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CROSS TRANSFER EFFECTS UTILIZING A UNILATERAL 
MAXIMAL ISOMETRIC 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 cnntralateral wrist flexor 

muscle group, utilizing a unilateral maximal isometric strength 

measurement schedule with college men~ 

Twenty right handed male college freshmen were selected as 

subjects for this studyo 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 t o obtain the initial strength of each wrist 

fiexor muscle group. Following the pre-test a fourteen day interval 

was allowed, during which the subjects were paced into two matched 

groups on the basis of their total pre-test scores. Group"·" was 

measured with the left hand first fo r five consecutive days and 

subsequently with the right hand for five consecutive days . Group 

11B1t was measured in reverse order, r i ght hand to left hand. A twe-

day rest period separated the five day unilateral measurement 

programs. All daily treatments consisted of five trials maxi mal 

one minute apart, and . took place betwe~n 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 programso The treatments by subjects 

analysis of variance design resulted in only the left hand of group 

ttA1t demonstrating a statistically signi ficant strength change. In 

this unilateral program only day one differed significantly from 

days two, four, and fiveo 

As non-significant t 1 s occurred between the pre~test mean 

scores and the day one mean scores of the second measured hand, i t 

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 i n 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 i ncreases in strength 
potentialities of the exercised muscles during a five day 
measurement program. 

3. No transfer effects of strength potentialities t o the 
contralateral limb resulted as the exercised muscle group 
i tself failed to demonstrate a significant increase in 
exerted strength. 
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CHAPTER I 

INTRODUCTION 

For centuries man has been attempting to measure 

accuraitely physical strength and to devise the best methods 

possible, in terms of exercise programs for increasing innate 

potentialities. 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 0 l 

ince the time of DeLaHire many changes have occurred in 

the vario s succeeding studies regarding the procedures and 

techniques used to best measure human strengtho Pr obably 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 group in the human body. 

Today there are several instruments available to isolate 

and measure the force exerted by the individual muscle groups in 

mano The cable tensiometer, adapted by Clarke2 for measuring 

1neLaHire, M. Examen de la force de l'homme , Memoires de 
l'Academie Royale des Sciences, 12:153-162, No ember 14, 1699, 

. cited by Paul A. Hunsicker and Richard J. Donnelly, "Instruments 
to Measure Strength," Research Quarterly, 26: 08-419 , December, 
19550 

2H0 Harrison Clarke, 11A Comparison of Instruments for 
Recording Muscle Strength," Research Quarterly, 24:398-411, 
December, 1954. 



muscular strength, is one of the most valid and rel iable instru-

ments presently available for isometric strength measurement . 

The tensiometer measures a static mus ular contraction exerted 

on a cableo The exerted force records in tensiometer units on 

a dial in the i nstrument to be used by the tester 0 

The methods of exercise used for strength measurement 

vary, i n that some instruments require an isotonic type exer-

cise while other instruments measure the strength exerted by 

an isometri c muscular contracti on. 

The type of muscular exercise program which brings about 

the largest i ncrease i n muscular strength is now in uestion . 

Until a few years ago, the isotonic progressive resistance exer-

cise employed by De1orme3 was commonly accepted as the best 

method f or i ncreasing human strength. However, in 1946, 

Hellebrandt4 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 

2 

3To L. DeLorme , "Restoration of Muscle Power by Heavy 
Resistance Exercise , " Journal of Bone and Joint Surgery, 27:645-
667, 1945, cited by Robert E .. Jones, "Reliability of the Ten 
Repetition _Maximwn for Assessing Progressive Resistance Exercise," 
Journal of the American Physical Therapy Association, 42:661-662, 
October,19W-' 

4Fo A. Hellebrap.dt , "Recent Advan~es 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, 1'5':2~56, 
March-April, 1961. -



maximum tension while at its resting or optimum length . I n 

1953, Hettinger and Mueller' 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 i nitial strength. Since these two introductory studies 

many other researchers have attempted to compare the strength 

gains brought about by the two methods. There are conflicting 

results from these studies as to which method will produce the 

greater gains; however, the conclusion is that by either of the 

two methods, gains in strength occur when an in ividual exer-

cises at certain levels of efforto 

The one facet of strength which wi l l be dealt with in 

this paper ·s the cross transfer effect of isometric strength, 

obtained by using a unilateral measurement schedule , t o the 

ontralateral limb. The first st dy 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 --

ST. Hettinger and E. A. Mueller, Mu kelleistung and 
Muskeltraining 0 Arbeitsphysiologie, lS:111-126, 1953, cited 
by Philip J. Rasch, "Progressive Resistance Exercise: Isotonic 
and Isometric: A Re iew, " Journal of the Association for 
Physical and Mental Rehabilitation, 15 :2:45-56, March-April, 
·1961. -

· 6E. 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 , 1' Archives of Physical Medicine , 28:76-85, 1947. 

3 



the contralateral hand also increased in the skill. Welch 1 s7 

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 1 overfiow' 

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 arious 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, t here are severa.l 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 

7 J. Co Welch, 110n 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., 11Physiological Effects of 
Simultaneous Static and Dynamic Exercise," American Journal of 
Physical Medicine, 35:106-117, 1956. 

8w. w. Davis, 11Researches in Cross Education," Studies 
Yale Psychological Laboratory, 6:6-50, 1899, cited by Franklin M. 
Henry and Leon E. Smith, 11Simultaneious vs. Separate Bilateral 
Muscular Contractions in Relation to Neural Overflow and 
Neuromotor Specificity,n Research Quarterly, 32:1:42-46, March, 
1961. 

4 



similar procedures and having highly correlated results occurring 

before any definite statements can be produced concerning this 

cross transfer effect. 

5 

Purpose of studyo The purpose of this study was to determine 

the amount of strength transferred t o the unexercised contralateral 

wrist flexor muscle group , utilizing a unilateral maximal isometric 

strength measurement schedule with college meno 

Significance of study. This study was significant in that 

it was the first study to use an established reliable method of 

assessing human strengtho 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 coeffi cient of . 9315 0 Continuing this single 

daily program for three consecutive days, Kroll 1 s subjects demon-

strated an intraclass correlation reliability coefficient of 09546 0 

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 dayso 

9walter Kroll, 11Reliability of a Selected Measure of 
Human Strength," Research Quarterly, JJ:3:410-418, October, 19620 

lOWalter Kroll, "A Reliable Me thod of Assessing Isometric 
Strength," Research Quarterly (in press)o 



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 subjectso This includes both the exercised muscle 

group and the contralateral muscles. 

With additional research bei ng 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 me t hod of classifying students within classes , determining 

totai physical condition, and indicating individual growth. 

Clarke states that: 

The improvement of muscular strength is als o a basic 
necessity in the development of physical fitness , as 
strength is generally conceded to be a basic component 
of physical fitness.11 

6 

Motor coordination, as an individual's ability to correctly 

perform organic skills, is also related to strength. Willgoosel2 

found that in various large muscle activities the skill involved 

i n performing these activities is affected by the muscular 

strength of the individ alo Other factors such as height, weight, 

llH. Harrison Clarke, "Development of Volitional Muscle 
Strength as Related to Fitness," (Paper Presented at the 
Colloquium of Exercise .and Fitness, Rober~ Allerton Park, 
Monticello , Illinois , December, 1959). 

l_?carl E. Willgoose , "The Relationship of Muscular 
trength to Motor Coordination in the Adolescent Period, " 

Journal of 'du ational Lesearch, 45:138-142, October, 1950. 



and age being equal the le ss muscular strength an individual 

possesses, the lower will be his proficiency in performing 

mot or skills• 

7 

Muscular speed, being closely related to motor coordination, 

is also thought to be affected by an indivi ual 1 s organic strength. 

