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FATIGUE PATTERNS OF FLEXOR AND EXTENSOR
MUSCLE GROUPS ABOUT WEIGHT-BEARING AND

NONWEIGHT-BEARING JOINTS OF HUMANS

CHAPTER I

INTRODUCTION

The multidimensional nature of muscular response suggests

awesome physiological potentials of the human body at work. Scientific

investigations of reactions of the body to stress have enumerated

countless implications toward improving endurance and optimizing

muscular efficiency by reducing the debilitating effects of fatigue.

Questions evoked by the fascinating complexity of the psychomotor

functions of the body are solved systematically by research.

Biomechanical functions of the human body have predisposed

its skeletal and ligamentous structure and muscle support systems

about the various joints. Weight bearing by the lower limbs imposes

stresses, and locomotion demands specialized function of the various

components of the involved joints, particularly of the muscle groups

maintaining motion. Upper limb function in man is more manipulative

and less weight bearing than in the lower limb. The prime movers of

the joints are adapted to the functions of the joints they support. Vast

differences in strength and perhaps in other variables of muscular

adaptation, such as power, endurance, and the characteristics of fatigue
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also may be predisposed by function. The nature of the responses of

the flexor and extensor muscles about the weight-bearing and nonweight-

bearing joints of the human body provided the medium for this investi-

gation.

Glenn (22) studied the relationship of fatigue patterns demon-

strated by the elbow flexors and elbow extensors during serial maximal

isometric contractions. Recommendations have been made that

extensor-flexor relationships do not appear to be similar at various

joints in the body, and that when considered at different strength levels,

fatigue characteristics may vary between muscle groups (22). Monsen

(58) followed with an investigation of the flexor and extensor muscle

groups of the knee joint at different levels of strength. A review of

literature indicated limited information on the response of knee extensor

and knee flexor muscles to a repeated high level task.

Purpose of the Study

The purpose of this study was to investigate the relative relation- \,

ship of the responses of the flexor and extensor muscle groups about a

weight-bearing and nonweight - bearing joint to a repeated maximal

isometric task. Since related studies provided fatigue characteristic

data on the knee and elbow responses to exercise, these joints were

chosen to represent the weight-bearing and nonweight-bearing joints

respectively. Test data for both joints was obtained from all subjects
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so that the weight-bearing - nonweight- bearing relationship could be

observed within the same individuals.

Numerous research questions were of concern in this investi-

gation:

1. Do flexor and extensor muscle groups of the knee joint

respond differently to a repeated maximal isometric

task?

2. Do flexor and extensor muscle groups of the elbow joint

respond differently to a similar task?

3. Do flexor muscle groups of the weight-bearing and nonweight-

bearing joints respond differently to a similar task?

4. Do extensor muscle groups of the two joints respond

differently to a similar task?

5. Is there any relationship in the response characteristics

between the knee flexors and elbow extensors, or between

the knee extensors and elbow flexors?

6. Finally, when the serial isometric tasks of knee flexion,

knee extension, elbow flexion, and elbow extension are

considered by trial intervals, are there any differences

in the responses between those intervals?

On the basis of these research questions, the following null

hypotheses were developed and tested:
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1. Hypothesis one: No significant difference exists in the

response of the flexor muscles of the knee and elbow

joints to a repeated maximal isometric task.

2. Hypothesis two: No significant difference exists in the

response of the extensor muscles of the knee and elbow

joints to a repeated maximal isometric task.

3. Hypothesis three: No significant difference exists in the

response of the flexors of the knee and the extensors of

the elbow to a repeated maximal isometric task.

4. Hypothesis four: No significant difference exists in the

response of the extensors of the knee and the flexors of

the elbow to a repeated maximal isometric task.

5. Hypothesis five: No significant difference exists in the

response of the flexor and extensor muscle groups of the

knee to a repeated maximal isometric task.

6. Hypothesis six: No significant difference exists in the

response of the flexor and extensor muscle groups of the

elbow to a repeated maximal isometric task.

7. Hypothesis seven: No significant difference exists in the

response of the flexor and extensor muscle groups of the

knee to a repeated maximal isometric task when considered

by trial intervals.
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8. Hypothesis eight: No significant difference exists in the

response of the flexor and extensor muscle groups of the

elbow to a repeated maximal isometric task when con-

sidered by trial intervals.

Definitions

The definitions presented below are considered pertinent to a

correct understanding and interpretation of the materials and results

of this investigation.

Caucasian is a designation for the ftwhiteff ethnic population.

Endurance is the ability to maintain a relative high level of

strength.

Extensors are those muscles which increase the angle of the

joint. In the hinge joints which are primarily limited to

extension and flexion movements, the large muscle

groups around the joint are extensors and flexors.

Fatigue denotes physiological and psychological causes of

reduced ability to apply muscular tension. Physiological

fatigue results from debilitation of the mechanical and

chemical functions of muscle contraction. Psychological

fatigue results from loss of neurosensory and cortical

control influenced by discomfort, pain, and emotional input.
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Measured fatigue in this study is expressed as a strength

decrement.

Fatigue curves are plots of successive strength scores on X

and Y coordinates to illustrate the trend of fatigue with

time and work performance.

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

Isometric contractions in this study are maximal voluntary

contractions made against a cable with very little move-

ment 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 degree of fatigue produced as a result of

the serial contractions. By formula,

Reciprocal SDI% = 100% -
Strength (initial) - Strength(final)

Strength(initial)

Strength in this study is muscular tension measured in tension

units by a cable tensiometer and converted to tension

pounds by a standard conversion table.
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Delimitations

Restrictions on the nature and scope of this study were

imposed to effect a workable research problem that would provide

data comparable to that of previous studies, particularly those of

Monsen (58) and Glenn (22). Forty-eight caucasian male college

student volunteers served as subjects, of which the strongest one-third

and weakest one-third of the sample were eliminated on the basis of

hand-grip strength scores. Specific tests were conducted on the

remaining sixteen subjects, the medium strength group. Four muscle

groups of the body were tested, namely the flexor and extensor

muscles of the knee and elbow joints. The criterion instrument was

the cable tensiometer, and testing procedures and equipment closely

followed the procedures established by Clarke (15). The fatigue

characteristics of the tested muscle groups were analyzed using four

regular intervals of a 30 trial task in which each trial was succeeded

by a 10 second rest interval.

Limitations

When man serves as a subject in scientific experiments which

require maximal voluntary responses, serious limitations are

inevitable. Individuals are unique in terms of muscle tissue quality

and quantity. Test scores which provide data for such experiments are
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presumably pure reflections of the maximal tension considered

possible of the muscle tissue. These same scores however may be

influenced by a host of external factors. Testing in this experiment

required 30 maximal voluntary contractions per muscle group each

over a time period of six and one half minutes. During this period,

variables such as room temperature, humidity, and comfort of

application of the equipment, in addition to the emotional psyche of

the individual, may have influenced interval scores of each performer.

Ikai and Steinhaus (42) have implied that the ability to perform

maximally may not be possible on the basis of the imposed limits by

the structure and prevailing physiologic states of the innervating and

response mechanisms of the performing muscles. The most serious

limitation was the impossibility of evaluating how near a physiological

and emotional potential each subject performed throughout the testing

procedures. The nature of the specific tests, the criterion instrument,

the number of trials and the length of the trial intervals impose limits

upon the interpretation of the data, but permit valid comparisons with

preceding investigations conducted similarly.
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CHAPTER II

REVIEW OF RELATED LITERATURE

During the past decade, research has shed new light upon the

nature of human muscular response. This review of literature is

designed to present logically the physiology and biochemistry of

skeletal muscle structures, properties, and contractions. Human

work performance is strictly limited by the precipitation of fatigue in

the muscular response organism. The phenomenon of fatigue is a

particularly intriguing one, and will be reviewed specifically with

respect to its strength and endurance manifestations and testing

methods.

Elements of the Skeletal Muscle Cell

Four elements of the skeletal muscle cell are the muscle fibre,

the sarcolemma, the myofibrils, and the sarcoplasm. The muscle

fibre is a cylindrical, elongated cell. Its thickness varies in different

muscles or even in the same muscle from 10 to 100 microns. The

length of the individual cell extends, in many muscles, from the

tendon of origin to the tendon of insertion. In the sartorius, cells

more than 30 cm. long have been traced. About 20 percent of the

weight of the muscle fibre is represented by protein; the rest is water,
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plus a small amount of salts and of substances utilized in metabolism

(39). The muscle cell is multi-nucleated, with as many as several

hundred nuclei in a single fibre (80).

The sarcolemma is a thin, elastic non-cellular membrane, less

than 100 A thick, enveloping the striated muscle fibre. This membrane

has remarkable electrical properties, and is polarized, the inside

surface holding one tenth of a volt negative with respect to the outside.

In many places the sarcolemma has invaginations or open vescicles

which may be morphological manifestations of active transport

mechanisms.

The contractile element of the cell consists of the myofibrils.

Each muscle fibre contains many myofibrils, each one to three microns

thick, arranged parallel to one another. The striations of skeletal

muscle arise from the repeating pattern of optical densities, i.e.,

the concentration of protein along the myofibrils. The individual

myofibrils are aligned within the sarcolemma so that areas of the

same density lie at the same level, producing striations along the

length of the muscle fibre. Each repeating pattern known as a sarcomere

is bordered by a narrow Z membrane on either side. Each sarcomere

possesses the characteristic A (anisotropic) band, I (isotropic) band,

and H zone, each named for the refractive properties of the tissue

areas they represent. These optical density differences are due to the
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overlapped arrangement of the protein filaments which are distributed

in the myofibril in parallel order.

The protein filaments of the myofibril are embedded in the

sarcoplasm of the cell in which soluble proteins such as myoglobin,

as well as glycogen granules, fat droplets, phosphate compounds,

other lesser molecules, and ions are suspended. This aqueous phase

is called the sarcoplasmic matrix.

The Muscle Proteins

Muscle fibres are composed of four major proteins, myosin,

actin, tropomyosin, and troponin. In the muscle cell the proteins

are assembled into two multi-molecular aggregates, the thin and thick

filaments, which in turn are the basic components of the myofibril.

The thicker of the two kinds of filament contains all the myosin of

muscle, together with much smaller amounts of other proteins whose

function is poorly understood (61). A myosin molecule resembles a

thin rod with two small globular hheadsh at one end. Within the thick

filament the myosin molecules are arranged in a sheaf, forming a

cigar-shaped structure that is studded with projections along its

entire length except for a bare zone in t he middle. These projections

constitute the cross-bridges that seem to link the thick and thin

filaments. Apparently each projection is formed from the head region

of one myosin molecule. The molecules are arranged within the



12

thick filaments with their heads toward the two ends, which accounts

for the bare zone in the middle (61). A thick filament containing

several hundred myosin molecules is approximately 1.5 microns long.

