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Forty-five young adult males were given 30 trials of Isometric
knee extension and 30 trials of isometric knee flexion. Each. trial
consisted of a maximum of three second exertion followed by a 10

second intertrial rest interval. Subjects were ranked on the basis
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middle, and low levels of strength. A two by three by four factorial
analysis of variance- suggested that: (a) no significant difference

existed between responses of knee extensors and knee flexors; (b) no
significant difference existed between responses of knee extensors and
knee flexors when considered by levels of strength; and (c) a significant
difference existed between responses of knee extensors and knee

flexors when considered by trial intervals.
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RESPONSE OF KNEE EXTENSOR AND FLEXOR MUSCLES
TO A REPEATED MAXIMAL ISOMETRIC TASK

CHAPTER I
INTRODUCTION

Man's body is a fascinating physiological mechanical machine.

Muscular response by the body to stress has been a controversial yet
interesting topic of investigation for decades. Strength and endurance
are of paramount importance in determining the efficiency and ease of

.

man's daily activity. Investigation of the human musculature appears

to be very extensive, yet many unanswered questions still exist.
Attempts to answer some of the questions concerting strength and
endurance of specific muscle groups of the body are limited pre-

dominantly to the non-weight bearing musculature. More research is
needed to determine the validity of currently accepted theories about

human muscular response to stress. Of major concern here was the
response of the extensor and flexor musculature around a weight
bearing joint.

Glenn (27) studied the response of the flexor and extensor

muscles of the elbow at different levels of strength. Recommendations
have been made that extensor- flexor relationships do not appear to be

similar at each joint throughout the body (27), A review of literature
indicated limited information on the response of knee extensor and knee

flexor muscles to a repeated high level performance.

pur_ase of the Study
The purpose of this study was to investigate the response of the

flexor and extensor muscle groups of the knee to a repeated maximal

isometric task. Three research questions were of concern in this
investigation: do extensor and flexor muscle groups of the knee joint

respond differently to a repeated maximal isometric task?; do different strength levels respond differently? ; and when a serial isometric
knee extension and knee flexion task is considered by trial intervals,

is there any difference in the response between those intervals? On
the basis of these three research questions the following null hypotheses were developed and tested:
Hypothesis one:

No significant difference exists in the response of extensor and
flexor muscle groups of the knee to a repeated maximal isometric task.
Hypothesis -two:

No significant difference exists in the response of extensor and
flexor muscle groups of the knee to a repeated Maximal isometric
task when considered by strength levels.
Hypothesis three:

No significant difference exists in the response of extensor and
flexor Muscle groups of the knee to a repeated maximal isometric task

when considered by trial intervals.
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Definitions

Pertinent operational definitions of terms used in this study are
presented below.
Caucasian - designating or one of the main ethnic divisions of
the human race, i. e. , "the white race".

Endurance is the ability to maintain a relative high level of
strength.

Extensors are those muscles which ordinarily increase the angle
of a joint.
Fatigue is the reduced ability of a muscle to apply tension as
expressed as a strength decrement.

Flexors are those muscles which ordinarily decrease the angle
of a joint.

Isometric contractions in this study are maximum contractions
made against a cable with very little movement and technically no
accomplished work. The amount of effort exerted is calculated by

measuring tension on the cable.
Isotonic contractions are those in which the contracting muscle
either shortens or increases in length.

Reciprocal strength decrement index score is a value that
reflects the amount of fatigue produced as a result of the test
condition.

Strength in this test is that, measured in tension units by a
cable tensiometer and converted to tension pounds by a standard
conversion table.

Delimitations

In order to effect a workable research problem, imposed restrict ions on the scope of the study were not only desirable but necessary.
Forty-five college age caucasion male volunteers served as subjects.
Two muscle groups of the body were tested, knee extensors and knee

flexors, using two specific tests. Three strength level groups were
formed on the basis of ability to create tension. Four regular intervals of a 30 interval task were used to analyze the response of the two
muscle groups of the three strength levels.
Limitations

Limitations are inevitable. Imposed restrictions by the ihvestiga
for create limitations of the possible application to the content domain
under investigation. Individuality of response cannot be restricted..

Testing required maximal voluntary contractions for each trial interval. External variables such as loud noises, room temperature,
humidity, and comfort of applieation of the equipment may have influ-

enced interval variables of the performer. Ikai and Steinhaus (37)
imply that ability to perform maximally may not be possible on the
basis of the imposed limits by the structure and prevailing physiologic
state of the performing muscles.

CHAPTER II
REVIEW OF RELATED LITERATURE

Investigations reported in the literature have supplied considerable data concerning muscular response to serial and sustained contractions. Chapter II attempts to present a logical development of the
general information concerning skeletal muscle structure, properties,

and muscular contractions. More specific literature dealing with
strength and endurance; fatigue; and various methods, considerations,
and test analysis are also considered. Factors responsible 'for fatigue

due to serial contractions are of major concern.
SKELETAL MUSCLE STRUCTURE AND PROPERTIES

Muscular tissue in the human body is classified into three types:
1) smooth, nonstriated muscle, which_is found in the walls of the hollow

viscera and blood vessels, 2) cardiac muscle, which is found only in
the heart, and 3) skeletal, striated muscle, which is the force providing type that moves the boney levers of the body (23, 29, 51). The
muscle type of primary concern in this study was skeletal or striated.

Skeletal muscle consists of long, cylindrical muscle fibers.
Each fiber is a large multinucleated cell, with as many as several
hundred nuclei, and it is completely independent of its neighboring
fiber or cell. Skeletal or striated, as the name implies, is most

easily distinguished by its cross-striations of alternating light and
dark bands (23). They are innervated by the cranial or the spinal

6

nerves and are under voluntary control. This type of muscle contains
both pain endings and proprioceptors.
Gross Skeletal Muscle Structure

The gross structure of a muscle is described as being composed
of many thousands of muscle fibers with each fiber wrapped in a more
or less complete, delicate sheath of connective tissue. The length of
the individual muscle fiber will range from one mm. to 30 cm (21).
The muscle fibers lie in a parallel arrangement to each other. A
dozen or more fibers group together to form the primary bundles or
fasiculi. This bundle is also wrapped in connective tissue, Which is,
tougher and contains collagenous fibers and is referred to as the

perimysium. Several bundles wrapped together with perimysium
form secondary bundles, and several secondary bundles bound toget-

her form tertiary bundles. The entire muscle is covered with connective tissue called epimysium, which constitutes a strong framework to hold the larger bundles together as a unit. A tendon is formed
from this encapsulating connective tissue at one end of the muscle or

the tissue attached directly to the periosteum of a bone (29, 31).
The direct attachment of the connective tissue to the bones
periosteum by the cordlike tendon or the flat aponeurosis is the site
where the tension being produced by the muscle is applied to the honey

lever. The fibers of the tendon or aponeurosis are plaited or braided
with one another, so that tension in any part of a muscle is usually

distributes more or less equally to all parts of the attachment to the
bone. Since a tendon collects and transmits forces from many

different muscle cells onto a small area of bone, the site of the tendinous attachment is normally marked by a rough tubercle on the bone.

Likewise, an aponeurosis gives rise to a skeletal line or ridge at its
attachment (51).

The internal structure of muscles or the arrangement of their
fibers is classified by types. The two main types of muscle fiber

arrangement are: the fusiform or longitudinal and the penniform. Each
type have several variations. The longitudinal is the simpler of the
two forms consisting of parallel fibers running the length of the muscle.
The penniform muscles consist of a great number of very short fibers
constructed to contract with considerable force through a smaller distance than the longer fusiform or longitudinally arranged muscles.

Fusiform muscles are very common in the extremities (51, 21).
The penniform muscles, as mentioned above, have several different arrangements and variations. These variations are analogous and
often referred to as a feather-like arrangement, the fibers being the
same as the muscle fibers and the feather quill being the muscle tendon. Variations in the penniform arrangement include: demipennate,
bipennate, multipennate, and circumpennate. In demipennate muscles
the fibers are arranged diagonally between two tendons and appear as a
feather cut in two along the quill. Fibers of bipennate muscles are
double feather-shaped, with the fibers converging to both sides, of the
tendon. The rectus femoris muscle is a prime knee extensor and is

classified in the bipennate structure group. Multipennate arrangements
of muscle fibers are found in the broad muscles such as the deltoid
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and the pectorallis major. Circumpennate fiber arrangement is noted
in circular muscles (21),
Structure of the Myofibril and the
Contractile Mechanism

A muscle fibril, or myofibril, is composed of 400 to 2500 tiny

filaments that run parallel to each other. Thus, a single muscle fiber
may contain up to 10 million filaments. These filaments are made of
proteins called myosin and actin, and represent the contracting elements of the muscle (29).
King and Showers (30) describe the myofibril as being'marked

by alternating light and dark striations oriented along the long axis of
the cells. The proteins that make up the filaments of the muscle fiber
are disproportionate. The thicker filaments are rich in the protein
myosin and the thinner filaments are made up of predominately the

protein actin. A complex system of bridges links the myofilaments

in an orderly pattern, associating one thick filament to each of six
adjacent thin filaments. The thicker myosin filaments are about twice
as thick as the actin filaments (23).

The sarcomere is the functional unit of the myofibril, and it
extends from Z line to Z line. The Z line is a dense transverse band
of sacroplasmic reticulum. The thin actin-containing myofilaments
pass through the position of the Z band. At regular intervals there
are groups of thick myosin--containing filaments. Overlapping thick

and thin filaments make up the A band, while the thick filaments form
the H band portion of the A band. The T band only contains the thin

filaments. The arrangement of the rnyofilaments is why the myofibril

appears to be striated (30).
During muscular contraction the filaments remain the same
length. The muscle becomes shorter because the thick myosin fila-

ments pull the actin filaments toward the middle of the A band. The

actin and myosin filaments interact through a system of "cross bridges"

as a result of an apparent electrostatic process between the myosin
and the actin which results in sliding of the actin filaments. This
sliding filament process has been cited and described by deVries (23),
Karpovich (29), and others. The exact mechanism that brings about
the sliding of the actin filaments in relation to the myosin fila-ments
has not yet been finalized.
Red and White Muscle

Skeletal muscles vary in color: some are pale and others contain
more pigment causing them to appear darker. Red fibers are referred

to as tonic and pale as phasic in nature. The pale fibers have fewer
granules and very little myoglobin when compared to the darker and

redder appearance of the fibers with a comparatively higher concentra-

tion of myoglobin and grandular material. Dark fibers have a smaller
diameter and contain more sarcoplasm and mitochondria per unit area
than do the white ones. The pigment in the red, tonic, fibers may

serve as a means of storage of oxygen. These fibers depend primarily
on oxidative metabolism and are adapted to sustained contraction, such

as is required in maintaining posture. The more pale, phasic fibers
depend primarily on glycolytic metabolism, fatigue more easily, and
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are better adapted to perform fast contractions. The most common type
of muscle in man is a mixture of both red and white fibers (23, 29, 30,
51).