In the past years many people associated wit physi cal education 

erroneously believed that to increase one 1 s muscular strength 

brought about a decrease in the mu cle 1 s contractile speedo By 

usi ng weight lifters and non-weig t lifters as subjects for 

their study, Zorbas and Karpovich13 found that i ncreasing 

muscular strength, concurrently increased the exercise muscles' 

speedo 

The ne d f or exercise programs in to ay's elementary and 

secondary schools to i ncrease muscular strength is illu trated by 

Jones,14 who points out that approxir:i tely four-fifth of an 

adult's strength, but l ess than one-third of his height is 

obtained after the age of six years. Ga ton 5 con luded that 

lJwilliam s. Zorbas and Peter v. Karpovich, 11 The Effect of 
Weight Lifting Upon the Speed of Muscular Contractions , " Research 

terly, 22':145-148, May, 195lo 
14Harol d E. Jones, Motor Performa..'1ce and Growth, University 

of California Press~ Berkeley, California, 1949, P• 181, cited by 
Paul Hunsicker and George Greey, 11Studies in Human Strength," 
Research Quarterly, 28 :_109-122, May, 1957_. 

15Francis Gal ton, eto al. , Report of the Anthropometric 
Committee. Report of the B ritish A.ssociatj_on for the Advancement 
of Science , 225-272, 1881, cited by Paul Hunsicker and Geor ge Greey, 
11Studies 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 lowe 

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. 

Rudd16 criticized the procedure of usi ng maximal r esistance 

exercise with orthopedic patients because of the possibility of 

a muscle or ligament straino Luck17 in direct contrast to Rudd, 

observed no adverse effects t o a weak muscle when it was sub-

jected to a maximal amount of resistance. 

8 

The use of isometric exercise for these patients would eem 

feasible in that a large movement of the i njured limb would not 

be needed. If the patient has the ability to exert a static 

contraction with the involved limb, then, there is present the 

potentiality for increases in strength within the injured muscles. 

But with isotonic exercises the involved limb passes through a 

16J. L. Rudd , "Resistance Exercises in Private Practice," 
Archives of Physical Medicine and Rehabilitation, 36:775-778, 
December,1955, cited by Philip J . Rasch, "Studies in r ogressive 
Resistance Exercise: Review," Journal of the ssociation for 
Physical and Mental Rehabilitation, 12:4:125-130, July-August, 1958. 

17J. Vernon Luck, "Orthopedic Rehabilitation," Air Surgeon's 
Bulletin, 2:431-433, December, 1945, cited by Philip Jo Rasch, 
11Studies in Progre ssive Resistance Exercise: A Review, 11 Journal of 
the Association for Physical and Mental Rehabilitation, 12:4:125="" 
130, July- ugust, 1958. -



greater range of movement; thus many weakened limbs could not 

participate in this type of exercise. 

I n a study conducted at the Chelsea Naval Hospital, using 

orthopedic patients and the static type exercise, Dre Haslam 

pointed out that isometr ic measurement has the advantage of 

allowing the patients to exert effort on a cable tensiometer, as 

used, for enough time so that it i s 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 i n these cases of rehabilitati on.18 

The cross transfer effects from unilateral strength 

measurement programs have unlimited opportunities i n rehabili-

tation work. By having t he patient perform a regular strength 

measurement program, either isotonically or isometrically, wi th 

the uninvolved limb , he may create pot ntial ities for i ncreasing 

the strength of the muscles and prevent a loss of strength and 

atrophy from occurring in the involved l imb o 

Procedures. The subjects used in thi s study were twenty 

college freshman men, who could meet the i nvestigator at the 

designated time f or the required number of days. All subjects 

18H. Harrison Clarke, 110bjective S~rength Tests of 
Affected Muscle Groups Involved in Orthopedic Disabilities," 
Research Quarterly, 19:118-147, May, 19480 

9 
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professed to be right handed. These men were given a pre- test 

(five trial, 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 int o 

two matched groups , "A" and 11B11 , on . the basis of their combined 

pre-test scores . Between the pre-test a.Tld the twelve day testing 

program, a two-week rest period was allowed during which time no 

instructions or training f or any other formal strength measure-

ment programs was given. 

During the twelve day te sting program, group "A" was 

tested t he first week with the l eft hand , and then with the 

right hand the second week of testingo Group 11B11 was tested in 

reverse order, right hand to left hand. The daily testing f or 

each individual consisted of five trials maximal, one mi nute 

apart. No subject was allowed to xert a force for more t han 

f i ve seconds during each trial. The mean score for the five 

daily trials was the criterion measure used that a. 

Regarding the pre-test as having an effect upon the 

measured strength at the beginning of the t welve day measuremen 

program, Kro1119 and Hett'nger20 found that by having a two week 

(four teen days) interval between measurement days there is no 

19Kroll, "A Reliable Method of ssessi ng I sometric Strengtho '' 

20Theodor Hettinger, Physiology of Strength (Springfield , 
Illinois: Charles c. Thomas , Publisher,1961), p. JO. 
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significant change in the exerted strength when measured 

isometrically. The preceding information allowed this investi-

gator to rule out the possibility of a learning or training 

effect creating a significant change i n the initial strength of 

the measured muscle due to the pre-test. 

The instrument used in this study for measuring isometri-

cally the wrist nexor muscles was the cable tensiometer. 

Clarke,21 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 0 

Morris22 constructed an apparatus, utilizing the tensi-

ometer to measur e only the right wrist nexor muscl es. Ray23 

altered this apparatus so that both the right and left wrist 

nexor muscles could be measured isometricallyo This altere 

apparatus was then used as the measuring instrument in the 

present study. 

Standardized instructions were read to each subject 

daily, re garding procedures to be followed and encouraging a 

maximal effort on each trial. 

21c1arke, ttA Comparison of I nstruments for Recording 
Muscle Strength.u 

22Harold H. Morr;is, "The Effect of Order Upon a Selected 
Measure of Human Strength" (Unpublished Master's thesis , For t 
Hays Kansas State College, August , 1961). 

23Arthur L. Ray, "Cross Transfer Effects of I sometric 
Strength Measurement Schedulesrt (Unpubl ished Master's thesis, 
Fort Hays Kansas State College , July, 1962)0 
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Delimitations. The present study was delimited to include 

only the right and l eft wrist flexor muscle groups of twenty 

subjects. 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 fiexor muscle groups, two 

weeks pr'or t a twelve day testing program. The twelve day test-

ing program consisted of: five consecutive days of testing with 

one hand, a two day rest period, then five consecutive days of 

testing with the other hand. The number of daily unilateral 

treatment trials was delimited to five, one minute apart. 1 

daily testi ng occurred within a two hour period, 10:00 A.Mo to 

12:00 noon. 

Limi t ations o This study was limited in size to include 

only twenty subjectso The muscle group selected for study was 

limited to include only the wrist n exor muscles of both armso 

The total measurement program was limited to four weeks including: 

a one day pre-test (five trials one minute apart w'th each hand) 

given two weeks in advance of the actual testing program for 

determining the initial strength of the wrist fiexor muscle 

group of both arms;, a fourteen day rest period;; and two weeks of 

testing -- 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 treatment 

was limited to five trials one minute aparto The daily testing 

time was limited to incl ude two hours , 10:00 A.Mo to 12:00 noon. 
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Summary. Today, with the increased emphasis being placed 

on muscular deve opment , there is need for more definite evide ce 

as to the effecti ness of various types of measurement programs 

on strength development o 

The purpose of this paper was then to determine the amount 

of gained strength tran ferred to the u.nexercised contralateral 

wrist flexor muscle group in a selecte measure of muscular 

tre gth. The exe i e p ogTam used in this tudy was a uni ater 

maximal isometric stre gth mea ement program exerted five t·mes 

a day, one minute apart, employing the wrist flexor muscleso 

This study was significant in that it was the first study 

to utilize an established reliable method of assessing isometri-

cally the strength of the wrist nexor muscle group. The intra-

class correlation reliability coefficient found by Kroll for a 

single daily treatment of five tri als one _mi..11ute apart was .9315, 

by continuing this treatment or five consecutive days the 

intraclass correlation reliability coefficient was .9564. 
Twenty right-handed college freshman men were sed as sub-

jects for this study. fter taking a pre-test , including both the 

right and left wrist flexor .muscle groups, the subjects waited two 

weeks, were then tested for five consecutive days with one hand, 

rested tw days , and then were tested for five consecutive days 

wit 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 II 

REVIEW OF RELATED LITERATURE 

If ne has examined literature related to human strength 

and the development of it., he has found that there ar e a number 

of individual or separable fact rs involved in the total strength 

area. n individual's strength is directly associated with his 

tota organismo The person's physiological, psychologic , social, 

and moral values play an important part in the way an individual 

l 1 eek to further develop his innate muscular abilitie • 

Body structure and sex also control to a degree the develop-

ment of strength within an individual. Sills and Everett,1 using 

individuals of extreme somatotypes in their study pertaining to 

motor and strength tests, found mesomorphs to be str nger than 

ctomorphs and endomorphs; also, the mesomorphs surpassed the 

other two groups in tests of speed, agility, and enduranceo In 

performing physical activity of this nature excess weight is a 

handicap to endomorph ., while an insufficient amount of strength 

in an ectomorph lowers his level of performance. 