The other three major proteins involved in muscle contraction

are incorporated in the thin filaments. Of the three, actin is present

in the largest amount. Its molecules are small, spherical particles

arrayed in a thin filament as if to form a twisted double strand of

beads. The filament acquires a recognizable polarity due to a distinct

arrangement of the actin molecules. This directionality is essential

to muscular contraction (61).

In addition to actin, the thin filaments contain the proteins

tropomyosin and troponin. Tropomyosins are long, thin molecules

that attach end to end, forming a very thin filament on the surface of

the actin strand. Troponin has a more or less globular shape and sits

astride the tropomyosin molecule, one of which extends over seven

actins. One thin filament is commonly one micron in length and con-

tains from 300 to 400 actin molecules and from 40 to 60 tropomyosins.

In intact muscle, one end of the thin filaments is attached to the Z line,

and has opposite polarity to the opposite side of the Z line, i. e. , the

adjacent sarcomere.

The two types of filaments are arranged in parallel arrays,

overlapping for part of their length. Their spacing is such that the

two sets can slide past each other, resulting in the shortening of
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muscle contractions (39). The drawing force for the sliding comes from

the crossbridges on the thick filament. They attach to the thin filament

at a certain angle and swivel to a different angle, pulling the thin

filaments past the thick. Cross-bridges on opposite sides of the bare

zone swivel in opposite directions, as if they were oars pulled by

rowers facing in opposite directions at the two ends of a racing shell

(61). This rowing motion pulls the filaments into greater overlap,

thus decreasing the distance between Z lines and shortening the

muscle. For significant shortening to take place, each cross bridge

must attach, swivel, detach, and then reattach further along the

filament. A single cycle of attachment, swiveling, and detachment

causes a relative movement of the two filaments of about 100 A. If

all the crossbridges of a muscle fibre went through the cycle just once,

the muscle would shorten by about one percent of its length.

Energy Sources for Muscular Contraction

The immediate energy source for muscular contraction is the

splitting of high-energy ATP to lower-energy products, ADP and

inorganic phosphate. To resynthesize the ATP pools, creatinephosphate

(CP) is split. These reactions take place similarly in the two muscle

fibre types found in humans. Whether the concentrations of ATP and

and CP are the same in both the fast twitch and the slow twitch fibres

has not been established. The phosphagen stores (ATP and CP) can
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contribute from five to seven kilocalories if completely depleted

(69).

Glycolysis may contribute from 25 to 50 kilocalories in athletes

and can take place in both fibre types but the fast twitch fibres have

the greatest glycolytic potential (68).

Large quantities of energy can only be derived from oxidation

in mitrochondria. The oxidation of fat is, from a quantitative stand-

point, more important as the glycogen stores are limited and normally

contribute no more than 1600 kilocalories.

The inorganic compounds also play a vital role in muscle

function. In muscle and nerve cells, the chemical composition of the

fluid on each side of the semipermeable membranes is different. In

its composition, the external fluid medium is an ultrafiltrate of blood,

but the internal fluid contains a lower concentration of sodium and

chloride ions and a higher concentration of potassium. These differences

in concentration of ions causes diffusion across the membrane if

perfusibility and electrochemical gradients would permit this. Fluxes

of these ions occur normally when nerves terminating at the

motoneuron are stimulated.

Muscle Glycogen

Weiss (81) demonstrated 104 years ago that muscle glycogen is

utilized during work. Research at the turn of the century proposed that
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glycogen stored in the muscle was used almost exclusively for anaerobic

glycolysis, and that the amount utilized for oxidation was negligible.

More recent research refutes this concept. The major part of the

glycogen broken down in the muscle becomes lactate in the initial

phase of physiological stress and during extremely intense work

(34, 36, 44).

The amount of glycogen stored in the muscles of the body varies

from approximately 9 to 16 gm/kg wet muscles in normal circum-

stances (36). This variation may be due to the fact that the percentage

distribution of different types of fibres is rather constant in different

human muscles (18). The lowest values for glycogen content are usually

in arm and shoulder muscles, and the higher values are in the weight-

bearing limbs. The results obtained for muscle glycogen using needle

biopsy samples taken from humans agree with results using other

muscle sampling techniques and with what has been observed in mixed

muscles of other species (68).

In any estimate of the total amount of glycogen stored in skeletal

muscle, muscle mass must be known. If the muscle mass amounts to

40 percent of body weight, a total of 300 to 400 gm of glycogen may be

found in muscles. Christensen and Hansen (11) and Hedman (32)

measured oxygen uptake and calculated respiratory quotients to

estimate the magnitude of carbohydrate stores in the body. They

arrived at approximately the same value (350-400 gm) for subjects who
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performed heavy exercise to exhaustion. Their figure also included

glucose taken from extramuscular sources, but did not include any

glycogen breakdown resulting in lactate production.

Time Course for the use of Energy Supplies

In short term (0 to 60 seconds) heavy exercise, phosphagen

depletion and glycolysis are the energy pools used predominantly when

utilization of ATP and CP starts at the onset of exercise. In contrast

to the suggestion of Margaria (53) glycolysis does not start before ATP

and CP are completely depleted. Lactate appears in the muscles

before the phosphagens are completely depleted (67).

In exercise which can be sustained for five to ten minutes,

glycolysis is of greatest importance and large amounts of lactate

accumulate in the exercising muscles. Neither depletion of the phos-

phagen pool nor the muscle glycogen stores causes exhaustion (43).

Lactate

A causal relationship exists between lactate accumulation and

exhaustion (43). Lactate per se, however, may not cause fatigue but

the pH changes which accompany increased lactate may decrease the

speed of many biochemical reactions in the muscle cell, thereby

limiting the availability of ATP (69).
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Carbohydrate s

Major extramuscular carbohydrate stores, in addition to those

built into different membranes and therefore not immediately available

for energy metabolism, are found in the liver. Synthesis of carbo-

hydrate from lactic acid does not take place in mammalian muscle.

The actual pathway of synthesis known as the Kreb cycle regenerates

fuel waste products through glycolysis.

The Sarcoplasmic Reticulum

The sarcoplasmic reticulum of the muscle fibre consists of

elaborately anastomosing, tiny tubular sacs, and channels of varying

calibre extending into the spaces between the myofibrils. One or two

such systems (triods) are present for each sarcomere. The mem-

branes bounding the channels are similar in structure to the sarcolemma.

Presumably, the content thus enclosed consists of a proteinaceous

fluid containing dissolved ions of a different concentration than in the

fluid outside the reticulum. Therefore, an electrical potential dif-

ference might exist between the two compartments (4). In mammals,

part of the sarcoplasmic reticulum probably forms a network across

the muscle fibre on either side of the Z line.

This system could explain how the excitation of a muscle,

moving along the sarcolemma of the fibril, may penetrate into the

fibrils. In fact, some channels start as inward extensions of the
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sarcolemma at each Z line. These channels could, therefore, conduct

electrical impulses and also serve as inlets through which fluid outside

the cell could flow into the cell. The sarcoplasmic reticulum could

also transport lactic acid to the surface of the cell for further trans-

port by the bloodstream to the liver and other tissues. Huxley (38)

reported that a reduction of the surface membrane potential at certain

spots on the projection, close to the Z line, could lead to a shortening

of the corresponding I band. Thus, the shortening spreads inward

rather than to the adjacent sarcomeres. Margreth et. al. (54)

observed that the structural origin of the sarcotubular system together

with the biochemical data strongly indicate that this system may play

a primary role in the regulation of carbohydrate metabolism in relation

to the contractile activity of skeletal muscle. The sarcoplasmic

reticulum might be the plumbing and fueling system of the muscle, with

structures which support, control, regulate, and excite the contractile

material itself (4).

Biochemistry of Muscle Contraction

In the substrate ATP, magnesium and calcium ions must be

present if contraction is to occur. When the nerve impulse to initiate

contraction arrives at the muscle cell, it causes a release of calcium

into the fluid surrounding the filaments from the special storage

vesicles in the sarcoplasmic reticulum. This calcium release permits
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the cross-bridges to attach and contraction to occur. The calcium is

quickly removed and returned to the storage vesicles by a calcium

pump situated in the membranes of the sarcoplasmic reticulum. The

removal of calcium prevents the further cycling of cross bridges and

the muscle relaxes (61).

The chemical reactions resulting in the hydrolysis of ATP take

place on the head regions of the myosin molecules, which form the

cross-bridges projecting from the thick filaments. The splitting

proceeds in several distinct steps. First, an ATP molecule becomes

bound to a particular site on the surface of the protein. The tendency

for ATP to bind to this region is so great that under the conditions

existing in a healthy muscle practically every myosin head has an ATP

molecule bound to it (61). The second step in the hydrolysis of ATP

is the conversion of this complex of myosin and a bound ATP into a

""charged" intermediate form. In contrast to the myosin - ATP from

which it is derived, this charged intermediate shows a great tendency

to bind to an actin molecule in the thin filament. With the splitting

of ATP, the consequent release of energy forces the crossbridge to

swivel to a new angle, pulling the filaments past each other and

thereby shortening the muscle. The final stage of the hydrolysis

reaction, detachment of the crossbridge, is reached only after a new

ATP has bound to the actin-myosin complex. The resulting actin-

myosin-ATP complex rapidly dissociates to yield a free actin molecule
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and an uncharged myosin-ATP (61).

Two kinds of myosin-actin complex are formed in the course

of hydrolysis. The high-energy Tractive complex?! is formed when

the charged myosin-ATP intermediate links up with an actin molecule.

This is short lived. Within a hundredth of a second, its ATP splits,

energy is released and the compound decays to a low energy state.

This low-energy complex remains intact until a new molecule of ATP

arrives. In the living muscle cell where ATP is abundant, this phase

takes about one thousandth of a second. When there is no ATP, however,

the low-energy complex is very stable, which accounts for rigor mortis.

Low-energy complexes are therefore referred to as TTrigorTT complexes

(61). The combination of actin with the high-energy charged myosin-

ATP intermediate is referred to as an TTactiveTT complex to suggest its

role as a force-generator. The formation of these active complexes,

i.e., the linking of the charged form of myosin-ATP to actin, is

sensitive to the presence of calcium. Since tropomyosin and troponin

are required for calcium to play its regulatory role, these two proteins

are presumably responsible for blocking the formation of the active

complex in the absence of calcium. The location of the tropomyosin

molecule in the filament suggests a possible mechanism for the blockage.

The calcium ion is known to bind to troponin. If the response of

troponin to losing its bound calcium (when calcium is removed from

the fluid surrounding the filaments by the membrane calcium pump) is
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a movement such that the tropomyosin is pushed further away from

the groove, towards the periphery, then the effect of this movement

might be to physically block the approach of the myosin-ATP charged

intermediate. In contrast to the formation of active complexes, the

formation of rigor complexes is insensitive to calcium. When myosin

and actin are mixed in the absence of ATP, rigor complexes are

formed whether calcium is present or not (61).

