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CHAPTER I 

INTRODUCTION 

Although many studies have investigated muscular endur-

ance in man by measuring sustained or repeated contractions, 

the exact nature of fatigue and recovery from fatigue, 

particularly in women, remains obscure. Results from studies 

of endurance have not always agreed. The fact that investi-

gators have selected varied methods of measuring endurance 

might be one reason that conclusions from many of these 

studies are conflicting. For instance, Start's (6) study of 

local muscle endurance with open and occluded intramuscular 

circulation measured endurance by a continuous holding of an 

isometric contraction, whereas Rich (5) constructed fatigue 

curves on 200 children by having them exert maximum effort 

against a spring™loaded hand ergograph every two seconds for 

seven minutes. It is obvious that many variables were not 

held constant in similar ways in the two studies, and there-

fore reductionism utilizing facts from both studies is 

difficult. 

It is generally accepted that one of the primary factors 

in muscular fatigue is the occlusion of intramuscular circu-

lation due to the tension of the muscular contraction. It 

has been suggested that occlusion occurs at some fixed point 



of intensity of muscular tension. If this were true, all 

muscles would fatigue at different rates, but then would 

level off at a steady state of similar intensities of con™ 

traction. Kroll (4) found that there was no biologically-

fixed critical intensity level of isometric muscular tension 

which occludes intramuscular circulation in men. 

A factor which might affect the results of muscular 

endurance testing and therefore be a cause for conflicting 

results of studies in this area is the variation of length 

of interval duration periods. Studies have investigated the 

effect that varied recovery periods between contractions have 

upon muscular endurance. Grose (3) used maximal contractions 

at two second intervals to measure endurance of forearm 

muscles under different conditions. Kroll (4) measured 

endurance by a five-second maximum contraction of the wrist 

flexors every thirty seconds. The purpose and methods in 

these studies varied greatly, and the only similar finding was 

that the normal muscle fatigue curve expressed a simple 

exponential decay in both studies. However, any comparisons 

would necessarily be very general because of the different 

methods used. 

toother variable that has been examined regarding its 

effect on muscular endurance is the length of contraction 

involved in the testing. Contraction periods ranged from 

approximately one second to five minutes in duration in the 



studies reviewed. It is obvious that the variation in this 

factor would have an effect on the results obtained. 

The type of muscular contraction used is another factor 

which would affect the testing of endurance. Many studies 

have compared the effects of static and dynamic contractions. 

This is an area in which there is some disagreement, but it 

is generally accepted that static and dynamic strength are not 

identical, and therefore cannot be evaluated by the same 

criteria. 

The effects of temperature upon muscular performance is 

another variable which must be controlled before studies can 

be compared. It is generally agreed that heat and cold 

greatly affect the strength and endurance of muscle groups. 

Since the length of recovery period allowed between 

isometric contractions would affect the recuperative power 

of the muscle, it seems reasonable to question the assumption 

that subjects representing varying levels of strength produce 

fatigue curves that are homogeneous under varying lengths of 

recovery periods. Kroll (4) suggested that men with a 

higher level of strength "possess a superior physiological 

apparatus designed to maintain higher absolute levels of 

strength in situations where recovery periods are allowed." 

However, concerning recovery from fatigue, he found that 

recovery patterns in men were not dependent upon strength 

level and differed only in the absolute level attained. 
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Considering these different variables, it seems worth-

while to investigate the combined effect of two variables, 

strength level and interval duration, upon the fatigue and 

recovery patterns of female subjects. It is hoped that the 

following questions will be answered; 

1. Will interval durations of five seconds present a 

clearer picture than the thirty-second interval durations in 

which the stronger muscle has local circulatory efficiency? 

2. Does a high level of strength increase endurance 

and provide a quicker recovery from exertion? 

3. Do women have the same fatigue and recovery pattern 

as men under similar conditions? 

Statement of the Problem 

This study sought to determine the effects of interval 

duration periods of five seconds and thirty seconds upon the 

muscular endurance of women of low and high strength levels. 

Further, this study investigated the effects of these two 

varying interval duration periods upon a recuperation curve 

that was derived by obtaining the strength level on ten 

additional trials interspersed between sixty-second rest 

periods following the repeated muscular contractions that 

were designed to produce a fatigue curve. 



Purposes of the Study 

The purposes of this study were to investigate the 

effect that strength level had upon fatigue and recuperation 

under the two conditions of five- arid thirty-second interval 

duration periods, toother purpose was to compare the results 

of this study to similar studies using male subjects in order 

to determine if women's response patterns to tests of strength 

were similar to those of men. More specifically, fatigue and 

recuperation data were subjected to tests of the following 

null hypotheses: 

I . There is no significant difference between the mean 

scores of fatigue curves produced under conditions of repeated 

maximum isometric contractions by subjects classified as having 

high or low levels of strength. 

II. There is no significant difference between the 

mean scores of fatigure curves produced by subjects under 

conditions of repeated maximum isometric contractions where 

the lengths of interval duration periods are five and thirty 

seconds. 

III. There is no significant difference between the 

trends of fatigue curves produced under conditions of repeated 

maximum isometric contractions by subjects classified as 

having high or low levels of strength. 

IV. There is no significant difference between the 

trends of fatigue curves produced by subjects under conditions 



of repeated maximum isometric contractions where the lengths 

of interval duration periods are five and thirty seconds. 

V. There is no significant interaction between the 

variables of strength and interval duration periods in the 

fatigue data. 

VI. There is no significant difference between the 

mean scores of recuperation curves of repeated maximum 

isometric contractions of the high and low strength levels. 

VII. There is no significant difference between the 

mean scores of recuperation curves of repeated maximum 

isometric contractions of interval duration periods of five 

and thirty seconds. 

VIII. There is no significant difference between the 

trends of recuperation curves of repeated maximum isometric 

contractions of the high and low strength levels. 

IX. There is no significant difference between the 

trends of recuperation curves of repeated maximum isometric 

contractions of interval duration periods of five and thirty 

seconds, 

X. There is no significant interaction between the 

variables of strength and interval duration periods in the 

recuperation data. 



Definition of Terms 

The following definitions were pertinent to this study. 

Muscular endurance.—resistance to a decrement in 

strength from successive maximum isometric contractions. 

Fatigue curve.—pattern of drop-off in performance 

during the progression from the initial maximum contraction 

to the final maximum contraction. 

Interval duration.—time in seconds from the conclusion 

of one maximum isometric contraction to the beginning of the 

next. 

Maximum isometric contraction.—maximum force applied 

against resistance in a single contraction. 

Recuperation curve.—progressive increase in performance 

from the first maximum contraction to the final maximum con-

traction in the ten recovery trials as a result of increased 

recovery periods. 

Tenaiometer.—a small compact unit originally designed 

to test the tension of aircraft cables. Tension is deter-

mined by measuring the force applied to a riser causing an 

off set in a cable stretched taut between two sectors (2). 

Low strength level* -—level of strength exhibited by 

subjects below the median of the sample of Initial strength 

trials. 

High strength level.—level of strength exhibited by 

subjects above the median of the sample of initial strength 

trials. 



8 

Limitations of the Study 

The study was limited to college students enrolled in 

required physical education classes at North Texas State 

University, spring semester, 1968. It was alao limited in 

that the activity of subjects immediately prior to testing 

was not controllable. Further, subjects were tested at 

varying times of the day and varying times in the semester. 

This study was also limited in that there was no mechanical 

recording device that would have prevented possible scoring 

errors. 

Sources of Data 

The sources of data were books, periodicals, theses, 

research studies, and other available materials pertinent to 

all aspects of the study. The human sources of data were 

volunteers from required physical education classes at North 

Texas State University. Scores from thirty trials of maxi-

mum isometric contraction of the preferred wrist flexor 

muscles were used as data. 
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CHAPTER II 

RELATED LITERATURE 

This chapter presents a discussion of strength and en-

durance, the measurement of strength and endurance, and 

variables affecting endurance. The variables discussed will 

be interval duration, length of contraction, type of contrac-

tion, initial strength level, and the effects of intramuscular 

circulation and intramuscular temperature upon endurance. 

Strength and Endurance 

Muscular strength and muscular endurance are related, but 

are not identical. Clarke (5, p. 161) states that "Indi-

viduals with greatest muscular strength have greatest absolute 

endurance? however, stronger muscles tend to maintain a 

smaller proportion of maximum strength than do weaker muscles." 

Tuttie and others found a correlation of .90 between the 

maximum strength of back and leg muscles and their absolute 

endurance, but the correlation between strength and relative 

endurance or average strength maintained was only .40 to .48 

(29). It is generally agreed among investigators that 

strength can best be developed by overloads of resistance 

with few repetitions, while muscular endurance is most 

rapidly developed by more repetitions with a lighter resis-

tance . 

10 
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Strength 

Muscular strength, as defined in this study, is the 

maximum force which can be applied in a single muscular 

contraction. It has long been recognized that a minimum 

quantity of strength is necessary for a state of physical 

fitness, but recognition of the need for a maximum amount of 

strength was neglected until recently because of a common 

belief that the development of excessive strength resulted 

in a condition known as "muscle boundness." It was supposed 

to hinder speed and range of movement. Recent research has 

dispelled this belief, and it is now generally accepted that 

properly conducted weight training programs do not restrict 

movement (11, p. 302), 

Research has shown that after puberty the ratio of 

strength to weight in women is much less than that in men. 

