
3-79

NB(

No, Ii?9

FATIGUE RELATED CHANGES IN THE BODY MOTION AND

FORCE APPLICATION DURING THE PERFORMANCE

OF CONSECUTIVE CHIN-UPS

THESIS

Presented to the Graduate Council of the

North Texas State University in Partial

Fulfillment of the Requirements

For the Degree of

MASTER OF SCIENCE

By

Der-Ming Hong, B.S.

Denton, Texas

December, 1984



Hong, Der-Ming, Fatigue Related Changes in the Body

Motion and Force Application During the Performance of

Consecutive Chin-ups. Master of Science (Physical

Education), December, 1984, 51 pp., 3 tables, 7 figures,

bibliography, 25 titles.

The purpose of this study was to examine the effects

of fatigue on force application and resulting movement

patterns during the performance of consecutive chin-ups.

Special attention was directed toward relating any fatigue

effects to upper limb strength dominance. Twenty male

adult subjects each performed one trial. Each trial

consisted of consecutive chin-ups. Fatigue caused changes

in the movement patterns, duration of movement and force

applied through the supporting hands. Throughout the

performance greater vertical forces were applied through

the dominant upper limb segment with the application of

these forces resulting in horizontal displacement of the

total body center of gravity toward the dominant hand.
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CHAPTER I

INTRODUCTION

Fatigue is one factor which affects the alteration and

eventual cessation of movement patterns which comprise a

skilled performance. Although the physiological mechanisms

and anatomical sites of fatigue have received some scien-

tific attention (Barclay & Stainsby, 1975; Funderburk,

Kipskind, Wetton, & Lind, 1974; Kurihara & Brooks, 1975),

there exists little information concerning the movement

changes that occur prior to the cessation of exercise. An

understanding of such movement pattern changes would permit

the prediction of the onset of complete fatigue and thus

allow the cessation of exercise prior to the occurrence of

either performance failure (as in the case of the "wild"

baseball pitch) or the occurrence of an accident.

Support for this is provided by Bates and Haven (1974)

and Bates, Osternig and James (1977), who examined the

effects of fatigue on the mechanical characteristics of

female runners. In the latter study it was hypothesized

that fatigue did not simply produce a uniform reduction in

the components of a movement pattern but, rather altered

the relationship of the components.
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It would, however, appear that no previous attempts

have been made to examine the effects of fatigue on the

application of the forces used to move the body and to

equate any measured changes to body segment muscular

strength dominance. That is, it would seem reasonable to

suggest that for skills which require simultaneous bilateral

like-segment efforts, the approaching onset of fatigue is

witnessed by segment dominance determined changes in the

force application of the segments which is, in turn,

reflected in the resulting movement pattern.

Purpose of the Study

The purpose of this study was to examine the effects

of fatigue on force application and resulting movement

patterns. Special attention was directed toward relating

any fatigue effects to upper limb strength dominance.

Delimitations of the Study

The delimitations in the analyses of the forces

applied and the movement patterns during chin-up perform-

ance included the following.

1. Only untrained males between the ages of 18 to 30

were used as subjects.

2. It was assumed that total fatigue occured at the

cessation of exercise.

3. The chin-up performance was evaluated on the basis

of a supinated grip with thumb over the bar.
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Limitations of the Study

The limitations in the analyses of the forces applied

and movement patterns during chin-up performances included

the following.

1. Normal cinematographical analysis limitations were

recognized.

2. The anatomical reference points necessary to make

various computations were estimates for approximating the

actual locations of these points on each subject.

3. No attempt was made to control for the amount of

knee or hip flexion although the instructions given to each

subject encouraged only the use of the upper limbs for

support and propulsion.

4. The assumption was made that the subject perform-

ance occurred in a single plane perpendicular to the

optical axis of a single camera.

5. No attempt was made to control for the time to the

initiation of first chin-up performance other than a verbal

indication to begin.

6. No attempt was made to control for distance

between hands on the chin-up bar other than to instruct

subjects to keep their hands shoulder width apart.

7. The assumption was made that the arm strength

measures using an Orthotron TM isokinetic dynamometer pro-

vided the best measures for determining upper limb strength

dominance for the isotonic performance of a chin-up.
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Definition of Terms

The following definitions are presented to clarify

terms that appear in the text and might be ambiguous.

Pronation--This is the inward rotation of forearm

(Barham, 1978).

Supination--This is the outward rotation of forearm

(Barham, 1978).

Frontal plane. This is the plane which divides the

body into front and back sides (Barham, 1978).

Isokinetic contraction--Dynamic contraction where a

constant velocity is maintained allowing maximum contrac-

tion throughout the range of motion (Weinberg, Caldwell,

Cornelius, Jackson, & Smith, 1982).

