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ABSTRACT
The purpose of this study was to determine if a
relatlonshlp ex1sts between the proportion of Type II muscle
f;bers and power peqfermance in subjects not {n a state of
éower training. Muscle biopsies were obtaéhed frqm the ;estus
1atera1;s ﬁ;scle of 8 young males. The muscle fibers were

N

classified as Type I .(ST) and Type II (FT)jon the basis of the
stain for méosin_hTPase aqti&ity at alkaline pH. " In addition,
each subject completedjan isometric strength fest‘and the fol--
lowing five tests. of power: (1) a standing Broed juﬁp -
(2) vertical jump (3) m sprgnt {4) Margafia's stairiclimb-
%29 test'ahd (5) a vertical jump from phe'force platform.
Maximum iqsfegtaneous power, peak force, pedk velocity, rela-
tive force at peak velpcity, the time to peak force‘end im-
purse‘wefe derived from the force platform enalysis of the
vertice1~jump»' bl

The mean percent Type II distribution by area ﬁe; 53%,
but within the group, -the values ranged from 4 77% Type II..
Much’ 1nd1v1dual variation was obse;ved in both absolute and

relative muscle fiber areas.

The Type IT fiber distribution by area was significantly

‘related to the standing broad jumﬁ (r=.68; p(0.0S), vertical

jump (r=.61; p{0:05) absolute ahd relative power in the

s Marga;ia test (5;370:’P(0.05 and .91; p{0.001 respectively) -

’
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dash (r=-.47) or isometric leg strength (r-.36).' Among the

' . P ~t

‘ _ & o , . - '
and the absolute and relative maiimum instantaneous power R .

(r=.65 and .67 respectfvely; p{0.05), but not to the 40 m

variables derived from the force platform apalysis of the ver-

“tical jump, only peak force, relative peak force and thé rela-

tive force at peak velocity were significantly corrélated' to

‘the Type II distribution (ra.66; .61 and .71 respectively:; :

b(OCOS). ‘Type II distribution was sﬁgonély»related to body
weight (r-:75:.§(0.01).but was mot related s;gnificantly'té
fat free maSS'(r-.46).‘ B?sed on the resﬁlts'of the simple
regression analysis it was not-possible éo predict powér‘per-
formance from the Tyﬁe II fiber distributian and vice ve}sa.
. Mean'vélﬁqs and ranée; for absolute poﬁer in the fofce
platform jump and Margarid's test were 3580 (2147-5712)W and.
1219 (851-1451)W respectlvely.. In relation.to faﬁ-ffée mass
(FFM), the mean values and ranges of the above varlables were"

49.8 (16.4-70.6) W.kg FEM"L -1

and 17 (14 2- 18 3) W.kg FFM
respectively. . Absolute:power in the vertlcal jump was signifi-
cantlycorrelated to peak force (r=.69; p¢0.05), peak velocity
(r=.61; p(0.05) and the impulse (.69; p(0.05). There was a
significant correlation between absolute"pqwqr as measured by .

the Margaria test and the force pi&;form'jump (rf.?ﬁ:'p(o.os)‘

but the correlation between relative power as measured by

L

éhese'two teats was insigpificant (r=.49) .. . L
. The standing broad jump was moderately related to'boﬁh i
fhe vertical jump (r=.63; p{0.05) and the 40 m sprint (r=.66;

p{0.01). However, the correlation between the vertical jump



‘and- the 40 m.sprint was not significant (r=.53). Isometric

" leg strength was unrelated to any of the tests of power.

Performance in the _standing broad Jump was 51gn1f1cantly
related to both absolute and- relative power in the Margaria’

test (r=. 54- p{0. 01 and .65; p(0-05 respectively) and the

force platform Jump (r- 76; p¢0.01 and .60; p{0. 05 respectlve—ﬂ

ly): Vertical jump performance was also sxgniflcantly related
té absolute and relatlve power in the Margaria test (r-.64-
and 67 p(o 05 respectlvely) and_the force platform jump

(r=.77 and 77. (0.0l_respectmvely). Loweruand nonsignifi-

" cant correlations were abtained between the 40 m sprint and

absolute and relative maximum instantaneous power (r=-.56 and

.

;.15 reSpectivelY) as well as relatiVe power in the Margaria

test'(r-.§2).' Each test of power was significantly.related
L] - . - .

to body weight and/or fat free mass.
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CHAPTER ONE

THE PROBLEH

-

Introduction'
R Muscular powerdie a very important oomponent of motor
"performance. It is fﬁrdamental'to many athletic activities such
as kicking, throwing, -striking, sprinting and jumping.
. In sprint running, a treined indiridual canbexpend power at
a rate of up to four horsepower (2900 watts) (Cavagna et al.,
'1971b),_ while in a single explosive movement like the vertlcal
jump, the power which-cen be expended is somewhat higher and can
rise to a maximum of between five and six horsepower (3800 to
4500 watts) (Gerriéh .1934? Daviee & Rennie, 1968). The power
developed in exercises of this nature is 1nd1cat1ve of the
. phosphagen splitting mechanism of work production alone (Margaria
et al., 1966) and limitéd primarily by the mass of active muscles
and the speed with t+¢h these muscles'can contract.

Human ekeletal muscle consists of two main groﬁps of fibers
which can be classified as slow twitch and fast twitch on the
basis of a standard~histochemicel reaction fa%/myosin ATPase at
alkaline pH '(Pad.ykul'a & ‘Herman, 1955; Gollnick et al., 1972).
Myosin ATPase_catalyzee the rate limiting reaction for tﬁe shor-

tening process at the level of the sarcomere and its enzymetic

activity therefore reflects both a muscle's intrinsic speed of
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2

shortening and isqmetric twitch cgntracfion éime (Barany, 1567).
In the fast twitch-fiB;:s of human muscle, the biochemical ATPase
activity of myosin is two to three times greater tﬁhﬁ in the slow
fibers (Essen et al., 1975; Thorstensson, 1976); Accordingly,
human muscles whicﬁ have‘the highest propodrticon of fast twitcy
fibers also demonstrate the highest speea of shortening (Thorsten-
sson, 1976). |

In igwer mammalian muécle, the fast twitch fibers can also
produce greater twitch and tetanic tenéibns per unit area tﬁan
their slower counterpart; ‘(Burke &'Tsairies, i§73§.Barany & Close,

-

1971). Due to methodological difficulties; this latter difference

‘has not yet been established . f6r human muscle fibers although

-

maximum isometric lég,st;ength has been shown to correlate with
the pxoportion of fast twikch fibers in the vastus‘lateralis
muscle"(Tescﬁ & Karlsson, 1977; Koﬁi et al., 1977a). Therefore,
muscle gquality as well as muscle quantity may be decisive to the-
ability tolQevgiop forcef”-

Fast twitch fibers are not only capable of contracting with

‘great strength or speed, but they are also éndowed with the abil-

ity to effectively cbmbine their §trength and speed to produce

fast ¢ ntractions-witﬁ'appreciagle tension outputs..” Fast twitch.
hind limb muscles of lower mammals can sustain much more férée at
fast m?tion speeds than siow twi%gh musclés (Close, 1964; Wells,
1965) and in human knee extensor muscles, the proportion of fast

twitch fibers can be related to the amount of torque and pdwer

produced at high angular velocities (Thorstensson, 1976; Coyle

[P Y VP P A

Py
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et al., 1979). Furthermore,-when force nust be applied during
lvery brief periods of time, the‘rate,et which the muscie can, &%
. develdp‘force is eiso important. .Th? rate of force production

o
* " . '

in isoleted muscle is related to the basic fiber structure
(Brody, 1976; Close, 1964) In human experrments, the measure-
ment of the force-tlme curve during voluntary isometric’ con-
traction describes the time needed for the‘production of different .
forc& levels. The muecle-fiber composition influences the form
of this curve during bilateral knee extension in such a way that:
the lower the proportion of fast twitch fibers, the longer is .

‘ the time necessary to reach any force lével less than nlnety
percent of maximal voluntary strength (Kom1 & Viitasalo, 1978).
This flndan\fs partlcularly 51gn1f1cant when one con51ders that,
for example, the total time elasped for all jOlnt movements in .
throwing may be fifty mllllseconds or 1ess {Sale, 1975), or "that
the duration of the.thrust phase in the 'vertlcal Jump ‘and in
‘sprinting is about‘.03 and .07-secoﬁd5 respectlvely {Gerrish:,

-

1934; Cavagna et al.,1971b). .
Fast twitch fibers are thus we;l adapted pnysiologicaily:for

fuse during short term powerful phasic actiﬁity {Close, 19?2) and

the proportion of these fibers within'a'mnséle or nusclee.cqnld

be an important determinant of power performance.

Rationale for the Study ‘ ‘

The number .and type of a muscles's fibers appears to be fixed

during man's embryonic .or early infan e é%elopment (Tomaneck'&-



cOlllng-Saltln, 1977) and a change in fiber type as a result '

T <;\\\{of training has not yet been demonstrated in man (Thorltensson

- et al., 1975; Thorstensson, 1976, Gollnick et al., 1973a).
Moreover, studies conducted 'on-monozygous and dizygous twins have

. .disclosed that the'muscle fiber composition has a very strong

genetic basis (Komi et al., 1971b). This being the case, it has
been suggested that the muscle fiber composition observed in
/elite-power athletes of international-calibre,.which ranges from
61 to 79 percent fastftwitch,_is'not necessarily due to their
training, but rather _to- the fhaturalwselectionleofnthose,indi:_“n,* .

v1duals with the best prerequlsltes for high strength ‘and/or

r -

speed performance (Thorstensson et  al., 1975; Costill .et al.,
1976; Gollnick et al., 1972). This would mean that the destiny
R — — . . ‘

of athletes in various events which differ'in their requirements

[PPSR

for muscular strength, speed or endurance is’ determmned in part,

T

by the fiber distribution’ they 1nher1t. However, the extent to
whlch superlor power Qerformance in these athletes is due to
their genetic endowment or to the.effects of long—term systematic
_training on factors other than the muscle fiber composition is
still an open queetion. This question éan'beipartially resolved
P by determining if the muscle fiber cemp031tzon can have ‘a bearlng}
o "on the power performance of 1nd1v1duals who have not yet been
'erposed to extended perlods of power tralnlng. A statlstxcal;y
"significant "relationship has already been shown Eo'exist betweeh

’zmaximal oxygen uptake and the number of slow twitch flbers in the

.untralned (Bergh et al., 1978), but despite the fact that alactic ‘

’ [ '



Limitations .

.for the biopsy sampling.

. . -
L)

1 --:1_' -

power performance is an integral part of‘many athletiq

activities, the possible interdependence between the number of

fast twitch muscle fibers and power performance has not yet been

Ll

studied in subjects who are not in a state of power training. D

Low

Statement Of The Problem | _ f'

The problem in this study is to determine if a relationship

exists between.the proportion of fast twitch muscle fibers and

-’

alactic power performance in subjeéts who are not in, a. state of

4

power -training.

AY

_Delimitations

-~

(1) The study was delimited in scope to young malé' volunteers

untrained in sprinting or jumping.

(2} ?he study was delimited to the measurement of leg power
performance by: (a) the method of Margaria et al. (1966), (b} a
force platform analysis of the standing vertical jump and (c) the
subjects' bést performances in a vertical jump, standing broad
junpland a 40 meter dash. . )

t3) - The analysis of the fiber composition was restricted to one
muscle only, the vastus lateralis, even though the performances

under study represent the activity of several muscles around

three major joints.

