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~ ABSTRACT

The purpose of this study was to investigate the
_patterns of muscular fatigue of the forearm flexors during
concentric and eccentric repeated maximal contractions in

males and fehalee.

Twelve male and twelve fenele\q\P;ecte participated

>1n the study. Each subject performed repeet#g~;ax1na1 concen-
tric and eccentric forearm contractions throughﬁi range of
90° at a constant velocity of 18° per second. Contraction
time was five seconds and rest interval seven seconds.

Results -indicated tha%\aeen eccentric maximum force
output was significantly greater than mean concentric maxi-
nun force.output,by}b2.19$ for males and 15.06% for females.
Male mean maximun muscular force’wae significantly greater
than the female by 119.80% and 108.28% in concentric and
.eccentric contraction respectively.

The mean total eccentric force output was greater
than the mean total concentric force output by lk.61% and
18.15% for males and females respectively. The male mean
total muscular force output was slgnlficant{y grater than”
the female by'85 004 and 79.47% in ooncentric and eccentric
contraction respectively. . | 4

o~ There was a large individual variation in electrical
activity generated be?ween subjects in both types of contra-

..
ction, There was no significant difference between the c¢on~
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contric, and ecoentric electrical sctivity produced by males
or. females. o | . |
'l'he pattern obsorved in both male and fonale coneen-

tric and e'ccentrio fatigue was~of a curvilinoar nature with .

/' an initial rapid decline 1\ fq;ce output over the ﬁ.rst 20
contractlons the force

¢ .

contpactions. Dur-ing the laat.loo
Output ‘tended to lovel out. .....
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CHAPTER I
STATEMENT OF THE PROBLEM
Introduction

It is generally agreed that walking up several
flights 6f stairs 1s physiologicslly more exhausting: than
walking down the same several,flighis at an equivalent rate

- of speed. Although the aotlonsoare not identical in the
“phypical sense ( fhe almost identicalJbut opposite movement
" to walking upstairs would be waiking backwards downstairs)
*according to Abdott et al (2:388). the same amount of -

mechanical work is performed The identical but opposite.
qctions of raising oneself by pulling the body up a rope
and lowering oneself by the same means at the same speed
serve to 111ustrate’the phyaiological differeﬂce Betﬁeen'
positive work (pulling upward - where concentric contrac—

tion is used to overcone tha gravitational force) and

" negative work (lowering - whare eccentric contraction is

‘uged to resist the gravitatiohal‘forge); In these instances

it feels much more fatiguing to perform positive work than

1t does to perform negative work.



If the physiclogical cost of positive work 1e much
greater; in relative termz. than the physiological cost of
negative work, it would seenm logical to assume that

"muscular fatigue experienced subdectively and observed
from recorded data would become evident much sooner by
perferming positive’wo:k. thus leading to a cessation of
activity, than would be,experienced by performing an
equivalent amount of negative work. Furthermore, ifwls
possible that more mechanical work can be accompliehed
eccentrically than concentrically. '

Sub-groblems : _ o .

A number ofsub-probiema arising from the main
problem were investigated: | |

1.-.The difference between the maximum concentric force
and maximum eccentric force produced by each subject.

2. The d;frerence in the’rate of decline in force output
betweom concent:ic and eccentric contraction.

3. The difference between the total concentric force

_..output and the total eccentric force output. |

k, The diffbrence betwean the total concentric integrated

»electrlcal activ;ty (IEMG) and the total .eccentric .

IEMG. R Y

5; Male and female differcnces for the above measurements.



 Definition of Terms
Por the purpose of the atudy the following
definltions apply:

CONTRACTION: The active procoaa within a muscle for

' generating force.

'coﬁcnnwnxcuconwnncrxous A contraction in which the

muscle shortens.

ECCENTRIC CONTRACTION: A contraction in which the
muscle lengthens due to an external force. .

POSITIVE WORK: The work performed when a muscla'

contracts concentrically.

'NEGATIVE WORK: The work performed when a muscle
contracts eccentrically. - ~

PATIGUE: The decrease in the physical capaoit7/of

a muscle to perform work. -

BIECTROMYOGRAPHY: Recording of the changes in.
electrical potential of a muscle by means of

surface electrodes,

SURFACE ELECTRODES: Silver discs. connected to
"an anplifier. tnat'are placed on the surrace of the

‘skin fqr the purpose of recording nusclo action potentials.



INTEGRATED ELECTRICAL ACTIVITY: A quantification of the
area under the curves of electrical activity recorded by

the eurface electrodeo.

PORCB OUTPUT: The torque produced by the forearm flexors

measured in kilogram-netrea.

1

TOTAL FORCE: The addition of the maximum torque exerted -
throughout the range of motion for each contraction.

Limitations of the Study
l., The study was limited to the analysis of muscular
tension and IEMG within the muscle. B
2. The dally activities of the subjecte were not
controlled..
3. The range of movement was limited to 90 between
" angles of 56° and 146°.
L., The angular velocity was 1imited to 18° per eecond.j‘
.i,5.. iOnly the right arm of each subject was used.
6. - The mOtivation‘was linited-to-asking for a maximum
' effort in perforning-eaoh contg;ction.‘once only
at the‘beginning of the testing éesgion.-

S ‘ R . ’ VR
‘a{:l. Surface electrodes were used‘to.reo0rdlelectrica1

activity.



CHAPTER II
" REVIEW OF THE LITERATURE

on Move nt

s

In everyday human movement aome akeletal muscles
shorten (concentric contraction) and aéhera lengthen in
eccentric contraction, Ig/loﬁg;ing a heavy weight, the
lengthening is forceful although in many other mofements
this 18 not so, Yhen a muscle ehortens with force, it is.
regarded as having produced work When a muscle lengthens
with force,it is regarded as having absorbed work (4, 12.
30, 46). |

Comparisons between the two types of contraotion

have been made a number of ways.
o i¢ Co on
In order to perform mechanical work against a
load; a muscle shortens obtaining energy from chemical

_‘reaction? According to Hill (30), the energy liberated by

a muscle can be measured as work and heat In changing its

/\\

state from one of rest to one of activity. the uuscle ' \\'

3 produces ‘heat of activation' which Hill (30:898) )

designates *A', Maintaining the activity requires the heat

of activation to continue as heat of *maintenance®.
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Rogardlesa of the work performod. for a slnplow specifio
amount of shortening, there 13 a Proﬁortional anount of
extra heat libderated. So ‘i 'a' is a constant related to
the maximum strength of the nuqclo."x' thé amount of
shortening that occurs and *W* the amount of mechanical
work produced, Hill's equation for total energy released

by the muaolo appears as:

Total energy released = Avax+W - (30:898)

He goes on to say that the greatest mechanical output

would be when 5%55 was as_smali.as possible. In othet‘wqus,
ihen the heat energy expended divided b& the nqchanicali‘ |
work accomplished was as sﬁall_as possible.