The respiratory capacity of red and white muscle and its response

to exercise has been studied in rats (2). For comparative purposes,

the quadriceps muscles of rats were dissected out, treated and
separated into a superficial white portion, a deep red portion, and a
mixed middle portion.

Prior to dissection, the rats were divided into

two groups: an exercising group and a sedentary group. The exercising group was trained for 12 weeks by a treadmill running program.

Examination of the quadriceps muscles after dissection revealed an

increased percentage of red muscle fibers in the deeper, less superficial fibers. This variation of proportions of red, white, and intermediate muscle fibers was constant between the runners and sedentary
groups. However, upon examination of another muscle, the plantaris,

Baldwin (2) found the percentage of red-appearing fibers to be
decreased in the muscle of the runners as compared to the sedentary
control group.

The exercise group showed a two-fold increase in the

capacity for aerobic metabolism with a proportionate aerobic metabolic

increase in the three fiber types (2).
Physical Properties of Muscle
Skeletal muscle has an elastic quality. Muscle tissue can be
stretched and twisted and will return to its original length and shape.
The individual fibers follow Hooke's law for elastic bodies; the amount

of elongation is proportionate to the stretching force. The entire
muscle body deviates from the law for elastic bodies because it

contains a great deal of other tissues besides the muscular. The
muscle increases in elasticity after stretching (29).
A contracted muscle has a greater ability for stretching than
does a relaxed one. This increased extensibility functions as a safety
device, protecting muscle from rupturing during sudden contractions
(29).

When a muscle is stretched the A bands remain constant in length,

the I bands increase in length, the actin filaments are pulled out of the
A bands, and the H bands become longer by an amount equal to the

increase in the length of the I bands. A muscle can resist a stretch
Ir

with a greater amount of force than it can develop in an isometric
contraction (51).
MUSCULAR CONTRACTIONS

Contraction Types

The terminology applied to a muscular contraction ranges from

isometric to isotonic, dynamic to static, to phasic. A muscle that
does not change its length while contracting i3 technically called an

isometric type contraction, however in order to record tension
developed in isometric contraction, a slight shortening takes place
and is allowable (29). No work is technically accomplished during an

isometric contraction because the force being exerted by the muscle

does not overcome the resistance causing movement. The energy
which would normally be displayed as mechanical work is dissipated

as heat. Since no shortening of the muscle takes place during an iso-

metric contraction, the length of the A bands and I bands is constant.
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However, within the muscle some internal shortening of the contractile
components occurs with a corresponding extension of the elastic components (51). The type of muscle contraction of primary concern in

this study is the isometric or static.
The isotonic muscle contraction refers to a change in muscle
length while maintaining the same intramuscular tension. Work is
accomplished when a muscle contracts and shortens. The muscle

lengthening or shortening during isotonic contraction is determined
by the amount of tension created against the resistance. When the

resistance is overcome and the muscle shortens, the contraction is
concentric. A muscle that lengthens during a contraction and' has
failed to overcome the resistance is contracting essentrically.
The Muscle Twitch

The muscle twitch is the response of a muscle to a single stimulus

by a single contraction. A simple muscle twitch is not typical of a
muscular contraction, but best serves to give a general basis for understanding the process of a muscular contraction.
A single stimulus given to a muscle elicites a single contraction

characterized by three periods: a latent period, a period of contraction, and a period of relaxation. The latent period occurs from the
moment of stimulation until the muscle begins to shorten. During the
latent period the excitation-contraction coupling events occur. The
excitation-contraction coupling events are those events occurring

between the time the action potential reaches the muscle fiber and the
beginning of the contraction. The slack in the elastic-series system

is taken up by shortening of some sarcomeres and some fibers; this
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results in initial stretch and in increase in active tension in some parts
of the entire system without change in length of the muscle itself. The
second contracting phase of the muscle twitch immediately follows the
latent period. Active tension diminishes as the peak of contraction

and sum of total active and passive tension is reached. The third
phase of the twitch is the relaxation of the muscle. The relaxation
phase involves the lengthening of the muscle back to its resting length
(23, 29, 30).

The time for each of the three phases of the muscle twitch vary
from species to species and from muscle to muscle within the same
species. The exampled cited in most texts reflecting muscleetwitch

times is the laboratory preparation of the frog's gastrocnemius muscle.
The latent period is approximately 0.01 seconds, the contraction period
approximately 0.04 seconds, and the relaxation period approximately
0.05 seconds (23, 29).
Summation of Contractions

The tension of a muscle can be increased considerably by application of a second stimulus within the period of a single muscle twitch.

If the second stimulus is applied at the high point of the first twitch a
second contraction begins at the elevated tension point of the first
twitch. As a result, the second contraction is added to the first before
the muscle returns to its original tension level. If stimuli of adequate
strength to cause maximum contraction are applied in rapid succession, the total tension and degree of shortening elicited exceed that
developed by a muscle twitch. The amount of total tension and shortening depends on the frequency of stimuli or time interval between
stimuli. As the frequency of stimuli increases, successive peaks in
contractions canbe observed and are referred to as incomplete tetanus (23, 30).
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Complete tetanus comes about when the muscle is rapidly stim
ulated by a volley of impluses that do not allow for any relaxation to
take place. As a result, a relatively steady tension is created that is

three to four times that of the single muscle twitch (23).
Neural Structure and Function of Muscle
Each muscle cell is an independently innervated functioning unit.

Nerve cells may innervate more than one muscle cell and very often
do. The cell bodies of the neurons or nerve cells lie in the ventral
horns of the spinal cord. The axons of these cells form the nerve

fibers of the efferent fibers of the peripheral nerves, which innervate
the muscles. The nerve fibers travel in the perimysium in conjunction
with the arterioles, branching several times allowing one neuron to
innervate more than one muscle fiber (23). The structural and
functional unit of the nervous system is the single nerve cell, the
neuron.

The neuron and the muscle fibers supplied by it is the motor

unit.

This motor unit arrangement allows for part of the muscle fibers
to relax while the remaining muscle fibers are contracting. This type
of alternate firing of motor units is typically thought to take place during a muscular contraction. Different neurons have different thresholds of excitation which also facilitates the alternate firing of motor
units. Logically, it should be possible to develop in a given muscle
as many different degrees of strength as there are motor units represented in that muscle (21).

The control of a voluntary muscular contraction is accomplished

by the complex neuromuscular system. Merton (42) best describes
the role of the neuromuscular system, emphasizing the importance of
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the muscle spindle. The muscle spindles consist of bundles of modified

muscle fibers and the intrafusal muscle fibers, with the sensory nerve
fibers wrapped around a short specialized region somewhere near the
middle of their length. The muscle spindles are stimulated by a change
in their length. The stretching of the main muscle fiber is detected by

the muscle spindle, the muscle spindle being most sensitive to stretching of this highly specialized sensory region of the muscle.

The muscle spindles are the most important of the muscle sense
organs. The unique property of these sensory structures is that they
are themselves contractile (42). However, they are not equally contractile along their entire length. The contractile apparatus fade.6 out in
the sensory region, and the middle of the sensory region, where the

sense endings connected to the largest fibers lie, probably do not contract at all. When the spindle contracts, these sense endings, called
the primary endings, are stretched by the contraction of the remainder
of the spindle and discharge nerve impulses (42). The muscle spindles

play a dominant role in the detection of the misalignment of the muscle
fibers. This function allows a person to attain desired limb positions
and adjustments without a conscious level to ensure that our muscles
do what one expects of them (42).

In addition to the muscle spindle, other muscle sense organs
include: the Golgi tendon organ; the pacinian corpuscle; and the free
nerve endings. The Golgi tendon organs are found in the musculotendinous junction, and throughout the perimysial connective tissue.
The Golgi tendon organ functions as somewhat of a protective sensory

devise responding to overstretching of the tissues. A second function
of the tendon organ is sensory response to tension produced by active
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contraction of the muscle. The threshold of the Golgi tendon organ is

higher than the muscle spindle's (23).
The pacinian corpuscle is an end-organ located outside the muscle
tissue and is found highly concentrated in the joints and the sheaths of
tendons of muscles. The change in limb position elicites a response

from this sensory organ and is probably responsible for a great deal
of the kinesthetic sense. The free nerve endings are unmyelinated and
are thought to be widely distributed through the muscle, tendons, joint,
fascia, and ligaments, but function only indirectly by serving the blood
vessels supplying these tissues (23).
Chemistry of a Muscular Contraction

Human muscular performance involves a complex chemical process that demands a sufficient fuel supply that must be continuously

replenished if prolonged performance is to take place. Ultimately,

all of the energy for muscular work is derived from the oxidation of

foodstuffs, primarily carbohydrate and fat. During work, oxygen intake

increases proportionately to the severity of exercise, and may continue

at a raised level long after the work ceases. When the energy expenditure is sufficiently low that the circulorespiratory system can
immediately supply the muscle cells with all the oxygen they need, the

work is termed "aerobic". When the demands for oxydation exceed

the immediate capabilities of these system, the work is termed
"anaerobic ". In anerobic work, the additional energy is derived from

the breakdown of various energy-rich substances stored in the body
(51).
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The initial chemical process is initiated by the influence of
acetylcholine on actomyosin in the presence of potassium. Acetylcholine is produced by nerve action and causes changes in membrane

permeability thereby permitting an influx of sodium ions. The resulting ionic imbalance triggers the activity of adenosinetriphosphate (ATP).
(52).

The immediate source of energy for the contraction process of

the actin and myosin filaments of the myofibril is dependent on two

chemical reactions. The only direct source of energy for contraction
comes from local stores of ATP as it is hydrolyzed by breaking one of
its high energy bonds giving adenosine diphosphate (ADP) and phosphoric
acid. Actomyosin is the enzyme required to catalyze this reaction;

thus, the contractile protein catalyzes its own energy-supply reaction
(51).

The second chemical reaction supplying energy for the initial

contraction is the reaction between creatine phosphate and ADP to

liberate creatine and ATP. This reaction involves the transference
of a high energy phosphate bond to the ADP to form ATP which is

closely related to the actual shortening process (23, 51, 52).
The next phase of the chemical process involves the problem of
resupplying and maintaining the ATP necessary for the muscular contraction to continue. Energy and phosphate is needed to maintain the

resynthesis of ATP from the reaction of the creatine phosphate and
ADP; this is supplied by carbohydrate breakdown. This carbohydrate

breakdown proceeds to completion in the presence of oxygen, by way

of many intermediate reactions. Briefly, carbohydrate combines with
oxygen , ADP, and phosphate and gives off carbon dioxide, water, and
.ATP (23, 51, 52).
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The rate of ATP utilization during strenuous muscular effort

greatly exceeds the rate of muscle oxygen consumption and is reflected
in increased end-products of muscle metabolism. The end products
of muscle metabolism include primarily carbon dioxide and water in

the oxidative, aerobic process; and lactic acid, the end product of concern from the non-oxydative, anaerobic process. When the demand
for oxygen exceeds the bodies ability to supply the oxygen needed for

these chemical processes, and "oxygen debt" is said to have occurred
(23, 51, 52).
The end products of muscle metabolism in the acid form of lactic
and pyruvic acids are reconstituted through oxydative means.- Lactic
acid diffuses from the muscle tissue into the blood stream. The lactic
acid which diffuses into the blood stream is converted through oxidation
in the liver into glycogen. This conversion process is known as the
Cori cycle. The liver stores the converted lactic acid in the form of

glycogen and releases it into the bloodstream in the form of glucose to
be utilized by the tissues after being reconverted to glycogen. The
pyruvic acid is also convertible. During steady state, pyruvic acid is

eventually reduced through a series of complex reactions, the Krebs
cycle, into carbon dioxide and water. During maximal exercise, however, pyruvic acid is converted to lactic acid. Lactic acid and pyruvic
acid are interconvertable. During work, some lactic acid may be converted to pyruvic acid and eventually be synthesized via the Krebs
cycle (23, 52).