This is caused by the smaller proportion of muscle in rela-

tion to adipose tissue in women. The female is also less 

responsive to strength training than the male. At age 

twenty to thirty, women respond to training with only 50 

percent the rate of improvement of men (11, p. 402). 

Endurance 

There are two types of endurance: circulatory endurance 

and muscular endurance. Circulatory endurance, as defined by 

Clarke, is "moderate contractions of large muscle groups for 

relatively long periods of time, which require an adjustment 
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of the circulatory-respiratory systems to the activity" (5, 

p. 203). Muscular endurance is defined by Clarke as 

the "ability to continue muscular exertions of sub-maximal 

magnitude." However, in this study muscular endurance was 

shown by the ability to resist a large decrement in strength 

during successive maximum contractions. DeVries (11, p. 217) 

stated that motivation is a very large factor in measuring 

muscular endurance and all-out performance is limited by 

psychological rather than physiological factors. This is 

impossive to control completely? therefore, all evaluations 

of physical performance involving maximum effort must be 

"gravely suspect." 

Women have also been shown to be less responsive to 

training programs designed to develop endurance. One reason 

might be the relatively lower ratio of heart size to weight 

that exists in women. In events where power is not a factor, 

such as free style swimming, women do as well at 1,500 meters 

as at 100 meters. But in running events, there is a dis-

tinct drop in relative performances between the sprints and 

middle distances (11, p. 406). 

Measurement of Strength and Endurance 

Strength Measurement 

Researchers have long been intrigued with the measure-

ment of strength in man. One method has been the measurement 
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of dynamic strength by recording the number of chins, push-

ups , dips or sit-ups that can be completed. It has been 

pointed out that this is not a true measurement of strength, 

since endurance becomes a factor after the first few repeti-

tions. The amount of weight that can be lifted has been 

used as a measure of strength. Rogers' Strength Index, which 

consists of grip, back, leg and arm strength combined with 

lung capacity was devised to measure overall strength that 

would reflect strength from several different muscle groups. 

McCloy revised the Strength Index: by eliminating lung 

capacity and changing the formula for computing arm strength. 

He stated that Rogers' formula unduly penalized the person 

who was small and unduly rewarded the person whose dipping 

and chinning ability was above the average (14). Another 

method of measuring strength has involved the use of various 

instruments. The instrument used in this study was the cable 

tensiometer. 

It is necessary when attempting to draw valid conclu-

sions from scientific research to assess the validity of 

the instrument used. Clarke compared the effectiveness of 

four instruments that were used to record muscle strengths 

cable tensiometer, Wakiem-Porter strain gauge, spring scale, 

and Newman myoraeter. Clarke stated, 

As reflected by objectivity coefficients, 
the cable tensiometer had greatest precision for 
strength testing. It was the most stable and 
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generally useful of the instruments; and was free 
of most of the faults of the other devices (6), 

Kroll (20) tested fifty subjects using five trials 

spaced one minute apart on three successive days and deter-

mined that the reliability for this instrument was .80 for 

three trials on one day. Other reliabilities were ,73 for 

one trial on one day, .78 for two trials on one day, .81 for 

four trials on one day and .81 for five trials on one day. 

He found that reliabilities increased when trials were ad-

ministered from day to day. For instance, reliabilities 

were reported of .96 for ten trials on five days, .97 for ten 

trials on six days, and .97 for ten trials on seven days. 

Although the one minute interval was supposed to allow for 

complete recovery, the trial means indicated a monotonic 

decrease in strength from trials one through five. 

Endurance Measurement 

The methods used to measure muscular endurance may be 

divided into two groups: isotonic and isometric. Some 

isotonic methods described in different studies included 

weights of various loads and ergoxaeters such as the bicycle 

type, arm lever and pulley types, and the grip type of 

ergometer. Also used was a special Kelso-Hellebrandt ergo-

graph and a dynamometer adapted for the measurement of 

isotonic work by the attachment of a spindle and pulley. 

One disadvantage of using weights to measure endurance was 



the necessity of ascertaining the maximum weight which could 

be lifted and then utilizing a certain percentage of maximum 

strength for measurement. Thus, the subject had already done 

work before measurement began. Clarke (6) pointed out that, 

"The Kelso-Hellebrandt instruments mark an important advance 

in the measurement of isotonic muscular endurance." This 

statement is true because the angle of pull remains the same 

during the entire movement; therefore, the total work done 

by the contracting muscles can be computed. 

The most common method of measuring local muscular 

endurance by isometric contraction was the cable tensiometer, 

although a strain-gauge dynamometer, a California spring-

loaded hand ergograph and a spring-loaded Smedley hand dyna-

mometer were also used. When measuring endurance by one 

sustained contraction, Royce (25) and Grose (13) attached a 

recording device to the Smedley hand dynamometer by a flexible 

wire. This continuously recorded the amount of force being 

exerted on the dynamometer. 

In Start and Holmes' study, a modified Kelso-Hellebrandt 

ergograph was used for the measurement of endurance of the 

elbow flexor muscles by sustained contraction involving lift-

ing a weight set at one-third or two-thirds maximum strength 

until the subject could no longer lift the weight. The pur-

pose of this study was to determine the effect of occluded 

intramuscular circulation on muscle contraction. Two groups 



16 

were used for each percentage level? one group having occluded 

and the other having open circulation. The data on the mean 

endurance times were analyzed by means of an F test and the 

Kruskal-Wallis variance analysis. The mean endurance of the 

group at the one-third level of maximum strength with open 

circulation was significantly higher than the means of the 

other group at the 1 per cent level, and it was concluded 

that intramuscular occlusion occurs at two-thirds maximum 

strength but does not occur at one-third the maximum level 

of strength (28). 

Start also used this same method of measuring endurance 

in a study to determine the relationship of intensity and 

endurance of contraction with occluded blood supply. He used 

loads of from 35 to 80 per cent of maximum strength on sub-

jects who all had the blood supply occluded from the tested 

muscles. Ik correlation of .71 was found between endurance 

and weight load. Therefore, endurance did depend to a 

certain extent on the load required in testing. 

Some 3tudies have attempted to measure endurance by 

using a percentage of maximum strength. Start {21) explained 

the reason for this method: "As the strength of a particular 

muscle group varies from person to person, it was thought 

from earlier work that measurements of a load in terms of 

percentages of maximum strength would provide a more infor-

mative load criterion than a simple weight in pounds." 
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C. Etta Walters and others recorded endurance as the 

number of curls performed .by the subject at one-third, two-

thirds or full maximum weight he could curl. This study 

sought to determine the effect of isometric and isotonic 

contractions on muscular strength and endurance. It was 

found that the full isometric method was superior to the 

two-thirds method in strength development and that endurance 

tended to improve in both the preferred and non-preferred 

arms after training. Also, improvement as measured by one 

method of testing was not dependent upon the method of 

training employed (30). 

McCraw and Bumham (23V in a study designed to compare 

increases in strength and endurance of arm and leg muscles 

resulting from different methods used in exercise programs, 

used 50 per cent of arm strength and 25 per cent of leg 

strength in the training program. The program continued for 

nine weeks and utilized isotonic, isometric and speed exer-

cises. It was concluded that no single method was adequate 

in obtaining maximum development of both strength and en-

durance . 

Karpovich, Cohan, and Ikai (16) used one-third of 

maximum strength in testing endurance of various muscle 

groups on different ergometers. The grip ergometer, arm 

lever ergometer, arm pulley ergometer for the forearm, and 

leg ergometer were used. Thirty subjects ranging from 
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seventeen to fifty years were tested until they could no 

longer complete the full range of movement or dropped more 

than five beats behind the cadence. It was found that the 

reliability of all tests was high, and significant correla-

tions were found among performances on the various types of 

ergoraeters. 

Dunn (12) used weight loads equal to 20, 30 and 40 per 

cent of initial forearm flexor strength for a training pro-

gram of concentric-eccentric exercises on the ergograph and 

one-third, two-thirds and maximum strength for six seconds 

of isometric contraction in another training program. The 

purpose was to gain more insight into the process of exer-

cising to improve strength and endurance. This was 

accomplished by an investigation of strength and endurance 

changes of left elbow flexor muscles after different train-

ing programs of concentric-eccentric and isometric exercises. 

Significant gains in strength of the left forearm flexors 

were made by all groups participating in the training pro-

grams, and all groups increased in endurance of the same 

muscle groups except the one-third and two-thirds isometric 

groups. For future studies, the author recommended longer 

training periods, and for endurance, not more than 20 per 

cent of strength should be used if exercise were to approach 

two minutes in duration. 
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Gotten used 25, 50, 75 and 100 per cent levels of con-

traction In training and tests of endurance of twenty-four 

subjects in his study to determine whether strength or en-

durance was more closely related to the increase in the 

duration of a sustained voluntary isometric contraction. 