Chin-up--The act or an instance of pulling oneself up

while hanging by the hands until the chin is level with or

just above the support. A bar is normally placed at a

height sufficient to permit one to hang without being able

to touch the floor (Copeland, 1976).

Upper limb strength dominance--This was identified as

the stronger upper limb segment determined by measuring the

maximum torque during a forearm flexion task on an Orthotron

TM isokinetic dynamometer.

Average force--The average force was computed over the

duration of the up phase of the chin-up.

Impulse--This is the average force multiplied by dura-

tion of the up phase.
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CHAPTER II

REVIEW OF LITERATURE

Fatigue is one factor which affects the alteration and

eventual cessation of movement patterns which comprise a

skilled performance. Physical fatigue arises from intense

or prolonged muscular activity and manifests itself in

reduced work capacity (maximum oxygen uptake) and even in

the inability to continue activity (Yakovlev, 1979).

Fatigue can be developed rapidly (with maximum or near-

maximum intensity loads) or slowly (with maximum or near-

maximum duration loads), depending on the intensity and

duration of muscular activity (Yakovlev, 1979).

Fatigue is a protective inhibition and a defense

reaction that prevents the body from crossing the barrier

behind which life-threatening changes happen (Yakovlev,

1979). "In muscle fatigue [defined as a transient decrease

in the muscle's performance capacity], there are actually

two separate regions where fatigue can set in: a peripheral

region distal to the stimulated motor nerves and a central

region proximal to this place" (Asmussen, 1979, p. 315).

In peripheral muscle fatigue, repeated contractions

cause impairment in at least two different sites, the

"transmisison mechanism" and the "contractile mechanism."

6
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The cause of peripheral muscle fatigue is usually thought

to be either depletion of the substances for contractions

or accumulation of catabolites or other substances resulting

from muscle activity. Inhibition in the fatigued muscle

which results from neural activity is the cause of central

fatigue (Asmussen, 1979).

Peripheral and central fatigue may appear separately

or combined, depending on the situation. "Any one link in

the long chain from the voluntary motor centers in the

brain to the contractile filaments in the single muscle

fibers may be the weaker and thus the most direct cause of

muscle fatigue" (Asmussen, 1979, p. 320).

Neuromuscular fatigue is the term used to describe the

decreased responsiveness of a muscle to repetitive activity.

It is due to failure of the transmission process at the myo-

neural junction. The results of an experiment carried out

on albino rats of Wistar origin by Kurihara et al. (1975)

show that neuromuscular transmission fails during rapid

repetitive stimulation because of a decrement of endplate

potential. During the first 20 seconds of stimulation, the

decrease is entirely due to a reduction in the number of

quanta released without decrement of quantal size. During

this early period, neuromuscular transmission is sustained.

After the first 20 seconds of stimulation, there is a linear

decline of quantal size that ultimately leads to neuromus-

cular transmission fatigue and failure. Neuromuscular
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transmission fatigue occurs because of both a reduction of

quantal number and of quantal size. The investigator con-

cluded that the reduciton of quantal number occurs quickly

and becomes fixed at a stable value, probably related to

rate of stimulation and reflecting an equilibrium of trans-

mitter formation and release.

From the results of an experiment performed to test the

effect of muscular fatigue on the relationship between

smoothed rectified electrical activity (SREMG) and force

in human muscles of different fiber compositions, Clamann

and Broecker (1979) concluded that fatigue produced changes

in SREMG at or proximal to the neuromuscular junciton.

Fatigue produced changes in the SREMG-force relationship

in two ways and in two types of muscle tissue. In pale

muscle tissue of the triceps and biceps brachii, changes

were only produced at high force levels during isometric

contractions. In red muscle tissue characteristic of the

adductor pollicis, changes were produced throughout the

force range. "It is suggseted that muscle units composed of

pale fibers fatigue selectively in mixed muscle containing

many such units, while fatigue effects were more difficult to

produce and are distributed more uniformly in predominantly

red muscles" (Clamann & Broecker, 1979).

Wilkin (1952) indicated that the fatigue effect, or

slowing of the rate of movement during performance, follows

an exponential pattern. Recent studies show that when a

Y
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muscle continues to work at a level above which a steady

state can be maintained, the degradation of strength

(fatigue pattern) follows an exponential pattern (Clark,

1978, Clark & Stull, 1970; Stull & Clark, 1970).

Patton, Hinson, Arnold, and Lessard (1978) reported

that when the sex of adult subjects and their strength level

were not considered, fatigue (degradation of torque) induced

among elbow flexors by isokinetic exercise (comprising the

ingredients of isometrics and isotonics) followed a curvi-

linear (quadratic) pattern. However, when the variables of

sex and strength level were controlled statistically, the

isokinetic fatigue patterns became linear and demonstrated

negative but significantly different slopes. As subjects'

initial strength ranged from high to low, the slope of the

fatigue pattern became less negative with men and women of

equivalent strength demonstrating similar fatigue patterns.