. If, on the other hand, the muscle in attempting to
contract and shorten, is 1ongthen6d (aocentric'contraction),
it resists the stretch very strongly. when.neaauring the |
heat remaining in the muscle at the end of the contraction,
Hill (30:899) discovered that it was no greater than the
work éut'into it. | ) '

!he ‘muscle itself apparently had
produced no heat at all of its

w‘ although it had resisted the
tch very strongly (30:899).

h dbvious ihat with thé~much restricted

libcration,of;" t in eccentric contraétion,the mechanical
jog# would be much greater than that for



concentric contraction.

~ Apparent Absorption of Heat in Eecentric Contraction

If a relaxed muscle is stretcheq, all the work 1s

| turned 1ntc heat. If we guppose that the .same thing happens
when an actively contracting muscle is stretched then, when
measuring the energy of the muscle performing eccentric |
contraction. the muscle appears tc have produced much less
heat than it would have done if it had not been stretched
 at all. The muscle appears to have absorbed much of the
work done in the stretch (4, 3, 46). |

In an attempt to explain this phenomenon in terms

v

of heat of shortening, Abbott et al (2) coined the term
'nsgative heat of lengthening .when 1nvest1gat1ng the
~ _apparent disappearance of work and reversal of heat ot .
shortening in 8low muscle stretches. |

' In 1960, Hi11 (30) showed that muscle has a co-
efficient of thermal expansion-sinilar to that of ebonite.
'Although 1ncorrectly stated by Rasch (1&9: 78), it seems as
though a physical parallel can be drawn between the
stretching of a muscle with absorption of heat and the
.fact that when a wlre is stretched the tenperature falls
_during ‘the stretch and rises when 1t is released (30, b6). ”
The observation that the nuscle when stretched



appcars to produce no heat of its own has lead to the
supposition that the chcmical reactions which ‘produce heat

in the muscle when sﬁortcning under load are reversed when

resisting lengthening (2, 7, 30, 49).
[+ 3 , uitment

The force ot,volunfary musculaf contraction can-bc
increased in two ways: (a) an increase in the number of
active notorvhnits'(or recruitmeht) or (b) an,increase'gn‘
the rate of-dischlgge of the motor units alfeacy firing |
(or frequency of dischcrgc) (5). Accordinétto Vender et al .
'c(56;299),total tension development in a muscle depends on
~ the number of muscle fibres contracting at a'given time and
the amount of tension,tha:'can be devcloped cy,each '
contracting fibre. Thus, the total numbcr of.activatcd
motor units (recruitment) will determine the total tension
" that the muscle develops. '

From their investigationa wlth human subjects.
Henneman et al- (28) were unable to’ show vnricty in the -
.recruitment pattorn of voluntarily activated ‘motor units°'
‘the first easily recruited motor unit could not be nade to
stop firing(while thoce rccruited 1atcr~than the first
continued to dischargc; However,»Gfinby‘&'uénneiz (2#)"d{dc'
obscrva changes in the recruitmcnt order depending on the

speed of novcment.



The results reported by Milner-Brown et al (45)
indicated an obderly recruitment of motor units during
increasing voluntary muscular contraction which 1s related
to the size of the contraction they produce (28, 1&8).- The
firet motor units recruited in tonic activity appeared to
be reeiete.nt to fatigue (24). , _
. _When increasing the force 0f voluntary con,traction
atiow levels of force, recrui'tment is the.major mechanism,
Only at intermediate force levels does the increase in
.fx;equen'cy become the more important mechanism, 'Throughout

the whole physlological range though. frequency of firing
is the major contributer to 1ncreased force (45). Purther-
'more. the rapid decline 1n recruitment of notor uni £ with :
larger twitch tensions or higher thresholds as the force
was increased was noted. ‘It was ooncluded that i'ecruitment ’
accounted for less and ’.ess of the 1ncrease in force at
high foroe levels. However, Granit (23) and Grillner & Udo
: (25) emphaeized recruitment as a nrajor mechanien of muscular
férce 1norease. Grillner & Udo (25 ) did g0 on to polnt out
that 1f duri.ng ne.xlnal voluntery effort all the motor '
.units in a llueole oould be actlvated. then the only way
_- 'the force could be further increased would be by mcreasing‘
the firing rate of the active motor units.
In 1965, Henneman et al (29) working with
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decerebate cats found that by the time the tension generat-
ed in sttefohing the soleus muscle had reached 50% of its
final value, already 90% of the available motor units had
‘been recruited. As well, it appeared teat no more motor units
were reeruited beyond 75% of the final tension indicating

| that any further increases in tension must have been
produced by inoreased frequency of discharge. The extra
force encountered was attfibuted to stiffness resulting
from the stretching of contracting muscle.

4 o Ut Mus¢ _ nsion

Since the force exerted by a muscle when it is
'stretched appears to be much greater than the force
exerted by the same muscle when shortening at the same
speed (2. 20. 53L a smaller number of fibres, it would
seem, would be needed for the lesser force output (concen-
tric contraction) However. a smaller number of fibres can
be used eccentrically to produce a given conoentric force.
If the tension exerted by a muscle to produce an isometric
| contrad%i;n 1s thought of as the product of the number of
fibres'ac ivated and the frequency of atimdlatioh of those
fivres, then to perform a concentric contraction in which
the number of fibres and their frequency of atmulation
will be less thanfin the isometric position, concentric
contraction of muscle will require a greater tension (2)



11

“hence more muscle fibres and the corresponding recruitment
of more motor uhits. Looking at-it anotﬁpr wa&;it'éould be
stated that the muscle resists stretch with a greater |
tension than that required for an isometric contraction
under the same conditionﬁ (49578).

Comparing concentric, isometric and eccentric
atrangth,uéénghisometric strength as a criterion:

(a) Asmussen et al (6) foﬁnd that maximal concentric force
. was only 75 - 80% that of isometric force whereas |
eccentric strength at the same velocity was 125 - 130%
that of 1sometr1c. ; )

(b) Doss_& Karpovich (20),1nvest1gating the elbow flexors,
found that maximum concentnic force was only 77% that
of isometric force whereas eccentric strength was

113.5% that of isometric.