In regard to sex, Hettinger2 found that women are less 

trainable in terms of muscular development than are men; a~so that 

lFrank D. Sills and Peter w. Everett, "The Relationship of 
Extreme Somatotypes to Performance in Motor and Strength Tests," 
Research Quarterly, 24:223-228, May, 19530 

2Hettinger, EE.• cit. , pp. 10-11. 



maximum muscular trainability occurs in men from twenty to thirty 

years of age . Muelle r3 concluded that women's muscles respond 

to training stimuli less than do the corresponding muscles of meno 

Ikai and Steinhaus4 indicate that the end point or upper 

level of any physical performance is determined by either a 

psychological or physiological limit . In strenuous activities 

the psychological limit is nearly always reached first preventing 

further activity, thus ,performance is predominately limited by 

this factor . The psychological limits vary within individuals, 

causing unreliable individual performances . within repeated daily 

activities and succeeding activity_. However, tre physiological 

limit, being the unmeasurable capacity an individual possesses, 

is relatively stable and seldom reached by many individuals 

performing strenuous physical activities. 

INSTRUMENTS TO JVJEASURE 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 ru.Le. 

3Erich A. Mueller, 11 The Regulati on of Muscular Strength, 11 

Journal of the Association for Physical an d Mental Rehabilitation, 
.Ll:41-46;-March-April, 1957-. - --. 

4Michio Ikai and Arthur H. Steinhaus , nsome Factors Modify-
ing the Expression of Human Strength," Journal of Applied Physiology, 
16:1, 196lo 



· ~e development of instruments used for strength measurement has 

occurred primarily within the past one hundred and fifty years. 

We now have instruments which measure with a large degree of 

reliability and validity the strength exerted by either a static 

(isometric) or a dynamic (isotonic) type of measuremento For 

this study a cable tensiometer, an instrument for measuring 

static strength was employedo 

16 

During the Second World War the able ten iometer, a small 

compact recordi ng instrument, was used to measure the tension 

placed on cables in airplanes. Clarke ,5 employing the same type 

tensiometer, adapted it to record the static strength exerted by 

an indivi ual on a ne- sixteenth inch cable secured in the 

tensiometer. In a study comparing the advantages of several 

measuring instruments, Clarke found the cable tensiometer to be 

the most valid and reliable inst1ument of those tested for 

strength measurement . It is primarily due to Clarke's work that 

the cable tensiometer is now widel used in studies employing 

s tatic strength 0 The cable tensiometer used in this study records 

the exerted force in tensiometer units from Oto 100. Conversion 

tables are present t o allow the unit cores to be changed into 

pounds ( 0 to 200); however, for this study the tensiometer unit 

scores were retained for calculating procedures. 

'Clarke, " Comparison of Instruments for Recording Muscle 
Strength.u 
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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 PROGRPJIJS JD STRENGTH 

At present there are two main types of measurement programs, 

the isometric method and the i otonic methodo The isometric or 

static measurement can be defined as ua 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 oado"7 A muscle exerting a force isometri-

ca ly is said to not shorten or change its length; however, a 

static measurement can bring about a shortening of the involved 

muscle by ten per cent of the muscle's length and still be con-

sidered as an isometrically exerted force.8 

tis believed by some authorities that a muscle has potential 

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

6c1arke, 11Development of Volitional Muscle Strength as 
Related to Fitness, " l oc . cit . 

7rbido 
8 eter Karpovich, Physiology of }'.Iuscular ctivity 

(Philadelphia: W. B. Saunders Company, 1953), P• 13. 
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r emain unchanged an at its optimum length. The Weber-Fick law, 

as illustrated by Arkin, 9 state 0 that muscle fibers are shortened 

to one-half their extended length in fu.11 physiological contrac-

tion." Also brought out in his study, utilizing the quadriceps 

muscles of dogs , is that the tension developed at maxi.mum extension 

is approximately three times that developed at maximal flexion. 

This exemplifies that maximal potential for muscle tension occur 

much greater when the muscle is at maximum extension rather than 

maximum fiexion. Hellebrandt, 0 in 1946, proposed the theory that 

a muscle will develop maximum tension when the resistahce is so 

heavy that it will not allow the muscle to shorten. Since isometric 

measurement permits no change in muscle length, o tside the a loted 

ten per cent range , it is widely accepted and sed as a method of 

exercise for increasing and improving strength. 

t as also been found that +.e slower a mu cle contract the 

greater the potentialities for trength increases w·11 be 0 Hi11ll 

9Alvin Mo Arkin, 11 b olute Muscle Power, The Internal 
Kinesiology of Muscles , " Microcarded Master's Thesis , State 
University of Iowa, Iowa City, June , 1939. 

1°F •• ellebrandt, "Recent dvances in Methods of Hastening 
Conva escence Through Exercise," Southern Medica Journa, 39:398-
401, May, 1946, cited by Philip Jo Rasch, 11Progressive Resi tance 
Exercise: Isotonic and Isometric: Review,n Journal of the 
Association for Physical and Mental Rehabilitation, lj:2:40-50, 
March- pril, 1961. -

11 • V0 Hill, "Voluntary Muscle -- The Mechanics of Its ctive 
State," The Times Review of the Progress of Science, 1:13, August, 
1951, cited by Philip J. Rasch and RichardV. Freeman, M. Do, "The 
Physiology of Progressive Resistance xercise: A Review, 11 Journal 
of the Association for Physical and Mental Rehabilitation, 8:2:35-
42, March-April, 19~ -
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s tates that 11 the mechanica efficiency work/total energy) of 

muse es is greatest at about one-fifth of the maximum speed. 11 

Employing the principles of the amount of time spent in 

exercise and the percentage of maximal strength which must be 

exerted to bring about maximal strength gains using isometric 

measurements, Hettingerl2 found that exerting one maximal contrac-

tion of one to two seconds daily brought about the maximum train-

ability of a muscle. Maximal effort is not needed to create 

maximum muse e strengtho Hettinger found that only forty to fifty 

per cent of maximal effort is needed; however, this force must 

be exerted for a longer period of timeo exertion of two-

thirds maximal must be held for approximately four t o six seconds 

to elicit the maximum strength potentia ities in a muse e, with 

one exertion per day being sufficient to create maximum muscular 

strength. Roycel3 found that the required tension needed to 

elicit maximal strength development must be above sixty per ent 

of maximal effort 0 This is in contrast to a study of Mueller's14 

in which, by utilizing one-third and two-thirds maximal efforts, 

he found maximal development in the amount of strength produced 

12Hettinger, op. cit., PPo 24-28. 