His hypothesis was that, ". . .if the data indicated that an 

increase in endurance resulted in the increased duration of 

a sustained voluntary contraction, this would indicate that 

the duration of a sustained voluntary contraction was a valid 

measure of endurance," Results showed that the group that 

trained with a 25 per cent contraction increased signifi-

cantly in endurance but not in strength, while the other 

groups showed significant increases in strength but not in 

endurance. The conclusion was that measuring cardiovascular 

endurance by the duration of a sustained voluntary isometric 

contraction at percentages greater than 25 per cent seemed 

unjustified (8). 

Although various methods of measuring endurance have 

been compared, no one method or instrument has been accepted 

as being the moat accurate or reliable. A clearer picture of 

the diversity of methods that have been used to assess 

muscular endurance may be obtained from observation of 

Table I, pages 20-21. since endurance in this study was 

indicated by the ability of the subject to execute a series 

of strength measurements, the cable tensiometer was deemed 
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appropriate as a measure of endurance through a series of 

muscular contractions. 

Variables Affecting Endurance 

Interval Duration 

There have been varied methods of measuring endurance 

by repeated contractions. This usually consisted of giving 

a series of trials of maximum or a prescribed percentage of 

maximum level strength contractions of various muscle groups 

over predetermined time intervals. One cause of incon-

sistency of results from studies investigating muscular 

endurance in this way might well be the us© of different 

interval durations between the trials. Clarke (3) used 

contractions on a spring-loaded hand ergograph at two-second 

intervals for six minutes. The modified version of the 

Mosso ergograph was also used in the Hellebrandt-Houtz (14) 

study to demonstrate the overload principle. Bouts of twenty-

five contractions in thirty seconds were used with rest 

periods of thirty seconds between bouts. The end-point of 

performance was indicated when the subject could no longer 

lift the assigned load in the prescribed rhythm. 

Grose (13) studied muscle fatigue during isotonic work 

of college men using a recording Sraedley dynamometer as an 

ergograph. He used maximum contractions of the forearm 

muscles at two-second intervals under different conditions 
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for six minutes. The different conditions examined were 

heat, cold, and massage. A control group was used so com-

parisons could be made. 

Rich used repeated maximum contractions every two 

seconds for seven minutes on a Smedley hand dynamometer 

which was adjustable to the hand size and height of the 

person being tested. Data were secured on 100 boys and 

100 girls ranging in age from eight to 17 years. Results 

indicated that both initial and steady-state forearm mus-

cular strength increased progressively from age eight to 

seventeen in boys, but tended to level off in girls above 

age thirteen. At age eight, there was no sex difference (24) 

Kroll studied the muscle fatigue of forearm flexors by 

using twenty trials of five-second maximum exertion with 

thirty™second rest periods interspersed between each con-

traction period. Data were collected on both forearms (19). 

In another study, he investigated recovery from exertion by 

using thirty trials of five-second maximum contractions of 

the same muscle group followed by a ten-minute recovery 

period with strength measurements being recorded every sixty 

seconds. An analysis of variance of recovery trends showed 

similar recovery patterns for all levels of strength, dif-

fering only in absolute level of recovery (19). 

In an attempt to determine the extent to which rest 

periods affect endurance, Solley and Whipp (26) conducted a 
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study in which rest periods of five, seven, and ten seconds 

were allowed between each two dips on parallel bars. The 

subjects were also tested tinder all-out performance condi-

tions without rest. Each subject participated in all four 

tests, and his scores on each test were compared to determine 

the effect of the different rest periods. The test-retest 

method was used to determine consistency of performance on 

all four tests. Results indicated that the longer the rest 

period, the greater the degree of inconsistency in perfor-

mance. It was concluded that a test of maximum all-out 

effort with no rest is not an accurate measure of endurance 

for work which involves periods of a high level of activity 

alternated with periods of light activity or rest. There-

fore r endurance may be specific to the required task. 

Duration of Muscular Contraction 

'.nother factor which affects endurance is the length of 

contraction involved in the testing, Rich used maxima 1 con-

tractions at two-second intervals for a period of seven 

minutes on a spring-loaded hand ergograph. Fatigue curves 

of the forearm muscles were recorded from 200 children. 

Since it was desirable to obtain a rapid rate of fatigue and 

it has been shown in previous studies that maximal contrac-

tions could not be held for more than a fraction of a second, 

this length of contraction period was practical for this 

particular study. Curve parameters were constructed for 
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initial strength, fatigable strength, steady-state or fatigue 

level and the logarithmic rate of drop-off in strength. It 

was found that at age eight there was no sex difference in 

relative or absolute muscular fatigability. After that age, 

girls increased less in strength and fatigability. One 

explanation given for this was that the strength of the 

initial contractions of older girls was probably less than 

their physiological maximum because of "motivational-

cultural" influences. It was also found that younger chil-

dren had no less endurance than older children, if the amount 

of fatigue was considered in relation to strength capacity. 

Also, boys and girls did not significantly differ when 

fatigability was considered in relation to initial strength 

( 2 4 ) . 

Dunn used six-second contractions of forearm flexor 

muscles in an exercise program to determine the effect on 

strength, endurance and girth of the arm exercised. Three 

groups were exercised and one-third, two-thirds and maximum 

levels of initial strength were used. Results showed sig-

nificant gains in strength by all three groups, but only the 

maximum isometric group showed a significant increase in arm 

girth. A very interesting finding in this study was an in-

verse relationship between muscle strength and muscle 

endurance (12). 
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Clarke and Stelmach (4) used a two-minute static maximal 

contraction to produce local muscular fatigue and then two-

to four-second maximal contractions every minute to measure 

recovery from exertion under different conditions of heat 

and cold. A control group was used, for comparison purposes. 

This contraction period was appropriate for this study be-

cause of the need, for measuring fatigue while the muscle was 

still under the influence of the prescribed condition. 

Fatigue curves were constructed from initial strength and 

records of strength measurements made every five seconds 

during the two-minute contraction period. It was found that 

the application of heat prior to exercise resulted in a 

faster rate of fatigue and recovery while the application of 

cold slowed the rate of fatigue and retarded recovery. 

Clarke attempted to determine the energy cost of exer-

cise in one study using a five-minute static contraction. 

To accomplish this, the subject was required to stand with 

knees partially flexed holding weights of fifty, thirty-five 

or twenty pounds. Results showed that the oxygen income, 

debt and total requirement all increased linearly in propor-

tion to the size of the weight held by the muscles. Also, 

when compared with dynamic exercise done with comparable 

weight loads, static exercise was shown to result in a sig-

nificantly smaller oxygen income and a larger oxygen debt. 

This finding was in agreement with other studies which have 



shown that blood supply is occluded by a high level of static 

exercise; therefore, requiring the cost of work to be met by 

a larger oxygen debt (2). 

Kroll used five-second maximum contractions with thirty-

second rest periods in his study to determine the nature of 

fatigue in men of different strength levels. He found by 

analysis of variance of trends for high, medium and low 

initial strength levels that high strength subjects possessed 

a higher resistance to fatigue. Also, there was no fixed 

critical intensity level of isometric tension at which occlu-

sion of intramuscular circulation occurred. 

It is obvious from the varied purposes and methods used 

in these studies that no one set procedure would be appro-

priate for measuring endurance. The length of the muscular 

contraction must depend upon the purpose, the instrument, the 

muscle group being tested and the age, sex, and ability of 

the subjects being used in the study. These factors have 

varied so greatly in the studies reviewed that it is clear that 

there is no set contraction period which would be appropriate 

for all studies measuring muscular endurance. 

Type of Muscular Contraction 

The type of contraction is another factor which affects 

endurance. There have been many studies to determine the 

effects of static and dynamic exercises on muscular strength 

and endurance. Results generally have shown that both methods 



are equally effective in the development of strength, par-

ticularly if a riaxiiaura percentage of strength is used, in the 

isometric exercises. Dynamic exercises were found to be 

.slightly more effective in the development of muscular en-

durance; however, the small amount of time and lack of 

equipment required for isometric programs suggests that in 

some situations they \say prove tc be wore satisfactory. 

WcCraw and Burnham investigated the effectiveness of 

three different types of contractions in resistive exercises 

for increasing muscular strength and endurance. The three 

different methods used were the isotonic Method, the isometric 

method and the -speed exercise method. The isotonic method 

consisted of a regular progressive weight training program, 

"he isometric method involved maximum muscular contractions 

for five to ten seconds, and the speed exercise method re-

quired that the muscles he contracted rapidly using light 

weights or against resistance provided by the body. Data 

were obtained from a pro* tost and post-test of the strength 

and endurance of the extensor muscles of the preferred leg 

and am. It was found that strength was developed by any 

one of the three resistive programs, although the isotonic 

and isoraetric 'Methods were best for those who were strong 

initially. -luscle endurance was best developed by the spaed 

method (23). 
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There has been much investigation into the effects of 

isometric and isotonic muscular contractions upon strength, 

fatigue, and recovery from fatigue. Clarke (3), in his study 

to compare strength recovery from static and dynamic muscle 

fatigue, used maximum contractions against a spring-loaded 

hand ergograph thirty times a minute for six minutes for 

dynamic work and a single contraction held maximally for two 

minutes for static work. Results indicated that the steady 

state parameters in the recuperation curves were the same, 

but the rate of recovery from static and dynamic exercise 

was quite different in the two curves. His conclusion was 

that, "Recovery was much faster in the case of static fatigue." 

