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I NTRODUCTT ON

Recent studies have attempted to correlate performance on

supramaximal tests with muscle fibre morphological profile
(Bar-Or et â1. , 1 980; Jacobs & Tesch, 1 981 ) . The premise

f or t,hese studies i s based on the observat ion that f ast

twitch (er) muscle fibres are more suited to anaerobic work

and therefore their percent distribution should be corre-

Iated with performance on an anaerobic test (Essen et 41.,

1975; Thorstensson et â1., 1977a ).

Bar-Or et al. (1980) and Raczkowski et aI. (1982), in

studies that used male physical- education students as sub-

jects, attempt,ed to correlate the Wingate Test (wr) , a 30

second all-out sprint on a cycle-ergometre with a resistance

relative to body weight, vrith muscle fibre morphological

profile. Both investigations reported a significant corre-

lation between maximal anaerobic power and capacity, and

both the percent FT fibres and the area of the muscle occu-

pied by FT fibres. Conversely, in a study that used females

as subjects, Do significant correlation was found between

the percent area occupied by FT muscle fibres and perform-

ance on the WT (Jacobs & Tesch, 1981). In a similar inves-

tigation using female subjects CampbelL et al. (1979) faited

to find a significant correlation between performance on two

1



supra-maximal cycle-ergometre tests and

age of FT fibres or the area occupied by

2

either the percent-

FT f ibres "

This investigation used female intercollegiate athletes

and physical education students in an attempt to correlate

performance on the wT with muscle fibre morphological pro-

file an$ body composition.

St atemen t of the Problem

The purpose of Èhis study was two-fold;

To determine the relationship between the percentage

of FT muscle fibres or the percent area occupied by

FT f ibres and peak povrer, average povrer and power de-

crease as computed on the Wingate Test.

To determine the relationship between body weight or

Jean body mass and peak power, average povrer and pow-

er decrease as computed on the Wingate test.

oelimitations

Only eight athletes and 10 physical educaLion stu-

dents vrere used as subjects due to:

a) the availability of suitable subjects

b) the complexity of histochemical procedures used in

the study

Subjects vrere volunteers and therefore may not be a

truly'representative sample.

2

1

2
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Peak Power (PP); Às

mechanical povrer output

Àverage Power (eP):

age power output for Lhe

this study, is the highest

during the WT.

Definitions

used in

produced

Power Decrease (Po):

ference between the peak

recorded on the WT.

As used in

power and

Anaerobic power: Às used in

mechanical povrer output produced

this study, is the aver-

of the 9lT.

this study,

the Iowest povrer output

this study, is the highest

during the WT.

AS

30

used in

seconds

is the dif-

Anaerobic Capacity: Às used in this study, is the totaL

power output for the WT.



REVIEI^T OF LTTERÀTURE

SoUIçeE of Aneergbic Enersv for MuscIe Contraction

Many reactions within Lhe body produce energy, but the ma-

jority of these are cyclical reactions, in which there Ís no

net gain in energy (Marechal, 1981). The only significant

energy producing reaction utilizes the hydrolysis of the

adenosine triphosphate (arp) molecule (cain & Davis, 1962).

Anaerobically,

ÀTP is t.he Lohman

CP

t.he cruc ia1 reaction f or the production of

react ion:

+ ADP creatine + ATP

creatine kinase

Àlthough ÀTP can also be produced by Lhe following reaction:

2 ADp ====== flfp + AMp
myok i na se

its signi f icance for

established (CoIInick
energy production in man has not been

& Hermansen , 1973) "

ATP-PC Sysl-sm

The avera.ge concentrations of CP and ATP are 16 mmole/kg wet

muscle and 4 mmole/ kg wet muscle, respectively. During in-

tense anaerobic exercise, CP stores are virtually exhausted,

whereas the ÀTP level.s do not fall below 40eo of. the resting

value (rarlsson & SaItin, 1970),

4
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. The ATP-PC system produces useful- energy very quickly

due to the rapid turnover of the Lohman reaction (t'tarechal,

1981). Mathews and Fox (1976) estimate that, f.or a 70 kg

man, the maximal po$ter of the system is 3.6 moles ÀTP/minute

(151 kj/min) and the maximal capacity is 0.7 moles of ÀTP

(29 kj ) . For an athlete of the same weight, povrer and ca-

pacity can be 750 kj/min and 55 kj respectively.

Capac i ty

significant
females in

ever, have

fibres than

of the ATP-PC Svstem in Males and Females.

differences have been reported between males

either ATP or CP concentrations. Females,

been reported to have significantly more CP

in FT fibres (Harkonen et aI., 1982).

No

and

how-

in ST

Sawka et aI. ( 1 980 ) f ound that wher.eas the alact ic ca-

pacity was 429 joulesr/ kg for males, it was only 317 jouLes/

kg for females. The authors indicated that the discrepency

between men and women would have been less if lean body

weight had been used insLead of gross body weight.

Anaerobic Glycolvs i s

ATP is also produced via anaerobic Alycolysis which is a se-

ries of reactions whose end product is lactic acid (Stryer,

1 981 ) . The anaerobic breakdown of one mole of free glucose

or one mole of glucose from glycogen stores yields two or

three moles of ÀTP, respectively. The availabitity of g1u-

cose is dependenL upon plasma glucose concentration as weII

as upon hormonaÌ f actors (t<ipnis et âI., 1959) . The total
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volume of blood glucose has been reported to be 4"3 g (lteul

et â1., 1972) " Glycogen content varies among muscles, for

example Hultman (1967 ) reported a concentration of 1,0 to
2.0 g/ 100 g weL muscle in the quadriceps femoris and ap-

proximately 1.0 g/lOO g weL muscle in the deltoid muscle"

Concentrations depend upon nutritional sLatus, training sta-

tus and hormonal factors (neul et ê1., 1972). The rate and

magnitude of glycogen and glucose degradation to lactate de-

pends upon the intensity and the duration of the exercise.

Although the amount of energy production from glycolysis is
substantial during shorL term work, glycogen reserves are

not a limiting factor (cotlnick & Hermansen, 1973).

The rate of glycogen breakdown to lactate is under enzy-

matic control. Phosphorylase and phosphofructokinase (prx)

have been identified as the two key enzynmes in this process

(Newsholme, 1980). The former controls the breakdown of

glycogen to glucose, while the latter is the principal con-

trol point for glucose metabolism. PFK is very sensitive to

AÐP levels with high leve1s leading to increased PFK activi-
ty (Stryer, 1980). Phosphorylase exists in either the inac-

tive b form or the active a form. Within the muscle cell,
the b f orm can be activat,ed into the a f orm either by the

adrenergic system or by electrical stimulation. Adrenergic

stimulation involves the adenyl-cyclase system, whereas in-
creased electrical stimulation involves an increased sensi-

tivity to calcium ion concentration (Stutl & Mayer, 1971).
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Mathews and Fox (1976) indicate that 1.6 moles/minute

(çz"Z kj/nin), and 1"2 moles (50.4 kj) reflect the power and

the capacity, respectively, of the glycolytic system for a

70 kg. man. For the equivalent sized athlete, the povrer and

the capacity would be 500 kjrlmin and 130-205 kj, respective-

ly, Peak blood and muscle lactic acid (m) values are con-

siderably higher in mal-es than in f emal-es (uathews & Fox,

1976; Komi & KarIsson, 1978). Karlsson (1971 ) reported peak

blood LA concentrations of over 20 mmoles/litre in males.

ïn untrained females, Komi & Karlsson (1978) reported a vaL-

ue of 6.4 mmoles/t¡tre, whereas Komi et al. (1977 ) found a

blood LA concentration of 11.0 mmoles/litre in a trained fe-
male cross-country skier.