A simplified summary of the chemistry of muscle contraction
includes two fundamental processes: anaerobic, non-oxydative processes and the aerobic, oxydative processes taking place within the
individual muscle cells. The breakdown of the essential compounds
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of ATP, glycogen, phosphocreatine, and ADP provides energy.

This

energy serves as a source for muscle contraction, as in ATP breakdown, or serves to resynthesis the compounds. The breakdown of
ATP, phosphocreatine, and glucose is accomplished in the nonoxidative

or anaerobic phase. Reconversion of, lactic and pyruvic acid requires
the presence of oxygen (52).
BLOOD SUPPLY

Muscle tissue maintains a high level of metabolic activity.

In

order to meet the demands of this high metabolic activity, muscle

tissue is extremely well supplied with capillaries; each muscle fiber
is supplied with several capillaries. To furnish this rich vascularization, la rger branches of arteries penetrate the muscle by following
the paths of the septa between fascictili in the perimysium.

The arter-

ies furnish arterioles to the fasciculi, and the arterioles give off
capillaries at sharp angles to individual fibers. The veins follow the
arteries and even the smallest veins have valves (23).
This extensive network of capillaries in the connective tissue

supporting the individual muscle fibers is arranged so that the active
contractile substance of the muscle cell is separated from the blood
by only the thin sarcolemma and the single layer of endothelial cells
which constitute the wall of the capillary blood vessel. This provides

for a comparatively free exchange of materials between the blood
and the muscle fiber (29).
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Occlusion of the Blood Supply

The transport of oxygen, carbon dioxide, and other materials produced during physical performance becomes a limiting factor when the
blood supply is occluded. Occlusion of local blood supply has been con-

sidered in a number of studies (13, 34, 35, 56, 57, 58).
A static (isometric) contraction will produce partial or complete
occlusion of the blood supply both to and from the muscle group involved.

The point at which occlusion takes place is referred to as the percentage
of maximum isometric contraction. The specific occlusion point pre-

sents a controversy. Seventy percent of maximum has been suggested
(13, 56) while others contend no biologically fixed and constant absolute

critical intensity occluding intramuscular circulation (35, 58).

Maximal static contractions can create a force of several hundred

millimeters of mercury intramuscularly. Peak arterial blood pres

sures at rest are approximately 120 mm Hg. in most cases, suggesting
partial or complete occlusion of the intramuscular circulation (1).
The amount of occluded blood supply to the muscle during contrac-

tion depends on the degree of tension being exerted against the arterial

walls, capillaries, and veins (34, 58). Intratnuscular circulatory
occlusion occuring when the tension overcomes the arterial pressure
causes an ischaemic condition, which is an anemia due to obstruction

of arterial blood flow (I, 57, 58). The blood flow through the muscle
is unable to deliver oxygen fast enough for the energy demand, therefore creating an anaerobic condition (1, 25).
Start (57) studied the effects of an occluded blood supply to

wrist flexors. The blood supply was occluded by placing a sphygornameter cuff on the upper arm. The systolic blood pressure was noted
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for each subject and the cuff then inflated to the systolic pressure plus
15 mm of Hg.

Both male and female subjects were then given an iso-

metric strength test to determine maximum strength. Both arms of
each subject were tested for endurance by loading the muscle at given

percentages of the individuals maximum strength, 35 percent to 85
percent. Start (57) found a linear relationship between load and
endurance.

In studying the effect of submaximal isometric performances of

the elbow flexors, Carlson (13) has suggested that complete intramuscular occlusion occurs above 70 percent maximum. The subjects
of this study performed elbow flexion holding trials at 50%, 60%, 70%
and 80% of their maximum isometric strength. Only the 80% measure
produced equal holding times when the data was treated in three

separate strength groups: high, middle, and low.
On the other hand, Kroll (35) supports the idea that no bio-

logically fixed and constant absolute critical intensity level of isometric
muscular tension occludes intramuscular circulation. Kroll also divided

a group of male subjects into three strength levels after giving them a

20 trial absolute performance test of the wrist flexors of each arm with
a 30 second rest period. Kroll (35) suggested from this study that
higher levels of strength possess a superior physiological apparatus
designed to maintain high absolute levels of strength in situations

where recovery periods were allowed.
A muscular contraction may lead to either a relative deficiency

or a complete obstruction of blood flow for such a time as the contraction is maintained, depending on the intensity and length of contraction.
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STRENGTH AND ENDURANCE

The relationship between muscular strength and muscular endur-

ance has been studied by several researchers under a variety of variables and conditions (6,14,18,33,35,48,49,55,58,59). Clarke (18)
outlines eight principles of muscular contraction in terms of strength
and endurance.

1. The amount of resistance required to induce muscular
exhaustion in a relatively short time varies among
individuals, depending on strength of muscles primarily involved.
2. The work output of muscles in exhaustion performance
is greater when they are in the greatest position to
apply greatest tension at the point of greatest stress.

3. The speed of muscular contraction affects muscular
endurance performance suggesting there is a specific
combination of load and cadence which produces maximum
work output of each muscle group.

4. Individuals with greatest muscular strength have greatest
absolute endurance, however, stronger muscles tend to
maintain a smaller proportion of maximum strength than
do weaker muscles.
5. An immediate effect of fatiguing muscles is to reduce
their ability to apply tension (the amount of decrement
being an indication of the degree of muscle fatigue).

6. Strength recovery rates resulting from muscular fatigue
are increased by muscle condition and by general 'body
movement following exercise.

7. Muscular fatigue patterns from strenuous total body
activity can be revealed by strength decrements of
individual muscle groups.
8. The strength decrement of involved muscle groups may
be used to determine total body muscular fatigue resulting from strenuous activity, and may serve as a criterion
for evaluating the effects of such activity on the body as a
whole.

The question of individuals with greatest muscular strength haying greatest absolute endurance "and less relative endurance has been

23

studied in terms of wrist flexion (34, 35, 46), elbow flexion (14, 27, 55,

58), bench press activity (6, 54), back and leg lift testing (59), static
testing (14, 34, 35, 45, 55, 58, 59), and dynamic testing (6, 48, 54).

The

terms of "absolute'? and "relative" present some confusion as to the

context of their meaning. For purposes here, an "absolute" workload
is a workload that is assigned and is common to the whole group under

consideration; a "relative" workload is a workload that is assigned, but
is relative to the individual subject's maximum strength. For example,
a workload of 50% of a group's mean maximum dynamic strength is

an "absolute" assigned workload. A workload of 75% of an individual's

maximum dynamic strength is a "relative" workload.
Dynamic and Static Strength-Endurance Relationship

The strength available for doing work varies from joint to joint
and also with the angle of each joint in addition to the type of muscular
contraction. Berger (6) and Shaver (54) (Dec: 1971) have examined the

strength-endurance relationship through assessment of the bench

press lift, a dynamic weightlift activity. In both cases maximum
dynamic strength was assessed as the maximum amount of weight each
subject could bench press lift one complete movement (1 RM). Readings

were recorded in pounds. However, the relative dynamic endurance

was different in each of these two investigations. Berger (6) assessed
the relative dynamic endurance as the number of times a load one-half
(50%) of maximum dynamic could be lifted by each subject. Shaver
(Dec: 1971) used the number of times an individually determined load

representing three-forths (75%) of each subject's maximum dynamic

strength could be lifted as a relative dynamic endurance. Shaver also
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looked at the absolute dynamic endurance of his subjects in terms of the
number of times a common load of three-forths (75%) of the groups

mean maximum dynamic strength could be lifted. A negative correlation between maximum dynamic strength and relative dynamic endur-

ance in the bench press lift was found in both of these investigations,
Berger (6) finding a -0.40 and Shaver (Dec: 1971) a -0.19.

When

the dynamic strength was compared to the absolute dynamic endurance
of a common group mean performance of 75%, Shaver (54) (Dec: 1971)

found a positive correlation of 0.93.
Static strength - endurance relationships have been investigated

and appear in the majority of the literature dealing with asseS'sment
of strength and endurance. Tuttle, et al.

,

(59) used a grip dynamo-

meter, based on the strain gauge technique, to assess maximum static
strength. The strength endurance was determined by the average strength

held for 60 seconds on a back and leg dynamometer, which was also
based on the strain gauge technique and converted to pounds. After

dividing strength endurance by the maximum static strength, a percentage of maximum strength was determined. The static strength-

endurance relationship of the back and leg was to be 0.90 and 0.91.

Tuttle, et al. , (59) concluded that individuals with the greatest
maximum strength have a greater absolute strength endurance index
and that stronger individuals can maintain a smaller proportion of
their maximum back and leg strength than those with less initial
strength. In addition, Tuttle, et al.

,

(59) suggest that the develop-

ment of strength endurance is not directly proportional to the development of maximum strength.
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In another study of grip strength and endurance, Mundale

(49)

tested ten adult subjects using the handgrip dynamometer. The subjects were tested at seven sub-maximal workloads at 1070-70% of
maximum. Each bout consisted of ten minutes of repeated isometric
contractions. Three series were given using different contraction and
rest intervals: 1) one second contractions with one second rest;
2) two second contractions with one second rest; 3) three second contraction with one second rest. Mundale (49) found that a decrease

in strength became more evident in bouts exceeding 20% of maximum
strength. The strength decrement was roughly proportional to the

isometric tension during the exercise. This study also showed that one
second contractions with a one second rest interval between contractions
can only produce 36% of maximum tension. Mundale (49) agrees with

Tuttle, et al.

,

(59) that stronger subjects are less able than weaker

subjects to maintain endurance activities at the same proportion of
their maximum strength.

The biceps brachii have been tested isometrically to determine
the strength-endurance relationship of skeletal muscle (14, 27, 55, 58).
Start and Graham (58) looked at the isometric strength and absolute
isometric endurance of the forearm flexors and found a positive correlation of . 75. A cable tensiometer was used to determine the maximum

isometric strength while the arm was at 115 degrees. The absolute
isometric endurance was found by the time a common load of 5/8 of
the groups' mean maximum strength could be maintained by the forearm flexors between 115 degrees and 116 degrees.