Dennison, Howell and Morford used a regular weight train-

ing program for isotonic or dynamic work and the Commander 

Set group of isometric exercises for static work. The pur-

pose of the study was to determine the effects of isometric 

and isotonic exercises upon muscular endurance. Endurance 

was measured by high bar chinning and parallel bar dipping 

ability. Results showed that both groups showed significant 

improvement in both chinning and dipping ability, although 

the weight training program produced a slightly greater gain. 

It was concluded that considering the small amount of time 

required to perform the Commander Set exercises and the fact 

that no equipment was necessary for them, results indicated 

wide possibilities for the use of isometric exercise programs 

in areas other than pure strength measurements (10). 
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Dunn lifted exercises on an ergograph with weights of 

varying intensities for dynamic v/ork and one isometric con-

traction of varying intensities for static work. Results 

showed significant gains in strength by all groups, but an 

inverse relationship between muscle strength and muscle en-

durance was discovered. This finding disagrees with Kroll's 

results, which indicated that persons of a high level of 

strength maintained a higher level of muscular endurance (12). 

Howell, Kiraoto and florford, in a study to determine the 

effect of isometric and isotonic exercise upon muscular en-

durance, used weight training with standard weights and 

following a standard exercise routine fox* dynamic work and 

the Commander Get group of isometric exercises for static 

work. Muscular endurance was measured by two minutes of 

all-out work on a bicycle ergometer at fourteen kilograms 

resistance. Besults showed that there was no significant 

difference in the improvement shown by either group; there-

fore,, it was hypothesized that increases in muscular 

endurance may be obtained by certain programs of isometric 

contractions as well as by isotonic exercises (15). 

••Iathew and Kruse also used isometric and isotonic exer-

cises on elbow flexor muscles. The isotonic exercises 

consisted of exercising to exhaustion on the Kelso-Hellebrandt 

ergometer with a weight load equal to three-sixteenths of the 

subject's maximum strength. The isometric exercises consisted 
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of three consecutive six-second pulls on a strap. These two 

units were divided into four groups containing fifteen sub-

jects with the respective groups exercising two, three, four, 

and five times a week over a period of four weeks. It was 

found that, "Individuals, regardless of exercise frequency, 

react in a manner peculiar to themselves." It was also con-

cluded that " . . . as the exercise frequency increased, a 

greater number of subjects significantly gained in strength 

in both units" (21). 

Darcus and Salter used a strain-gauge dynamometer for 

static and dynamic training with rotation of the spindle 

being prevented in static training by a spring steel bar 

traversing the spindle and fixed at either end. Training 

was conducted over a period of four to six weeks with each 

training session consisting of thirty contractions at inter-

vals of one minute. It was found that both types of con-

tractions produced increases in strength, although in 

general, dynamic training caused a greater percentage of 

improvement than static training (9). 

Walters, Stewart and LeClaire used the cable tension 

test for elbow flexors of the preferred arm in training 

procedures for a maximum and a two-thirds maximum isometric 

group. The isotonic exercises consisted of the number of 

curls the subject could perform in fifteen seconds at one-

third the maximum weiglit they could curl. Results were 
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inconclusive concerning the development of endurance, although 

all groups showed improvement. It was found that improvement 

as measured by one method of tasting was not dependent upon 

the method of training employed. All groups were tested for 

muscular endurance by isotonic methods (30). 

Initial Level of Strength 

The level of initial strength of a subject seems to have 

an important effect on endurance. McCraw and Burnham found 

that the moat effective program for developing endurance 

might well depend upon the initial status of the individual. 

For instance, they discovered that in developing leg strength, 

the isotonic and isometric programs were better for subjects 

with high pretest scores while the speed exercises were more 

effective for those with low initial scores. Also, the speed 

exercises were best in developing leg endurance for most of 

the subjects, but they were decidedly superior for those with 

high pretest scores (23). 

Kroll investigated the effect that initial strength level 

has upon fatigue, and discovered that high levels of strength 

evidently have a superior physiological apparatus to enable 

them to maintain higher absolute levels of strength in situ-

ations where a recovery period is involved (18). He also 

investigated the effect that strength level has on recovery 

from fatigue and discovered that recovery patterns of dif-

ferent strength levels were similar and differed only in 

absolute level of recovery. A surprising and interesting 
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discovery of this study was that wen of low strength levels 

generally recovered significantly above their initial maxi-

mum isometric strength in ten-minute recovery- periods (19). 

Intramuscular Circulation and 
Local" Mu"i*cular Endurance ~ 

One of the primary factors in muscle fatigue is the 

occlusion of intramuscular circulation due to the tension of 

muscular contraction. This forces the muscle to depend on 

local energy reserves. Below the level of occlusion, there 

is intramuscular circulation and recovery is permitted. 

There is some conflict as to whether this level of occlusion 

occurs at a fixed intensity or whether it is dependent upon 

the strength level of the individual. 

Royce investigated this occurrence by obtaining fatigue 

curves from subjects during a sustained isometric contrac-

tion of the forearm muscles first without occlusion and then 

with the circulation occluded by a pressure cuff around the 

upper arm. It was found that the curves were similar until 

strength declined to about 60 per cent of maximum and then 

the occluded arm continued to decline; but whan the arm was 

not occluded, there was relatively little fatigue beyond 

that point. Therefore, Royce concluded that intramuscular 

occlusion occurs at about 60 per cent of maximum contraction 

and above that point <25). 
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Start and Moines also investigated the level of intra-

muscular occlusion and fount! in two groups, one with and one 

without occluded blood supply, .that at the two-thirds maxi-

mum strength level there was not a significant difference in 

the scores. At the one-third level of maximum contraction, 

however, the group without occluded blood supply scored sig-

nificantly higher than the group with blood supply occluded 

by a sphyqmomanoraeher placed as high as possible on the upper 

arm. From this, it was concluded that with occluded intra-

muscular circulation# the muscle is dependent upon its own 

reserve of energy and this occurs between a one-third and 

two-thirds level of maximum contraction (28). 

Corcondilas, Koroxenidis, and Shepherd studied the 

effects of rapid, brief contractions of the forearm muscles 

on forearm blood flow and. found that the increase in blood 

flow to the muscle could be detected immediately after the 

contraction and was proportional to the strength of the con-

traction. The Mood flow was maximal immediately and decreased 

rapidly. It was also observed that the stronger the contrac-

tion, the longer was the period of time before the increase 

in blood flow could be detected (7). 

Bauer and Imig measured, the volume of blood flow through 

the forearm, before and after rhythmic and sustained handgrip 

exercises. The blood flow measured at zest, three minutes 

following exercise, seven to nine minutes, and fifteen to 
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seventeen minutes following exercise. The blood flow had 

usually returned to or near pre-exercise level by then. The 

rhythmic handgrip was obtained by squeezing two parallel bars 

at different percentage levels of strength for different tiroe 

periods with thirty contractions per minute. Results showed 

that blood flow returned, to or near pre-exercise restinq 

level at a faster rate following sustained handgrip exercises 

than the rhythmic handgrip exercises. The maximum level of 

blood flow increase following the exercises was proportional 

to the work done during the rftythmic exercises and to the 

total effort during the sustained, exercises (1). 

Effects of Temperature on Endurance 

There have bsen many studies investigating the effects 

of heat and cold upon muscle fatigue. Grose found that 

immersion of the forearm in hot water resulted in unaffected 

initial strength or steady-state strength, but did. cause a 

34 ner cent increase in the rapidity of fatigue. He also 

found that cold water decreased initial strength 11 per cent, 

but did not affect the steady-state strength. The purpose 

of this study was to investigate the effects of heat, cold, 

and massage upon muscle fatigue. There was a control group 

so that comparisons could ha made. Under control conditions, 

there w a a n eight-minute rest period before the work oeriod. 

The work period consisted of maximum contraction of the fore-

aria muscles every two seconds for six minutes using an 
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ergoineter. The condition of heat was produced by immersing 

the arm in water for eight minutes prior to the work period 

at a temperature of forty-eight degrees centigrade. Under 

cold conditions, the ariu was immersed in water which was 

kept at a temperature of ten degrees centigrade for eight 

minutes prior to the work period. The condition of massage 

was created by a four-roinute period in which there was given 

a moderate massage to the muscles of the forearm. Each sub-

ject was subjected to all four conditions (13). 