13Joseph Royce, 11 Isometric Fatigue C rves in Human Mus~ e 
With Normal and Occluded Circulation,n Res~arch uarterly, 29:204-
212, May, 19.580 

14Mueller, oco cit. 
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o u.rring with the tw -thirds maximal measurement program; however, 

no increase in strengt occurred wi h the one~third max:i..mal exer-

tions. Mueller th n ggested the le el of forty per ent maximal 

as the level above which an increase in effort brings abo t no 

additional increase in trength. Muel l er related that stimuli or 

exerti ons be ow twenty per cen maxima do not rev nt atroph 

rom occurri ng . Exertions between twenty and thirty-five per cent 

maximal prevent a trophy from occur· g but do not reat mu cu ar 

trainingo Exert·ons above thirty-fi ve per cent of maxima ind e 

muscular training and create increases in trengt within the 

exer ised muscles. 

PR GRAl"'IB FOR INCRR SING STP 'G7H 

In studies related to the numbe of isometric contractions 

needed aily to elicit the grea vest change in muscular streng 

t ere are conflicting results o curring. 

Concerned with t e increase of mu cular tre t an enduranc, 

Liber on and sa 5 fund, by ornparing single maximal isometri on-

traction of six econd duration ach day against repeated 

(tw t trial daily maximal isometric contractions, that the 

repeate contra tion produced better r sults with the nd an e 

actor. Both programs eli i ed increases in muscular strength. 

16w. T. Liberson and Maxim sa, 11Fu ther t dies of Brief 
om tric xer i es , " _____ of Physic edicine and Rehabi ita-

tion, 40:330-336, 1959 . 
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sa, 7 working with daily single and repeated maximal 

isometric measurement programs, found that the repeated trenty 

trials daily) measures of the abductor muscles in the little fin-

ger of the right hand gave a signi icantly greater increase in 

muscular strength than did the single daily measurements 0 

18 Mayberry 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 

ther of repeated fifty per cent maximal exertionso 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 Morehouse19 found at the cessation of a six 

weeks training program no significant changes in stre gt 

occurring within the exercised muscle group. 

17M. Maxim sa, "The Effects of Isometric ai!d Isotonic 
Exercises on the tre gth of Skeletal Muscles," Dissertation for 
Degree octor of Physical Education, Springfield College , Spring-
field , Massachusetts , June , 1959 . 

18 obert P. Mayberry, 19 Isometric Exercise and the Cross 
Transfer of Training Effect as it Relates to trength," College 
Physical Education Association, 155-158, ~cembe , 1958, 

19Philip J. Rasch and Laurence • Morehouse, "•ffect of 
Static and Dynamic Exercise on Muscular trength and Hypertrophy," 
Journal of pplied Phy iol~gy, 11:1:29-34, July, 1957. 
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Emp oying two groups of subjects int heir study, Rarick 

and Larsen20 utilized daily isometric measurements for the wrist 

fiexor muscles. One group used a single two-thirds maxima on-

traction daily and the other group worked with exertions of e·ghty 

per cent maximalo The group employing the eighty per cent maximal 

effort used five trials on Monday and increased the number of trials 

one each day till Thursday when they employed eight trials; how e, 

the exertions remained at the eighty per cent level. The fifth 

day each week was used for testing maximal effo t. At the con-

clusion of the eight weeks testing program, it was found that 

both programs produced a significant increase in strength; how-

ever, the~e was no signif·cant difference between the groups 

regarding increased strength within the exercised mu cle o 

Utilizing repeated isometric mea urements of both maximal 

and two-thirds maximal efforts fr streLgth developrrent, Walters21 

ound, 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 met ods 

created significant increases in the strength of the exercise 

muscles. 

20G. L. Rarick and Gene L. Larsen, 110bservations of 
Frequency and Inten ity of Isometric Muscular Effort in Deve. oping 
tatic Muscular Strength in Post-Pubescen~ Males,u Research 
uarterly, 29:333-341, October, 1958. 

21c. Etta Walters., et. al., "Effect of hort Bouts of 
Isometric and Isotonic Contractions on Muscular trength and 
Endurance,u Ameri an Journal of Physical Medicine, 39:4:131-141, 
August, 1960. 
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Selecting the lower back muscl e group for study, Berger22 

compared static and dynamic measur ement programs in the amount of 

increase in muscular strength each created within t he selected 

muscle group o The isometrically t r ained group exercised with 

repeated maximal exertions three days a wee k for twelve weekso 

Upon ce s sation 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 o 

Measuring the strength of the wrist flexor muscles with 

repeated maximal isometric cont ractions f or five consecutive 

days, Darcus and Salter23 found no consistent inc r ease in 

strength during the first week of testing. However, a second 

week of training created an appar ent increase in exerted strengt h . 

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 instrumento 

22Richard A. Berger, "Comparison of Static and Dynamic 
Strength Increases ," Research Quarterly, 33:3:329-333 , October, 
19620 

23H. D. Darcus and Nancy Salter, 11 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 t o the contralateral 

limb is one facet of strength development which is relatively new 

in researcho Scripture,24 Welch,25 and Davis26 were among the 

first investigator s who conducted studies to find. if this phenomena 

ex:ist_ed and t o what extento Since their time various research 

has been conducted. with a large quantity of material written on 

the subjecto However, the results of the studies and the written 

material vary greatly in accordance to the existence and quantity 

of the cross transfer eff ects of strengtho 

Employing electromyograph readings to ascertain the cross 

transfer of strength potentialities, Olsen27 used isotonic measure-

ments. of varying percentages of effort in the forearm flexor 

muscles o 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 -0f the exercised. muscleso To create a strength potentiality 

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

24scripture, loc. cit. 
2>welch, loc. cit. 
26 

Davis , loc. cit. 

27Frank 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 Olsen28 found that by exerting 

an isotonic force seventy per cent of maximal, electrical poten-

tialities are elicited in the c·ontralateral limb. These results 

i ndicate that resistance of a high percentage of maximal is 

necessary to create electrical potentialities in the contra-

lateral limbo 

Panin29 conducted a study in which he measured the activity 

potentialities in the unexerci sed antagonistic muscles by the use 

of an electromyographo A measurement program was used employing 

isotonic flexion of the elbow and knee. Panin's results show 

that activity produced in the unexerci ed 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 

maximal before an increase in strength is possibleo 

28Frank D. Sills and A. L. Olsen, 11Action Potentials in 
Unexercised Arm When Opposite Arm is Exercised," Research Quarterly, 
29:2:213-221, May, 1958 . 

29N. Panin, et. al. , 11Electromyographic Evaluation of the 
Cross Exercise Eff ect,"A rchives of Physical Medicine and 
Rehabilitation, 42:47-56, January, 19610 
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In a study t o deter mine cross transfer effects , He.Llebrandt30 

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 , Walters31 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 unilate al muscular exertion of sub-

maximal effort took place. Davis' results showed that the greatest 

amount of remote stimulations is located in the contralateral limb. 

The activity sti mulations i n the contralateral limb vary in 

quantity with the per cent of exertion in the exercised limb; 

however , the stimulations in the contralateral limb are always 

lower than those in the exercising limb. 

30F. A. Hellebrandt, et . al., 11Physi.ological Effects of 
Simultaneous Static and Dynamic Exercise," American Journal of 
Physical Medici ne , 35:106-117, 1956. 

31walters , loc. cit. 

32a. c. Davis, "The Pattern of Muscular ction in Simple 
Volunt ary Movement," Journal of Experimental Psychology, 31:5:347-
366, November, 1942. 
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Employing t he 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 wi th maximal i s ometric effort a signif icant increase 

in the strength of tln.e antagoni stic muscle s occurred after a six 

weeks measurement programo 

Darcus and Salter, 34 utilizing both maximal isometric and 

isotonic measurements of the writ muscle s in their study, found 

that upon completion of the measurement program an increase 

occurred i n both the isometric and isotonic strength of the contra-

lateral limb . No significant difference occurred between the 

amount of strength transferred wi th tbe two groups. 

Mayberry35 experimented with the aspect of cross transfer 

of strength by using programs of maximal and fifty per cent 

maximal i sometric cont ractions on t he wrist fiexor muscles. No 

statistically sign ificant i ncrease in the strength of the exer-

cised muscles occurred at tre end of a five weeks measurement 

program. Cross t ransf er effects of strength could not be expected 

to be found in the unexercised contralater al mus cles, if the 

exercised muscles themsel ve s did not i ncrease in strength. 