The relative iso-

metric endurance vvas determined by the time an individual load of 5/8

of each individual's maximum strength could be maintained in a flexed
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position between 115° and 116°.

A significant negative correlation was found by Carlson and

McCraw (14) between isometric strength and relative isometric
endurance while testing the forearm flexors. Submaximal isometric
performances at 30%, 45%, 60% and 75% were used to determine this
negative correlation. The 36 male college age subjects were divided
into three strength groups. The weak subjects performed significantly
better than strong subjects on the light weight loads, with no difference existing between endurance performances on the heavy loads (14).
Flexor-Extensor Strength Relationships
Burkett (10) conducted a study of the strength relationship
between the flexors (hamstrings) and the extensors (quadraceps) of the
knee. The primary concern of the study was the imbalance between the
two muscle groups as it relates to hamstring strains. Five professional
football players and 12 track athletes made up the experimental group
having a history of hamstring strains and 50 athletes were used as controls, each having a history free of hamstring strains. The statistical
results showed a significant difference for strength imbalance between

flexors, and flexion-extension strength ratio for both samples. The
track athletes also showed a significant difference for strength imbalance between extensors, and bilateral muscle strength (10).
Trainin

:

Strength-Endurance

Do different training programs have different or similar affects
on the development and maintenance of strength and endurance? This
question has been investigated quite extensively (36, 50, 55). The
variables involved in the training programs for development of strength
and endurance include: 1) type of training; 2) intensity; 3) duration;

27

4) frequency of training sessions; and 5) specificity of the training
program.

McCraw, et al. , (44) was concerned with three types of training programs and their influences on the development of strength and
endurance: 1) isotonic method: a regular progressive weight training

program; 2) an isometric method: maximum muscular contractions
for five to ten seconds; 3) a speed method: muscles contracted quite
rapidly using light weight or against resistance provided by the body itself. This study showed no single method as being adequate in achieving maximum development of both strength and endurance. McCraw,
et al.

,

(44) suggests that muscular endurance can best be developed

by repeated contractions of the muscle, performed as rapidly as
possible against a reasonably heavy load. Strength may be developed
with any one of the three resistive programs, but the isometric and
isotonic methods appear to be best for persons who are strong initially,
suggesting that the extent to which a particular method is effective may
well depend on the initial status of the individual in the attribute in
question (44).

A specific isometric training investigation was done by McGlynn
(45) to study the relationship between maximum strength and endurance. Maximum strength and percentage of maximum strength held
was also studied. The program included a 20 day isometric program
specifically designed for the wrist flexors. Sixty subjects were used
and were divided and performances examined by individual levels of

strength. A positive relationship (r = . 73 to 80) was found between
maximum strength and absolute endurance. Maximum strength and

percentage of maximum strength held resulted in a negative relationship when different levels of strength were compared (45). The positive
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relationship between strength and absolute endurance is supported by

Shaver (May: 1971) in a study of the response of the biceps brachii
(forearm flexors) during a six week, high intensity, low repetition
isotonic training program.

Strength as related to muscle power is of prime significance in
many activities. The improvement of muscle power through the
development of muscular strength has been investigated by Mc Clements
(43). Four different training programs were used to increase the
strength of the muscles involved in the vertical jump. These programs
included development of: 1) the strength of the leg and thigh extensors;
2) both the leg and thigh flexors and extensors; 3) the strength of the
leg and thigh flexors; and 4) total body fitness. All four training programs were equally effective in causing increases in the power of the

leg and thigh muscles used in the vertical jump. McClements suggests
that although strength is related to power, gains in strength are not
related to power (43).
Clarke and Stull (16) conducted a seven week study of the
influence of a combined isometric-isotonic training program on the

fatigue patterns of the elbow flexors. Training elicited significant

increases in the parameters of initial strength, final strength, and
total work, but no alteration occurred in fatigable work. Pre and
post training fatigue curves were quite similar except that the post
training curve was consistently higher, and the fast acting component
present during the early stages of exercise was more pronounced
following training. This suggests and supports the idea that stronger
muscles have a tendency to fatigue more rapidly than weaker muscles.
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FATIGUE

Fatigue can be defined in a variety of ways. Definitions are

proposed in terms of chronic or acute fatigue. Bartley (3) and
Bartley and Chute (4) propose an interesting concept of fatigue,

distinguishing fatigue from a reduction in performance. Bartley and
Chute (4) define fatigue as a "whole" experience of the man at the

sensory-cognitive level. A decrease in performance according to
Bartley is not fatigue but work impairment. Impairment is a physio-

logical change in tissue which reduces its ability to participate in the
larger aspects of organic functioning. Impariment is experienced

indirectly at the sensory-cognitive level (4).
Clarke (17) on the other hand reports muscle fatigue in terms
of strength decrement. Clarke's work deals with the acute, more

immediate fatigue which is reflected by a reduced ability of the
muscle to produce tension. A strength decrement index (SDI) has
been developed by Clarke and his associates to express percentages
of strength loss as a result of heavy work accomplished with cabletension testing techniques.

Muscular fatigue viewed as a reduced ability to apply tension is
a complex phenomenon influenced by a number of physiological and

psychological variables. Occlusion of the blood supply, local fuel

source, neuromuscular role of contraction, the interval between contractions, length of contraction time, and the intensity of contraction
all have an influence on the degree of fatigue taking place.
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Occlusion of the Blood. Supply

A discussion of the role of occlusion of the blood supply to and

from the muscle has been included in a previous section on the blood

supply to a local area. Briefly, an occluded blood supply does take

place during isometric muscular contractions both to and from the
muscle or group of muscles involved. The primary function of the

blood supply is the transport of oxygen, carbon dioxide, and other
metabolic products. Occlusion of the blood supply becomes a limiting

factor during physical performances. Maximal isometric contractions

can create a force of several hundren millimeters of mercury intramuscularly. Peak arterial blood pressures at rest are approximately
120 mm. Hg. in most cases, suggesting partial or complete occlusion
of the intramuscular circulation (1).
The work by Lind and Mc Nicol (38) suggests some significant

concepts on occlusion of the blood supply to a local area. The compen-

satory cardiac response to sustained isometric contractions causes an
increase in blood pressure in an attempt to overcome the pressure on
the vascular walls. Lind and Mc Nicol (38) support this concept
through au investigation of the cardiovascular responses to sustained
and rhythmic exercise. Using the handgrip dynamometer, a three

minute sustained isometric contraction at five and ten percent maximum
voluntary contraction (MVC) caused a rise in blood flow to the muscle

until a steady state was reached, with the blood flow quickly returning
to resting values following contractions. At 20 and 30 percent MVC,
the blood flows were shown to increase steadily throughout the three
minute contractions with no indication of reaching a steady state, with
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the post contraction of blood flows increasing to peak levels following

contraction and falling to resting values after a few minutes. From
these results, Lind and Mc Nicol (38) concluded that up to 15 percent

MVC the rise in blood pressure was sufficient to allow enough blood to

flow into the local tissue to account for the apparent steady state.
At tensions above 15 percent MVC the blood pressure was also increased,
but did not allow sufficient blood flow to the tissue meeting the metabolic
demands. If the metabolic demands cannot be met during a sustained

isometric contraction through sufficient blood flow, fatigue will occur
(38).

Muscle Energy Requirements

Anaerobic performance places a demand on the energy source
available within the muscle tissue (16, 22, 26, 28, 45, 50, 57). Possible

factors that determine endurance are the energy available and the
demands made upon it (45). Recent studies suggest that energy

depletion resulting in fatigue, a decrement of external work, during
prolonged anaerobic performance seems to involve more than muscle
glycogen concentrations (22, 26, 28).
Co still, et al., (22) conducted an investigation that made a
series of observations of the content and utilization of glycogen in

the vastus lateralis, quadriceps femoris, gastrocnem us, and soleus
muscles at rest after both short and prolonged bouts of exhaustive
running. Substantial quantities of muscle glycogen were found after

both the prolonged and short exhaustive runs, glycogen depletion was
suggested as an unlikely explanation for the fatigue experienced by the
subjects in this investigation (22).
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A similar type of investigation, Forberg, et al., (26) studied
the concentration of triglycerides, phospholipids and glycogen in the

vastus lateralis of seven subjects before and after a prolonged exercise
session of seven hours cross country skiing. Results showed mean
muscle triglyceride concentrations decreased with no change in
phospholipid concentrations. Mean glycogen concentrations in the

muscle decreased from 16 to 7 mg/g wet weight during the exercise
session. The authors concluded that not only muscle glycogen, but

muscle triglycerides are important in energy metabolism in man during exercise (22). A marked decrease in muscle glycogen content
after prolonged heavy exercise has also been shown by Karlsdn (28)

Decreased glycogen in the muscle results in a possible lack of ATP
and creatine phosphate resynthesis, since ATP and creatine phosphate
can be rebuilt by energy from the breakdown of glycogen to lactic
acid (25).

Blood lactate concentrations have been shown to be reduced after
prolonged work which might indicate enhanced utilization of blood borne
lactate induced by prolonged work (1, 26,28). During sustained iso-

metric contractions, this utilization of blood borne lactate appears to
be inhibited because the blood flow through the muscle is too slow to

remove the lactate as fast as it is formed. As a result, accumulation
of lactate in the muscle may inhibit further muscle contractions (25).
Clarke and Stull (16) suggest that the accumulation of the metabolic

products of exercise accelerates the fatiguing effect, especially at
the higher strength levels as a result of the greater number of metabolic
products being produced by the muscle (16).
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The amount of external work appears to be partially dependent
on the amount of available local energy and the products of the muscles

basic metabolic requirements. In addition to this the duration of the
work also has a direct effect on the amount of external work accomplished. Start (57) contends that the dissipation of the energy reserve
would be proportional to the work output.

Neuromuscular Function and Fatigue

The neuromuscular function during repeated muscular contractions is a complex phenomenon with several unanswered questions.

Where is the site of neuromuscular fatigue? What are the influences
that neuromuscular function has on fatigue? The frequency (9)
synchronization of potentials (5, 32), motor unit recruitment (5, 32, 53),
amplitude of action potentials (5, 8, 32, 42), and the rate of excitation

activatior being released at the contractile elements level (40) are
all of concern.
Prolonged voluntary periodic contraction of the forearm is
accompanied by a reduction of potential and a variation in amplitude

of the size of the motor unit potential (5, 32). Decreasing action
potential amplitude is obtained by loading the muscle beyond its
capacity to lift the load (32). This concept is refuted by Merton (42).

Merton illustrates that electrical stimulation to the illnar nerve of
the wrist cannot restore the strength, implying that action potentials
do not diminish in amplitude, suggesting fatigue is not due to neuromuscular blockage. Fatigue appears then to be peripheral because

when strength fails, electrical stimulation of the motor nerve cannot

restore it, and recovery from fatigue does not take place if the
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circulation to the muscle is occluded (42). Partial blockage of the

ulnar nerve by pressure at the elbow does not inhibit the frequency
of discharge in relation to strength of contraction of an unblocked
normal nerve (9).