Clarke and Stelmach found that heat caused a decrease in 

initial strength, final strength, and total work, but fatigable 

work remained unchanged. Cold decreased initial strength 

and fatigable work, increased final strength, but the total 

work done remained the same, Recovery of strength was more 

rapid for heat, but cold had a retarding influence. A 

California spring-loaded hand ergograph was used in this 

study, and the subjects were subjected to three conditions 

of heat, cold and control. In the experimental groups, the 

subjects submerged their arm in water set at ten degrees 

centigrade for the condition of cold and forty-six degrees 

centigrade for the condition of heat for ten minutes. The 

control group just sat quietly for the same amount of time 

prior to the exercise period. The exercise period consisted 

of a two-minute maximal contraction followed by a recovery 

period in which maximum strength was tested every sixty 
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seconds, The arm was immersed at all times during the 

recovery period in the experimental groups, except when 

withdrawn briefly for measurement (4). 

In summary, this chapter has reviewed studies investi-

gating strength and endurance. The different instruments 

and methods used to measure endurance were also reviewed. 

Strength level was found to have an important effect on the 

measurement of endurance in that subjects of a high strength 

level tended to fatigue more rapidly than subjects of low 

strength,, but maintained a higher strength level throughout 

the testing period. This seemed to indicate that there was 

no biologically-fixed point of critical intensity at which 

intramuscular occlusion occurred. Recovery patterns, however, 

did not appear to he affected by strength level. Few studies 

concerned with the testing of local muscular endurance have 

used women as subjects; therefore, a need for research in 

this area has been indicated. 
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CHAPTER III 

PROCEDURES 

Selection, of Subjects 

Since the purpose of this study was to determine fatigue 

patterns of college-age women, the subjects for the study 

were volunteers from required physical education classes of 

folk dance and moderate-activity classes at Worth Texas 

State University, spring 3©raester, 1968. Some physical edu-

cation majors were also used in the study. To insure a wide 

range of strength levels, individuals were asked to partici-

pate in this study if they seemed to have a high level of 

strength,, It was assumed that enough individuals of low 

strength level would be obtained from the moderate-activity 

classes. 

Instrument 

The cable tensioraeter described by Clarke (1, p. 2) was 

selected to measure fore a m flexor strength on each of a 

series of trials. Since endurance implies ability to 

execute a series of muscular contraction?;, the cable 

tensiorneter was appropriate as a Measure of the ability of 

tfte subject to resist strength decrements throughout: a series 

of muscular contractions. 

41 



42 

•rise tensiometer was selected because it was found to be 

the .most reliable and objective of many types of instruments 

designed to measure strength (2). Kroll (6) determined the 

reli ability of this instrument as a measure of strength for 

throe trials on one day to f;>e r = .80, Also, specific 

methods are described by Clarke in his book on cable tension 

tests (1, p. 14). 

This instrument has been used in the investigation of 

muscular endurance in other studios. Walters, et al (8) 

investigated the effects of short bouts of exercise on the 

ca.blv: tensiosaeter uoon raise alar endurance. Start (7) studied 

the effects of occluded blood supply upon local rauscular 

endurance as measured by the cable tensiometer. Kroll in-

vestigated the relationship of strength level to muscular 

endurance (4) ano recuperation frora exertion (5), 

MmiRi*trative Procedures 

Testincr Procedures 

The subject sat in a chair with her feet resting on the 

floor and the free arm resting comfortably in the lap. The 

upper ana on the side to he tested was placed on a table in 

a position of adduction and extended at the shoulder to 

180 degrees, The elbow was placed in ninety degrees flexion 

and the forearm was placed in mid-prone and supine position. 

The wrist was then in mid-position of range of motion for 
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dorsal and palmer flexion (1, p. 14). If the subject moved 

from this position at any tine during the testing, she was 

replaced in that position. 

The tensioraeter was mounted on a table providing a right 

angle intersection with a pair of padded forearm rests, h 

handle was attached to the cable, and the forearm rest had a 

pair of vide leather straps with foam rubber cushions to 

stabilize the wrist and forearm during the trials. 

The dial on the tensiometer was shielded so that sub-

jects could not see the score achieved during the actual 

trial. Xroll suggested that subjects might set goals for 

themselves if they could see the dial during trials and give 

less than a maximal exertion on each trial (4), Upon com-

pletion of the five seconds of exertion, subjects were told 

what score was made. The investigator read and recorded the 

tensioneter score, Tensiosieter readings to the nearest unit 

were converted into pounds of force before analysis. Time 

was paced by an electric metronome, the sequence being pre-

recorded on a tape recorder and then played back at the tiine 

of the trials. For example, the sequence began with "^eady— 

and --null 2, 3, 4, 5—relax 2, 3, 4-—ready--pull 2, 3, 4, 5." 

Directions for trial procedure were also played to the sub-

ject from a tape recorder. ('?ee Appendix A.) 
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Twenty trials of five-second raaxirauTn isometric contrac-

tion of forearm flexor nrascles T^ere administered to each 

subject. :cata included contractions of the preferred fore-

a m flexor muscles only. The subjects were randomly assigned 

to one of the two interval duration schedules. Odd or even 

numbers derived by a pair of nice were utilized to aseign 

subjects randomly to groups Vuich were as follows; 

Grourp I. —Twenty isometric coatractions of forearm 

flexor muscles vith interval duration periods of five seconds, 

followed by ten isometric five-second flexions interspersed 

by sixty-second recovery periods. 

Group XI«—Twenty isometric contractions of forearm 

flexor rtuscles with interval duration periods of thirty 

seconds, followed by ten Incite trie five-second flexions 

interspersed by sixty-second recovery periods. 

Te 31 i ng £ a ft e -1«1 a 

Subjects reported individually at one of the scheduled 

test sessions of thirty minutes over a period of two and one-

half weeks, sixty-one subjects were tester! with the scores 

of one subject being elinin&fcod fro?i the data because of a 

KtuscJe cramp obtained during the testing period. This left 

thirty subjects in each crroirp, 
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Experimental Design 

The experimental design of the study was essentially a 

two r-y two randomized blocks design, where the subjects were 

grouped post-data collection on the basis of strength level, 

but underwent interval duration periods which were assigned 

randomly. However, since the data were in the form of fatigue 

and recuperation curves which involved thirty strength 

measures and since the purposes of the study imply com-

parisons of the entire curves among groups, the customary 

analysis of variance was not appropriate. 

The subjects were grouped into high or low strength 

levels on the basis of the highest of their first three 

maximal contractions. Hinee the scores split naturally at 

the median of each interval duration group, it was decided 

to put 50 per cent of the subjects in. the high-level strength 

group and 50 per cent in the low-level group. 

Analysis of Data 

In the preliminary analysis, descriptive statistics 

such as the saipple mean and sample variance were computed 

for the strength measurements as a function of the number of 

trials. The mean scores for each group were then displayed 

in the form of fatigue curves and recuperation curves as 

shown in Chapter IV. The specific analysis used was that 

proposed by Grant (3), who used orthogonal polynomials to test 

significant differences in the curve fit applied to trends. 
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From this an empirical mathematical model was established 

demonstrating quantitatively the decay in strength and the 

recovery of strength as a function of time intervals. 

The technique for the analysis of trends is based upon 

repeated measurements on the same subjects, it provides 

analysis of the orthogonal components of the trend and 

provides for the separation of orthogonal components of 

differences between groups. This analysis partitions the 

variance into individual trends, group trends and overall 

trend. The individual trends reflect individual differences 

in trends throughout the fatigue and recuperation curves. 

The group trend is reflected by the means of each of the four 

groups on each of the thirty trials, whereas the overall trend 

is reflected by the mean of the four group means on each of 

the thirty trials. 

Overall tests of differences between groups and differ-

ences between trials would not be particularly revealing, 

since both groups and trial schedules were selected to show 

differences. What was of interest was determining whether 

differences in fatigue and recuperation that might be re-

flected in different shapes of the fatigue curve and/or 

recuperation curve for the different groups under the dif-

ferent conditions were significant. For instance, if one 

group showed a resistance to fatigue that the other groups 

did not, it would be of value to know whether this was 
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statistically significant. The analysis of variance of 

trends allowed statistical tests for the pest fitting curve. 

Firsts a test for linearity was employed to determine whether 

that portion of the sua of squares between trials due to 

linearity was significant. ,Jext, a second—degree or quadratic 

function was tested, and the process could have continued up 

to & polynomial of T — 1 decrees vnere 1' ©equals the nurnber 

of points in the curve. Thus, resistance to fatigue slight 

De expressed by a quadratic component, whereas non-resistance 

would be expressed by a linear one. "Earlier analyses (4, 5) 

of muscular fatigue curves have confined themselves to four 

or less carve parameters, since biological hypotheses regard-

ing the Parameters of fatigue- have generally identified no 

raore than four. Trend tests up to the quartic or fourth 

degree were performed in the study. In this way. Grant's 

analysis enabled the investigator to answer these questions. 
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CHAPTFR TV 

linsuLTr; mv Discussion 

Results 

Result^ wore derived f'rora an orthogonal polynomial 

analysis of trends based upon repeated measurements of sub~ 

jects who were categorized in one of two groups. This 

analysta of trends proviacd a basis for statistical tests 

to determine the best fifcfcinq curve for strength scores as 

a function of fatigue and recovery trials for both high and 

lo»-j strength level,- as we 11 as trend differences between 

groups classified on trie basis of strength and interval 

duration. The significant trends within a set of the data 

were determined using the F statistic as the decision 

criterion. Differences among moans, as well as differences 

among trends,, were considered to bo significant if they 

reached the .01 level of confidence. 

