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ABSTRACT
i
\
‘Thirty—six volunteer male subjects-were systematigally assigned
to four treatment groups randomly deSignated Control, Central, Periphefal

a

I and Peripheral IIT
The ;tudy determined the extent to which the alleviation of

fatigue in a maximal, anaerobic repeated measures work settingstoulq be

attributed’to centra; nervous sYstem‘facilitation (CNSF) or lactic acid

removal. These were described as central or peripheral mechanisnms.
N . . . [ %4

4 - . . .
The hypotheses examined related to whether central or peripheral

fatigue mechanisms would play a domi;ant role in fatique alleviation
in high intensity énaerobic.repeated meaéures work. ' The site.Of'fatigue
was limited to the flexors of the'iower arm at thebelbqw. Subjects
were required to repeatedly contract the flexors of the lower arﬁ -
concentrically and eccentrically while attempting:to sustain maximal
force. This output was described as tothe. iTorques were measured
during an isokinetic movement in which.the range andvspeed of the'lever
arﬁ of an electrical dynamometer were preéetermiﬁéd’ap 80° and 13.3°
per second, respectively. IEMG a%alysis révealéd that deciining levéls
of torque were not parallelled by declining levels of electrical aétivity ¥
within the fatiéuing muscles. :Tre;tmepgs wéfe initiated at a to;que
equivalent to 50 percent of each subject's MVCC for.each wérk phase.

No significant differences which coulqbbe attributed to the

treatments were found but a treatments by phPSes interaction was. found

in a number of dependent variables.

iv
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It Was’concluded:

(1) That the ma#imal anaerébic musculgr activit§ pre§entéd the
effects‘of.CNSF from influencing the torgugs ggﬁerated in a repeated
work measu}es setﬁing. S

(2) That active recoverie;idid_nét cause any sighificant
difference in the torQues.generated.between tH; érOUps;'

(3) That intense anaerobic muscular activity taxed both central

v

and peripheral fatigue mechanisms to the extent that neither was observed '

to be dominant in fatigue alleviation.
R
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Chapter 1

IN?RODUCTION .

-

Two theoriesvhave emerged in‘studies reléted to fatigué}‘fatigue
of neuromuscular transmission (Sloahj 1965; Viitasalo and Komi, 1977;
Asmussen and Mazin, 1978a, 1978b; Asmussen,‘l9;9; wood, 1979);1and
‘ ‘ _‘ i

fatigue of the contractile element.within the¥muscle cell (Merton,

1954; DeVries, 1968; Hermansen, 1971; Karlsson,.Funderburk, Essen, and
Lind, 1975;.Wenger.and Reea, 1976; ﬁeltman, Stamford;'and Fu%:o; 1959).
Asmussen (1579) descriged these twokmodels as being central énd periph-
eral fétigue sites and attem;ted to ascribe.to the centnal>site a | 3
vdominang role in diminution of'performance so commonly associated with
the fatigued state.‘; |

| 'fFatigue ié associated with a number of homeostatic disturbances.
Lippold (1552), Biglénd and Lippold (1959), DeVries (1968), aﬁd Komi
_ana Buskirk (1972) demonstréted chaqges in fhe electricél activity in
muséle tissue aé a»functioa of time during repeated contractions.
Incréased 5lood iactate levels havg'long been associatéd‘wifh impaired
mugculér éctivity (Jefvell, 1928; Bang, 1936; Hermansen, 197i), while
lactate removal or disappearance has been associated wigh active -
,;ecoveries kNGWman, 19373 Hermansen\and Stensvold, 1972; Kaplsson 33 al.,
1978; Weltman et al., 1979). Recently, fatigue has been déscribed as

a factor limiting performance., Wenger and Reed (1976) présented evidence

to implicate a number of biochemical reactions within the contractile
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‘mechanism, the cytoplasm of the muscle cell and the organelles oflthe

cell as potential con&&}?utors to fetigue.v wood (1979) demonstrated

with a test to meaeure human visuel reaction time that local muscufar

fatigue-contributed to a redueed speed of reflex reaction time. He

claimed‘thét this was associated with impaired neural impulse trans-

mission. Viitasalo and Komi (1977) stated that a further characteris-
.

tic of muscular fatigue was a reduction in the conduction velocities

of action potentials along used muscle fibres.

Central and Peripheral Fatigue

AsmUSéen (1979) reported observatrons by a Russian physiologist,
Setchenov,'who, in 1903, described central nervous system facilitation
(CNSF) as being respohsible for the alleviation of.tﬁe fatigue assoqiated
with repeated bouts of sawing wood. Aemussen 11979) also reported an
observation made in 1914 that exercise performed with a non-fatigued

muscle group would increase blood flow through the fatigued muscle

¢

group and thus fecilitate recovery.

Asmuesen and Mazin (1978a, 1978b) conducted e’series of exéeri—
ments to determine whether CNSF duridg reqoverybperiods eould influence
reﬁeated bouts of muecular activity and if exercise performed byﬁthe
..non—fatigued muscle groups during recovery periods had any effect upon
repeated work bouts. They hfpothesized that there may be two .sites
where fetigue could develop; a peripheral site distal to the motor

_ end~plate, and a central site associated with the wave of depolarization

which accompanies neural transmission. The central site was said to be

3
L

proximal to the motor end-plate.

The findings by Asmussen and Mazin (1978a, 1978b) provided
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evidence to "support {the} 'nervous' explanation and disprove {the}
'circulatory' explanation" (Aémussen, 1975:319).

Astrand and Rodahl (1977), and Karlsson et al. (1975), suggested
.that the buildup of lactic acid in exercising muscle precipitated the

t al. (1979) examined recovery from maximal

onset of fatique. Weltman
effort exercise, lactate disappearancé and subsequent performance. They
found that active recovery be:ow thgvanaerob;c threshold of their sub--
jects during the rest periods enhanced lactate disappearance, which in

o

turn had a positive effect on their subjects' overall work performance.

Statement of the Problem

A number of factors are important in considering. the issue of A

®

the dominant site of fatigue allev%ation being central or peripheral.

Selection of the task. This study examined ;he;alleviégion of

| fatigque developed in a local muscular site. Other étudies?(Belcaétro
and Bonen, 1975; Boneﬁ and Belcastrd, 1975; Davies, Knibbs, and Musgrave,
1970; Weltman et al., 1979) examined fatigue alleviatién in 'aerobic!
activities such és pedalling on"a stationary bicycle ergometer or

running on a treadmill. The means of inducing muscular fatigue in the
current investigation was viavan electrical dynamometer (Singh and
Karpovich, 1965).

In this study, subjects performed»a‘high intensity, anaerobic
%sokinetfc Hovement designed to ihducé & gecline'in the torque generated
f;om maximum to 50 percegt in apppoximately two minuﬁes. In so doing,
it was assumed that the subjects were within the first phase of fatigue
(Stephens aﬂd Taylor, 1972).

The subjects were required to concentrically and eccentrically

\,



contract the flexors of the forearm at the elbow from their initial
maximal voluntary concentric eontraetion to 50 percent. This fatique
inducing protocol was used: ',

(a) To determine whether over a repeated measures-rest interval
time course, mechanisms in fatigue alleviation could be detected in the
so-called 'first phase' of fatigue.

(b) To minimize subject discomfort subsequent to testing. It
was,considered that the strenuous nature of feur bouts of concentric-
eccentric contractiOnskﬁ{em maximal torqqe te 50 percent of ma*imun
would itself generate muecle soreness in an essentially sedentary popu-
latien. This concern was later proven correct as subjects reported
some discomfort fol;owing testing.

(e) ‘To reach the termination point of each work phase of the
test se551on in the t1me frame of one to two minutes which was within

the first phase of fatique as described by Stephens and Taylor (1972)

Selection of the rest treatment. Newman, Dill, Edwards, and

'Webster,(l937) demonstrated that moderate activity caused lactic acid

to disappear faeter than the resting rate. Davies etkal (1970) clalmed'
that the optlmal rate of lactic acid disappearance was around 40 percent
of the snbject s maxlmal oxygen uptake It was shown by Weltman et al;
(1979) that active recovery during rest intervals, just below thelr
-eubject 5 prev10usly determlned anaerobic thresholgd, provided the most
rapid‘decline in lactic acid leyels. |

- One group in th}s current study engaged in 'moderate’ recovery'

exercise during the treatment or rest interval phases. This group

described as Peripheral II (P II) pedalled on a Monark bicycle ergometer

-at a heart rate of 140-150 beats per‘minute (bpm). A second group



engaged in 'mild’' recovery exercise during Fhe treagméﬁi phases. This
group, Peripheral I (P I)(vpédailed oh a Monark biCYClerergometér ét a
heart rate ef 1107120_bpm. For both groups, rest interval activities
or treatments were of four minutesvduration.

Asmussen and Mazin (1978a, 1978b) and Asmussen (1979)»claimed
that groups pracFising central nervous system facilitation (CNSF)
produced elevated lgvelsvof perforﬁance in repeated fétigue boutsswhénA
compared to control groups.‘ A group designated Central in this current
study, engagéd in four minutes of CNSF in their rest ikterval actithies.
‘This was accomplished by the sﬁbjects solving as many mathematical
problems aé possible for the duration ofrfhéir rest periods (Appendix Jy.

The fogrth group in this cufren? study»was a Control group which
undertook no special treatment éuring thelrest intérvals. vSubjects iﬁ
tﬁe Control groué rested while sitting in the electricai\dynamometer
chair for the four minute periods. o

Monitoring rest treatments. Blood lactic acid levels were

determined at intervals during the test to describe c0ndi£ions of rest,'
peék and recovery. This was done to observe the disappearance or

. . A\
removal of lactic acid which‘may have been attributed to a treatment
effect. Further, this assay enabled a detérmination as to the possible
production of 'lactic aqid in the group whose rest interval acfivify was
to,pedél at a heart rate of 140-150 bpm.

The groups engaged in péaalling on the bicycle ergometer

had their heaft‘rateé;monitoied by a Quinton Moéel 650 Heart Rate Meter
during all Ereatment;phases. |

. The decline in torque was monitored by a strain gauge placed

close to the pivot point of the lever arm of the electrical dynamometer.



This was linked via shielded cable to a Honéywell amplifier. “The aﬁpli—

fied signal was relayed to a Beckman recorder. See Plate 2.
Elect%omyographic variables were monitored by surface electrodes

placed on the anterior aspect of the biceps brachii (Komi and Buskirk,

1970). This signal Qas fed to an Accudata 136 integrator equipped for

- sinusoidal wave rectifiéati&nvto alloQ'the quantification of the elec-

trical activity in the wotrking muscles.. See Plate 1.

Definition of Terms

Amplitude -~ The extent of the deflection of the EMG recording above

or below the base line..

Central Nervous System Facilitation -- During‘muécle_fatigué, a feed- -
back of nerve impﬁlses’from the fatigued muscles impingeg-oﬁ part of
the reticuiar formatibn of the brain and causes an inhibition of the
voluntary effort. Rest interval activities (diverting) produce an
increased iQflow of impulées from non;fatigued parts of the body to the
facilitator? part of the~reticular.fo:mation, thus shifting the .balance
vbetween inhibition and facilitation in a facilitatory direction {Asmussen,
1979:319). |

'

Central Fatigue -- Is caused by an inhibition elicited by nervous

impulses from receptors in the fatigged muscles. The inhibition may
act on the motor pathways anywhere from the voluntarycentres in the
brain to the spinal motor neurons. The inhibition is most likely to

originate in the reticular formation (Asmﬁssen, 1979).

Concentric Contraction -- A contraction in which the muscle shortens.

Eccentric Contraction -- A contraction in which the muscle lengthens

due to an external force.



- Plate 1 ‘ ‘ -

Honeywell Electronic Medical System and
Beckman Metabolic Measurement Cart Recorder

Plate 2

Electrical Dynamometer
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Fatigque -- The transient decrease in performance capacity of muscles
that have been active for a certain time. Usually evidenced by a failure

to maintain or develop a certain force or power (Asmussen, 1979).