During sustained isometric contractions, EMG studies suggest
that additional motor units are progressively recruited to compensate

for the loss of contractility due to impairment of fatigued units (5,53).
Scherrer (53) conducted an EMG study involving the triceps of the
arm. Both dynamic and static testing was done. Results suggest that

in efforts of relatively high power an increase in the number of motor
units discharging and their tendency to grouping was taking place.
Scherrer recognizes two essential EMG phenomena appearing during
every prolonged and intense muscular activity: 1) a deficiency in the
coupling of the electrical and mechanical phenomena and 2) a synchron-

ization of motor units. Basmajian (5) feels that this synchroniza-

tion of potentials is taking place during the final stage of exertion in

order to compensate for the loss in contractility due to impairment
of fatigued units.

The electrical activity within a contracting muscle has been
shown to be directly proportional to the tension produced by the
muscle (8). The tension increases proportionally with the frequency

of stimulation until a plateau is reached. The optimum frequency of
stimulation to produce maximum efficiency is approximately 35/second.
The frequency of motor unit firing in some way determines the amount

of tension being produced, rather than the degree of voluntary effort
made (9).
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Margaria, et al., (40) conducted a study on the "effect of a
steady-state exercise on maximum anaerobic power". The subjects
performed a series of runs up a 57% grade of 40 stairs after an apparent
"steady state", in terms of 02 requirements, had been achieved by a
step-up on a 40 cm bench. Margaria, et al. , found run performance
to be the same, independent of previous sub-maximal performance
on the step-up test. From this, the author suggested that maximum
anaerobic power decreases as the level of split ATP and creatine
phosphate increases. The hypothesis that ATP is evidently activated
by some factor elicited by the excitation wave reaching the contractile
tissue within the muscle was presented. From this, Margaria, et al.,
(40) contends that the maximum power that the muscle can develop

is entirely dependent on the limited maximal rate of activator that
can be released at the contractile elements level.

Intertrial Interval and Fatigue
Serial maximal isometric muscular contractions followed by rest
intervals of varying lengths produce different amounts of fatigue.
When comparing constant intertrial intervals of 12. 5, 25, 50, 100,
or 200 seconds during successive maximum isometric pulls, a rapid
intertrial reduction in output is followed by an essentially linear
decline (11). Tests of 5,10, 20, 30 and 60 second recovery times

between maximum efforts produce different fatigue pattern when high,
middle, and low strength groups are compared (14, 33, 34, 56). A 20

second recovery period allows low level strength groups to operate at
an apparent "steady state" when performing five second maximum

isometric wrist flexion trials (34).
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Psychological Influences and Fatigue

Research of the psychological influences on maximal muscular

effort in relation to fatigue has been very limited. The psychological

influences discussed in the literature are basically observed or rationalized phenomena. Gradual development of cortical inhibortory
potentials (11) may be produced by the tension in the articular cap-

sules and ligaments (5) resulting in a feeling of "pain". Enhanced
performance by overcoming the pain sensation during extreme muscular
effort may be explained in terms of "motivation" of the individual
(1, 12, 34).
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Fatigue Curves
Glenn (27) studied the flexor and extensor muscles around the
elbow joint. A comparison of the fatigue patterns of the flexor and

extensor muscles of the arm during a maximum isometric performance
for each muscle group was reported. The tests consisted of 30 trials
of arm extension and 30 trials of arm flexion. Each trial being a
maximum effort for each test of 30 trials. Contraction cycles of ten
seconds were used. Forty-five subjects were grouped into high, middle, and low strength groups on the basis of the addition of the median

scores of the two isometric performance. The data revealed no significant difference between fatigue patterns of the extensors and flexors of
the arm. Glenn (27) also reports no significant difference between
fatigue curves of the high, middle, and low strength groups.

Static muscular contractions of the wrist flexors have
been studied by Kroll. (34, 35) and others (45, 57). In
both studies by Kroll (34, 45), an attempt was made to look at the

fatigue curves produced by repeated isometric wrist flexion trials at

different levels of absolute isometric strength and also under the condition of repeated isometric contractions with intertrial recovery
periods. One of Kroll's studies (35) used a 30 second intertrial
recovery period and the second study (34) used recovery
periods between trials of 5, 10, or 20 seconds. Subjects of Kroll's

study (35) were ranked into strength groups on the basis of the first
two trials for each arm. The data was treatee. using an analysis of

variance of trends for each of the limbs. The left wrist flexors showed
a significant difference between groups for the linear ,.rend. However,
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the best definition of the fatigue curves was represented by a quartic
equation. The right wrist flexor trend demonstrated significant linear,

quadratic, and cubic components. There was also a significant difference between high, middle, and low strength group trends. The cubic
equation best defined the fatigue curves for the right wrist flexors in
this study (35).

In a second study involving 45 subjects, Kroll (34) tested the

wrist flexors with intertrial recovery periods of 5, 10, or 20 seconds.
The subjects were also divided into high, middle, and low strength
groups on the basis of their performance. The low level group always
demonstrated a fatigue pattern significantly different from high and
mid-levels. High and middle levels displayed similar patterns differing only in the absolute strength levels. The 20 second recovery period
allowed low level groups to operate at an apparent "steady state" with
the high and middle levels being unable to achieve this so called "steady
state". This study supports the idea that stronger muscles fatigue

faster than weaker muscles, but only under specific strength levels (34)
Caldwell (11) best summarizes the matter of a decrement of
human muscular performance:

at the present time there is no way to determine
whether the decrement (in performance) is due to
occlusion of blood supply of the active muscles and
the consequent accumulation of acid metabolites
which produce the experience of eschemic pain, to
the depletion of local fuel for muscle metabolism,
to failure at the neuromuscular junction, to changes
in the contractile mechanism, or to the gradual
development of cortical inhibitory potentials (Caldwell,
vol. 12, pages 547-552, 1970).
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METHODS AND CONSIDERATIONS

Fundamental use of strength assessment equipment, positions for
testing, and precautions have been outlined by Clarke in. Cable-Tension
Strength Tests (19). Four general testing considerations include;

1. For each test in the cable-tension strength measurement sequence, the anatomical position of the involved
joint for the greatest application of pulling force is
specified. Every effort has been made to eliminate
compensatory action of muscles not involved in the
joint movement. Thus, the positions of other parts
of the body are given and the "blocking" supplied by
the tester is prescribed.
2. The goniometer should be used for measuring the
joint angles specified in connection with each test.
The pivot of the goniometer should be opposite the
center of the joint; the goniometer arms should
parallel the body parts forming the angle.

3. In the test positions described, the pulling assembly
is always arranged at right angles to the body part
acting as the pulling level. Zero degrees is a position
away from the median line of the body; and 180 degrees
parallels and is toward the median line.

4. For each test, the tester should adjust the joint being
tested in such a way that the angle is approximately
correct at the height of the pull.
The angle of the knee joint that allows the maximum amount of
tension to be produced by the flexor or extensor muscle group during an

isometric performance is desired. Optimum angles of forCe when usiug
a leg dynamometer have been shown to be between 135 and 164 degrees
(39).

Standard angles used by Clarke (19) for assessment of knee
extension and knee flexion performances are 115 degrees and 165

degrees, respectively.
External variables such as loud noises, room temperature, humidity, shouts of encouragement by peers, and comfort of application of the
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equipment all may have an influence on internal variables of the per-

former. Ikai and Steinhaus (37) investigated some of the factors that
modify the expression of human strength. Results showed that the
maximal pull of forearm flexors was increased and, in some instances,
decreased in predictable fashion by a loud noise, by the subject's own
outcry, by certain pharmacologic agents (alcohol, adrenaline, and
amphetamine), and by hypnosis. Ikai and Steinhaus (37) believed that

all performances were below maximum limits imposed by the structure
and prevailing physiologic state of the performing muscles. These submaximum performances were believed to be manifestations of acquired
inhibitions that in turn are subject to disin.hibition by pure Pavlovian

procedures, by anesthetization of inhibitory mechanisms, or by pharmacologically induced symptoms serving as stimuli for disinhibition.
Berger (7) has shown that knowledge of muscular strength

scores during an isometric strength test results in a greater score
than when this information is not known.
TEST ANALYSIS

Several investigations have been conducted regarding muscular
fatigue.

Test analysis of these investigations range from simple

descriptive statistics of means, standard deviations, ranges, and "t"
values, to the more complex analysis of variance of trends used by
Kroll (33, 34).
Glenn (27) studied the fatigue patterns of the flexors and exten-

sors around the elbow. A double classification analysis of variance
was used, which included a strength decrement index (SDI) to compare
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flexor and extensor scores for the three strength levels reported. The
purpose of this statistical approach was to verify that fatigue was
experienced by the muscle groups involved and to reflect similarities

of the fatigue curves representing each of the three strength groups.
Glenn (27) also used descriptive statistics to clarify his findings.
The strength decrement index (SDI) was developed in 1955 by

Clarke, et al., and represented by the formula:
SDI % = Strength (initial) - Strength (final)

Strength (initial)

X 100

The strength decrement index provides a simple method of assessing a
decline in performance. The strength decrement index is used to

describe not only decrements, but also improved performance that often
follow those decrements. Caldwell (11) illustrates this in his study

of "decrement and recovery with repetative maximal muscular exertions ".
A sample of studies using various test analysis methods and equipment
is shown by Table 1.

TABLE 1: Sample of Studies Using Various Test Equipment & Test Analysis Methods.

Function Tested
Kroll (1968)

-wrist flexion

Clarke & Stull

- elbow flexion

(1970)

Margaria, et al.,

- plantar flexion
- dorsi flexion
- running stairs

Tuttle, et al. ,

- hand grip

Big land & Lippold
(1954a)
(1971)

- back and leg
Shaver (1971)
(Dec.)
Caldwell (1970)
Glenn (1971)

Clarke (1966)

strength
-benchpress

- isometric pulls
- elbow flexion
- elbow extension

-(variety of

functions)

Equipment

- table mounted ten-

siometers at 90
degree angles to
padded forearm rest.
-trained on arm lever
ergometer
-electronvograph
(surface electrodes)
-photocell beam
recorder
-grip dynamometer
based on strain gauge

Test Analysis Methods

Analysis of variance of trends
for each arm at three strength
levels.
- fatigue curve analysis

-best fit of experimental
points to a linear relation

technique
-back and leg
dynamometer
- weights used for

bench press lift

-dynamometer handle
- cable tensiometer
-testing table
-pulling assembly
- cable tensiometer
-testing table
-pulling assembly

- StrengthDecrement Index
-two factor analysis of
variance using SDI scores

-"t" score values between
SDI scores.
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SUMMARY

A review of the related literature has provided a better understanding of the topics related to this study. Areas covered in the review

of literature include: skeletal muscle structure and properties;
muscular contraction; strength and endurance; fatigue; methods and
considerations; and test analysis.
Investigations of the response of the flexor and extensor muscle
groups around a joint to a maximal serial isometric performance have
been limited to a single study reported by Glenn (27). Glenn's investigation was concerned with the response of the flexor and extensor

muscle groups response to repeated maximal isometric performance
with a short rest interval between contractions. The muscle groups
tested by Glenn (27) centered around a non-weight bearing joint, the
elbow of the upper extremity.
Need for an investigation of the response of the flexor and

extensor muscle groups to a maximal isometric serial task around a
weight bearing joint was justified from a review of the literature.
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CHAPTER III
METHODS AND PROCEDURES

All testing and preparation of this manuscript was done at Oregon

State University, Corvallis, Oregon. The facilities and equipment of
the Exercise Physiology Laboratory of the Department of Physical
Education were used for testing. The purpose of this investigation was

to determine if the flexor and extensor muscles of the knee respond

differently. A secondary purpose was to see if the criterion groups
of high, middle, and low strength levels respond differently when sub-

jected to a maximal isometric serial performance of knee extension and
knee flexion. Special tests for knee extension and knee flexion were
used.
Subjects

Forty-five college age adult caucasion males served as subjects
for this study. Selection of the subjects was done on availability and
willingness to participate.