. —
(1) The number of subjects in the study was 1imited by - the

availability of both subject volunteers and medical assistance



v

{2) For ethical reasons, the muscle sampllng was limlted to

a 31ngle small biopsy from the right leg. Sothe sampling error .

‘1s therefore 1ntr1n81c to the study (Gollnlck et al., 1973; |
Thorstensson, 1976) desplte reports (Edgerton et al., 1975.

Johnson et al., 1973) that the flber types are dlstrlbuted ln

a mosaic pattern throughout the vastus 1atera115 muscle.

v
‘™
i g L
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- -~ . CHAPTER TWO

-

g . REVIEW .OF LITERATURE : o
. i . . .

» e

A Mechanical Power Deflned

It is the distinctive .function of skeletal muscle to
-

perform external work and towards this end they are endowed
with the;ability to transform chemical energy into the me-

-

‘chanical work of contraction. Mechanical work is’ the product
14

of the force produced by a muscle and the distance through

which it is exerted, whlle power is a measure of the rate*%f
» -

perfdrming muscular work. Power is derived from the-formula:_
force.x diétance/time. but may alternatively be expressed as
a product of force and{yélocity.‘ Muéculer power is therefore

;\._

the result of two factors: lﬁtrength and the speed of

contraction. ' - 7

~

Actin-Myosin Interaction as the Basis of Muscular Contraction

The contraction of all ske}etal muscles is brought‘ébout
by the interaction of the proteins actin and myosin. During
active contraction, the association of actin and myoe&n is
accompanied by.the hydrolysis of ATP‘to ADP and Pi. The hy-

drolysis of ATP releases the stored chgmical energy needed to

power the contractile process. A brief overview of "the molec-

ular mechanism of muscular contraction, in terms of the slid-

ing filament hypothesis (Huxley, 1958), is presented here in-

order to understand how a muscle is able to develop a force and

perform mechanical work by shortening against a force.
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'In resting muscle, ATP and Mg**ions are bound to the head
of the myosin molecule; no cfossbridges are formed befﬁeeh actin
and myosin and the myosin head is in theiretracted position.
The binding of the mybsiﬁ ATP-éomplex with ‘actin is prevented,
ig the absence.dftéa**} by the influence of ?ﬁe regulatory |
proteins troponin andutropaakbsih, which afe-as§0ciated with
actin. When Ca**ions are released by the sarcoplasmic reticg}uy
foilowinglneural activation of the muscle fiber, they immediate-
ly bind to troponin, causing it to relinquisﬁ-its inhibitory
effect upon crossbridge formation. A binding site on actin is
now-exposed for the energized head and.they.combine +6 form a
force-generating'éomplex. Almost simultaneouéay, aqpomyosin
ATPase splits the ATP éssociated with myosin, and the myo;in b
head is believed to undergo an energ; yielding conformational
change so that the crossbridge cﬁanges its angular relationship
to the axis of the heavy filament, causing the thin filament to
be moved along the thick filament. This is the péwer stroke
(Lehninger, 1975). Thé m&osin head ié now in its.de-energized.
conformatioﬁ and the bound ADP and phosphate leave their binding
site on myosin. Wﬁen another  molecule of ATP is taken up by fhe
myosin head, it returns to its ehergized EOnformation and in the
continued presence-of ca*tions, myosin re-attaches itself to
another binding site further along the actin filament.‘ In this
manﬁer, which is analbgous to a man pulling in a rope hand-over- .

hand (Wilkie, 1976), there is a cbntinuoﬁs relative "rowing"

: s
movement of the filaments and an asynchronous cycling of /Ehe



crossbridges which, when added tegether, produce a large o
movement'of the muscle. Relaxation of the muscle‘is brought
about by the re-accumulatlon of Ca +f:'cqm the sarcoplasm into
the sarcoplasmlc reticulum, at whlch time troponln and
tropomyosin resume the;r 1nh1b1tory effect upon crossbridge

formation.

The Mechanism &f Myosin ATPase Activity
¢ ‘

From the above discussion; it can be appreciated that the
_ hydroly31s of the ATP assoc1ated wlth the myosin head is a very
important step in the contractlon cycle. For this reason, the
ATPase activity of my051n has been the subject of intense study.
One basic observation that has been made is that myosin's enzy-
matic kinetics cannot be described by simple Miehaelis-Menton
steady state kinetics. Taylor and his associates (1970a; 1970b)
observed that when equimolar amounts of myosin end ATP are mixed,
myosin does not simply form an- epzyme substrate complex with ATP
and then dissociates into the products, myosin, ADP and Pi. 1In-

stead, the followlng sequence of reactlons occurs:

(1) ATP + M-—--———---.—-M.ATP

(2) M.ATP + H20-----—=w= M* ADP.P+ H
(3) M*,ADP.P-—————e——=u M.ADP.P

{(4) M.ADP.P-——————m——mu M+ ADP+ P

M* - refers to the energized form of myosin.

Reactions 1 and 2 show that when myosin and ATP are .mixed there
. : *
is a very rapid appearance of free H in the meduim. However, free

ADP and P do not appear in this medium during the early burst of ol



formation. It'wés conclﬁded that they remain tightly bound to
the enzyme du;ing this period as a complex of myosin with its -
products-ADP and P. The complex labelled M* ADP.P is believed .
to be the high energy complex in which the free energy of
hyéroleis‘of AT§~is conéééved iﬁ‘the‘form 6f thé-énngiied
conformation of the myosin.molgcule. ‘Reaction 3 is.very‘slow
in the absence of actin, but iﬁ is éreaﬁly accelerated when - -
actin in added tp the solution. Hence, in resting mﬁscle,
“almost ail of the myosin is in the stable form of M*.ADP.P.
Actin is present; bpt ih the resting state it is prevented from
influencing steb 3. Howeﬁer, witﬁ the release of ca'*, actin
can react with M*.ADP.P and the latter‘rapidly dissociates to
vield free myosin, ADP and é. .
Muscular contraction is thus an obvious example of an
endergonic biochemical reaction; movement of the thin filaments
past the thick filaments requires energy in the form of.ﬁTP .

(Armstrong, 1976), An adegquate supply of this high energy com-.

pound is therefore essential for normal contractile function.

-

Immediate Sources of ATP . e

Cain and Davies (1962) established that the hydrolysis of
ATP is the immediate source of energy for all muscular contrac-
tions.‘“In fact, ATP is éhe fundamental energy-yielding compound,
not only for muscular contraction.but for all biochemical processes
that require energy traﬁsformation in animals. 1In spite of ATP's

great importance as a mediator of enerqgy, it is stored in very

limited quantities in the cells of the body. In human vastus
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"1ate§é{§s muscle at rest, the:cOncentratiqn of ATP was found to.

be only\%g>thg'order of 25 mol per gram dry weight of muscle.

7 o ‘ .
(Hultman et gl.,’1967). Single twitches of frog sartorious

, muscle result in the hydrolyéis of about .3 mol of ATP per gram

K\:j/ﬁuscle (Mommaerts, 1969). Assuming a.similaf rate of ATP

reakdown in human muscle, the concentration found in the vastus

léteralis muscle would bé sﬁfficient'to suppor£ approximatgly

85 twitches only (Armstrong, 1976). Furthermore, there is also
evidence t;x§Uqgest that ATP is compartmentalized within the
cell. Following exhaustive exercise at work loads exceeding 90
percent of an individual's maximum oxygen ‘uptake, ATP concentra-
tion is.feduced by only 40 peréént, tHus leaving a relatively

large intact store of ATP in the muscle which does not seem to

be available to the contractile apparatus (Bergstrom et al.,

‘ 1967; Karlsson & Saltin, 1970). A muscle fiber must therefore

possesé the ability‘tq replace ATP as i£ %S being utilized.
v The most immediate mechanism for ATP regeneration is the
reaction catalyzed by the enzyme creatine phosphokinaéé (ATP
creatinetphosphotransferase. E.C.2.7.3.2.).‘ In this reaction,
the hiéh enérgy-phosphate of creatihe ﬁhésphaté is transferred
to the ADP formed by ATP hydrolysis during contraction. Creatine
phosphate exists in gquilibrium with ATP according to the:reac-

-tion series:

(1) ATP+ H20---—==———- ADP + Pi energy
- (2) ADP +CP———————=w=- ATP + creatipe

At the pH of the sarcoplasm, the CPK equilibrium lies far to the

.right so that ATP formation is favored at the expense of creatine

'l
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'phosphate (Lehﬁinééf, 1975).

In human yastu% lateralis muscle,’the creatine.phosphate .
concentration is about 70 umel per gram éry wéiéht of muscie
(Bergstrpm‘gg al., 1967). Following exhaustive exercise, the CP

concentration unlike that of ATé, can fall to zero (Bergstrom, 1967;

Karlsson & Saltindf?&?ﬂ).
Some of the ADP formed following muscular contraction also
‘.undergoes conversi

to AMP by the myokinase (ATP: hosphotrans-

feraée, E.C.2.7.4.3.)‘reaction: 2ADP—~———=~ ATP+-AMP. The
from this reaction may be significant during intense muscular
activity when ADP accumulates. The AMP so formed also stimulates
giycolysié by acting as a very potent positive modulator for
phosphofructokinase (Lehninger, 1975).

The ATP and CP stores of skeletal muscle are referred to
collectively as -muscle phoSphagen and the amount of energy which
is made available from‘their cleavage is referred to as the Blactic,
aﬁaerobic energy output (Margaria et El:' 1933). ATP and CPf;re
sggfga‘}gbguch limited quantities that the capacity of the alactic
system is severely restricped.l However, the powgr of tﬁg alagtic
- system, or the rate of energy transformation, is very high.
The factors which can limit the rate of energy transformation
\

at the level of the energy rich phosphates are:

(1) the rate of the reactions which form the energy
rich phosphates; '

(2) the accumulation of the by-products from the
: metabo;ism of energy rich phosphates;

(3) the maximum catalytic rate of actomyosin ATPase
‘ - (Davies, 1973). .
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The reactions cetalyzed by CPK and MK which provide for the
immediate resynthesis of ATP, are very rapid. In fact, the high"
energy phosphate group of CP is traneferred so rapidly to ADP,
tHat the ATP content of a _sclelbefore and after a single twitch
will show essentially-no. creaee in ATP content, or increase in
ADP content unless CPK activyity is completely 1nh1b1ted by a

reagent (Cain & Davies, 19629 In addltlon, the rapld resynthe515

of ATP by CPK and MK ensuresgy that the ADP formed from the hydrolysis

of ATP does not accumulate in}the muscle cell. ADP is an activator

/ -
of oxidative phosphorylation\a‘d an inhibjitor of myosin ATPase

‘;which can bind ATP at its active
f
site. The accumulation of AD

. activity (Saka et él., 1978)
could therefore slow down the ATPase
reaction quite dramatically (Dﬁ ies, 1973). It thus appears that
the neactions catalyzed by-CPK>aQF MK normally proceed at a rate
which is suff1c1ent to match tn//Eate at which ATP is being
hydrolyzed by actomyocsin ATPaeﬁ and to effectlvely prevent the
accumulation of the by-products of the ATPase reaction. The over-
all limiting factor for the rate at which the transformation of
energy can proceed at the cellular level therefore correspbnds to
the makirium rate of the ATPase reaction.

