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CROSS TRANSFER. EFFECTS UTILIZING A UNILATERAL
MAXTMAL, TISOMETRIC STRENGTH MEASUREMENT SCHEDULE

(An Abstract)
by
Dale E, Williams

The purpose of this study was to determine the amount of
strength transferred to the unexercised contralateral wrist flexor
muscle group,‘utilizing a unilateral maximal isometric strength
measurement schedule with college men,

Twenty right handed males college freshmen were selected as
subjects for this study. A cable tensiometer and associated
equipment was utilized as the measuring instrument for maximal
isometric strength of the wrist flexor muscles., Each subject was
given a pre-test to obtain the initial strength of each wrist
fléxor muscle group. Following the pre~test a fourteen day interval
was allowed, during which the subjects were placed into two matched
groups on the basis of their total pre-test scoress Group "A" was
measured with the left hand first for five consecutive days and
subsequently with the right hand for five consecutive days, Group
#BY was measured in reverse order, right hand to left hand. A twe-
éay rest period separated the five day unilateral measurement
programs, All daily treatments consisted of five trials maximal
one minute apart, and took place between the time of 10:00 A.M.
and 12:00 Noon,

The t-test for paired observations resulted in non-significant

t!'s between the pre-test mean scores and the day one mean scores in



all four unilateral measurement programs, The treatments by subjects
analysis of variance design resulted in only the left hand of group
A" demonstrating a statistically significant strength change, In
this unilateral program only day one differed significantly from

days two, four, and five,

As non-significant t's occurred between the pre~test mean
scores and the day one mean scores of the second measured hand, it
was concluded that no cross transfer of strength occurred.

On the basis of the data and within the limitations of this
study the following conclusions seem warranted:

1. The repeated maximal isometric measurement schedules of
short duration are satisfactory in a reliability sense for
measuring the maximal strength of the wrist flexor muscles
in a test re=~test situation fourteen days apart.

2. The repeated maximal isometric measurement schedules are
not capable of eliciting significant increases in strength
potentialities of the exercised muscles during a five day
measurement program.

3+ No transfer effects of strength potentialities to the
contralateral limb resulted as the exercised muscle group

itself failed to demonstrate a significant increase in
exerted strength.
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CHAPTER I
INTRODUCTION

For centuries man has been attempting to measure
accurately physical strength and to devise the best methods
possible, in terms of exercise programs for increasing imﬁa‘be
potentialitiess The first recorded attempt in this measurement
area was performed by a French scientist, DeLaHire, who in 1699
compared the strength of men lifting weights.l

Since the time of DeLaHire many changes have occurred in
the various succeeding studies regarding the procedures and
techniques used to best measure human strength, Probably the
greatest single advancement in this area has been the introduction
of instruments for measuring and recording with exacting precision
the strength of various muscle groupc in the human body.

Today there are several instruments available to isolate
and measure the force exerted by the individual muscle groups in

man, The cable tensiometer, adapted by Clarke? for measuring

1DeI.aHire, Mo Examen de la force de 1'homme, Memoires de
1'Academie Royale des Sciences, 12:153-162, November 1k, 1699,
_cited by Paul A, Hunsicker and Richard J., Donnelly, "Instruments
to Measure Strength," Research Quarterly, 26:408-419, December,
19554

2H. Harrison Clarke, "A Comparison of Instruments for
Recording Muscle Strength,® Research Quarterly, 2L:398-L11,
December, 195k.




muscular strength, is one of the most valid and reliable instru-
ments presently available for isometric strength measurement,
The tensicmeter measures a static rmuscular contraction exerted
on a cable, The exerted force records in tensiometer units on
a dial in the instrument to be used by the tester,

The methods of exercise used for strength measurement
vary, in that some instruments require an isotonic type exer=-
cise while other instruments measure the strength exerted by
an isometric muscular contraction,

The type of muscular exerecise program which brings about
the largest increase in muscular strength is now in question.
Until a few years ago, the isotonic progressive resistance exer=
cise employed by DeLorme> was commonly accepted as the best
method for increasing human strength. However, in 1946,
Hellebrand‘l')'L theorized that the isometric method would bring
about a greater gain in strength than could the isotonic method

because during isometric exercise the muscle could develop

ST DeLorme, "Restoration of Muscle Power by Heavy
Resistance Exercise," Journal of Bone and Joint Surgery, 27:6L5-
647, 1945, cited by Robert E. Jones, "Reliability of the Ten
Reépetition Maximum for Assessing Progressive Resistance Exercise,®
Journal of the American Physical Therapy Association, L2:661-662,
October, 1962,

)"F. A. Hellebrandt, "Recent Advances in Methods of Hastening
Convalescence Through Exercise," Southern Medical Journal, 39:398-
401, May, 1946, cited by Philip J. Rasch, "Progressive Resistance
Exercise: Isotonic and Isometric: A Review," Journal of the
Association for Physical and Mental Rehabilitation, 15:205-56,
March-April, 1961.




maximum tension while at its resting or optimum length, In
1953, Hettinger and Mueller5 demonstrated that a single isometric
exercise of two-thirds maximal effort maintained for approxi-
mately five seconds daily brought about a five per cent gain
weekly in initial strengthe Since these two introductory studies
many other researchers have attempted to compare the strength
gains brought about by the two methodss There are conflicting
results from these studies as to which method will produce the
greater gainsj however, the conclusion is that by either of the
two methods, gains in strength occur when an individual exer-
cises at certain levels of effort,

The one facet of strength which will be dealt with in
this paper is the cross transfer effect of isometric strength,
obtained by using a unilateral measurement schedule, to the
contralateral limb, The first stndy concerned with the cross
transfer effect was conducted by Scripture,6 who in 1894, con-

cluded that by practicing the skill of writing with one hand -—=

5T. Hettinger and E, A. Mueller, Muskelleistung and
Muskeltraining, Arbeitsphysiologie, 15:111-126, 1953, cited
by Philip J. Rasch, "Progressive Resistance Exerclse. Isotonic
and Isometric: A Review,® Journal of the Association for
Physical and Mental Rehabilitation, ~1532:145-56, March-April,
19%1.

- 6g, W. Scripture, et. al., "On Education of Muscular
Control and Power," Studies Yale Psychological Laboratory,
2:114-119, 1894, cited by F. A, Hellebrandt, et. al, "Cross
Education-The Influence of Unilateral Exercise on the Contra-
lateral Limb," Archives of Physical Medicine, 28:76-85, 19L7.




the contralateral hand also increased in the skill. Welch's/
study in 1898, found that cross transfer effects occurred from
the non-dominant to the dominant hand, but not the reverse, in
volitional muscular exercise of both hands, Davis,8 in 1899,
theorized that cross transfer occurs because of an ‘overflow!
of nervous impulses into the unexercised arm,

Since these early studies regarding the cross transfer
of strength, many other experiments have been completed utiliz-
ing both isotonic and isometric measurement schedules., The
findings of the various studies are of a conflicting nature due
in part to the unrelated types of measurement schedules,
different muscle groups studied, and variations in the number
of subjects and actual procedures used in the studies.

In the studies which have positively demonstrated this
cross transfer of strength effect, there are several theories
available as to the cause of the transfer effects of increased
muscular strength to the contralateral muscle groups, However,

there will need to be additional research conducted employing

73, C. Welch, "On the Measurement of Mental Activity
Through Muscular Activity and the Determination of a Constant
. of Attention," American Journal of Physiology, 1:283-306, 1898,
cited by F. A. Hellebrandt, et. al., "Physiological Effects of
Simultaneous Static and Dynamic Exercise,® American Journal of
Physical Medicine, 35:106-117, 1956, i
BW. W. Davis, "Researches in Cross Education," Studies
Yale Psychological Laboratory, 6:6-50, 1899, cited by Franklin M,
Henry and Leon E., Smith, "Simultaneious vs. Separate Bilateral
Muscular Contractions in Relation to Neural Overflow and
Negromotor Specificity,® Research Quarterly, 32:1:42-46, March,
1961,
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similar procedures and having highly correlated results occurring
before any definite statements can be produced concerning this

cross transfer effect,

Purpose of study. The purpose of this study was to determine

the amount of strength transferred to the unexercised contralateral
wrist flexor muscle group, utilizing a unilateral maximal isometric

strength measurement schedule with college men,

Significance of study. This study was significant in that

it was the first study to use an established reliable method of
assessing human strength. Kroll,9 in his study to determine the
reliability of an individual for exerting maximal isometric
effort with the wrist flexor muscles, found that a single daily
program of five trials one minute apart gives an intraclass corre=
lation reliability coefficient of ,9315. Continuing this single
daily program for three consecutive days, Kroll's subjects demon=
strated an intraclass correlation reliability coefficient of .95L6,
Working with various daily schedules of isometric strength,
Kro1110 found no significant change occurring in the exerted
strength of the measured wrist flexor muscles when the subjects
were subjected to a test re-test situation, having a fourteen=

day interval between the two testing days.

IWalter Kroll, "Reliability of a Selected Measure of
Human Strength,” Research Quarterly, 33:3:410~L18, October, 1962,

10Walter Kroll, "A Reliable Method of Assessing Isometric
Strength," Research Quarterly (in press).