The majority of subjects were physical

education majors enrolled in the kinesiology or physiology of exercise

class offered during the spring term of 1972. A letter was distributed
to all the male students enrolled in those classes describing the investigation and asking them to sign a statement of their willingness to
participate (see Appendix A). Volunteers were then asked to sign-up

on a time schedule list posted in the exercise physiology laboratory.
Each subject was contacted the evening before the day of scheduled

testing to confirm the test appointment.
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Total sample age ranged from 19 to 27 years with a mean age of
21.

Weight ranged from 134 to 230 pounds with a mean of 174.89.

Height ranged from 62 to 76.5 inches. Seventeen of the subjects were

currently or had participated in varsity athletics at the university
level. Nine participated in regular personal fitness activities, and

the remainder of the sample reported no regular strenuous activity.
Selection of the subjects was on a volunteer basis. All subjects
appeared to be in reasonably good health.

Three criterion groups of 15 each were formed: high, middle,
and lowstrength. Subjects were grouped into the high, middle, or
,,

low strength categories on the basis of the data collected. Each of the

first three trials from the knee flexion and knee extension tests were
added and the mean established for those six scores. All 45 subjects
were then ranked on the basis of that mean score, with the top 15 serving as the high strength group, the second 15 the middle strength group,
and the bottom 15 scores representing the low strength group.
When the three criterion groups were compared for differences

in personal characteristics of height, weight, age, and activity no
significant difference was found as shown by Table II.

TABLE II: Subject Characteristics by Groups
HEIGHT

WEIGHT
(pounds)

(inches)

HIGH STRENGTH
RANGE
MEAN

69.0 -76.
71.6

5

64. 0-74.

0

AGE

(years)

150-220
184.07

20-25

134-200
172.13

135-230

AC TIVITY

(no strenuous--

21. 5

varsity athletics)

19-27
21. 6

(no strenuousvarsity athletics)

19. 22
20. 5

(no strenuousvarsity athletics)

MIDDLE STRENGTH
RANGE
MEAN

69. 8

LOW STRENGTH
RANGE
MEAN

62. 0-76.
69. 7

F ratio between
groupsa

2. 33
a 3.21

0

168. 43

1.89

2. 74

required for the . 05 level of significance
5. 12 required for the .01 level of significance

0. 42
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Experimental Design

A 2x3x4 triple classification factorial analysis of variance was
used as a design to test the three hypotheses of this study. The design

was structured and data analyzed as described and illustrated by
Edwards (pp. 175-200, 1964). The experimental model is illustrated
by Figure 1. Flexion and extension scores were treated by three

strength groups at four interval points of the 30 trial maximum isometric knee flexion and extension tests. All three strength groups
were equal in number and no significant difference existed between

personal characteristics of the three groups (Table II).
Reciprocal strength decrement index (SDI) scores served as the

criterion measure to test all three hypotheses. F values were used
to compare: 1) flexion and extension response (hypothesis one); high
middle, and low strength groups (hypothesis two); and

1'

10'

20'

and T30 intervals (hypothesis three). Interaction effects between knee

extension-flexion, strength levels, and trial intervals were justified
and considered.
Equipment

The criterion instrument used for this investigation was a Pacific
Cable Tensiometer. This instrument measures force (tension) exerted
on a 1/16 inch cable. Tension units recorded were converted directly
into pounds from a calibration chart. Resultant tension pounds served

as the raw scores of the study.
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FIGURE 1

2x3x4 Factor Model of Test Design.
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Additional instrumentation included: a pulling assembly, consist-

ing of a chain, cable, and a regulation strap or cuff; a goniometer for
measuring joint angles specified for the test; a Clarke strength testing

table (a padded table, approximately 6' 6" long, 2' 9" wide, and 2' 6"
high) which was needed for placing the subjects in correct position for

testing; a tape-recorder with an instruction tape of the command given
during the test; a towel for additional padding to the knee joint; data
recording sheet (see Appendix. B); and a leg support apparatus. Equip-

ment used is illustrated in Figures 2, 3 and 4.
A tape recorder, towel, and leg support apparatus were added
to the equipment list suggested by Clarke (19) in the manual CableTension Strength Tests. Need for this additional equipment was recog-

nized as a result of a pilot study that preceeded the final collection of

data. A tape recorder was needed to enhance the consistency of the
command given for each of the 30 trials for each test. The command

tape consisted of verbal instructions to the subjects of what the "command" would be, the length of contraction, the rest interval between

contractions, the total number of contractions, and emphasis given
that each contraction was to be a "maximum, all-out effort". Contrac-

tion commands recorded on the tape were: "ready-contract", three

seconds, "relax", ten second rest interval, "ready-contract", three
seconds, "relax", ten second rest interval, etc.
Additional padding to the knee joint for each of the two tests was
provided by a folded. towel. A substantial amount of pain to the knee

joint was experienced by the subjects of the pilot study which justified
the use of the towel for additional padding and protection.

Best scan available
for p.50-52.
Original is a
photocopy of a
copy.
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FIGURE 2: Test Equipment
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FIGURE 3: Knee Extension Test Position

52,

FIGURE 4: Knee Flexion. Test Position
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The leg support apparatus had two purposes for its use and
design: 1) to maintain the position of the limb between contractions

at the prescribed angle of the joint, thus disallowing "slack" in the
pulling assembly; and 2) to allow voluntary relaxation of the muscle
group involved in the test between each of the 30 contractions. This

apparatus is illustrated by Figures 2, 3, and 4.
Test Description and Procedure
Specific testing procedures for knee flexion and knee extension

were patterned after Clarke (19); where the knee flexion position
of a 165 degree joint angle is tested and a knee extension position of
115 degrees is used. Reliability coefficients established by Clarke
(19) are . 97 for knee flexion and 94 for knee extension. Additional
.

equipment and testing procedure warranted a test to establish the

reliability for the tests used for this investigation. A preliminary testretest provided reliability scores exceeding the . 90 level for both the
knee flexion and knee extension tests.

Testing sessions were conducted in the exercise physiology labora-

tory in groups of two or three at a pre-arranged time. To familiarize
all subjects with the testing procedures and equipment a brief introductory session preceeded actual testing. At this time subjects were
shown illustrations of the testing positions and basic procedures.
Following the introductory period the initial testing was started.
By random selection the first subject was placed in position on the
testing table. The other subjects were seated at the far side of the
room with instructions not to offer encouragement to the performer
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preceeding or during the actual tests.
Knee extension testing was done with the subject in the seated

position at the end of the testing table. Each subject preferred the

right leg for testing. A folded towel was positioned under the knee
at the table's edge. Testing posture was emphasized in each test

case: back straight and head erect; arms straight with hands grasping the edge of the testing table in alignment with the hips.

Test leg

was then positioned on the leg support apparatus. The cuff was placed
at the mid position of the leg and a colored chalk mark made to identify
that cuff position.

Knee position was established at a 115 degree angle using the
goniometer. Care was taken to fix the pulling assembly (cuff, cable,
and chain). "Slack" was reduced as the leg rested on the limb support

while the 115 degree angle was maintained. The pulling assembly was

at a 90 degree angle to the leg.
Prior to beginning the actual test the investigator reminded the

subject not to lean back or pull with the arms. Actual testing followed

preliminary test instruction. The tape recorder was started, the test
instruction given on tape, and the contraction commands began. Knee
extension testing consisted of 30 maximum isometric trials. Contrac-tion time for each trial was approximately three seconds followed by

a ten second rest interval. Scores recorded for each trial were the
tension unit scores at the highest reading during the contraction on the
cable tensiometer. The investigator remained silent during the test
and served only to record the data.
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At the end of the 30 trial knee extension test, the tape recorder
was stopped, and the cuff taken off. The subject was instructed to

rest while the other two subjects were given the knee extension test.

Following a rest period of 20 to 30 minutes, the first subject
was given the knee flexion test. Testing equipment was the same for

both the knee extension and knee flexion tests, including the instruc-

tion tape in order to provide a consistent command and time interval
for each of the commands given for both tests.

For the knee flexion test the subject was asked to assume a prone
position with the knee placed near the edge of the table and the hands
folded under the chin (Figure 4). With the leg resting on the leg support

apparatus, a folded towel was positioned just slightly above the patella.

This towel placement was important to prevent patellar slippage as a

result of the direct pressure during the contractions. The goniometer
was again used to adjust the limb in the resting position at 165 degrees.
Cuff placement was aligned with the colored chalk mark from the previous knee extension test and the pulling assembly fixed at the 90 degree
angle to the leg. Care was taken to eliminate the "slack" to prevent

the subject from performing at a different angle.

Prior to actual testing the subject was told that the chest was to
remain in contact with the table during all contractions. Hips

ere

allowed to flex slightly in an attempt to stablize the involved muscle
group. Actual testing again followed preliminary test instruction.

Procedures were followed as in the knee extension test after starting

the tape recorder. Test procedure reproducability was enhanced by
the recorded tape.
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Following the completion of both the knee extension and knee

flexion tests, a short discussion of the testing experience took place.

A common response by the subjects was: "it (the test session) wasn't

as hard as I expected it to be.
Remaining scheduled groups came to the lab and the exact testing procedure was followed with one exception: the knee flexion test

was given first, followed by the knee extension test. This procedure
was followed on a group rotational basis. As a result, 22 subjects

performed the knee extension test first and 23 subjects performed
the knee flexion test first.
Reduction and Analysis of Data

Raw scores were obtained from each of the 30 trial tests. Thirty
knee extension and 30 knee flexion scores were recorded immediately
following each trial for each test. Tensiometer units were then converted to the raw score tension pounds using a conversion table. Previous calibration of the tensiometer had been done by the engineering
department of Oregon State University.