(c) Olsen et al (hB)linvesfigating the hip abductor
muscles found examples where concentric roréé was‘only
70% that of isometric force whereas eccontric strength
was 130% that of isometric..

In 1966,singh & Karpovich (53) reported greater
eccentric force when compared to concentric force of the
elbow fquorS‘(32.65%)'andAsimildr1y for the elbow exten-
sors (14.22%). |
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Elgstic Component of Muscle

within the muscle there appears to be a confractile
component and a non-contractile component. Guyton (27:87)
suggested that the non-contractile component included the
| tendons. the sarcolemmal ends of the muscle fidbres where the
tendonous attachments occur and possibly the membranes of
the myofibrils th:Lselvas. Close (15:138) divided the
non—contractile.component into: (a) a lightly damped series
elastic component and (b) a parallel elastic component.
Hill (30:898) thought that part of the series elastic compo-
nent may residé in the contractile component itself., Close
(15) went on to explain that when a muscle is allowed {o
shorten freely after an isometric contraction against a load
that is less than the isoietric~tens;on, there was an ini-
tial rapid movement\which was completed within a few miili—
seconds. After this rapid release of energy stored in the
elastic componenf of the muscle, a alowgr second phase of
movement is sttributable to the shortening of the contrac-
tile component. Hill (31 and 32) and Wilkie (59) showed the
same kind of reéults from the experiments they did using
the frog sartorius muscle. To make up for the stretch in
the elastic eleménts. the muscle was estimated to have to
shorten an extra 3 - 5% (27:87).

N lIn comparing the isometric and 1sotqﬁic twitch

characteristics in the same -uscle¥ceil. Vander et al



) oo

(56:204) noted that the latent period (following excitation), . ™~ -

is considerdbly longer in the isotonic twitch. Purthermore,
as‘%he loab increases so ddes'tho latent period. But, the
velocity of shortening, &urat;on of the isotonic twitch anh’.
the distance shortened all decrease. The point was made that
only when tetanus occurs is the active state (tension
~produced internally by the muscle proteins) held long enough
to completely stretch the serlies elastic compqnent 80 that
the tension produced is equal to fhat of the active state.
The heavier the load the longer 1t »
takes to develop the amount of stretching
of the series elastic element required to o
1ift the load and thus the longer the o
latent period (56:208) N
If a musgle is stretched during contraction a léfge
part of the work done on it does not appear -as heat or as
elastic mebh\anical energy. However, the muscle stro;)g’ly )
resists the stretch, the t§nsion,rising td‘a high value.

Q;xggn-gonsumgtgpn Compgzlgdn

<

 Prom a purely mechanical point of view, most author- .
1ties agree that whether moving the body upward or dOwnward.
the force required to overcome, in one instance. or resist. |
in the other, the gravitational pull, is also equal. kpart‘ .
_:frdm.the empirical evidence that it is ﬁuch more fatiguing
to porfﬁrm positive work than it 1é’to perform negative



14

eerk;:ﬁhen Abbott et al (2) required one subjectlto resist
the forward pedalling motion of another on coupled ergo-
’cyciee,“they'round‘thatl3.7 times more oxygepiwaa eonsumed‘
q&'theeeuejeetlpedalling’forward at 35 revolutions per

. minute (concentrically) than was consumed by the subject

'-resisting (eccentricaliy) In other experimente involving
‘walking on a motor-driven treadmill (16). and bicycle riding

~ on.a motor-driven treadmill (7) it appears evident that

- eccentric muscular contraction is by far the cheapest way
 -of doing work If the velocity of ehortening of a muscle
.‘producing a constant force is 1ncreased. the consumption
- of oxygen increases rapidly. 1, on the other hand, the =

JVelocity of lengthening of a muscle producing the same

B constant force is 1ncreased the cc1eumption of oxygen

- remains approximately the same (1, 2)

1‘E1' tromyo h om son
”,since it may be reasoned that the numbef‘ef muscle

fibres recruited and their frequency of discharge determine

the. tension in a muscle. an indication of the tension so

produced may be obtained by integrating the electrical

; potentials set up by the motor units. The 1ntegration gives

o a_relativeecmpression of the number_of muscle ribres active

in a given situation and can be used as an optional measure

1%
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of muscle activity (49:78, 57). In voluntary, human, iso-

‘metric muscular contnactions, the results of ‘different

'experiments.are not wholly~\dp- greement even'though the
‘investigations were performed under similar conditions.

The lfnear relationship between IEMC and force (9, 19."51.
33 50, 54) has been found to be more than linear (curvi-
1inear) by other: investigators (11. 36, 38, 40, 43, 61)

From their investigations; using surface EMG with the elec;-
" trodes located over the biceps brachii Vredenbregt & Rau |
(57)..obtained a more ‘than linear (curvilinear) increase
;with increasing force at the wrist. It should be noted that'
- this EMG/force~relationship involves the brachialis and

brachioradialis as well as the biceps brachii and what is

recorded is really a group of active muscles referred to as.;

‘a.'muscle equivalent' by Bouisset (10). Surface electrode
| information from a triceps location also indicated a ‘

non-linear relationship which varied'at different angles
: o - R :

(5?:612)
Patigye‘i

_ Fatigue is a very complex phenomenon which may be

3investigated from many different aspects. Muscular fatigue
-',ie evidenced by the decreasing force output from the muscle
i”both in concentric and eccentrie contraction over an extend—

’ ed period of time. If the force a muscle exerts is held for

'ia long period of tihe. muscular fatigue occurs.‘ :

P



There is an increase in electrical‘activity when constant |
force is maintained which is ap'parently' due to the recruit-
ment of additional motor units in order to keep the force
output at the desired value (9, 19, 21, ko, 50)

The internal torque generated within a muscle in
response to the torque of an external foroe in dynamic
movement*is produced by the motor unit activity within the
'muscle. It depends on. (a) the length of the active muecle
vfibres and (b) on the lever Iength of the muscle force (b?)
The point is made that in isometric contractions it 18 easy
to control important variables like external force and joint'i

le but in dynamic movements these variables cannot be
controlled The maximum torque produced by a particular
muscle group tends to vary at different joint angles (lb 20.
53, 60). 'h‘f' . ) _