Muscle Fibre Types

Skeletal muscle in many vertebrates contains three types of

fibres (18, 27) but evidence suggests that fibres within the same

motor units are structurally homogeneous (64, 17). Henneman and

Olson (33) demonstrated that the different sizes of the motoneurons

in the spine have a functional significance. The motoneurons to type

A muscle fibres, which, in a histochemical classification, are mainly

white fibres (77), have high thresholds and discharge phasically (78,

50). Types B and C muscle fibres, with small motoneurons and lower

thresholds, consist of two histochemically distinct types of red fibres.

The C fibres are especially rich in fat. The intensity and duration of

the neurogenic stimulus is then the determining factor for which

motor units are activated (67).

The investigations reviewed above were conducted mainly with

animals, and to what extent the results can be applied to man is an
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open question. This is especially true as it has been shown that

although human muscles are mixed in regard to muscle fibre com-

position, only two distinctly different types of fibres exist (27).

Personal communication with Van Hussl by this investigator revealed

skepticism in this area of research, and that the intermediate type

fibre has been located in human skeletal muscle. Whether this represents

a distinct fibre type, or is really the intermediary stage in the transition

from one to the other of the two major types, has not been proven.

Of the two distinct types, one possesses high, and the other low

myosin ATP ase activity at alkaline pH (31). According to Bernard

et. al. (2), a high myosin ATP ase activity occurs in muscle fibres

with slow twitch characteristics. A continuum of oxidative capacities

exists in both fibre types depending at least partly on the training

status of the muscles. This means that the oxidative capacity in fast

twitch fibres of endurance athletes may be higher than in slow twitch

fibres of untrained men (67).

Recruitment in Exercise

If the results obtained on animals are combined with the present

knowledge of human muscle fibre composition, the following model

for the recruitment pattern of human skeletal motor units can be

1 Dr. Wayne Van Huss, Professor, Human Energy Research
Laboratory, Michigan State University.
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stated. At very low work intensities with rhythmic exercise, small

motorneurons innervating slow twitch fibres are activated. At

increasing work loads, larger motor cells are also included, leading

to the contraction of fast twitch muscle fibres. In very sudden and

nonrhythmic contraction, a transient activation of fast twitch fibres

may occur at low work rates (67).

Training Effects

Training increases both the oxidative and glycolitic potential of

the fibres, but differences exist between fibre types. The augmentation

in glycolitic capacity takes place almost exclusively in myofibrillar

ATP ase dark fibres. On the other hand, the oxidative potential

increases in all fibres but remains highest in the myofibrillar ATPase

light fibres after training (66).

The traditional concept is to refer to the fibres with the highest

oxidative capacity as red fibres and those with a low oxidative capacity

as white fibres. Since the oxidative potentials in both fibre types can

be increased by conditioning, it seems more relevant to identify the

fibres on the basis of their contractile properties, which at least in

animals appears unaffected by activity status (30, 31). Thus the terms

used are slow and fast twitch muscle fibres (2, 27).

In a study by Gollnick and Saltin (25) the mean percentage of

slow twitch fibres in untrained men was around 40, but the variation
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was large. Different groups of sportsmen from good national calibre

up to Olympic medal winners participating in endurance events had a

majority of slow twitch fibres. Weight lifters in contrast appeared to

have 50 percent of each fibre type. A rather large variation existed

between individuals. Very similar mean values were observed for the

relative fibre distribution comparing arm (m. deltoideus) and leg

(m. quadriceps femoris, lateral portion) muscles. This was true

whether or not any training had been performed with the muscle group.

A classical question is whether a change from one fibre type to

another can occur in human skeletal muscles. In recent endurance

training studies, no such change was observed when the fibres were

classified based on the stain for myofibrillar ATPase (20, 25).

The differences in relative fibre composition observed between

groups of athletes may be due to natural selection (66).

Glycogen Utilization

Both distinctly different muscle fibre types contain substantial

amounts of glycogen (27, 26, 62). In heavy exercise, the glycogen

content of muscle is gradually reduced. The question arises whether

this depletion occurs simultaneously in both fibre types or if the fibres

are selectively recruited. In Saltin's (66) testing the fast twitch

fibres utilized their glycogen most rapidly, indicating that these

fibres were primarily engaged in performing the work.
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From the results presented, muscle fibres appear to be selec-

tively recruited. The slow twitch fibres are activated at lower work

rates. Two conditions prevail during which the fast twitch fibres are

recruited. One is when the glycogen is gone in the slow twitch fibres

(26, 23); the other is in very intensive work (24). The regulatory

mechanism by which this is brought about is not known, but the findings

of different thresholds for individual motor units may be part of the

explanation (33).

At high rates of contraction and supermaximal efforts, the fast

twitch fibres are selectively recruited. Whether rate of contraction

or work load is more important for determining utilization of fast

twitch fibres is not yet known (66).

The questions are still unanswered as to which factors regulate

muscle fibre recruitment and why the exercising muscle depends on

glycogen metabolism for energy production. No doubt exists however,

that glycogen stored in the muscles is of primary importance when

heavy exercise is to be performed for any period of time (66).

The Motor Unit

The alpha motoneuron and the muscle fibres which it innervates

constitute the motor unit. The number of muscle fibres in a unit

varies from about 5 to about 2, 000, and a single muscle fibre may have

poyneuronal innervation. When a nerve impulse reaches the motor
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endplate, acetylcholine is released and the membrane of the muscle

fibres is depolarized. This evokes an action potential which propogates

along the muscle fibre at a speed of approximately five metres per

second. The whole length of each muscle fibre and all the fibres of the

motor unit are therefore brought into action almost instantly, even if

the unit is acted upon by a nerve fibre at only one point in its length

(1). The main feature of the muscle action potential is very similar

to the action potential of the nerve. It is generated and propogated by

basically the same mechanism. A single, adequately strong stimulus

of a motor nerve gives rise to a twitch of the innervated muscle. After

a short latent period the tension developed by the muscle increases,

and thereafter it decreases again. The muscle action potential is

completed during the early phase of contraction. If the motor nerve

of the muscle is stimulated repeatedly and the second impulse reaches

the muscle before it has relaxes after the first stimulus, it contracts

again. Since the second twitch starts from a higher tension level, the

tension resulting from the two stimuli will be considerably greater than

that from a single stimulus of the same strength. This principle is

commonly known as summation of contractions. At high rates of

stimulation (about 50 per second) the muscle does not relax before the

next contraction, and the muscle fibres are in full tetanus, i.e., a

complete mechanical fusion of the contractions occurs. The tension

developed by a muscle in tetanus may be four to five times greater
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than that exerted during a single twitch.

Since the rate of discharge from the motoneurons may vary from

a very low (five to ten impulses per second) to very high levels (50 or

above per second), the strength of the resulting contraction of the

innervated muscle will vary correspondingly. This provides for one

important mechanism for the gradation of the activity of the muscles.

The second mechanism is dependent on the number of motoneurons

activated simultaneously. The higher the stimulation frequency and

the larger the number of active motor units, the greater will be the

tension generated by the muscle. The gradation of contraction in

the muscles is brought about mainly by motor unit recruitment, except

at very low and high contraction strengths (6). Some motor units,

probably consisting of fast muscle fibres, may only be active during

rapid and almost maximal efforts (28).

Saltin (66) reports that a voluntary maximal muscle effort in

most situations and with unconditioned subjects does not engage all

the motor units of the active muscle at tetanus frequency. Effective

inhibitions on some motoneurons exist in varying degrees, variation

depending on supraspinal and proprioceptor activity. In a specific

situation, e.g. , an emergency, and perhaps as an effect of training,

inhibition decreases (or facilitation increases), and the muscle mass

can become more completely utilized in the contraction.
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Mechanical Work

During muscle contraction and relaxation, the myofibrils shorten

and stretch the elastic connective tissue and tendons. During isotonic

or dynamic contraction, external work is done, and the amount of work

can be calculated from the product of weight lifted and the distance

this weight is carried. Since this distance is zero in isometric con-

tractions, no mechanical work is done according to the laws of physics.

However, isometric activity demands energy and can be very fatiguing.

From a physiological viewpoint, the ftworkif performed is definitely

more related to developed force times contraction time than to force

times displacement.

During isometric contraction, all the extra energy output is

converted to heat. In dynamic exercise, at least 75% of the chemically

available energy is transformed to heat. The chemical reactions

providing the energy for contraction of the muscles are in some way

controlled by the change in the length of the muscle and by the tension

placed on the muscle (35).

Strength-Endurance Relationship

The relationship between muscular strength and muscular

endurance has been the focus of study by many contemporary researchers

(5, 10, 14, 49, 59, 60, 72, 65, 79, 47). Clark (14) describes this



29

relationship within eight principles of muscular contraction.

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 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 movernenl

following exercise.

7. Muscular fatigue patterns from strenuous total body activity can

be revealed by strength decrements of individual muscle groups.
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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

having greatest absolute endurance and less relative endurance has

been studied in terms of wrist flexion (48, 49, 52), elbow flexion

(10, 22, 72, 75), knee flexion and extension (58), bench pressing

(5, 71), back and leg lifts (79), static muscular work (10, 48, 49, 51,

72, 75, 79), and dynamic work (5, 59, 71).

The cumulative tension exerted by muscle groups about the major

joints varies from joint to joint, with the angle of each joint, and with

the type of muscular contraction.

The biceps brachii have been tested isometrically to determine

the strength-endurance relationship of skeletal muscle (10, 22, 72,

75). Start and Graham (75) studied isometric strength and absolute

isometric endurance of the forearm flexors to produce a positive

correlation of .75. A significant negative correlation was found by

Carlson and McCraw (10) between isometric strength and relative

isometric endurance while testing the forearm flexors.

Muscular Fatigue

Fatigue is a very complex concept, especially since heavy
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exercise imposes a load on respiration and circulation, as well as the

neuromuscular function. Viewed as a reduced ability to apply muscular

tension, this phenomenon is influenced by a number of physiological

and psychological variables. Occlusion of the blood supply, local

fuel sources, the neuromuscular role in contraction, the duration and

intensity of contraction, and frequency of contraction must all be con-

sidered as direct or indirect influences on the degree of fatigue.

Neurophysiological Theories

Merton (57, 56) has reported that when strength failed in adductor

pollicis, electrical stimulation of the motor nerve could not restore

the strength. Since, even in extreme fatigue, the action potentials

evoked by the nerve stimulation were not significantly diminished, he

concluded that neuromuscular block could be important in the fatigue

of volitional tetanus. Further evidence that the fatigue is peripheral

in nature, at least in experiments lasting for only minutes, was

provided by the fact that recovery from fatigue did not take place if

the circulation to the muscle was arrested.