33Philip J 0 Rasch, "The Effect of I sometric Exercise Upon 
the Strength of Antagonistic Muscle s , " The Biokinetics Research 
Center, University of California at Los Angeles, April, 1961. 

34Darcus and Salter , loco cit. 

3.5Mayberry, loc. cit. 

.. 
I 

J 
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To de termine if cross transfer of str ength occurs within 

the abductor muscles of the little finger, Asa36 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 fiexor 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 t hose 

subjects employing the isometric exercises. However, with the 

isotonic measurement method, a significant strength increase 

occurred in both the exercised and contralateral limbe 

28 

Studying the factor of various days per week for measure-

ment programs , Kruse and Y.tathews38 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 week . The results indicated that 

measurement programs need to be conducted at least three times a 

week, as the group being measured only twice a week showed no 

statistically signifi cant increases in strength in either the 

36Asa, l oc. cit. 

37Rasch and Morehouse, l oc. cit. 

38Robert Kruse and Donald Mathews , "Bilateral Effects of 
Unilateral Exercise: Experimental Study Based on 120 Subjects, 11 

Archives of Physical Medicine and Rehabilitation, 39:371-376, 
June , 1950. 



29 

exercised or contralateral limb. The groups being measured three , 

four, and five times a week showed statistically significant gains 

in th~ strength of the exercised arm. An increase in the strength 

of the contralateral limb fai led to appear within any of the 

measurement programs. 

I t is difficult to explain with a degree of accuracy the 

actual causes for cross transfer of strength occurring. Davis39 

concluded that as there is a widespread pattern of activity 

occurring in the accessory muscles during a volitional muscular 

movement, 11 the true unit of activity must be not the flexing or 

extending of a particular muscle or l imb but an apjustmental de sign 

in which many regions of the organism participate .u Walshe40 feels 

that cross transfer occurs primarily in heavy resistance exercises, 

in that tonic postural reflexes from the central nervous system 

creates potentialities in the associated muscle groups , of which 

the contralateral group is included. If the potentialities reach 

a specified level in the contralateral limb, there is the 

possibility for strength increases to occur. 

39R. 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. 

40F. Walshe, 11 0n Certain Tonic or Postural Reflexes in 
Hemiplegia with Special Reference to the So-Called "Associated 
Movements," Brain, 46:1, 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 . 
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Hellebrandt41 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 , 

an the development of a reflex pattern related to the maintenance 

of the individual's balance. It is commonly known tbat postural 

readjustments regarding balance always occur when an individual 

is subjected to heavy resistance of a unilateral nature. Pos sibly 

then cross transfer depends only on the volume of impulses tran.s-

mi tted to the contralateral limb, due in part to the per cent of 

maximal which the r esistance 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 groupso The onflicting results which have 

been presented in this chapter raises the question as to which of 

the two methods is more beneficial for increasing strength. In 

studies previously completed both methods have brought about 

signifi ant str ength gains in the exercised muscle groups of the 

subjects. 

The percentage of effort needed to create strength increases 

is not definitely known; however, forty pe r cent of maximal i e 

believed to be the lowest level which will elicit strength increas_es 

41F. A. Hellebrandt, "Cross Education: Ipsilateral and 
Contralateral Effects of Unimanual Training," J ournal of Applied 
Physiology, 4:136-144, August, 1951. 

J 
j' 
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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 

trength effect occurring, the exercised muscles were measured 

at ma.rlma.l or near maximal effort and also increased significantly 

in strengtho In measurement programs where the exercised muscles 

have failed to increase significantly i n strength, the demonstra-

tion of any cross transfer effects failed to occur. I t is only 

when the exercised muscl es show significant gains in strengt 

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 t his case the 

increased scores would not represent actual strength or muscle 

development, rather the learning ability of the subjecto Anothe 

is the ability of the subject to increase his resistance to fatigue 

and pain during the measurement trials thus raising his daily 

scores. The factor here , as is found in other types of studies 

involving human subjects is the psychological attitude 8f the 

individual subjecta 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 individual; 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 resUlti ng strength increases 

may be non-existent or small in quantity, due to the high degree 

of devel opment al ready present in the measured muscles. In con-

trast, subjects who are severely l imited in their daily exercise 

may demonstrate large strength increases which also are mislead-

i ng . For these reasons the subjects should be randomly selected 

from a large sample which will allow i ndividuals of varying 

strength development to be employed in the stuclyo 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. 



CHAPTER III 

METHODS AND PROCEDUPJ:S 

The purpose of this chapter is to present the methods and 

procedures employed in this study. The chapter is sub-divided 

i nto tour specific areas invol ved 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 ort Hays K isas State 

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

jects selected were those who could meet wi t the i nvestigator at 

the designated time for the re uired number of days. All subjects 

professed to be r ight handed. The age , height, and wei ght of each 

subject was recorded at the time of the pre-test . Table I presents 

descriptive data regarding the age , height, and wei ght of the subjects. 

TABLE I 

AGE, HEIGHT, AND 'WEIGHT OF SUBJ CTS 
(n = 20 , 

ge Height Wei ght 

High 20 yrs ., 2 mo. 6 ft.' 3 in. 195 pounds 

Lo:w 18 yrs., 0 moo 5 ft. , 8 in. 130 pounds 

ange 2 yrs. , 2 mo . 7 in . 65 pounds 

Mean 18 -yrs., 5 mo . .5 ft.,lO½ino · 160 pounds 

Median 18 yrs., 7 mo . 5 ft., 1 in. 158 pounds 

tandard 
Deviation 7.5 mo., 1..75 in. 16.,3 pounds 
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The subjects, throughout the study, did not participate in any 

oth€r formal type of measurement program other than a required 

physical education class , Fundamentals of Sports I, which met two 

days a weeko 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 tria one to trial five during the daily treatments tended 

to substantiate the preceding statement a 

.. esting 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 T5-6007-114-0o , 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 sectors. A one-sixteenth inch flexible 

cable, 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 

instrument . The ~cores are recorded as tensiometer units and for 

this study these units were r etained for the analysis of data . 
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s the wrist flexor muscle groups were to be measured for 

their ma...."timal 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 t o a d~finite chain link where it 

remained throughout the entire measurement program ~ 

An apparatus was constructed by Morris1 including the cable 

tensiometer and related equipment to isometrically measure the 

strength of the wrist fiexor muscles of the right hand. Ray,2 

altered this device to allow the fiexor muscles of both wrists 

to be measured4 The described instrument, being use in the two 

previously menti oned studies and the present study, is designed 

to incorporate procedures employed by Clarkeo3 In these procedures 

the tensiometer is aligned at a ninet y 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 isol ate the muscle group under observation the 

measured limb must be held completely stationary. This was 

accomplished by securely strapping to a restraining board the 

1Morris ., loc. cit. 

2Ray, loc. cit., 

3H 0 Harrison Clarke , nobjective Strength Tests of Affected 
Muscle Groups Involved i n Orthopedic Disabilities," Research 
Quarterly, 19:118-147, May, 1948. 

'l 
l 
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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 

prevent needless discomfort to the subject during testing. 

Figures I and II illustrate the equipment arrangement and the 

subject's position during the actual measurement program. 

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 a..~d 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 t han 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 consi sted of a one 

day measurement prog am measuring the maximal isometric 

strength of both hands, with each hand exerting five trials 

maximal, one minute apart . Following the .pre-test a fourteen 

day interval or rest period was given to the subjectso 

at 
I 



FIGURE 

POSI TION OF SUBJECT 
D JRING RIGHT HAND ME.A UR.EM.ENT 
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FIGU II 

PCSITION OF SUBJZC 
DURING LEFT ND ME sur1.:11.ENT 
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Hettingei4 and Kro115 have previously found that changes in 

strength due to either a learning or practi e effect from a one-

day measurement program wi~l be lost in fourteen days 0 

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 11B11 • fter 

the fourteen day interval the subjects were tested on successive 

days as follows: group 11 "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 11B11 

followed the same schedule in regard to the number of days tested , 

b t were measured in a reverse order, going fr m the right hand to 

the left hando Each group was composed of ten subjects. in-

dividual daily testing treatment consisted of five trials maxin1al, 

one minute apart with one hando The hand tested was determined 

by the group to which the subject belongedo The program began 

October 22, 1962, and was completed Decembe 14, 19620 

s a variation in the time of day to test for maximal 

strength might bring about maski ng effects, an attempt to 

standardize the measurement t'me for each subject was followed. 