{ntegrated'Electromyograph.(IEMQ) -~ An electronic interpretation of

the electrical activity in muscle tissue. The activity can be summated

Oor averaged to-give a more simplified yet quantifiable recordinqﬁof the

normal electromyograph.
MOtoriUnit ~- The nerve cell body of the central nervous system, "plus
the axon running down the’ motor nerve plus it's terminal branches and

all the muscle, fibres supplied by these branches," together constitute

~a motor unit (Basmajian, 1968:8). ‘ Y

- Motor Unit Potential or Muscle Action Potential -- When a wave of |

excitation, Or an impulse from the central nervous system reache$ the

myo-neural junction where the axonal branches terminate in muscle

fibres, "a .wave of contraction spreads over the fibre resulting in a
brief twitch followed by rapid and complete relaxation” (Basmajian,

1968:12),

Limﬁtations

Peripheral Fatigque -- Is caused by an imbalance in the 'milieu ihterne'
of the musclé, usually associated with an increase in anaérobic metabo-
lites such as lactic acid (Wenger and Reed, 1976).

Torque The turning effect produced when a force is exerted on a

body or lever wh;ch is piwoted about some fixed p01nt

(i) - The use of surface electrodes to record the electrical
activity of the contracting biceps brachii. ThlS _may lead to problems'

in that deep muscle act1v1ty is d1ff1cult to récord and obv1ously single
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motor unit activity cannot be recorded.,
(ii) Due to the large nonoers of ‘participants, differences and
variations in the nature and depth of the tissue superficial to the

muscle under consideration may cause alterations in the quality of the

electrical impulses picked up at the surface level.

-

Delimitations

(i) ' The study was limited to two fatigue sites‘described as

centralbor peripheral. | |
: (ii) Tne angular velocity of the electrical dynamometer was

limited to 13.36_per second. |

(ili)‘ Only the right arm of -each subject ‘was involved in the.
pnases of flexion—extension, thus the only muscles involved in the study
s . :
were the flexors of the lower arm at the elbow.

(rv) , Pilot stud& evidence lndicatedfthat where - concentric
‘or eccentric c0ntractions were to be examined separately, the limitations

4

imposed by the return phase of the lever arm of the electrical dynamometer
'produced an uncontrolled recovery phase which may have dlstorted the
results,

(V) The subjects were 36 male students engaged in graduate

and undergraduate studies at The University of Alberta.

Hzgotheses

The resulting research design was a'treatment groups (4) by
repeated measures (4) design, in Wthh the follow1ng hypotheses were
_ generated and tested for 51gn1f1cance at the 0. 05 level of probability.
Based on these con51derat10ns, the specific hypotheses developed for

-

this study were:



Hypothesis 1. There would be no significant difference in thes

torque generated between the fbur groups which cbuld be attributed to
the different treatment-conditions.

Hypothesis 2. There would be no»éignifiéant difference in-the

intégrated electromyographic variables related to the fatiguing muscies

which could be attributed to the different treatment conditions.

gypothésis 3. There would be no significant difference iniblood,
lactate levels between thleOur groups which'could be attributed to the

different treatment conditions.

10



Chapter 2

REVIEW OF THE LITERATURE

Many investigators have:provided'evidence as to the general
..electricai écﬁivity which-cqn‘be'détected in contracting muscle since
the phenomenog wés first observed by Gaivani in 1786. It is a relatively
recent dbsefvatipn, however, that eleétrical activity in muscle tésﬁue
increases as a function of time ‘when the muscle works against cohstght
force inlan iéometric cohtraction (Edwards and‘Lippold, i§56,.Lippold,
_ RN ‘
1952) or isotonically (DeVries, 1968; Merton,’1954; Sloan, 1965). It*
ap?ears that the sum of the electrical activity of a muscle bea:s.am
simple.felation to the force developed. Bigland and gippold {1954)
fohpd‘the relation to be esseﬁtially lingar, whi;h suggested that the-

/

increase in force developed was largely dependent on the increased
3

7

npﬁbe;>of mbtor unifs in action and-to a lesser extent On‘the'freduency
of discharge. Bigléndiand Lippold (1954) fﬁrgper claimed that the.
lihéar relationship between force developed and the integrated electrical
suﬁ»indicated that in the abgenée,of fatigue the.integrated EMG was
proéortional to the number of.motor gn?tg involved in the muscul;r,
cont}actidn, and to a'iéséer ektent to the frequency of thei; discharges.
More Fecent work by Komi (1973) has copfirmed these earlier findings

.and extended our understanding of ﬁhe’EMG. Komi showed that the inte-

‘grated EMG activity was the. same in maximal contractions of different

_speeds. He poihted out that this was indicative of the same degree of

&« 1 l » ‘ ‘ L]
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mdtor unit recruitment in maximél.efforts; and furthe;; £hat it did not
-mat;er whéther tHe’COntréctioq was concentric, isometric or eccentric v
.(xémi, 1973).‘ |

.Grossman and Weiner (1966) cést a serious doubt over thetvalidity
and reliability of much su;face elect;omyoggaphic feSearch data with - .
‘their ésserfion that the eledtrical activity of the underlying.muscie
tissué may not be ;elated fo tension genéfafeé withih.the musclg, but
may aétually.be inlresponse ﬁo environmental inte;fgrenCe;.élgg the
m95c1e aétion}potentiais. Their doubté were largely dispelled by the
work of Komi and Buskirk (l9i0) who outlined a strict'code éf prebaré—
tion for repeated éurfage énd inserted électfbmyogfaphic recordings.
Their conclusions were that the surface élecgrode produqed.mofe reliable
reéordinés ovet the inserted'electrode, when measures wefé‘madern
successive days; and unless the ihserted‘wire teéhniqpe could be furthér

~

.Standardized, it appeared inappEOpriate for long—term'use (Komi and -

]

Buskirk, 1970).

Integrated Electromyogram and

Fatigue

Lippold (1952) designed a rigid wooden frame dynamometer‘into :

which his experimental subjects fixed their lég in such a manner to .

- enable the forces rotating the foot around the ankle joint to be

2]
” o

measu;ed. All movements were eliminated except the presshre exerted

=

- by the sole of the foot when the calf muscles contracted. Lippold's
(1952) ‘subjects made voluntary contractions of varying knoanStfehgths "
- while simultaneous electromyograms were recorded and integrated. Lippdld

(1952)'was'able td canclude that there was a linear relation between‘the

integrated electromyoéram (IEMG) and the tension produced, while_tpe

12
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coefficient of correlatien varied:between 0;93\and 0.99. DeVries (l9i2¢
285-301) provided a clear explanatien of the funetion of integratien
when examiningirhe waye-form prodhced by an EMG.k &5
Lippold'e findings may have stimulated interest‘in using‘the
v'elecrromyogram'in‘other research contexrs. Merton (1954) madevuse of
the eiectrical potentialractivity relationship wnen examininé strength

and fatigue. He provided evidence which led to th; conclusion that

i
\ e

fatiguevwas a peripheral occurrence, first by demonstrating that when
strength failed, electrrcal stlmulatlon could not restore the ponef\\\

to the muscle. Second by demonstratlng that reeovery from fatlgue did \\
not take place if the‘circulatlon to the muecle was arreeted (Merton,
'1954)f _While‘MertOn'devised a,conplicated abparatus to examine the
‘isotonic contractions in the muscie adductor'pollicis to fatigue, Bigland
and Lippold (1954) uSed Llppold's 51mpler dynamometer to examlne the
acthn potentials in the muscle gastrocnemlus in c0nstant shortenlng,
lengthening and isometric centractions. Their conclusion that tensan,
velocity and electriCallactivity were interdependent has been an
inportant finding‘fer the field‘qf eiectromyégraphy (Bigland and Lippold,
1954: 223/) ‘ ' o | ‘/

There was a number of researchers inquiring into df?ferent aspects

J
i

ef muscular fatigug;during”the 1950's. Lind (1959) examined muscle
fatigue and recdvery‘from fatighe induced by,suérained contractions.

. Sherrer and Bourguignon (1959) reported upon the changes in the electro—>
- /

/

myogram’produced'bY'fatigue in man, with their findings essentially in

: . ‘ ' ) ’ . K,
support of Bigland and Lippold (1954). Sherrer and Bourguignon (1959) ;,
investigated the relationship«between the'inteératea electromyogram

(IEMG) and fatigue generated in the tricepsvmusele group during isometric
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and isotonic contractions. They, too, showed that.the~electrical activity
'asfquantified by the IEMQ, was in linear relation to;the force developeo;
that the increase in force depended more onrthe'inCreased number of motor”
_ units than on the'frequency of discharge, and that in the'absence of

»

fatigue, the IEMG was proportional to theinumber of motor units*and to
a lesser extent on ‘the frequency of dlscharge’(Sherrer and Bourgu1gnon,
»l959 157). In thelr account of the phenomena associated with fatigue,’
Sherrer and_Bourguiénon:referred to tneuromuscular~blockage' and noted
that.further research was needed to determine-the'actual 'site' of

2

faticue. It is interesting to note that,'in contrast Lindy(l959)
clalmed his ev1dence supported conclu51vely the 1deavof fatlgue as
perrpheral"ln nature rather than neural or central.v
| - It would appear that Asmussen (1979) brought back to life a debate
whlch first appeared near the commencement of thls century and then |
almost 50 years later.‘ It is»not clear why the.issue of fatiguevsites
should be so cyclic. Theranswepvto this latter query perhaps can be
found in the’intrinsic complexrty of fatigue.v

In 1965, Sloan conducted a»surface eiectromyooraphic study of
fatique in'thevrectus femorisvmuscle of ten healthy young‘men betyeen
the aoes of 19 to 26‘years.A Fatigue was induced by the appliCation‘of

*

the Harvard;step test. Like the earlier workérs, Sloan also observed

'

an increase in.the amplitude of the IEMG and ascribed it to an increase . o
in the number of motor Units firing synchronously. He,speculated upon
the progre551Ve fallure of the contractile. mechanlsm by’ notlng that

. « . the fatigue pattern of the EMG may be due to the increased
stimulation+<from the motor cortex required to maintain.the same
degree of contraction as the muscle responds less eff1c1ently.
. The 1ncreased upper motdr neurone activity results in larger
groups of motOr units dlscharglng synchronously w1th the observed
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result of larger action ootentialsﬁ This phenomenon may be séen
before any other manifestations of fatigue are obvious (Sloan,
1965:397),

.