Margaria and his associates (1964) found that at the onset of
very strenuous exercise, which leads to exhaustion in about 30 to
40 seconds, both the oxidative reactions and lactic acid fermation
wefe delayed processes which do not contribute to the energy require-
ments of the exercise to any appreeiable extent in the first 4 to 5
seconds of muscular work. The power developed during this time was

indieative solely of the phosphagen splitting mechanism. By plotting
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the intensity uf the exercise as givéu by its energy
requirements, againstuthe‘timé‘for which' the exercise can be
sustained without lactic acid ﬁruduction) Margaria et al.,
(1964) determined that the ma#imum alactic power of normal
individuals'runuing on a moforédrivén t:eaduill‘at 18 km per
hour and inclines vary%pglfrom 10 to 25 percent, corresponded
to 750 calories per kg of‘body weight per minute.  This was
roughly "three times greater thHan the' power which could Be sus-
tained by oxidative phosphorylation. The maximal functional

capacity (the total energy éVai;qble)-df;the alactic system

~was set at 100 calories per kg of body weight.'

Oxidative Phosphorylation and Lactacid Formation

If muscular activity is to be prolonged, phdsphagen musf
be contlnually resynthe51zed. This is accomplished by the
anaeroblc breakdown of glucose and/or glycogen to lactate and
by the complete oxidation qf carbohydrates and lipids. While
both of these reactions are guantitatively more important than
phosphagen with respect to their capacity, tﬁé rate at which
the energy can be made available is compromised. Neither sys-
tem can produce AT? at a rate sufficient to match the maximum
éatalytic activity of actomyosin ATPase and thus, as the dura-
tion of exercise 1ncreases, power output in man will diminish.
:Conversely, power output in man will increase rapldly with de-
creasing duration of exercise. Table 2-1 summarizes the capac-
ity and powé; of the alactic, lactacid and oxiuative systems
' for whole body movement. ‘P
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Table 2-1 The Capacity and Power of the Metabolic Processes .

in Mu;cular'Contractioh“(di Prampero, 1971).

. Power (cal.kg?l.min—l) Capacity (cal.liu_:,'_l
Alactic 750 o 100 -
Lactacid - 350 | 250
Aerobic 220 | |  unlimited

The Force - Velocity Relationship of Muscle

The mechanical power that can be debeloped by a musclé
depends not only on the duration for which the wérk muéﬁ be
maintained, but also upon the amount of force a muscle can
sustain at any given velocity of contraction. The relation-
ship between the force with which a muscle contracts and the
speed at which it can shorten is one of two fundamental me-
chanical properties—of muscle that have been elucidated by
carefully controlling the conditions of'contraction‘of is0~
lated muscle. The non-linear reiation between active tension
production and the velocity of shortenimg was first studied

"by Fenn and Marsh (1935) and later confirmed and.expanded by
Hill (1938). Hill mathematically described the force velocity

curve illustrated in Figure 2-1 as: Veb (Po-P)/B+a, where

)

[

V is the speed of shortening, Po is the maximum isometric ten-

sion, P is the load and a and b are constants with the dimen~

sions of a force and velocity respectively.

—_—
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Figure 2-1 Instantaneous force-velocity relation.
Maximal concentric contractions of the biceps brachii
have been performed by the same subject against six
different inertia obtained by loading the forearm.

Shortening velocity (U) is plotted.versus the exerted
force (F). Equation of the hyperbola is given. The
dotted line indicates the instantaneous power (P) as
the product FU. - The speed corresponding to the maxi-
mal power is shown by the arrow. (Pertuzon and
Bouisset, '1971.)
Although the force-velccity relationship was originally
established for maximally stimulated isolated animal muscle,
various other studies have indicated that human muscles in
vivo appear to exhibit virtually an identical force-velocity
relationship '(Wilkie, 1950; Komi, 1973; Thorstensson, 1976).
A muscle's speed of shortening is thus inversely related to
the load against which it shortens. A more recent investi-
gation by Pe;rine and Edgerton (1978) did disclose, however,
that in in vivo human muscle, the force-velocity curve may

be bi-phasic. At high angular velocities, all subjects of

their study did exhibit the same general relationship between

")
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force and velocity and the curve was very similar to the isolated
muscle hyperbola. But at low angular velocities, when'the force
of contracxlon was near max1mal values, a plateaulng of the curve
occured. .In attemptlng to explaln this phenomenon, Perrine and
Edgerton (1978) suggested that some kind of neural mechanism was
operating in a fasnion to. restrict the musclé's:maximum,tensioh.
The maximum "safe" tension level may be as little as 50 peroenf
of its actual peak mechanical potential at zero speed.

The force-velocity curve illustrated in'ngnre 2-1 shows
that when a mpscleio unloaded, the speed of movement is greatest.
This is the muscle's intrinsic speed of shortening. The intrinsic
_speed of shortening is a true property of the contractile material
which ultimately reflects the speed of shortening af the sarcomere
level (Barany, 1967). By isolating the myosin from fourteen dif-
ferent muscles of known maximal speed of shortening, Barany (1967)

w»

determined that the maximum speed of shortening of each muscle was
proportional to the actin and Ca*L*activatéd ATPase activities.
Thus, the greater the inﬁrinsic speed of shortening, the higher the
ATPase activity. in another series of experiménts in which the
myosin_was isolated from 11 different muscles with known isometric
twitch contraction times, Barany (lQé?);further demonstrated that
the ATPase activity of fhe myosins was inversely proportional to
the isometric twitch contraction time. It was concluded “that the
intrinsic speed of muscle shortening is orimarily a characteristic
property of the'ATPase activity of myosin. The work of Barany

(1967) has since been confirmed by Close and Barany (1971) who
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" showed a diréct propoytioﬁality between the intrinsic -speed of

sarcomere shortening ,and the actin-activated ATPase activity‘of
myosin of normal and’ cross-lnnerveted mammalian muscle. The

reciprocal changes in the speed of contractlon of the cross—.

innervated rat muscles not only correlated directly w1th changes

o

“‘1n the klnetlc properties of5?y051n ATPase, but also prov1ded

strong ev1dgnce in support of the hyPothe51s that neural lnflu-

ences determine the dynamic propertles of the contraqplle mater-

a .

ial through an effect on the ATPase site of myosinh.

L

The force-velocity curve also shows that when a load is-so
: : ‘ ' : e
large that it cannot be lifted, the force of contraction rises to
a maximum under isometric conditions.  Tension generation in a

muscle is coa¥Trolled by actomyosin formation. The actin~binding

-ability of myosin, unlike its ATPase activity, is quite stable

and it appears that the amount of tension a muscle may devélop'
will be reflected primarily in a difference in the actomyosin
concentration, or in the number of cross-linkagas formed'per
square centimeter of cross-section of active muscle (Barany,
1967). For each square centimeter of cross-sectional area, iso-
lated apimal muscles can pfgduée from 1 to 2 kg of forc; {Lamb,
1978). According to Hettinger (1961),‘the muscular strengfh per
square centiﬁeter in human muscles is 4 kg. Others (Ikai &
Fukunagag 1968; Haxton, 1944), have }eporfed'values of between
3.9 and 6.3 kg.cm 2. '

The efficiency of a muscle, expressed in terms of maximizing

tension output per uniE\qf its cross-sectional area, depends upon

<

A
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not only the actual volume of the cqntractiie machinery,.but also
upon its volume relative to the total volume of the non-contractile
components. The mechanical force developed bg the pybfibrils ié
partially absorbed by the elastic qqmponents in series(and in
parallél, consiétipg of the sarcolemma, the connective tiSsue_
surrounding the fiber‘bundles, the fascia and the tendons of the
muscle. The relativesbalanpe bétﬁeen the contracéile components
and the non-contractiie componeﬁts ligted above will therefore be
of cdnsequenbe to t#e amount of eitegnal force developed and also,
to a much more limited gxtent, to fhe'speéd of contraction, since
) ﬁge'ﬁon—contractile céﬁzonents may act as a "drag" on myofibril
éhgrtening (Huddart,l1975). . .

The ihterrxupééd line in Figure 2-1 reveals that when a )
cogiractioﬁlis isometfic;'br when the speed of muséle shortening ,
is greatest, the power output of the mﬁsqle is zero. -Howevé&,
betweeﬁtheseiextremes, an increase in forcé résults in auﬁyperbolic
decrease in';élociﬁi‘ané the power curve shows a definite maximum.
There is thus a certain combinatiqn of force and velozity at which
the mechanical power outpu£ of the muscle will be optimal. 1In the
study from whiéh Figure 1 was teproduced (Pértuzop & Bouisset,
‘1971), as well as in asep;rate study by Wilkié (1950), it appears
~ that for'the greatest power output, load and speed should have
about'one:third of their maximal‘Gaiues.g—In the region of this

optimum, human muscles can prodpcé_f;om .2 to .3 hp per kg during

the course of a single movement (Wilkie, 1950).

[ A
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The fibers of mammalian skeletal musclee‘are not‘ﬁqiform"
either with respeet to their egeed of shortening, or, ?n some"
ceses, in the amount of force which they can ftbduce per unit
of Cross—eectional area (Burke & Tsairis, 1973, Wells, 1965,
Close, ;964). Although the general qualitative cheracter of
the fo;ce-velocity curve remains the same for fibe;s with dif- ‘
ferent physiological chefacteristics, the curves-eie:qﬁantite- | .-

tively different.‘ F39t—¢ontraeting muscles can, at the same
relative load, shorten at a much greater rate than slow-contract--
ing muscles.(Wells, 1965; Close, 1964). Thus, even though,the I .
- conditions under which a muscle must contract are far from ideai‘
with respeét to exploitihg to the full the intrinsic force?'
veloc1ty relationship of a muscle, at any glven poznt on the curve

the 1nstantaneous power productlon of a fast muscle will be greater

that of a slow muscle. .The various proportions of each type
of £fi er found within a mlxed muscle should therefore have an

1mpor_ant bearing upon a whole'muscle s power performance._

Skeletal ‘Muscle Flber Types: Basis of Classification and Nomenelature
“

.More than a century ago, Ranvier (1874-c1ted in Close, 1972)

observed that mammalian skeletal muscles differed in thelr colour,

, °the speed with which they could contract and in the microscopic

~
"\

appearance of their component fibers, Subsequent studies by micro- i
scopists (Grgtzner,-1884 and Knoll,?lBBl-—both cited in Close, 1972)
showed that the smaller fibers of a muscle were more grandular and *

darker in appearance.then were ‘those of a larger diameter. The
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small fibers ‘were predomlnant in slow—gontractlng muscles, while
the larger f;bers were more predomlnant in the fast—contractlng

white muscles. Use of ;pe terms "red" and "white" or "slow" and
"fest" thus became standard te:minology for differentiation:
Within the past two decades, the development of sophis-
ticateq physiological, histochemieel and biochemical techhiques
has perﬁitted further characterization of the fibers of mammalian

mﬁscles.et thegmolecular'and‘ulttastructurél levels. These new

techniques'were once largely confined to studies on animal muscles,

but since the development and widespread use of the muscle biopsy
technique (Bergstrom, 1962), studies oh the heterogeneity of
human muscle fibers have become more numerous.

