285
290
295

percentage levels

02 Lo 2%

67s5 90
69 92
70,5 S
72 96
73s5 98
75 100
7665 102
78 104
7965 106
9 108

7
112.,5 135
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