DeVries (1968) experimentally induced fatigue in the elbow flexor and

"three exfensor muscle groﬁps. He also constrlcted blood flow to the

exerc1§§ng muscle groups and noted that circulatory arrest brought
about marked changes in the nature of the isometric fatigue curve
-pgoouged by the elbow‘flexor group-at 20 pércent of their maximal
voluntary conproctions. "This finding lehds further%suppoFt to the

hypothesis of Merton and Lippold et al., that rapidly induced fatigue

is 3 peripheral effect" (DeVriéé, 1968:134). Despite Sloan's (1965)

speculation that fatigue‘in muscular contractions may be characterized
by central nérvous éystem activity, DeVries' definite assertion, plus
the earlier lactic acid research of Astrand and Rodahl (1963),
Gisolfi, Robinson, ond Turrell (l9é6); Newman et al., (1937), and Roweli,
Rraning, Evans, Kennedy, and Kusumi (1966) seemed to indict the 'miiiéu—
interne' as being the Predominant site of fatlgugﬁg

‘It has long been recognized that.lactic -acid levels within
circolating blood: are aiyefloction of the métabolic acfivity of parts,
or all ofﬁthe muscular sygtem ofltho’organism being examined (Bang,
1936;“Jervell,'1928). Itvhas also been long accepted that active
recovery can alleviate the symptoms of fatigue fastér than passive
recovery (ﬁewman et al., 1937). |

The severity or 1nten51ty of the exe;c1se will determine the

level of lactic acid formed (Hermansen, 1971) Recent research has

also indicated that there is a selective.type of recruitment from the

f‘mqscular system's motor-unit pool (Wenger and Reed, 1976). During high

intensity exercise of short duration, the fast glycolytic pool (FG)
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v

is substantially recruited. The metabolic énz?matic pathway which
supplies the majority of energy to these muscies is anaerobic glycolysis.
Wenger and Reed (1976)'claimed that the production of lactate by anaég—
obic glycolyéis was 5 primary'cause of the decrease in the glycolXtic
rate. This suggested that fatigue induced in one to two~minute.work
bouts of high intensity.might be.linked to the 'milieu-interne', or
pefipﬁeral site rather than the central, and ‘that the FG motor unit
fibres:were the dominant source of lactic acid during short-term intense
exercise. |

Davies et al. (1970) examined the rat; of lactic acid removal’
in relation to different baselines of recovery.exercise and reportea
the maximum rate at appréximately 40 percent of the individual'é
maximai oxygen uptake. It should be noted that these authors us?d only
four subjects and did nét attempt .- 'to relate the rate of ;emoval to
fitness. Bioom (1976) and B;ansford and Howley (1979) found lactic
acid to be pfodﬁced at 30 percent and 55 péréent of maximal oxygeﬁ
uptéke tespecfively in unfrained subjects. *

Many other researchers have reéently examined the limiting
effects of the presence of high levels of lactic acid on per formance
and methods by which these might Se achieved. Belcastro and Bonen

N .
t al. (1966), and Hermansen

(1976), Bonép and Belcastro (1975), Gisolfi
and Stensvold (1973), provided evidence which indicated that lactate
removal was enhanced during recovery by moderate agrobic exercise as
oéposed to resting'récévery. "The °suggestion was that the more oxygen
made available to the muscle dur@ng recovery, the greater the rafe of

removal of lactic acid. These experiments have used maximal aerobic

exercise as the criterion exercise. Weltman et al. (1977) reported on
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the relationship bethen different recovery patterns (active versus
passive,FWith and without oxygen inhalation) from high intensity short
duration exercise and subsequent performance. Their c;iterion test
waé an all out pedalling task against a 5.5 Kp. resistance. Théy
reported-a low cor:elation between pogt-recovéry exercise énd blood
, laétate levels which suggested that factors other than lactate removal
were critical for subsequent perfbrmance. While making ndte of various
possibilities such as oxidation in the heart muscle, resynthesis in.
the liver and lactate being. 'lifted up' to form glyéogen, Astrand and
‘Rodahl (1977) cqncluded that,.". . . the rate of lactic acid produced
during heavy exercise is still an unsettled questioﬁ" (1977:313) .
Essen (1978) provided data showing that there was less accumulation per
.unitmtime‘of lactic acid during inte;mittent, than continuo@s intense
éxércise. Tesch (1978) related the ratio of fast twitéh fibres (FT)
and slow twitch fibrés (ST) to'exhauStive‘exercise and lactic acid
production. He noted that lactate cdncentrations were related to the
percentage of FT fibres suggesting that the lactate concenﬁration/
performance  time ratio was higher in FT mus§les. He concluded that
subjects rich iﬁ FT fibres had-higher anaerobic work capécities'ghan
thbse with higher percentages of ST fibres. Buchtal and Schmalbruch
(1969)\cléimed that in the muscle biceps brachii, 25 perceﬁt of thé
fibres in the long head were rich in mitochondria and thégefo;e céqld
bé.termed'FT fibres; they did not repoft on‘the fibre type of the short
head of the muscle biceps brachii.
Weltman et él;‘(l979) continued to study recovery patterns

from maximal effort exercise,. lactate disappearance and subsequent

performance using recovery thresholds above and below their subjects'



previously determined anaerobic threshold (AT). They éoncluded that
elevated blood lactate had little effect on maximal effort duration and
that exercise recovery below AT was more effective for lactate disap-

pearance than exercise recovery above AT.

There appeared to be a shift in.emphasis in the research of

the 1970's aQay from the gross muscle studies of fatigue utilizing
surface electiodes towérd the usé of inserted electrodes revealing
various phenomena related to single motor units (Milner-Bfown, Stein,

and Yemm, l973a,‘1973b; Milner-Brown and Stein, 1975). A second area»of
considerable IEMG research in this period was the attempted diagnosis

of néuro—muscular\disorders {(Goodgold and Eberstein, 1973; Smortd and
Ba;majian} 1977). In thié latter contéxt, Smorto and Basmajian (1977:13)
claimed that exact interpretation of the recorded electfical‘activity,
of - the skeietal‘muscle éhd peripheral nerves pérmitted the determination
of the extent of nerve injury or the nature of intrinsié musqle distu;b—\
ance and could help in planning medicél therapy,‘surgical intervention
and rehabilitation. | |

| While'tﬁere seems to be cyclic periods of activity, it is
.reésonabie tdvassert that fatigue has been one of-the mogt fruitful
areas of research for electfbphysiologists énd exercise physiologists,
/Within the literature can be found a two model debate as to whether.
the site'of muscular fatigue is located within the central nervous
system or within the peripheral musculature.
" Noting that the two modelé hé;e their respective devotees, it

was interesting to record that Stephens and'Taylor (1972) proposed a



‘19

model of fatigue which implicated bpth central and pefipheral sites.
They reported that in sustained contractions there Was an initial

drop in the iptegrated EMG, while further decréases were éccoméanied
by a lesservdecline in IEMG. Stephens and Taylér (1972) suggésted
thag the ‘initial phase was indicative of transmissién fatigue (fatigue
of the neuromuscular juncfion), while thé subse@uent pha%é represented
an inability of the contractile:apparatué to‘produce tension.

Adding to the full restoration of'the deQate within the perti—
nent literature, Viitasalo and.Kami (1877) déscribed the,signal charac-
teristics of the EMG and fatigue. At the same time, they providéd

N . v :
considerable_evidence for the central model theorists. They suggested
that‘along with recruitment of new motor units and increases in ampli-
tude of the wave-form due to synchronous firing of .motor units, that
fatigue was characﬁerized by a marked reduction in the conduction
velocity of the action potential along the used mQSCle fibre;

The issue of fatigue which was seemin§ly resolved with‘tﬁe€
dominant site beingiperipheral} or at best beiné a two component
phenomenon, was seriously challénééd by thié.latter'finding. Currently,
‘there is renewed interest in the subject. ;n fact, Asmussen (1979) |
and Aémussen and ﬁazin.(;978a, 1978b) ciaim tb have. demonstrated that
the dominant,siﬁe of fatigue is central. They received some suppoft

from Wood (1979) is his examination of the effects of fatigue upon
visual reaction time. Wood (1979) reported exercise-induced changes
in reaction time performance ﬁhich appéared centrally mediated, involving

a shift in motor unit recruitment patterns by the motor cortex of the

brain.

EN



Chapter 3

METHODS AND PROCEDURES

‘Subjects . | ‘ ‘\\
. Thirty-six maie vélﬁnteers whose ages ranged from 19 to 35
years pérticipated as subjects in the study. All were adviseé»not to
eat; dfink, smoke or éngage in any heavy physical exercise for a period
of fogr_ﬁours prior to their fest. .

The‘subjects were scheduled for two visits to the laboratory.
First, for.the measuremeht of isometric‘strength of the flexors of the
"arm ag‘the»elbow to allow a systematic random assignment of squects'
to treatment.groups.

All signed an ‘informed consent' document ind}cating their
undefstahding of the procedures and willingness to participate in the
.sﬁudy‘(Appendix I).

All Subjécté were required to-come for their test wearing a
gym strip of ‘shorts, a loose shirt topAand gym shoes. Upon éntering
the laboratory, each subject was familiarized with the test ;eqﬁite—
ments and recording procedures.

Various anthropometric measures were‘taken with the subjects
wearing oniy gym shorts aﬁd elther socksvor bare feet.. The measures
were: ade in years and months; height in centimetreé; weigﬁtvin'kilOe

‘grams; and three arm measures. The subjects were asked to stand with

their right arm flexed to 90° at the elbow with their lower arm

20



supinated. By palpatlng ‘the acromion §r0cess of the scapular and the
lateral eplcondyle of the humerus and measurlng the dlstance between
these two anatpmlc landmarks, an upper arm length was defived (UGAL) .
The lower arm length was meaéuted as the distance between the lateral
eplcondyle of the humerus and the dlstal head ‘of the radius (LAL).
_Both these measures were made in 1nches, converted to centimetres and
" added to give a,measure of total arm length (TAL); All éubjects were
measured using these procedures with distances measured by a simple
'dresémakers; tape (AppenAix A).

In order to facilitate the assignment of subjects to the four

treatment groups, each was measured for maximal isometric arm flexor

Astrength,uSing a cable tensiometer. This procedure measured the iso-

metric strength of the flexors of the}arm at the elbow with the subjects

sitting comfortably in a Hettingér chair (iliustrated in Plate 3).

All subjects,placed their elbows by their sides, flexed to 90o as

kY

below their wrist, The cuff position, seating and flexed lower arm
angle were standardized for all subjects by making individual adjust-
ments té the apparatus. The subjecfs were.instructed'tbﬁﬁaiimally

contract the flexors of_the lower arm three times. The first for

familiarization purposes, the second and third to determine the forces

applied to the cable as measured by a cable tensiometer. The forces

were recorded with the higher of the two recordings assigned as the sub-

ject's score. These scores were converted to pounds equivalents, util-

determined by a goniometer. The subjects supinated their lower arm and 

a tensiometric cuff, cable and chain was attached to a point vertically

21

izing a modified spring-scale calibration unit developed at The:University

of Alberta. The calibrated scores were then ranked in order of highest
. ' ! .



Plate 3

Hettlnger chalr used to standardlze the test of 1sometr1c

strength of the flexors of the lower arm at.the elbow.

Terrasyn Isolation Amplifier.

electrode.

Plate 4

Electrode jelly.
Alligator clips.

Disposable surface

22
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to lowest in a descending scale of ‘one to.36 to facilitate the systematic

random assignment of subjects to treatment groups.

Equipment

‘Measurements were made of the electiomyograph (EMG) and the

9 o
-integrated electromyograph (IEMG) using a ﬁoneywell Electrpnié’Medical
system (Biglahd and Lippold, 1954; DeVries,11974; Liépold,‘lQSé). vThis
isfilluétrated in Plate 4. Surféce electrodes transferred £he muscle
action potentials to an'isolation amplifier (Terrasyn Inc. N IIIA EMG)
via colour-coded alligator clips (3MI Co.) and shielded cables.. -Surface
electrodes for the EMG recording were positioned‘according to the
specification of Komi and Buskirk (1970). "The electrdmyographic poten-
tials were fed into an'électrically operated}igtegrator equipped fof
full wave rectification wh;ch produced an arbitrary quantitative figure.
(For further détail of the opera;ion df the Honeywell Electronic Medical
szstem‘as used in this study, see Appendix D).

The toréue developedvby the subjects during the four phases of

\ ‘
ynamometer (see Plate 2),-

the test was recorded using.an elecfriéal
The subjects were instructed to sit with.their backs straight and to
apply force only through the conéeﬁtric and‘ecceﬁt%ic contractions of
~ the fléxors'of the lower arm a£ the elbow. In an attempt to éliminate
extraneous mévements,‘squects were vefbally prompted only to use the
ﬁuécles of the Qpperbarm most involyed with the activity. .

Circuit breaker cams in'the_electrical dynamometer were adjusted
so that all subjects Qorked in the range of 65 of extension to 145° of

-flexion. The range of movement was set at 80°. The lever arm speed

| : o o o _
was set to cover the 80o 1n six seconds or at 13.3 per second. A
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~cycle of cdncentric-eccentric contractions took 14 seconds as the lever
"arm was maﬁually reactivatéd at the extremity of each‘movement.