The preceding information allowed this investigator to
obtain an accurate initial strength measurement upon which to
base any changes or variations in the exerted strength of the
individual subjects. This includes both the exercised muscle
group and the contralateral muscles,

With additional research being conducted in this area of
strength development, it is becoming more evident that good
physical strength is one of the major factors needed for a
sound body. Physical educators have been using strength tests
as a method of classifying students within classes, determining
total physical condition, and indicating individual growth.
Clarke states that:

The improvement of muscular strength is also a basic
necessity in the development of physical fitness, as
g;r;gg:?cii %giizzililconceded to be a basic component

.

Motor coordination, as an individual's ability to correctly
perform organic skills, is also related to strength, W’:’.J.lgoosel2
found that in various large muscle activities the skill involved

in performing these activities is affected by the muscular

strength of the individual, Other factors such as height, weight,

1y, Harrison Clarke, "Development of Volitional Muscle
Strength as Related to Fitness," (Paper Presented at the
Colloguium of Exercise .and Fitness, Robert Allerton Park,
Monticello, Illinois, December, 1959),

120271 E, Willgoose, "The Relationship of Muscular
Strength to Motor Coordination in the Adolescent Period,"
Journal of Educational Research, 45:138-142, October, 1950.




and age being equal the less muscular strength an individual
possesses, the lower will be his proficiency in performing
motor skills,

Muscular speed, being closely related to motor coordination,
is also thought to be affected by an individual's organic strength.
In the past years many people associated with physical education
erroneously believed that to increase one's muscular strength
brought about a decrease in the muscle's contractile speed. By
using weight lifters and non-weight lifters as subjects for
their study, Zorbas and Karpovich13 found that increasing
muscular strength, concurrently increased the exercised muscles!
speede

The need for exercise programs in today's elementary and
secondary schools to increase muscular strength is illustrated by
Jones,lh who points out that approximately four-fifths of an
adult's strength, but less than one-third of his height is

obtained after the age of six years. Galtonl® concluded that

13yi11iam S. Zorbas and Peter V. Karpovich, "The Effect of
Weight Lifting Upon the Speed of Muscular Contractions," Research
Quarterly, 22:145-148, May, 1951.

. 1hHarold E. Jones, Motor Performance and Growth, University
of California Press, Berkeley, California, 1949, p. 101, cited by
Paul Hunsicker and George Greey, "Studies in Human Strength,"
Research Quarterly, 28:109-122, May, 1957.

1Francis Galton, et. al., Report of the Anthropometric
Committee. Report of the British Association for the Advancement
of Science, 225-272, 1881, cited by Paul Hunsicker and George Greey,
nStudies in Human Strength," Research Quarterly, 28:109-122
May, 1957. :




muscular strength in males increases rapidly from ages twelve to
nineteen, then tapers off, increasing regularly but at a lower
rate up to age thirty, then decreases gradually until approxi-
mately age sixty.

People in the fields of physical medicine and rehabilita-
tion are extensively using exercise programs for the corrective
development of losses in strength, due to illness or injury.
Ruddl6 criticized the procedure of using maximal resistance
exercise with orthopedic patients because of the possibility of
a muscle or ligament strain, Luck!? in direct contrast to Rudd,
observed no adverse effects to a weak muscle when it was sub=
Jected to a maximal amount of resistance.

The use of isometric exercise for these patients would seem
feasible in that a large movement of the injured 1limb would not
be neededs If the patient has the ability to exert a static
contraction with the involved 1limb, then, there is present the
potentiality for increases in strength within the injured muscles,

But with isotonic exercises the involved limb passes through a

165, 1. Rudd, "Resistance Exercises in Private Practice,"
Archives of Physical Medicine and Rehabilitation, 36:775-778,
December, 1955, cited by Philip J, Rasch, "Studies in Progressive
Resistance Exercise: A Review," Journal of the Association for
Physical and Mental Rehabilitation, 12:4:125-130, July-August, 1958.

175, Vernon Luck, "Orthopedic Rehabilitation,™ Air Surgeon's
Bulletin, 2:431-}433, December, 1945, cited by Philip J, Rasch,
"Studies in Progressive Resistance Exercise: A Review," Journal of
the Association for Physical and Mental Rehabilitation, T2:4:125-
130, July-August, 1958,




greater range of movement; thus many weakened limbs could not
participate in this type of exercise,

In a study conducted at the Chelsea Naval Hospital, using
orthopedic patients and the static type exercise, Dr. Haslam
pointedibut that isometric measurement has the advantage of
allowing the patients to exert effort on a cable tensiometer, as
used, for enéugh time so that it is possible to determine which
muscles are in a state of tension, Progress toward recovery, in
terms of increasing muscular strength, could also be accurately
recorded in these cases of rehabilitation.l8

The cross transfer effects from unilateral strength
measurement programs have unlimited opportunities in rehabili-
tation work, By having the patient perform a regular strength
measurement program, either isotonically or isometrically, with
the uninvolved limb, he may create potcntialities for increasing
the strength of the muscles and prevent a loss of strength and

atrophy from occurring in the involved limb,

Procedures. The subjects used in this study were twenty
college freshman men, who could meet the investigator at the

designated time for the required number of days. All subjects

18H, Harrison Clarke, "Objective Strength Tests of
Affected Muscle Groups Involved in Orthopedic Disabilities,"
Research Quarterly, 19:118-147, May, 19L8.
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professed to be right handeds These men were given a pre-test
(five trials, one minute apart, exerting maximal effort), with
both the right and left wrist flexor muscle groups. Following
the pre-test the subjects were randomly assigned by pairs into
two matched groups, "A" and "B", on the basis of their combined
pre=test scores. Between the pre-test and the twelve day testing
program, a two-week rest period was aliowed during which time no
instructions or training for any other formal strength measure~
ment programs was givens

During the twelve day testing program, group "A" was
tested the first week with the left hand, and then with the
right hand the second week of testings Group "B® was tested in
reverse order, right hand to left hand. The daily testing for
each individual consisted of five trials maximal, one minute
apart, No subject was allowed to exert a force for more than
five seconds during each trial. The mean score for the five
daily trials was the criterion measure used that day,

Regarding the pre=-test as having an effect upon the
measured strength at the beginning of the twelve day measurement
program, Kro11l? and Hettinger20 found that by having a two week

(fourteen days) interval between measurement days there is no

19Kroll, njy Reliable Method of Assessing Isometric Strength."

20 - 3 . 4
Theodor Hettinger, Physiology of Strength (Springfield,
Illinois: Charles C. Thomas, Publisher, 1961), p. 30.
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significant change in the exerted strength when measured
isowetrically. The preceding information allowed this investi-
gator to rule out the possibility of a learning or training
effect creating a significant change in the initial strength of
the measured muscles due to thé pre=test,

The instrument used in this study for measuring isometri-
cally the wrist flexor muscles was the cable tensiometer,
Clarke,?l in a study designed to compare the advantages of
several measuring instruments, found the cable tensiometer to be
the most accurate and reliable of all the instruments tested.

Morris?2 constructed an apparatus, utilizing the tensi-
ometer to measure only the right wrist flexor muscles. Ray23
altered this apparatus so that both the right and left wrist
flexor muscles could be measured isometrically. This altered
apparatus was then used as the measuring instrument in the
present study.

Standardized instructions were read to each subject
daily, regarding procedures to be followed and encouraging a

maximal effort on each trial,

‘ 2lClarke, A Comparison of Instruments for Recording
Muscle Strength."

22Harold H, Morris, "The Effect of Order Upon a Selected
Measure of Human Strength” (Unpublished Master's thesis, Fort
Hays Kansas State College, August, 1961). s

23Arthur L. Ray, "Cross Transfer Effects of Isometric
Strength Measurement Schedules"™ (Unpublished Master's thesis,
Fort Hays Kansas State College, July, 1962),
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Delimitations., The present study was delimited to include
only the right and left wrist flexor muscle groups of twenty
subjectse The study was delimited to include a pre-test, a
single maximal isometric strength measurement program of five
trials one minute apart for both wrist flexor muscle groups, two
weeks prior to a twelve day testing program, The twelve day teste
ing program consistéd of: five consecutive days of testing «ith
one hand, a two day rest period, then five consccutive days of
testing with the other hand., The number of dally unilateral
treatment trials was delimited to five, one minute apart. All
daily testing occurred within a two hour period, 10:00 A.M., to

12:00 noon,

ILimitations, This study was limited in size to include
only twenty subjects. The muscle group selected for study was
limited to include only the wrist flexor muscles of both arms.
The total measurement program was limited tc four weeks including:
a one day pre-test (five trials one minute apart with each hand)
given two weeks in advance of the actual testing program for
determining the initial strength of the wrist flexor muscle
group of both arms; a fourteen day rest periocd; and two weeks of
festing -- five consecutive days of testing with one hand, followed
by a two day rest period, then five consecutive days of testing
with the contralateral hand. Each daily unilateral treatmeunt
was limited to five trials one minute apart. The daily testing

time was limited to include two hours, 10:00 A.M, to 12:00 ncon.
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Summary, Today, with the increased emphasis being placed
on muscular development, there is need for more definite evidence
as to the effectiveness of various types of measurement programs

on strength development,

The purpose of this paper was then to determine the amount
of gained strength transferred to the unexercised contralateral
wrist flexor muscle group in a selected measure of muscular
strengths The exercice rrogram used in this study was 2 unilatersl
maximal isometric strength measurement program exerted five times
a day, one minute apart, emplecying the wrist flexor muscles,

This study was significant ir that it was the first study
to utilize an established reliable method of ascsessing isometri-
cally the strength of the wrist flexor muscle groups. The intra-
class correlation reliability coefficient found by Xroll for a
single daily treatment of five tr als one minute apart was .9315,
by continuing this treatment foir- five consecutive days the
intraclass correlation reliability coefficient was 956k,

Twenty right-handed college freshman men wers used as sub-
jects for this study. After taking a pre-test, including both the
right and left wrist flexor nuscle groups, the subjects waited two
weeks, were then tested for five consecutive days with one hand,
rested two days, and then were tested for five consecutive days

with the contralateral hand,

The instrument used for measuring and recording the
exerted strength was a cable tensiometer secured in an apparatus,
so as to isolate and measure only the wrist flexor muscle group

during the measurement bouts.