Limitinq Factors to Anaerobic Work

The exact mechanisms by which anaerobic work is limited are

not known, but two mechanisms postulated by Hermansen (1981)

are of interest. The first theory is based on the observa-

tion that during intense, short term work the lactic acid

concentration and, concomitantly, the hydrogen ion concen-

tration, increase in the blood. Although a Iarge percentage

of these hydrogen ions are buffered, the net effect is a

lowering of blood pH. The intramuscular pH is also lowered

as well as the activity of PFK and phosphorylase, which in

turn leads to a lower rate of ATP production and consequent-

Iy to a reduction in force development by the muscle.
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A second mechanism has to do with t,he eontractile pro-

cess within the muscle. At present it is thought that actin

and myosin would bind to each other if it were noL for the

fact that troponin covers the binding sites (Stryer, 1981)'

l.lhen thl levels of Ca* * are suf f ic iently great, Lroponin no

Ionger covers the binding sites and t,he actin and myosin fi-

Iaments can bind to each other, thus allowing the muscle to

contract. This process is affected by the pH within the

muscle (wenger & Reed, 1976) 
"

Donaldson and Hermansen (1978) found that a drop of 0.5

pH units had litt1e effect on ST fibres, whereas, the same

drop in pH resulted in tension reduction of 50e" in FT muscle

fibres. Some possible mechanisms to account for this phe-

nomenon have been reported in the literature. Samaha et al.
(1970) demonstrat.ed that fast muscle myosin is less active

at low pH. Brooke and Kaiser (1970 b) indicate that there

are three myosin ATPase systems and that their activity is

pH related. Nakamura and SchwarLz (1972) found that the af-

finity of the sarcoplasmic reticulum (sn) for calcium de-

pended specificalty on pH. The lower the PH, the tighter

the binding of the Ca**" Fuchs et aI. (1970) showed thaL

with a decreasing pH, the affinity of troponin for binding

Ca*n decreased as well. Both mechanisms would lead to a re-

duction of tension within the muscle.
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Muscle Charact ristics and Performance

V_USqle Fibre Classification
The earliest classification of skeletal muscle vras made by

Ranvier (1873) who reported that skeletal muscle was either

red or white. This fundamental division of skeletal muscle

into two distinct groups has been confirmed by studies that

have looked at muscle on the basis of its histochemical, ul-

trastructural, biochemical and physiological properties.

Several nomenclature systems are based on the above proper-

t ies.

Speed of contraction is a physiological response and it

has been shown that red muscle fibres are slow contracting

while the white fibres are fast contracting (Edgerton et

aI., 1975). Therefore the red and white fibres were named

slow twitch (st) and fast twitch (r't) respectively.

The most widely used method of classification is based

on the use of histochemical staining procedures for myosin

adenosine triphosphatase (eTPase) at pH 9.4 (engeI, 1962).

Fibres with low ATPase activity are designated Type I, while

those with a high ATPase activity are calIed Type Ir. Bara-

ny (1967 ) showed that speed of contraction is related to ÀT-

Pase activity. ST fibres demonstrated low ÀTPase activity

while FT fibres had a high ÀTPase activity. Thus the terms

ST and Type I, and FT and Type II can be used interchange-

ab1y.
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FurLher histochemical and biochemical evidence demon-

strates t.hat the FT group is not homgeneous in its makeup.

Brooke and Kaiser (1970a) found t,hat I after preincubation

at pH 4.6, Type II fibres could be subdivided into groups

which they termed TIa and IIb. In a study of rabbits and

guinea pigs, Peter et al" (1972) reported that a close reLa-

tionship existed between contractile characteristics and the

biochemical properties of the muscle fibres. Fibres were

designated slow oxidative (so), fast oxidative glcolytic and

(r'OC), fast glycolytic (rC), respectively" The FOG and FG

fibres are similar to the fibres termed IIa and llb by

Brooke and Kaiser (1970a), while the SO fibre is generally

considered to be similar to the ST or type I fibre.

Differences Be!¡qee8 FT and ST MuscIe Fibres. Besides

the aforementioned differences in histochemical staining, FT

and ST fibres also differ physiologically, ultrastructurally

and biochemically. PhysioIogicaIIy, the contractile proper-

ties of FT fibres are significantly greater than those of

the ST fibresr âs evidenced by their shorter time to peak

tension and higher twitch tension. Ultrastructurally, FT

fibres are Iarger and are innervated by Iarge myelinated

nerves with a high conduction velocity (gurke & Edgerton,

1975). Biochemically, FT fibres possess higher leveIs of

ATPase, creatine phosphokinase (cpn) , myokinase (l¿x) and

phosphof ruct,ok inase ( Prx ) ,
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Fiþre Tvpg ÐistribUtion in Males and Ee¡llaleji

There is considerable variation in fibre type distribution

within both sexes but the variation seems to be widest amonq

males (gdstrom & Nystrom, 1969). GoIInick et al" (1973b)

reported a mean value of 32e" ST fibres in males, whereas

Clarkson et aI" (1982) found the percentage to be 55.6e. in

her subjects" The majority of studies have found that among

males, the ST fibre population ranges from 45-50e. (CostiIl

et aI., 1979; Thorstensson et 41., 1977a). In non-athletic

populations of vromen, the range of reported values is from

45-52e" (Jacobs et al., 1983; Jacobs & Tesch, 1981¡ Komi &

Karlsson, 1978). The average, in both sexes, appears to be

about 50e" ST and 50e" FT.

The distribution of fibre types in athletes varies

widely, with only endurance athletes and sprinters demon-

strating a consistent pattern. Endurance athletes' both

male and female, have significantly more than 50% ST fibres,

whereas sprinLers (male and female) have significantly more

than 50e" FT f ibres (Costil] et ê1., 1976b; Gollnick et aI.,

1972). Athletes like jumpers and throwers, although consid-

ered power-athl-etes, are more difficult to categorize. AI-

though there is a tendency for these athletes t,o have a high

proportion of FT fibres, wide variation is found (Costill et

â1., 1976 b; Gollnick et â1., 1972).
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Se¿ Be_leled Ði_f-Lerenqss in EjÞse A,Eea

Sedentary *à1." have larger FT fibres than ST fibres, where-

as Èhe opposite is true for females (Nygaard, 1981; Thor-

sLensson, et al., 1975). Both FT and ST fibres are larger

in males than in females. (Costill et 41., 1976b; Gollnick

et â1", 1972) " Among male and female athletes evenL spe-

cialization is evident. Sprinters and endurance runners,

both rnale and female, are characterized by larger FT and ST

fibres respectively, ( Gregor et af., 1979; CostiIl et 41.,

197 6b) .

Sex Related Di f f erences in Ske,Ie'EaI Musc 1e Enzymes

Bass et al. (1975) reported that the activity of lactate

dehydrogenase, glycerophosphate dehydrogenase and hexokinase

were lower in the vastus lateralis of women. Komi and

Karlsson (1978) tound that the levels of Ca activated AT-

Pase, CPK and phosphorylase are considerably lower in the

vastus lateral i s of vromen than in men.

Haralambie (1979)- performed muscle biopsies on several

different muscles in females of various ages and checked the

activity of sixteen different enzymes. Tn muscle groups

such as the deltoids there was no difference in enzymatic

activity between males and f emal-es. Haralambie claimed that

the reported dífferences in the Iiterature for the vastus

Iateralis can be explained on the basis of the difference in

activity patt,erns between males and f emales.



Studies such as

which have looked at

athletes, have found

can be accounted for

the athletes 
"
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oRe done by Cosbill et at" (1976br,

enzymatic activity in mal-e and female

both similarities and differences which

by looking at the training status of

traininq and !ts Effect Upon MuscIe

The degree and kind of changes that training can bring about

in the muscle depend upon the type, intensity and duration

of the training program. Training can induce changes in en-

zymes, metabolites or fibre composition.

Ànaerobic Traininq. Strength training has been shown

to increase the FTa percent fibre area and the FT/ST area

ratio (Costill et âI, 1979; Thorstensson et aI., 1976a).

Jansson et al. (1978) found that intense anaerobic training
(running) could decrease the percentage of ST fibres and in-

crease the FT fibre population, whereas the majority of

studies failed to report any change in fibre type due to

this type of training (Fournier et aI., 1982; Thorstensson

et â1., 1975).