Close to the inqt point of the lever arm was a strain gauge.
Electrical impulses from the strain gaugé were fédvinto an amplifier
within the Honengll.Eleétronic Medical system and then to a>Beckman
pen-recorder. This enabled close monitoring of:the'decline in torgue.
as fétigue levels iﬁcreased. wﬁen a subjeét was unablé to develop 50
percent of‘his initiél maximal voluntary concentric contraction as
indicated in thé Begkman recorder, the phase of Qork Qas stopped. The
subject then movéd as.quickly as possible into a treatment‘phase of
'thé_test. | |

Heart rétes were monitored in two‘groups during their rest
interval activity usiné a Quinton (Model 650) heart réte meter. The’
groupS'eﬁgaged in active recove}y pedalled a stationary Monark - (Varburg,

Sweden) bicycle ergometer.

Procedure
‘ Figure 1 provides a schematic representation of the'reseérch
design used in this study. Thirty-six subjects were systematically

’

assigned to groups. These groups were randomly assigned to the treat-

ments.

The‘protocol of this study included a resting. blood sample
followed'by the first concentric-eccentrié_wofk phase tb 50 pe;cent
of the subjécts' initial maximal voluntary concentric contraction.(MVCC).
The groups began the first treatment ahd‘after foﬁr minutes, they
compietqd the second work phase to 50 percenE,of MVCC and cémﬁenced the

‘second treatment. They then completed the third work phase to 50 percent



25

‘ >5>000L

wg

v

%05

o3
QAN
e

\\‘ ozl
=01}

wdq

06|
-ovi

wdgq

swiajqoid
yiew

1soy’

€uawieas)

tead
v 1

'ubisap yoiseasas ayl jo uollejuassidai 21jewaysg

wdq.
0S1i
=-0ovi

%0S
[}

J0AWN
pig

wdq
0S|

T=ovi

wdq

%08

ol

Mooan]

© puz

wdq
ozt

=0t

1sey

<

Z Juswneas]

%08
K3
OO AW
15

Bulysey
v

P

1sey

Luswieas]

aseyd

"L @4nbi14

SEELY

ue g




26

of MVCC which was followed by a second blood sample. This was used to

indicate a peak lactic acid level. The subjects completed treatment

A

three{after_the aecohd blooo withdrawal. The subjects completed the
fourth phase of work to SO‘perceht of their MvCC which Was'followed hy
a period of five minutes where all subjects. sat and rested ih.the
electrical dynamometer’chair. A third blood sample wae then drawn -

to indicate a recovery value of lactic acid.

Group I Control (Con)
Subjects in the Contrbl\group performed no specific activity

during their three rest intervals. They were instructed to sit quietly

four minutes.

;s in the Central group remained seated in the electrical

dynamome :Fair. During their three rest intervals, they were given
: . . T : ~ .

a clip .; pen and sheet of simple mathematical calcuiations. Included

on the sf i were arithmetic problems related to addition, multiplica-

tion, suljifaction, division and.equations. For each rest interval,

»

the subjegts were asked to complete as many 'problems' as they could

-mi-ite periods (see Appendix J).

h

Group III Peripheral Activity I R

(P 1) ‘]

Immediately upon the termination of each concentric—eccentric
phase, the subjeczs were asked to pedal a siftlonary Monark b1cycle

‘ergometer. The subject s heart rate and the power output were mon1tored

“and the ;es!suunce altered as required to elicit a heart rate response

of between ] 2{20 beats per minute (bpm). At the completion ofzthé/
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)

: [ :
four minutes, the subject stopped and moved back to the electrical

dynamometer chair and commenced thé next concentric-eccentric phase
of the study. Details of,heatt rate monitoring and electrode placement

are provided in Appendix f.

Group IV Peripheral Activity II

(P II)

Subjects assigned to this group were monitored as in Peripheral

I, but utileed'a'target heart rate of 140-150 beats per minute,

Lactic Acid Levels

Blood‘was‘drawn from all subﬁects on thrée différgnt ddcasions
:dufing ;he test session into heparinized 4'ml vacutainérs.

(1) The firstbwithdrahél was made from the antecubital vein -
of the non-exercising arm.épproximqtely one minute prior td test commence-
ment. Afl'subjects Had been §itting iﬁ a'quiet stéte for at least‘five
minutes. This sample was taken £o proQide a baée line value of lactic
aéid-for later comparative Pufposes. » Lo | _

(ii) - The second withdrawal was madé ffém the antechbital vein
of thé éxerciéiﬁg égm as soon as the‘subject had reachedvthe termination

. ! ’ ’ - .
point of the third concentric-eccentric phase. This sample w%; taken

a
~
e

‘to provide a peak value of lactic acid.' T
rg“ (iii) The third withdrawal Qas made after the fourth work

‘ bouﬁ. All subjecfs'reached the termination point of the fourth concentkic-
~eccentric phase and were instructed to sit’quietly for five minufes. |
Blobd was drawn from the antéCubital vein of the éxercising arm, again -

‘utilizing}a site approximately two to three mm below the first site.

‘This sample‘provided evidence of »the rate of removal or disappearance
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"of lactic acid from the fatigued muscle site,

Lactic Acid Assay |

‘ The lactic‘éeid assay followed a similar procedure té that
described by Mohﬁe—Lundholme'(l965) and was .based upon the light
absorbance probefﬁies of'the enzyme‘NADH; | | | |

In the presénce of LDH aﬁd NAD, lactate:is converted into
vpyruvate. For eaéh méle of lactate éonverted £0 pyruvaté, one mole -
Qf;NAD is converted into NADH. Therefore, the abSorﬁaﬁce-éffNADH ‘

‘of ultra—viblet ligh£;at 340 mn, reflectéion a l?l bésiS‘thé émountvéf
lactaté‘ofiginally~in the sample. The[a5sorbanée pfoperties were
dgtefmined'in é gye Unicqm,SPiBOO Uv.spect;ophotometer (see Appendix G).lgl

TNE

Data Analysis

The major pdrpose of the study waé to determine the differen-
tial effect of the four treatment conditions. The resulting experimental L/
,jdESign was a‘treatment;(4)‘by':epeated measures (4) design. The statis-

tical analysis'of the folldwing’dépéhdént variables waé‘completed by

a two-way ANOVA withbrepeéted measures on the last factor.

-Statistiéai Anglyéis
| | The datavcollected wéreysubf?c£¢d ﬁo a two-way'analys}s Qf
variance'with repe;téd méasures oﬁ-thé last factor for éach.of the <
followi;g dependeﬁt‘variables: |
o 1) m;ximum coﬁcenfrié torque. Maximuﬁ‘tqfque deQélbped during
‘the ihitiéi‘cénCéntric conﬁréctidn of»each.pha;e of wofk. 
2)  minimum éoh¢eh£ric tbréhé¢y'fbrque deveiopéd dufing the‘finai
Eoncentrié'cént?éétiop,;ﬁéﬁéil& Sblpercént ofhthe ini£ié1 |

s

contraction. co : - o o o



P

3)

4)
5)
6)

.‘7)
8)

9)

10)

i

mean concentgic torque, Torque value derived by totalling
the torque of each concentric contractioqvand dividing by
the numbet of contractions.

maximum eccentric torque. Méximum torque developed.during
the initial eccentric contraction of each -phase of work.
minimum eccentric toréue.. Totgue developed duringjthe
final eccentric contraction;ﬁ“

mean eccentric torque. Torque value derived by totalling

the torqhe of each eccentric gontraction and dividing.by

the number of contractions,

b3

‘sum of the torques in the first four concentric contractions.

sum of. thé’torques in the first four eccentric.contractions.

sum Qf the integrated value of the electromyographs for the

n

first four concentric contractions in millivolts.

sum of the integrated value of the electromyographs for the
oy

first four eccentric contractions in millivol#s.h

[S]

Statistical computations were made using the Department of Educational

Research programmé ANOV 26.

- o A diagrammatic representation of the experimental design for

wid

@ 3

this study was presented in Figure 1.

29



Chapter 4

RESULTS

Subject Characteristics

Thirty-six subJects participated in the study and were blocked
into four groups which were randomly assigned to treatments. Individual
characteristics are provided in Appendix A.

Table 1 inclides the mean (2), standard deviation (SD) and

range (R) for the characteristics of the subjects in tﬁe four groups.

Two‘data points are of interest. The mean age and the mean height

for Peripheral II appear to be different to those values de;ived from

~the other groups. No explanation can be offered for these effects other
s - . :

than random expefimehtal oqpﬁrrences;

The results obtained from the current study fefer to three main
areas. Firstly, the torque developéd by each subject éuring the four
concentric-eccentric work pgases. Torques were measured gnd obtained
for-eaéh concentric and ecééntric contraction. As the subjects applied
" force to the ‘lever arm of thé electrical dynamometer, a Beckman recorder
was used to simultaneously record the torques. At 50 percent of the sub-
ject's initial maximal voluntary concentric contraction (MVCC), which took
1-1% minutes, the work phase was terminated and a treatment commenced. It
will be apparent that some of the dependent variables in this current study

have been derived using the first four contraction cycles. This was neces-

sary as in the latter work phases, the 50 percent decline in MVCC occurred

3d | y
| 'S

A
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in only four concentric-eccentric contractién cycles in some subjécts.
Secondly, data was obtained related to integrated electromyographic
variables (IEMG) using an Accudata 136 integrater, a éomponent of the
Honeywell Medicél system. These results are reported in millivolts of
eléctrical'activity'and reflect the neuromuscular action potentials of
the contracting muscles. The third area relates to the lactic acid
levels of the subjecﬁ's blood determined at three stages during the
experimental protocbl (see Figuré 1) to establish a regting, peak and

recovery value,

Torgue Veféus Treatments

The effects of rest'iﬁterval activities upon the alleviation
of fatigue are shown in Figure 2. This repreSenfs the torque in kilo-
gram meters for thé total of the first four concentric pontfactions after
averaging, The first fou; concentric torque values were totalled and
divided by four. Figure 2 clearly-demdnstrates the decline in torqué
over the:four work phases for ghe four treatment groups. A two-way
analysis of variance showed no significant treatment main effects ?§
interactions on torque déveloped,for the mean of the sum of the first
four concentric contraétions; therefore, ho significant difference
betweeﬁ groups ﬁould be attributed to_tﬁe treatment éonditiong {see
yAppendix C). | |

Figure 3 shows the decline in torque in kilbgrém meters for the‘
first four eccentric contfacti ns when they were added tbgether and an
average value obtained. A twa-way gnalysis of va;iance ?esulted in no

significant treatment main effgcts on torque developed which indicated

that again, there was no difference between the groups which could

32
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befattribuﬁed to the tkeatment; however, a sigﬁificant ﬁreatmeﬁt by
phaseévihtefééﬁiOn waS»fouﬁd.* Simple effects tests indicaﬁed that at
phase I, the7Control,§nd Périphéral I groups generated more torque
than fhe Ceﬁtral and‘Peripheral IT groups with the iargeét ceil meén
: .difference appearing betweéh Central and Periéﬁeral II F(l,96) = 6.2,
'p < 0.05. The differencé‘between Peripheral I and Periéheral IT was
signifiéant F(1,96) =5.6, p < 0.05. 'Significance was also found for-
the difference between Central and Control F(1,96) = 5.1, p < 0.05.
The only significant group difference between phase i and phage ;I
involved the Central groué F(1,96) = 7.1, p < 0.05. Therefore,‘fhe
léwer torque generated by the Central group in phase II in contrast
to phase I must be dqe-to errors in'sampling as,no'other'group dembn-
strated th;s effect.