Ordway, Kearney, and Stull (1977) concluded from 27

males performing rhythmic isometric contractions, that the

elbow flexors initially fatigued rapidly but reached a

plateau. Stull and Clark (1970) indicated that the fatigue

of elbow flexors from 20 males performing isotonic contrac-

tions at rapid rates followed a quadratic pattern with a

fast-acting negative component present during early stages

of exercises. This result is consistent with those of

other studies (Clark, 1978; Clark & Stull, 1970; Ordway et

al., 1977).
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In recent work, a linear fatigue pattern during the

initial stages of fatigue was demonstrated (Barnes, 1981;

Patton et al., 1978). It was hypothesized that if the

fatiguing exercises had been allowed to lead to complete

exhaustion, the quadratic pattern might have become appar-

ent. Kroll (1968) and Patton et al. (1978) found that the

stronger subjects tended to fatigue more rapidly in iso-

metric and isokinetic contractions.

All of the biochemical changes that occur during

fatigue are equally characteristic of both the untrained

and trained body; the difference is that in the trained

body they develop as a result of more intense and/or more

prolonged workloads (Yakovlev, 1979).

Fatigue curves of elbow flexors during pre- and post-

training have been found to be similar. However, the post-

training curve is consistently higher and a fast-acting

negative component present during the early states is more

pronounced for trained and/or stronger subjects (Clark &

Stull, 1970; Stull & Clark, 1970).

Although the mechanics of fatigue for a muscle group

is important to the understanding of fatigue, it is of

interest to study the changes in movement patterns result-

ing from fatigue. Ordway et al. (1977) determined that

different muscle groups frequently fatigue at varying

rates. This would tend to cause the development of an

asymmetric movement pattern under fatigue conditions where
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a symmetric pattern previously existed. The limbs in

general may not attain the same range of motion in the

fatigued condition as in the usual condition. Bates,

Osternig, and James (1977) determined that the fatiguing

process for each leg is similar but the breakdown within

each leg is irregular. Thus, the effects of the fatiguing

process on the performance of gross physical skills are

complex and irregular.

Stull and Kearney (1978) found that there was a signif-

icant elongation of movement pattern completion time (motor

time) when the muscle was fatigued. Motor time tended to

increase linearly as fatigue incraesed. In another project,

in which the 400-M run was used as the exercise, Bates and

Haven (1974) concluded that stride length, stride frequen-

cies, and average horizontal velocities decreased between

fatigued and nonfatigued conditions. Patton et al. (1978)

tend to support that muscular fatigue has occurred when the

torque or force recorded from a given contraction is one-

half of the initial maximum torque or force produced.

In summary, a review of literature revealed that the

characteristics of fatigue include both a negative linear

function and a change in the quality of movement patterns.

Little attention has been directed toward a scientific

analysis of the effect of fatigue on the movement patterns

produced by upper extremities.
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CHAPTER III

PROCEDURES

The purpose of this study was to examine the effects

of fatigue on force application oand the resulting movement

patterns. Special attention was directed toward relating

any fatigue effects to upper limb strength dominance.

Subjects

The subjects used in this study were 20 male adults

from North Texas State University (Denton, Texas). They

were untrained (did not regularly perform chin-ups), and

they were experiencing no upper limb abnormalities or dis-

comfort at the time of testing sesisons.

The subjects ranged in age from 18 to 30 years (x =

22.1, SD = 3.6 years), in height from 64.5 to 71.0 inches

(- = 68.31, SD = 1.94 inches), and in weight from 126.5 to

186.0 pounds (- = 147.96, SD = 16.12 pounds). The number

of performed chin-ups ranged from 5 to 17 (x = 10.15, SD =

3.47). Selected anthropometric characteristics of each

subject appear in Appendix A.

14
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Instrumentation

The Chin-up Bar and Force Measurement Element

The chin-up bar consisted of two machined aluminum

rods which were attached 9 feet above ground level to a

rigid structure. The arrangement was such that only the

hands could be used for support (Figure 1).

The machined rods had been instrumented to measure

forces (McIntyre, 1982). Four flats 2.34 cm long and 0.64

cm thick were machined at each end of the rods. Four of the

flats, two at each end of the rods, were both mutually

parallel and perpendicular to the remaining four flats.

With the rods attached to the support structure two of the

flats at each end were horizontal. A foil strain gauge

(Part EA-13-250BG-120, Micro-measurements, Romulus, Michigan

48274) was adhered to each of the eight flats on the alumi-

num rods. On each of the rods, two, four active-arm

Wheatstone bridge circuits were formed for measurement of

the horizontal and vertical forces by the combination of

the four relevant strain gauges. Direct current excitation

of 4 volts was provided for each of the bridges. The design

characteristics and dimensions of the machined rods are

shown in Figure 2. The Wheatstone bridge connections for

each end of one of the aluminum rods is shown in Figure 3.