Ànaerobic training must be of a certain type or inten-

sity to effect enzymatic activity, Costill et at' (t979)

demonstrated this, noting that t,hat a 30-second protocol

produced increased activities in PFK, CPK, MK, malatedehyd-

rogenase (¡¿ou) and SDH. Several researchers have employed

sprint training and have found increases in Mg ÀTPase, MK,
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ePK and PFK (Fournier et â1., 1982; Thorstensson et â1.,

1975)" Strength training, oD t,he other hand, increased MK

significantly but not Mg ATPase, PFK and CPK (fhorstensson

et al", 1976 b)" McDougall et aI. (1977) showed that

sbrength training increased the levels of CP, creaLine, ATP

and glycogen. Thorstensson et aI " (1975 ) reported that

sprint training did not change the concentrations of ÀTP and

CP, but that the total amouRt of phosphagens did increase.

Aerobic T¡e:Lninq. Several studies have demonstrated

that the area of the ST fibres is increased with aerobic

training (oollnick et â1., 1973b; Fournier et aI., 1982).

Such training also has been reported to affect the FT fibre

population, possibly by decreasing the FT fibre area or in-

creasing the percentage, and the fibre area, of FTa fibres

while decreasing the same parameters in FTb fibres (enderson

& Henrikson, 1977; Fournier et â1., 1982; Gollnick et aI.,

1 973b). Enzymatic activity is specifically affected by the

type of aerobic training. Gollnick et al. (1973b) and Four-

nier et aI. (1982) demonstrated that SDH activity is in-

creased significantly by endurance training. Henrikson and

Reitman (1976) found that SDH activity vras susceptible to

continuous, âs opposed to interval training. SubstraLes,

such as glycogen, also have been reported to increase'with

endurance training (gotlnicn et al., 1973b).
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MuscIe F ibre Composition and Performanee

Cvc 1e-erqomet re Studies. Average pot{er and PP on the

WT were found to correlate with both Lhe percentage of FT

fibres and the percent area occupied by FT fibres, when ei-

ther trained males or mal-e physical education students were

used as subjects (Bar-Or et â1., 1980; Inbar et ê1., 1981;

Kaczkowski et aI., 1982). When females (Jacobs & Tesch,

1981) and untrained males (rnbar et 41., 1981) were used as

subjects, AP and PP did noL correlate with either the per-

centage of FT fibres or the percent area occupied by FT fi-

bres. Jacobs and Tesch (1981 ) Aia report a significant neg-

ative relationship between leve1 of fatiguê, as expressed by

the relative power decrease during the WT, and intramuscular

Iactate concentration.

Campbell et aI" (1979) attempted to describe the refa-

tionship between muscle fibre type and performance in 24 fe-

male subjects, Test,s included a maximum oxygen uptake test,

Sargeant jump test and two anaerobic power tests on the cy-

cIe- ergometre. Resistance settings for the anaerobic tests

were individually set and were reLated to performance on the

maximum oxygen uptake test. No significant correlations

were found between any of the tests and the percentage of FT

muscle fibres. Twenty of the subjects then underwent six

weeks of anaerobic training on the cycle-ergometre. The

tests vrere repeated uld significant improvements were re-

ported for the Sargeant jump and the two anaerobic cycling
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tests" Again, no significant correlations were found be-

tween t,he percentage of FT fibres and performance on any of

the tests, nor was any correlation found to exist between

change in performance and the percentage of FT fibres.

I qqFif¡et ic St_udieg. Severaf studies have Iooked at

isokinetic strength at high angular velocities and have dem-

onstrated, quite conclusively, that a relationship exists

between performance on these tests and the percentage of FT

fibres or FT fibre area (Coy1e et êI, 1979; Nilsson et â1,

1977; Thorstensson & KarIsson, 1976). Only Clarkson et al.
(1982) tailed to find a significant relationship between

peak torque, at any angular velocity, and the percentage of

FT fibres. They did report, however, that body weight and

thigh circumference correlated significantly with peak

torque and fatigue. Unfortunatefy, the studies which re-
ported that the percentage of FT fibres correlated signifi-
cantly with peak torque did not report the correlation be-

tween body weight and thigh circumference, and peak Lorque.

The Influence of Bodv Dimensions qn Anêereþiq Power and
Capac i tv

The relationship between anaerobic povrer and body dimensions

has not been examined systematically. In children, Cumming

(1973) found that vertical velocity as computed from the

stair test of Margaria et aI. (1966) did not correlate with

weight in either boys or girls. Cumming did find that total
work performed during a 30-second anaerobic sprint on a cy-
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ele-ergometre correlated r=0.68 and r=0.37 wit.h body weight

ín boys and girls, respectively. Davies et al. (1972) used

t,he same stair test and found thaL when power vras computed

in kgm/see , it correlated r=0.88, r=0 ' 89, r=0.91 , r=0 " 90

with heightr wêight, leg volume (tv), and lean body mass

(Lel,f), respectively.

In men under 35, Davies (1971) found that poner comput-

ed on the stair test in kgm/sec correlated 0.53, 0.79 and

0.86 with height, wêight and LBM' respectively. For men

over 35, the corrrelations with weight and LBM were 0.56 and

0.58 respectively. Davies also computed power on the force

platform and found that for men under 35, power correlated

0.43, 0.58, and 0.68 with height r wêight and LBM.

Katch (1974) reasoned that work output on the cycle er-

gometre should be weight independent since body weight is

not involved in the computation. Katch had his male sub-

jects cycle for 2 mínutes at a workload of 5.6 kp and ini-

tially at 97 rpms. During the early part of the test, when

work output was similar f.or aII sub jects, LV, body weight

and leg density were of litt1e predictive importance. Dur-

ing the latter stages of the testr âs performance differenc-

es became more significant, body weight and LV become more

important as determinants of performance. Total work corre-

Iated r=0.64 and r=0.60 with body weight and LV respective-

ly. Leg density did not correlate v¡ith total work.
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Katch.and Weltman (1979 ) frad male subjecLs ride a cy-

c1e-ergometre for 2 minutes at 34 kpm/rev with an all-out

cadence. Ànaerobic capacity was taken as the total work on

t.he test while anaerobic povrer was the 6 second period with

the highest work output" Body weight accounted for 50eo,

while leg density and LV accounted for slightly less than

3seo of the var iance in total work. Anaerobic povrer corre-

Iated 0.40 and 0"29 with body weight and leg volume respec-

tively.

Body weight and thigh circumferance

found to correlate significantly with peak

tigue during isokinetic testing (CIarkson et

have also been

torque and fa-

aJ-. , 1982) .

Anaerobic Testing on CvcIe Ergometre

Several researchers have carried out studies to deter-

mine optimum resistance and pedal frequencies for anaerobic

testing on the cycle-ergometre. Katch et aI. (1976) deter-

mined that aII-out cycling produced higher povrer output dur-

ing the first 30 seconds of a power test on the cycle-ergo-

metre. Katch et aI. (1977 ) reported that the optimal

characteristics for a test of maximaL work on the cycle-er-

gometre would be: a duration of 40 seconds, a resistance of

5-6 KP and an all-out cadence. Seabury et aI' (1977 ) indi-

cated that there vras an optimal pedalling frequency for each

po!{er outpuL "

the
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Winqate TeÊ!

The WingaLe Test (wt) is based on a 30 second cycle-ergome-

tre test which Cumming (1973) used to evaluate fitness in

youths participating in a training camp. Resistance vlas 4.5

KP for males and 4.0 KP for females. Test-retest correla-

tion was r=0.96, and body weight correlated highly with per-

formance.