Figure 4 illustrates the valhé}derived when the mean tordues
fof the concentr{c éné'eccentric contractions wefe added togefher. 1t
should be noted thatAone éﬁbject toék 12 cyéles of concentrgc-eccentric

contractions before he reached 50 percent of his MVCC while another

o
°

subject took only four to‘reach his termination point (see Appendix

H). The two-waf énalysis of varianéé‘revealed no significant main
effects on torgue developed. However, a significant t?eatment by

‘phases interactiQn was found. Again, the results of the simple effects
tests indicated that during éhase I, Céntral-and Peripheréi I groups
generated more to;qué than Control and Peripheral II groups. Thellargest
meén cell difference was bethen,Central and Confrol F(i,96) = 6.59,
.p < 0.05. Significant mean cell differences were foﬁnd between Central
\anvaeripheril II.F(1i96) = 6.2, p < 0.05, aléo Petipberal Ivégd Qont;ol

F(1,96) = 6.0, p‘< 0.05, and Peripheral I and Peripheral Il F(1,96) =

-
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'5.6, p < 0;05.’.Figure 4 demonstrates that the only significant group
difference between phase I and phase II involVedlthe Central group
'F(l}§6) = 8.1,‘p‘< 0.05. This must be attributed to the initiél>error
in sémpling. | |

Figufé 5 illustrates the torqué value derived during the eccen-

. tric con;factidn’phase of thercur;ent study. This value repre;éﬁts a
g:oup mean in kilogram:metéré. It was’dérived by totalling an indi-
ViduaL subject's téfque fér eaéh phase and dividing thatvtotal'by the

" number of g0qtractiqns it took to reach 50 pégcént of his MVCC.I Grdup
means w§re then obtained by adding the‘ihdividualvmeansvfo; the group
qndrdividiné_by nine. The two-way. analysis of Qa;iancevrevealed no -
éignifiéan; treatment main effects on torque de&éloped; A significant
»treétmept by phases interaction was re&ealed. - The résuits;of the simple

‘leffects Eesting reQealed the higher‘tordue leveis'generated in phase I |
by the groups Central and Peripher§1 I. The lérgést mean céll differ; '
ence wés between Centfal and Peripgzral II.Fkl;96) =6.7, p < 0.05.
Significant mean cell differenéés Qere also found bgtweeﬁ the Ceptral
‘and Control groups F(1,96) = 5.85, p < 0.05, alsé éeripheral I and
Peripherél I1I F(1,96) = 5.78, p < 0.05, and Periéhe;al I and Control
‘F(l,96) = 4;83, p < 0.05. Figure 5‘contiﬁues to'démonsﬁrate thét the
only sighificant,phase I - phase II‘difference'involvgd the Central
'groqp.f(i,96) = 8,0, p < O.OSJV.Onée‘again, this can only be attributed
to.the initial‘sampling error. “ |

Integrated Electromyographic
Results . .

Figure 6 illustrates the integrated electromyographic results

obtained when the integrated electrical activity was totalled for the

A o eue
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P contractions for each phase of work. Inspection
of Fig ] g & a general increase ih‘electrical activity from

treatm;_ |- »f ;featment‘4 in the groups Peripheral I (P I) and Periph-

eral 11 3 il The Control and Central groups show a slight decline

*'ctivityrfor the first four concentric contractions'bétween

accompanied by the siightldeéline in CQntrolvand Central
é‘dly with Fngre.2 which showed the drop in toréue devel-

oped_during‘t P four phases of work for. the first i1our concentric

contractions. A two-way analysis of variance reveéled no significant

treatment mainE”ercts on summated electrical potentials in millivolts

during the fijg War concentric contractions.

[

Figure 7 illustrates the summed IMEG recording for the first

four eccentric contractions. There was an increased IEMG recording of

. millivolts of electrical activity for the group P I between the first

and'fou:th concentric-eccentric phase of work. A slight increase was

" present in the IEMG»miliivolt recorded between phases one and four for

the groups P II and Control. This trend was reversed for the Central
group. The eléétrical activity declined OVerall'betweeh'treatmehts
1 and 4 for the Central group.

The increased electrical activity in«thé treatment groups P I

‘and P II described for the concentric contractions was not so clearly v

tric contractions differed from the fihding for this group during the

~ concentric contractions. The trends for the Central group remained the

3

marked for the eccentriC‘COntractions. “The increased electrical activity

fqr the Control‘group betﬁeen the first and last work phases for eécen—

..

same for the eccentric contractions as for the concentric.
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Comparison between the IEMG values for the four‘work phases. - \\‘b—e\\
(Figures 6. and 7) and torque (Figures 2 to 5) prov1ded tentative support o
for the findings of Lippold (1952) who stated that as ten51on within
the muscle developed there was an- increase in the electrical activrty
In this current study, it was. shown that as fatique set in as manifested
.by declining torque values, the electrical events w1th1n the muscle
did not show arparallel drop._;Interestingly, there was no uniform
increase‘in eleCtrical activity‘as perhaps may have been expected. _ )
.While there wasfa relatively systematic drop in torque as a function of |

repeated maximal contractions, the'accumulated action potentials.

respondedimuch less systematically.

Lactic.Acid Assays’

Figure 8 illustrates the lactic acid values for  the four groups

3

expressed as means and standard deviations. The values illustrated

’.are rest, peak and recovery, a post work value. 'The latter two;values

1nd1cated the high 1nten51ty of the muscle group involved, with the

[ .

: recovery °L.A. reflecting a total turn-overrate of- lactate within the L
B ' ) ? )

T :‘ . ~ ) ) . ) . ) w
odys- : : o o

:/ ) N h o ] ‘ .“

‘ Réference to Figure 1 indicated that in between théi;esting

blood withdrawal and the’second blood withdrawal to determine a peak -

lactic acid value, the subjects completed three'phases of concentrié%

ccentric work to ‘50 percent of thelr 1n1t1al maximal voluntary concen-
&

/tric contraction. They had also completed two treatment periods, each
of four minutes’' duration. The recovery‘lactic acid value was derivéd’

fgom blood withdrawn followingaa five—minute rest at the completion

of-. the fourth work phase (see Appendix B)
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It is thought thét the resting mean of Peripheral II was large
as one group member appeared not to have complied with the requirements
of the stud? not to engage in any heavy physical activity prior to the
test being carried out.

The peak lactic acid values must be considered high for ﬁggrt—
term, small muscle group work. The blood sampling of the working ;;m
- immediately after exercise of maximal.concentrig and eccentric nature
has no doubt contributed to these high values.

There was né significant difference fo; peak, or post work
lactic acid values when the groué means were examined; however, there
éppeared ;o be a iargevariation within each group which may relate to
the differential utilization of lactic acid by individuals.with each
groﬁp (Belcastro and Bonen, 1975). This does not support Asmussen's
(1979) claim that exercise in non-fatigued muscles will stimulate the

blood flow through the fatigued muscle group and enhance repeated work

measures.,

44



Chapter 5

é;DISCUSSION

The protocol uéed ig\thi; étudy (illuégraﬁed in Figure 1)
indicated that the work involved in the experimentally induced fatigue
was inténse, of short auration and isokihetic in nature.

The subjects attempted to maintain maximal torques in COntin—
uous congenttic and eccenﬁric contractions of the flexors of the lower:
arm at the elbow. Under these conditions, the decline in torque Wasb'
rapid. This was also noted by other authors (Doss and karpovich, 1965;
Singh and Karpovich, 1?66) 1967; Komi and Buskirk, 1972; Hermanseﬁ and
Osnes, 1972; Hermansen and Stensvold, 1972). Wenger and Reed (1976),
‘Tesch (1978) and Weltman et él; (1979) suggested that the rapid onset

.of fatigue due tb high inﬁénsitywlshort duration muscular work was
accomplished through the failure of anaerobic glycolytic metabolism

to maintain the necesséry ievels of adenosine triphosphate and creatine
phosphate (ATP-CP) within the muscle cell.

It is important‘to establish that the localized muscular activity
uniquevto‘this study was of a high intensity, énaerobic typé; It was
an acfivity which produced 50 percent decline in the torque generated
in.the concentric contraction of fiexo;s of the elbow iﬁ one to two
mihutes.

The results indicaéed.(Figures 2 to 5) that‘there was no signif-

icant difference in the four phases of work between ;he four treatment

45



~ groups measured by maximal, minimal and mean torgues. Hermansen and

"Stensvold (1972), Belcastro and Bonen (1975) and Weltman gg'al. (1979)

indicated ﬁhaf the effects of fatiéue could be alleviated by modifying
their experimental subjécﬁs between work phase behaviour, . This fatigue
alleviation was associated with the removal df.lactic acid in§a¢tivity
patterns which weré largely aerobic in nature. It was an h}pothesis of

this current study that such might hold true for short-térm, localized

intense muscular activity. The mean torques generated during the decline

to 50 percent between‘the treatwent groups, hoyever} sﬁowed no sighif-
icant'differehce. It is suggested that the nature of the fatigu}
inducing wopk.in this study was such t0>p;oauce high laétate levels

but the treatments did not differentially‘influence'laététe removal, as
evidenced by subsequent torque outpﬁt:

Central néfvous system facilitation (CNSF) was described‘és
havingqpositivekeffects 6n repeated phases of work (Asmussen and Mazin,
1978a énd 1978b; Asmussen, 1979). xSubje;is in the Centgal group in
this cufreht étudy showed no significantly different'térque values.forb
either the concentric or eccentric torque components of each phése of
work. Us;ng a simple ergographvwhiéh involved the flexors of the fqre-
arm at the elbow in repeated contractions, Asmussen (1979) observed and
recorded a torque decline. By inserting a series of between work phase
menta; tasks (or ﬁreatments)} Agﬁussen (1979) claimed thét his experi-
mental subjects produced greater torgues and inc;eaéed numbers of
céntractions than did non-CNSF practising controls. Asmussen (1979)
claimed furtﬁer that these resulgg confirmed ?isahypotheéis that the
dominant site of fatigue was cenﬁral and not peripheral.

The experimental design of this current study included a‘group

b

which employed CNSF as its between work phase treatmept condition.

46
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Other aspects of the test were held constant. The CNSF (éenéral)
g;oup demonstrated no sigﬁificant differeﬁéé in the number of con-
.tractions (see Appendix H) before they declined td:SO percent of their
'MVCC, nor did they show aﬁy~significantly'différent toréue Valués over
a‘CQntrol.group and two other groups described as Periphéra} I ‘and
Peripheral II. Like Asmussen's (1979) subjects, those in the current.
study fatigued the flexors of the lower arm at the elbow. The differ;
ence between the two studies was that subjécts in the former‘employed
repeated cqntractions of g submaximal nature. The contractions were
pérformed_until a submaximal weight could nét be lifted. The rest
interval period was th mihuﬁes'between 20 bouts of exe:cise. In con-
trast, the current study used a modifie;'ve:sion of this p;oﬁocol.
_Fatigue was established moré qu&ckly as ﬁhe éubjects atteﬁpted to maip-
tain maximal torques. Itvalso employed a lgnger.period for CNSF ofyfour

minutes. It is possible that the results obtained do not conform t& the
8y . , \

findings described by Asmussen (1979) for the following reasons. Ceﬁ~ral

\

nervous system facilitation ﬁay lose.its efficacy as a means offatigué\\\

-+

F5

glléviétion if the work bouts;are of a high inten;ity and éhort duration
or if the treatment period of CNSF is longer than two minutes. \.‘
The torques produced in the gréups Peripheéai I and Peripheral II
showed no significant difference from those produéed in ?he Control and
Central groups. Several aﬁthorsﬂ(Belcastro and Bonen,v1975; Boﬁen'éhd
Belcastro, 1975; Hermansen.and Stenévold, 1972; Karlsson et al., 1975,
wéltman.gg al., 1978, 1979) have shown that lactic  acid disappearance
7 ié aésociated\WithiimproVedvQork peiformance over repegted‘bouts of

exercise. These workers have employed large muscle group activities

such as running on an inclined or horizontal treadmill and pedalling on

)
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a bicycle ergometer to induce elevated lactate levels, They have thén

empioyed a submaximal work level of the activity which induced the

fatigue during ;the period of active recovery and noted the improvement

in work in é repeated bout of exercise when their aétive recovefy groups
were compared with Zheir resting controls.: Inibontrasf; oné.of'the
unigue aspects of ghis'cﬁrrént study wasAtHe ahaerobic wofk confined

to a localized small muscle group engaged in voluntary.répéated‘maximal
contractiohs. Referénce ﬁo Fiéuré‘S indicated‘that all subjects showed
a marked increase in peak_lactic'acid'over fésting_levels.b Davies

t al. (1968), Bloom et al. (1976)‘ahd Weltﬁan t al. (1975) claimed
that lactic acid rembval was associated with submaxihal aerobic §ctivity;
Fugthe:, Hermansen and Stensvoid (1972) méiﬁtained that rémovél of

lactic aéid may haQe been associéted with increased blood flow throuéh
the fétigued muscle. The gréups in the chrrént study employed a sub-

maximal recovery work load described as mild - a heart rate of 110-120

beats pér minuté (bpm) and moderate - 140-150Q bpm.‘ The current study

did.not utilize an active recovery in which the working muscle groups

3

were involved, bﬁt rather, the prOtocol_deséribed an active recovery
which‘induced‘a pronounced effect on heart rate,‘ét:oke volume and
subsequént cagdiacioutpuf (Astrand and Rédahl, 1977; DeVries et al.,
1974). These treatments had no significant effect uéon the torque
generated between groups for the four phases of work. It may have been

that the active treatment groups pedalling on the bicyclé ergometer exper-

‘ienced a shift im blood flow from the fatigued site of the biceps to the

‘exercising muscles of the legs. It is possible that the increased heart
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rate causing an increased cardiac output and blood flow did not cause
"an increase in blood flow to other pérts of the body, including the
fatigued biceps brachii. Ahd thus there was no significantly reduqéd

lactate level observable when'compared to Central and Control groups

1l

(Astgand and ﬁodahl, 19f7;'DeVriés, 1974y,

The CNSF treatment ;ondition addpted by- the Central group did
not havé‘a significant effect‘upon'the IEMG comparéd to the Control,
Péripheral I and Peripheral II. Values deri&ed weré subjected to a