The output of each of the Wheatstone bridge circuits

was preamplified by four AD521J single integrated circuits
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Fig. 3--Wheatstone bridge connections
for each end of one of the aluminum rods
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instrumentation amplifiers (Analog Devices, Industrial

Park, Norwood, Massachusetts 02062). The subsequent out-

puts (the voltage changes resulting from the deformation

of the strain gauges) were converted to digital values and

placed in permanent storage with the aid of an analog to

digital converter (TransEra, Provo, Utah 84604) which was

interfaced to a Tektronix 4052 graphics calculator

(Tektronix Inc., Beaverton, Oregon 97005). The time inter-

val between samples was set at 0.12 seconds.

Cinematographical Instrumentation

A high speed 16 mm motion picture camera (Model DBM-

54, Teledyne Camera Systems, Arcadia, California 91006)

operating at 60 frames per second was used to record each

chin-up performance. The camera was positioned approxi-

mately 1.5 meters above ground level and the optical axis

directed toward the posterior of each subject. The lens

was 10 M from the subject. Appropriate leveling techniques

were used to ensure that the optical axis of the camera was

directed along a horizontal line. The camera was aligned

so that each subject's range of motion in frontal plane was

recorded on film.

Two number-coded cards were included within the field

of view of the camera and recorded on film for each per-

formance. The numbers subsequently were used to identify

the subjects from the processed film. A horizontal

..
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reference of known length was positioned in the anticipated

frontal plane of motion of each subject and in the optical

field of the camera to facilitate the subsequent determina-

tion of linear measurements from the film. A timing light

and pulse generator used in conjunction with the camera

provided a temporal scale. However, due to equipment mal-

function, the timing light marks did not appear on film.

Because of this, the film and the force data was used to

provide a temporal scale (see p. 26).

Testing Procedures

All of the testing sessions were conducted in the

Motor Development Laboratory, Division of Physical Educa-

tion, North Texas State University, Denton, Texas. Prior

to the subject testing sessions each of the force measuring

elements was statistically calibrated by suspending known

weights from the aluminum rods. The recorded voltage out-

puts were equated to the applied loads.

A pilot study was conducted to determine the average

time it took an individual to perform the "up-phase" of a

chin-up. Ten volunteer subjects each performed two chin-

ups. The time from the initiation of second chin-up until

the chin was above the bar was measured using a digital

stop-watch. The average time was computed and subsequently

used to set the speed of an Orthotron TM isokinetic
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dynamometer (CYBEX, Division of LUMEX, Ronkonkoma, New York

11779).

At the beginning of each testing session each subject

was asked to read and sign a consent form for participation.

A copy of the informed consent form appears in Appendix B.

Measurements were made of each subject's weight, standing

height, and the strength of each upper limb. The latter

measurements were accomplished using an Orthotron TM

isokinetic dynamometer. The Orthotron TM isokinetic dyna-

mometer was arranged such that with the subject in a

restrained seated posture the attachment on the armature

could be pulled down in a motion simulating the "up-phase"

of a chin-up. The speed of the Orthotron TM isokinetic

dynamometer was set to correspond with the average speed of

the "up-phase" as determined from the results of the pilot

study. Each subject performed three trials with each upper

limb. The maximum torque exerted during each trial was

recorded. The average value for each upper limb was used

as an indicator of the relative strength (dominance) of

each upper limb.

Prior to the commencement of a chin-up trial an expla-

nation of the exercise technique was given to each subject,

i.e., supinated grip with thumb over the bar, hands shoulder

width apart, lower limbs together, no swinging or "kipping,"

full extension between repetitions. The exercise technique

was selected to both standardize the performances and
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restrict the major movement contributions to the muscles of

the upper limbs. Although several researchers (Basmajian,

1974; DeWitt, 1944; Gabbard, Patterson, & Elledge, 1981)

have examined the effects of different hand positions on

chin-up performance, the results of these studies are

irrelevant to the purpose of this study.

Each subject performed one trial with each trial con-

sisting of consecutive chin-ups until exhaustion. The

trial began with the subject hanging motionless from the

bar. A verbal signal, "begin," cued the subject to initiate

the first chin-up. The trial ceased when the subject was

unable to complete a chin-up. Any subject who was unable

to complete five consecutive chin-ups was eliminated from

the study because the measures were taken on the second and

last chin-ups. A score of lower than five chin-ups may

have proved to be too small of an interval between sample

chin-ups to find differences.