Bar-Or (1978), working at the Wingate Institute, used

the same 3O-second format as Cumming(1973) but varied the

resistance according to body weight (.025 KP/kg. for the Mo-

nark bike and .40 t<v/xg. using the Fleisch ergometre). Re-

Iíability varied from r=0.95 to r=0.97 when children, youths

and adults were used as subjects. The validity of the test
was demonstrated as it correlated with 300 metre run times

(r=-0.85), oxygen debt (r=-0.86), and 25 metre swim time

( r=-0.87 to -0.90 ) .

Many studies have been concerned with correlat.ing work

out-put on the WT with fibre type (Bar-Or et aI., 1980i Ja-

cobs & Tesch, 1980). Therefore, it is important that the

test allows for the subjects to achieve maximum performanc-

es. Evans and Quinney (1981) considered this problem in re-

lation to the WT. The authors reported that there was a

significant difference between the optimum resistance set-

tings that elicited maximum pov¡er, and capacity and those

that the WT would indicate. The authors offered three meth-

ods for choosing resistance settings which were superior to
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the WT protocol. The polrer curve for eaeh subjeet could be

determined, which eould take from 5-10 trials" One of two

regression equations could also be used, The first uses the

subjecL's weight. and leg volume (r=0.87), while the seeond

utilizes a pre*test score (r=0.77) " Subjects in this study

were healthy, athletic males, and, thus far, the validity of

these regression equations for other populations has yet to

be established.



METHODS ÀND PROCEDURES

' Subiects

Eighteen femal-es volunteered to be subjects in this experi-

ment and were subsequenLly divided into two groups. Group A

consisted of 4 intercollegiate basketball and 4 intercolle-
giate volleyball ptayers while group B v¡as made up of 10

physical education studenLs. Among the physical education

sLudents vrere severaf provinc ial calibre athlet,es. These

included a cross-country skier¡ cyclist, and speed skater.

Prior to participating in the study subjects were fully in-

formed of the procedures to be used and signed an informed

consent form (Appendix A)

Des i qn

Subjects reported to the laboratory on four separate occa-

sions during a Lwo week period" During session one, the

subjects' height,weight and lean body mass were determined.

The subjects also performed the first !.7T. The second VIT was

conducted during the second session. The third session in-

volved the determination of maximum oxygen upLake" During

session four, a single muscle biopsy v¡as taken from the mus-

cIe vastus lateral-is of each subject.

21
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Eqg! ProÈoco_ls

Leen Þgdy Uê€q

Total body fat vras determined from body density as deter-

mined by underwater weighing. The volume of the gas in the

gastrointestinal tracL was assumed to be 100 ml for all sub-

jects. Residual volume of the lungs was assumed to be 30eo of

the vital capacity, which was determined using a spirometer.

Percent body fat was estimated from body density using the

f ormula of Keys and Brozek' ( 1953) . Height and weight rvere

determined by standard procedures.

Winqate Teg!

The protocol was similar to that described by Evans and

Quinney (1981). The saddle height s¡as adjusted so that the

leg v¡as almost at full extension when the pedal was down.

The position was noted for the second trial. Subjects com-

pleted a two minute warmup at 50 watts. The subject was

then instructed to pedal at maximum velocity, at which time

a resistance equal to .075 Xe/kg body weight was set. Af-

ter the resistance was set, subjects pedalled all-out for 30

seccnds. Strong verbal encouragement vtas given.

An electrically operated recording device was st.arted

simultaneously with the setting of the resistance. Three

scores srere obtained: peak povrer (pp);average power (ep);

and power decr.."" (PP).
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For the WT, the Monark bike was adapted so that revolu-

tions and speed coutd be recorded. Total revolutions were

counted by means of an impulse counter (lafeyette), which

received signals from a magnetic Sensor on the pedal crank,

To monitor speed, a cable was atLached from the gearbox on

the ergometre to an electrical speedo (voltage generator).

The voltage was used to drive a chart recorder ( linear In-

struments), from which the revolutions per minute could be

determined at any point of the 30 second test.

Maximum Oxvqen Uptake Tes!

À progressive continuous treadmill protocol was used. Sub-

jects ran at 7.0 mph at Oeo 9rade. The grade was then in-

creased 2eo every 2 mínutes until the subject reached'her

maximum oxygen uptake. Criteria for subjects attaining max-

imum oxygen uptake were: a higher workload caused no in-

crease or a slight decrease in maximum oxygen uptake from

Lhe previous workload; the subject could no longer keep up

with the treadmill; heart rate had reached its predicted

max imum.

The Beckman MMC Horizon System (m¿C) was used to meas-

ure gas concentrations and volumes. This system is operated

by an INTEL 80854 microprocessor in a Multibus configura-

tion. Oxygen is measured with a temperature controlled,

fast response, polarographic sensor. The signa1 condition-

ing for t.he oxygen measurement is based on that in the Beck-
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man OM-11 Oxygen Analyzer. Carbon dioxide is measured wíth

a dual beam non dispersive infrared optical system with a

pneumatic detector. The signal condiLioning is based on

that in the Beckman T'B-2 Medical Gas Ana1yzer. The MMC was

calibrated before and after each test using known calibra-

tion gases. The volume transducer vras calibrated daily and

checked between tests"

Muscle !ippsv_

Muscle biopsies vrere taken from the vastus lateralis by a

physician according to the technique of Bergstrom (1962) 
"

The vastus lateral-ís vras used because it has been shown that

glycogen breakdown, blood flow and muscle temperature in

this muscle are related to workload on the cycle-ergometre

(Karlsson et ê1,, 1971), Serial cuts were taken and were

stained for actomyosin ÀTPase to identify ST and FT muscle

f ibres. À11 surface areas and percentages of f ibres were

calculated from micrographs. (see Appendix B for biopsy

procedure, tissue cutting and staining procedure)

Statistical Analvsi_g

A t,wo tai led t-test was. used to determine the signi f icance

of the differences bet.ween groups for the following depen-

dent variables: â9€, weight (wt ) , e" body f at, lean body

mass (lnu) , average power, peak power, povrer decrease (pn) ,

average povre r/XiIogram body weight (apnc) , peak power/kilo*

gram body weight (ppro), power decrease/ uilogram body
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weíght (pone), average power/kilogram lean body mass (epr,n),

peak power/kilogram i.un body mass (ppr,n), porrer decrease/

kilogram lean body mass (purn), eo ST muscle f ibres (% sr),
eo FT muscle f ibres (c" FT), eo area ST (eo STAR), eo âFêâ FT (eo

FTAR), äverage area of ST muscle fibres (Srev)' average area

of FT muscLe fibres (rrev) and the ratio of FTAV/STAV

( nt,/sr ) .

Prior to analysis the IeveI of st.atistical significance

h'as set at p<0.05. No significant differences in physical

characteristics, fibre characteristics or performance on the

WT were found, therefore the groups were merged. The Pear-

son product moment correlation was then used to determine

the relationship between the above variables for the entire

sample.



RESULTS

The average physical and muscle

subjects are reported in tabl-es

characteristics of the

2, respectively.

f ibre

1 and

TABLE 1-

Physical characterist ics

Age

(yrs)
He i ght

(cm)

We i ght

(kg)

LeanBody
Mass
(xg)

Fat

(e")

Mean
SD

21 .10
2.25

168.00
8.01

60"50
5.30

19.90
4"02

48. s0
3 " 43

TÀBLE 2

Muscle characteri stics

9" ST eo FT eo ST Àrea eo FT Area FT/ST

Mean
SD

55. 3
12 ,97

57 "416.03
44.7
12.97

42 .6
16.11

0.93
0.24

Winqate Test_ Results

Performance on the WT was calculated in absolute terms and

relative to body weighÈ and Lean body mass (rable 3). Per-

formance scores on the WT were higher Lhan t,hose reported

26



by Jacobs and Teseh ( 1 981 ) for females but

those reported for maLes (Kaczkowski et â1.,

al., 1981),

TABLE 3

Wingate test result.s

27

were lower Lhan

1982; Inbar et

ÀP
(w)

PP
(w)

PD
(w)

Absolute Mean

SD

483.20

43.23

530.90

67.05

281 .90

51 " 05

KG Mean

SD

8.01

0.66

10.45

0 "92

4.68

0,85

LB Mean

SD

9. 98

0.74

13.00

1 .04

5.80

0.99

KG
LB

= power per kilogram
= power per kilogram

we i ght
body weight

body
lean

Maximum Oxyge8 Uptake

The mean maximum oxygen uptake of the 1 5 subjects who per-

f ormed the progressive test was 52.8 nt/t<g/nin (so ¿.49),

Three subjects were not able Lo Lake the test due to i11-

ness. Mean maximum oxygen uptake was 52.8 n|/Ug/nín" (So

4.49). The correlation between maximum oxygen uptake and

fibre typg was noá significant,
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Table 4 eontains the significant correlations between body

composition, and performance Scores and muscle characteris-

Lics. Both weight and lean body mass were signifcantly cor-

related with ÀP and PP. A significant correlation $tas also

evident between weight and FTrlSt.