. v p

two-way analysis of variance. No significant treatment effects weée
found. Asmussen (1979) suggested that if an experiment was conduc?ed
in which the mechanical output of céntfacting muéclés was observed with
a simultaneous electrdmyographic‘récording of the action potentials of
the contcacting.musclgs, then a parallel fall in mechaniéal output and
IEMC should be expected. 1In thé 5ur;ent study,(é parallel fall in IEMG
and torque was not fouﬁd. Asmussen.(l§79) also stated that should CNSF -
induce)higher‘levéls of work to be performedbin a repeated measﬁres
setting, thége would be an increased IEMG value which parallelled
the increased mechanical output. The current study didJnot produce ‘
. evidence to substantiate such an assertion. It is likely that the
high intensity anaerobic exercise produced high.leveis of‘afferent
nervous system feedback to the CNS in the form gf senéafiéns of pain
_aﬁd fatigue."CNSF is ailegedbté cause an inhibition of afferent inflow
which has the effecg_of maintaining a higher level of arousal éstablished
via the reticular activating systeﬁ of the‘brain than would otherwise
be expected in a.non-CNSF,éggctising subject. 1In tﬁrn, the subject
practising CNSF éoqla be expected to maintain.higher.levels Of.work in

a repeated‘measures setting‘6ver a control subject. This hypothesis
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was not suéported by evidence from the currentfstudy. No significant
differences were foﬁnd ih the Central group practisiﬁg CNSF as their
‘treatment condition over a Con£rol group and two groups engéged in
a

active recovgry. 'Pgrhaps'an explanation of the failure of the CNSF
¢o influence the work could be found in'tﬁe lpcalized, high intensity
_WOfk phases of(the'current study. .Subjéctive impressions of pain and
fatigue were.common,to all subjecté és'théy attémpted uﬁsuccessfully -
to main?aiﬁ maximal torques. It seems likely that tﬁese feelihgs ei@her
“overrode or suppressed the effects which ﬁéyﬁbe attributéble ta CNSFV,i
~in a less deﬁahding setting. It still seems péssible that in a répeatéd
‘»measures submaximal test,‘CNS? couid'befshown'to influenceAwork outpﬁt.

The currént.study provided evidence that in'gene;ai, the‘level‘
of electrical activiﬁy did‘not decline in magnitude proportionally to
the decline in torqﬁe generatéd over a series of continuoué concentric-
.eccentric COntgactions of the flexors of the forearm at the elbow. The
non—pérallel‘drop in IEMG recordings may provide tentaéive evidence
that it was féiidré within the contractile mechanism.which resulﬁed in -
the observed decline in torque., It seems tha£ the muscle’celis respon-
sible for ﬁhe devglopment of the.torgue applied io the 1ever afm’of the
electriéal d}namometer were unablé ﬁo respond to the aétion poténpial
delivereé-to the contractile proteins via the‘sarcolemma.' The non-
" parallel deéline bf torque and IEMG suggests'that a‘causé may be located
within the muscle cell's failure to maintain,haximal contractiQnS:
What séems to'be avlesé tenaBle‘explanatiqn for the tofque decliﬁe relates
to the failure 6f the neuromuscular transmission méchanish;i However,

" . . . - e . : A
more research is needed to provide evidence to confirm or refute this

speculaéion.
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T
DeVries (1968, 1574)., Hermansen (1972), Karlsson et al. (1975),
Merton‘(l954),'and Newman et al. (1937),.§uggested‘that a'prinéipai
compohen;qin the development of muscﬁlar fatique was a‘buildup of iact#c
acid within thé muséle éeil. It Qas thought that this ﬁ;—product of
'ﬁhe breakdown of glycogen. during muscular activity ;nhibited the éapacity_
" of the contrac?ile,proteinS‘to sustain high levels Qf exterpally measur-
“_ablg teﬁsion.‘_On-the other.hand, Asmussen - (1979) ciéimgd that evideﬁce
had{accumulated sincev1903'which indicted diminished fransmissibn of
'actionkpotentials as being responsible for thé failureéobserved in
Ai~sustained muscular activity. This pOSition received 9uppoft frop
SEherrer and‘Bourguiénon.f}959)} Sloan (1965), énq moré recenﬁly from
Qiitasalo,énd Komi (1977) gnd‘Wood (1979)f |
It can be noteayfhat‘fatigué,'and the possible mechanism of
fatigque has.beeh_a4QUestion perplexing exercise physiologists fo; many
years. - Perhaps one reason for the emergence of the th model theory of
fétigue asvexaﬁineé in thiéyégrrgnt study was the failure'by the research-
ers involved to~fully!acknowledge the princibal of ﬁﬁé'specificity of
the type'of'musculaz éctivity invplved. The cgrrent study has not
prodiuced evidence which cduld support either the CNSf.or the lactic
acid.remOval theories of fatigue alleviation. Studies which show these
theories to have influenced repeated meésures work perférmance;have
utilized'large muscle activities and fecoveries in whichvthe muscles
p;eviously fatigued were exercised in‘a sdbmaximal manner. The épecific
exercise utiliéed currentiy was a locai muscle group worked from MvCC
~to 50 percent of MVCC:in>arsequence of concentric-eccentric gpntra;tions
in whiéh thé torqué declined‘by half inbone to two minutes, 'This was

; } . ,
a specific, anaerobic and intense phase of work.



The lack of significant findings in this current study suggested

‘that neither the Central (CNSF) nor the Peripheral (lactate removal)

‘theories of fatigue alleviation contributed more than the between phase’

rest treatmént of the Cbntfol group to the levels bf-torque_generated

. b? the four groups. As a result, neither the central nbr the peripheral
sites Qere dominant in inducing or alleviating fatiguet FaﬁigqévWas
ciearlylobserved’and meésured as. a declining torque vélue-a6d~changed
patterns of IEMG ac&ivity. Thié suggests that theTmbst 1ikély‘eXplana-
tion for these observations Qas a combinatioh of the reduced'capacity |

. for tenéion.development in the contractile mechanism aﬁd avchanged

levél 6f neuromuscular'trahsmission. It again appears likely that the
specific.type of muséu}ar activity was-a contributing factor. In

1

the past, it seems that certain sites of fatigue have been said to be

©

dominant over others whenvperhaps the séecific laboratory treatment

undertaken by the'éxperimental subjects was largely ignored,'yet it

- perhaps played a large part in the outcomeé of.the experiment. It

shoula be.noted tha£ in future résearch, care should be exercised in

éxt;apolating ﬁhe'f§ndings from one experiméntal setting or d§Sign

to anothe; if similé; resu1té are the_desiréd or.expectéd qutcomes for

the research on the latter occasion. |
Just as Wenger and Reed (1976) described the limitiqg‘factors

. l
to performance as being numggPus, complex and interrelated, so too

Astrand and Rodahl (1977:115) wrote: "Fatique is a<€ery complex concep-
tién, especiallv since heavy exercise does load respiration and circula-

tion as wel meuromuscular function.” It therefore appears that

the mutﬁally exclusive, two model theory was not suppotted by evidence

from this c&rrent'stﬁdy because many phenomena interacted to produce

5
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;
" the trahsient decrease in perforhance capacity of muscles. As more
research is‘undertakeh, it seems‘likeiylthat the position of Stephens
-and‘Tayldr'(1972) who contended that both central and peripheral factors

& .

contributed'to’the decline in work output will receive wider support.



Chapter 6

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
It was concluded:
(1) That the maximal anaerobic muscular activity prevented the

effects of CNSF erm ihfluencing ﬁhe torques generated in a'repeated
. | :

work measures setting. g . , .

»k2)v'That acti&e recoveries did nof cause any sighificant dif—
ferencé in the'tqrqués generated between fhé gfodps.

(3) That intensé anaerobic muscula: actiyify taxed both central
an@‘pefipheral fatigue mechanishé td the exteﬁt that neither was observed®
to'be’aominant in fatique alleviation. - o ' 1 -

The nature of .the work Qas describeq as high intensityténaerogicﬁja
.whiph Qas éhowﬁ by Herﬁanéén‘and'Osnes (l972),vKar1;sQn and Saltin
(1970), Tesch (1978), Tesch, Sjodin ahd.l'(arl'ssonr(l‘978), and Wenger
and Reed (1976),‘tovbe'a contraction pattern dominated by fast twitch
(FT)‘fiSEeg. Littlé~informat;on is ava%lable»on‘the selective recdvery
ovaTaas oppo;ed.to slow twitéh (Sf) fiﬁres. It is hot.knpwn if these
two fibre types have the same recoVefy paite;h. It would therefo;e

appear important to kno¥% the fibre type composition of the'musc1e grbup

'ahd» i ””'";terns‘of the difféfent fibre types in studi;é

“

om exhaustive exercise. Buchtal and Schmalbruch

marcent of the fibres of the long head of the
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biceps brachii werebrrch inymitochondria and therefore classified as
FTv—vtheir study did not include the short heaa ofhthe'biceps brachii.
Later work (Tesch, 1978) indicated.that FT fibres had a higher anaer-
obic capacityrthan the ST fihres. Tesch (i978) aiso claimed thath
i within the same muscle,.FT fibres,formed more lactate compared_to ST
fibres, | . |

It was'poSSible'that in the current study therindividual fibre

v = . - _ N .
types contributed to the‘non—significant resuits related to lactic
acid production rates. If‘the‘Control and Central,groups'inciuded subjects
| with 1ower‘percénta9?s 5f.FT_fibreS thaﬁ Eefipheral I and Peripheral 11,
it would havevbeen possible that their lactic acid values may'have not
shown as slgnlflcantly different from those values attrlbuted to Periph-
eral I and Perlpheral IT with a higher percentage of FT fibres. The
effect of lactic acid productlon in Perlpheral I and Perlpheral II could
'therefore have been maSEed by lack of Specific information.to disclose
the f1bre types of the subjects in the current study | . .‘ “

s

There appears ‘to be ‘an unfesearched mechanism within the central

3

‘ nervous system which senses when a motor unit is reach}n%>1ts limit
or‘potential maximum capacrty for‘work. Moreover, it appears that‘th;s,
mechanism canpinduce.new_motor units to contract which assists.orveven

" takes over'from those motor units which have'been fatigued ,viitasaio

r and Kom1 (1977) and wOod (1979) showed that as a motor un1t fatiques

and 1ts ten51on developlng capac1ty falls, SO does the actlon potentlal
-‘1nnervat1ng'that motor unlt.‘ Thelr work sudgests that as a motor unit
;reaches a certain 1ow p01nt of ten51on development then it 1s spared

e

from making further contrlbutlons to the work belng performed and new.