During each trial the movement characteristics in the

frontal plane were recorded on film. Direct and indepen-

dent recordings were also made of the horizontal and

vertical forces exerted through each hand.

The motion of each subject during the second and last

completed chin-up was analyzed with the aid of a Lafayette

16 mm Analyzer (Lafayette Instrument Co., Lafayette,

Indiana 47903) in conjunction with a Numonics Electronics

Graphics Digitizer (Model 1220, Numonics Corp., North Wales,
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Pennsylvania 19454), which was interfaced to a Tektronix

4052 Graphics Calculator (Tektronix Inc., Beaverton,

Oregon 97005). The X- and Y- coordinates of the following

body landmarks were digitized and recorded for each film

frame:

1. Distal end of the proximal phalanx of the third

digit of the right and left hands;

2. Axis of the right and left wrist joints;

3. Axis of the right and left elbow joints;

4. Axis of the right and left shoulder joints;

5. Distal end of the distal phalanx of the second

toe of the right and left feet;

6. Axis of the right and left ankle joints;

7. Axis of the right and left knee joints;

8. Axis of the right and left hip joints;

9. Crotch;

10. Midpoint of the trunk at the level of the supra-

sternal notch;

11. Midpoint of the head at the level of the tragi;

12. Vertex.

The data thus obtained were used in conjunction with a

computer program which computed the X- and Y- coordinates

of the total body center of gravity relative to the center

of gravity of the hand of the dominant upper limb. (The

whole body center of gravity technique described in

Clauser, McConville, and Young (1969) was used for this
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part of the study.) The coordinate data were "smoothed"

using cubic spline curve fitting techniques, derivatives

computed. The coordinate and derivative information were

averaged by chin-up (second or last completed) and graphi-

cally displayed.

The force data for each trial were normalized by

dividing by subject body weight and "smoothed" by component

(horizontal or vertical), hand (dominant or non-dominant)

and chin-up (second or last completed). The data was sub-

jected to a curve analysis routine which computed maximums,

minimums, averages and impulses. Average curves were

obtained for each condition.

Statistical Analysis

A one-way analysis of variance with repeated measures

(P < 0.05) was conducted to determine if differences

existed between the kinematic characteristics of the second

and last completec chin-up. A two-way analysis of variance

with repeated measures (P < 0.05) was conducted to ascer-

tain whether or not interactions existed between the upper

limb segments (dominant and non-dominant) and chin-up

(second and last completed) with the summary kinetic

parameters serving as dependent variables. The finding of

a significant interaction resulted in an analysis of the

simple main effects to determine the locus of the inter-

action.
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CHAPTER IV

RESULTS

The purpose of this study was to examine the effects

of fatigue on force application and resulting movement

patterns. Special attention was directed toward relating

any fatigue effects to upper limb strength dominance.

After developing the film records of each performance,

it was found that the pulse generator did not mark the

film. The temporal scale for the kinematic data was there-

fore found by counting the total number of frames from the

initiation of the up-phase of the second chin-up to the

completion of the up-phase of the last chin-up and equating

this number to the duration of the performance as indicated

by the kinetic data. These procedures resulted in an

average camera speed of 59.97 frames per second (see

Appendix C). The operating speed of the camera was there-

fore assumed to be a consistent 60 frames per second.

The results of the temporal analysis revealed that the

duration of the up-phase of the last completed chin-up was

significantly longer, F (1,19) = 63.56; P < 0.000; than

that for the second chin-up. The number of completed chin-

ups, the duration of the second chin-up and the duration of

the last chin-up for each subject is shown in Table 1.
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TABLE 1

DOMINANT ARM, NUMBER OF CHIN-UPS, AND DURATION OF
THE UP-PHASE OF THE SECOND AND LAST CHIN-UP

Dominanta Number of Duration ofb Duration of
Subject Arm Chin-ups Second Last

Chin-up Chin-up

Total i
,SD

6

10

8

7

17

9

15

14

17

9

12

10

9

10

10

7

12

5

6

10

= 10.15

= 3.49

1.433

0.733

1.117

1.233

0.667

0.933

0.617

0.983

1.700

0.967

0.733

1.433

1.217

0.850

0.950

1.517

1.417

1.600

0.833

1.200

1.107

0.329

2.967

4.300

2.250

3.383

4.767

4.050

2.067

2.800

1.933

1.500

3.900

2.267

3.683

2.183

3.683

3.583

2.667

2.350

2.167

3.000

2.975

0.901

aR = right, L = left

bTime measured in seconds

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

R

R

R

L

L

R

R

L

R

R

L

L

L

L

L

R

R

L

R

R
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The average vertical velocity during the last completed

chin-up was found to be significantly less than that during

the second chin-up, F (1,19) = 80.39, P < 0.000. However,

examination of the average vertical displacement of the

center of gravity for each of the analyzed chin-ups reveals

that these differences are due to differences in the dura-

tion of each performance (see Figure 4). No significant

differences were found between the chin-ups for the average

horizontal velocity. The mean vertical and horizontal

velocities for each chin-up are shown in Table 2. The

horizontal displacement of the total body center of gravity

relative to the dominant hand for each of the analyzed chin-

ups is shown in Figure 5. During the last chin-up the

location of the body fluctuated towards and away from the

dominant hand. This motion is a reflection of the swinging

movement which occurred during the later chin-ups. It

would also appear as though the body was generally closer

to the dominant hand in last chin-up as compared to the

second.