TABLE 4

n hi Between

Correlations between
scores and
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Performance, Muscle Charaeteristics and

body composition, and performance
muscle characterist ics

ÀP PP FT/ST

wt
FFI^7

0. s8
0,59

?k

**
0 "62
0"68

**
**

0.57 *
0.36

*
tr rk

significant at
signi f icant at

the 0
the 0

.05

.01
Ievel
leve1

The correlation coefficients between performance scores and

FT fibre characteristics are given in Tables 5-7. Àverage

power and PP correlated significantly with FT/ST. AlI other

cOrrelatiOnS between performance Scores and muscle charac-

teristics were non significant'
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TABTE 5

Correlations between peak povrer and muscle characteristics

FT FTÀR F.t/sr

PP
PPKG
PPLB

0

-0
-0

"02a)

.33

0 " 0s
-0.24
-0.18

0.51 ?k

0.01
0.30

* significant at the 0.05 level

TABLE 6

Correlations between average power and muscle
characteristics

FT FTAR Frlsr

AP
APKG
APLB

0 " 25
-0 " 07
-0"04

0.33
-0.07

0.15

0.62 **
0.08
0.40

** significant at t,he 0.01 leveI

TABLE 7

Correl-ations between power decrease and muscle
characteristics

FT FTAR FT/ST

PD
PÐKG
PDLB

-0.10
-0.29
-0"04

-0"09
-0 "24

0,15

0 "26
-0.04
0,12



DI SCUSSION

Pqpula'Li on

Studies which f ind a posit ive relationship between eoF'f ¡

eoFTAR and performance on the WT generally have ä high pro-

portion of male endurance and strength athletes as subjects

(Kaczkowski et ê1., 1982i Inbar et â1., 1981). When female

physical education students or untrained males are studied,

these correlations are not observed (Jacobs & Tesch, 1981¡

Inbar et aI. 1981). In this study an attempt was made to

recruit female athletes from various teams at the University

of Manitoba. Four basketball and four volleyball players

and 10 female physical education students volunteered to

take part in the study "

Subjects were initially divided into two groups: Group

A (basketball and volleybaIl players) and Group B (physical

education students). The daLa on the height¡ wÊight r ã9ê¡

wT scores and muscle characteriscs of the subjects indicated

that the voIIeybaIl and basketball players vrere significant-

ly taller than the physical education students. The differ-

ence in height can be exptained by the selection processr â5

it is advantageous for basketball and volleybalI players to

be t,alI. There were no other significant differences be-

Lween the groups. The finding that neither wT scores nor

30
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muscle characberistics vrere significantly different between

the groups could reflect a lack of intensity or specificity

in the training of the basketball and volleybalI players.

As the groups differed on only one of the measured vari-

ables, the dat.a were subsequently merged. Subjects in this

study were taller and heavier and had higher levels of aero-

bic and anaerobic fitness than subjects in similar studies

(Jacobs & Tesch, 1981¡ Campbell et â1., 1979). This was

largely due to the presence of the intercollegiate vol1ey-

ball and basketbaLl players and to the presence of provin-

cial calibre athletes among the physical education students.

Fibrg Distribution
Subjects in this study had a greater percentage of ST

bresr ês well as larger ST fibres than FT fibres, in

vastus lateralis (table 2). Both fibre distribution

area are consistent with the range of values reported Ín

literature (ttomi & Karlssson , 1978; Nygaard, 1981 ) .

fi
the

and

the

Te st Prot oc ol s

Winqate Test. A major difference between the WT proto-

col employed here and similar studies was the method used to

compute PP. Peak povrer is generally computed from the 5

second period with the highest power output (gar-Or et â1.,

1980). The apparatus employed in the present study allowed

for the measurement of povrer at any point during the test.
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and not, a
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the measurement of PP in this study was a true PP

five second average.

Body Composition and Per f_ormance

weight correlated significantly with ep and PP: r=0'58

(p<0.05) and r=0.62 (p.0.01 ), respect.ively. Correlations

were slightJ-y greater when LBM was the independent variable:

r=0.59 (p<0.01 ) and r=0.68 (p<0.01 ) for AP and PP, respec-

tively. This relat,ionship is to be expected, since it has

been shown that body weight accounts for 41e" of the common

variance in a high intensity cycle-ergometre test (natch,

1974) " AIso, the workload setting for the WT is not de-

signed to noramalize power output among subjects but to op-

timize it. As has been shown on Margaria et al's (1966)

test, larger individuals generate more power (Kitagawa,

1980). The daLa from the present study indicate that sub-

jects with a larger muscle mass generate more power in abso-

lute terms than do subjects with a smaller muscle mass.

valid comparisons can only be made among subjects by divid-

ing performance scores by body weight or by lean body mass"

Muscle Characteristics and Per formance

Results from the present study failed to demonstrate a con-

sistent relationship between performance on the WT and mus-

cle fíbre characteristics. A significant correlatíon be-

tween these variables depends on the muscle sample being

truly representative of the whole muscle, and on the resulLs
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of the WT reflecting the true AP and PP of each subject,

Síng1e biopsies have been the accepted practice in this type

of study, but some investigators feel that as many as four

biopsies are needed to establish the true fibre type profile

of the muscle (nlder, 1982). Evans and Quinney (1981) de-

termined that the WT does not provide an optimal measure of

eit.her PP or ÀP in males. To dat,e, their work has not been

replicated in females, but it seems Iikely that the test

does not provide optimal power scores for this population

either. As the workload on the WT is determined by the body

weight of the subject, females could be at a disadvantage

since on average they have proportionally less lean body

mass than maIes.

Despite these potential pitfalls, studies which have

used trained males have demonstrated a consistent relation-
ship between performance on the WT and eoFT¡ eoFTÀR and FT/SI

(Kaczkowski et aL, 1982; Inbar et aI., 1981). This is the

expected relationship since the energy demands of the $fT

have been reporLed to be gTeo anaerobic and it has been shown

that athletes whose sport is predominantly anaerobic have a

predominance of FT fibres (Costill et aL, 1976bi Edstrom et

aI., 1972; Inbar eL âf., 1976). The activities of ÀTPase,

MK and CPK are higher in FT fibres than in ST fibres, pro-

viding FT fibres with a greater abiliLy to use and generate

ÀTP via the ÀTP-PC system ( faylor et â1., 1974; Thorstens-

son, 1976). The glycolytic profile is more enhanced in FT
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fibres and it has been shown that. glycogen is preferentially

depleted from FT fibres during supramaximal work (OotInick

et al., 1973a; Sjodin, 1976). Fast tv¡itch fibres have been

found to produce more initial force but to fatigue faster

than ST fibres (Burke et ?1", 1971). Taken together this

evidence suggests a positive relationship between FT fibres

and performance of a predominantly anaerobic event such as

the WT.

Although the studies that used males reported signifi-

cant correlations between performance and fibre Lype, rê-

sults were not reported in the same fashion for each sLudy"

Tables 8-1 0 provide the results from these studies as well

as a comparison to the present study.