¥When comparing—concentric and eccentric contractions'
the EMG activity is greater when the musole is shortening
,'than when it ie lengthening under the same load at the same
'\velocity (8, 9). on- the other hand. when Komi (37) investig-
 ated the relationship between tension. EMG and velooity of
' -contraction under concentric and ecoentric conditions. he
could not obtain clear differences in the relationship
.between IEMG and tension at any type or velocity of
contraction when the nuscle tension ‘was expressed in percent

of.maximum voluntary‘contraction (MVQ).
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The Use of Musgcle '1 t 8

‘Thys (55) measured vertical .acceleration of exten-

- glon from the f1exed position in deep knee. bende under two
conditions: (a) where the exteneion followed immediately
after bending and (b) where the extension followed after
allowing time for the extensore to relax. He found that
under condition (a), extension epeed. mean ‘power and
_nechanical efficiency were greater and consequently the
“time required for the positive work was lees. He interpreted
."this as evidence that when a muscle is stretohed (eccentric
?, pbaee of an exercise ) potential energy 14 etored in the
elastic component which is ueed Yo aeeiet in the ‘performance
'of the positive phase of the work. Investigating the ieolat-
::ed frog gastrocnemius muscle, Cavagna (12) came to a. aimilar

conclusion.

| When using bench preee (conceﬁtric) and bench o
i“repreae (eccentric) movement as’ well a8 knee flexionpextene—
'ion movement as a training procedure withlten repetitions;,_c
 each training seesion three times a. veek for eight weeks,f ;
1Jonneon (34) found aignificant increaees in etrength fromicf"
.'both concentric and eccentric training but no eignificant ;
"difference between the two contraction typee. Even the
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week to week strength ohangee between the two typee.were
~ .not essentially ditrerent,'zach ?riday,a one repetition

- maximum establiahed the training reeietanee for the fol-
lowing week. Strength meaeures.using this method, at the
}beginning and end of theﬁtraining oeriod}showed a signif-
icant mean increase for both eocentric and concentric |
strength but neither procedure wae found to be euperior to
- the other. Similar findings were reported by other inves-
.tigators. Logan (bz) using a leg press machine with thirty
repetitions every other day for a period of seven weeks.
Seliger (51) with squat and hench press exerciae in ses-
sions of two hours twice a week for thirteen weeks and
“.Hannheimer (44) ooncerned with the trioeps and using two
1 eets of five repetitions five day: per: week for eix weeks
are notable examples. N ‘ '

‘ Komi & Buskirk (38) using an electric dynanometer '
to train the forearm flexors with six naximal contractiona
'.four times a ‘week for’ “seven weeks reported that eccentric

._training increased musérlar etrength more than did conoen-»: ‘
vi-tric training. When investigating the etfect of eecentric

.‘.training of agonists on antagonistic musclee. Singh &.

’ﬂKarpovich reported percentwise. practically twice as much ‘

"‘feffect on concentric as on eceentric strength Their

7;training procedure involved twenty maximal eccentric-

~

'“contractiona four times a week tor eight weeke. o



' CHAPTER IIX
'METHODS AND PROCEDURE
' Subjects -
‘ Subjeots for the atudy volunteered from the Fac-
ulty of Physical Education. Bach subjeot was required to
report three times. The firet visit was for familiarization-
. purposes and included recording name, age, eex. height.

weight, relaxed upper arm. girth (with the arm hanging at .

o the Side). ‘hand dominance and forearm 1ength The forearm

length wae recorded as the dietance measured from the lat- :

. eral-epieondyle of - the humerua to the end of the radiue.

""Twe 1ater appointments were arranged at this time During

these appointmente the subjects were required to perform
» vrepeated eoncentric (and eccentrio) maximum voluntary
contractions (MVCs).ﬂ. o | B | |
| Three criteria were used to terminate the experi—
dment: | S - | | \.d"' R
(a) The subJect reached 255 of his initial maximum force
output (The 1n1t1al maximum foree output was taken as’ 't’
" the greatest output of the firet three oontractione). This |
| twee eontrolled by the 1nveetigator.: ';‘ '
| ,(b) The subject reaehed 200 contractions. This was con-_
ftrolled by the 1nvestigator.~ R '~’\g"°i o

LI
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(c) Excesaive distress of any kind suffered during the
;testing period that causedpthe subject'toirequest termin-
ation of the experiment. ) ' '

‘ There was random assignment of the type of
contraction to be performed on the tirst visit. Thus, halr
of the male subjects and half of the female subjects would

| perform concentric contraction on the first visit and the '
‘remaining subjects (male and female) would perform eccent—
ric contraction on the first visit., o
Not less than one seven-day week was. required to _
"elapse ‘between visite to allow ror restoration to the.

o pre-test physiological state.

'Expgrimental Eguipgent o

glectric ngamometer + The testing instrument was. an
.electrically operated dynamometer which consisted of an
isokinetic lever arm with the angular velocity set at )

"_per second. The isokinetic property of the lever arn
'i naintained by meane of a gear reduction box which absorbed
'fthe force applied sufficiently to prevent acceleration of
' the arm The force applied by a. subject to the arm was o
_d:eensed by a strain gauge installed in the lever arm, The :
”strain gauge changed the capacitance or an electric circuit ‘
which was then amplitied to drive a mirror galvanometer._
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Iieigordgg s Mirror galvanometers. incorporated in the

| thoneywell visicorder. produced deflections on light’eensi-

tive paper._Thue EMG waves. force output curves and inte- .
: fgrated electrical potentialwereable to be recorded.