The vertical forces exerted through the dominant and

non-dominant hands during the second and last completed

chin-ups are shown in Figure 6. The statistical analysis

revealed no interactions between hand dominance and chin-

ups for both the maximum force and the absolute impulses.

Significantly greater maximum forces, F (1,19) = 6.97,

P = .016, were found for dominant arm and for non-dominant
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TABLE 2

AVERAGE VERTICAL AND HORIZONTAL VELOCITY FOR
THE SECOND AND LAST COMPLETED CHIN-UP

Second
Chin-up

Last
Chin-up

Vertical Velocity 1 .8 1 a 0.65

Horizontal Velocity 0.012 0.008

aVelocity measured in feet per second.



O Q l . Q-.

Q. x Z. w.ZQz

I.-

II

LL

{3

i-

+.

II

-r .L '2 -I~

7 .x X CL . Ll

1 0 --I E 4 - -I4Q ?I Q 0 QWQ

WLL L.,IJ I -

uJ
J I

-:

-- Z

.4- -

I I<I

" *

W Z- ? ..... 2eI wi_ .uJ ~' - '- Z LLW I-

31

w.wM.

yi)

w
U -.

-14
1

Uf)

.i.

r-i

o o

U00

4. C13

o )

.ia'

ci)
Uc)

4-1

u

'.34-4 '-

"0
O.

-i "0

w CD

- o

v Io

N. a

(13

Ou

S0pm

1 >

I i

-CO

Lr- -s

a 'G

--4 0 -

OG

,.Q4 -

I I w 
ir r



1)

4.

4
4.L

4 . ii.
4# . D

4 . L

*. ' 11. .1)

4 . 0.. 3 I

4 . - d

40: LI LA.
4 . I!d

4. . _z

4 ....

mmo-m4"

4 .j..... .....

. t ifn -r

4 .1 '- . i.. i.

~U. U
Old,

4 C

4 . --- I I

Q-- ' ... i

4
4 .i - ) - -

ULD

Lb 0 -I-'_1 -- IVC -kI)

32

L-").

1.j)

w
W') v..)

,r T

-

w--

co
E U

4 iD

0

)

4-U4

ro

'-0 0

u r-

p C

0U

a- or-

COm

U 44

- O

134

00
N0

1 U

'o 0

w 0
40-1

I ..H
1i)

II

A

I



33

arm. A significant interaction was found between hand

dominance and chin-up for the average forces. Graphical

representations of the interaction appears in Figure 7.

The mean values for each of the kinetic variables for

each condition appear in Table 3. The results of the

kinetic analysis suggest that throughout the performance

greater forces are exerted through the dominant hand than

the non-dominant hand. Also evident is the reduction in

the forces exerted through both hands as fatigue approaches.

The relative reduction in the forces between the second and

last chin-up was greater for the dominant hand. However,

the dominant hand forces for the last chin-up were the same

magnitude as those for the non-dominant hand during the

second chin-up. Despite reductions in the exerted forces

between the second and last chin-up, greater impulses* were

exerted during the last chin-up than during the second

chin-up. This finding can be accounted for by the exerted

duration of the last chin-up.

*See Definition of Terms, p. 4, for formula used to

calculate impulse.
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TABLE 3

KINETIC CHARACTERISTICS OF THE FORCES AND IMPULSES EXERTED
THROUGH THE DOMINANT AND NON-DOMINANT HANDS FOR

THE SECOND AND LAST COMPLETED CHIN-UPa

Chin-u Maximum Average Impulse
Force Force

Dominant Hand

Second 0.753 0.630 0.620

Last 0.689 0.554 1.576

Non-dominant Hand

Second 0.677 0.564 0.557

Last 0.651 0.530 1.540

aForces measured in lbs per lb body weight.

Impulse measured in lbs-sec per lb body weight.



CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

Introduction

The purpose of this study was to examine the effects

of fatigue on force application and the resulting movement

patterns. Special attention was directed towards relating

any fatigue effects to upper limb strength dominance.