In general, two factors have been taken into censideratipn

when a fiber classification system is proposed:

(1) speed of contraction;
.(2) metabolic characteristics.

The contractile speed of muscle fibers is determined by measuring
the.conéraction time of whole muscles, or motor units, whose fiber

popﬁlatxon is homogeneous. The contractile speed may also be desig-

. o

nated as fast or slow on the basis of bioassays of myosin ATPase
and by histochemical staining techniques directed at myofribrillar
ATPase activity. The histochemical myofribriifgr ATPase activity
has been shown to correlate with its biochemical activity  (Guth &
Samaha, 1969; Barnard et al., 1971; Burke et al., 1973) and with
the twitch contraction time (Barnard et al., 1971; Burke et al.,

1973). The metabolic cyerecteristiCS are determined by either
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hlstochemlcal or biochemical technxques applied to the glycolytlc
agd axidative enzymes of the muscle fibers. The separate agpll-
cation of these two factors has led to mumerous ciassification h
sy§:::s and much confusion. A long standing coﬁtroversy s£111
eiis;s'with\réspect to which nomenclature best describes the
characteristics of skeletal muscle fiber types.. N
Peter and his associates (1972) désignaﬁed the fibers of
guinea pig and rabbit muscle as: fast thtch-hlgh glycolytlc-Iow
oxidative (FG), fast twitch-oxidative-glycolytic (FOG) and slow '
’twitch—high oxidative-low glycolytic (S0). This nomenclature was
based upon extensive qﬁantification of the fibers' biochemical and
physiologiéal charactefistics ané théif'histochemical profiles.
Eoflhuman muscle, the morxe neutral'terms Type 1 Type lla and

7

Type llb are used most often to, dlfferentlate the flbers because

-

it remains to be “proven if there is also a close correlation be-
tween the enzyme activity levels of a fiber, its contractile
characteristics and the metabolism taking place in it (Essen et al.,
1975; Saltin et al., 1977). .The Type 1, Type lla and Type 1lb
classification system.was proposed by Brooke and Kaiser (1970) and.
is based upon the pH lability of the myofribrillar ATPase of the
fibers. The fibers aesignated ﬁs;FG and S0 in animal muscle are
more or less compatible with tyose desigﬁa;ed as Type 1llb and Type 1
in human muscle (Brooke & Kaiser, 1§74). -Human Type 1 fibers are
slow contracting (Buchthal & Schmalbruéh, %970: Eberstein & Goodgold,
19681 and have a high oxidative and }ow glycolytic potential (Essen

et al., 1975). Type 1llb fibers are fast contracting (Buchthal &
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Schmalbruch, 1970; Eberstein & Goodgold, 1968) and ha@e-a high
glycolytic and low oxxdatlve potential (Essen et al., 1975).
It must be remembered however, ‘that the terms "slow and "fast"
or "low" and"high" are only relative and cannot be nsed for
guantitative comparisons of muscle  fiber types in different
epecies (Essen et al., 1975). | | : ,

There are several important differences between the fibers
deeignated as FOG and Type lla in animal and human muscle'respec—
tively. Although both of these fibers differ from the FG and
Type llb fibers in their oxidative potential and ability to resist
fatigue (Essen et al., 1975; Peter et al., 1972; Bnrke et al.,
1973), FOG fibers are much more predominent in animal muscle than
are_the Type 11; fibers in human muscle. Also, the oxidative
éotential of FOG fibers is greater than that of the SO fibers in
animals (Peter et al., 1972, Barnard et al., 1971; Baldwin et al.,
1952), whereas the-oxidative potential of Type lla fibers rarely
exceeds that of the Type 1 fibers in human muscle (Essen et al.,
1975; Edgerrqn et al., 1975; Schmalbruch & Kamienieeka, 1974).
Moreover, the distinction betweenlthe oxidative and glycolytic
enzymatlc act1v1t1es of the Type 1lla and Type 11b fibers is not
as ‘clear as 1t is in lower mammallan FOG and FG fibers and seems
to reflect more of a continuum or spectrum rather than distinct
separable groups (Houston, 1978; Saltin et.al., 1977). For this
reason, many 1nvestlgators still choose to limit their c13551f1-

catlon of human muscle fibers to two rather than three groups on
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- the basis of the fibgrs' speed of contractioﬁ. The speed of,
contracgion can be conveniently identified by the histochemiéal
' ATQase.reaction-at pH.9.4f(Padyku1a & Herman,5195§). ‘This reac-
.tion gives a clear and constant separation of tﬁe muscle fiberx
types into two distinct populations labelled Type 1 (slow

twitch) and Type 11 (fast twitch).

.- Skeletal Muscle Fiber Types: Speed of Shortening and Isometric
Twitch Contraction Time. '

It was conclude@ by Barany (1967) that the ‘intrinsic speed
of muscle shortening is primarily a characteristiq property of its

FY

myosin ATPase activity. Biochemical assays carried out on animal

muscle an essentially homogeneous fiber type composition have

revealed that the FG fibers contain a myosin ATPase éniyme‘with a
catalyftic rate two o three times greater'thén that of SO muscle
fibers . 967; Barnard et al., 1971; Barany et al., 1965;
Barany & Close, 1971). The difference in the catélytic rate of
myosin ATPase has a high correlation with the differences in both
the intrinsic speed of shortening and the isometric twiéch con-
traction time (Bérany & Close, 1971; Barany, 1967; Barnard et al.,
1971). For ex&mple, the intrinsic speed of shortening of the EDL
muscle of the rat is about twice as fas; as that of the soleus and
the rate of ATP hfdrolysis catalyzed by myosiﬁ is 2.3 times greater
for the EDL muscle than for the soleus muscle (Barany & Close, 1971).
In contrast to qpimal muscles, inlﬁhich the whole muscle or

large portions of it are homogeneous with respect to fiber type,

most human skeletal muscles contain a mixture of FT and ST fibers
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whose relative distribution varies considerably. It is therefore
technically difficult to aetermine_tge_biochemical activity of
myosin ATPase in human fhst\an&.slow'fibérs‘and tdbdireCtly'dev-
termine their speed of contraction. HoWeGer; it has been.possiﬁie,
by the biochemical'analysis of homogenates of muscles with i wide
range of_fiber compositions, to show a muscle fiber depeﬁdency for
myosin ATPase (Taylor et al., 1974). In human vastus lateralis and
gastrocnemius muscles, the ATPase activity waé fouéd to -be :34 umol
Pi. mg. protein-l.min-l, whefeas in the soleus muscle the ATPase

l.min—l. The average per-

activity was .23 umol Pi. mg. protein”
ceﬁtage of FT fibers in the muscle samples was 48 and 23 respec-
tively. When Taylor et al. (1974) extrapolated a regression line
to represernt 100 percgnt ST and 100 pércent FT,_the~Ca*+iactivated
ATPase values were .16 and .49 umol Pi. mg. mypsinfl.min._ ré—
spectively, which are very similar to the data of Barany {(1967) for
lower mammalian muscle. Such ATPase activities would suggest

+
contraction times of 58 msec. for the soleus and 37 msec.for the

.vastus lateralis. Subsequent‘to this study,;the difficulty in
measuring the APTase acﬁivity in different fiber types wis oYercome
by a tech;ique developed by Eésen_g& il.(1975) "in which individual
fibers‘of a specific type could be dissected out of a mixed muscle
samplé and pooled in order to perform biochemical assays. Using
this method, Essen et al. (1975) found that the biochemical ac-
tivity of fast-twitch myosin ATPase was 2.8 times greater than its

activity in slow fibers. Thorstensson (1976) reported a FT to ST

activity ratio for Mg+ -stimulated ATPase activity in pooled fibers
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" from the vastus lateralis muscie of apprbximatelx 3:1. These
activity ratios seem to confirm what had earlier been predicted
. by Taylor et al. (1974) by extrapolation. ' “

The'diffica;ty in measuring the isometric twitch contraction
time 'O0f ' human muscle fibers haé Been partialiy overcome by the - E:::?ﬁ
develobment of indwelling needle transducers, which, when used in

.conjunction with histochemical analysis, can make possible the
‘correlation of contractile properties with histochemical charac-
teristics (Tanuzzo, 1976). 1In one such study by Buchthal angd
Schma}bruch (1970)'£he twitch contraction times of small bundles
of fibers were reco#ded in igl!igg muscles of normal subjects
;nd correlated with the mitochbnarial content of_the fibers of
the same muscleé. A profound difference in the number and dis-

)

tribution of mitochondria exists iﬂ‘the fast and slow fibers of
bath humans ana animﬁls and can be used as a,method to differen-
tiate these fibers at the ulf;astructural level (Gauthief, 1969;
Schmalbruch & Kamieniecka, 1974; Schafig et al., 1966). Buchthal®
.ahd Schmalbruch (1%970) found that in the muscles which had a high
percent of fibers rich in mitochondria ({ST), the contraction.times
were greater than 60 msec. Fibéfs-which were poor in mitochondria
(Ff) had contraction times less than 60 msec. The correlation
between the isometric twitch contraction times of the fiﬁer
bundles and their mitochondrial content.was quite high. For ex-
‘ample, in the triceps surae muscles, 90 bercent of the fibers

were rich in mitochondria and 90 to 95 percent of the’contraction

times were greater than 60 msec. In the biceps brachii muscle,

e b ik
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one third of thé fibers were rich in ﬁitochondria and 30 percent
of theii.twitch contraction times were greater than 60 msec.
Trained subjects e#hibited the same spectrum of contraction
times as the untrained in the biceps;muscle. This same obser-
vation yas made by Taylor et al. (1974)', who interpreted this
finding as indicating that there is probably no'large training
effept on myosin ATPase activity.

Buchthal, Dahl and Rosenflack (1973) electrically stimulated
intact human muscle and found a range of contraction times of 16-‘
to 68 msec. in the gastrecnemius aﬁd 52 to 120-msec.-i; £he
soleqﬁ. Eberstein and Goodgold (1968}, wﬂo examined the mechan-
ical propérties of hﬁman skeletal muscle in EEEEE reported simi-
lar values but with a smaller range. The contraction times of
fast and slow muscle, fiber bundles were (56 to 80 msec.and 100
to 140 msec. respectively.

. One additional obsarvation which can be made with fespect
to the speed of shortening of siow and fast twitch muscles is
that the velociéy of shortening of cortesponding muscles from
differen£ animal species varies considerably, with those from
small animals being generally more r;pid (Barany, 1967; Hill,
1950). This observation was first made by Hill (1950} who
stated that the speed of sarbomére.shortening cf the same muscles
of diffefent species is inversely proportional to body size.
Within a species, muscles that are required to' move light struc-
tures such as the‘ektraocular muscles also have higher intrinsic
speeds of shortening than those required to move .larger structures

| such as the hind limb muscles {(Close, 1972).

t
!
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Skeletal Muscle Fiber‘Types:- The Isoenzymes of Skeletal

Muscle Myosin ATPase

Extensive study of the myosin molecule has disclosed marked
differences in the properties of the myosin'from fast and Qlow
muscles of the same species and these might account for the
. d;fferences‘in ATPase activity. ‘These differences may be sum-
| marized as follows (Syfovy &-Gutmann, 1975) :

(1) fast muscle myosin is alkaline stable, whereas the
ATPase of slow muscle is alkaline labile;

(2) slow muscle myosin is more resistent to tryptlc
digestion, tryp51n being .a proteolytlc enzyme which
splits the myosin molecule into its LMM and HMM
portions;

(3) slow muscle myosin has no 3-methylhistidine, but
fast muscle myosin contains two such residues;

(4) the sulfhydryl groups of fast muscle myosin a ™
more reactive than those of slow muscle myosazehw

(5) there are different patterns of light chains in
fast and slow myosin.