Tlie summary of the analysis of the trends in the fatigue 

data is presented in Table II and the summary of the recupera-

tion data in i'ar>Ie III, Further interpretation of the data 

•was base;.! upon the plot in Figure I of wears strength level as 

a function of trial for both the fatigue and recuperation 

uata. ĵ rom tnxs, an intuitive analysis of trends was possible, 

This intuitive analysis viae supported and further enlarged 

43 
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S/•!"B AI 

r j-.i •ri"r *?! * -;rtr> j% y 

vV\ ri x i-> ri v.. it Ai 
JALYSI :3 OF FATIGUE SCORE TRKfJDS 

?ource DF Sims of Square v Mean Square F 

Over-all Trend 1? 18226.3310 959.3100 50. 49* 
Linear 1 16143.3069 16148.3069 205. 78* 
Quadratic 1 1921,9736 1921.9736 106. 96* 
Cubic 1 53,7335 53.7335 4. 02 
ouartic 1 2 3.7096 23.7096 • > *"* # 28 

Between Group Means 3 41136.2190 13712»0728 18. 74* 
strength 1 3454,5933 3454.7938 4. 72 
Interval 1 37615.7810 37615.7810 51. 40* 
Interaction 1 S3.8437 65.8437 # 09 

Be tween Group 
Tretuls 57 5791.8593 101* 61.16 10. 59* 

Linear 3 5053.3974 1684.5325 21. 47* 
Strength 1 3228,1211 3228.1211 41. 14* 
'.".nterval X 1566.6284 1566.6284 19. 96* 
Interaction 1 250,8479 258.8479 3. 30 

Oua3ratic 3 4.64, 0117 154-9372 8. 62* 
Strength 1 130.5079 180.5079 10. 05* 
Inte. rval 1 266„1379 266.1379 14. 81* 
Interaction 1 IS.1159 18.1159 1. 01 

Cubic 3 35.6333 11.8999 m 89 
.strength 1 8.3476 0.3476 & 62 
Interval 1 8.1499 8.1499 $ 61 
Interaction 1 19.2023 19.2023 i. 43 

Quartic 3 16.9762 5.6587 « 54 
Strength 1 3.3737 3.3737 « 32 
Interval 1 3.3303 3.3309 # 

"5 O <3 A 
Interaction "i -I 1G.271G 10.2716 • 

99 

Betweexi In-di victual 
•Means 56 40030.5940 731.7963 76. 26* 

Between Individual 
Trends 1064 i:;-2 io,f»7i9 9.5965 

Linear 56 4394.4631 78.4726 
Quadratic 56 1')06. 2 319 17.9684 
Cub ic 5 6 743.3573 13.3314 
Ouartic 56 581.5441 10.3847 

To tal 1454 
i..„. 

£ 116346.2340 

•Significant at tne 
Petirsoi; nno 11« 0. 

J t at i s tic i an =s „ 3 r•• I« 

01 level. Values obtained from 
Vf art ley, eOSi tors, ̂ iavnotricka Tables 
•act- , Camlxridc?e, pubXis1aed*"'**for t J v a " ~ " " 

'Lio;aetrika Trustees at the University Press, 1966. 



TABLE III 

VARIANCE ANALYSIS OF RECUPERATIOH SCORE TRENDS 
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Source DP Sums of Squares Mean Square F 

Over-all Txend 9 600.8750 66.7639 7.42* 
Linear 1 317.6082 517.6082 21.05* 
Quadratic 1 19.2193 19.2193 1.57 
Cubic 1 58.8002 58.3002 10.33* 
Quartic 1 .0821 .0821 .02 

Between Group Means 3 16058,1249 5352.7083 8.67* 
Strength 1 518.9531 518.9531 .84 
Interval 1 15212.3906 15212,3906 24.65* 
Interaction 1 325.7813 326.7813 .53 

Between Group 
Trends 27 834.7500 30.9167 4.00* 

Linear 3 620.1961 206,7320 8.41* 
Strength 1 343.1101 343.1101 13.95* 
Interval 1 23.1172 23.1172 .34 
Interaction 1 253.9688 253.9688 10.33* 

Quadratic 51.5729 17.1910 1.40 
Strength 1 34.4718 34.4718 2.82 
Interval 1 14.8867 14.8867 1.22 
Interaction 1 2.2144 2.2144 .18 

Cubic 3 1.9496 .6499 .11 
Strength 1 . 8752 .8752 .15 
Interval 1 .9465 , 9465 .17 
Interaction 1 .1279 ,1279 .02 

Quartic 3 47.7503 15.9168 3.14 
Strength 1 4.4251 4.4251 .87 
Interval 1 35.8256 35.8256 4.08 
Interaction 1 7.4996 7.4996 1.48 

Between Individual 
êarxB 56 34563.5470 617.2062 79.77* 

Between Individual 
Trends 504 3899.7578 7.7376 

Linear 56 1376.9921 24.5891 
Quadratic 56 685,4706 12.2405 
Cubic 56 318.6538 5.6902 
Quartic 56 284.2085 5.0752 

Total 854 55957.0550 

Values obtained' from 
Pearsonr K. , and f-l„ 0. Hartley, editors, Biometricka Tables 
for Statisticians, 3rd ed., Cambridge, published for the" 
BTometrika Trustees at the University Press, 1366. 
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in a complete discussion of the conclusions indicated in 

Tables II and III. The percentage of strength lost and 

regained during the trials is presented in Table IV. 

Fatigue Data 

IKs seen in Table II, the significant F ratio for the 

Over-all Trend indicated a variance in strength measurements 

as a function of trials. A significant F statistic for the 

linear and quadratic terms only implied that these were the 

predominant components in the Over-all Trend. Actually, the 

linear component accounted for 89 per cent of the variance 

due to trials and the quadratic component accounted for 98 

per cent. Empirically, this means that the Over-all Trend 

would be represented by the equation 

y = a+bX+cX2 

where 

Y = predicted strength trials 

a,b,c = appropriate regression coefficients that have been 

interpreted as »-

a - immediate energy reserve 

h => utilization of energy front available glycogen 

breakdown 

c = tolerance to katabolites (5, 9, 10) 

X = raw scores 

Tne higher order P values failed to achieve significance as 

indicated in Table II. 
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7> significant F statistic for Between Group Heans indi-

cated that there was an appeciahle difference between the 

performance of the groups over trials. This may be sub-

stantiated by referring to Figure 1, but was expected since 

the groups were categorized or: the basis of high or low 

strength. The .significant F ratio for the interval duration 

terra and a nonsignificant F ratio for the Between Group Means 

on strength indicated that the duration between trials was 

the over-riding parameter and not the strength level. This 

was substantiated by the fact that the average strength 

levels seen in Figure 1 decreased as a function of trial 

but did not change relative to each other as a function of 

strength. Therefore,, Hypothesis II which predicted no sig-

nificant difference in the between group means of fatigue 

curves produced under conditions of five and thirty interval 

duration periods was rejected, while Hypothesis I which pre-

dicted no significant difference in between group aeans of 

high and low strength level subjects was not. The interaction 

terra showed no significance. 

The Between Group Trends also displayed a significant 

F statistic. This demonstratei that differences existed 

between the group trends on both the linear and quadratic 

components for strength ami duration. Thus, Hypotheses III 

and IV, which predicted no significant differences between 

the trends of fatigue curves of high and low strength subjects 
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Fatigue 

O- O — 0 5 sec. strong 

30 sec. strong 

5 sec. v;eak 

Q — • — • 30 sec. weak 

5 10 

Recuperation 

Fig. 1- Fatigue and recuperation patterns under interval 
duration periods of five and thirty seconds. 
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under the two interval duration periods, were rejected. The 

interaction term for Between Group Means and Between Group 

Trends was not significant; therefore, Hypothesis V, which 

predicted no interaction between strength and interval dura-

tion, was not rejected. Of particular interest was the 

discovery that both strength, level and duration between 

trials were significantly different for the groups on the 

linear and quadratic components. The linear component of 

interval duration did not regress as rapidly as the linear 

component for strength, levels, as could be observed from the 

individual F statistics. However, the situation was reversed 

for the quadratic component. Since the quadratic term was 

the dominant term, it was observed that the strength levels 

decreased faster as a function of the amount of time between 

trials than it did as a function of strength level. This 

again points out the greater importance of interval duration 

over strength level in the fatigue scores. Finally, there 

was a significant F ratio for Between Individual Means, 

although this was not surprising due to the wide variance in 

performance level of the subjects participating in the study. 

It was observed that both high and low strength subjects 

in the five-second interval duration group had higher initial 

strength measurements respectively than did the high and low 

strength subjects in the thirty-second interval duration 

group. The five-second group fatigued, much faster and 

dropped to a lower percentage of maximum strength, but this 
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vas not surprising since the recovery time between contrac-

tion?' was uracil shorter, fuhjects with a high level of 

strength in both interval duration aroups Maintained a 

higher level of strength than the low strength level sub-

jects throughout the trials, although the high strength 

group regressed to a lower percentage of maximum strength. 