Review of Literature

A review of literature revealed that few scientific

studies have been conducted to examine the effects of

fatigue of the upper extremities on changes in body motion

and the application forces by the dominant and non-dominant

arms. Ordway, Kearney, and Stull (1977) demonstrated that

different muscle groups fatigue at varying rates. This

would tend to cause the development of an asymmetric move-

ment pattern under fatigue conditions where a symmetric

pattern previously existed. The limbs in general may not

attain the usual range of motion in the fatigued condition

(Ordway et al., 1977). Bates, Osternig, and James (1977)

determined that the fatiguing process for each leg is

similar but the breakdown within each leg is irregular.

Thus, the effects of the fatiguing process on the

36
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performance of gross physical skills are both complex and

irregular.

Stull and Kearney (1978) found that there was a

significant elongation of movement pattern completion time

(motor time) when the muscle was fatigued. Motor time

tended to increase linearly as fatigue increased. In a

study of 400-M run performances, Bates and Haven (1974)

concluded that stride length, stride frequencies, and

average horizontal velocities decreased between fatigued

and non-fatigued conditions.

Procedures

Twenty college male adults ranging in age from 18 to

30 years old were used as subjects in the study. They were

untrained (did not regularly perform chin-ups) and experi-

encing no upper limb abnormalities or discomfort at the

time of testing sessions.

A pilot study was conducted to determine the average

time of the up-phase of a chin-up. Ten volunteer subjects

each performed two chin-ups. The average time was completed

based on the second chin-up.

Prior to the testing sessions, measurements of the

strength (dominance) of each upper limb were made by using

an Orthotron TM isokinetic dynamometer. The speed of the

dynamometer was set according to the results of the pilot

study.
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During the testing sessions, each subject performed

one trial with each trial consisting of consecutive chin-

ups until exhaustion. Each subject performed chin-ups on

a chin-up bar consisting of two aluminum rods which were

instrumented to measure applied forces. During each trial

the movement characteristics in the frontal plane were

recorded on film. The horizontal and vertical forces

exerted through each hand were also directly recorded.

The film records of the up-phase of the second and

last completed chin-ups were analyzed to obtain the vertical

and horizontal displacements and average velocities of the

center of gravity of the total body relative to the

dominant hand.

The force data from the up-phase of the second and

last completed chin-ups were normalized by dividing subject

body weight and "smoothed" by vertical component, hand and

chin-up. A curve analysis routine was used to compute

descriptive variables.

A one-way analysis of variance with repeated measures

(P < 0.05) was conducted to determine if differences

existed between the kinematic characteristics of the

second and last completed chin-up. A two-way analysis of

variance with repeated measures (P < 0.05) was conducted

to ascertain whether or not interactions existed between

the upper limb segments (dominant and non-dominant) and

chin-up (second and last completed) with the summary kinetic



39

parameters serving as dependent variables. The finding of

a significant interaction resulted in an analysis of the

simple main effects to determine the locus of the interac-

tion.

Results

The results of the temporal analysis revealed that the

duration of the up-phase of the last completed chin-up was

significantly longer, F (1,19) = 63.56, P < 0.000, than

that for the second chin-up. Complementary findings were

found for the average vertical velocities, F (1,19) = 80.39,

P < 0.000. During the last completed chin-up the horizontal

location of the body center of gravity fluctuated toward

and away from the dominant hand. The body was also gener-

ally closer to the dominant hand in the last chin-up than

during the second chin-up.

Significantly greater maximum forces, F (1,19) = 6.97,

P = .016, were found for the dominant arm than for the

non-dominant arm. An interaction also existed between hand

dominance and chin-up for the average forces. Throughout

the performance greater forces were exerted through the

dominant hand than through the non-dominant hand. As

fatigue approached there was a reduction in the forces

exerted through both hands although this reduction was

relatively greater for the dominant hand.
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Discussion of Results

The finding of a prolongation of the movement time and

a resulting decrease in the component velocities is suppor-

tive of the results of Bates and Haven (1974) and Stull and

Kearney (1978). It would also appear that during an exer-

cise which involves the simultaneous applications of forces

from like body segments greater effort is applied through

the dominant hand. This results in the total body being

located closer to the dominant hand throughout the duration

of the exercise. Relatively greater reduction in the forces

applied through the dominant hand as fatigue approaches

concurs with the results of Ordway et al. (1977), i.e.,

different muscle groups fatigue at varying rates which may

cause changes in the movement patterns. Further support

for this contention is provided by the development of

fluctuating motion of the total body center of gravity

prior to the onset of fatigue. However such a movement

pattern could also be explained by the utilization of other

muscle groups (movement strategies) to supplement the

fatiguing muscles. This latter explanation is given

credence by Bates and Haven (1974) and Bates et al. (1977)

who hypothesized that fatigue did not simply produce a

uniform reduction in the components of a movement pattern

but, rather, altered the relationship of the components.
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Conclusions

The results of this study would appear to warrant the

followign conclusions.