TÀBLE 8

Comparison of the relationship between
characteristics and performance on the WT in

and trained females

muscle
trained males

Average

MaIeS tÉ*

Power

Females +

Peak

Males

Power

Femal-es

9o FT
eo FTAR

0.81 àk

0 " 83 *
0.25
0.33

0.59 ?k

0"84 *
0.02
0.05

*
**
+

signí f icant at
Kaczkowski et
Paquin, 1 985

0.05 leveI
1982

the
al. ,
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Compar i son
eharacteristics

TÀBLE 9

of the relationship between muscfe
and performance on the WT in trained and

untrained males +

AIl

eo Fast Twitch

Tra i ned Sedentary

PP 0 "27
0.04
0 "52
0 .42
0.16

0.72
0.57
0.59
0. 68
0.49

***
**
*Tk*
***
**

-0 "71
-0 .71
0.04

-0.16
-0.28

***
***AP

PD
PPKG
ÀPKG

**
*

:tr s ign i f icant at the
:b* signif icant at the
*** significant at the
+ Inbar et aI., 1981

0.05 leveI
0.01 level
0.001 Ievel

Absolute povrer scores (naczkowski et aI., 1982; Inbar

et âI., 1981), performance scores computed relative to body

weight (rnbar et aI., 1981) and po$¡er scores based on fat

free weight (gar-Or et al., 1980) have all been used to cal-

culaLe the correlation between performance on the WT and

muscle characteristics. Results from the present study in-

dicate that ÀP and PP are, influenced by body weight. Be-

cause the force setting on the wT is determined by body

weight, heavier subjects can achieve potentially hígher pow-
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TABTE 1 O

eomparison of the relationship between muscle charateristics
and perf o¡:mance on the !{T in maie physical education

sbudents and in trained females

ÀPLB PPLB

Males++ Females+ Ma1es Females Males

PDLB

Females

9" FT
9" FTÀR
Fr/s't

0 "29
0 .42
0.63 tÉ*

-0.04 0.54
0.15 0.60
0.40 0.41

-0 " 33 0 " 20
-0. 1 I 0.38

0 " 30 0.75 ***
*
**

-0.10
-0.09
0.12

*
**
***
++
+

significant
significant
significant

Bar-Or et âI. ,
Paquin, 1 985

0.05 level
0.01 level
0.001 level

at the
at the
at the

1 980

er scores. Therefore, the method of reporting resulLs can

influence the strength of the correlations' especially when

the subjects used in these studíes are predominantly sprint-

ers, weightlifters and endurance runners. Distance runners

tend to be slight and have been reported to have larger and

greater numbers of ST fibres than FT fibres (Costill et â1.,

1976b). Conversely, sprinters have significantly more and

Iarger FT fibres while weight,lifters have a greater FT fibre

area (Costill et aI., 1976ai Prince et âI", 1976). The high

correlations reported by Kaczkowski et a}. (1982) and rnbar

et aI. (1981), based on absolute scores, were influenced by

the fact that their larger subjects, either sprinters or

weightlifters, had more and larger FT fibres than the small-

€rr distance runners *nå had a predominance of ST fibres in

t,he vastus lateral i s.
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Correlations between muscle charcteríst,ics and

performance were lower when Inbar et at, (1981) computed

power relative to body weight (tabfe 9). Although direct

comparisons are difficult to make, Bar-Or et al. (1980) re-

ported fewer and lower correlations when povrer was computed

relative to fat-free weight (rable 10). These fower corre-

lations might be related to the method of compuLing power or

might be related to the type of subjecLs used in the study.

Trained versus Untrained

When untrained subjects vtere used signif icant negative cor-

relations were found between eoFT and AP or PP (lnbar et 41.,

1981 ), These correlations became insignificant when AP and

PP were computed on the basis of body weight. The high neg-

ative correlations could have been due to a coincidental- re-

lationship between weight and the percentage of ST fibres'

The non significant correlations are consistent with studies

that have looked at the relationship between maximal oxygen

upLake and eoST in untrained and trained populations. ln un-

trained males Orlander (1977 ) could find no relationship be-

tween maximum oxygen uptake and eoST, while Berg et al-.

(1978) reported signi f icant correl-at ions between eoST and

maximum oxygen uptake of r=0 "72 for endurance and strength

ath1eLes.
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Sex Relate¡l D_if f erences

The presenL study as well as t,he investigat.ions of Jacobs

and Tesch (1981) and Campbell et aI. (1979) failed to find a

significant relat.ionship between anaerobic performance and

e.FT or eoFTAR in f emales. Studies that have used trained

males, however, have consistently found a relationship. One

obvious difference between the male and female studies is

that the studies that- used trained males had a predominance

of either power or endurance athletes. Choice of population

is a key factor in this type of investigat.ion. In a similar

type of invesligation Gregor et aI. (1979) used elite female

athletes (sprinters and long distance runners) and found a

significant positive correlation beLween peak torque and e"FT

fibres. The non significant correlations reported in the

present study and Jacobs and Tesch (1981) might be expected

in females, but there is a consistent pattern of negative

correlations (in two cases these correlations were signifi-

cant) between performance on the WT and eoFT or eoFTAR (fable

1 1 ) . These results indicate a pref erent ial recruit,ment of

ST fibres, possibly related to fibre size' It has been dem-

onstrated thaL ST fibres are larger than FT fibres in fe-

males (Nygaard, 1981 and Thorstensson , 1975') "
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TÀBLE 11

Comparison of the relationship between performance on WT and
muscle characteristics in female subjects

APKG

J&T Paguin

PPKG

J&T Paquin

PD

J&T Paquin

9o FT
eo FTAR
FT/sr

-0.39*0"53 *
-0.23

-0.07
-0"07
0.08

0 "21
0 "22
0 "23

-0.33
-0 "24

0.01

-0.48
-0.63 ¡t

-0.22

-0.29
-0 "24
0.04

,r
*tr

significant at
Jacobs & Tesch

the 0.
(1981)

level-05

The discrepency in the size of the ST and FT fibres in

males and females is difficult to understand, since the

studies of Colling- SaItin (1978) and Lundberg et a1. (1979)

indicate that these differences exist neither in new-borns

nor in small chíIdren. These differences only become appar-

ent when the child reaches adolescence (Nygard, 1981). Pos-

sibty these differences are the result of different leve1s

of activity in males and females. Boys, from quite an early

â9ê, tend to enagage in more vigorous activities than girIs"

Às a resu1t, Nygaard (1981) states girls do not experience

the training which involves the level of high tension neces-

sary for FT fibres to develop.

An interesting exception is found in t,he mothers of se-

verely handicapped children, where the FT fibres of the bra-

chial biceps are thicker than the ST fibres. This is likely
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due to the âmount of liftíng and carrying, which is a large

component of the daily care of these children (Nygaard,

1 981 ) . Similarfy, Saltin et al, (lgll ) indicate that the

small-sized FT fibres in the thigh muscles of sedent,ary wo-

men may be related to the fact that only a few of their
Iíves' daily activities involve the FT fibres.

There may be a difference in neuromotor control in fe-

ma1es. Komi and Karlsson (1979) found that surface recorded

eLectromyograph activity was significantly lower in v¡omen

than in men, and that women took twice as long to reach a

maximum voluntary contraction as men did. Karlsson (1980)

indicate that women have a ]ess positive attitude towards

activity than do men which could have an effect upon tech-

nique oY motor control.