;:Iht g;gtor 1 The EMG potentials were fed into an elec-

w'itrically Operated integrator with full wave rectification.

ijrom the variables of amplitude. frequency and spike shape,
':the integrator was able to produce an arbitrary. quanti-
‘_tative figure (denoted as IEMG in the study)

| Electrodes t Electrical potentials in the muscle were
_'eensed by means or silver disc surface electrodes with
adhesive collars. Saline 'electrode jelly was used to _.}

'<-improve electrical contact.
.bgzperimental Procedure: o
"Each subject was required to:perforn on‘each'occa—tu
’sion either repeated voluntary maximum concentric muscular
» rcontractions or repeated voluntary maximun eccentric muscul-
ar contractions striving for the maximum ieokinetic force of
the forearm flexors through a 90° range of motion from 56°
Ai;to 1b6° The angular velocity'was set at 18 per. second For
! {both types of contraction ‘the musclee were. allowed to relax -
";while the lever arm ‘was returning to the starting position.'p-

'yPlacement of the electrodes on ‘the biceps was etandardized.~.;1j~-
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Te ‘ rocedure

Upon entering the ladb each eubJect was re—familier-

o ized with the requirements and techniques of the reoOrding

- To standardize the placement of the surface

'electrodee on. the belly of the biceps'brachii the ground |
' electrode was located one third of the way along a line
'extending from where the tendon of the. biceps brachii entersv"

the cubital“!ossa to- the palpated greater tubercle of the i
humerus.aThe two remaining electrodes were placed along the . _:t

”eame axis with a distance of four centimeters between the

:centres of the electrode discs.‘Before the electrodes were

.attached the skin above the muscle belly was cleansed and
_-’abraided to ‘allow for facilitated electrical conductance of
"i;the myoelectrical impulse ‘%o the amplifier. The subject was
:f7secured to the seat by a ‘belt around the waist and, in
B addition, a strap was placed around the left shoulder to |

_restrict synergistic compensation as fatigue progressed. ~‘ .
‘;Stabilizing pads were adjusted ‘Ver the shouldere to provide'-
.fkinesthetic feedback to further restrict synergistic compen-_"
- sation. The subjeot was requested to sit tall: and- look - '

straight ahead where a ‘mark ‘had - been construoted from thumb: -
tacks pressed into a board. Background music from a radio

_supplied pleasant sounds in an attempt to relieve any
'repetition boredom.:_' ' | |
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Placement of the elbow on the elbow pad'was done
in such a way that the olecranon process of the ulna was
not supmorted on the elbow pad im an attempt to eiiminate
any tendency to use the pad as a lever. The shouidera~of
the sudbject wereehorizontally set by raisimg or lowering
the'seat.-The lateral epicondyle of the right humerus.waeb
| aligned directiy Oppceitevthe axis of rotation'cr the leverr'?
arm, A wrist pad, with which the subject wouid exert force
on the lever'arm. was adjueted to the proximaltend’of the
wrist, These adjustments were made for each eubject The
~wrist was taped to the pad to avoid inadvertant movement |
either toward or_away from the axis of rotation of the
lever arm as'fatigue.pregressed. The feet were placed .
:comfortably on a flat board to miwimise any attempt to use'
leverage from the muscles of the legs.\ _

The subject was requested to begin contraction }
immediately after the twelve second autOmatic reSet signal
~on the integrator. R f
’ Any sub*ect indicating muecle soreness- between

24 and aa hours after testing was advised of DeVries'
static stretching method of relief (17:306) After the
| eccentric ‘exerclse eome subjects had ice placed,on the N

‘ biceps brachii for a period of fifteen minutes.
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PLATE I1I, A MALE SUBJECT PERFORNING CONTRACTION |

R



PLATE IV: A FENALE SUBJECT PERFORNING

CONTRACTION

27
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Motivation

The dramatic effect of motivation is: recognized
"’and in an attempt to standardize motivation for all sub-
Jects a request for. maximal effort in performing each
contraction was made during the familiarization Visit and
called for once only before the testing began. No other
motivational procedure was used. Only the inwestigator and
.the subject were present during the experiment. Any sig-
‘nificant comments were recorded as the experiment pro-

- gressed.

Calibration of 'the Apparatus

The output from the force transducers on the lever
‘;parm was calibrated using known weights (in pounds) placed
?'f-twelve inches from the axis of rotation of the lever arm.

'ConVereion to the metric system was later made. Output from

‘:.the integrator was calibrated by setting the automatic re-

'-_fset control each ten units rrom ten to one hundred micro- o

i”amperes and recording electrical potential %o each of

these limits.;In beth cases galvanometer deflections were ..
noted and a-relationship calculated using the grid lines o
"' ‘on the 1ight sensitive recording paper. One subject perform-"
:i ed ten NVCs. waited for thirty minutes and performed an-
-:other ten MVCs. A correlation coefficient of 0 85 was ob- :
lttained between the recordings. Thus it appeared safe to

4



assume that any significant changes in the data records of
eubjectS'under experinental conditions were due to physiol-

" oglcal phenomena and not the apparatus.

|

§§gtigtiga1 Treatment

The following is a list of variables that were
involved in the experimentetions
(a) type of contraction ‘ _
" (b) time (or number of the contraction performed)
(¢) force oytput
(4) IEMG \
(e) Sex of subjects
() range of motion
(g) angular velocity. |
From the above 1ist, (f) range of motion and (g) angular
velocity were held constant throughout the experinent.
Repeated measures for each oontraction type were

‘recorded. The quantificetion of the maximum’ force produced

throughout the range of-motion for each contrection by each -

:subject was recorded. The IEMG was also quantified and
recorded for each contraction by each subject. Significant
differences were investigated in the following manner:
(a) Maximum concentric force output versus maximum eccen-

trioforce output for males and females.



(b)

3
.'J'/ T

Mean total-concentric‘force output versusﬁmean total

‘ eccentric force output for males and females. L B

ic)

Mean for each coneentrio contraction versus mean for

‘\each eccentric contraction for males and females to

(4)

(o)

determine at what time significant difference between
the two contraction types ended. o |

‘Mean percentage decline in force output at specified

intervals in concentric versus eccentric contraction
for males and females. The greatest force. output of
the first three contractions was. taken as lOO% ‘and

“each contraction thereafter was measured as a per-

centage of the greatest force output.

Concentric IEMG versus eccentric IEMG for males and

. females.

)

&)

N4

Mean male concentric maximum force output versus mean
female concentric maximum force.output. |

-
Mean male eccentric maximum forc:*output versus mean

female eccentric maximum force output.

(h) Mean total nale concentric force output versus mean

total female concentric force output.

(1) Mean total male eccentric force output versus mean

(3)

total»female eccentric force output.

'Mean total male concentric IEMG versus mean total

, female concentric IEMG.

(x)

Mean total male eccentric IEMG versus mean total

female eccentric IEMG.



" RESULTS AMD DISCUSSION
. Subject Data.

. statistics for the variables of age. height.
weight. relaxed upper arm girth and- forearm length (see
Appendix A for raw- data) as presented in ‘Tables I and I
were analysed for signif%cant differences between males
and females. with the exception of age, all variables were -
siqnificantly different at the .01 level between the sexes '
_(see Table III). Twenty-six male and fenale subJects began R
the. study. Due to muscle soreness from thereccentric type
" one male and one female subject failed to complete the

concentric phase of the experiment and the final analysie r

was conducted on. twelve male and twelve female subjects.