The strong five-second interval duration group lost 44 per 

cent of maximum strength, whereas tha five-second low 

strength group lost only 36 per cent of maximum strength. 

The thirty-second strong group lost 21 per cent, and the 

thirty-second low strength group lost only 14 per cent of 

maximum strength level, Covipa r i sons of strength lost and 

regained for each group way be seen in Table IV. 

Recuperation Data 

From Table III, it. may be seen that the P ratio for the 

Over-all Trend v/as significant for the recuperation curve 

as it wa.= for the fatigue curve, When all four data sub-

division neans ware averacrcc? for each trial, all four made 

significant gains in strength recovery as indicated by the 

F value that is significant beyond the .01 level. However, 

in the recuperation data the linear and cubic component's 

were significant in overall trend. Inspection of Figure 1 

displays the change of directions two times that would occur 

as the result of averaging the subdivision means on each 

trial. Hov/ever, in the recuperation data, the linear and 
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cubic components were significant in the Over-ail Trend. 

This was indicated by the rapid recovery, as seen in Figure 1, 

during the early trials in the recuperation data. Thus the 

strength scores as a function of trials again differed but 

not in the same pattern. In this case, the functional 

equation would be 

T « a4-bX*c.iC2+dX3 

where 

Y = predicted strength trials 

a,b r c,d - appropriate regression cosfficients that have been 

interpreted as, 

a => immediate energy reserve 

b ® utilization of energy from available glycogen 

breakdown 

c •= tolerance of katabolites 

d * effects of local circulation during a contraction 

that is less than 60 per cent maxiiaum (5, 9/ 10) 

X = raw scores 

There was a significant F value for Between Group Means 

which indicated a fairly large variance between groups. The 

significant F ratio for the duration term again indicated 

that the time between trials was the most influencing parameter. 

Both the strength and the interaction F ratio were not sig-

nificant in this case. As is displayed in Figure 1, the 
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means of the group3 that rested only five seconds between 

trials recouped well above the means of the thirty-second 

group after the- third trial. hypothesis VI, which predicted 

no significant difference in the between group weans due to 

high and low strength level, was not rejected. Hypothesis 

VIIf which predicted no significant difference between groups 

due to the different interval duration periods, was rejected. 

Between Group Trends displayed a significant F 

statistic indicating that some of the groups recouped sig-

nificantly different from the others. However, in this case 

the P ratio reflected the fact that the linear component was 

the only component on which the groups were significantly 

different. Under the linear terra, tne strength levels were 

significantly different, but the groups exposed to different 

interval durations produced narallel recuperation curves. 

It does appear that the points where the various group 

trends intersected were of importance. It was observed, as 

illustrated in Figure 1, that the low strength groups re-

covered to a significantly greater percentage of maximum 

strength than did the high strength groups. Hypothesis VIII , 

whicii predicted no significant difference between the trends 

of recuperation curves of groups comprised of high and low 

strength levels, was rejected; but Hypothesis IX, which pre-

dicted no significant difference between trends of recuperation 

curves of groups given different interval duration periods, 
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was not. Hypothesis X, predicting no interaction between 

strength and interval duration periods in recuperation, was 

rejected, Again, there was a significant F statistic for 

Between Individual Means indicating a great variation between 

the subjects. 

Discussion 

In the investigation of fatigue and recuperation,, it is 

necessary to give consideration to the physiological processes 

involved., at least in tueir broad connotation. One of the 

primary factors in rouscle Catiquo seems to be the occlusion 

of intramuscular circulation due to the tension of muscular 

contraction (2, 5, 9, 11). This concept involves the occur-

rence of occlusion of intramuscular circulation when the 

muscle i-i contracted to some critical intensity and thus 

forces the muscle to depend upon local energy reserves. 

Also, since intramuscular circulation allows the removal of 

waste products and therefore recovery from fatigue, this is 

a prime consideration in the measurement of local muscular 

endurance, 

analysis of the recovery process from local muscular 

exertion must involve the sane factors which affect fatigue. 

One aspect of this study was to determine whether the factor 

of strength level or type and spacing of the work done had a 

greater effect upon the ability to recover from muscular 

fatigue. 
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Fatigue Curves 

It was indicated by the Between Group Means in Table I 

that interval duration bad a much greater effect upon the 

fatigue scores than did strength level. This was again 

illustrated in the Between Group Trends, where it was observed 

that strength levels decreased faster as a function of 

interval duration than they did. as function of strength level. 

This discovery agreed with Kroll's {5) conclusions that 

high levels of strength demonstrated a better ability to 

resist fatigue than lower levels. Rich (8) also discovered 

that children of different ages had similar rates of fatigue 

in relation to their initial strength level. Frora the re-

sults of the above two studies and in accordance with the 

.results in this study, it might be concluded that interval 

duration rather than strength could be the predominant 

consideration when describing fatigue patterns. Regardless 

of the length of time subjects were allowed to rest, however, 

the fatigue curves plotted on the basis of strength level 

were monotonic in that at each trial the low strength mean 

was lower than the high strength mean. 

It was also observed that the subjects in the five-second 

interval duration group for both levels of strength had 

higher mean scores in trials one through four than did sub-

jects in the thirty-second interval group. Since the 

interval duration for each subject was determined by chance, 
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it seems more than coincidental that the subjects under 

five-second interval duration conditions would fae superior 

at both. strength levels, it vaight .be hypothesized that 

since? the subjects were aware of the time allowed between 

contractions, they taight have anticipated a short testing 

session anil given maximum efforts The group which was 

allowed thirty seconds between contractions might have 

anticipated a fatiguing or extended testing session and 

subconsciously conserved strength. This wa3 an interesting 

occurrence, and contributes to the importance of considering 

motivation in -measuring endurance. 

The fact that the strong subjects in both interval 

duration groups maintained a higher level of strength than 

the low strength level subjects is in accordance tfith Kroll 

(5), who theorised that ''stronger muscles apparently possess 

a superior local circulatory efficiency and/or an increased 

tolerance to katabolites.Corcmvlilas and others (3) found 

that even a slight contraction caused dilation of blood 

vessels and an increased blood flow to the working muscle. 

In fact, it was shown that the blood flow increase was pro-

portional to the intensity of contraction. Hence, the 

stronger the contraction* the greater the increase in blood 

flow. He also found that while this was true following sus-

tained gripping;, the blood flow increased even taore rapidly 

while in rhythmic gripping. This would certainly support 
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the evidence of the stronger muscle*o ability to maintain a 

higher level of strength. 

Start (10) and Tut tie (12) found that stronger xauscles 

fatigued more rapidly than weak muscles but still maintained 

a higher level of absolute strength throughout the fatigue 

pattern, This wa^ not ia accordance with the results of 

this study where both strength levels regressed homogeneously 

There was no significant difference between strength levels 

on the component that predicted the fatigue curve most 

accurately. 

It has been suggested that intramuscular occlusion due 

to muscular tension dissipates when the fatigue curves level 

off at a steady state where energy depletion and replenish-

ment become egualized (2„ 9). Kroll (5) pointed out that 

this might be observed in the fatigue curve at a point where 

the steep linear decline breaks in a horizontal direction. 

It is interesting to note in Figure 1 t.iat this occurred at 

trial four for the high strength thirty-second interval group 

and trial three for the low strength thirty-second group. 

This compares with Kroll's fatigue curves derived from left 

hand trials of male subjects which showed that the breaking 

point in direction of trend was also at trials number four and 

threet respectively. The similarity between the breaking 

point* in direction of trend in this study and that of 

Kroll's is startling and implies that energy depletion and 
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replenishment may become equalized at approximately trial 

tnree or four in both male and female subjects. This com-

parison is between the female's dominant limb and the male's 

non -dominant, but is nevertheless interesting. Since the 

male's dominant limb breaking point was at trial seven (high 

strength level) and trial six (low strength level), it might 

.be Hypothesized that an analysis of the fatigue curves pro-

duced by the non-dominant limbs of females might show a 

breaking point in the trend at earlier trials, such as trial 

one or two. 

Royce (9) discovered that intramuscular occlusion, as dis-

cussed in Chapter II, page 33, occurred in contractions at 

the two - thirds level of raaximuia strength arid not at one-third 

the maximum strength level. In this study# the high and low 

strength subjects in the thirty-second interval group never 

fell below the two-thirds level of maximum strength; there-

fore they were working under conditions of muscular.occlusion 

during contractions throughout the twenty trial fatigue period. 

This wight explain the lack of a rapid recovery from the 

thirty-second interval duration groups, Kroll (5) found, 

however, that intramuscular occlusion did not occur at a 

biologically fixed point since his subjects did not level 

off at a similar critical intensity level of tension. He 

suggested that ''different levels of strength possess din-

similar local circulatory efficiency and/or tolorance to 

fatiquo products. ' 
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It tr»ay be concluded fiat the results from the fatigue 

data in this study in no way refute the ideas advanced by 

others in this area. Local muscular fatigue under similar 

conditions in men, voraen, and children appears to occur at 

a similar rate which in mainly dependent upon the initial 

strength level. 