There are also sex related differences in the enzymatic

profile. Women have significantly less active ATPase, CK,

phosphorylase, LDH, glycerophosphate dehydrogenase and hex*

okinase than men (nomi & Karlsson, 1978 & Bass et âf,,
1975). It is by no means clear whether this is the result

of an innate difference or is the result of different activ-
ity leveIs as Haralambie, (1978) and Costill et aI. (1976b)

suggest. Harkonen et aI. (1982) found significantly more CP

in ST fibres than in FT fibres in v¡omen. This might be an

indication of more ST fibre involvement during short-term

maximal work in females"
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The role of sex hormones is another factor in different.

fibre sizes between males and females. Inbar et aI' (1981)

mentioned a longitudinal study of prepubertal bo¡zs, which

failed to confirm the relationship between fibre character-

istics and performance. It is only later, when specific sex

hormones are produced, that the rel,ationship between per-

formance and fibre distribution becomes evident. The au-

thors suggest that the production of sex hormones, induced

by training and maturatíon, affects the metabolic properties

of the fibre types. Another possibitity is that the sub-

populations of type II fibres might be different in females

due to the absence of testosterone. Testosterone has been

shown to increase phosphorylase activity in type II fibres

in rats (Krotkiewski et aI., 1980).

Much of this evidence is highly speculative at best and

fails to provide any hard facts to establish a difference in

muscle physiology between mal-es and females. Table 12 pres-

ents correlations from the present study and from the un-

t,raíned male subjects of Inbar et aI. (1981). Results are

almost identical which might indicate that there is no fun-

damental difference between the muscle physiology of males

and females, but rather a continuum with individuals falling

along it at different places depending on factors such as

fitness levels, fibre type, motivation and past history of

physical involvement in sport.
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TABLE 12

e relationship between performance on l{T and
n females and in untrained males

APKG PPKG

9"FT

Males*

-0 "28

FemaleS*'t

-0.07

Males

-0"16

Females

-0.33

*
**

Inbar et
Paquin,

aI., (1981)
1 985



SUMMÀRY AND CONCLUSIONS

The purpose of this investigation was to determine the rela-
tionship between performance on the WT with muscle fibre
morphological profile and body composition. within the del-
imitations noted, the results of this study suggest that a

relationship does exist between weight or LBM, and perform-

ance on the WT.

Results from this investigation also suggest that a re-
Iationship does not exist between performance on the WT and

musclê fibre types. This finding is consistent v¡ith studies

that used either females (Jacobs & Tesch, 1981) or untrained

males ( lnbar et ê1. , 1981 ) , but is contrary to the st,udies

that employed trained males as subjects (naczkowski et â1.,
1982; Inbar et aI., 1981). Results from the present study

and Jacobs and Tesch (1981) suggest a possible preferential
recruit,ment of ST fibres in females on the WT. Sex-related

differences in fibre size, neuromotor control, enzyme activ-
ity, interest and motivation have all been suggested as pos-

sible reasons f or t,hese f indings. These are not absol-ute,

genetically controlled differences, but are differences that

are 1ikely determined by environmental factors. The use of

elite female at,hletes could possibly minimize the influence

of these factors. Significant positive correlations were

43
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reported between eoFT and peâ.k torque in elite f emale ath-

letes (Gregor et êI., 1979)" Significant positive correla-

tions between FT muscle characteristics and performance on

the l{T would most, likely have been reported if a population

símilar to that used by Gregor et al. (1979) naa been used

in the presenL study.

In conclusion it is
ducted in this area

Recolrninendat ions

suggested that further research be con-

with the following recommendations:

1. An attempt should be made to use higty trained female

sprint.ers and endurance runners as subjects.

2. Two biopsy sites should be used to ensure that a tru-

Iy representative muscle sample is obtained.

3. The individual power curve should be determined for

each subject,
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Appendix À

ÏNFORMED CONSENT

Explanat:Lqn of the Teqtg

wi¡_qele Tes!

This test involves 3O-seconds of all-out pedalling on a cy-

c1e-ergometre. The resistance on the cycle-ergometre will
be set according to your body weight. The physical sensa-

tion during the test will be like pedalling up a steep hill"
You will be very short of breath aL the end of the test but

recovery wiIl be virtually complete in a few minutes.

Maximum Oxygen Uptake Test

The purpose of t,his test is to measure the maximal amount of

oxygen you can utilize whil-e running. You will be given in-
structions on running on the treadmill and breathing through

the gas collection system and be allowed to practise. Prior

to the test, three electrodes will be attached to your chest

for recording your heart rate. During the test, you will
run at 7 mph, and every 2 minutes the treadmill will be in-
clined upwards so that you will be running more and more up-

hifl. You will be asked to keep running until you are una-

ble to maintain the pace set by the treadmill. At t.hat
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point, grasp the safety rail, and the treadmill witl be

stopped. we expect your heart rate and oxygen consumption

to reach maximum levels for your age and fitness level. You

can anticipate feeling quite fatigued upon completion.

MuscÀg Biopsv

The skin over the mid-Iatera1 right thigh wiIl be swabbed

with 70e" alcohol and iodine. Approximately .1 cc of 2e" xylo-

caine will be injected to anaesthetize the area. After en-

suring that the skin is properly anaesthetized an incision

will be made 15-20 cm above the knee. The biopsy needl"e

will then be introduced into the muscle, via the incision,

and a small sample of muscle wil be obtained. The incision

will be closed with an adhesive strip dressing.

Risks and Discomforts

Maximum Oxvgen Uplake Test

There exists the possility of certain changes occurring dur-

ing the test. They include abnormal blood pressure, faint-

ing, disorders of heart beat, and, in very rare instances,

heart attack. These risks are minimal if you are a normal

healthy individual " I f you stumbl-e or f aII dur ing the test,

the treadmill will be stopped immediately , and the conse-

quences would be similar to a fall on a running track.
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Musç-I-.e Þio-Bg-v

During bhe biopsy procedure some subjects report a feeling

of painful- pressure, This pain subsides immediately, once

the biopsy needle is withdrawn. rn a few cases, subjects

report a slight, ache in the muscle for a day or two, No se-

rious complications have been reported from the muscle biop-

sy procedure.

InguirÍes
You are

be used

what i s

encouraged to ask questions about the procedures to

in any of the tests. If you have any doubts as to

expected of you, please ask for further explanation.

Freedom of Consent

Your agreement to take part in this study is voluntary. You

are free to deny consent if you so desire, You are free to

w i thdraw f rom t,he sLudy at any t ime .

I have

that I

study.

read

!¡rIl-

this form and

perform, and

I understand

ï consent to

the test procedures

participate in this

Signature of ParticipantDaLe

Signature of Witness



Appendix B

H] STOCHEMI CAL PROCEDURES

Biqpqy Procedure

A Iicensed physician performed the biopsies. The mid-Iater-

a} thigh was initially draped and swabbed with Bridine. Àp-

proximately 1 cc. of 2eo xylocaine r.ras in jected subcutaneous-

Iy to anaesthetize the area. À stab incision r,Ias then made

and a 5 mm. Stille needle was inserted and a muscle sample

was obtained.

Handl inq and Cutt in o of MUgç_Le SampLe

The muscle sample was removed from the needle and placed un-

der a dissecting microscope and then orientated. The sample

was then placed on a cork, covered with OCT and then snap

frozen in 2-methyl-butane, cooled to -160 degrees centri-
grade in liquid nitrogen. The sample was then stored at -65

degrees centrigrade"

In preparation for sectioning, the sampJ-e was removed from

the freezer and then frozen to a chuck r¡ith OCT. Serial

sections were cut at -20 degrees centrigrade in an American

Optical Cryostat. The slides used to pick up the sections

had been dipped in a soLution of gelatin (.OS g) and potas-

sium chromium sulfide (.001 g) and then allowed to dry. The
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allowed to dry for three hours before beingsect i ons þ¡ere

sta i ned "

Preparation of Reagents and Histochemical Procedures

Basic Medium

Glyc i ne 1.98 e

Calcium Chl-oride 2,1,0 g

NaCl 1.45 g

NaOH 0.95 I

water (aistilled) 500 mI

rhis solution was made up daily and from it. 40 mI were

drawn off for the incubation medium while a further 50 mI

were set aside whose ph was adjusted to 10.3. The ph of the

remaining 410 ml was adjusted to ph 9.4. Ph adjustments

were made with NaOH (5N) and HCI (S¡¡).