(or other) motor units are activated. The mechanism controlling this
‘synchronization and recruitment is not known and appears. to be a

potentially productive area for future research.

.The cohcentricfebcehtric hUscular aotivity‘employed in this
current study‘shQWed a’rapld-torque deoline‘as the subjectsnwere
unable to sustaih maximaljcontractiOns.' Therintegrated electrohvo~
bgrams.(IEMGl illustrated_in Figures‘6 and 7 did ﬂotvshoy a paraflel
.deoline‘with‘torque generated. ‘Komi (197?) examlhed the relationship

between muscle tension and velocity of contraction under concentric and
eccentric work. His work demonstrated that no significant difference
occurred in the lEMG"between‘the two types of contraction when perforhed

e

at‘maximum.szll oroups,in the current studyfperformed maximal concen-
' ftric and eccentric contractions.; To support the findings by Kohi‘
(1973), no clear dlfterence was noted in the electrlcal actlvity of
the four groups. It was demonstrated however, that the Control and

Central (CNSF) groups showed-a slight difference in TEMG response in

G

the concentric phases of work when,cOmpared to the treatment groups,_-
Perlpheral I (llO -120 bpm) and Perlpheral II (140 -150 bpm) It'can»be

noted in Flgure 6 that there was a sllght decllne in IEMG values for .

r

Control ‘and Central from the phase I value to phase Iv. On the other
_ hand, it cam be noted that there is a sllght incline from phases I to

v 1n the groups Perlpheral I and Peripheral II. Although the two—way

7

: analysxs of varlance revealed that the dlfferences descrlbed were not
51gn1f1cant the observed d1fferences or trend may be indicative of a

_treatment effect be1ng ‘pPresent- should mod1f1cat1ons to the protocol

g

(F1gure 1) be made. jhprther research may reveal that the actxve

<

.

recovery treatment in a repeated measures. experlment can 1nfluence

-~
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the IEMG recordings when suBmaximaIitorques are studied.

Recommendations
Three major recommendations emanated from the current stud .
(1) -Information is lacking on fibre typing of the flexors

of the lower arm at the elbow. It is recommended that research

1

efforts be mounted to:
(a) develop a needle biopsy technique which could

reveal data as to the fibre composition of both heads of the biceps

bfachii, brachialis, brachioradialis and c&racobrachialis muscles,
and

(b) reveal whether the fast twitch (FT) and slow twitch
(ST) characteristic iactic‘acid production described by Tesch (1978)
holds true for the flexors of the lower arm at the elbow. -

(2) The meéhanism’of motor unit recruitmeﬁt and synchronizai
tion of firing patterﬁs within;motog units as exercising muscle fatigueé
isllitﬁle understood. It is reéommended that résearch be undertaken
to determine the.exact nature of this‘mechanism. |

(3) Thé IEMG daéa developed in this current study suggested
_that neuromuscular transmission in fatigued muscles may be ;nhanced
vby active recovery treatments in a répeated:measu;és experimeq}al

setting. It is recommended that pésearch be undertaken to determine

o J/

whether this phenomenon occurg\ASLP repeated measures design submaximal

work experimental setting.

©
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'Lacfic Acid Values (Milligrams/100 Millilitres‘of Blood) for Control,
Central, Peripheral I and Peripheral I1I Groups
’_G“§“=Amgin Score ' SD = Standard Deviation R = Range
Subject , Rest _ Peék ‘ Recovery
CONTROL GROUP
1 3.5, 917 © 51.8
2 1.3 84.0 80.5 -,
3 - 35,0 23.1
4 4.3 ' 64.4 35.7
-8 4.2 35.5 33.6
6 —_— © 31.6 12.3
7 2.1 S 103.6 _ 80.5
8 2.8 ' 51.1 37.8
9 9.8 o 52.8 54.6
X =3.99 X| = 60.61 X = 45.5
SD = 2,7 SD = 8.8 SD = 23.65
R =126 -9,8 R = 31.5-103.6 R = 12.25 - 80.5 ‘
& \ —_ h
- - . ¥
CENTRAL GROUP
10 | 7.0 : 84.0 50.4
11 : - , 101.5 ° - 49.0
12 2.1 S 43.8 17.5
13 s Y 63.0 36.4
Y . 5.3 - Ts1.8 ST ) .
15, N - 4.6 . 26.6 .
¢ o ) . y N .
.. 16 R ———— e S lol 5. - : 59. 5 v
17 6.9  43.4 7 26.6
18- o84, 890 63.0 ‘ L
% =5.92 X =65.72 X =415
' sb'= 2.1 J 8D =7.5 - - 8D =15.7
o R =2.1-8.4 R = 43.75 - 101.5 R. = 17.5 - 63.0

e



(continued)

Subject Rest Peak - Recovery
PERIPHERAL I GROUD
19 1.4 94.5 57.4
20 9.8 80.5 52.5
21 9.8 58.1 10.5
22 1.8 38.5 31.5
23 5.6 37.8 51.1
24 2.1 82.6 88.2
25 —-— 52.5 9.1 -
26 2.2 66.5 65.8
27 6.2 52.5 26.6
X = 4.86 X =62.6 X = 43.62
SD = 3.52 SD = 19.9 SD = 26.3
‘R 1.4 - 9.8 R = 37.8 - 94.5 R = 9.1 - 88,2
PERIPHERAL II GROUFP
28 21.0 76.4 70.0
29 24.6 85.4 38.5
N I
.30 3.5 36.4 . 39.9
31 3.4 59,5 41.3
32 17.5 . . 52.5 40.6
33 7.00 58.1 -—
34 9.1 40.6 24.5
35 1.8 73.5 54.6
36 19.6 100.8 82.6
X =9.75 X = 64.81 X = 43,5
SD = 5.9 SD = 21.1. SD = 17.76
R =1.75 - 24,5 R =36.4 - 100.8 R = 24.5 - 82.6
Y}_‘_‘
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APPENDIX D

Honeywell Medical System Recording Unit
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|
Honeywell Medical System Recording Unit

An éléctrqmyographic ;ecorainé was ﬁade during the four conceﬁ—
tric-eccentric éhases of the test for all sﬁbjects; o
The surface elecgrodes‘monitored the muscle action poteptfais
gede;ated during each ﬁovément of ﬁhé'boncentric4éc¢éntric phasés.
In dping‘so,.datalyas compiled related to both the concentric and
ecéentric muscuiar ¢ontractions Qerformeé by aii’subjects. |
VThebéurféce electrodes were cqnnected ;ia célour—coded alliéa;or
clips (AMI éo.) and shielded cagiéf, to an isolation;ampiifier (Terrasyn
Inc. Model NIIIA EMG). _Negt, the electromyographic pgténtials were fed
into an'electrically;opefated integrator, equipped}fof fgll wave recfi:
f;catign;‘ |
j'The.system'used to record resﬁlts was the Honeywell'Electronié
Medical System. four-éhannels were used in this stgdy.
Channel‘l. An EMG chanhél prbVided‘é clinically interpzé;able
record of electrical activity in the musgle.‘
éhannel 2. An integrator channel électronically collected tﬁe’
EMG output and integrated the electrfcal musclebpétential. Thié outpu£4
‘ waé transforméd to a visual reading on a mﬁltichannel’6sci;ldscope and

a‘paper réadihg from anlbscillograph. The integrator also worked as

. an area summator for the total electromyographical activity‘in the EMG

éhannél and producéd an output proportional to the area of the EMG [

wave form. The integrator quantified the muscular electrical poten4
£ials of th§ fatiguing muscles;‘Which,enabled an assessment of work °
l : , S e : T ¢
performed to be made. "

K

[}

. _Channél.3.v_A strain gauge channel 'simultaneously méasured éndj

:
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recorded,tue ouscle teosion developed. This‘channel was 1inked'via the -
appropriate wirioo, to a Beckman Recordert The strain gauge uas located
in the electrical dynamometer 1ever arh olose to the plvotal point
which was also the location of the subject's elbow An elbow pad at
this p01nt was provided to a551st in the comfort of each subject and
to standardlze the p031tlon of force appllcatlon. Each Subject was .
1nstructed to "feel" the p01nt of his elbow to c01nc1de with the back
of the elbow pad and to keep the elbow in this position throughout the
four concentric- eccentrlcephases. The 1ever arm had a softly padded”
moveaole wrist support whicu'enabled an individual'adjustment'of the
'lever arm for all sub’j'ectj.j |
éhanhel 4. Ah integrator of the strain gauge, The recordingt
indigated the eupmated and integrated electrical impulses from the
strarhigauge, which recoguizeo the variable angles of the actiuityvand
the variable muscular’tensioh deVeloped ‘at those angles> >The total
force generated durlng the successive concentric and eccentrlc contrac—
tions was recorded on the fourth channel

The four- channels were simultaneously fed into a Model 1912
Vlslcorder Osc1llograph‘ " The . osc1llograph uses a high 1nten§1ty mercury
vapour 1amp to prov1de an ultra v1olet l;ght 'spurce which recorded on
ultra VlOlet light sensitive paper (Kodak Direct Print Extra Thin {type

A

2022} Llnagraph paper). . .- . e e .
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Calibration of Electrical Dynamometer’ and EMG
r oy

Electrical Dynamometer

* The lever arm was callbrated acCordlng to the technique of Slngh

-
1

and Karpov1ch (1965) . Known weights (Welder Barbell Co ), which had
been checked for accuracy by welghlng on -a lever balance scale (Health-
/0-Meter., Contlnenqs} Scale Corp., Ill., USA) were placed on the lever
‘arm 12 1nches from the axls of rotation, and a straln qauge recordlng

was made on the Beckman pen recorder. FlgUres derived in this manner

1 f ’

‘were Consldered to 1nd1cate forces in foot/pound units. - Conversian’ ' -

- to kllograms/meters was later made,

EMG

The Terrasyn 1solat10n ampllfler emits a cak%bratlon meulse
. . . e# :
of flve m1111volts. Prior to each test, the EMG_amplifier wasﬂset to -

ensure that the gain controlicaused a consistent‘ultra violet light

‘deflection in the Visicorder in response to the calibration impulse. .

YA o
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~ APPENDIX F

EMG and Q‘uintoanodel‘r 650 Electrode ‘Placement
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EMG and Quinton Model 650 ‘Electrode Placement

H

EMG Electrode Placement

,ﬂTo ensure the higheSt quality Signal possible, it was necessary

to remove any 'dead sk1n and surface o1ls by rubblng the approprlate

51te w1th an Electrodyne Co dlsposable skin cleaner swab. ThlS prep-

aration prov1ded both low skin resistance and low skln potentlal

L

: The sltes for the three EMG electrodes were as follows:

- - . \&; " .
(1) The search electrode was. placed on the mid~line of the’
anterior aspect of ‘the muscle belly of the muscle biceps
. brach11 with the subject standing in the anatomlc position.

.

82

(2). The reference electrode was placed flve centimetres dlstally

& vu‘and in line with the search electrode. \
'(3)> The th1rd electrode was;placed on the acromion pr0cess\of
“‘the scapular, to -act as an earth electrode. '

toa -

The surface electrodes used were Electrodyne Co. dlsposable

silver-silver chlorlde of 5 ‘mm dlameter. Although not recommended fOr‘

~use on more than one: occa51on, a pllOt study revealed 1dent1ca1 EMG ;

traces when the same electrodes were used on a second occ351on.‘ The
electrodes therefore were used more than once.‘ On succeSsive uses, the

pre—gelled pad of foam rubber of approx1mately 1 mm thlckness was re-

. gelled, u51ng Harco electrO-conductlve gel (HAR 154-B). Thls was done

'to permlt maximum conductlvxty between the skln and electrode.