In contrast, Ikai et. al. (41) had subjects perform a maximal

voluntary contraction once a second one hundred times. After every

fifth contraction, an electrical stimulus was applied to the nerve of the

muscle. In both conditions a decrease in developed force with time

occurred but the decrease was more pronounced in the voluntary effort
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than in the electrically induced contraction. The maximal developed

force was at 40 percent of the initial value for the voluntary contrac-

tions, but only reduced to 66 percent when the muscle was stimulated

electrically. Ikai et. al. (41) concluded that the decrease in muscular

strength in the course of fatigue is based on two components, a

peripheral one and a central one, involving the central nervous system.

A fact to be emphasized is that the electrical stimulation of a

nerve leads to a synchronized activation of all muscle fibres innervated,

but under normal conditions, the impulses to the motor units come

asynchronously. At a high frequence of stimulation it may not make

any difference, since a complete or almost complete fusion of the

mechanical contraction waves occurs. With an electrical stimulation

of the peripheral nerve, afferent fibres are also activated with

consequences which are difficult to evaluate.

In the subjects of Ikai et. al. (41) the energy yield was apparently

not taxed to maximum in voluntary efforts. The changes in the intra-

and extra cellular compartments of the muscle during the ?natural?

fatigue did not impede an increased performance when the muscle was

stimulated artificially. However, a muscle that is stimulated

repeatedly will gradually show a prolonged latency period and the rise

of tension becomes slower and smaller. The muscle relaxes more

gradually and incompletely, and may finally cease to respond to a

stimulus, irrespective of whether it is a normal or an artificial one (1).
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Simonsen (74) concluded that the fatigue developing in maximal

voluntary muscular effort is, to a large degree, located in the central

nervous system. He excluded transmission fatigue at the neuromuscular

junction as a plausible weak point.

Electromyographic studies on sustained isometric contractions

suggest that additional motor units are recruited as loss of tension

progresses due to impairment of fatigued units (3, 70). Scherrer (70)

recognized two essential EMG phenomena appearing during prolonged

and intense muscular activity: 1) a deficiency in the coupling of the

electrical and mechanical phenomena and 2) a synchronization of motor

units. Basmajian (3) stated that this synchronization of potentials is

taking place during the final stage of exertion to compensate for the

loss in contractility due to impairment of fatigued units.

Blood Supply

During muscular contraction, the muscle tissue consumes

energy sources, metabolites are formed, and oxygen, if available, is

utilized, with a concomitant production of carbon dioxide and water.

Restoration of the internal equilibrium necessitates an adequate

blood supply. During contraction the active muscle swells and

becomes hard. In maximal isometric contractions of the quadriceps

femoris in humans, the intramuscular pressure can be several hundred

millimeters of mercury pressure. Since the peak arterial blood
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pressure at rest is some 120 mm Hg and during exercise below 200

mm Hg in most cases, the blood flow through active muscle is partially

or completely occluded. The time for maintained tension in a

maximal static effort is only a few seconds. The active period can be

prolonged with lower tension developed as the contraction time varies

exponentially with the relative tension (29, 63, 46). The subject's

motivation and ability to endure the unpleasant feeling from the muscles

are important to total contraction time. The highest isometric work

that can be maintained for long periods of time is about 10 to 15

percent of the maximum voluntary contraction (63, 46).

With the blood flow occluded just before and during a vigorous

contraction, no difference exists in the initial tension developed as

compared with controls. At lower tensions, occlusion of the local

blood flow reduces the maximal isometric contraction time. The

difference appears at tension when the intramuscular pressure falls

below systolic blood pressure, which partially reestablishes the blood

flow (57, 65). Metabolites and carbon dioxide can be removed from

the muscle, and the oxidative restoration of the energy-producing

mechanism is reestablished.

The ability of the muscle fibres to maintain a high tension and

the individual's subjective feeling of fatigue are highly dependent on

the blood flow through the muscle. In very short intervals of work,

ATP and creatine phosphate can yield energy and the oxygen present



35

in the muscle (bound to the myoglogin) also makes an energy delivery

from aerobic processes possible. A prolonged activity period with

reduced blood flow may cause the oxygen need to exceed the oxygen

supply, and the anaerobic processes must contribute markedly to the

energy yield. The impaired blood flow not only limits the oxygen

supply but also the removal of metabolites and heat. With appropriately

spaced pauses, the blood flow can secure the supply of oxygen and

energy-rich compounds and remove the metabolic wastes so that work

can proceed aerobically for long periods of time.

Frequency of Contraction

Serial isometric contractions at maximum tension, interspersed

by rest intervals of varying lengths, produce different levels of

fatigue. Caldwell (7), demonstrated that when comparing constant

intertrial intervals of 12.5, 25, 50, 100, and 200 seconds during serial

maximal isometric pulls, a rapid intertrial reduction in tension occurs

which is essentially linear in nature. Tests of 5, 10, 20, 30, and 60

second recovery times between maximum efforts produce different

fatigue patterns when high, middle, and low strength groups are com-

pared (10, 47, 48, 73). A 20 second recovery period allows low level

strength groups to work at an apparent "steady state" when performing

five second maximum isometric wrist flexion trials (48).
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Fatigue Curves

Fatigue patterns are conventionally graphed as fatigue curves

for the purpose of easy comparison of the results of studies that

quantitatively assess fatigue. Glenn (22) investigated the fatigue

characteristics of the flexors and extensors around the elbow joint.

Monsen (58) similarly compared fatigue patterns of the flexors and

extensors of the knee joint. Their tests consisted of 30 trials of arm/

leg extension and 30 trials of arm/leg flexion, each trial a maximal

effort lasting 1 to 3 seconds. Contraction cycles of ten seconds were

used, so a rest interval of 7-9 seconds followed each trial. Each

investigator grouped 45 male college student subjects into high,

middle, and low strength groups on the basis of the addition of the

median scores of the two isometric performances. Glenn (22) and

Monsen (58) produced data that revealed no significant difference

between fatigue patterns of the extensors and flexors of the arm and

leg respectively. Both investigators also reported no significant

differerence between fatigue curves of the high, middle, and low

strength groups. A significant difference did exist between the

response of the extensor and flexor muscles of the knee when considered

by trial intervals (58).

Results of static muscular contractions of the wrist flexors have

been reported by Kroll (48, 49), McGlynn (51), and Start (76). Kroll
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(48, 49) studied 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. His earlier study (49) involved a 30 second inter-

trial recovery period; and the later study (48) had recovery periods of

5, 10, and 20 seconds between trials. The subjects in this study (48)

were ranked into strength groups on the basis of the first two trials

for each arm. An analysis of variance treatment of his data showed

a significant difference between groups for the linear trend in the left

wrist flexors. A significant difference between high, middle, and low

strength groups also was demonstrated.

In his second study involving 45 subjects, Kroll (48) tested the

wrist flexors with intertrial recovery periods of 5, 10, or 20 seconds.

The subjects were again divided into high, middle, and low strength

groups on the basis of their performance. The low strength groups

repeatedly demonstrated a fatigue pattern significantly different from

high and middle strength levels. High and middle levels displayed

similar patterns differing only in absolute strength measurement. The

20 second recovery period allowed low level groups to operate at an

apparent usteady statetf while the high and middle levels were unable

to achieve this so-called usteady state". This finding supports the

theory that stronger muscles fatigue faster than weak muscles, but

only under specific strength levels (48).
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Methods and Considerations

Clarkets cable-tension strength tests have been used by many

researchers as a basis for determining muscular strength because of

their high objectivity and ease of administration. This investigation

implemented the equipment (with some modification) and procedures

described by Clarke in Cable-Tension Strength Tests (15). 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 position 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 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.

In addition to these guidelines set by Clarke (15) precautions

were taken to ensure subject comfort and reduce risk of injury, and
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procedures to reduce motivational and distractive influences on the

individual subject's performance were followed. External variables

such as loud noises, room temperature, humidity, shouts of encourage-

ment by peers, and comfort of application of the equipment may enhance

or detract from the performance scores of the individuals tested. Ikai

and Steinhaus (42) investigated some of the factors that modify the

expression of human strength. Results indicated 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 pharmacological agents (alcohol, adrenaline, and amphetamine),

and by hypnosis. Ikia and Steinhaus (42) 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 disinhibition by pure Pavlovian procedures,

by anesthetization of inhibitory mechanisms, or by pharmalogically

induced symptoms serving as stimuli for disinhibition.

Fishel (21) observed various testing situations and found that the

verbal motivation situation contributed to improved muscular strength

scores. Berger (5) 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.

Procedures to minimize the described influences on human
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muscular performance were followed during testing conducted by this

investigator. Details are provided in Test Description and Procedure

in Chapter III of this manuscript.

Test Analysis

In many investigations concerning human muscular response

and fatigue, test analysis ranged from simple descriptive statistics

of means, standard deviations, ranges, and "tai values, to the more

complex analysis of variance of trends used by Kroll (47, 48).

Glenn (22) and Monsen (58) studied the characteristics of fatigue

of the flexors and extensors of the elbow and knee joints respectively.

Both utilized a double classification analysis of variance, which included

a strength decrement index (SDI) to compare flexor and extensor scores

for the three strength levels scrutinized. 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 (22) and Monsen (58) also

used descriptive statistics to clarify their findings.

The strength decrement index (SDI) was developed in 1955 by

Clarke et. al. (16), and is defined by the formula:

Strength (initial) - Strength (final)
SDI % = x 100Strength (initial)
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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 follows these decrements. Caldwell (7) demonstrated this in

his study of "decrement and recovery with repetitive maximal muscular

exertions". A sample of studies using various test analysis methods

and equipment appears in Table 1.

Summary

Elements of 'the skeletal muscle cell, energy sources for

muscular contraction, biochemistry of contraction, muscle fibre types

and their innervation, the strength-endurance relationship, the

phenomenon of fatigue, methods and considerations, and test analysis

have been reviewed in this chapter. Understanding of human muscular

response is facilitated by reviewing the literature in this vast,

magnificent field of study.

Investigations of the response of the flexor and extensor

muscle groups around a joint to a maximal serial isometric task have

been limited to the studies of Glenn (22) and Monsen (58). Glenn (22)

sought the response patterns of the flexor and extensor muscles of the

elbow joint while Monsen (58) investigated the response of the flexors

and extensors of the knee. Both investigators studied the results of

repeated maximal isometric contractions interspersed with short rest

intervals.



Table 1: Sample of Studies Using Various Test Equipment and Test Analysis Methods.