Àc id Preincubation Medium

Sodium Acetate 3.23 9

Potassium Chloride 1.85 g

water (distilled) 250 ml

The ph of this solution vras adjusted to 4.37 with gla-

cial ascetic acid.
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Incubation Medíum

ÀTP 0.068 s

Basic Medium 40 ml

The ph of this solution was adjusted to 9.4 with HCl (l

N).

Calcium Chloride Solut.ion

Calcium Chloride 5g

Water (distilled) 500 ml

Cobalt Chloride Solution

Cobalt Chloride 3.66 I

water (aistilled) 100 mI

Àmmonium SuIf ide Solution

Ammomium Sulfide 20e" 5mI

Water (distilled) 95 ml

Procedures

Preincubate: ph .10.30 I minutes at 37 C water bath



ture

Sl ides

twice for 30

60

ph 4.37 5 minutes at room tempera-

were then rinsed in the basic medium ph 9.4

seconÖs,

The

grees in

slides vrere Lhen placed in a water bath at 37 de-

the incubation medium.

SIides were

tion as follows:

emptied and then

then rinsed

1 minute,

3 minutes.

the Calcium Chloride

empLied, 2 minutes,

tn

then

solu-

Lhen

Slides were then placed in

for 3 minutes. Folowing this

oughly in distilled water.

Chloride solution

were rinsed thor-
the

the

Cobalt

sI ides

The slides were then placed in the Ammonium Sulfide so-

lution for 1 minute. The sl-ides were once again thoroughly

rinsed in distilled water.

The slides were then dried and coverslipped.

Determi nat i on of Fibre Distributign

Pictures were t,aken of the 4 "37 and 10.3 stains f rom eae h

subjecL with a Zeiss photomicroscope. From the micrographs

the number of ST and FT muscl-e f ibres vtere determined. Num-

bers ranged from 81 to 458 with the average being about 250

f ibres.
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Dete rm i na of Fibre Size

Fibre size was determined by using micrographs at magnifica-

tion of 300x. Each micrograph contained approximately 15-20

fibres of each type (rhorstensson, 1976). The micrograph

was placed on an Apple Graphics Tablet hooked up to an Apple

II plus computer. The area of each fibre was obtained by

tracing around its circumference with a stylus and then hav-

ing the computer determine its area by using the Stereo

Measurement Program (Scientific Microprograms) .



Appendix

PHYSTCAL, MUSCLE

c

AND WT DATA

TABLE 1 3

PhysicaL characteristics of subjecLs

Subjects

#

He i ght

cm

t{e i ght

kg

Lean**ody
Mass

kg

Àge

yrs

9"Fat

o-
'o

'l *
2*
3*
4*
5 *tt
6 rk*
7 rrr<

I **
9+

13 +
14 +
15 +
16 +
17+
18 +

10 +
11 +
12+

20
19
22
20
21
21
21
22
29
20
a)
LJ

21
20
20
19
20
20
20

170 "3160.8

188.0.169.0

162.0
162"6

173 "9
164 "9

177 "1

173.0
164.0
173.1

177 .5
166.3
157.5

163 .7
165.1

1s6.0

60.3
70.0
57 .3
62.0
57 .2
57 "3
77 "3
57 "9s8.5
60.5
58,4
58"2
62.5
56. 3
61 "1
56"9
56"5
60.0

16.9
27 "014"3
21 .7
1 6,5
21 "9
23 "916"4
20.2
21 .1
25"0
1 s.8
25"0
15.6
18.4
23 "918,9
14 "5

50.1
51 .1
49 .1
48 .6
47 "8
48 "2s8,8
48"4
46 "7
47 "743.8
49 "0
46 "2
47 .5
49.9
42 "745. B

51 .3

Mean

SD

21 .1

2 "2s

168.0

8.01

60.5

5.30

19.9

4.02

48. 5

3 "43

¡k=
+

Volleyball PIa
Physical Educat

:k:t=$¿5þgtba11
Student

er
on

vi

62

PIayer
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TÀBLE

Wingate Test resul t s

14

SUbJ AP PP PD ÀPKG PPKG PÐKG ÀPFF PPFF PDFF

# watts watts watts watts watt.s watts watts watts watts

11 .91
11.33
10.37
10,16
8. s5
9"85
9 .11

10.86
9.73

11.88

32
13
23
43
12
22
22
31
32
02
82
02
72
03
82

1*
)x
3 :rr

4*
5**
6 *v,
7 r**
I *lk
9+
10 +
11 +
12 +
13 +
14 +
15 +
16 +
17+
18 +

467 .5 635.0 299.8
560.6 728 "7 300,7
539 " 4 640.5 248 "645.7
479.3
495.9
568.4
463.6
396.7
489 .4
437 .8
s29 "8479.0
485.7
458.6
477 .5
455.1
458.6

583.
681 .
649.
801.
s88.
500.
s96.
Ê.ta

632.
608.
668.
613 "
626 

"
649 

"
621 .

23 "395.2
33.6
69.5
61 .9
11"3
58.0
97 "5
47 .7
76"3
82 "0
73 "089.9
20.3
86.6

7 "758.00
9"41
7 "358.38
8.6s
7 "3s8.00
6,78
8.09
7 .49
9.10
7 .65
8.63
7 .51
8"39
8,06
7 "64

10.53
10 .41
11.18

9"41

10.03
11.01
11"47
10,36

.97
" 30 1

"34 1

.60

.91 1

.82 1

.78
"52
"61
.26
.38
"26
"42
.01
.48
.09
"67
.79

9.33
0. 98
0.98
9.38
0"03
0.23
9 .67
9.58
8 .49
0.26
0.00
0.81

10.37

12 "6
14 "213.0
12.0
14.2
13"4
13. 6
12 "1
10 .7
12 "5
12 "1
12 "912.8
14 "0
12 "214.6
14 .1
12.1

7 s.98
6 s.88
4 5"06
0 4,60
5 8"27
7 6"92
2 6.28
5 s"'1 1

0 4"52
0 5.40
5 4.51
0 5"06
I 5,98
I 5.94
I 5.48
8 6"79
7 7.00
2 5.59

4
4
4
3
6
5
4
4
3
4
3
4
4
5
4
5
5
4

1

1

1

23
19
18
94
94

10
9

11
9
I

Mean 483 . 2 630 .9 281 .9 8 . 01

sD 43.23 67.05 51 .05 0.66

1 0.45 4.68

0 .92 0.85

9.98

0.74

13.00

1 .04

5,80

0.99

* VolleybaIl P1ayer ** Basketball Player
+ Physical Education Student
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TABLE 1 5

Subjects muscle charact,eristies

Subject ea ST eo FT eo ST Area eo FT Area FT/S.Î

l*
)*
J:t
4*
5 **
6 **
7 r*ù,

I *,t'
9+
10 +
11 +
12+
13 +
14 +
l5 +
16 +
17+
18 +

74"8
56.2
55"5
63"9
70 

" 044,1
41 .0
41 "2
56"6
tr? I

xxx
38.8
37 .2
73.8
43,9
75 " 0
60 .4
54"0

25 "2
43"8
44 "5
35"1
30 " 0
55.9
59.0
s8 .8
43"4
46 "7

XXX
61 .2
62.8
26 "2
56. 1

25.0
39 " 6
46"0

27 "6
51 . s
53.9
68 .4
77 "4
42"4
48.4
34"9
71 .1
53,8
xxx

40.0
33,1
83. 1

40 " 9
76"3
61"0
67 .9

51 .1
48 .5
46 "131.6
22"6
57 .6
51 .6
65.9
28.9
46 "2
xxx

60"0
66.9
16. 9
59. 1

23 "6
39 " 0
32.1

1.13
1 .20
1 .07
0.82
0.68
1"07
1 .30
0"74
0,53
0. 98
xxx

0,95
1 .20
0. 58
1 .13
0.93
0 "970"s6

Mean

SD

55.3

12.97

44.7

12 .97

57 .4

16.03

42"6

16 .11

0,93

0.24

* VoIleyball Player :k?t Basketball Player
+ Physical Education Student