Of all these differences, the lﬁtter one has received ﬁhe

most attention. There are fpur light chains in the head of a
myosin'molecule. Two of these 1igﬂt chains are identical while
the remaining two, which are phosphorylated on a,serine side
chain, differ quantitatifely-and qualitafively in slow and fa;t

myosin. ;Rgmoval of these latﬁer components from my6sin results
| in a loss-of its ATRase activity, but-the enzymatic activity can
be partially restored upon the'addiﬁion of these components Hack
to the heavy fraction of myosin (Sgracher,_lgﬁé). They are'

therefoFe thought to be involved En regulating the hydrolytic

activity of myosin (Lowry Risby,.1971; Sarkar et gl., 1971;

I
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. Weeds "& Pope, ,1971). Aalthough there-is considerable disagreement
as to the ﬁumber of electrophorectically distinéuishaﬁle light
chaiﬂ geomponents and their moiegular weights'in_the ﬁyosin pre-
pared from different muscles iﬁ Qarious species (Close, 1972),
thénresultsAof many stﬁdiés (Perrie & Perry, 1970; Sarkar et al.,
1971; Weeds & Pope, 1971; Sreter.gg 31;,”1966: Trayer & Perry,
1966)'su§gest that myosin exiéts in at leaét'two different mole-
cular forms. Unlike other i;éeﬁzymé_systgms such as.LDH, in
which the isoenzymelba;tern found inlﬁifférent types of muscle
cells is due to a difference in the.pfopgrtional distribution of
the same two subunits, the'ﬁyosin isoenzyme of fas£ musclé is
distihguishable from that of slbw‘muécle by a Spécific set of
polypeptide chains (Sarkar et al., 1971). More recent work by
Pette and Schnez (1977) has-shoﬁn that -FOG fibers are indistin-
guishable, with respect to their light chain pattern,r;;Bm FG -
fibers in rébbit poas:ahd soleus musclé.. Trayer and Perry (1966)

:suggested thgt foetal myosin represents the most primitive type '

of skeleta; muscle myosin whe?eés that present .in fast muscle

represents the:highestlaegfee of specialization, possessing a

very active ATPase and hence, tﬁe'capacity to hydrolyze'ATP ét'

the (fast rate required by the rapfd contractile response charac-

teristic of;}his tissue. Myosin from. slow muscle would represent

an iptermedjdte form. o ‘ '
'///g;:z\;;ports have dealt with the structural differences ip

mYosin prepared from human muscle and, as a.result, the basis of
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its heterogeneity with respéct to its,ATPase'activity is poorly
understoed (Libera g& al., 1978). 1In one study by Bailin (1976),
it was found that Ehe myosin from the vastus lateralis and vastus
medialis muscle contained at least three different 1i;ht chains

. which were designated as L1, L2 and L3. These liéht chains re-
semblea those found in'rabbit fast muscle (Pette & Schnez,_1977).
Libera et al. (1978) also isolated the myosin from many differ-
bnérhuman muscles and found them all very similar with regards to
their electrophoretip'pattern of light ch;ins. The myosins con-
.sisted of two major bands Lbl'and LC2 and a third miﬁor band, i
LC3. Thq_iight chains from muscles which'ﬁere'prédéminantly

slow (soleus) and fast (réctué abdominus)'were very sim%lar:. the
primary variability observed among ;he several myosin prepafations
cbgcerned the LC3 material, which in some cases was present iﬁ
trace amounts and in other instéhces virtually absent. The only

evidence for the presence of slow type light chains was found in

the myosin obtained from a pathologicél muscle sample (nehaline

- ~

myopathy). The myosins could,howeyer, be divided into two main

catogories according to the peptide composigion of tryptic HMM.

The peptide pattern found within ‘the human rectus aﬁdbminus and ) , -
vqstus'lateralis muécles %}osely resembled the two banded pattern

of animal fast muscle HMM, while in the soleus muscle, the -

pattern appeared to be similar to that of tryptic HMM from rabbit

soleus muscle. Libera et al. (1978) concluded that the differ-

ence in the HMM portion of the myosin molecule is the only:struc— ' .
‘tural feature which can distinguish the "fast" from the "slow"

form of the myosin isoenzyme in'human muscle.



, ' o | 31
. c . ’

Skeletal Muscle Fiber Types: \Regulation of the Isoﬁetric Twitch .

Contraction Time

Régulation of the isomet;ic twitch Eontraction time of .
skeletal muscle fibers has beeﬁ ascribed to the activity of
myosin -ATPase and to the rate of Ca'‘uptake by the sarc0p1asmic
retlculum (Brody, 1976- Burke ‘& Edgerton, 1975) The rate of

-\
Ca+ uptake is thought’ to/play a secondary role in determlnlng

the lsometr;c twitch gﬁgtracthn tlme‘Sané Sexton and Gerstein
(1967) have shown tHat there is still a big difference in the |
;witqh time of fégt and slow fibers after glycerol extraction a’g
and activation With ATP.

In fast twitéh humad'and animal fib;rs, éhe sarcoplasmic
reticulum is more exten51ve and more hlghly organized than in
the slow twitch fibers (Shafiq et al., 1966; Muréta & Ogata,
1969; Gauthier & Padykula, 1966). The number of triadic jdnc-
tions pef area d} longitutional seétions of fast muscle fibers
is also greaéer than in the slow twitch fibers‘(Shafiq et al.,
1966; Gauthier, 1969; Schmalbruch & Kamieniecka, 1974). To-
'gether,.the more extensive development of the sarcoplasmic ) '
reticulum and the higher amount ofutriad;cjunctiomiwould gi;é
CA++a shbrter diffusion dis£ance;and thereby initiaté the cross-
bridge coupling process at.é faéter rate in these fiﬁefs‘(BoLstad
& Ergland, 1978). . ‘

Fast twitch fibers have also been shown to differ from slow

fibers in the rate at which their fragmented sarcoplasmic

reticulum ean accumulate Ca**. 1In the studies by Fiehn and Peter

b e e



32

(1971) and Briggs et al. (1977), which cqmpareé the yield and |
biochemical characteristics of the fragmented sarcoplasmie
reticulum from the fast and slow muscles of enimals, it was .
fosnd that the rate.of accumulation was significantly greater
in the fast fibers. This”alse ap@ears to be the.case in human
muscles (Samaha & Gergéley} 1965), although the difference -in
the two types of fibers .is not as prenounced as it is in animal"

++in the fast

muscles. A greater rate of accumulation of Ca
fibers coupled with a greeter amount of sarcqplasmic reticulum
“would favour an early and rapid relaxation of the ﬁyofibrils

and conseéuently, a shorter isoﬁetric twitch contraction time

and a more rapid rise in twitch tension (Brody, 1976)._]

In the rat, it can be shown that two muscles with a similar

myosin ATPase activity can have different twitcﬂ contraction

times by virtue of a difference in the ability of their sarco-
tublules to aceumulate Ca++(Brody, 1976). PFollowing the elec-
trical stimulation of a fast muscle at a frequency characteristie.
of that.of a slow motorneuron, it has alse been observed that the
time to peak of an isometric twitch contraction can increase long
" befare. any éhanées in the myosin ATPase acﬁivity.or in the pattern
- of the~mybsiq light cﬁains.tekes place (Pette et al., 1976).

< 3

The increase in the'time to. peak ten&ion in this. experiment could

»

be explalned by a slower reaccumulatlon of Ca**by the stimulated’

fibers. This type of ev1dence suggests that the rate of Ca*+ pé

.take by the sarcoplasmlc retlcdlum of dlfferént fiber. types does

not necessarily play a secondary role in determlnlng the 1sometr1c
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twitch contraction time, but rather,'that it is prcbably equally‘
as important as the my051n ATPase activity in this respect.
When radiocactive’ C;*ls 1njected into rat muscle, its
distribution between the organelles differs with respect to-the
type of muscle (Patriarca & Carafoli, 1969). The Ca’+pool asso- .
ciated w1th the sarcoplasmlc reticulum is hlgher in fast muscle,
whereas the amount of mltochondrlal Ca +1s hlgher, and the
sarcoplasmic Ca almost negligible, in slow muscle. Thus, in
slou muscle, the mitochondria functlon as the cat +t segregatlng
organelles by supplementing: the activity of the sarcoplasmlc

reticulum, while in-the fast muscles, the sarcoplasmic reticulum

alone seems. able to fulfill this role,

‘Skeletal Muscle Fiber Types: Contractile Force,.

In some lower mammalian species, motor.units composed of
fast-contracting fibers not only have a higher intrinsic.speed‘
‘of shortening, but the§ canralso produce;greater.twitch and
_tetanic tensions than the slow'mctor units (Burke & Tsairis, 1973;
Barany & Close, 1971). The amount of ten51on that a motor unit can
produce is dependant upon the fiber area, ‘the innervation ratio and
the specific tension cutput of the muscle flbers-(Burkeg& Tsalrls,v'
1973). ‘Burke\and Tsairis (1973) found that fast contracting motcr
units in cat gastrocnemious muscle could produce from 30-120 grams
AE tetanic tension, .while their slower counterparts could only
produce from 1.6 -12.6 grams of tetanic tension. The slow motor
units.contained cn the avetage, about as many fibers as the fast

contracting units, so that their small tension outputs were probably

-
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'ldue.to the small are; of the individual fiberé and their
relatively small specific tension outpﬁts. The specific tension
output p;rlunit area of the fast motor units was 1.5-2.5 kgfcm_l,.
Awhilé the‘specific tension output of the slow motor units was

only .6 kg.cm 1. Barany and Close (1391) also found that fast

lof ...

contracting motor units of the rat could produce 3 kg.cm
tension_ per unitﬁgreavwhereés the slow motorunits produced only
2.09*&p.cm_1 of tension. - They pointed out that this difference
is not necessarily due to a difference in the number of filament -
cross bridges per half sarcomere because the myosin yield and
content per gram of muscle was‘gpproximately the same in fhé
fast and slow muscles. -The‘differences in specific tehsibn
output might then have réflected a difference in.the iﬁtrinsic
strength of the contractile materials of the fast and slow ‘ ‘ i
\fibers (Sextéh & Gerstein;dl967), or might have been due to 1
some extrinsic factors iﬁfluencing activation (Close, 1972). ) L ‘i
Twitch tensions of motor units have also been recorded in
human muséles (8irca & McComas, 1971; Milner-Brown et al., 1973;
Desmedt, 1977). In the study of Sirca and McComas (1971), the
recorded twitch tgnsioﬁs of single motor units in the extensor
hallucis brevis muscle varied considerably and ranged from 2 - 14
grams. Thé twitch tengions produced by the first dorsal N
interosseous muscle of the hand have also been shown to vary |
widely’from .1 -10 grams (Milner-Brown et al..“1973). . Thus, human
motor units'appear to exhibit a wide range of tensions as has been.