Raw scores were transferred to IBM data cards and computer
listed. Subject identification was in the order of testing. The 45 subjects were then assigned to one of three strength groups. The criterion
for grouping the 45 subjects into three equal groups of 15 was on the

basis of the mean score of the first three trials for each test. A mean
performance score based on tension pounds was obtained by summing
the six scores, the first three from each of the two tests, and dividing
by six, Subjects were then ranked on the basis of the mean performance
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score. Serving as the high strength group were the top 15 subjects, the

second 15 subjects served as the middle strength group, and the third
15 subjects served as the low strength group.
Criterion measures were then calculated by transposing the raw

scores into reciprocal strength decrement index percentage values. A
reciprocal strength decrement score was determined for trial one, ten,
twenty, and thirty for each subject using a hand operated electric calculator. Raw scores from each of these intervals were used in the strength
decrement index formula developed by Clarke, et al. , (19).

SDI % - STRENGTH (initial) - STRENGTH (final)
STRENGTH (initial)

.100

Values obtained from this computation were subtracted from 100 to give

reciprocal strength decrement percentage scores, the criterion measure
for this study.
F values used to determine the acceptance or rejection of each of
the three null hypotheses were computed by a three factor analysis of

variance computer program on file in the Oregon State University com-

puter system. Specific file code for the program is OSU *ANOVA3.

Criterion measures were transferred to IBM computer cards, assigned
and arranged in factor groupings, run, and F scores and mean listings
produced from the computation. Effect A was flexion and extension,

effect B was level of strength, and effect C was trial interval. Computation produced F values for: all three effects separately; and inter-

action between effects A and B, A and C, B and C, and A, B, and C.
Level of significance of .05 was selected for rejection of the
three null hypotheses of this investigation.
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CHAPTER IV
ANALYSIS AND INTERPRETATION OF DATA

The major purpose of this study was to investigate the response
of the flexor and extensor muscle groups of the knee to a serial maximal isometric task. Specific knee extension and knee flexion tests

were given to 45 young adult males. Analysis and treatment of the
data was on the basis of a triple-classification analysis of variance

factorial design with two levels of effect A: knee extension and knee

flexion; three levels of effect B: high, middle, and low strength groups;

and four levelsof effect C: trials 1, 10, 20, and 30. Criterion measure used in analysis of the data was a reciprocal strength decrement
index (SDI) score. Separate presentations of the three main effects

and the interaction effects are considered in the analysis. Discussion
of effects follows data analysis.
Analysis

Knee Extension-Knee Flexion (effect A)

Mean reciprocal strength decrement index scores for knee extension and knee flexion are presented in Table III. No significant differ-

ence in mean reciprocal SDI scores existed between extensor and flexor
muscles of the knee (F = 0. 35). Mean reciprocal SDI for knee extension

was 95.86 as compared to 95.16 for knee flexion.

TABLE III. Analysis of Variance Table: Total Reciprocal Strength Decrement Index Scores of

Knee Extension and Knee Flexion Tests.

Source

Ndf

Mean

Squares

F

Extension-Flexion (A)

1

45. 01

O. 35

Strength Groups (B)

2

292. 93

2.27

Trials (C)
(trials 1, 10, 20, 30)

3

1156. 95

8.98a

AxB interaction

2

508.91

3.95a

AxC interaction

3

53. 66

O. 42

BxC interaction

6

59. 30

O. 46

AxBxC interaction

6

113.31

0.88

Within

336

128.90

Total

359

(high, mid, low)

aSignificant at . 05 level.
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Strength Groups (effect B)

No significant difference in mean reciprocal SDI scores existed
among the three levels of strength (F = 2. 27). High, middle, and low
strength mean reciprocal SDI scores were 93. 79, 95. 90, and 96. 84
respectively.

Trial Intervals (effect C)

Mean reciprocal SDI scores for each of the four trial intervals
did differ significantly beyond the . 05 level (Table III). Trial one represented a mean reciprocal SDI score of 100.00 since no decrement in
performance was experienced on the first trial of the 30 trial, task.

Trial 10 represented the lowest decrement point of the mean reciprocal
SDI scores (91. 76) followed by an increase in performance at trials
20 (93. 72) and 30 (96. 56). Tables IV, V, and Figure V illustrate this

phenomena.

Examination of the simple effects of the trial intervals revealed
a significant decrement in knee extension performance in the high and

middle strength groups from trial one to trial 10 and trial 20 (Table IV).
A modest correlation existed between trial one and trials 10 and 20.
A significant decrement in overall knee flexion performance was
found only in the high strength group (Table V). A significant decre-

ment occured from trial one to trial 10, trial 20, and trial 30.
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TABLE IV: Simple Effects of Knee Extension Raw Scores Considered
By Strength Groups and Trial Intervals.
TRIAL
T

1

T1

HIGH (r)
(t)

MID

(r)
(t)

LOW (r)
(t)

T10

HIGH (r)
(t)

MID

(r)
(t)

LOW (r)
(t)

T20 HIGH (r)
(t)

MID

(r)
(t)

LOW (r)
(t)

aSignificant at . 05 level.
bSignificant at . 01 level.

T10
.

60

T20
.

T30

60

.

60

2.18a

2.00a

1.15

2.68b

52

.50
2.32a

.39
1.14

.62
1.28

.68
0.10

.41
0.60

.88
0.90

.64
0.76

.80
0.39

.81
1.45

.75
1.16

.74
1.42
.

83

0.65
.

70

1.09
.

80

0.65
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TABLE V: Simple Effects of Knee Flexion Raw Scores Considered
By Strength Groups and Trial Intervals.

Trial
T1

T1

HIGH (r)
(t)

MID (r)

T10

.

65

2.62 b
.56

T20

.

T30

38

2.97b

.

17

2.79b

.39

.49

(t)

0. 79

0. 62

0. 61

LOW (r)

.92
1.29

.76
1.25

1. 58

.62
0.04

-.49
0.09

.76
0.28

.49
0.22

(t)

T10 HIGH (r)
(t)

MID

(r)
(t)

LOW (r)
(t)

T20 HIGH (r)
(t)

MID (r)
(t)

LOW (r)
(t)

aSignificant at the . 05 level,
bSignificant at the . 01 level.

.

63

.73

.63

0. 06

0. 16

.

80

0. 15
.

73

0. 05
. 83
O. 23
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FIGURE 5: Mean Reciprocal Strength Decrement Scores

at Trial Intervals.

T30
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Interaction Effects

Interactions among the three main effects of the study are also
presented in Table III. Knee extension-flexion by strength group

interaction (AxB) is presented in Figures 6, 7, and 8. Knee extensors of the high and middle strength groups had a greater strength
decrement when compared to knee flexors. When knee extension and

flexion scores for the low strength group were compared, the knee

flexors had a greater overall performance decrement (Figure VI).
Knee extension-flexion and trial interval interaction (AxC) is

illustrated in Figure IX. Mean reciprocal strength decrement index

scores for knee extension and flexion by trial intervals were not
significant (F = 0.42).

Comparison of mean reciprocal strength decrement index scores
of high, middle, and low strength groups by trial intervals (BxC)
revealed no significant difference between those two effects (F = 0.46).
Interaction between all three effects (AxBxC) provided no significant

difference when mean reciprocal strength decrement scores were
analyzed.
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FIGURE 6:

Mean Reciprocal Knee Extension and Flexion
Strength Decrement Scores by Strength Groups.
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FIGURE 7:

Mean Reciprocal Strength Decrement Index
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Groups by Trial Intervals.
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Mean Reciprocal Strength Decrement Index
Flexion Scores of Three Strength Groups by
Trial Intervals.

68

= Knee Extension
= Knee Flexion

T10

20

T30

TRIALS
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Interpretation of Data

Do extensor and flexor muscle groups of the knee respond differ-

ently to a repeated isometric maximal task? Do different strength
levels respond differently? When a serial isometric knee extension

and flexion task is considered by intervals, is there any difference

in the response? These three research questions were of concern in
this investigation. Hypotheses were developed and tested on the basis
of the research questions stated above. Interpretation of the result

of this study will be presented first, in terms of the hypotheses stated
in Chapter I; secondly, in terms of their contribution to the current
knowledge of extensor and flexor muscle performance.

Hypothesis number one, that no significant difference exists in

the response of extensor and flexor muscle groups of the knee to a

repeated maximal isometric task, was accepted. Acceptanc of hypothesis number one was justified on the basis of the F value 0.35
(Table III) which did not imply a significant difference. This value

reflects the overall response of the extensor and flexor muscles of
all 45 subjects tested.
Hypothesis number two, that no significant difference exists in

the response of extensor and flexor muscle groups of the knee to a
repeated maximal isometric task when considered by levels of strength,
was accepted. Acceptance of hypothesis number two was justified on
the basis of the F value of Z. 27 (Table III) which did not imply a signifi-

cant difference. Overall performance of high, middle, and low

strength levels of the 45 subjects tested therefore, did not differ when
performing 30 trial knee extension and knee flexion tests with a ten
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second rest between trials.
Acceptance of these two null hypotheses support work done by
Glenn (27). A seven second intertrial recovery period produced no

significant difference in the overall response of the flexor and extensor
muscle groups of the elbow. In addition, Glenn reports no difference

between the response, in terms of strength decrement, of high, middle,
and low strength levels to repeated bouts of elbow extension and flexion
at maximum effort.

Hypothesis number three, that no significant difference exists in
the response of extensor and flexor muscle groups of the knee to a

repeated maximal isometric task when considered by trial intervals,

is rejected. Rejection of hypothesis number three was justified by
the F value 8.98 (Table III) which represents a significant difference
between trial intervals beyond the .05 level. Consideration of the 30

trial isometric knee extension and flexion tasks therefore, did suggest
significant difference when considered by trial intervals.

On the basis of rejection of hypothesis number three, further
consideration of the data seemed justified to locate where the differ

ence existed. A significant AxB interaction (Table III) was revealed
when the reciprocal SDI scores for knee extension-flexion and strength
levels were analyzed.

If an immediate effect of fatiguing muscle is to reduce its ability
to apply tension as suggested by Astrand (1), Caldwell (11), and

Clarke (18), then the simple effects of the raw scores (tension
pounds) implied a significant amount of fatigue occurred in both the

high and middle strength knee extension levels and also in the high
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strength knee flexion level from trial one to trial 10 (Tables IV and V).

If an increased ability to apply tension is a recovery response, then the
knee extensors of both high and middle strength levels significant

elicited a partial recovery at trials 20 and 30.
However, the knee flexors did not respond the same as the knee
extensors when consideration was given to the raw scores at strength

levels. A significant amount of fatigue only occurred in the high
strength knee flexor group. No significant amount of fatigue occurred
in both knee extensors and knee flexors of the low strength level
(Tables IV and V). Low strength level knee extensors were able to

respond at a superior level at trial 30 as compared to trial one (Figure
VII).

What are some explanations for the results of this investigation?
One of the primary factors involved in a muscular contraction is the
amount of intramuscular occlusion of the blood supply to and from the
involved muscle group ( 1 , 11, 13, 14, 56). The amount of occluded

blood supply intramuscularly depends on the degree of tension being

exerted against the arterial walls, capillaries, and veins (34, 58).
As a result, the blood is unable to deliver oxygen fast enough for the
energy demand, therefore creating an anaerobic condition (1, 25).
Intramuscular occlusion was assumed to take place during each contraction above 80 percent of maximum (1, 12, 13, 14).