Function Tested Equipment Test Analysis Methods

Big land & Lippold -plantar flexion -electromyograph -best fit of experimental
(1954a) -dorsi flexion (surface electrodes) points to a linear relation

Caldwell (1970) -isometric pulls -dynamometer handle -Strength Decrement Index

Clarke (1966) -(variety of functions) -cable tensiometer -"t" score values between
-testing table SDI scores.
-pulling assembly

Clarke & Stull
(1970)

-elbow flexion -trained on arm lever
ergometer

-fatigue curve analysis

Glenn (1971) -elbow flexion -cable tensiometer -two factor analysis of
-elbow extension -testing table variance using SDI scores

-pulling assembly

Kroll (1968) -wrist flexion -table mounted tensiometers
at 90 degree angles to padded
forearm rest.

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

Margaria, et. al., (1971) -running stairs -photocell beam recorder

Monsen (1973) -knee flexion -cable tensiometer -two factor analysis
-knee extension -testing table variance using SDI scores

-pulling assembly

Shaver (1971) -benchpress -weights used for bench press lift
(Dec. )

Tuttle, et al., -handgrip -grip dynamometer based on strain
gauge technique

-back and leg -back and leg dynamometer
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The need for an investigation of the response of the flexor

and extensor muscle groups of the knee and elbow, i. e. , essentially

weight-bearing and nonweight-bearing joints of the same individuals,

became apparent in view of the precedent research.
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CHAPTER III

METHODS AND PROCEDURES

All research and preparation of this thesis was completed at

Oregon State University, Corvallis, Oregon during the 1974-75 school

year. Previous research demonstrated the need for a comparison of

fatigue patterns of the flexors and extensors of the weight-bearing and

non weight-bearing joints within the same individual. Such was the

primary purpose of this investigation. Secondly, the relationship of

the flexor and extensor muscle groups about the knee and elbow

deserved collaboration with earlier studies. Special tests for knee

and elbow flexion and extension designed by Clarke (15) were used,

though some refinements were employed to simplify testing and improve

accuracy of measurements.

Subjects

Approval of the use of human subjects for this investigation was

granted by the Oregon State University Board for the Protection of

Human Subjects (Appendix A).

Forty-eight caucasian male college student volunteers served as

subjects for this investigation. The subjects, all members of university

living groups, were selected on the basis of availability and willingness

to participate in the study. Initial contact with the living groups was
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made at a meeting during which all members of the groups were

informed of the project. A letter was distributed to each member one

week later describing the nature of the study, the test procedures and

time required, and requesting signature of a statement demonstrating

willingness to participate (see Appendix B). When all letters had been

returned, a master testing schedule was posted and all volunteers were

asked to register for a group meeting, and individual test sessions

within prescribed hours. Seven volunteers were rejected on the basis

of unavailability, leaving forty-eight to serve as subjects.

All subjects were informed of their selection and were asked to

attend one of three scheduled screening meetings. During these

meetings, demographic data such as height, weight, activity status,

and hand grip strength measured by a hand-grip dynamometer were

obtained. The strength data was collected so that the upper one third

and lower one third of the subjects according to grip strength scores

could be eliminated from further testing. The remaining sixteen

subjects, in the medium strength range, were retained for the fatigue

pattern study. The middle strength group was sought for this investi-

gation since earlier studies (22, 58) had demonstrated no significant

difference in fatigue patterns between flexors and extensors of the knee

and of the elbow when considered by three strength levels. In order to

limit the variability of performances, the middle strength group was

selected to provide subjects for the investigation. The hand-grip
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strength test was considered a valid criterion measurement of general

strength (r = 0.69) (15) as well as an economical, reliable test for the

purposes of screening general strength levels.

On the basis of hand grip strength scores, the high, middle and

low groups were compared for differences in personal characteristics

of height, weight, age, and activity. No significant difference was

found, as shown by Table II.

Of the sixteen volunteers comprising the middle strength group,

i. e. , the final subjects of this investigation, only three were currently

participating or had participated in varisty or junior varsity athletics

at the university level. Five participated in regular personal fitness

activities, and the remainder reported no regular strenuous activity.

All subjects appeared to be in reasonably good health.

The test sample ranged in age from 18 to 23 years with a mean

age of 20.1. Weight ranged from 141 to 205 pounds with a mean of

171.27. Height ranged from 64 to 75 inches with a mean of 70.5. The

grip strength mean was 52.5 kg (0- = 3.2 kg). Comparative data for

the high and low strength groups appear on Table II.

Experimental Design

Double and triple classification factorial analysis of variance

designs served to test the hypotheses of this investigation. The

structure and data analysis described and illustrated by Edwards (19)



Table II. Subject Characteristics by Groups.

Grip Strength
(kilograms)

Age
(years)

Height
(inches)

Weight
(pounds)

HIGH STRENGTH

RANGE 61. 0 - 83. 0 19 - 24 69 - 76 155 215

MEAN 68. 7 21. 7 71. 7 186. 3

MIDDLE STRENGTH (Criterion Group)

RANGE 55.5 - 60. 5 18 - 23 64 - 75 141 - 205

MEAN 57.9 20. 1 70. 5 179.27

LOW STRENGTH

RANGE 47.0 - 55. 0 18 - 22 63 - 74 137 - 200

MEAN

a

53. 0 20. 3 69. 9 164. 72

F ratio between groups 71.21 2. 24 2. 17 2.38

a
3. 11 required for the . 05 level of significance

5. 07 required for the . 01 level of significance
4=.
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were utilized for statistical treatment. The experimental model is

illustrated by Figure 1. Flexion and extension scores were treated by

the two joints as four interval points of the 30 trial maximum isometric

tests. All 16 subjects were classified as middle strength range of a

48 member group who were tested for hand grip strength. No signi-

ficant difference existed between demographic characteristics of the

high, middle, and low strength groups (Table 11). The strength

differences between the groups were significant at the .01 level of

significance.

Reciprocal strength decrement index (SDI) scores served as the

criterion measure to test all eight hypotheses. F values were used to

compare: flexion response of the knee and elbow joints (hypothesis one);

extension response of the knee and elbow joints (hypothesis two);

flexion response of the knee and extension response of the elbow

(hypothesis three); extension response of the knee and flexion response

of the elbow (hypothesis four); flexion and extension response of the

knee (hypothesis five); flexion and extension response of the elbow

(hypothesis six); and T1, T10, T20, and T30 intervals for knee response

(hypothesis seven) and elbow response (hypothesis eight).

Equipment

The criterion instrument used for this investigation was the

Pacific Cable Tensiometer. This instrument measures force (tension)
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FLEXION EXTENSION

Figure 1: 2 x 2 x 4 Factor Mode] of Test Design.
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exerted on a 1/16 inch cable. Tension units recorded were converted

into tension pounds from a calibration chart supplied by the School of

Engineering at Oregon State University upon calibration of the instru-

ment. The tension pounds recorded from the chart served as the raw

scores of the study.

Additional instrumentation included: a pulling assembly, con-

sisting of a chain, cable, and a regulation strap or cuff; a goniometer

for measuring joint angles specified for the tests; a Clark strength

testing table (a padded table, approximately 616,t long, 219" wide, and

2161, high) necessary for supporting the subjects in the testing positions,

a tape-recorder with an instruction tape of the commands given during

the test; towels for additional padding around the knee joint; data

recording sheet (see Appendix C); and a leg support and arm support

apparatus designed to facilitate the testing procedure. Equipment

used is illustrated in Figures 2, 3, 4, 5, and 6.

The tape recorder, towels for padding, and the leg and arm

support apparatus were additions to the equipment list suggested by

Clarke (15) for the cable tension strength tests. The need for this

additional equipment excluding the arm support apparatus was recog-

nized by Monsen (58) in his study of the flexors and extensors of the

knee. A pilot study preceding this investigation which included testing

of the nonweight-bearing limb musculature, indicated the advantages of

an elbow supporting device and an arm block. This apparatus,
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Figure 2: Test Equipment.
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Figure 3: Knee Flexion Test Position.
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Figure 4: Knee Extension Test Position.
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Figure 5: Elbow Flexion Test Position.
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Figure 6: Elbow Extension Test Position.
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illustrated in Figures 5 and 6 prevented slipping of the elbow, ensured

firm, comfortable contact of the joint throughout testing, and provided

clearance of the cable from the side of the bench which enhanced

tension recording accuracy. The tape recorder provided consistency

of command volume, intonation, and intervals for each of the 30 trials

for each test for all subjects. The command tape consisted of verbal

instructions to the subjects as to the immediate pre-test preparation,

a description of the response requirements to the commands, the

command statement, the length of each contraction, the rest interval

between contractions and the remaining number of contractions. Con-

traction commands recorded on the tape were as follows: 1130-ready-

contract'', three seconds, "relax"", ten second rest interval; "29-

ready- contract", three seconds, ""relax"", ten second rest interval;

"28- ready - contract", etc.

Several modifications to the standard testing procedure estab-

lished by Clarke (15) were designed to facilitate the testing procedures

for this investigation as well as ensure subject comfort. Since maximum

relaxation between successive contractions was desirable in all tests

to improve circulation and standardize the amount of work performed

by the subjects between contractions, the leg and arm support

apparatus was designed. The second purpose of the supports was to

maintain the position of the limb between contractions at the prescribed

angle of the joint, thereby reducing "slack"" in the pulling assembly.
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The leg support apparatus illustrated in Figure 4 was designed by

Monsen (58) in 1973. A height-adjustable chair with a padded top was

utilized as a support in the knee flexion tests. Monsen (58) reported

that many of his subjects experienced a substantial amount of pain to

the knee joint during knee flexion and extension trials. The situation

was improved by the use of towels placed as pads beneath the thigh

during the knee extension tests and just superior to the patella against

the thigh during knee flexion trials.

The elbow and arm support apparatus was designed by the writer

for the elbow flexion and extension tests, and is illustrated in Figures

5 and 6. 'This support was extremely successful in providing a com-

fortable but firm base for the elbow in the form of a rubber pad attached

to the stand which was clamped to the table. This apparatus was

instrumental in preventing the cuff and cable from sliding against the

table, thereby reducing lateral rotation of the humerus, and fixing the

elbow for consistency of position. The arm support extension provided

a block for the arm at the hand to enhance relaxation between each of

the 30 contractions.

Test Description and Procedure

The four tests of the knee and elbow flexion and extension were

patterned after Clarke (19). The knee flexion position of 165 degrees

and knee extension position of 115 degrees at the knee joint; the elbow
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flexion position of 115 degrees and elbow extension position of 40

degrees at the elbow were in agreement with Clarke (15). Reliability

coefficients established by Clarke (15) were . 97 for knee flexion,

.94 for knee extension, .95 for elbow flexion, and . 94 for elbow

extension. Additional equipment and a modified testing procedure

warranted that reliability be established for the tests used in this

investigation. The test-retest experiment provided reliability scores

exceeding . 90 for all four tests.