The most su1tab1e foJ/ bf adherrng the reused dlsposable elec? -

L \ i

' trodes was to remove the surroundlng adhesxve pad of the electrode

& _and then cut .a small hole 1n a ectangle of_Johnson and Johnson Elastlc

\adhesive tape of approxlmately 5 Cm x 3 cm.. Thewback stub of the elec-

¥

R

. trede was then plaeed through the hole and- both were firmly pressed

: _onto the prepared skln slte., when connected to the AMI alllgator c11ps

B

S

.




83

and shielded wiring which’tranSmitted'the muscle action potentials to
- - the amélification equipment, the results were entire;y satisfactory.

~In this manner, 12 sets of disposable electrodes were used three times.

‘Quinton Model 650 Electrode Placement B - S S

Two groups, Peripheral'I‘and'Peripheral 11, had‘their neart
{
-‘rates monltored at.110-120 beats per mlnute (bpm) .and 140-150 bpm

P

‘ respectlvely durlng thelr treatment perlods. Thé monltartnﬁ’ae;:ce B

‘was a Qu1nton Model 650 Heart Rate Meter, whlch gave a dlgltal heart‘

rate readlng every ten seconds of the four minutes' pedalllng. The
'three electrodes were Qu1nton sllver-silver c;loride discs of apbrcxi— : 'i'~"ew ‘,i
_mately ten m1111metres dlameter, de51gned for use- exclu51ve1y w1th thls : B |
~heart rate meter. Tnese were. placed in the appr%?rlate p051tlons on f'

the left, sternal and rlght anterlor chest wall in a horlzontal llne

approx1mately ten centxmetres below the horlzontal 11ne of the nlpples.
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Lactic Acid Assay Technique

N

The samples were prepared in the following way. After with-

drawal, 0.1 ml of blood was added to 0.4 ml of ice cold perchloric

‘acid and stirred on a vortex mixer and centrifugedat 3,000 revolutions

per minute on an International Centrifuge. This caused the hemolysed

*

R A 4
red blood cells and white blood cells to form'a pellet in the bottom

of the test tube leaving the supernatant ready for withdrawal. The

. '

'supernatant was pipetted into a clean test tube and frozen at —60°C. -

-
L] N "

According to Mohme—Lundholme‘(l965), it was possible to find reliable
lactic acid results up to one month following initial freezing of the -

supernatant, In this experiment, all samplesywere assayed between six

and 18 days following blood withdrawal. ’

B

*

In preparation for the spectrophotometric reading, -the test
v ),. ’

—”

. tubes containing thevsupesnatant were removed from the freezer and

. v Lo .
allowed to come to room temperature while free standing in racks.

‘ The supernatant was éddea to the followiﬁg mi¥ture. Test
tubes had‘geen prepared by the addition of 2.0 mi glycinelbuffer (Sigmé‘
Drug Co., No. 826.3), 0.4 ml LDH (SigmalDrug Co., No. 826.6), 0.2 ml
NAD (Sigma Drug Co.,‘No.‘N—7004). | , *;,

The mixture was incubated for‘éne hour (60 mihutes)£5E‘250C and
then read in the Pye Spectrobhotometér at 340 nanometef wave length.
This_step‘required the following ?rocedures: |

{(a) The spectrophotémeter was zeroed with aﬁ air reading.u

(b) Two equal cuvettes, the mixture containers, were°géiedtéd.

This was necéésary so that any difference between readings could be

attributed to the contents and not the cuvettes.

.
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" \ '
(c)fJThe-cuvette containing the mixture of supernatant, buffer
. . _ :
: ad
and enzymes had to be read 'agaipst' .a cuvette containing buffer and

g

. A ;
enzymes. This second cuvette was known as a blank. Reading against
a blank enabled the concentratiof of LDH to be determined and by its

causal relationship with lactic acid (bA), "'the lactic acid level to
3

be established. Ty : ,

T ,NI?'ensuré that the Ievels of NADH revealed by the spectrophoto-

meter Wegk true reflections of levels of the lactic acid in the subject's
blood at {he time"éf withdrawal, each sample for each subject was assayed

simultanedusly three times. One sample of three was referred to as a

triplicate.” " ‘.

(B

* A reading of 0.002 on the spectrophotometer corresponded to

¢
> ' ! . : . . .
approximately one milligram of lactic acid for every 100 millilitres
of»blood_when placed on a standard curve and converted to lactic acid
%oncentration. This value was established as the criterion for accept-

ance or rejection of the particular triplicate. In other words, if

two of the three values in the triplicate sample did %ot fall within

3 .
this range, it was rejected and the sample was re-assayed in, triplicate.
»*~ : .

Vd

y : . . .. . ‘ . . ) ) . . N
Such a rigorous acceptance-rejection criterion led to a rejection of

26 first-run assays.

After the second-run assays were done, the data was then -

compared to a standard curve to reveal the A reading of light absorb-
ance or lactic acid presence. This value was then ﬁultiplied by 70 to

-,

‘correct for the factor of dilution and to reveal lactic acid values

in milligram per hundred A@llilitres of blood (Mg %).
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The following table }llﬁstrates the individual and group_values
- . N ,‘ .
related to the number of contracti

ons taken before the subject reached

-

the termination point for,each phase of work which, was 50 percent of

~ his maximal voluntary concentric contraction,

CONTROL GROUP

Subject Phase 1 Phase 2 Phase 3 Phase 4.

1 9 6 6 7
2 11 7 7 6 6
3 9 6 7 6
4 8 8 8 10
5 12 11 6 7
6. 10 8 © 7 8
7 7 6 5 ° 4
8 6 6 6 : 9
9 7 7 4 ’ 6
Mean 8.7 7.2 6.1 7.0

CENTRAL GROUP

10 8 5 6 5
11 7 10 - 7 .6
12 - 9 7 6 6
13 - 6 10 8 7
14 6 7 6 . 7
15 8 9 9 11
16 . 8 8 8 8

© 17 o 5 7 5 9
18 ’ 5 4 6 7

Mean ) 6.8 v 6.8 6.7 7.5

PERIPHERAL I
19 7 5 6 7
20 6 7 e 6 7
21 8 10 10 11
22 9 6 7 6
23- 6 L7 7 7
24 7 7 5. 6
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Mean 9.6

PERIPHERAL I (continued) a
Subject o Phase 1  pPhase 2 ) Phase 3 Phase 4.
25 ' - 10 - 5 7 4
26 7 _ 9 8 10
27 o5~ 12. 10 11
: . . : R 2] X
Mean T 7.2.. 7. 7.5 ' 7.3 7.6
PERIPHERAL II : ‘
28 , 6 6 5 4 5
29 8 9 o7 7
30 8 7 6 - 5
31 6 4 5 5
32 9 8 8 8
33 12 10. 9. 10:
34 | 10 o 8 8 9
35 - 10 10 11 10
36 12 8 8 8
2.7 7.4 7.4
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"Informed Consent" Form-
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CONSENT TO UNDERGO TESTING

1, ) \<\\\ , hereby agree to volunteer in a study

N B » . . ' . 1y .
to determine the 1nfluence;;5rest interval activities on fatigue pat-

AN N B

terns of the flexors of the forearm. I'understénd that I will,
a) Perform maximal flexions ahd extensions of'the forearm
until a point of 50% of my MVC is reached. This will be done four (4y

times with rest intervals of four minutes between -each work bout.

¥

b) Be required to undergo blood samplihg three times:
i) at the commensément of the test,

ii) *tafter the.third bout of flexion-extension to 50%
of MVC; ' . '

iii) five minutes after the completion of the fourth
bout of .flexion-extension. ,
» - | ‘ : /
I undetstahd that with any type of exercise there are potential risks

. / .
and have been fully informed of the nature of the tests involved. If

at any time during the test I experience any severe or unusual dlscom-

fort, I will ask to discontinue the tesﬁ. ' h

’

. ' s . . ' ' .
. In agreeing to such an examination, I waf&e any legal recourse against

‘The University of Alberta from any and all claims resulting f;om this

&

test.

Date - .  Subject

- Witness ' ’ ‘) (Signature)
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Central Group Mathematics Rroblems
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"CENTRAL" REST INTERVAL ACTIVITY GROUP
. B S .

AR

- ‘Sheet i -

Mathematic Célculations

Please complete

(i) 8642 : 29 (ii) 714 .+ 86 {1517(7448 11

2
'

as many of the following:problemg as

* .

~

you can.

ADDITIONS : ' ' . L
——— e e e ‘L . . . \ X
: oo o . A
(i) 764 . . (ii). 1862 (iii) 5921 (iv) = 7186  (v) 99874
¢ 820 - 9374 - 7435 ' 5909 - - 21721
374 8107 8162 : 8874 19536 .
. — ) R VR . '
SUBTRACTIONS T
t
(i), 68214 (ii) 7482  (iii) 99411 . (iv) 8627 (v) 94461
41926 6997 ~ 26322 5737. 94461
R ) ‘ . .
——— ——— e ——— \".
. r B
'EQUATIONS
T . <
(1) 649 + 32 - (84 x 3) = °  (ii) 1870 - (136 x 4 + 515) =
(111) S (178 x 13 + 16 x 9) - 87 = (iv) 791 + 18 + 233 - (15 x 8 + 99) =
! " o L3 \
MULTIPLICATIONS
. ¥ J 3 . .
(i) 447 (ii) 764 (iii) 8671  ~  (iv) 7996 - (v) 84117
.59 ‘ 72 93 82 ' 77
e £ —
'DIVISIONS . .

(iv) 9861 : 27 (v) 8862 : 18



g4

‘ ./‘ 3 . : .
"CENTRAL" REST INTERVAL ACTIVITY GROUP » %

o .o ! S
L - \

‘Mathematic Calculationg = - Shéét 2

Please complete as many of the‘following problems as you Ean.

&

‘SUB\TRACTIONS
»
9286 (ii) 6641  (iii) 7948 L(iv) 99616 Y 37625
7162 . 5887 5512 27787 ¢ 28647 &
. ° . ‘-
)
MULTIPLICATIONS * s
1 (i) 2616 (ii) 35515 ° (iii) 17728 (iv) 54623  (v) 86747
14 - 83 17 245 321

DIVISIONS

(i) 8416 ¢ 26 (ii) 1338 2 13 (iii) 22645 : 21 (iv) #2961 : 85
(v) 34521 : 23 . ,

.
o -
ADDITIONS \
(1) 41686 (ii) 93827 m (iid) 78662 ~ (iv) 634461 “(v) 74468
63345 74136 93715 » 792885 59213
L .
EQUATIONS i ,
® (1) . 326 + 291 - (42 x 7) =, (i) 1001 - (25'% 14 + 250) ‘=

-

¢

: (iii) (36 x 24 + 26 x 12) - 57 = (iv) 251 + 365 +,2§f}— (26 x 6 +17) =

4 . . . Y
¢ .
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"CENTRAL" RESTNINTER'VAL ACTIVITY GROUP
e

e . : Lo
N L C
Mathematic Calculations .- Sheet 3
)

" Please complete«asvmany of the following problems as ybu can.

’,

MULTIPLICATIONS | ‘ \;7
(i) 916 (ii) 8744 C(iii) 7316 (iv) 86927 (v) 71131
12 O 19 - 52 | 174 297
(.4
DIVISIONS

(1) 79829 : 13 - (ii) 41486 : 26 (iii) 84936 + 15 (iv) - 792114 : 28
C(v) 13426 2 33 - o

ADDITIONS e

(i) 545621 (ii) 312268 (iii) 918397 (iv) 129354 (v) 619772
133747 828473 - 2i.045 613653 619779

EQUATIONS

Sensoe . o N | _
(1) 289 + 324 - (78 x 4) = - (1) (34 x 46 + 54 x 13) - 67 =

(iii) 875 - (356 x 2) = (iv) (262 x 5 #3351 x 2) - 256 =

SUBTRACTIONS

(1) 7866216  (ii) 824275  (iii) 956714  (iv) 890013: (v) 474861
4277413 655372 . 472481 426304 395643