Wright,6 in a study to determine if a duirnal pattern exist in 

4Hettinger , loc. cit. 

5Kroll, 11 Reliable Method of Assessing Isometric trength." 
6verna Wright , "Factors Influencing Duirnal Variation of 

Strength of Grip , 11 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 morni ng (approxi-

mately 6:00 .ii.) till about 12:0 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 .M. 

and 12:00 Noon, utilizing the potentially best daily time for 

measuring maximal strength. 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 2:00 Noon. 

During the pre-test and. the two weeks measurement program, 

each subject was asked to, if necessa.ry, remove his coat and roll 

up his shirt sleeve to elbow height, to allow the forearm to be 

securely strapped to the instrument. 

he following sta.~dardized instructions were read to each 

subject before the pre-test a 

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 ffort 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 testo 

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

3. When I give the command you are to pull with a steady 
maximal effort until you have exerted an a 1 out effort, 
five seconds approximately. 

4. You will be given five trials using the r ight (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. 
fter this you will be given time to change your position 

from the right to left hand (or vica versa) for further 
testing. 

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

6. Are there any que stions? 

n each succeeding t est day the following instructions were 

give to the indivi ual subj cts: 

ucceedin. test days: Today you will only be tested with 
your right (or left'j71ando ou will be given five trials with 
a one minute rest period between each tria. The procedure 
will follow the same as was previously given you. 

lo Remember to exert a maximal effort on each trial. 

2. Are there any ue tions 

The subjects were also instructed not to brace their feet 

against the tab e leg or other objects and to keep th unexercised 

hand in the lap at all times,, These measures were to furthe insure 

that the wrist flexor mu cles were isol ted and the only ones in a 

contractile state of ten in -i~ the trial• Ther is a remote 

possibility, despite these precautions, that an interaction of 

ssociated mu cle gro ps may occur. Upon compl tion of th 

'nstructions the subject's forearm was secured to the apparatus 

and t e testing began. During the one minute rest period the 

subject relaxed their grip on the handle and sometimes stretched 

the fingers to prevent cramps or fatigue from xcessively occurring. 

All testing and data collecting occurred in a private offi 

at the Division of Health, Physical Education, and Recreati n 
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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 subject. attempt was made to keep the nvironmental 

condition tandardize , thus, no motivational device of any 

type were used, other than requesting each subject to exert his 

maximal effort on each trialo Ta king between the investigator 

and the subject occurred at normal tones to prevent excitation 

within the subject. 

The subjects during testing were able to observe thei 

recorded scores;· however, the investigator neve report d a score 

to either the subject being tested or to any other subject. The 

only tangible extrinsic variables were the occasio~.al talking of 

people and the ringing of a tele- hone in another office. 

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

data, graphs 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 Lindquist? 

was used in the data ana ysis. This design is desirable in studies 

of this type in which the treatments are administered ins ccessive 

7 ·• F. Lindquist , Design and alysis of Experiments in 
PsychologK and Education (Boston: Houghton Miff i n , 1953) , 
PP• 156-1 J. 
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order to the same subjectso The primary reason for utilizing the 

t eatments by subjects design was to increase the precision of the 

study by eliminating inter-subject differences as a source of 

erroro 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 cont alateral 

wrist flexor muscle group, a pre-determined level of significance 

was select d pon w ic to base the results and conclusionse The 

fie per cent le el of significance was selected ·n order to 

determine whethe the (if any strength increase in the measure 

mu cles and the cross transfer effects were significant. Thus , 

all results and conclusions from thi tudy were dependent upon 

the five per cent level of significance. 

3u.mrnary 0 Twenty male college freshmen served as subjects 

for this study. 11 subjects professed to be right handed. pre-

test was given all subjects to determine the maximal initial 

strength of the writ nexor muscles of both handso Following the 

pre-test a fourteen da rest interval was given, during which the 

suojects were assigned on the basis of their total pre-test scores, 

into one of two measurement groups for the study. tandardized 

procedures and instructions wee giv n to each subject before the 

pre-test and each da·1 treatmen • The actual testing program 



44 
consi sted 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 contralat e al hand. Group "A" was tested the 

first week with the left hand and wi t n the right hand during the 

second week; group 11B0 was tested in the reverse order, right hand 

fist and the left hand second. Each daily t esting treatment con-

sisted of five trials maximal , one minute apart , employing unilateral 

exertions. All testi ng occurred between 10:00 A.M. and 12:00 Noone 

The mean score of the five daily tria s was used as that day1 s 

score ~n the analysis of data. 

A cable tensiometer and associated equipment was secured 

in an appar atus for measuring isometrically the maximal strength 

of the wri st flexor muscles o To isolat e the muscle group under 

study, the forearm of the measured limb was immobilized by 

securely strapping it to a re straining boar o The measurement 

program took place i n a pri vate office, with only the subject 

and the tester pre ent. 

The treatments by subjects design was used i n the analysis 

of data 0 The primar reason for using this anal ysis method was 

that it eliminates the i nter- sub ject variation and creates more 

exacting precision 0 The level of significance upon which the 

r esults and con lusions were determined was placed at t he five 

per cent l evel of confidence . 



CHAPTER IV 

HESULrS AND DISCUSSION 

The results of this study regarding the effect of repeated 

maximal isometric strength measurement schedules of short duration 

upon the strength of the measured wrist flexor muscles and the 

contralateral muscle group will be presented in this chapter 0 

Included will be the stability of measurement from the pre-test 

to the first testing day, the day effect upon changes in exerted 

strength, the cross transfer effects, a discussion of t he results, 

and the conclusions o 

Pre-test !!!• day~ testing. Table II presents the mean, 

standard deviation, and range of the recorded scores from all 

subjects duri ng the pre-test and the ay one testing treatment. 

In analyzing the data to determine if a significant chang n 

the recorded strength scores occurred between the t wo testing 

days, pre-test and day one , at-test for paired observations 

was run 0
1 Having selected the five per cent level of signifi-

cance upon which to ba e the r esults , at of 2.262 was required 

to c nstitute a i gnificant difference in exerted strength. 

1 llen L. dwards, Statistical Methods for t he Behavioral 
Sciences (New York : Rinehart & Company, Inc., 1956),pp. 278-2820 
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T_ LE II 

SUMMARY OF P -T ST DD Y ONE 
SCORES n =10) 

GROUP 11A1t 

Left Hand Right Hand 

Pre-te t ay One Pre-test Day One 

Mean 45.82 46.08 48.10 47.JO 

tanda 
viation 6.09 6.51 .5.62 -4.5 

High 57 o9 .59.8 57.6 53.3 

Low 33.6 33.2 1.0 39.4 

Range 2 o3 26.6 16.6 13.9 

ROUP 1tB" 

Left a. d Right Hand 

Mean 48.25 48.98 47024 47086 

Standard 
Deviation 1.00 7.59 7.57 .5o93 

High 6o.9 62.2 63 .8 58.9 

Low 38.9 39.4 35 .9 40.8 

Range 22o0 2.8 27o9 18.1 
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s Table III presents, the obtained t 1 s were as follows: group 11 11 

right hand pre-test to day one .?5, 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 -1.520 Since not ono of the four obtained t's 

approached the level of significance , any f}uctuations occurr ing be-

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

1ffect of days. Tables VI and VI, found ·n ppendixes and 

B, pre ent the mean, standard deviation, and range of all scores 

include in the four unilateral strengti measurement programs. :;::n 

group '1.A. 11 the left hand mean tensiometer scores fluctuated from 

46.08 on day one to 44.10 on day five , the right and fr ma mean 

score of 47.30 to a score of 45.14. The fluctuations in mean 

c !'es fo g p 11B11 were with the right hand 47 .86 on day one to 

4 • ..,6 on day rive , the left an from 8098 t 47.490 The largest 

variation in the reco ed mean scores for individual days in any one 

week was with the left han o oup 11 " , where on da one the mean 

score as 46.08 an on day four 43.25 , a range of 2.83 t6nsiomet 

l.l.Ilitso The greatest variation between mean score :f day one and 

day five also occurred in gr u " 11 here the left h o. ay one 

recored a mean score of 46008 and on day fi7e ecord dame 

scor of 44010, a difference of 1A98 tensiomete units. 