The 16 subjects of the middle strength group screened by initial

grip strength testing were familiarized with the testing procedures

and equipment at an introductory session preceding the testing. At

this meeting, the subjects were shown illustrations of all the testing

positions and precautions with respect to maintaining maximum efforts

through the tests, keeping elbow contact with the support to prevent

shoulder flexion contributing to the force measured, avoiding eating a

heavy meal within 1-1/2 hours of testing, and other test precautions

described by Clarke (15) were outlined. Questions were invited and

answered so that all subjects could enter their first testing session

without apprehension. A final schedule was arranged for each subject,

consisting of two forty-five minute testing sessions arranged approxi-

mately one week apart.

Flexion and extension of the knee and elbow are theoretically

"pure" contractions, complete relaxation occurring ideally in the
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extensors during flexion and vice versa. Monsen (58) and Glenn (22),

dividing their subjects into two groups to determine whether the first

test affected the results of the second test, as both were done within a

short period of time, reported no significant effects. In this investi-

gation, with each subject performing all four tests, a Greco-Latin

Square design was employed to ensure 1) that each subject performed

the tests in a different order to any other subject and 2) that each subject

used a weight-bearing and a nonweight-bearing joint in each of the two

test sessions. Subjects were assigned randomly by letters of the

alphabet to those corresponding in the Latin Square, and the testing

order so designated was followed during the two test sessions for each

subject. A tabular representation of the Latin Square design appears

in Table III.

Testing sessions were conducted in the exercise physiology

laboratory as scheduled. Subjects who arrived early for their appoint-

ments waited until testing from the earlier session was completed

before entering the laboratory.

Upon arrival for his appointment, each subject was asked to

warm up lightly by slow static stretching of major musculature of the

body, particularly the lower back and limb muscles. The subject was

then asked to sit on the testing table and read the description and

precautions and observe the illustration of his first test position. He

was invited to ask any questions while he assumed the test position.
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Table III. Greco-Latin Square Design for Treatment of Subjects.

Flexion Extension
Subject Knee Elbow Knee Elbow

A 1 3 2 4

B 2 4 1 3

C 3 2 4 1

D 4 1 3 2

E 4 2 3 1

F 3 1 4 2

G 1 4 2 3

H 2 3 1 4

I 3 1 2 4

J 4 2 1 3

K 2 3 4 1

L 1 4 3 2

M 2 4 3 1

N 1 3 4 2

0 4 1 2 3

P 3 2 1 4

Numbers indicate order of tasks.
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The midpoint of the preferred arm or leg segment was measured and

the cuff applied over this point. A coloured chalk mark was made

along the top edge of the cuff to identify its position. The support

apparatus was placed in position so that the subject could relax while

final adjustments were made. The correct angle of the joint was

established using the goniometer and the support apparatus was moved

precisely into position to support the limb while final cable length

adjustments were made. Any padding under the knee was positioned

before final adjustments were made.

With all equipment preparation complete, the subject was asked to

contract the required muscles at about 50% maximum voluntary con-

traction. Subsequently a second contraction at approximately 75%

maximum voluntary contraction was requested of the subject. Final

adjustments were then completed to provide maximum comfort for

the subject and optimum efficiency of the testing apparatus. Further

questions were answered for the subject while he relaxed prior to

testing, and the subject was reminded of the major precautions to

ensure testing accuracy.

The taped test instruction commenced, outlining the procedure and

requesting a maximum, all-out effort throughout the 30 trial test. The

contraction commands followed, providing a three second contraction

time followed by a ten second rest interval. Communication with the

subject was avoided to prevent external influences on his reaction
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behavior, except where anxiety-producing situations arose which

necessitated rapid adjustments or assurances. Scores recorded for

each trial were the tension unit scores at the highest reading on the

cable tensiometer during each contraction. Upon completion of the

30 trial test, the tape recorder was stopped, and the cuff taken off.

The subject rested for several minutes while equipment was arranged

for the following test. The results of each test were not shared with

the subject until he had completed all four tests.

The subject assumed his second test position after perusing the

information specific to the task he was about to perform. Procedures

were followed in the second test as in the first. Test procedure

reproducability was enhanced by the recorded tape.

Reduction and Analysis of Data

Raw scores were recorded on each subject's data form for all

30 trials of each of the four tests. The tensiometer units were then

converted to the raw score tension pounds using the appropriate con-

version table. Two cable tensiometers had been used during testing,

one with a range from 0 to 450 lbs for knee flexion and extension and

the other with a range from 0 to 230 pounds for elbow flexion and

extension. Previous calibration of these instruments had been supplied

by the School of Engineer ing at Oregon State University. From the date

of calibration until testing was completed for the investigation, the



63

instruments were used exclusively for this research.

Criterion measures were calculated by transposing the raw

scores into reciprocal strength decrement index percentage values.

A reciprocal strength decrement score was determined for T1, T10,

T20, and T30 for each subject over all tests using an electric

calculator. Raw scores from each of these intervals were used in

the strength decrement index formula developed by Clarke (15).

Strength (initial) - Strength (final)
SDI % x 100Strength (initial)

Values obtained from this computation were subtracted from 100

to provide reciprocal strength decrement percentage scores, the

criterion measure for this investigation.

Example:
T1

T10

SDI %

Reciprocal SDI %

= 100 tension pounds

= 90 tension pounds

100 - 90
100

x 100% = 10%

100% - 10% = 90%

F values used to determine the acceptance or rejection of each of

the eight hypotheses were computed by a 2 x 2 x 4 and two 2 x 4 factor

analysis of variance computer programs on file in the Oregon State

University computer system. Specific file codes for the programs are

OSU *ANOVA3 and *ANOVA12. Criterion measures were transferred
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to IBM computer cards, assigned and arranged in factor groupings,

run and F scores were produced from the computation.

Level of significance of .05 was selected for rejection of the

null hypotheses of this investigation.
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CHAPTER IV

ANALYSIS AND INTERPRETATION OF DATA

The major purpose of this investigation was to investigate the

response of the flexor and extensor muscle groups about a weight-

bearing and a nonweight-bearing joint to a serial maximal isometric

task. Sixteen subjects provided data for specific tests of knee flexion,

knee extension, elbow flexion, and elbow extension. Treatments and

analysis of data were established on the basis of a triple classification

analysis of variance factorial design with two levels of effect A: knee

extension and knee flexion (weight-bearing function); two levels of effect

B: elbow flexion and elbow extension (nonweight-bearing function);

and four levels of effect C: trials 1, 10, 20, and 30. Double

classification analysis of variance treatments of the knee and elbow

responses provided further scrutiny of main effects and interaction

effects. Criterion measure used in analysis of the data was a

reciprocal strength decrement index (SDI) score. The three main

effects and the meaningful interaction effects are presented in logical

sequence in the analysis. Discussion of effect s follows data analysis.

Knee Flexion-Knee Extension (Effect A)

Mean reciprocal strength decrement index scores for knee

flexion and knee extensions were treated statistically within the 2 x 2 x 4
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factorial design. A significant difference in the mean reciprocal SDI

scores over the 30 trials was demonstrated between the flexor and

extensor muscles of the knee (F = 3. 89) (Table IV).

Elbow Flexion - Elbow Extension (Effect B)

Analysis of variance treatment of the mean reciprocal SDI scores

for elbow flexion and elbow extension revealed a significant difference

between the flexor and extensor muscle groups of the nonweight-bearing

joint (F = 4. 07) (Table IV).

Trial Intervals (Effect C)

Mean reciprocal SDI scores for each of the four trial intervals

did not differ significantly at the .05 level. When considered for each

of the four tests in this study, mean reciprocal SDI scores for the

weight-bearing musculature still were not significantly different from

the scores of the nonweight-bearing musculature over the four trial

intervals (F = 1.60). Tables IV, V, and VI and Figure 9 illustrate this

phenomena.

Further scrutiny of the weight-bearing and nonweight-bearing

muscular response over the four trial intervals Was provided by two

double classification analysis of variance tests. The first analysis

performed on the knee muscle groups revealed no significant difference

between the flexors and extensors when considered by trial intervals
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Table IV. Analysis of Variance Table; Total Reciprocal Strength
Decrement Index Scores of Knee and Elbow Flexion and
Extension Tests.

Source Ndf.
Mean

Squares F

Knee Flexion-Extension (A) 1 2948. 16 3. 89a

Elbow Flexion-Extension (B) 1 1431.79 4. 07a

Trials (C) 3 329.51 0.59
(Trials 1, 10, 20, 30)

AxB interaction 1 4244. 52 7.65a

AxC interaction 3 890. 36 1.61

BxC interaction 3 144. 87 O. 26

AxBxC interaction 3 1052. 42 1. 90

Error 240 554. 73

Total 255

a Significant at . 05 level.
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Table V. Analysis of Variance Table: Total Reciprocal Strength
Decrement Index Scores of Elbow and Knee Flexion.

Source Ndf.
Mean

Squares F

Flexion: Elbow-Knee 1 204.78 9.31

Trials (1, 10, 20, 30) 3 206.94 0. 31

Flexion x Trials 3 166.60 0.25

Error 120 650.22

Total 127

a Significant at . 05 level.
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Table VI. Analysis of Variance Table: Total Reciprocal Strength
Decrement Index Scores of Elbow and Knee Extension.

Mean
Source Ndf. Squares F

Extension: Elbow-Knee

Trials (1, 10, 20, 30)

Extension x Trials

Error

Total

1

3

3

120

127

11330.77

267.44

1776. 17

459.23

24. 67a

0.58

3. 87a

a Significant at . 05 level.
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Table VII. Simple Effects of Total Reciprocal Strength Decrement
Index Scores Considered by Tests and Trial Intervals.

Test Measure T1 T10 T20 T30

Elbow Flexion St. Dev. (o- )

Rec. SDI %
F No significant difference indicating

decrement of response

0.00 4. 11 3. 76 3. 04
100. 00 101.85 100.26 101.43

Elbow Extension St. Dev. (o- ) 0. 00 2. 79 3.11 2. 41
Rec. SDI % 100. 00 95.42 94.65 86. 72
F*

I

2.
t 3

30 L-2. 1 8
. 19

Knee Flexion St. Dev. (0- ) 0. 00 3. 45 4.07 3. 19
Rec. SDI % 100.00 108.61 106.22 98. 82
F

I

&2.46

Knee Extension St. Dev. (6) 0. 00 4. 51 4. 17 4. 04
Rec. SDI % 100. 00 110. 88 119. 31 121.86
F No significant difference indicating

decrement of response

Only F values significant at . 05 level indicating a decrement of
response are listed.
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(F = 1.19). No significant difference existed (F = 0.84) between the

flexor and extensor muscle groups of the elbow joint when considered

by trial intervals. Figures 7 and 8 illustrate the knee and elbow joint

responses respectively. When flexion of the knee and elbow joints

were considered by trial intervals, no significant difference was found

(F = 0. 31). However, a significant difference did exist between

extension of the elbow and extension of the knee when considered by

trial intervals (F = 24.67) (Tables V and VI and Figure 9) .