-

reported by Burke and Tsairis (1973) for lower mammalian muscle.
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However,.unllke the motor units in animal muscle where those
- generating: the largest tenSLOns wére also those with the fast
contractlon times, no correlatlon between twitch time and ten-
sion was found by Sirea and McComas or Mllner-Brown et al.
The firet 1nd1catlon that such a correlatlon may exist een be
-found in a more recent study by Desmedt (1977) In.the first
lnterosseous muscle, he found that the flbers whlch dlsplayed
an average time to peak tension of 65 msec,reached a peak ten-
sion of'only :3,grams, while those with average twitch times
of 39 msec.achieved peak tensionsbof 1.5 grams. This would
suggest that .not only muscle guantity but also the quality of
muscle might be important to the ability to aevelop strength.
The relationship between tbe muscle fiber composition and
isometric leq strength has also been studied ' though the tesults
are somewhat c0ntroversial and not yet conclusive. Tesch and
Karlsson (1978) reported a llnear positive correlatlon between
Imaxlmal isometric leg strength and the relative’ dlstrlbutlon of
fast tw1tch flberS'ln the vastus_lateralis. Both relative‘end
absolute isometric leg strength was also shown by Komi et al.
(1977a), Komi and Karlsson (1978) and Mero et al. (1981) to
correlate with PT fiber number. However, this has not always
been shown to be the case, as Thorstensson (1976), Glarkson
et al. (1980; 1982); Gregor et al. (1979) and Edstrom and
Ekblom (1972) failed to observe any relatlonshlp between the

relative maximum isometric leg strength and fiber type. Never-

theless, as Thorstensson suggested, even if there is no difference
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in the Stréngth'of the two fiber. types, bdth the intrinsic
speed of shortening and the higher rate of rise in tension in

‘the FT fdibers should enable a muscle with a hlgh proportion

1
of these fibers to sustain more force at fast motlon speeds.

~

" Skeletal Muscle Fiber Types: Force-Velocity and Force-Time

Curves’

.The difference in the shape of the force;velocity and
force-time curves of fast and slowitwitch muscles gives’sdme
insiggi into the functional significance of the differences in
the intrinsic properties of the qontractiie material of ihese
muscles (Ciose; 1972) .

Both Wells (1965) and Close (1964) have studied the force—
veloc1ty relatlons of fast and slow muscles of the rat. The
force-velocity curves obtained by Close and Wells are lllus-

trated in Figures 2-2 and 2-3 respectively.
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Figure 2-2 The relation between the load and speed
of shortening during after-loaded isotonic contrac-
tions of EDL (o) and SOL (o) muscles from 100 day

old rats. The ordinate is the velocity of shorten--
ing per 1000 sarcomeres and the abscissa is the load

expressed as the percentage of the load equivalent
to the maximum isometric tetanic tension (Close, 1964).



37
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Velocity (Lujsoc)

Figuke 2-3 -Relation between force and shortening
velocity derived from anterior tibial (heavy curve)
and soleus muscles in rats. The force on the ordi-
nate is expressed as a fraction of maximal force.
The velocity on the abscissa is maximal shortening
velocity in lengths per second. (Wells, 1965):.

Both graphs show th&t the general qualitative chafécter
‘of the curves are”éimilar in the two‘types of muscle,. How-
ever, at anx_givan speed of shorééning less than Vo (the
maximum intringic speed of shdrtening).alzast muscle’ can pro-
duce more force relative to the maximal isometric tension than
a slow muscle. Similarly, at any relafibe load less than Po
(maximal isometric tension) fast fibers can shorten with a
'greater-veloéity.‘ This situation arises primarily becguse’of ‘«-a
tpé diffeagnce in the ATPasé activity of the mypsin in fast
- and sloﬁ fibers (Close, 1964), The variation of the force at

different velocities of shortening is a result of variations

in the number of cross.bridges that are attached and .
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generating tension at any one time. Thié variation in the ‘number
-of cross bridges that are attached at any given velocity is in
turn, governed by the rate of turnover for the cross bridges of a
particular musclé (Huxley, 1972). This being the case, then thg
number’of‘tension—generating Cross bridges would always be such
as to ﬁatch the load, and the velociéy of shortening would then
afrive at a value which, in the Qteédy state, would mainiain

thép number constant. The velocity at which the correct number
of cross bridges could be maintained would depend upon the rate
of cross bridge turnover, which is determined by the myosin
ATPase activity. Because fast muscie has a higher ATPase ac-
tivity, the average rate of crosslbridge turnover will be great-
er than a slowvmuscle's while maintaihing the same load.
Acco;dingly, the velocity of shortenipg and the émounf of ATP
used per second is high, so the power of the whole muscle is
high. In a slow-contracting muscle, every crosé bridge may
turnovér'several times, but the slow?r average rate of turnovef

of the cross'bridges reduces the power output of the whole

muscle. “{

The force-velocity relationship of human knee extensor
musclés has been’ studied by Thorstensson (1976) using an iso-
kinetic dynamometer, which permits the forcé output of differ-
ent muscles during maximal contractions to be recorded at
different muscle shorteﬁing velocities. Figures 2-4 and 2-5

from Thorstensson's study show that:

(1) at high shorteniﬂg velocities a difference due
to muscle fiber composition does exist;

-
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(2) ‘there is a difference in the peak torqgue output
during dynamlc contractions depending upon muscle
fiber composition ;

(3) when peak torque at the highest angular velocity
- (180 degrees per second) . is expressed in relation

to the Po of each subject (Fig.256), a significant
correlation is obtained between this value and the
proportion of FT fibers. The sprinters and jumper
who had the highest percent of FT fibers by area, i,
also had the highest peak torque values at an
angular veloc1ty of 180 degrees per second.

Thorstensson's results have since been supported by the work
6f Gregor et al. (1979) and Coyle et al. (1979), who studied
torquefvelpcity relationships and muscle fiber composition in

elite féemale athletes and untrained males. Together, their

findings. illustrate that there is a relationship between muscular

performaece with respect tb maximal cohtraction. speed and the
abiIity-to_produce force at hiéh_anguler velocities end the dis-
tribution of FT muscle fibers. . |

The form of the force-time curve in human muscle is also
influenced by the relative proportion'end absolute area of FT
fibers {Komi & Viitasalo,'}978). A record%ng‘pf the fofce-time
characteristics of muscular gontraction expresses the rate at
whichltehsion is developed. Komi and Viitasalo (1978) investi-
gated how the form of tﬁelforcertime_eurve was irnfluenced by
the skeletel huscle fiber eomposition ahd found that the time
of tensidn development in bilateral knee extension at force
levels 1ees than 99 pe:cent of maximum strength, was positively
related to the number of ST fibers. That is, as the percent of
STlfibers increased, the time taken to reach anf force level

also increased. When the contraction is isokinetic,'there is

also a 51gn1f1cant relationship (r=.68) between the percent:

ma
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PEAK TORQUE, Nervkg bw
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Flgure 2- 4 Peak torque values, expressed as Nm per
kg of body-weight vs. angular velocity in degrees
per s for two groups of subjects differing in fibre
composition. The torque-velocity curves were ex-—
trapolated to the approximated values for maximal

velocity of knee-extension. Values are means + or
- 'SE. :

PEAK TORCUE, ¥MS

% FTarea Y]

0 20 0 &0 80 %0

Figure 2-5 Peak torgue, expressed as a percentfof
maximal 1sometric strength vs. the relative area of
. fast twitch fibreg. The regression line (y=0.29 x
-38, r=0.46, p¢ 0.05) was drawn from individual
values for 25 habitually active men (range 39-80%
FT area) and extrapolated to the extreme points.
Also included are mean values (+ or - SE) for elite
athletes in orienteering (@, n=7) competition walk-
ing (&, n=7), downhill "skiing (&, n=6), sprinting

and jumping (e, n=9), and an age-matched group of
sedentary men {0, n=10).

-~ (i
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of FT fibers and the time required to accelerate to a constant
velocity. This is consistent with animal gxperiments which
show that both the rise time of isometric twitch contractions
‘and the 1/2 relaxation times are faster in FT fibers and corre-
late with the ability of the sarcoplasmic reticulum to release .
and take up Ca*' (Brody, 1976).
| The mechanical properties of lower mammalian and human FT
fibers indicate theif probable fuﬁction, in so far as these
fibers would appear to be designed for use during short-term
powerful phasic activity (Close, 1972). Measurements of the
efficiency with which fast and slow muscles can perform isotonic
-work and maintain'isometrig tension, as well as motor unit ’
gecruitment studies, tend to confirm this statement.

Awan and Goldspink (1970) reported that the fast biceps
brachii muscle of the guinea pig is more efficent inlperforming
isotonic work th#n the slow soleus muscle. The fesults of this
experiment shéwed'that although the biceps muscle uses more CP
upon stimulation than does the soleus, it performs much more
work. The efficiency, when expfeSSed as work done per umole of
ATP, "was found to be mdre than twice as high in thé case of the
fast. muscle. Awan and Goldspink suggested that the longer cross
bridge engagement tiﬁe of the soleus, which causes it to shorten
more slowly, also makes the muscle less efficient for performing
work becauée the cross bridéés that are pulling are working:
against those that are holding.

In another study by Goldspink et al. (1970) the utilization

of ATP by the biceps brachii, diaphragm and EDL muscles of the
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guinea pig in developing and mainiaining isometric tension was
studied. The amount of tension developed and maintained per

e

micromole of ATP for each of these muscles was as follows:

30.8x10°

, 36.6x10° and 191x10° g.sec t .g Y, The efficiency
of the muscles wés inversely‘proportional to the rate of cﬁn-
traction, suggesting that the efficiency in maintaining:tension
is governea by the rate ét which tﬁé cross bridges maké and.
break. Goldspink et gl..(1970) concluded that the evolution‘of
contraction of different'mﬁscles‘éppears to have been concomitant
with the evolut@bn of their function. The function of slow
itwitch muscles like the soleus is tolmaintain the posi‘ian of
the limbs and the skeleton. Therefore, this muscle is required
to maintain QE’yébmetric tenéion for long perioés of time and in
order to do so it must.fuﬁction economically; hence, the long
»cross.bridge engagement time. Fast muscles,on the other hand,
are required to do isotonic work and it appears that in order to
do this economically, they muét have a fast ATPaée activity and
"a short cross bfidge engagement fime so that the cross bridges
are not continually working against themselves whilst the muscle
is shorténing.

' Data comparable to that of Goldspink et al. (1970) is not
yet avéilable'fér human muscle} although the .energy turnover in
cqntracting mus&lé has been studied by measuring the %ate of
températﬁre rise during isbmetric contractions of the biceps and
soleus mqscles (Bolstad & Ersland, 1978). Ip this study, a

linear relationship between the rate of temperature rise and force

intensity was demonstrated in the biceps and soleus muscles.
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Fﬁr;hermore;'theurate of heat production at—maximal.sQluntary
strength showed a positive correlation to the percentage of
FT fibers in these muscles (r-.90). The rate of heat production
at maximal voluntary strength avera%ed 1.46 cal. min_l.g_l in the
biceps and .5 cal.min_l.g-l in the soleus. The area occupled by
the FT fibers in the biopsies taken from these muscles were 62 -
and 8 percent respectively. Linear extrapolation'indicated
that a muscle composed exclusively of FT fibers would have a
maximal energy turnover six times that of a muscle composed only
of ST fibers. This is comparable to the difference in the energy
turnover reported by Goldspinket al. (1970) for the fast and slow
animal muscles that they studied.