1. Fatigue significantly alters the temporal and

kinematic characteristics of chin-up performance.

2. Fatigue causes a reduction in the forces used to

elevate the body during chin-up performances.

3. During chin-up performances the magnitude of the

forces applied through the hands is directly related to

upper limb segment dominance.

4. During chin-up performances there is upper limb

segment dominance-determined differential reduction in

application of the applied forces.

Recommendations

Based on the results of this study the following

recommendations are made for future studies.

1. An examination of the effects of fatigue on the

changes of movement patterns and force application in

other exercises, e.g., baseball pitching and batting,

and running could be undertaken.

2. An examination of age or sex group differences in

movement pattern changes due to fatigue could be undertaken.

3. An examination of the differences in the effects

of fatigue on the movement pattern changes in various

somatotypes could be undertaken.
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4. An examination of differences in the movement

pattern changes based on the different degrees of warm-up

exercises prior to testing could be undertaken.
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APPENDIX A

SELECTED ANTHROPOMETRIC CHARACTERISTICS

OF EACH SUBJECT

Subject Age Height Weight
Number (years) (inches) (pounds)

1 28 68.5 132

2 19 68 178

3 19 66.5 131

4 21 71 139

5 20 69.5 159

6 19 70.25 159

7 20 67 128.5

8 25 70.5 149.5

9 22 66 148

10 22 67.25 146

11 23 66 131

12 30 69 151

13 20 65.5 148.5

14 18 68.75 126.5

15 18 70.75 159.5

16 23 69.75 150

17 20 68.75 130.25

18 21 64.5 159

19 28 70.75 186

20 26 68 147.5
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APPENDIX B

FORM 1

SUBJECT'S INFORMED CONSENT FORM

FOR PARTICIPATION

I appreciate your interest in becoming a subject in

this study. Please note that your participation is

entirely voluntary and that you are free to withdraw your-

self as a subject at any time during the testing sessions

of the study.

The purpose of this study is to examine the effects of

fatigue on force application and resulting movement

patterns. Special attention will be directed toward

relating any fatigue effects to upper limb strength domi-

nance.

At the beginning of the testing session, measurements

will be taken of your arm strength, standing height and

body weight. You will be asked to sign a release statement

authorizing the taking of the measurements and the subse-

quent use of the data for report purposes.

You will be asked to perform one trial with each trial

consisting of consecutive chin-ups until exhaustion. You

will be filmed and the application force on the chin-up

bar will be recorded during chin-up performance. Oppor-

tunities will be afforded to you to view the recorded

kinetic data and films, and to examine the final documents

45
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describing the experimental techniques and obtained

results.

At least two investigators will be present at all

data collection sessions and will answer all inquiries

you may have concerning the procedures. You will wear

shorts and bare your feet during chin-up performance.
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FORM 2

USE OF HUMAN SUBJECTS

INFORMED CONSENT

NAME OF SUBJECT:

1. I hereby give consent to Hong/Roth/Bruya/Mclntyre to

perform the following investigational procedure or

treatment:

Use film and force records to examine chin-up

performances

2. I have (seen, heard) a clear explanation and understand

the nature and purpose of the procedure or treatment;

possible appropriate alternative procedures that would

be advantageous to me (him, her); and the attendant

discomforts or risks involved and the possibility of

complications which might arise. I have (seen, heard)

a clear explanation and understand the benefits to be

expected. I understand that the procedure or treatment

to be performed is investigational and that I may with-

draw my consent for my (his, her) status. With my

understanding of this, having received this information

and satisfactory ansewrs to the questions I have asked,

I voluntarily consent to the procedure or treatment

designated in Paragraph 1 above.

Date

SIGNED:

Subject



APPENDIX C

DETERMINATION OF THE FRAME RATE OF THE

HIGH SPEED (16 mm) CAMERA

a Number of Number of Time Cera
Frames Kinetic Sample (sec.) (frames/sec.)

1 959 136 16.32 58.7010

2 1574 220 26.4 59.5833

3 1373 190 22.8 60.1754

4 1106 153 18.36 60.1850

5 2190 305 36.6 59.8087

6 1371 189 22.68 60.4056

7 1384 192 23.04 60.0260

8 1747 245 29.4 59.3878

9 2082 284 34.08 61.0622

10 909 124 14.88 61.0215

11 1648 226 27.12 60.7301

12 1485 209 25.08 59.1707

13 1756 246 29.52 59.4512

14 1852 259 31.08 59.5600

15 1472 202 24.24 60.6848

16 1380 193 23.16 59.5423

x = 59.9685

aSome of the intermediate chin-ups for subjects 17
through 20 were not recorded on film.
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