Examination of the simple effects of the trial intervals revealed

a significant difference in decrement of response in the knee flexion

and elbow extension performances from trial 20 to trial 30. A signi-

ficant difference indicating an increase in response was also evident

primarily between the knee extension trial intervals. A significant

difference indicating a decrement in overall performance was demon-

strated only in the elbow extension test, where a significant difference

existed between trials 1 and 20, trials 20 and 30, and trials 10 and 30.

Knee flexion responses revealed a significant difference indicating a

decrement of response between trials 10 and 30 (Table VII).

Interaction Effects

Interaction among the three main effects of this study were

obtained from the triple classification analysis of variance and are

presented in Table IV. Elbow-knee by flexion-extension (AxB)
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interaction as listed in Table IV reveals a significant difference

when considering joint by muscle group interaction (F = 7.65) (Table

IV). Further scrutiny provided by two double classification analysis

of variance treatments of the elbow and knee separately by flexion-

extension interaction demonstrated a significant difference between

elbow flexion and knee extension responses (F = 4.27). No significant

difference existed in the response of the flexors of the knee and the

extensors of the elbow to the repeated maximal isometric task (F = 1. 32).

Mean reciprocal strength decrement index scores of the elbow and

knee compared by trial intervals (AxC) provided no significant difference.

Flexion and extension data interaction with trial intervals (BxC) also

proved insignificant. Interaction between all three effects (AxBxC)

revealed no significant difference when mean reciprocal strength

decrement scores were analyzed. All A, B, and C interaction effects

are recorded in Table IV.

Interpretation of Data

Do flexor and extensor muscle groups of the knee joint respond

differently to a repeated maximal isometric task? Do flexor and

extensor muscle groups of the elbow joint respond differently to a

similar task? Do flexor muscle groups of the weight-bearing and

nonweight-bearing joints respond differently to a similar task? Is

there any relationship in the response characteristics between the knee
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flexors and elbow extensors, or between the knee extensors and

elbow flexors? Finally, when the serial isometric tasks of knee

flexion, knee extension, elbow flexion, and elbow extension are

considered by trial intervals, are there any differences in the responses

between those intervals? On the basis of these research questions,

the hypotheses of this investigation were developed and tested. Inter-

pretation of the results of this study will be presented firstly in terms

of the hypotheses presented in Chapter I, and secondly in terms of their

contribution towards current evidence of flexor and extensor muscle

performance.

Hypothesis one, that no significant difference exists in the

response of the flexor muscles of the knee and elbow joints to a

repeated maximal isometric task, was accepted. Acceptance of this

first hypothesis was sanctioned by an F value of 0.31 which does not

imply significant difference.

Hypothesis two, which states that no significant difference exists

in the response of the extensor muscles of the knee and elbow joints

to a repeated maximal isometric task, was rejected. A significant

difference at the .01 level was determined by an F value of 24.67,

although the . 05 level had been established previously for acceptance

or rejection. These determinations reflected that the overall responses

of the flexor and extensor muscle groups about the knee joint and about

the elbow joint for the 16 subjects tested were dissimilar.
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Hypothesis three, that no significant. difference exists in the

response of the flexors of the knee and the extensors of the elbow to

a repeated maximal isometric task, was accepted. Acceptance was

warranted by an F value of 1.32, and suggested that the responses of

the flexors of the knee and extensors of the elbow were similar.

Hypothesis four, that no significant difference exists in the

response of the extensors of the knee and the flexors of the elbow to

a repeated maximal isometric task, was rejected. An F value of 4.27

demonstrated a significant difference between these two muscle group

responses despite the relationship of the knee flexors and elbow

extensors revealed above.

Hypotheses five and six were applied to the flexor-extensor

relationships within the weight-bearing and nonweight-bearing joints

respectively. Hypothesis five, which stated that no significant dif-

ference exists in the response of the flexor and extensor muscle groups

of the knee to a repeated maximal isometric task, was rejected.

Rejection was warranted on the basis of an F value of 3.89 which

demonstrates that a significant difference existed in the flexor-extensor

response relationship at the knee joint.

Hypothesis six, that no significant difference exists in the

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

repeated maximal isometric task, was also rejected. An F value of

4.07 demonstrated that the flexor-extensor response relationship
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at the elbow was significantly different, as was shown at the knee.

Hypotheses seven and eight were designed to test particular

fatigue responses of the flexor and extensor muscle groups of the

weight-bearing and nonweight-bearing joints respectively over four

predetermined trial intervals. Hypothesis seven, which stated that

no significant difference exists in the response of the flexor and

extensor muscle groups of the knee to a repeated maximal isometric

task when considered by trial inte rvals, was accepted. Acceptance

was justified by an F value of 1.19, implying that the responses of

both muscle groups of the knee were similar when considered by trial

intervals.

An F value of 0. 84 determined the acceptance of hypothesis eight,

which stated that no significant difference existed in the response of

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

isometric task when considered by trial intervals. Therefore, when

the flexor and extensor muscle responses of the knee and elbow joints

were considered at trials 1, 10, 20 and 30, no significant difference

in response occurred at either joint. Since significant difference was

determined to exist between the responses of flexor and extensor

muscle groups of the knee and the corresponding muscle groups of the

elbow by the rejection of hypotheses five and six, further analysis of

these main effects was developed to locate where these differences

existed. A significant interaction effect was discovered between
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extension responses of the elbow and knee when considered by trial

intervals (F -= 3. 87). Analysis of simple effects revealed a significant

decrement in overall performance only in elbow extension. Knee

flexion responses revealed a significant difference indicating decrement

of response between trials 10 and 30, and 20 and 30.

Statistical treatment of the scores elicited by tests in this

investigation has produced extremely fascinating and challenging

responses to the hypotheses five and six. Firstly, the significant

difference between the responses of the knee flexors and extensors

directly contradicts the results of Monsen (58). The testing procedures

employed by Monsen (58) were virtually identical to those of this

investigation. The major difference between the two studies was

the choice of testing populations. Since earlier studies (22, 47, 48,

58) have shown no significant differences existing in the response of

flexor and extensor muscles of the upper and lower limbs to serial

maximal isometric contractions when considered by various strength

levels, a middle range strength group was screened from a sample

similar to those of the earlier studies (22, 47, 48, 58) for this

investigation. The purpose of this procedure was to limit the variables

of the study, which had already taken the form of a 2 x 2 x 4 factorial

model. Since the F value reported by Monsen (58) is particularly low,

assumptions can only be made concerning the effect of high and low

strength groups upon the overall significance of the flexor and extensor
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responses at the knee. However, earlier research, including Monsenfs,

has shown no significant difference to exist between these muscle

groups when considered by strength levels (22, 47, 48, 58).

Glenn (22) reported no significant difference between fatigue

curves of the high, middle, and low strength groups, in response to

serial maximal isometric contractions of the elbow flexors and

extensors. The difference in responses of the same muscle groups

to similar tests in this investigation was significant, in direct con-

tradiction to Glennfs result (22). Kroll (47) whose studies of the wrist

flexors considered by strength levels revealed no significant difference

in fatigue curves, proposed that strong muscles possess a superior

physiological apparatus designed to maintain higher absolute levels of

strength in situations where recovery periods are permitted. His data

suggested that no biologically fixed and constant absolute critical

intensity level of isometric muscular tension exists which occludes

intramuscular circulation. Kroll (47) concluded that different levels

of strength possess dissimilar local circulatory efficiency and/or

tolerance to fatigue products.

Further investigations by Kroll indicated that analysis of a fatigue

curve, which is an ave rage or composite for a large experimental group,

seldom legitimately represents the fatigue pattern of low levels of

strength (48). He found that low level strength groups demonstrated

significant linear fatigue patterns under five and ten second recuperation



81

period conditions, indicating the absence of a steady state. High

and middle strength level subjects produced quadratic curve com-

ponents indicating a steady state while operating at higher levels of

absolute strength. Despite absolute level differences, the high and

middle strength level muscles produced similar fatigue patterns (48).

Monsen (58) reported that a significant amount of fatigue response

occurred in both the high and middle strength knee extension levels

and also in the high knee flexion level from trial one to trial 10. He

adds that the knee flexors did not respond similarly to the knee extensors,

since a significant amount of fatigue response only occurred in the high

strength knee flexor group. No significant amount of fatigue occurred

in both knee extensors and knee flexors of Monsen's low strength level.

Since statistical treatments in Monsen (58) and Glenn's (22) investi-

gations took means of the high, middle, and low strength level

responses to test significant differences, and both investigators described

some discrepancies in fatigue effects between strength levels, the

possibility of producing similar results when only a middle strength

group was studied for the purposes of this investigation is difficult to

assess. The homogeneity of this sample compared with those of Kroll

(47, 48), Monsen (58) and Glenn (22) serves to reduce the variance of

response and improve the chance for statistically significant differences

in response to the tests utilized in this study.

Since fatigue response differences in the flexors and extensors of
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the knee and elbow were not proven significant in earlier studies

(22, 47, 48, 58), what further explanation can be offered for the

significant differences evidenced in this investigation? Different

levels of strength have produced different response characteristics

in tests almost identical to those of this study. Within the homo-

geneous sample tested, strength levels differ significantly between

the flexor and extensor muscle groups of the knee and elbow. The

strength ratio of flexors to extensors at the knee joint in this study

was 1 : 1. 13 compared with 1 : 1.60 in Monsen1s investigation. For

the elbow joint, the strength ratio of flexors to extensors was 1 1.87

compared with 1 : 1.49 in Glennfs study. These absolute strength

differences alone could account for the fatigue response differences

evidenced in this investigation. Furthermore, the functional relation-

ships of the muscle groups tested, particularly with respect to the

weight-bearing and nonweight-bearing roles of the joints, and the

phasic versus static orientation of the flexors and extensors of the

knee, provide some rationale for the existence of a significant dif-

ference between the responses of these muscle groups to a repeated

maximal isometric contraction.

Work by Klein (45) and Mc Morris and Elkins 55) offers explana-

tions for the high performance level of the flexors and extensors of

the knee joint during repeated maximal isometric performance. The

postural weight-bearing function of the knee joint musculature imposes
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vastly different demands than does the normal nonweight-bearing

function of the elbow joint muscles. Klein studied the strength

maintenance of the knee extensors and flexors following a progressive

resistance 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 (45). 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 7s

study. A similar investigation by Mc Morris and Elkin's (55) dealt

with strength loss of the arm of approximately 55 percent of strength

gained by specific progressive resistance exercise one year following

its termination.