CHAPTER IT
REVIIW COF FELATED LITERATURL

I one has examired literature related to hurman strength
and the develcpmert of it, he has fourd that there are a rumber
of individusl or separable factors invelved in the total strengtn
area. An individual's streagth is directly accociated with his
total organism. The person's physiclegical, psychclosical; coclal,
ard mocral values play an imprerient part in the way an indivicugl
w1ll seels to further develop Lis innate miscular abiliiicos

Body structure and sex also control tu & degree the develep-
1

ment of strengtn within an individual, 3ills and Evereti,” using

&1

ircdividuals of extreme somatctypes in thelr study vertainin

&)

to

)

motor and strength tests, found mescmorphs to be stronges thar
cctomorphs and endomorphs; alsc, the mesomorphs surpassed tne
other two grours in tests of speed, agility, and endurauce, In
performing physical activity cf this nature excess weight is a
hardicap te endomorphs, while an insufflicient amcint of strencth
in an ectomcrrh lowers his level of performances,

. @
In regard to sex, Hettingerc found tha't women are lese

trairable ir terms of muscular development than are men; also that

prark D, Sills and Peter W, Lverctt, "The Relatsonchi
Extreuie Somatotypes to Performance in lelcer and Strength Tests,"
Research Quarterly, 2L:223-228, May, 1953.

2Hettinger, op. cit., pp. 10-11,
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maximum muscular trainability occurs in men from twenty to thirty
years of age. Mueller3 concluded that women's muscles respond
to training stimuli less than do the corresponding muscles of men.

Tkai and Steinhaush indicate that the end point or upper
level of any physical performance‘is determined by either a
psychologicai or physiological limit., In strenuous activities
the psychological limit is nearly always reached first preventing
further activity, thus-performanéé is predominately limited by
this factor. The psychological limits vary within individuals,
causing unreliable individual performances within repeated daily
activities and succeeding activity. Howevér, the physiological
limit, being the unmeasurable capacity an individual possesses,

is relatively stable and seldom reached by many individuals

performing strenuous physical activitiess
INSTRUMENTS TO MEASURE STRENGTH

The use of precision instruments is of unlimited value in
any measurement area, as the quantities which are subjected to
investigation must be accurately scored and recorded., The area

of strength measurement is by no means an exception to this rule.

3Erich A. Mueller, "The Regulation of Muscular Strength,m
Journal of the Association for Physical and Mental Rehabilitation,
11:L1-06, March-April, 1957,

hMichio Ikai and Arthur H. Steinhaus, #Some Factors Modify-
ing the Expression of Human Strength," Journal of Applied Physiology,
16:1, 1961.
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The develcprent of instruments used for strength measurement has
occurred primerily within the past one hundred and fifty years.
We now have instruments which measure with a large degree cf
reliability and validity the strength exerted by either a static
(isometric) or a dynamic (isctcnic) type of measurement, For
this study a cable tensicmeter, an instrument for measurirg
static strength was employed,

During the Second World War the cable tenzicmeter, a small
compact recording instrumert, was used to measure the tengicn
placed on cakles in airglanes, Clarke,5 emnloyipg the saase type

tensiometer, adarted it to récord the static strenghn exeried ¥y

s

an individual con a one=sixteenth inch cable secured in the

tensiometer, In a study comparing the advantages of ceveral

«
«©

measuring instruments, Clarke found the cable ifers’cmeler 1o be
the most valid aad reliable inst: unent ¢f tlose tested for
strength measurement, It is primarily Jdue to Clarke's werk that
the cable terisiometer iz ncw widely used iz stuciles employilug
static strengthe The cable tensionetcr used in this study records
the exerted force in tensiometer unite from O to 10C. Jomversion
tables are present to allow the unit scores to be changed into
pounds (O to 200); however, for this study the tensiometer unit

scores were retained for calculating proceduress

5Clarke, n; Comparisor of Instruments for Recording luscle
Strength,"




ally/

The cable tensiometer does not record a complete isometric

measurement, in that a small movement is caused by the cable pass-

ing between two offset terminals, The movement of the cable is so
minute that for measurement purposes the exerted force is considered

to be an isometric measurement,
ISOMETRIC MEASUREMENT PROGRAMS AND STRENGTH

At present there are two main types of measurement programs,
the isometric method and the isotonic method, The isometric or
static measurement can be defined as M"a static muscle contraction
is held for a designated length of time,"6 while the isotonic or
dynamic type measurement occurs as "the muscle continues to raise
or lower a submaximal load."! A muscle exerting a force isometri-
cally is said to not shorten or change its length; however, a
static measurement can bring sbout a shortening of the involved
muscle by ten per cent of the muscle's length and still be con-
sidered as an isometrically exerted forcea8

It is believed by some authorities that a muscle has potential

for exerting its maximal strength if the length of the muscle can

6Clarke, "Development of Volitional Muscle Strength as
Related to Fitness,™ loc. cit.

TTbide

8Peter Karpovich, Physiology of Muscular Activity
(Philadelphia: W. B Saunders Company, 1953), Ps 13
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remain unchanged and at its optimum length., The Weber-Fick law,
as illustrated by'Arkin,9 states "that muscle fibers are shortened
to one-half their extended length in full physiologicel contrac-
tion." Also brought out in his study, utilizing the quadriceps
muscles of dogs, is that the tension developed at maximum extension
is approximately three times that developed at maximal flexion.
This exemplifies that maximal potentials for muscle tension occur
much greater when the muscle is at maximum extension rather than
maximum flexion, Hellebrandt,10 in 1946, proposed the theory that
a muscle will develop maximum tension when the resistance is so
heavy that it will not allow the muscle to shorten. Since isometric
measurement permits no change in muscle length, outside the alloted
ten per. cent range, it is widely accepted and used as a method of
exercise for increasing and improving strength.

It has also been found that the slower a muscle contracts the

greater the potentialities for strength increases will be, Hi111l

alvin M. Arkin, "Absolute Muscle Power, The Internal
Kinesiology of Muscles,® Microcarded Master's Thesis, State
University of Iowa, Iowa City, June, 1939,

10f, 4. Hellebrandt, "Recent Advances in Methods of Hastening
Convdlescence Through Exercise," Southern Medical Journal, 39:398-
401, May, 1946, cited by Philip J, Rasch, "Progressive Resistance
Exercise: Isotonic and Isometric: A Review,™ Journal of the
Association for Physical and Mental Rehabilitation, 15:2:16-50,
VMarch-April, 1961,

llA. V., Hill, "Voluntary Muscle -~ The Mechanics of Its Active
State," The Times Review of the Progress of Science, 1:13, August,
1951, cited by Philip J. Rasch and Richard V. Freeman, M.D., "The
Physiology of Progressive Resistance Exercise: A Review," Journal

of the Association for Physical and Mental Rehabilitation, B:2: 35~

L2, March-April, 195L.
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states that "the mechanical efficiency (work/total energy) of
misclec 1s greatecst at about one-fifth of the maximum speed,”

tmpleying the prirciples of the amount of tiwe snernt in
exercise and the percentage of mawimal strengih which must be
exerted to bring about maximal strength gains uwsing isonetric

o

measurements, Hettinger'? found that erxerting one maxinal contrac
tion of on2 to two seconds daily brought about the maximum train-
ability of a muscle, lMaxiral effort is not needed to create
maximom muscle strength, Hettinger found that cnly ferty to fifty
per cent of maximal effcrt is needed; howevir, this force must

be exertcd for a longer period of time., an exertion of o~
thirds maximal must be held f:ir arproxiratel
to €licit the maximum sirenghth pcterticlitics in o muscl
one exertion per day being cufficient o create maxdmenm mrscular
strength. 2oyc el3 found that the iequired tersion reeded to
elicit maximal strength development must be abeve gixty per cert

)
of maximal efforts This is in contracst to a cs*udy of Luellext st

@y

in waich, by utilizing one-third and iy

neo
‘e

he found maxinzl cdevelopment in the amcurt of strengbh sroorecd

2+ . . ~ r
12Hettinger, op. cit., np. 2L-28,

1 5 = o @ . = . ~
*BJoseph Eoyce, "Icomeirlc Fetlgic Swves Ir du-on swuszle
With Normal and Occluded Circvlatior,¥ [cscarch wuarteilsy, 0:204«

212, May, 1958.