Recuperation Curves 

The means of the groups that rested only five seconds 

recuperated well above the means of the thirty-second groups 

after the third trial, although they had regressed to a lower 

percentage of maximum strength and had farther to go to reach 

the same level of recuperation. A possible explanation for 

this occurrence is the fact that there is increased circula-

tion in a working muscle over a resting muscle. Corcondilas 

and others (3) found that strong, rhythraic contractions of the 

forearm resulted in greatly increased blood flow to that 

area. *l3o, Abratnson (1, p. 313) pointed out that "the 

opening up of many capillaries in the exercising muscles 

themselves likewise allows for a faster circulation through 

these tissues and a more rapid venous return to the heart.'' 

These factors would allow for greater muscular efficiency 

and wight aid the ?mscle which had been contracting every 

five seconds to recuperate faster and to a higher level, than 

tne muscle which had "been contracting every thirty seconds. 
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Place the five-second interval allowed subjects to 

recover to a higher level am* at a faster rate than did the 

thirty-second interval, it '«iqiat be hypothesized that the 

five "second interval presents a ".aore accurate picture of a 

muscle' s recuperation efficiency,, It seems evident that the 

thirty1--second recuperation period allowed for the effects of 

recuperation and tolerance to fcatabolites during the fatigue 

trials. Eroll (6) found that the recuperation trend of his 

five-second interval group was best fitted by the quadratic 

component,, whereas his tea- and twenty-second interval 

duration groups demonstrated a significant linear recovery 

pattern. This Indicates that he too found a difference in 

the recovery patterns after different interval durations 

during the fatigue; trials. 

The low strength level subjects recovered a much 

greater percentage of strength than did the high strength 

subjects, as may be observed in Table IV. The low strength 

groups recovered to 93 and y9 per cent of maximum strength, 

whereas the high groups only recovered to 88 and 84 per cent 

of maximum strength. This agrees with Eroll's (6) finding 

that high and raediuia strength groups recovered to from 85 to 

37 per cent of maximum strength, depending upon the length 

of trie intertrial recovery period, hut the low strength 

groups recovered froit; 100 to 110 per cent of maximum 

strength. It might he hypothesized that since there was 
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liutle evidence in tnis s tuc y that the recovery patterns 

reached a plateau, further increases in strength might have 

occurred if the recover? period had been extended beyond ten 

minutes. Also,, it should be pointed out that since the low 

.-strength level groups in this study included some subjects 

who would have been classified as medium strength levels in 

Kroll's study, there is a possibility that had the same 

group (.'.i vis ion been utilized in this study, the low strength 

levels would have recovered higher, 

Results from the recuperation data in this study seem 

to agree with results from other studies in this area. They 

certainly substantiate Kroll's (6) discovery that low strength 

subjects recovered to a higher level than did high strength 

subjects. From this, it rutnht be concluded that women 

exhibit similar fatigue and recovery patterns to those of 

men. 

In summary, the results of this study have generally 

agreed with the finding of previous studies that different 

strength levels have similar fatigue and recovery patterns, 

out that stronger muscles maintain a higher level of strength 

than weaker muscles throughout the trial period. Therefore, 

the stronger muscle evidently possesses a ''superior local 

circulatory efficiency and/or an increased tolerance to 

katafaolites" (5). 
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It was shown that the five-second interval (Juration 

groups fiad higher initial strength measurements than the 

thirty-second interval duration croups. They fatigued to a 

lower level at a faster rate and then recovered to a sig-

nificantly higher percentage of rnaxixnmn strength during the 

recuperation period. This seems to Indicate that the five-

second interval duration presents a more accurate picture of 

fatigue and recuperative ability without intervening factors. 

This study demonstrated that although women bad tirncli 

lower initial levels of xaaximu*n strength than men in similar 

studies (5, 6), they exhibited similar fatigue and recupera-

tion patterns. In fact, trials of the dominant hand of 

right-handed, wonaen subjects showed almost the exact 

patterns as the left-hand trials of men subjects (5). This 

certainly seems to indicate that women and men exhibit 

similar fatigue and. recuperative abilities, with the differ-

ence being in the initial strength level. 
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CHAPTER V 

CO ;CLL;SIO»S 3UJD PJEOOrttSEl-IDATIONS 

SiK.unarY 

The purposes of this study vere to investigate the 

effect that strength level bad upon fatigue and recuperation 

tinder the two conditions of five- and thirty-second interval 

duration periods. Repeated maximum isometric contractions 

of the forearm flexor rauscles, measured by a cable tensioxneter, 

were usee! to test local muscular endurance and recuperative 

ability, 

"vixty women enrolled in various physical education 

classes at >Jorth Texas State University, spring semester, 

1368, volunteered to be subjects. Twenty trials of five-

second contractions were administered to each subject, who 

previously hud *>ecrt randomly assigned to one of two interval 

duration schedules. One-half of the subjects rested five 

seconds between each five-second contraction, whereas the 

retraining subjects rested tairty seconds between contractions, 

In both testing schedules, the endurance trials were followed 

t>y ten isometric five-second flexions interspersed by sixty-

second recovery periods. 

•'•due hypotheses were, in general, that there would be no 

sj.rmi ficant. differences between trends of fatiorue and 

71 



72 

recuperation carves of subjects classified as having hi«h or 

low levels of "strength. Pirailarly, it was hypothesized that 

tiiero would be no significant difference between trends of 

fatigue and recuperation curves produced by subjects under 

conditions of five- or thirty-second interval duration periods, 

The data vere analysed statistically by the analysis of 

variance of trends reported by flsrant, in which orthogonal 

polynomials were used to test significant differences in the 

curve fit applied to trends, The wean scores for each group 

were dinplayed graphically in the forra of fatigue curves and 

recuperation curves. table presenting percentages of 

strength lost and regained was also constructed. 

Results of the data agreed with Kroll's findings that 

scores of subjects vit'i a high level of strength remained 

above scores of low strength subjects throughout the trials. 

The stronger subjects' strength fell to a lower percentage 

of •raaxitntEn strength and failed to recover as nigh a per-

centage of maxiroutn strength as did subjects with a lover 

level of strength« The length of the interval duration 

period had an even greater effect, upon fatigue than did 

strength level, with the five~second interval groups 

fatiguing to a -inch. lower level and then recuperating 

significantly above the thirty-second interval duration 

groups. The five-second interval duration period presented 

a clearer picture regarding the recuperative ability of the 

muscle,. 
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Conclusions 

within the limitations defined in Chapter I, the con-

clusions of this study were* 

1. High and low levels of strength fatigue at similar 

rates throughout a aeries of contractions, provided they 

have the savne recovery time between trials. 

2. The superior physiological apparatus of the stronger 

muscle enables it to maintain a higher level of Ttsaxiraura 

strength than the weaker muscle throughout a series of 

trials. 

3. Although the five-second duration period causes 

fatigue to a much lower level than the thirty-second inter-

val , some factor of local circulatory efficiency allows a 

much faster recuperation to a significantly higher level. 

Recommendations for Further Study 

hs a result of this study, the following reconcnen d a t i on .s 

are presented. 

1. An investigation should be planned that classifies 

strength into high and low levels, thus eliminating the 

medium group. This might present a clearer picture of 

differences between extreme strengtn levels in muscles. 

2. A study should be designed that investigates the 

endurance of strong and weak muscles in the same individual; 

i.e„f fatigue curves of dorsal and plantar flexion of the 

foot might be compared. Plantar flexion has been shown to he 
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approximately twice as powerful as dorsal flexionhence 

plantar flexion might represent strong muscles and dorsal 

might represent weak, muscles, a design of this nature would 

eliminate intersubject variance and provide a cross-validation 

of the findings of this study. 

3. ft study should be designed that investigates the 

endurance of strong and weak muscles in the same individual 

using the different interval duration periods of five and 

thirty seconds. This design would, also eliminate intersubjeet 

variance and provide a crops-validation of the findings of 

thin study. 

4. A study snould be designed in which a weak muscle 

ia measured and then trained so that over a period of time 

the r>uscle gains in strength. Endurance and recuperation 

front fatigue could be compared at varying stages of muscle 

strength by observing fatigue and recuperation patterns. A 

design of this nature would eliminate intersubject variance 

and provide information on endurance of the same muscle at 

strong and weak stages. 



APPESDIT. -\ 

DIRECTIONS FOR SUBJECT 

This is a study designed to measure muscle fatigue. 

Please concentrate on the directions and follow them care-

fully. Take the strap in the palm of your hand, and. when you 

hear the recorder say ,J ready,'1 you will prepare to pull with 

maximum effort on the strap. You will then hear a metronome 

keeping time by clicking every second. Then, the recorder 

will say ready--aad-—pull 2, 3, 4 , 5—relax 2, 3, 4 — 

ready--pull 2 , 3, 4, 5---relax 2, 3, 4 --ready. " You will go 

through this sequence twenty times and then ten more times 

with a full minute between pull periods. It is important 

that you exert maximum force at each contraction. Your score 

will be read at the end of each contraction period. If you 

have a question, ask it now. 
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