Figures I I and IV present graphically the mean scores 

for both the right a.11.d eft hands of g oups 11 11 and "B" respec-

t.i rely, including the pre-test and the two week unil teral 

maxi.rna.l isometric strength measurement program. 
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alysis of data. To determine if any changes in the 

daily strength mean scores from day one to day five were signifi-

cant, an analy is of varian e employing the treatment by subjects 

design was madeo2 Utilizing this analysis method and with four and 

thirty six degrees of freedom, an F of 2.69 was needed to have a 

ignificant strength change occurring at the five per cent level of 

confidence. Table IV presents the obtained F's for the analysis 

f variance for the effect of days upon the wrist flexion strength. 

In group "A" t e resulting F's were the left hand 2.90 while th 

right hand was .SS. n group 11B11 the obtained F1 s were for the 

right hand 2o17 and for the left hand 1.650 Neither of the 71 s 

for gro p 11B11 or the right hand of group tt II approached the 

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

F of 2.90 for the left hand of group 11 11 wa significanto 

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 11 11 , a critical difference test 

described by Lindquist3 was employedo A critical difference of 

1.82 tensiometer units was required for a significant difference 

at the five per cent level. ith the left hand of group "An day 

one was significantly different f m days tw, four, and five. 

Tabl presents the results for th effect of days upon wrist 

flexion strength with the left hand of group n 11 

21indquist , loc. cit. 

31indquist, ~•~• , PP• 93, 166. 
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TABLE IV 

ANALYSIS OF VARIANCE OF TI-IE EFFECT OF iAYS 
UPON 'WRIST FIEXION STRENGTH 

GROUP " II 

Left Hand 

df ss ms F 

Days 4 46.31 11.58 2.90 
3ubjects 9 1265.95 140.66 

Residual 36 lLrJ.50 3.99 
Total 49 1455.76 

:tight Hand 

a;l 4 8.89 2.22 -55 
Subjects 9 78 .15 86.79 

Residual 36 146.61 4.07 

Total 49 936.65 

GROUP "B" 
Right Hand 

Days 4 8.68 7. 7 2.17 

Subjects 9 1 94.26 132.69 

Residual 36 118.50 3.29 

Total 49 1341.44 

Left Hand 

Days 4 30 .19 7.55 1.65 

Subjects 9 2_422 .51 269.17 

Resi ual 36 165.05 4.58 

Total 49 2617.75 
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Cross tran fer effects. The maximal unilatera isometric 

strenbth measurement program as employed in this study id not pro-

du~e a cross transfer effect f trength t the contralateral limb. 

This statement was verified as n n-significant tre gth changes 

were found between the pre-test mean sco es and the ay one mean 

scores of both the measured limb and the contralateral limbo 

Discussion of the results. This study -being the first to 

employ an established reliable method of assessing maximal isometric 

tren:;;t can verif the obtained results regarding changes in the 

mean recorded strength scores of the subjects within the ive day 

unilateral maximal isometr·c strength meas ement program and !or 

the cross transfer of strength to the contralatera limb . The pre-

test erv d as a reliable criterion measure upon which to base any 
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significant strength changes between the pre-test and day one a d 

any croes transfer of strength to the contralateral limb. Ray,4 

in his study indicated that a possible cross transfer effect 

occurred from the non-dominant to the dominant hand but not the 

reverse. Thi appeared as the daily mean scores fo 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 n t placing his 

subjects into matched group for the unilateral isometric trength 

measurement program, Ray could only assume these possibilities 

due to the daily mean scores of the subjects. It is entir ly 

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 so may occur, unless a reliable pre-test is emp oyed s a 

er· terion measure and the subjects are eparated into matche 

groups nod finite conclusions can be made regarding the er ss 

transfer of strength. 

4Ray, loc. cit. 
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In this study the non-significant t 1 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 measurement 

chedule. lso the non-significant t 1 s between the pre-test ~ean 

cores and the day one mean scores (three weeks apart of the 

contralateral limb, suggested no cross transfer of strength occurred. 

The results of this study causes one to question p evious 

studies which have repo ted signifi ant cross transfer of strength, 

and yet did not emplo a reliable pre-t st to obtain an initial 

stren6th measurement of the muscle groups under study. t is o y 

by utilizing the pre-test, for obtaining the initial strength of 

the involved muscle group, and placing the subjects into matched 

groups for the unilateral isometric strength measurement program 

that an investigator may definitely cone ude whet,her o not any 

signifi ant cross transfer eff cts occurred to the contralateral 

limb . 

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 meas ement programso Within 

three of the unilateral measurement prog~ams no significant cha ges 

occurred in mean scores f rom day ~me to day fi-ve. The left hand 

of group n.A,r demonstrated a significant change; day one being signifi-

cant y differ nt from days two, four, and five. Howe er, days two, 

four, and five were significantly ower than day one, ir die-a tin · a 

sigiificant ecrease fr m day one tc day five. 
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The learning and training or practice theories which hav 

eGn introdu ed to possibly explain significant increases in 

trength scores are questionable in vi w of the results from this 

study. These theorie are questionable for ir. this study n 

i!:',nificant stre cth change occurred between the pre-test mean 

scores and the day one mean score for any of the four unilateral 

isometric trength 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 u1ograms. 

In thE program which demonstrated a significant differen1.,..e be-

tween day one and day five , day five was significantly lower. 

The results of this study substantiate previous studies5,6, 7, 8 

that before any cross transfer effects of trength are possibl to 

the unexercised contralate;ral imb, the exercised imb or mu cles 

must demonstrate a significant inc::.·ease in trcngth. Before a.n:1,r con-

ine,ing generalization c.an be presented, studies demon ,ra. in a 

significant improvement in exercised muscles must be required. 

Then checks to assess cross transfer effects would be appropriate. 

he present study fail d to demonstrate a si5nificant im-

prove, nt in the exercised unilateral limbs. aence the appearance 

5 sa, loc. d.te 

6Mayberry, loc . cit. 

7Rasch and Morehouse , loc. cit. 
8 Kruse and }18.thews, loco cit. 
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of a cross transfer effect woul d have to have been ascribed to 

motor learning phenomena. ince no cross tra sfer effects occurred 

it is cautiously advanced that no motor learning took pace under 

the uti ized isometric strength measurement he ule,. 

onclusions . The following concl usions are presented n 

the basiw of the resulting data obtained froE this study: 

1. The repeated maximal isometric measurement sched es of 
short duration are atisfacto yin a reliability sense for 
measuring the maximal strength of the wri t f exor muse s 
in a test re-test situation fourteen days apart. 

2o e repeated maxirr.al isometric measurement schedules are 
not capab e of eliciting signifi ant increases in s+,rength 
potentialities of the exercised mu cles during a five day 
measurement program. 

J. No tra.n fer effects of strength potentialities to the 
contralateral limb resulted as the exerci ed muscle group 
itself faile to demonstrate a significant incr ase i n 
exerted strength. 

Summary,. The t-test for paired observations found the 

maximal isometric strength meas ement program to be stable in 

measuring the strength of the wrist flexor muscles ,. 