1h”ueller €@y @ 1%o
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occurring with the two-thirds maximal measurement program; however,
no increase in strength occurred with the one~third maximal exer-
tions. Mueller then suggested the level of forty per cent maximal
as the level above which an increase in effort brings about no
additional increase in strength., Mueller related that stimuli or
exertions below twenty per cent maximal do not prevent atrophy
from occurring. Exertions between twenty and thirty-five per cent
maximal prevent atrophy from occurring but do not create muscular
training, Exertions above thirty-five per cent of maximal induce
muscular training and create increases in strength within the

exercised muscles,
PROGRAMS FOR INCREASING STRENGTH

In studies related to the number of isometric contractions
needed daily to elicit the greavest change in muscular strength
there are conflicting results occurringe.
Concerned with the increase of muscular strength and endurance,
Liberson and Asal5 found, by comparing single maximal isometric con-
- tractions of six seconds duration each day against repeated
(twemby trials daily) maximal isometric contractions, that the
repeated contractions produced better results with the endurance

factors Both programs elicited increases in muscular strength.

16W. T. Liberson and Maxim Asa, "Further Studies of Brief
Isometric Exercises," Archives of Physical Medicine and Rehabilita-

tion, L0:330-336, 1959,
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Asa,17

working with daily single and repeated maximal
isometric measurement programs, found that the repeated (twenty
trials daily) measures of the abductor muscles in the little fin-
ger of the right hand gave a significantly greater increase in
muscular strength than did the single daily measurements,

Mhyberryls employed two programs of single daily isometric
contractions during a training period of five days a week for five
weeks. One program consisted of single maximal exertions and the
other of repeated fifty per cent maximal exertions., Upon comple=-
tion of the measurement program neither isometric method employed
had produced a significant increase in the strength of the exer=
cised muscles,

Utilizing single isometric measurements of two-thirds
maximal effort, three days a week, with the elbow flexor muscle
group, Rasch and Morehousel9 found at the cessation of a six
weeks training program no significant changes in strength

occurring within the exercised muscle groupe

174, Maxim Asa, "The Effects of Isometric and Isotonic
Exercises on the Strength of Skeletal Muscles,™ Dissertation for
Degree Doctor of Physical Education, Springfield College, Spring-
field, Massachusetts, June, 1959,

18robert P, Mayberry, "Isometric Exercise and the Cross
Transfer of Training Effect as it Relates to Strength,"™ College
Physical Education Association, 155-158, December, 1958,

19Philip J. Rasch and Laurence E. Morehouse, "Effect of
Static and Dynamic Exercise on Muscular Strength and Hypertrophy,"
Journal of Applied Physiology, 11:1:29-34, July, 1957.
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Employing two groups of subjects in their study, Rarick
and Larsen?® utilized daily isometric measurements for the wrist
flexor muscles, One group used a single two-thirds maximal con-
traction daily and the other group worked with exertions of eighty
per cent maximale, The group employing the eighty per cent meximal
. effort used five trials on Monday and increased the number of trials
one each day till Thursday when they employed eight trials; however,
the exertions remained at the eighty per cent level. The fifth
day each week was used for testing maximal effort. At the con-
clusion of the eight weeks testing program, it was found that
both programs produced a significant increase in strength; how-
ever, there was no significant difference between the groups
regarding increased strength within the exsrcised muscles.

Utilizing repeated isometric measurements of both maximal
and two-thirds maximal efforts for strength development, Walters?l
found, at the end of an eight day testing period, that the maximal
strength measurement method created greater increases in strength
than did the two-thirds maximal group. Both measurement methods
created significant increases in the strength of the exercised

muscl&s.

20g, 1, Rarick and Gene L. Larsen, "Observations of
Frequency and Intensity of Isometric Muscular Effort in Developing
Static Muscular Strength in Post-Pubescent Males," Research
Quarterly, 29:333-341, October, 1958.

210 Etta Walters, et. al., "Effect of Short Bouts of
Isometric and Isotonic ConTractions on Muscular Strength and
Endurance," American Journal of Physicel Medicine, 39:L:131~111,
August, 1960,
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Selecting the lower back muscle group for study, Herger22
compared static and dynamic measurement programs in the amount of
increase in muscular strength each created within the selected
muscle group. The isometrically trained group exercised with
repeated maximal exertions three days a week for twelve weeks,
Upon cessation of the twelve weeks program the two groups were
each given a static and dynamic strength test. The results showed
that both the isotonic and isometric exercise methods of measure-
ment elicited significant increases in strength within each of
the post~testing methods,

Measuring the strength of the wrist flexor muscles with
repeated maximal isometric contractions for five consecutive
days, Darcus and Salter?3 found no consistent increase in
strength during the first week of testing, However, a second
week of training created an apparent increase in exerted strength.
The reason given for this delay in the indicated strength in-
crease is that the change occurred due to a learning nature on
the part of the subject, that is the subject learned through

practice to exerta maximal effort on the recording instrument.

22Richard A. Berger, "Comparison of Static and Dynamic
Strength Increases," Research Quarterly, 33:3:329-333, October,
1962,

23H. D. Darcus and Nancy Salter, "The Effect of Repeated
Muscular Exertion on Muscle Strength," Journal of Physiology,
129:325-336, January, 1955.
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CROSS TRANSFER EFFECTS

The cross transfer effects of strength to the contralateral
1limb is one facet of strength development which is relatively new

in research. Scripture,zh W’elch,25 and Davis26

were among the
first investigators who conducted studies to find'if this phenomena
existed and to what extent, Since their time various research
has been conducted with a large quantity of material written on
the subject, However, the results of the studies and the written
material vary greatly in accordance to the existence and quantity
of the cross transfer effects of strengtha

Employing electromyograph readings to ascertain the cross
transfer of strength potentialities, Olsen?’ used isotonic measure=
ments. of varying percentages of effort in the forearm flexor
muscles. As the per cent of maximal effort increased the amount
of activity in the contralateral muscles increased also, with the
maximum activity recorded at or near the maximal effort on the

part of the exercised muscles, To create a strength potentiality

in the unexercised muscle an effort of 67.9 per cent of maximal

2)"Scripture, loc, cit.
25Wé1ch, loc. cite
Davis, loc. cite

2TFrank D. Sills and A. L. Olsen, "Action Potentials in
Unexercised Arm When Opposite Arm is Exercised," Research Quarterly,
29:2:213-221, May, 1958,
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must be employed in the exercised muscles. The maximum action
potentialities created in the unexercised arm were less than those
created in the exercised muscles, when the exercised limb moved
against no resistance, Sills and olsen?8 found that by exerting
an isotonic force seventy per cent of maximal, electrical poten-
tialities are elicited in the contralateral limb, These results
indicate that resistance of a high percentage of maximal is
necessary to create electrical potentialities in the contra-
lateral limb, ;

Panin?? conducted a study in which he measured the activity
potentialities in the unexercised antagonistic muscles by the use
of an electromyograph. A measurement program was used employing
isotonic flexion of the elbow and knee, Panin's results show
that activity produced in the unexercised muscles was never found
to be more than twenty per cent of the potentialities in the
exercised muscles. This being the case, the potentialities in
the unexercised muscles never reaches a level at which an exercise
or a strength increase effect will occur if Mueller's theory is
accepted, that a potentiality must be thirty-five per cent of

maxial before an increase in strength is possible.

2prank D, S111ls and A. L. Olsen, "Action Potentials in
Unexercised Arm When Opposite Arm is Exercised," Research Quarterly,
29:2:213-221, May, 1958,

29N. Panin, et. al., "Electromyographic Evaluation of the
Cross Exercise Effect," Archives of Physical Medicine amnd
Rehabilitation, L2: h7-56, January, 1961,
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In a study to determine cross transfer effects, Hellebrandt30
employed both dynamic and static measurement programs, The dynamic
and static measures consisted, respectively, of wrist extension
treatments on an ergograph, and of holding a stable resistance
with the wrist in extension, It was found that cross transfer
effects occurred from the non-dominant to the dominant limb,

Working with three groups, one using maximal isometric
measurements, one with two-thirds maximal isometric measurements,
and one with isotonic measurements, Walters3l found that the
maximal isometric group was the only one in which a significant
increase in strength occurred to the contralateral limb. The
theory presented here is that transfer occurs when work is
performed in overload or maximal, !

Davis32 studied the muscle stimulations recorded in various
unexercised muscles when a unilateral muscular exertion of sub-
maximal effort took place, Davis' results showed that the greatest
amount of remote stimulations is located in the contralateral 1imb,.
The activity stimulations in the contralateral 1limb vary in
quantity with the per cent of exertion in the exercised limb;
howewer, the stimulations in the contralateral limb are always

lower than those in the exercising limb.

30p, A, Hellebrandt, et. al., "Physiological Effects of
Simultaneous Static and Dynamic Exercise," American Journal of
Physical Medicine, 35:106~117, 1956,

3:I‘Vrl'alt.ers, loc. cit.