The response patterns described more acutely in Figures 7, 8,

and 9 suggest that the overall fatigue evidenced by a decrement of

response over 30 trials was significant only in the test of elbow

extension. Relaxation of the involved muscle group between trials for

a period of l0 seconds apparently allows the blood supply, occluded

during contraction, to resume flow. The degree of relaxation, and

consequently, the degree of restoration of blood flow after occlusion,

may be enhanced by the provision of a comfortable supporting device

during rest intervals. It is feasible that failure of the muscles to

relax sufficiently when no supporting device is provided during testing
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may maintain an intramuscular pressure that, when manifested

against the arterial walls, is sufficient to reduce arterial flow or

completely occlude circulation. Investigations by Saltin et. al.

(67, 68) suggest 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. If the blood pressure

had been increased during the contraction, then relaxation of the

muscle would allow the increased blood pressure to force the blood to

the muscles and supply the muscles with the needed metabolic require-

ments and at the same time carry away the acid metabolites produced

from each contraction. Evidence exists that stronger muscular con-

tractions are responsible for greater increases in blood flow to the

muscle, thus a greater associated recovery process. Removal of acid

metabolites and oxygen 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

three muscle groups that failed to demonstrate overall fatigue patterns,

the metabolic demands of the muscle tissues were almost completely

met during the 10 second intertrial rest period. Where raw scores

actually increased throughout the progression of the 30 trial test, as

was the case in some instances, circulatory conditions and intra-

muscular conditions were enhanced during the rest periods.
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Very little literature has been compiled on the flexor-extensor

relationships as they relate to comparisons of the knee and elbow, or

weight-bearing or nonweight-bearing joints. The first four hypotheses

of this study were designed to test such interrelationships as the flexors

of the knee and elbow, the extensors of the knee and elbow, the flexors

of the knee and the extensors of the elbow, and the extensors of the

knee and the flexors of the elbow all within the same individual. Two

of these four relationships proved statistically significant. The

extensors of the knee and the flexors of the elbow are each the stronger

of each joint pair. The more highly significant difference however

existed between the extensors of the knee and elbow, which contradicts

the former relationship. A close similarity in fatigue patterns occurred

with the flexors of the elbow and knee, since no significant difference

existed between the means of their responses to the same isometric

task. The flexors of the knee and extensors of the elbow, each the

weaker of the pair at each joint also showed similar response patterns

to a serial maximal isometric task. The disparity of these results

suggests a need for further study of these flexor-extensor and weight -

bearing nonweight-bearing relationships, since virtually no supportive

literature is available to suggest confirmation or rebuttal of relation-

ships statistically confirmed in this investigation.

Many variables influence the response of the flexor and extensor

muscles of the knee and elbow joints to a repeated maximal isometric
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task. A logical development of the meaning of the results of this

investigation and their contribution to the expanding body of knowledge

on muscular response to exercise has been formulated in the above

discussion. Intramuscular circulatory occlusion, the values of

intertrial rest interval, removal of acid metabolites, regeneration

of local energy sources and the specificity of muscular response

based upon function, particularly weight-bearing and nonweight-bearing

roles of the knee and elbow joints respectively, appear to be the

possible variables which provide explanations to the results of this

investigation.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summa ry

Biomechanical functions of the human body have predisposed its

skeletal and ligamentous structure and muscle support systems about

the various joints. Weight bearing by the lower limbs imposes

stresses, and locomotion demands specialized function of the various

components of the involved joints, particularly of the muscle groups

maintaining motion. Upper limb functions in man are more manipu-

lative and less weight bearing than in the lower limbs. The prime

movers of the joints are adapted to the functions of the joints they

support. Vast differences in strength and perhaps in other variables

of muscular adaptation, such as power, endurance, and the characteris-

tics of fatigue also may be predisposed by function.

The purpose of this study was to investigate the responses of

flexor and extensor muscle groups of a weight-bearing and nonweight-

bearing joint to a repeated maximal isometric task. Several research

questions were proposed by the nature of muscular response relation-

ships about the different joints and specifically by the functional con-

siderations imposed upon these joints. On the basis of these research

questions, eight null hypotheses were developed and tested:
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Experimental Equipment

Specific equipment designed for the administration of the Clarke

Cable Tension Tests, as well as instrumentation to refine the testing

process, were used for this investigation. Equipment included: two

Pacific cable tensiometers; two pulling assemblies (chain, cable,

cuff); goniometer; strength testing table; tape recorder; recorded

instruction tape; leg support apparatus; arm support apparatus;

padding; and data recording sheets.

Experimental Procedures

Forty-eight young adult male Oregon State University student

volunteers served as subjects. One third of these volunteers, the

medium strength range determined by handgrip strength, were

administered specific isometric knee and elbow flexion and extension

tests. Experimental test procedures and equipment were similar to

those developed by Clarke (15).

Subjects performed one weight-bearing and one nonweight-bearing

test in each of their two testing sessions. Order effects were reduced

by the use of a. Greco-Latin Square design which prevented replication

of test order (Table III). Procedures for testing were identical for

each test: preparation of subject in testing position, followed by a

taped instruction describing the nature of the test and procedures to be
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followed, and requesting contraction and relaxation of the specific

muscle group. Three second maximal contractions for each of the 30

trials were followed by 10 second intertrial rest intervals. Provisions

for complete relaxation of the involved muscle groups for each of the

four tests were made.

Analysis of the Data

Data were analysed on the basis of a 2 x 2 x 4 triple classification

factorial analysis of variance test design, and main effects for the

two joints were further investigated by two double classification analysis

of variance treatments. Reciprocal strength decrement index !SDI)

scores served as the criterion measure to test the eight hypotheses of

the study. Analysis of the simple effects by trial intervals provided

additional information on the fatigue characteristics of the knee and

elbow joint musculature. The .05 level of significance was chosen

for rejection of the null hypotheses of this investigation.

Conclusions

The following conclusions, based upon the test design and analysis

of the hypotheses, arc evidenced by this investigation: Table VIII,

presents a summary of these conclusions.

1. No significant difference exists in the response of the flexor

muscles of the knee and elbow joints to a repeated maximal

isometric task.
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Table VIII. Summary of Results of Statistical Testing of the Hypotheses:
Responses of Muscle Groups to Serial Maximal Isometric
Contraction.

No. Comparison Tested

1 Flexors of knee vs flexors of elbow 0. 31

2 Extensors of knee vs extensors of elbow 24. 67b

3 Flexors of knee vs extensors of elbow 1. 32

4 Extensors of knee vs flexors of elbow 4. 27a

5 Flexors of knee vs extensors of knee 3. 89a

6 Flexors of elbow vs extensors of elbow 4. 07a

7 Flexors of knee vs extensors of knee vs
trial intervals 1. 19

8 Flexors of elbow vs extensors of elbow vs
trial intervals 0. 84

a Significant at . 05 level.

b Significant at . 01 level.
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2. A significant difference did exist in the response of the

extensor muscles of the knee and elbow joints to a repeated

maximal isometric task.

3. No significant difference exists in the response of the flexors

of the knee and the extensors of the elbow to a repeated

maximal isometric task.

4. A significant difference did exist in the response of the

extensors of the knee and the flexors of the elbow to a

repeated maximal isometric task.

5. A significant difference did exist in the response of the

flexor and extensor muscle groups of the knee to a repeated

maximal isometric task.

6. A significant difference did exist in the response of the flexor

and extensor muscles of the elbow to a repeated maximal

isometric task.

7. No significant difference exists in the response of the flexor

and extensor muscle groups of the knee to a repeated maximal

isometric task when considered by trial intervals.

8. No significant difference exists in the response of the flexor

and extensor muscle groups of the elbow to a repealed

maximal isometric task when considered by trial intervals.
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Recommendations

The outcome of this investigation suggests many possibilities

for related research in the area of muscular response. Alternative

delimitations to those of this study provide additional research

considerations.

1. The response of the flexors of the knee and elbow joints

appear similar while response of the extensors of the knee

and elbow joints appear very dissimilar. Further investi-

gation of these responses and their relationship to function

is needed.

2. The knee flexor-extensor relationship analysed in this

study does not agree with that suggested by Monsen (58).

Replication of this feature of the research is needed.

4. An investigation of the influence of varied intertrial rest

intervals on the response of the flexor and extensor muscles

of the knee and elbow joint is needed.

5. Since fatigue effects were significant in only one of the four

muscle groups tested in this investigation, replication of

this study with a greater number of trials in each test is

needed.

6. Replicated studies on high and low strength level subjects is

needed.
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Letter to PartiCipants

Dear Participant,
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Your assistance is needed for an investigation of muscular fatigue
patterns. This study will help determine whether or not a fatigue
pattern difference exists between the flexor and extensor muscle
groups of the knee and the elbow joints.

Previous studies indicate that the fatigue patterns of the flexor and
extensor muscles of the knee are very similar, as for the elbow,
but no relationship between flexors and extensors of this weight-
bearing and nonweight-bearing joint can be shown unless the same
subjects are used for all four tracings.

Your participation will facilitate just that, a series of four tests
that will require no more than 1-1/2 hours in total time. You will
be asked to attend a brief orientation session followed by an actual
testing session. Actual testing time totals approximately 25
minute s .

Your help will be greatly appreciated. If you are willing to participate,
please 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-it being conducted by the Department of
Physical Education of Oregon State University.

Signed: Age:

Date: Activity (Regular):

Phone:

Residence: Hours available:

Days available:
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APPENDIX C

Data Recording Forms

Elbow and Knee Flexion and Extension Tests

Subj ect:

Height: Weight: Age:

Dynamometer Grip Strength:

Activity (Last two hours):

DATA: ELBOW

EXTENSION FLEXION

T
Tension
Units Lbs. T

Tension
Units Lbs. T

Tension
Units Lbs. T

T ens ion

Units Lbs.

1. 16. 1. 16.

2. 17. 2. 17.

3. 18. 3. 18.

4. 19. 4. 19.

5. 20. 5. 20.

6. 21. 6. 21.

7. 22. 7. 22.

8. 23. 8. 23.

9. 24. 9. 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.



103

DATA: KNEE

1

EXTENSION FLEXION

T
Tension
Units Lbs. T

Tension
Units Lbs. T

Tension
Units Lbs. T

Tension
Units Lbs.

1. 16. 1. 16.

2. 17. 2. 17.

3. 18. 3. 18.

4. 19. 4. 19.

5. 20. 5. 20.

6. 21. 6. 21.

7. 22. 7. 22.

8. 23. 8. 23.

9. 24. 9. 24.

10. 25. 10. 25.

26. 11. 26.

1

12. 27. 12. 27.

1

'13. 28. 13. 28.

14. 29. 14. 29.

15. 30. 15. 30.