The histochemicgl glycogeﬁ deplétion pattefn 6f skeletal
muscle fiber types during exerc1se has been used exten51vely as a
means by which to assess the dynamlc usage of motor units in’

human muscle. Glycogen depletion studies have shown that when an

individual performs work at an intensity below his or her maximal

5 .
oxyden uptake, there is a greater recruitment of ST fibers

(Gollnick et al., 1973b; 1974b; Costill et al., 1875). ' However,
when the workload exceeds an individual's maximal oxygen uptake,
there is a primary reliance upon the FT fibers (Gollnick et al.,

1973c; 1974b). The reliance upon FT*fibers when there is a demand

for forceful and/of rapid contractions is in keeping with their

mechanical properties and their greater relative efficiency for

performing work.
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The Distribution of Skeletal Muscle Fiber Types in Untrained Men

.

and Athletes: Significance to Athletic Performance.

Table 2-2, which was compiled frém various reporés in the
literature, clearly demonstrates the considerable variation in
the fiber composition which exists in the same muscles of differ-
ent untrainéd individuals.

Table 2-2 The Distrubution '‘ocf Fiber Types in Various Muscles
of Untrained Men

Muscle - No. of . X8ST — Range Sources
subjects
Biceps ' 14 48.9 27-61 Edstrom, 1968
Edstrom & Nystrom,1969
Deltoid - 66 . 42 14-98 Gollnick et al., 1972
| Costill et al., 1973
- Gastroc. 6l 37 27-82 Edstrom & Nystrom, 1969
‘ Edgerton et al.,1975
. _Gollnick et al.,1974
Soleus 45 68.3 ) 58-100 Edgertbn et 3&.,1§75'

Edstrom & Nystrom,1969
Gollnick et al.,1974

Vastus 164 57.8 13-96 Gollnick et al.,1972;1974
Lateralis , Edstram & Nystrom, 1969
: Edstrom & Ekblom,1972
Edgerton et al.,l975
Prince- et al.,1976
Thorstensson, 1976
Larsson, 1978

Although there is a wide range of fiber composgpions in the
same muscles of different individuals, some similarities seem to
exist. Muscle; like the wvastus lateralis,‘gastrocﬂemiué; biceps
and thé deltoid appear to average approximetly 50% ST and Sd% fT.

The soleus on the other hand, generally has a greater percentage

of ST fibers. The triceps, muscle, although not shown here, has
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been said to posses about 10 to 30% more FT fibers than any -

other arm muscle (Johnson et al., 1973; Buchthal & Schmalbruch,

*

-i970).

The variability in the proportibn'of;}iper types present
in most human muscle is’ fyrther compounded by the effects of |
fiber size, since in the majority of muscles from most untrained
individuals, the FT fibers have a greater cross-sectional area -
than the ST fibers (Edstgbm & Nystrom, 1969; Gpilnick gg'gi.,

1972; Edstrom & Ekblom, 1972: Prince et al., 1976; Thorstensson,
1976; Larsson, '1978). This facp may in part, expfaiﬁ why
Daesmedt (1977) found that FT muscle ' fibers can produce gréatér
twitch tensions than the ST fibers.

The "gﬁin study" concept .has been applied to human skeletal oy
muscle by Komi et al. (1977b} in-order to assess the s;gn;ficahce
of the genetic componeﬁ;.in determining the interindividual vari-
ation observed in the skeletal muscle fiber compoéition. This
study, conducted on monozygous (MZ) and dizygous (Di) twins,
disclosed that in contrast to the DZ twins, the MZ twips-of both
sexes had identical muscle fiber compositions. The heritability
estimate for this parameﬁer was 99.5 and 92.8 § for males and
females respectively.

Additional twin studies (Kiissouras, 1971; Komi et al.,

"1976) have been designed to estimate the heritability of maximal
aerobic, anaerobic ‘and alactic power. Klissouras's study.;197l)

revealed that the variability in aerobic and anaerobic power 1is

genetically determined by 93.4 and 8l1.4% respectively. The
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ﬁaximal blood lactate was used as an index of the maximal
anaerobic capacity and aﬁ'asymptote bf oxydén consumption
followingfa series of runs of pfogreséively incregsing intensity
on a treadmill was used as the primary criterion of maximal
oxygen uptake. Komi‘gg al. (1576) reporteduthat maximal alactic
power,.as measured by'the method of Margaria et al. (1966), is
also nearly identical in M2 twins. The heritability index -for
'the male twins was 97:8%. ~Based on these observations, it
could bé»Conclqded that there is a predominent genetic influence
on the skeletal muscle fiber composition and 6n an individual's
capacity to perforﬁ.exercise. Thus, there might élso be an _
interdependénce bétwgen the skeletal muscle fiber composition
and an iﬁd;vidual's performance capacity. Descriptive:déta has
- shown a felationship,betweén the typé.of sport acﬁivity at which
an individual_is sﬁccessﬁul and his/her muscle fiber coméosition.
This is evident in Table'?-B, which shows that endurance athletes
have a predominance of ST fibers, while spfinters have a predom- -
inahce of FT.fibers. | |

Because the distribution of FT and ST fibers is largely
governed by genetic factors} many investigaﬁors have concludéd
éhat the predominénce of one fiber'type~in a given category of
athletes is a éonséquence pf "natural selection" (Gollnick SE.EL-'
'_1572; Thorstensson et al., 1977; Costill'gs al., 1976). An ath-
lete's s;ccess in strength, speed or endurance events thus fesults,
;p ﬁart, from his‘ﬁr her‘genetic éndowment. If such is the- case, -
then one would expect that ambng the elite athletes in power

events like sprinting, jumping or throwing, ;hatural selection"
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would have lef? only those with a high proportion of FT fibers,
since these fiﬁers are capable of producing substantial amounts
of force at fast motion speeds (Thorstensson, et al., 1977).
Although the track and field sprinters do have the lowest percent
of ST fibers in all cases in:Table 2-3, the jumpg:s, throwers and
lifters dobnot appear té have the same preddminance of FT fibers.
However, it is interesting to note that the FT/ST fiber area
ratios éf‘these athletes are greater than those of the endurance
;thletes, and thus, a higher proportion of FT fiber, in rélation
to thé total muscle volume, could be achieved despite a ldw,
relative nuhber o} FT fibers (Thofsteqsson et gl.,{iQ??); One
long jumper in the study of Thorstensson et al. (1977), who had

»

only 45% FT fibers, had a FT/ST area ratio of Z.b. Simi}arly,

two of the long gﬁmpers studied by Costill et al. (1976) also
‘had a coﬁéaratively low percent-of FT fibers (51 & 57 %) whereas
the FT/ST area ratioslwere 1.41 and 1.357respective1y.

Komi et Ei' (1977a) elaborated on the subject of relati&g
the muscle fiber composition to athletic performance c?pacity by
studying 87 athletes of international Calibre~;epreseﬁting sports
events which differéd in their requiremenﬁs for muscle force,
speed and.endurance; fhe muscle fiber distribution expressed a;
the percent of FT fibers, showed the highest mean vaiué of 6319 .
in the power athletes. The ldng distance runner§ had on the aver-
age, only 1286 % FT fibers in their vastus lateralis muscle. The
power athleteé alsofachieveqtthe highest‘power'scores aqd vertical

velocities as measured by the method of Margaria et al. (1966).

Whether this is the result of training and/or the genetic endowment



g

49

of these athletes is difficult to determine. The fact that the
muscle fiber composition of the power athletes did not differ
significantly from that of the controls (54%10%) suggests that

training, rather than the muscle fiber composition, is the

principle factor accounting for e rior performance of the
power athletes.

Komi et al.. (1977a) also found that the vertical velocity
and relative isometric leg strength were correlated with FT
fiber number in.all male athletes‘regafdlgss ofltheix event
 specih1ization. Similar resulté ;;re reported.by Mero é& g;?
(1981) in a more recent sﬁudy on the relationships between the
muscle fiber composi?ion, maximal rqnning speed and a number of
~other variables. The subjeqté of this 'study were 25 male
sprinters(:who were dividgd, for comparison, into three groups
on the basis of their precent FT fibers in the vastus lateralis
muscle. The FT fiber distribution correlated with maximal run-
ning velocity (r=.58; p(0.0l1), stride;rate (r=.67;p(0.001), ver-
tical jump hgigh; (r=.47; p{0.05), and maximaluabsolute isometric
force (r=.47; p{0.05). These results together with those of
Komi et al. (1977a) imply that while training may determine an
.athlete's q}timaté capacity for performance, success in evgnfs
which require high muscle power may alsb, in part; be predeter-
mined by the muscle fiber composition. Studies 6n individuals
who have nét been exposed to extended periods of training are
" needed to determine jus£ th significant tﬁe'genetic component
is in determining power performance. Only two such studies;

with conflicting results, have been reported (Komi and Bosco,1978:
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Campbell et al. 1979). Komi and Bosco reported that untrained

¥ individuals with more than 60 perceni of.FT fibers in their vastus
lateralis can jump higher than those with less thah 50 percent FT
fibers. A correlation coefficient of .48 was obtéined‘between

the height. of the vertic#l jump and the percent of FT fibers. The
mechanic&l parameters (average force, net impulse and mechaniéal
power) which were calculated from force platform analysis of the
vertical jump, also correlated significantly with FT fiber number.
Campbell et al. (1979) found no relationship between ;he percent
FT fiber Lontent of the vasfus lateralis and jumping performance
in a group of untrained women. ; \\-,

The importance of the hereditary factor with rQEE?QEfzé'Fhe
muscle fiber céﬁbosition is emphasiZed when one considers thgt Ehe
number and type of fibers in a muscle becomes fixed during
embryonic and early infgntile development (Tomaneck & Colling:
Saltin, 1977) and cannot be;modified by either strenth or endur-
ance training (Gollnick et al., 1973a; Thorstensson, 1976;
Thorstensson et al., 1975).