32, c. Davis, "The Pattern of Muscular Action in Simple
Voluntary Movement," Journal of Experimental Psychology, 31:5:347-
366, November, 1942,
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Employing the antagonistic muscles as the specific group
upon which to check for transfer of strength, Rasch33 used the
elbow flexor and extensor muscle groups in his study. By
exercising with maximal isometric effort a significant increase
in the strength of the antagonistic muscles occurred after a six
weeks measurement program,.

Darcus and Salter,3 utilizing both maximal isometric and
isotonic measurements of the wrist muscles in their study, found
that upon completion of the measurement program an increase
occurred in both the isometric and isotonic strength of the contra-
lateral limb, No significant difference occurred between the
amount of strength transferred with the two groups.

Mayberry'35 experimented with the aspect of cross transfer
of strength by using programs of maximal and fifty per cent
maximal isometric contractions on the wrist flexor muscles. No
statistically significant increase in the strength of the exer-—
cised muscles occurred at the end of a five weeks measurement
program, Cross transfer effects of strength could not be expected
to be found in the unexercised contralateral muscles, if the

exexeised muscles themselves did not increase in strength.

33Philip J. Rasch, "The Effect of Isometric Exercise Upon
the Strength of Antagonistic Muscles," The Biokinetics Research
Center, University of California at Los Angeles, April, 1961,
31“Darcus and Salter, loc. cit.

35Mayberry, loc, cit.

P
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To determine if cross transfer of strength occurs within
the abductor muscles of the little finger, Asa3® employed both
isotonic and isometric measurement programs, The isometric
measures were maximal single and repeated daily programs. The
results found no cross transfer of strength occurring,.

Rasch and Morehouse37 utilized isotonic and isometric
strength measurements of the elbow flexor muscles to determine
if cross transfer of strength occurs. Upon cessation of the
measurement program no significant changes in strength occurred
in either the exercised or non-exercised muscle groups of those
subjects employing the isometric exercises, However, with the
isotonic measurement method, a significant strength increase
occurred in both the exercised and contralateral limb,

Studying the factor of various days per week for measure~

ment programs, Kruse and Mathews38 employed four separate isometric

programs during a period of four weeks. The programs were one
to exercise two days a week, one three days a week, one four days
a week, and one five days a weeks The results indicated that
measurement programs need to be conducted at least three times a
weele, as the group being measured only twice a week showed no

statistically significant increases in strength in either the

36Asa, loc. cit.
3TRasch and Morehouse, loc. cite.

38Robert Kruse and Donald Mathews, "Bilateral Effects of
Unilateral Exercise: Experimental Study Based on 120 Subjects,"
Archives of Physical Medicine and Rehabilitation, 39:371-376,
June, 1958,

w W
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exercised or contralateral limb, The groups being measured three,
four, and five times a week showed statistically significant gains
in t@g strength of the exercised arm, An increase in the strength
of the contralateral limb failed to appear within any of the
measurement programs,

It is difficult to explain with a degree of accuracy the
actual causes for cross transfer 6f strength occurring, Davis3?
concluded that as there is a widespread pattern of activity
occurring in the accessory muscles during a volitional muscular
movement, "the true unit of activity must be not the flexing or
extending of a particular muscle or limb but an adjustmental design
in which many regions of the organism participate.” Walsheho feels
that cross transfer occurs primarily in heavy resistance exercises,
in that tonic postural reflexes from the central nervous system
creates potentialities in the asscciated mvwscle groups, of which
the contralateral group is includeds If the potentialities reach
a specified level in the contralateral limb, there is the

possibility for strength increases to occur.

39

Re C. Davis, "The Pattern of Response in a Tendon Reflex,"
Journal of Experimental Psychology, 30: , June, 1942, cited by
Frank D. Sills and A. L. Olsen, "Action Potentials in Unexercised
Arm When Opposite Arm is Exercised," Research Quarterly, 29:2:213-
221, May, 1958.

Lop, Walshe, "On Certain Tonic or Postural Reflexes in
Hemiplegia with Special Reference to the So-Called "Assoclated
Movements,® Brain, L6:1, 1923, cited by Robert Gregg, "Cross
Exercise - A Review of the Literature and Study Utilizing
Electromyographic Techniques,®™ American Journal of Physical
Medicine, 36:269-280, 1957.

s
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Hellebrandthl in 1947, postulated that the principle reasons
for a cross transfer of strength to occur might be a diffusion of
motor impulses to both the exercised and the contralateral limb,
and the development of a reflex pattern related to the maintenance
of the individual's balance., It is commonly known that postural
readjustments regarding balance always occur when an individual |
is subjected té heavy resistance of a unilateral nature, Possibly
then cross transfer depends only on the volume of impulses trans-
mitted to the contralaterai limb, due in part to the per cent of

maximal which the resistance consists of in the measurement program.
SUMMARY

Measurement programs either of the isotonic or isometric
type are now accepted as methods of developing strength within
the exercised muscle groups. The conflicting results which have
been presented in this chapter raises the question as to which of
the two methods is more beneficial for increasing strengthe. In
studies previously completed both metheds have brought about
significant strength gains in the exercised muscle groups of the
subjgets.

The percentage of effort needed to create strength increases
is not definitely known; however, forty per cent of maximal is

believed to be the lowest level which will elicit strength increases

l1F, A. Hellebrandt, "Cross Education: Ipsilateral and
Contralateral Effects of Unimanual Training," Journsl of Applied
Physiology, L4:136-1kl, August, 1951.
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in the exercised muscles. It is indicated that repeated daily
trials and measurement treatments three, four, and five days a
week have produced significant strength gains more consistently
than have single daily trials and treatments of two or less a week,

In studies having found a significant cross transfer of
strength effect occurring, the exercised muscles were measured
at maximal or near maximal effort and also increased significantly
in strength. In measurement programs where the exercised muscles
have failed to increase significantly in strength, the demonstra-
tion of any cross transfer effects failed to occur. It is only
when the exercised muscles show significant gains in strength
that the cross transfer effects have been demonstrated.

Two reasons other than actual strength increases are
given to possibly explain the increases in the recorded strength
scores, One is the learning ability of the individual subject for
exerting a maximal effort on the instrument. In this case the
increased scores would not represent actual strength or muscle
development, rather the learming ability of the subject, Another
is the ability of the subject to increase his resistance to fatigue
and gain during the measurement trials thus raising his daily
scorese The factor here, as is found in other types of studies
involving human subjects is the psychological attitude of the
individual subject. It would appear that until we find a method
of eliminating the psychological factor, studies involving human
participation will be subject to question regarding their validity

and reliability.
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Researchers, in the selection of subjects for a study,
should be aware that strength increases are subject to individual
differences as weak muscles increase rapidly in strength to a
level which allows normal daily activity without a tiring effect
on the individualj then the increase is regular, but at a much
lower rate, till a plateau at or near maximal effort is reached.
If only athletes are utilized the resulting strength increases
may be non-existent or small in quantity, due to the high degree
of development already present in the measured muscles. In con=-
trast, subjects who are severely limited in their daily exercise
may demonstrate large strength increases which also are mislead=-
ing, Yor these reasons the subjects should be randomly selected
from a large sample which will allow individuals of varying
strength development to be employed in the study. If this pro-
cedure is followed it is probable that the obtained results will
reflect the entire population in regard to the material under

investigation.

L mx-



CHAPTER III
METHODS AND PROCEDURES

The purpose of this chapter is to present the methods and
procedures employed in this study. The chapter is sub-divided
into four specific areas involved in the total testing program,
The included areas are a description of the subjects, testing

equipment, testing procedures, and the analysis of data.

Description of subjects. Twenty male Fort Hays Kansas State

College freshmen were used as subjects for this study. The sub-

Jjects selected were those who could meet with the investigator at
the designated time for the required number of days. All subjects
professed to be right handeds The age, height, and weight of each
subject was recorded at the time of the pre-test., Table I presents

descriptive data regarding the age, height, and weight of the subjects.

TABLE T
AGE, HEIGHT, AND WEIGHT OF SUBJECTS
(n=20)
Age Height Weight

High 20 yrs., 2 mo. ) Siing 5 e 195 pounds
Low 18 yrs., 0 mo. 5 ft., 8 in. 130 pounds
Range 2 yrs., 2 mo. Tiin 65 pounds
Mean 18 yrs., 5 mo, S ft.,10%in, 160 pounds
Median 18 yrs., 7 mo. 5 v, bl sl 158 pounds
Standard
Deviation 7.5 mo, LTS At 16,3 pounds
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The subjects, throughout the study, did not participate in any

other formal type of measurement program other than a required
physical education class, Fundamentals of Sports I, which met two
days a week. All subjects displayed a co-operative attitude
toward the study and appeared to exert their maximal effort during
each daily trial. The general decrease in the exerted strength
from trial one to trial five during the daily treatments tended

to substantiate the preceding statement.