-

i-lmum concentric and Eccentric Force Output

} Tﬁe.maxiuum:force‘(torque),eiertedgwas taken as'iikﬁ
the . greatest force output of'theefirst.three MVCa for |
'each subject both -concentrically and eccentrically. These
values (see Appendix B) were submitted for at test snal-
ysis #The maximum eccentric force output for nales was -
significantly greater at the .Ol level than the naxinun
_concentric force output in a one-talled test (see Table

‘7‘IV) A similar result showed the female maxinun eccentric

32
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force output to be eignificently higher than the naximum
female concentric roree output (aee Table v) at the .01

| }level in a one-tailed test.

 Total Concentrieﬁand Eccentric’?ochVOutput

| . The total force exerted by each subject (eeev
.Appendix c) was found by adding the maximum torque record-
ed throughout the range of motion for every contraction.
The concentrio and eccentric values wére eubmitted for
variance analysis. The total eccentric rorce exerted by
the male eubjects. although approaching significance
\(P=.068) was not significantly different from the total
'concentric force . exerted (see Table VI). The total eecen-‘
' tric force exerted by the females was significantly higher
f(at the .05 level) than the total ooncentrie force exert-
ed (see Table VIiI). '

3gotaIJConcentric and Ecoentgic IEMG

The total concentrio integrated electrical activity'
originating from the forearm flexors (see Appendix D)
o ‘throughout the range of movement was not significantly |
different trom the electrical activity generated by eccen- o
tric eontraetion for males (see Table VIII) or remales'
(see Table Ix) The large standard deviation existing in
;the data from both malee ‘and females indicates the large
individual variation between eubjects.'
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Graphital Representation of the Patigue Pattern Associated:
~ With Concentric and Eccentric Contraction

W% The mean"concentric force output when graphed with'\ A
the mean eccentric force output for each contraction per=-
formed by males (see Figure 1) and females (see Figure 2).‘
show a similar pattern which appears more’ prcnounced for
the males. There ie an initial rapid decline in force out-
put during hoth concentric and eccentric contraction.~ |
correlated t-test for significance between the concentric
and eccentric mean force output for each contraction was
fundertaken to=determine'at what stage the difference
- between: concentric and eccentric force output became con-
tinually non-significant Por males. eccentric force out-
put was consietently,eignificantly higher than concentric .

force output7up te‘the‘58th contraction.”After this there;ht'

" was no further consistent significant difference in force

| output for the two types of contraction. Fcr females. |

_ecc!htric force output was coneistently eignificantly higher

than concentric force output up to the ?lst contraction.

.fAfter this there was no further consietent eignifioant

difference in force output for the two typee of contraction. A
An obvious curvilinear fatigue pattern appears for both |

L
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sexes in both contraction types. The initial rapid decline f
in force output begins at a higher level and falls at a
faster rate for eccentric contraction when compared to.

concentric contraction for both males and females.

esentation of Con itric ahd Eccentric

Fatizue Patterns as percentages of the Initial Maximum
Force Output | ' |

| ¥hen the force output of each contraction performed
by each‘eubject both concentrically and_eccentrically is
presented as a percentage of'the initial maxinum force |
.»output for that subject (taken as the greatest single force'
output generated in the firet three contractions) the fol-
lowing observations may be made (see Tables X and XI with”
Figures 3,4 and 51 ‘ ,
(2) The initial rapid decline in force outputwasevident in
‘both sexes for both contraction types. -
'(b) For males the concentric pattern tended to decline
initially at a greater rate, however. after the 20th
'-_ contraction. eccentric decline was at a greater rate
than concentric. decline.»“ - | ’
(c) For females the eccentric decline was at a greater rate |
" | than concentric decline throughout the experimental
~ time period. i ' ’
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52
(d) The concentric pattern tended to level off at a higherk;}
percentage of initial maximum for males, than the ecc-
entric pattern (54% and 47% respectively), A similar
result was found for females (72% and 56% concentric

and eccentric respectively).

IEHG However. afté¥'approximately llO - 120 contractions,

the eccentric IEMG became greater. The greater eccentric

IEMG at this stage appeared due to a continuing gradual
decline in concentric IEMG rather than-a rise in eccentric
IEMG. Blood occlusion (and hence much more rapid fatigue)
is not considered of ma jor importance here since the seven‘
: second rest period vetween each oontraction was sufficient'
for blood to flueh the working'muscles. The decline in com~
'centric IEMG, n0wever, coulo beVdue to the synefgistic com-
. pensation for declining biceps brachii force output from
| the . brachialis and brachioradialis muscles“ The extent of
'change in the electrical,activity of these musoles was not
:monito:ed; Lees-eynergistic compensation is .anticipated in
i‘fthe‘eccenfric reeisfance'hovement'and hence a greater

-
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‘recorded electrical activity in the bicepe brachii. Betwgen
‘the 30th and 80th contraction,the concentric IEMG displayed |
a plateau phase in the declining pattern. A similar pattern
~ was observed in tne eccentric decline whichaappeared to last
twice as long. Thief'eecond-wind'phenonene proved interest-
ing since in both contraction typee it occurred at;royghlj_
70% of maximun IEMG. " " |

For females a plateau phase was observed for both
centraction types_between‘tne_Bch and 160 th contractions.
_In,thetconcentric pattern the ‘second-wind® phenomena oc-
curred at roughly 70% of naximum TEMG (similar to the males)l'
h0wever. the eccentric pattern exhibited the 'second-wind'
at roughly loo% of maximum IEMG in a rising trend. Thus it
appeare that there is a greater synchronization of motor
Vtunits presenting a plateau pattern in both male and female

concentric and eccentric contraction. It occurs between thg . -

.30th aﬁh BOth contractions for males and the 80th and 160th.
contractions for females. Initially, the femiii concentric
- IEMG tended to be greater than the eccentric IEMG. After
Vroughly 60 - 70 contractions. however. The concentric IEMG
‘tdeclined sharply (see Figure 7) '
, COncentric and eccentric IEMG appeergs to be equal
i between 110 and 120 contractions for malee and between 60
and 70, contractions for remaleqi R

,/ . . ']



) Male and Female Differences B GI . 5 _ ;

’. o

-“Maximum Porce Output : The maximum concentric force output
for males was highlyQSigni;;cantly'larger (at the .001 lev-

el) than the maximum eoncentbic force output for females

(see Table xI. . . o

The maximum eccentricfferce output for'mg?es was
also highly significantlylarger (at the .00l level) than
the maximum egcentrioc force’oﬁtput for femsles‘(see Table

XIIT). g

Mean Total Force Qggg_g : The mean ‘total: concentric force
outpuﬁ for malesvwas highly significantly larger (at the

'.001 level) than the mean total concentric force output

i

or females (see Table XIV¥), ..
The mesn total eccentric forcd\output for males .