Intertrial rest interval between contractions for both measures
may be a critical factor in explaining why differences occurred between

strength levels at trial intervals, assuming intramuscular circulatory
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occlusion was taking place during each contraction for both measures.
Kroll (34) has investigated fatigue curves of high, mid, and low

strength levels at different intertrial recovery intervals of 5, 10, and
20 seconds. A strong possibility implied by Kroll is that different
factors responsible for muscular fatigue cannot be operating to the
same magnitude at different levels of absolute isometric strength

when intertrial rest periods are allowed. Results of this investigation
were in disagreement with Kroll when considered by overall strength
decrement of the high, middle, and low knee extension-flexion strength
levels. However, support of the idea that factors responsible for
muscular fatigue cannot be operating at the same magnitude at different strength levels would be supported by this investigation when the

knee extensors and knee flexors were considered by strength groups.
Relaxation of the involved muscle group apparently allows the

occluded blood supply to be alleviated, since tension against the

arterial walls is theoretically reduced below the arterial pressure.
Work by Lind and McNicol (38) suggests that the compensatory

mechanisms of the mechanical compression of the vascular walls
results in an increase in blood pressure due to the increased cardiac
output.

the blood pressure has been increased during the contraction,

then rel .ation of the muscle would allow the increased blood pressure
to force the blood to the muscles and supply the muscles with the
needed metabolic requirements and at the same time carry away the
acid metabolites produced from each contraction. Evidence exists
that stronger muscular contractions are responsible for greater

increases in blood flow to the muscle, thus a greater associated
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recovery process (34). Removal of acid metabolites and 02 supply to

the contracting muscles during the intertrial interval seem to have a
strong influence on isometric endurance. In light of the above implications and responses of the two muscle groups under consideration in
this investigation, the metabolic demands could possibly be met during
the 10 second intertrial rest period. Lower strength levels apparently
had the ability to completely recover during the 10 second intertrial

rest period whereas the high and middle levels had a partial recovery
after trial 10.
One of the purposes of the leg support apparatus in this study
(Figures III and IV), was to allow the involved muscle group to relax

as completely as possible during the intertrial rest interval. As a
result, the occluded blood supply caused by the isometric contraction
could possibly be reduced or theoretically eliminated during the rest
interval, thus allowing the elevated blood pressure created by the contraction to forcefully flow into the local area. From this test technique
a "milking action" may have been produced.

This milking action pro-

vided by the experimental test design may account for the results of

this study, which are in disagreement with previous investigations
which have not provided for complete intertrial relaxation.
On the other hand, the enchanced performance evidenced at the
high, and middle knee extension strength level would not be expected.

A more linear decrement response would be expected (1, 27). A linear
decrement may be explained in terms of the exponential law of muscular
contractions cited by Clarke and Stull

(

16) who suggest that each

repetative muscular contraction consumes a fraction of the initial
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work potential of the muscle.

Consumption of local energy reserves in terms of strength and
endurance is also a factor of concern for explanation of responses of
the muscle groups tested. Raw score means for the three strength
levels suggest a significant difference between the strength level groups.

Initial mean performance for the high, middle, and low strength knee
extension levels were: 274. 00, 222. 80, and 167. 33 tension pounds

respectively. Initial mean performance for the high, middle, and low

strength knee flexion levels were: 157. 33, 134. 53, 121. 20 tension
pounds respectively. Clarke and Stull (16) suggest that greater

ability for expression of external work at the onset (initial strength)

creates more metabolic products of exercise, thus accelerating the
fatiguing effects, especially at the higher strength levels. If this
were the case the higher strength group for knee extension-flexion
would have been expected to show a greater amount of fatigue as a

result of the larger amounts of acid metabolites. Results from this
investigation would suggest this to be true of the knee flexors of the

high strength group over the entire 30 trial task and for both the
high and middle strength knee extension levels through the first 10

trials.
Start (57) contends that the dissipation of the energy reserve
would be proportional to the work output. Since the higher strength

level of this study performed at a greater output level, possibly a

greater dissipation of energy reserves occurred. Results implied
this to be true, except the high strength knee flexors were able to
recover to a level above the low strength knee flexors (Figure VIII).
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Explanation for this greater ability to recover may possibly lie in the
amount of energy reserves available in the high strength knee flexors.
Work by Klein (31) and Mc Morris and Elkins (47) offers

justification for the high performance level of the flexors and extensors of the knee joint during repeated maximal isometric performance.
Consideration must be given to the postural weight bearing function
of the knee joint musculature. Do the extensor and flexor muscles

of the knee respond at a higher level than the non-weight bearing

muscles of the body as a result of their weight support function?
Klein (31) studied the strength maintenance of the knee extensors and

flexors following a progressive resistive exercise program. Reassessment of knee extension and flexion strength after an extended period
provided minimal evidence that a gradual bilateral decrement of
strength would take place at the termination of specific exercise (31).
Supportive evidence suggests that the weight bearing function of the

musculature of the knee joint was responsible for the maintenance of

bilateral strength in Klein's study. A similar investigation by Mc Morris
and Elkins (47) dealt with strength loss of the arm of approximately

55 percent of strength gained by specific progressive resistance exercise one year following its termination.
A number of variables influence the response of the knee extensor
and flexor muscles when performing a repeated maximal isometric

task. A logical development of the meaning of the results of this
investigation and their contribution to the expanding body of knowledge

on strength and endurance has been presented in the above discussion.

Intramuscular circulatory occlusion, intertrial rest interval, removal
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of acid metabolites, local energy reserve consumption, and the weight
bearing function of the knee joint musculature appear to be the possible

variables explaining the result of this study.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

Problem

The purpose of this study was to investigate the response of the

flexor and extensor muscle groups of the knee to a repeated maximal
isometric task. Design and analysis provided insight into questions
concerning the response of knee extensor and knee flexion muscles
based on the three tested hypotheses: 1) no significant difference exists

in the response of extensor and flexor muscle groups of the knee to a

repeated maximal isometric task, 2) no significant difference exists in
the response of extensor and flexor muscle groups of the knee to a
repeated maximal isometric task when considered by strength levels,
3) no significant difference exists in the response of extensor and
flexor muscle groups of the knee to a repeated maximal isometric

task when considered by trial intervals.
Experimental equipm

t

Experimental equipment adopted and used to accomplish the pur
poses of this study consisted of:- Pacific Cable Tensiometer; pulling

assembly (chain, cable, and cuff); goniometer; strength testing table;

tape-recorder; recorded instruction tape; leg support apparatus;
towel; and data recording sheet.

78

Experimental procedures
Forty-five young adult male Oregon State University student

volunteers served as test subjects. Homogeneous strength level groups
were developed on the basis of the data collected from specific isometric knee extension and knee flexion tests. Each test was of high
reliability. Experimental test procedures and equipment were similar
to those developed and used by Clarke (19).

Testing sessions were conducted in the exercise physiology laboratory at Oregon State University during the spring of the 1971-72 academic
school year. Groups of two or three subjects came to the lab at a prearranged time. To familiarize all subjects with the testing procedures

a nd equipment a brief introductory session preceeded actual testing.
Following the introductory period subjects were given a 30 trial

isometric knee extension and a 30 trial isometric knee flexion test.
Three second maximal contractions for each of the 30 trials were

followed by 10 second intertrial rest intervals with a minimum of 20
minutes between tests. Provisions for complete relaxation of the
involved muscle group for each of the two tests were made.
Analysis of the data

Analysis of data was done on the basis of a 2x3x4 triple classifica-

tion factorial analysis of variance test design. Reciprocal strength
decrement index (SDI) scores served as the criterion measure to test
the three hypotheses of the study. Analysis of the simple effects of
the raw scores (tension pounds) provided additional insight into signifi-

cant differences in the response of the knee joint musculature. The .05
level of significance was z.-..osen for rejection of the three null hypotheses
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of this investigation.
Conclusion

Based on the test design and analysis of the null hypotheses the
following conclusions seemed justified:

1) No significant difference existed in the response of
the extensor and flexor muscles of the knee when

performing a 30 trial maximal isometric task with

10 second intertrial rest intervals.
2) When considered by strength levels, no significant

difference existed in the response of the extensor
and flexor muscles of the knee when performing a

30 trial maximal isometric task with 10 second

intertrial rest intervals.
3) A significant difference did exist between the response
of the extensor and flexor muscles of the knee when

considered by trial intervals.
Recommendations

Possibilities of other related studies were suggested during the
course of this investigation. Some of the more pertinent ideas which
may merit consideration are:
1) Investigation of the influence of varied intertrial

rest intervals on the response of the extensor and
flexor muscles of the knee is needed.
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2) Investigation of the influence of artificial occlusion
of the blood supply to the knee joint musculature is
needed.

3) Investigation of the response of the extensor-flexor
muscles at weight-bearing and non-weight-bearing

joints within the same individual is needed.
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APPENDIX A
PARTICIPANT LETTER
Dear Participant,

Your
This
ence
also

assistance is needed for an investigation of muscular fatigue patterns.
study will help to determine whether or not a fatigue pattern differexists between the flexor and extensor muscle groups of the knee and
if a difference exists at different levels of strength.

Previous studies indicate that the fatigue patterns of the wrist flexors
are different at different levels of strength. A recent study done on
the O.S.U. campus of the flexor and extensor muscles of the elbow suggests
a strong similarity in the fatigue patterns between those two muscle
groups.

Your participation will require no more than one hour in total time. You
will be asked to attend a brief orientation session followed by an actual
testing session. Actual testing time totals approximately fourteen
minutes.
Your help will be greatly appreciated.
If you are willing to participate,
complete the acknowledgement form below>

Acknowledgement of Willingness to participate:
The undersigned acknowledges that he will volunteer to take part in the
"fatigue pattern study" being conducted by the Department of Physical
Education of Oregon State University.
Signed:
Date:

Age:

Phone:

Activity(regular):

Residence:

Hour:

Days:
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APPENDIX B
KNEE EXTENSION-KNEE FLEXION
(Data Sheet)

SUBJECT:
HEIGHT:

AGE

WEIGHT:

ACADEMIC MAJOR:

YEAR:

ACTIVITY (LAST TWO HOURS) :

DATA

r
FLEXION

EXTENSION
T

LBS.

T

TENSION
UNITS LBS.

TENSION
UNITS LBS

T

TENSION
UNITS

T

1.

16.

.

2.

17.

.

3.

18.

.

18.

19 .

.

.

.. .

I

TENSION
UNITS

16.

5.

2D.

20.

6.

21.

21.

7.

22.

.

22.

8.

23.

-

23.

9.

24,

.

24.

10.

25.

10.

25.

11.

26.

11.

26.

12.

27.

12.

27.

13.

28.

13.

28.

14.

29.

14.

29.

15.

30.

15.

30,

LBS.