Testing equipment. As was indicated in Chapter I, any

study involving a measurement factor requires a precision instru-
ment to accurately score and record these measures. The cable
tensiometer was selected as the instrument most appropriate for
this type of study. The tensiometer used in this study was a
model T5-6007-114-00, which recorded exerted isometric efforts in
tensiometer units with a range of 0-100. The conversion of the
tensiometer scores into pounds will give a range of 0~200, The
cable tensiometer is a compact instrument which records, on a
calibrated dial, the static tension placed on an offset riser
located between two stable sectorss A one-sixteenth inch flexible
cabf%, upon which the force is exerted, passes between the riser
and two sectors. As tension is exerted, isometrically by the sub-
ject on the cable, the force is simultaneously recorded on the
instruments The scores are recorded as tensiometer units and for

this study these units were retained for the analysis of data.
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As the wrist flexor muscle groups were to be measured for
their maximal exerted strength, it was necessary then to place the
wrist in a state of hyper-extension during the testing periods.
Placing the wrist in a hyper=extension position was made possible
by having a series of chain links secured to one end of the cable,
In order to adjust the cable to the correct length for each sub-
ject, the handle was attached to a definite chain link where it
remained throughout the entire measurement program.

An apparatus was constructed by Morrist including the cable
tensiometer and related equipment to isometrically measure the
strength of the wrist flexor muscles of the right hand, Ray,2
altered this device to allow the flexor muscles of both wrists
to be measured, The described instrument, being used in the two
previously mentioned studies and the present study, is designed
to incorporate procedures employed by Clarke.3 In these procedures
the tensiometer is aligned at a ninety degree angle to the cable
to allow for a maximal exertion by the subject and an accurate
measurement of the exerted force.

In order to isolate the muscle group under observation the
meagured limb must be held completely stationary. This was

accomplished by securely strapping to a restraining board the

Ivorris, loc. cit.

®Ray, loc. cite

3H. Harrison Clarke, "Objective Strength Tests of Affected
Muscle Groups Involved in Orthopedic Disabilities," Research
Quarterly, 19:118-147, May, 19L8. e
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forearm of each individual subject being tested. Any movement of
the forearm during the testing could possibly cause an increase
in the recorded score, thus invalidating the test and its results.
Foam padding was placed between the straps and the forearm to
prevént needless discomfort to the subject during testing.
Figures I and IT illustrate the equipment arrangement and the
subject's position during the actual measurement programe
Measurement with the right hand is shown on page 37 and left
hand measurement is shown on page 38,

During each measurement treatment the subjects, keeping
both feet on the floor and the unexercised hand in the lap,
were seated in front of the instrument in a standard straight
back chair., A stop watch was used to time the one minute
interval between trials and also to see that no subject exerted

a force for longer than five seconds during each trial,

Testing procedures, This study was significant in that

it employed an established reliable method of assessing human
strength and that a pre-test was given to determine the initial
wrist flexor muscle strength. The pre-test consisted of a one
day measurement program measuring the maximal isometric
sﬁrength of both hands, with each hand exerting five trials
maximal, one minute aparte Following the pre-test a fourteen

day interval or rest period was given to the subjects,
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FIGURE I

POSITION OF SUBJECT
DURING RIGHT HAND MEASUREMENT
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FIGURE II

PCSITION OF SUBJECT
DURING LEFT HAND MEASUREMENT
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Hettingerh and Kroll5 have previously found that changes in

strength due to either a learning or practice effect from a one-
day measurement program will be lost in fourteen days,

Upon completion of the pre-test the subjects were randomly
assigned by pairs, on the basis of their combined right and left
hand pre-test scores, into one of two groups, "A" or "B%, After
the fourteen day interval the subjects were tested on successive
days as follows: group "A" was tested for five consecutive days
with the left hand, followed by a two-day rest period, then again
tested for five consecutive days with the right hand. Group "B"
followed the same schedule in regard to the number of days tested,
but were measured in a reverse order, going from the right hand to
the left hand, Each group was composed of ten subjects, An in-
dividual daily testing treatment consisted of five trials maximal,
one minute apart with one hand. The hand tested was determined
by the group to which the subject belonged. The program began
October 22, 1962, and was completed December 1, 1962,

As a variation in the time of day to test for maximal
strength might bring about masking effects, an attempt to
standardize the measurement time for each subject was followed,

W’Ijight,6 in a study to determine if a duirnal pattern exists in

Ugettinger, loc. cit.
SKroll, "A Reliable Method of Assessing Isometric Strength."

6Verna Wright, "Factors Influencing Duirnal Variation of
Strength of Grip," Research Quarterly, 30:110-116, March, 1959,
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relation to strength tests, found a definite pattern of variation.
Exerted strength increases regularly from early morning (approxi-
mately 6:00 A.M.) till about 12:00 Noon or 1:00 P.M., then de-
creases gradually until during the night hours when there is a
pronounced decrease in the exerted strength of an individual. In
this study all testing occurred between the hours of 10:00 A.M.
and 12:00 Noon, utilizing the potentially best daily time for
measuring maximal strengthe In this study each subject reported
daily within a previously designated hourly interval to be tested,
either between 10:00 A.M, to 11:00 A.M, or 11:00 A.M, to 12:00 Noon.

During the pre-tgst and the two weeks measurement program,
each subject was asked to, if necessary, remove his coat and roll
up his shirt sleeve to elbow height, to allow the forearm to be
securely strapped to the instrument,

The following standardized instructions were read to each
subject before the pre-tests

Pre-test: This study is to determine the strength of the

wrist flexor muscles of both arms, For this study to be a

success each subject must exert an all out effort on each trial.

1., You will be seated on the chair in front of the instrument,
keeping both feet on the floor, and the unexercised hand

in your lap throughout the test,

2. The tested arm will be firmly strapped to the instrument
with your hand gripping the handle.

3. When I give the command you are to pull with a steady
maximal effort until you have exerted an all out effort,
five seconds approximately.

be You will be given five trials using the right (or left)
hand, with a one minute rest period between each trial,
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during which time you should relax your grip on the handle.
After this you will be given time to change your position
from the right to left hand (or vica versa) for further
testing,.

5. Further testing will include five trials, one minute apart
with the other hand.

6. Are there any questions?
On each succeeding test day the following instructions were

given to the individual subjects:

el oy TF) ond,  Ton i be izen five trials with
a one minute rest period between each trial. The procedure
will follow the same as was previously given you,
1. Remember to exert a maximal effort on each trial,
2. Are there any questions?

The subjects were also instructed not to brace their feet
against the table legs or other objects and to keep the unexercised
hand in the lap at all times. These measures were to further insure
that the wrist flexor muscles were isolated and the only ones in a
contractile state of tension during the trials. There is a remote
possibility, despite these precautions, that an interaction of
associated muscle groups may occure Upon completion of the
instructions the subject's forearm was secured tc the apparatus
and the testing began. During the one minute rest period the
subjects relaxed their grip on the handle and sometimes stretched
the fingers to prevent cramps or fatigue from excessively occurring.,

All testing and data collecting occurred in a private office

at the Division of Health, Physical Education, and Recreation
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at Fort Hays Kansas State College. During the entire program,
only the tester and subject were present for the testing treat-
ments. This eliminated the possibility of having the presence
of another individual eliciting or inhibiting the responses made
by the subjecte An attempt was made to keep the envirommental
conditions standardized, thus, no motivational devices of any
type were used, other than requesting each subject to exert his
maximal effort on each trial, Talking between the investigator
and the subject occurred at normal tones to prevent excitation
within the subject.

The subjects during testing were able to observe their
recorded scoresjy however, the investigator never reported a score
to either the subject being tested or to any other subject. The
only tangible extrinsic variables were the occasional talking of

people and the ringing of a telerhone in another office.

Analysis of data. To aid in the analysis of the obtained

data, graphg and tables were utilized to illustrate changes occurring

in the recorded scores of the subjects during the complete program.
The treatments by subjects design described by Lindquist7

was uSed in the data analysis. This design is desirable in studies

of this type in which the treatments are administered in successive

TE. F. Lindquist, Design and Analysis of Experiments in
Psychology end Education (Boston: Houghton Mifflin, 1953),
PPe TBB-f%B-
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order to the same subjects, The primary reason for utilizing the
treatments by subjects design was to increase the precision of the
study by eliminating inter-subject differences as a source of
errore In using this method of data analysis, only one criterion
score is needed for each subject during each daily treatment., In
this study the mean score of the five daily trials, for the in-
dividual subject, was used as the criterion score for the given day.
Being the primary purpose of this study to determine the
amount of cross transfer of increased strength to the contralateral
wrist flexor muscle group, a pre~determined level of significance
was selected upon which to base the results and conclusions. The
five per cent level of significance was selected in order to
determine whether the (if any) strength increases in the measured
muscles and the cross transfer effects were significant, Thus,
all results and conclusions from this study were dependent upon

the five per cent level of significance,

Sunmary. Twenty male college freshmen served as subjects
for this study. All subjects professed to be right handed. A pre-
test was given all subjects to determine the maximal initial
strength of the wrist flexor muscles of both hands. Following the
pré-test a fourteen day rest interval was given, during which the
subjects were assigned on the basis of their totel pre-test scores,
into one of two measurement groups for the study, Standardized
procedures and instructions were given to each subject before the

pre~test and each daily treatment. The actual testing program
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consisted of a twelve day period, five consecutive days of testing
with one hand, a two day rest period, and five consecutive days of
testing with the contralateral hand, Group "A" was tested the

first week with the left hand and with the right hand during the
second week; group "B" was tested in the reverse order, right hand
first and the left hand second, Each daily testing treatment cone
sisted of five trials maximal, one minute apart, employing unilateral
exertions, All testing occurred between 10:00 A.M. and 12:00 Noon.
The mean score of the five daily trials was used as that day's

score in the analysis of data.