: wss also highly si¢nificant1y larger (at the .001 Tevel) -

than the mean total eccentric force output for females

(see Table XV)

L% v_:: o ~
» o h

Mean Total IEMG : The mean total éﬁhcentric IEMG for males

WS significanxly larger (at the .05 level) than the mean h'

total coneentric IEMG for females (see Table XVI).
} N However. the mean total eccentric IEMG gpt‘males
was nOt significantly different from the mean“tofhl eccen-

fi%
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Q"ﬁtri«': lEMG for femares (see Table XVII) ’ggés could be due
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:“;f;two typee of

iy

.~“

to the fact that there wae a eignifloantly greater (at the

']"05 level) eccentrie nean total force output when %ﬁﬁpared' |
to eoneentric aean tetal force output for remales while |

the eceentrio mean total rorce output for males was not
aignlficantly different frOm the eoncentrio mean total
.brce output. Thua. more ferce was generated between the
}ioﬂﬁraction (qn a relative basis) by females
than by malas. This may explain why the greater eccentric

i71 mean total IEMG needed to produce this foroe eutput T H>“VV
‘ approache”’the male value.q;}{?fgff\;i:;ffd.{:) : b

'-Discus'eienf;..q- o

' 'Lfffhe male and female subjects differed significantly

1 _thropometrical measuremente with the exceptlon of
age. On the average. the male subjects were h 8h$ taller. -

26 18% heavier. had a 21 uas greater arm girth and .an 8. 35% B
: longér}forearm than the female eubjects. .1' ,.%;tvi L

Tpe average maximum eecentric force output for male

\ f“anbjects was significantly (uz 19%) sreater than the maxi-

aum concentrlc foree output. As well. the ayerage maxlmum
eccentric for&e output for female subJects was eigniflcantly -
(15 06%) greater than the naxlmum coneentric force output. N
These results agree with thoee of other 1nvest1gatore

(6. zo, 30. 48 53) The average maximum coneentrio force

'. output for meles was aignifieantly (119 80%) greater than



that for females. 'Un‘doubtedlv. the 21.43% difference in
‘relaxed upper arm girth. the 8. 35% difference in forearm
"length. cultural stereotype and motivational phenomena had
l. considerable effect here.. B
‘The mean total eccentric force for ‘males was
' _lh 61% greater than the mean total concentric force for :
females,’ Although ‘this was not a significant difference.
it approached significance with a probability of .068
~ For females, the mean total eccentric force output was
significantly (18. 15%) greater than the mean total concen-
- tric force output. - . R |
A large individual variation was observed between

.subjects when recording both concentric and eccentric IEMG. o

.Por male subjects, there was a difference of just 3.37%.
between concentric and eccentric IEMG with the eccentric
total being the greater of the two. A correlation coeffi-
cient of 0. 593 was significant at the .05 level For B

) females, however. the concentric IEMG was greater than the

G by 28, 70%. Here a correlation coefficient Q@

of O 682 was also significant at the .05 level Neverthe-
less. for. males and females. as fatigue progressed, more
'felectrical activity was observediJleccentric contraction _:
| than in concentric contraction. This result is npt in
,agreement with two other investigations (8, 9). However.
in these investigations the total testing time was much

*‘ .



“ - L es
“tiess..lkaomi's testing'time had been of a longer duration
"a similar result ‘may have been found - (3?) It is possible
‘that the result may have been due to: the greater total S
-;iforce output during eccentric contraction. In other words,
'the muscles performing more work fatigue sooner and thus
-‘reoruit more motor units in an attempt to keep the desired
»'force output as great as. possible (9. 19, 21. Lo, 50)
o As fatigue progressed. there was an initial rapid
~ decline in force output in both types of contraction for

g'both msles and females. The decline levelled out as more

' contraotions were performed presenting a curvilinear-overall )
pattern in both types of contraction for both males and . -

\"females. | o | .

a There was no signifioant difference in the rate.d}
of decline in force output during conc:;tric or eccentric
icontraction for males when compared byopercentage of ini-
"tial maximum force output. Por females. significant
_differences occurred in a somewhat random fashion (see
Figure L) not exhibitfgg any consistent trend. It must be
‘_remembered that cOmparison by initial maximum percentage |
- eliminates any sex effect. | N

_ | After completing the experiment. each subject was
given a questionnaire (see Appendix F) in an attempt to

subjectively analyse the effécts of muscle soreness

gexperienced afterboth types ot contraction. _

'-“'lﬂhn'- C =



_ Results indicated that muscle soreness was much

| greater after having performed eccentric contraction, Min-
imal discomrort waS-reported‘following concentric contrac-
tion which took, on the aVerage.’lese than a day tc‘restore

'b to the.preéexercised condition. It was intereeting to note

that one"éﬁbject who had been training eccentrically for a '

66

month before the experiment did not suffer any muscle sore-

ness after performing either contraction type. Muscle sore- '

ness was experienced though. when he began his eccentric

fhhining regimen initially.



CHAPTER V
'SUMMARY AND CONCLUSIONS .
1%0 primary purpose of this study was to compare
"th; patterns of muscular fatigue of the forearm flexors r

. during repeated maximal concentric and eccentric contrac- N
tions, Sub-problems investigatad were : (a) the differoncc
batween maximum concentric and eccantric force output,

(b) the difference between total comcentric and total "Qg"
eccentric forcc output, (c)_the difference in the rate of
decline in force oﬁtput between concentric and ecgentric |
contractions measured as-o mercentaga of the im1t1a1~max;
inum force output, (4) the difference between the total
concentric and total eccentric electrical activity gener-
ated by the muscles of the forearm and, (e) the difference

between males and females om the above measures.