The five day measurement program failed to elicit a con-

~istent increase within the mean strength scores for any of the 

four uni ateral measurement groups. The F test u ed in the 

analysjs of data found non-significant changes occurring within 

three of the four unilateral isometric strength measurement pro-

grams; both t he right and left hand of group 11B11 and the right 

hand of group 11 11 0 The left hand of group 11A11 demonstrated a 
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ign ·ficant change in exerted strength, however, this change was 

a decrease in mean scores from day one to day five o 

ince a non-significant strength increase occurred in 

the exercised muscles, transfer effects of strength to the unexer-

cised contralateral mu c e groups are not eemed possible in 

this Gtudyo 



CHAPTER 

UMM y 

he purpose of this chapter is to summarize this tudy 

which deals with the transfer effects of gained strength to the 

com:, alate al limb. The summary incl des the purpose, signifi-

cance, methodology, re ults, conclusions, and reco:rmnen ationso 

Purpose. The purpose of this study was to det rmine the 
,. 

amount of strength tran ferred to the unexercised contralateral 

wri t flexor muscle group, utilizing a unilatera.l maximal 

isometric strength measurement program · th col ege meno 

3ignifican eo This stud was significant in that it wa 

t e fir::.t tu.dy to u e an established reliabl method of assessing 

isometrically the st ength of th wrist lexor muscle, both within 

a single daily prog am fie trials one minute apart) and a f" e 

day continuation oft i daily treatmento 

tester an ace ate initia stre gth measurement fo both wrists of 

each ~ub·ecto Ut"lizing the fourteen day interval between the 

pr ~test and measurement pro~am, any change in strength within the 

individual due to the pre-te tis lost by the time the measurement 

progr~m be gins• 

s the initial strength of each wrist is known be ore the 

measurement program begins, an accurate detei·•mination can be made 

regarding the actual uantity of strength potentialiti s presuppo e 

t be transferred to the contralateral limbo 



Twenty male co-lege freshmen from ort Hay 

Kansas State College were employed as subjects for this stud 0 

60 

e subjects se ected were those o could meet with the investi-

gator during the designated daily time for the required number of 

days. All subjects professed to be right handed, None of the 

ubjects were enrolled in any other forma type of measurement 

prog am ing thi tudy. 

The abl ter.siometer and associated equipment was utilized 

as the testing instrument fort is studyo he e uipment arrange-

ment and subject placement a lowed for the isolation of th wrist 

f exor muscles, thus measuring only the maxima exertions of this 

muse c groupo Adjustment were made in the length of the cable 

to allow each exercised wrist to rema·n in a state of hyper-exten-

sion throughout the entire measurement program. 

before the pre-test the height, weight , and date of birt 

for each subject were recorded on a data sheet. Standardized 

instructions were read to the individ al subjects both before the 

pre-test and each succeedi ng rreasurement ay. Following the in-

tructions the forearm was strapped to a restraining board in a 

comfo table but ecure positiono The subject were then tested by 

xerting fie trials maximal, one minute apart , on the instrumento 

In order to facilitate a standard rreasurement , no subject was 

allowed to exercise for mo e than five seconds with each trialo 

he mean score of the five trials for each sub ·ect was use 

as the dai y sc re in the ana ysis of data. The t-t.est was used 
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to determine whether or not a signi f i cant change occurred between 

the pre-test scores and the day one scores. The F test was empl oyed 

to determine the day effect ttpon the mean exerted strength scores. 

When a significant F occurred , a critical difference test was g1ven 

to find which days were significantly different from each other ~ 

Re u.lts. The t-test resulted in non-signifi cant t 1 s occ ring 

between the recorded mean scores of the pre-test and day one with 

each unilateral strength measurement program. The method employed 

for isometrica ly measuring the maximal strength of the wrist 

flexor muse es was concluded to be table for the test re-test 

measurement program fourteen days aparto 

The resulting data found only one of the four unilateral 

measurement programs demonstrating a signifi cant hange in its mean 

exerted strength scores from day one to day fi eo The F test found 

that a non-significant strength change occurred within the right 

hand of both groups trAll and HB 11 and the left hand of group "B 11
0 

The left hand of group 11A II demon tr ted a significant hange in 

the exerted trength scores; however, this change was a signif icant 

decrease and not an increase as anticipated. cdtical differ ence 

test applied to this group found that only day one dif fered signifi-

cantly from days two, four and five o Each of these succeeding 

daily mean scores was significantl y l ower than day one . 

oncl usions. The foll owing concl usions are presented as 

the basis of the resulting data obtai ned from this st udy: 

FORSYTH LIBRARY 
HAYS KANSAS STATE COLLEGE 
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1. The repeated maxima jsometric measurement schedules of 
short duration are satisfactory in a reliabi ity sense for 
measuring the maximal strength of the wrist flexor muse es 
in a test re-test situation fourteen days apart. 

2o The repeated maximal isometric measurement schedules are 
not capable of eliciting significa.nt increa sin strength 
potentialities of the exercised muse es dur' b a fie day 
measurement program. 

4. No tran fer ffects of strength potentialities to the 
contralat ral imb resu. t d a the exercised mu c e group 
itcelf failed to demonstrate a significant increase in 
exerted strength. 

Recommendati ns. The re ults of tl1is study st· l leave , y 

an.;wen::d uestions in this area of strength development and cross 

transfer effectso I the r peated maximal isometric type me~sure-

ment probran sufficient to create actual increases in strengt~? 

,.'Len inc!' catE:>d stre gth increases do occur., are th s merely 

incr~a ~sin learning, skill~, or actQal mu cular strength dev lop-

ment . To what degree must the str ~ngth be incr ased in the exer-

cised mi:..scle group before a significant trength pot8Y1tiali t w-· 11 

occur wit.in the contralateral muscle group? Thus, the resul s of 

thL, stQdy warrant ertain recom;11endations: 

lo Further inve tigations are eemed necessary empl yin6 th 
pre-test and them ·ma1 isometric strength m3asurement 
program to determine if this method is capabl of eliciting 
~tren~t in reases. 

2. Further investigations are eemed necesDary employing a 
.reasurement, eriod in excess of five consecutive day ~;o 
determine the quantity of stren th cha ges , both ·thin 
the exercise . muscles and the c ntralateral muscle • 
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Mean 

tandard 
Deviation 

High 

Low 

Range 

1ean 

St:.mdard 
viation 

High 

Low 

Range 

TABLE V 

SUMMARY OF D ILY TENSIOMETER STRENGTH 
UR 'S (n= 0 

Day I 

46.08 

6.5. 

59 .8 

33.2 

26 .6 

47 .30 

4.45 

53 .3 

39 .4 

13.9 

a,.-qoUP 11 11 

eft Hand 

Day II Day I II 

44.0l 44.92 

4o81 5 .9 

52.9 55.9 
34.,4 33.5 

18.5 22 0 

Ri ght Hand 

46.20 46.33 

4.42 4.42 

53.4 54.3 

39.2 38 .1 

14.2 16.,2 

Day IV 

43.25 

5.44 

53.8 

32.7 

21.1 

46.52 

.01 

,o.4 

3e.4 

1 .o 

72 

Day V 

44. 

5.28 

55.1 

36.2 

18.9 

46. I 

S.45 

54.4 

38.4 

16aO 
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Mean 

Standard 
Ix:viation 

High 

Low 

Range 

Mean 

Standard 
Deviation 

Hi h 

Low 

rtail i;; 

LE VII 

UMMARY OF DAILY T1'N I METER STREN TH 
SURES (n = 10 

GROUP "B 11 

Right Hand 

Day I Day II Day I Day IV 

47.86 47.32 47.74 46.60 

5.93 5.50 5.96 5.47 

58.9 56 o5 57.2 ss. 
40.8 40.7 38.9 9.3 

18. 15.8 18.3 15 .,8 

Left and 

48.98 46.74 48.4 48.22 

7.59 8.o 8.34 8.49 

62 .2 6 .o 6 o4 60.o 

9o4 37.9 36.2 '• 
22.8 23 .. 1 25.2 5.3 

74 

Day V 

47.36 

5.25 

57 

4 • 

6.o 

47.49 

6.84 

56.S 

6/ 

19.7 
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