A cable tensiometer and associated equipment was secured
in an apparatus for measuring isometrically the maximal strength
of the wrist flexor muscles. To isolate the muscle group under
stﬁdy, the forearm of the measured limb was immobilized by
securely strapping it to a restraining boards The measurement
program took place in a private office, with only the subject
and the tester present,

The treatments by subjects design was used in the analysis
of data. The primary reason for using this analysis method was
that it eliminates the inter-subject variation and creates more
exacting precisione The level of significance upon which the
results and conclusions were determined was placed at the five

per cent level of confidence.



CHAFTER IV
DLLULLS AND DIScUSSION

The results of this study regarding the effect of repeated

maximal isomebtric strength measurement schedules of short duraticn
upon the strength of the measured wrist flexor muscles and the
contralateral muscle group will be presented in this chapter,
Ircluded will be the stebility of measurement from the pre-test

to the first testing day, the doy effect upon changes in exerte

strength, the cross transfer elffscts, a discucsion of tle 1ecultis,

and the conclusions,

Pre=test vs. cday ole testinc, Iawle i prcsents tiue nian,

subjects during the pre-test and th
In analyzing the data to detcrmine if a cignificant chaige in

the recorded stren th scores occurred tchwoon the twe testing

was runel Having selccted the five rer cent level of cignifi-
cance upon which to Lase the rocults, a t of 2,280 uas scquized

to constitute a si_rificart difference in cwerted streii_th,
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TABLE II

SUMMARY OF PRE-TEST AND DAY ONE
SCORES (n =10)

GROU‘P "All
Left Hand Right Hand
Pre-test Day One Pre-test Day One
Mean L5.82 L,6.08 48.10 47.30
Standard
Deviation 6.09 6451 5.62 L5
High 579 59.8 Bl 53.3
Low 33.6 33.2 41.0 39.4
Range 2.3 26,6 16.6 13.9
GROUP #B"
Left Hand Right Hand
Mean L8.25 48.98 L7.24 L7.86
Standard
Deviation  7.00 7459 7457 5.93
Low 3809 390h 3509 hO.B

Range 22,0 22.8 2709 18 AL
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As Table III presents, the obtained t's were as follows: group "A"

right hand pre-test to day one .75, left hand pre-test to day one
-.81; group "B" right hand pre-test to day one =.55, left hand pre-
test to day one ~1.52, Since not one of the four obtained t's
approached the level of significance, any fluctuations occurring be-

tween the two measurement days were accepted as due to a chance effect.

Effect of days. Tables VI and VII, found in Appendixes A and

B, present the mean, standard deviation, and range of all scores
included in the four unilateral strength measurement programs. In
group "A" the left hand mean tensiometer scores fluctuated from
46.08 on day one to LL4.10 on day five, the right hand from a mean
score of L7.30 to a score of 4S5.1is. The fluctuations in mean
scores for group "B" were with the right hand 47.86 on day one to
47.36 on day tive, the left hand from 48,98 to L7.4L9. The largest
variation in the recorded mean scores for individual days in any one
week was with the left hand of group "A", where on day one the mean
score was 46,08 and on day four L3.25, a range of 2.83 tensiometer
anits. The greatest variation between mean scores of day one and
day five also occurred in group "A' where the left hand on day one
recorded a mean score of L6.08 and on day five recorded a mean
score of Ul.10, a difference of 1.98 tensiometer units.

Figures III and IV present graphically the mean scores
for both the right and left hands of groups "A" and YB" respec-
tively, including the pre-test and the two weeks unilateral

maximal isometric strength measurement program.
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TABLE III

STABILTTY OF PRE-TEST SCORES
TO DAY ONE SCORES

(n=20)
GROUP npm
Right Hand Left Hand
Pre-test Day One Pre-test Day One

Mean Scores 48.10 L7.30 L5.82 1,6.08
Standard
Deviation 5.62 L.L45 6409 6.51
t «75 =81

GROUP HB“
fean Scores L7.24 L7.86 L8.25 48,98
Standarad
Deviation T457 5.93 700 7.59
t “.55 -1 ‘52
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Analysis of data, To determine if any changes in the

daily strength mean scores from day one to day five were signifi-
cant, an analysis of variance employing the treatment by subjects
design was made,? Utilizing this analysis method and with four and
thirty six degrees of freedom, an F of 2.69 was needed to have a
significant strength change occurring at the five per cent level of
confidence, Table IV presents the obtained F's for the analysis
of variance for the effect of days upon the wrist flexion strength.,
In group ¥YA" the resulting F's were the left hand 2.90 while the
right hand was «55. In group "B" the obtained F's were for the
right hand 2,17 and for the left hand 1.65, Neither of the F's
for group "B" or the right hand of group "A" approached the

level needed for significance at the five per cent level. The

F of 2.90 for the left hand of group "A" was significant,.

In order to determine which days were significantly dif-
ferent from each other in terms of recorded mean tensiometer
scores with the left hand of group "A", a critical difference test
described by L:Lndqu:’;.st3 was employeds A critical difference of
1.82 tensiometer units was required for a significant difference
at the five per cent level, With the left hand of group "A" day
one was significantly different from days two, four, and five.
Table V presents the results for the effect of days upon wrist

flexion strength with the left hand of group L7 L

21indquist, loc. cit.

3I..indquis‘lz, op. cit., pp. 93, 166.




ANALYSIS OF VARIANCE OF THE EFFECT OF DAYS

TABLE IV

UPON WRIST FIEXION STRENGTH

52

GROUP npm
Left Hand
daf ss ns F
Days N L6.31 11.58 2.90
Subjects 9 1265,95 140,66 =
Residual 36 143.50 3.99
Total Lo 1455.76
Right Hand
Days N 8.89 2.22 55
Subjects 9 781.15 86.79 -
Residual 36 146 .61 4.07
Total L9 936.65
GROUP "B
Right Hand
Days N 28,68 127 TA7
Subjects 9 119,26 132.69 -
. Residual 36 118.50 3.29
Total L9 134144
Left Hand
Days L 30.19 7455 1.65
Subjects 9 2L22,51 269,17 -
Residual 36 165,05 .58
Total L9 2617.75
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TABIE V

RESULTS OF t-TEST FOR THE EFFECT OF DAYS
UPON WRIST FIEXION STRENG
(Group "Aw)

Left Hand

Day I Day II Day IIT Day IV Day V

Day I . oy A I 2.83% 1,98*
Day II - = 91 .76 .09
Day IIT 2 = = 1.67 .82
Day IV - = = - .85

*Significant at the five per cent level of confidence.

Cross transfer effects., The maximal unilateral isometric

strength measurement program as employed in this study did not pro-
duce a cross transfer effect of strength to the contralateral limb,
This statement was verifieéd as non-significant strength changes
were found between the pre-test mean scores and the day one mean

scores of both the measured 1limb and the contralateral limb,

Discussion of the results., This study being the first to
employ an established reliable method of assessing maximal isometric
strength can verify the obtained results regarding changes in the
mean recorded strength scores of the subjects within the five day
unilateral maximal isometric strength measurement program and for
the cross transfer of strength to the contralateral limb. The pre-

test served as a reliable criterion measure upon which to base any
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significant strength changes between the pre-test and day one and
any cross transfer of strength to the contralateral limb. Bay,h
in his study indicated that a possible cross transfer effect
occurred from the non-dominant to the dominant hand but not the
reverse., This appeared as the daily mean scores for the dominant
right hand, when measured second, were consistently higher than
the daily mean scores of the first measured non-dominant left hand,
However, by failing to utilize a pre-test and by not placing his
subjects into matched groups for the unilateral isometric strength
measurement program, Ray could only assume these possibilities
duve to the daily mean scores of the subjects. It is entirely
possible that by randomly assigning the subjects to the two
measurement groups as Ray did and by not having an initial
strength score for each subject, there was present the chance
that one group of his subjects was significantly stronger initially
with one hand, in this case the dominant right hand.

Even though a significant increase in strength may occur
within a five day unilateral isometric strength measurement program
and a significant difference between the non-dominant and dominant
hand glso may occur, unless a reliable pre=test is employed as a
criterion measure and the subjects are separated into matched
groups no definite conclusions can be made regarding the cross

transfer of strength,

bpay, loc. cit.




55
In this study the non-significant t's which occurred between

the pre-test mean scores and the day one mean scores (two weeks
apart) verified the stability of the criterion program measursment
schedule, Also the non-significant t's between the pre-test mean
scores and the day one mean scores (three weeks apart) of the
contralateral 1imb, suggested no cross transfer of strength occurred.