Eachisubject.performed repaated maximum vbimntary:
concentric and eccentric muscular contractions on two dif-
ferent occasions-striving for max;mum isokinetic force of
forearm flexors through a 90° rango of motion Yrom 56° to
146?. ¥hether concentric or eccentric contraction was per-
¥ Yormed on the first visit or on the second was randomized.

The angmlar velocity of the lever arm was set at 18°

e W

IR 67 -



R A

_per second. After each five second contraction a seven

second rest period was given to permit the lever arm to

return to\its original position. No subject was allowed to

procee;a;lst/zoo contractions. Almost all,subjeots reached

200 contractions in both concentric and- eccentric contrac-
ltion although the experiment was terminated if (a) 25% of |
the initial maximum force output was reached before the 200
th contraction. (b) the subject felt that the experiment
imust be stopped due to excessive fa&lgue. pain or distress. ; |
The following results emergedx -
e 1, (a) .Por males. the mean maximum eccentric force was
!;_*-? . -*significantly greater (uz 19%) than the mean maximum
' | concentric force.

(v) For fem;ies. the mean maximum eccentric force. uas
significantly~greater (15.06%) . than the mean maxinum
concentric force. |

(¢) The mean maximum concentric force for males was
.ll9 80% greater than the concentric for females. _

(d),The mean maximum eccentric .force for males was
108.28% greater than the eccentric for females.

2, (a) The mean total eccentriq force was greater (14, 61%)

than the mean total concentric force for males per-

*forming 200 contractions. ‘This value approachgd
significance (p=. 068) x :;



(v)

(c)

The mean total ecoentric force was eignificantly |
greater (18. 15%) than the mean total concentrio
force for females. - N

The mean total concentric force for males was 85 00%

. greater than the ‘concentrie force for females.

- (d)

- 3. (e)

The megn: total eccentric force for maies was 79 L%
greater than the eccentric force for females.,

A large individual variation in electrical aetivity

'was obsetrved among the subjects for both types of

69,

\

contraction. ?prrelation coefficients between concen-'

'tric and eccentric IEMG were 0.593 and 0. 682 for

(v).

males and females respectively. Both cocfficients

were significant at the .05 level. i'F; "

~There was, no significant difference for male total

_IEMG between concentric and eccenxric conﬁtaction as.

(c)

The forearm flexors in concentric'

. fatigue progressed. _
There was no significant difference for‘ggﬁhle total _

IEMG between concentric and ecceﬁtric contraction a8

f‘ <t MY

.nfatigue progressed. , .&?j; ;.’--«q

'_J‘

*ﬁﬂi for both

for maleg and 72%§for'fe-"

200 contractions of five seconds duration with a

gseven second rest period between‘each contraction.«

]

S

8

4, .
‘males of the in ial maximum foré% output, for up o’

force output}which,levels;:ﬂﬁﬁﬁ‘
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;55? | (b) The foreerm flexors in eccentric fatigug for both " hk‘@f,

,males and females present a curvilinear pattern with

“an iqitial rapid decline in force output whioh levels o

\

-out at approximately h?% for ualea and 56% for femalee

f.w‘rzfi; of the initial. maximum forbe outpyt for up to 200 con > P 5
{ o gﬁ‘tractiops.__;h'd f[ .“ L :"'-J E : .}ﬁ?”f
.?L;?.,q “For- both males and females the forearm flexors appear--

3ffi, ':7ed to fatigue at a ‘&reater rate during eégbntric o

contractions than during concentric contractions when

'compared by percentage of initial maximum force out- ;7¢ -

1-f;6,ﬁ'-f A greater amount of exeroise. in terms of maximim |
| ' force output and totai force output over a giten time‘,y 4
R ‘period can be accomplished by eccentrie luscular con=' j (
o traction<as compared to con§entrtc muscuiar v itrac-; ,E" :3
-ﬁtion- y‘f:,ule, Jpgj . “'“’,“g;fx '“:; o 'g;:

iﬂf‘_”?-o{feeling was exp S 'd aften,perﬁorming concentric
| 5’:;;f,contraction compared 9 that experienced after per«f )
“gii_ip”'forming eccentric‘%ontragtion. The discomfort lasted.

fon the average, less than oné day fori!;ncentric con—

,'traction while an.average of-;our days was needed to

B,

frecover from the discomfort after performing eccentric

A,contraction.-'"‘ f'],"~ S P
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. . . . s X \..,’;‘
o Conc,]_.";s'iong - | . R 1 “ S
o : cos y - - . |
In conciusion, when performing ggen tric oontractlon |
\vith the forearm féfxors through a range of 90 from 56° to
‘ M gt a consitant velocity of 18 - per. second and exfrthg
' ‘f:?‘a‘s;%m \r\o’ ;--1 y‘iforce $or five seconds with A seven second
~.,mt'r’1 o een each contract«iori. whether male or. o
. 9!}:9!;5[0: it apgeers possible to x' : : wr' L R ‘,
(a) Ao nd to exert a greater maximal foroe."

(b) be able. to perform a greater to‘tal amount of‘ work, i '

%,
R

o rate, . %o L Ll

A

4 ;E‘:'A B ;ix ‘ » ) T
N s B SR
¢(d) be able to eontir‘é;ally maintain ai‘te k OWIM:O’U‘& T

L “-' < . ‘ ) N .
Ao maximum foroe output . R AR _‘-:.- i? ,, . o : o
>, * o W
,ﬁ* (e) generate}r equal amount -of eléotr:loal actimﬁy and . S
Mw Tl
(1) dévelop greater discomfort fo’} g longer period og time IR
R, s T 2 T
-,&", than when performing concentrigi»:' ~dction ung}er-»-_'*the Samed _
e . o _‘,_v_o'-v -~
B N

._m‘gommendgtgons R R o oot '

LI o ' , . .
R . Ll .. . RO A

'.*.:,. | In this study an attempt ‘ras made to investigate . |
dynamio fatigue under contnolled cnnditions. Dynamic .’_-- L
musoular fatigue,as well as static muscular fatigue is an ~:
tnevitable outcome of the continuously active human be:lng. ,Q "

,».4 In mrther studies of this nature 1t would be '
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' (b) peduce the rest period ‘to one second usimg an automatic

lever arm re%ugn, 7?&.’417;“
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(c) Mtegrate»the force output 1n add:ld%:lonl to the ele%b‘gical .

aotivity sp_thatim valid grea comparison could be made
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APPENDIX P

EXAMPLE OF QUESTIONNAIRE
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