The results of this study causes one to question previous
studies which have reported significant cross transfer of strength,
and yet did not employ a reliable pre-test to obtain an initial
strength measurement of the muscle groups under study. It is only
by utilizing the pre-test, for obtaining the initial strength of
the involved muscle groups, and placing the subjects into matched
groups for the unilateral isometric strength measurement program
that an investigator may definitely conclude whether or not any
significant cross transfer eff cts occurred to the contralateral
1limb,

The analysis of variance employed for determining the day
effect upon strength found that no significant increases in strength
occurred within any of the unilateral measurement programs. Within
three of the unilateral measurement programs no significant changes
occurred in mean scores from day one to day five. The left hand
of group "A" demonstrated a significant change; day one being signifi-
cantly different from days two, four, and five, However, days two,
four, and five were significantly lower than day one, indicating a

significant decrease from day one to day five.
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The learning and training or practice theories which have
been introduced to possibly explain significant increases in
strength scores are questionable in view of the results from this
study. These theories are questionable for in this study no
significant strength change occurred between the pre~test mean
scores and the day one mean scores for any of the four unilateral
isometric strength measurement programs. The training or practice
theory was refuted because day five was never significantly
greater than day one within any of the four measurement programs.
In the program which demonstrated a significant difference be=
tween day one and day five, day five was significantly lower,

The results of this study substantiate previous studiess’6’7’8
that before any cross transfer effects of strength are possible to
the unexercised contralateral limb, the exercised limb or muscles
must demonstrate a significant increase in strength. Before any con-
vincing generalizations can be presented, studies demonstrating a
significant improvement in exercised muscles must be required.
Then checks to assess cross transfer effects would be appropriate.

The present study failed to demonstrate a significant im-

provement in the exercised unilateral limbs. Hence the appearance

Shsa, loc. cit.
6Mayberry, loc. cit.
7Rasch and Morehouse, loc. cit.

8Kruse and Mathews, loc. cit.
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of a cross transfer effect would have to have been ascribed to
motor learning phenomena. Since no cross transfer effects occurred
it is cautiously advanced that no motor learning took place under

the utilized isometric strength measurement schedule,

Conclusions. The following conclusions are presented on
the basis of the resulting data obtained from this study:

1. The repeated maximal isometric measurement schedules of
short duration are satisfactory in a reliability sense for
measuring the maximal strength of the wrist flexor muscles
in a test re-test situation fourteen days apart.

2. The repeated maximal isometric measurement schedules are
not capable of eliciting significant increases in strength
potentialities of the exercised muscles during a five day
measurement programe

3. No transfer effects of strength potentialities to the
contralateral limb resulted as the exercised muscle group
itself failed to demonstrate a significant increase in
exerted strength.

Summary. The t-test for paired observations found the
maximal isometric strength measurement program to be stable in
measuring the strength of the wrist flexor muscles.

The five day measurement program failed to elicit a con-
sistent increase within the mean strength scores for any of the
four unilateral measurement groups, The F test used in the
analysis of data found non-significant changes occurring within
three of the four unilateral isometric strength measurement pro-

grams; both the right and left hand of group "B" and the right

hand of group "A". The left hand of group "A" demonstrated a
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significant change in exerted strength, however, this change was
a decrease in mean scores from day one to day five,

Since a non-significant strength increase occurred in
the exercised muscles, transfer effects of strength to the unexer-
cised contralateral muscle groups are not deemed possible in

this study,




CHAPTER V
SUMMARY

The purpose of this chapter is to summarize this study
which deals with the transfer effects of gained strength to the
contralateral limb. The summary includes the purpose, signifi-

cance, methodology, results, conclusions, and recormendations.

Purpose, The purpose of this study was to determine the
amount of strength transferred to the unexercised contralateral
wrist flexor muscle group, utilizing a unilaters]l maximal

isometric strength measurement program with college men.,

Significance. This study was significant in that it was
the first study to use an established reliable method of assessing
isometrically the strength of the wrist flexor muscles, both within
a single daily program (five trials one minute apart) and a five
day continuation of this daily treatment.

The study was also significant as the pre-test allows the
tester an accurate initial strength measurement for both wrists of
each subjects Utilizing the fourteen day interval between the
pre~test and measurement program, any change in strength within the
individual due to the pre-test is lost by the time the measurement
program begins. °

As the initial strength of each wrist is known before the
measurement program begins, an accurate determination can be made
regarding the actual quantity of strength potentialities presupposed
to be transferred to the contralateral limb,
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Methodology. Twenty male college freshmen from Fort Hays
Kansas State College were employed as subjects for this study.

The subjects selected were those who could meet with the investi-
gator during the designated daily time for the required number of
dayse All subjects professed to be right handed, None of the
subjects were enrolled in any other formal type of measurement
program during this study.

The cable tensiometer and associated equipment was utilized
as the testing instrument for this study. The equipment arrange-
ment and subject placement allowed for the isolation of the wrist
flexor muscles, thus measuring only the maximal exertions of this
muscle group. Adjustments were made in the length of the cable
to allow each exercised wrist to remain in a state of hyper=-exten-
sion throughout the entire measurement program,

Before the pre-test the height, weight, and date of birth
for each subject were recorded on a data sheet, Standardized
instructions were read to the individual subjects both before the
pre-test and each succeeding measurement day. Following the in-
structions the forearm was strapped to a restraining board in a
comforbable but secure position, The subjects were then tested by
exerting five trials maximal, one minute apart, on the instrument,
In order to facilitate a standard measurement, no subject was
allowed to exercise for more than five seconds with each trial.

The mean score of the five trials for each subject was used

as the daily score in the analysis of data. The t-test was used

~
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to determine whether or not a significant change occurred between
the pre-test scores and the day one scores. The F test was employed
to determine the day effect upon the mean exerted strength scores,
When a significant F occurred, a critical difference test was given

to find which days were significantly different from each others

Results. The t-test resulted in non-significant t's occurring
between the recorded mean scores of the pre-test and day one with
each unilateral strength measurement program, The method employed
for isometrically measuring the maximal strength of the wrist
flexor muscles was concluded to be stable for the test re~test
measurement program fourteen days apart.

The resulting data found only one of the four unilateral
measurement programs demonstrating a significant change in its mean
exerted strength scores from day one to day five. The F test found
that a non-significant strength change occurred within the right
hand of both groups "A" and "B" and the left hand of group "Bt,

The left hand of group "A" demonstrated a significant change in

the exerted strength scores; however, this change was a significant

decrease and not an increase as anticipateds. A critical difference

test ®pplied to this group found that only day one differed signifi-
céntly from days two, four and five., Each of these succeeding

daily mean scores was significantly lower than day one.,

eorclusions, The following conclusions are presented as

the basis of the resulting data obtained from this study:

FORSYTH LIBRARY
#@RT HAYS KANSAS STATE COLLEGE
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1. The repeated maximal isometric measurement schedules of
short duration are satisfactory in a reliability sense for
measuring the maximal strength of the wrist flexor muscles
in a test re~test situation fourteen days apart.

2o The repeated maximal isometric measurement schedules are
not capable of eliciting significant increases in strength
potentialities of the exercised muscles during a five day
measurement program.

L. No transfer effects of strength potentialities to the
contralateral limb resulted as the exercised muscle group
itself failed to demonstrate a significant increase in
exerted strength,

Recommendations. The results of this study still leave many

unanswered questions in this area of strength development and cross
transfer effects. Is the repeated maximal isometric type measure-~
ment program sufficient to create actual increases in strength?

1 indicated strength increases do occur, are these merely
increases in learnings, skills, or actual muscular strength develop=-
ment. To what degree must the strecngth be increased in the exer=-
cised muscle group before a significant strength potentiality will
occur within the contralateral muscle group? Thus, the results of
this study warrant certain recommendations:

1. Further investigations are deemed necessary employing the
pre=test and the maximal isometric strength measurement
program to determine if this method is capable of eliciting
strength increases.

2. Further investigations are deemed necessary employing a
measurement period in excess of five consecutive days to

determine the quantity of strength changes, b oth within
the exercised muscles and the contralateral muscles.
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TABLE VI

SUMMARY OF DATLY TENSIOMETER STRENGTH
MEASURES (n=10)

GROUP mA®

Left Hand

Day I DayII Day ITT Day IV  Day V

Mean 46,08  LL.01 LL .92 Li3.25 Lh.10
Standard

Deviation 6,51 L.81 5.91 5oLl 5.28
High 59.8 52.9 5549 53.8 55.1

Low 33u2 3.k 3345 32,7 3642

Range 26.6 18.5 22,4 2151 18.9

Right Hand

Mean 47.30  L6.20 L6.33 L6.52 L6k
Devistion L5 hdz  Lde Lol 5AS
High 53,3 534 k.3 5044 Skl

Low 39 39.2 38.1 3. 38l

Range 1359 Hyy2 1642 12.0 16.0
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TABLE VII

SUMMARY CF DATLY TENSIOMETER STRENGTH

MEASURES (n =10)

(N

GROUP wB#
Right Hand
Day I Day II Day III Day IV Day V

T b7.86  L7.32 L7.7L 16,60 L7.36
Standard
Deviation 5093 5050 5-96 5-’47 5-25
High 58,9 5645 57.2 551 57.1
Low L0.8 LO.7 38.9 39.3 hl.a
Range 18,1 15.8 18.3 15,8 16,0

Left Hand
Mean }-I-8 098 Ll-é .7).]. hB chl }-I-B 022 }-|-7 oh9
Standard
DeV‘la.‘bion 7059 8.07 8.3}.]. 8 .}.|.9 6.8&.
High 62,2 61,0 61.lL 60.0 56.5
Low 39.4 37.9 36,2 3L.7 3648
Hange 22,8 23.1 25.2 25.3 19.7
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