Although training does not-appéar to cause a change in the
muscle fiber distribution when fibers are classified into two

main groups according to contractile épeed, an increase in the
percentage of high oxidative at the expense Sf low oxidative fast
fibers has been reported to occur in man and animals following
eﬁdurance'training (Anderson & Henricksson, 1977; Janson & Kaijser,
}576; Edgerton gg.gl., 1972} Nygaard Jensen, 1976; Barnard et al.,

1970). Similarly, following strength and high intensity training,

an increase in the Type IIb fibers may occur at. the expense of the

i
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Type IIa flbers (Prlnce et al., 1976). " This process is commonly
referred to, or has been 1nterpreted as, a tra1n1ng—1nduced con- -
version of Type Ila to Type ITb f1ber3 or v1ce_versa. Prolonged
endurance training also seems to be able to modify thé subtle
differeﬁces in the pH sensitivity of the ATPase reaction Qithin
, : )

the subgroups of the fasﬁ fibers, although it has not yet been
established if these subtle differences qfe'quantitative and/of

ualifative in nature and whether they are of any functional

51gn1f1cance—(Janson & Kaljser, 1976} . L
The proportion of ST and FT muscle flbers\can deflnltely
Be altered-ih animal muscle followipg the ;perative cross-union
of motor nerves (Buller et al., 1960a; 1960b; Barany & Close,
19711}, chronlc electr1ca1 stimulation (Salmons & Vrbova, 1969),
surgical excision of Bynerglsts and denervatlon {Gutmann et al.,
1871). However, these procedures involve considerable interfer-
ence with the phfsiological situation of the test muscle (Bdrke
& Edgerton, 1975). Only one study,that by Syrovy et al. (1972},
has found that a gormal physiological type of overload (swimmingf
‘cah alter both the AfPasé éctivity and the proportion of fibers
‘within the exercised muscle. These changes took place in the-
.'muséléé of 14 day;old rats and not in the muscles of 105 day old
rats, suggesting that the muscle fiser compositioﬁ can be altered
-with fralnlng only when differentiation and ATPase synthe51s dur-
ing development are not.yetrcoma}ete. Others (Baldw1n et al.,
1975; Staudte et al., 1973) héve_found that the ATPase activity

and twitch contraction time in the hindlimb muscles of animals

can be changed following training without any evidence of a shift
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in the muscle fiber composition. 'Two possible mechanisms which

have been* suggested to explain these changes are changes associ-
ated with the ca*? trénséort system (Staudte et al., 1973) and
conformational changes in the myosin moleculé occurring at ér
near its. active sites, such that availability of its regulatory
sulfhydryl groups may modify its ATPase activity (Malhotra et al.,
1976).. ' | -

The Tests and Measurement of Muscular Power

.

The-veytical jump is one of the oldest performancé tests in
physical education (Smith, 1961). Originally designed by D.A.
Sargent in 1921, the "Physical Test of Man" was considered to be
a ;est of neuromuscular efficiency involving strength, épeed,
coordination and'driving‘power (Henry; 19423: McCloy (1932)
stated that the Sargent jump and the.standinqrbroad jump were the

%

best available tesfs for predicting power'reiative to the body
weight and size of an‘individual, by.virtue of their significant
”relation;hip to. success in seleéted track and field even£s. Jump~. «
iné ability was thought to Bést.refléct the way in which force *
could combine with thé highest possible contraction velocity df
theumuscles té project the body upward or outward to achieve maxi-
'mum-height or'distance;.'hccloy also stated tﬁéfftﬁe,sprinting,
throwing and jumping events of track and field were "power events"
because they all require a maximum, or a series of maximum, con-
tractions over a minimum-periodfof time. McCloy's-statementé
" concerning the elements and'eveﬁts of,poéer have since been tﬁé
premise upon which most attempts to measuré power have been based.

. .

Power is still measured by an individual's performance in jumping,
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sprinfing oy throwing, even though the results of .these tests are.
at‘besﬁ, ohi}_simple expressions of ﬁofk’ﬁeﬁﬁormed, distances
covered or tiﬁe elasped (Barlow; 1970);

One of the earliest and most comprehensive attempté to -
measure ﬁhe power developed during a sténding vertical jumﬁ in
its true mechanical sense, as the rate of doing work, was maée by
o Gerrish (1934). Gerrish designed his own force meter, ﬁhich

t;ansmitted the force of a jumé from a platform to a pressure
'gauge.' By timing the_;ate of change in the,qenter of gravity of
the sdﬂjécts dﬁring.a vertical jump using motio? photography, he
was abie éo détermine the velocity of the'cénter'of'gravity. A
power curve could then be constructed by multiplying the force
and the velocity. In Gerrish's analysis‘of 270 ‘jumps of 45
" college men, he found that the jumpers demonstrated a méanmpeak
instantaneous power score of 5.4 hp (4027 watts).

The accuracy of Gérrish's measurements has sincé been
coj%irmed by Davies and Rennie (1968) and Cavagna et al. (1l971a)
using a fo;ce platform. A force pl;tfonm is.anlgpparatus which,
in its.simplest form, consists of a baseboard fifted with stain

" gauges to détect mechanical férces applied to the platform in
multidimensional planes. The peak instantaneous power ouﬁputs
recorded by D;vies and ﬁennie (1968) for men (n=7) and women
(n=8) were 5.22%1.19 and 3.15%.48 hp (38933887'watts and
2349f34éﬁwétts) respegtively:“ These,results were cpmparable to
those of Cavagna gﬁ\gl. {1971a), whése subjects (5 malég_and 2
females) obtained a mean peak instantaneous power score of

4.66 hp (3475 watts).
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. . .
Gray, Start and Glencross (1962a) devised a test to measure

average leg power without the use of a force platform. ?his test
entailed calculating the rate of change of the position'of_thé
| center.of gravity éf an individual while exeé&ting a modified
Sargent jump. The modification of the original Sargent jump in-
‘vol@ed eliminating the'upwatd‘thrust of the arms and extension of
the trunk Quring the jump by having the subject hold one a¥ﬁ ée—
hind the back while the preferred hand is held firmly against the
side of the head. The jumper also assumes a full squat befpre
jumping. The total work done in elevating the body was défined
as a function of the body weight of the individual times the sum
of the distances throﬁgh which the center of gravity was moved,
from the full squat p051t10n to the’ pomnt of take- off (hl) and
from take-off to the peak of the jump (h2). By using the ithird
and first laws of motion, Gray et al. were able to calculate the:
velocity with which'the subjecté left the ground, the accelera-
‘tion provided by the legs, and the time during which the feet
were in contact with the ground (t=hlVgh2). 1In this time, an
amount of work equal to the body“weight times the Qum of hl and
h2 had been done. The average power could then be calculated as
the total work divided by the time taken to do the work . |
The mean'qpore achieved by 80 male students was 1.65 hp. i1230
watts) . » |
B 38 N ) :

The assumptions and mathematical logic upon which the
Qalidit} of Gray et al.'s (1l962a) “yertical power jump" rests
have been tested by others (Barlow, 1970; Aegefter, 1973;

Cavagna et al., 197la). With the use of high speed cinematography
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and precision motion analysis these authors have reported average-
power scores in the same order of magnitude as thése reéorded by
Gray et al. (l1962a). -y ‘

Thehaverage power whi;h can be developed during the vertical
jump is somewhat higher ihan Gray et al's (1962a) figure when the
upward thrust of the arms, éhe extension of the trunk .and the pre-
liminary countermovement of the legs are not eliminated.

| Komi and Luﬁtanen (1578) have analyzed the performance of
the vertical jump with respect to the cqnfribution of the differ-
_ent body segments to the forces aqting on the whole body center of
gravity. Relztive contribution to the take-off velocity was found
'to be as follows:- knee exﬁension 56%, plantar flexion 22%,
trunk extension 10%, armswiné 10% and heéd swing 2%. The up-
ward thrust of.the arms and extensign of the trunk thérefore con-
' tributé to the displacement of the,body upwérds and if these
aétions'are eliminated, power as defined by Gray et al. {(1962a)
will be reduced.
‘ In most mdvements, the muscles are stretched beﬁore'
shortenirng; a positive work phase is preceeded by a negative work "™
phaSe. Cavagna et al. (1971a} have assessed the effect of this
prestrétching on the amount of positive work pérformed, the max-

v

imal vertical speed attainefi and the power output during the

vert;cal jump. They found |that when the vertical jump is started
from a static flexed position, the vertical velocity begins to

inérease slowly, whereas when the upward movement is preceeded b¥m
strefqhing (downward movement) it increases at a much éreater rate.

The counter movement also results in a significant increase in the
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velocity of take-off of 6.4%, which corresponded to én increaée
in_the positive work or height of 10 5. The'ti@é"of positive ’
work was abéut 55 % greater if no previéué stretching took place.
Accordinéiy: the éverage poﬁer output was only 1.64 hﬁ (1223

watts) when the vertical jump was started in the flexed position

as compared to 2.73 hp (2036 watts) when the jump was performed

imﬁédiately after stretching the contracted mqécles. Asmussén
and Bonde-Peterson (1974) also compared the heights of a vertical

jump performed with and without a countermovement and found the

height to be higher in the former case. Both Cavagna et al.

'

(1971a) and Asmussen and Bonde-Peterson (1974) contend that the

increase in power and jumping performance with the use of a

countermovement is due to the .elastic rebound of the muscles.
ﬁhgn a muscle or muscles are active during stretching in

order to decelerate a limb or body, the contractile components

A

strongly resist 1engthenin§ and the structures tréﬁsmitﬁing'the
muécle férce a;e,set under‘pension. These stfuc;ures.called the
series glastic components are represented anatomically by the
tendons and the contractile cdmponent itself. When the series
elasti; components are stretched, elastic energy is stored'and

this enérgy can be utilized during a ﬁovement in thg{fpposite

r

direction with two possible effects:

(1) to spare some chemical energy otherwise necessary

L to perform the mechanical work done during the -
following shortening phase;

{2) to allow performances which would be impossible,
T were the transformation of chemical energy into
mechanical work by the contractile machinery the
only source of power during positive work
(Cavagna et al., 1974) .
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"An example of this is given in sprint running. An analy;is of
' the. mechanics of .sprint running (Cavagna et al., 1971b)-has
'spown that the powef developed during the forward push of each
_step increases "to reach a maximum of 2.5 hp (1864 watts) at
aboutlls km.hrfl. - The power then tends to decrease when the
speed is increased to 25 km.hr-l,.which is whdt one might expect
on the basis of the force-velocity relationsbip 6f the contrac-
tile compoi;ht. However, at speeds.greatex-than'zs‘km-hr-l
trained iﬁdividualg can increase their éowerloutput to reach
a ﬁaximum of 4 hp (2983 watts). The onset of this increase im
power was found to coincide Qith the onset of a phase in the run
in which the contracted muscles were forcibly stretched before
shortening. Thus, the high.power.developed by some sprinters
at the highest speeds is made possible by the contribution of
the elastic energy stored in the contracted muscles.
‘On the basis of their observation that both the oxidative

reactions and the formation of lactic acid from glycogen are
. " . ’_._:f . B

delayed processes that do not contribute to tbe enerqgy productidﬁ;'

’

during the first four to five seconds of_exercisef and that during
this time  the maximum poﬁer output can be sustained at the expense
of.ihe phosphagen splitting mechanism alone, Margaria and his co=
workers (1966) described a method for measuring maximal alactic
power. Their test consisted of having a persdn run up an ordinary
staircase two steps at a time at maximaftspeed. it wés found.fhat
the speed‘of progression increased from the start to reach a max-

~.imum constant value in 1.5 seconds; the speed was then maintained

~oonstant for at least 4 to 5 seconds. Maximal speed of climbing

-

\

-
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-could be reached sooner by allowing a short two metef sprint on
the flat so that the:éubjects initiéted the ciimbing at approx-
imately the ﬁaximal forward velocity. The speed bf,plimbing
could then_be measured after only .5-1 second, or‘fromp{héfh“?;
fourth to the twelfth step. Since velocify is constant and no
acceleration is taking place after the fourth step, the tétal
work done can be identified witﬁ the vertical component, or that
involved in ;ifting the body weight through the height df 8
steps. The time taken to complete the test was.méasured with
an electronic'timingzéevice between the fourth and twelfth steps;
Thus, both ;ﬁe-relative and absoclute power output can be célcu-
lated directly and expressed as kgrn.kg-l.sec-l and kgm.sec"l
_respectively. Margaria et al. (1966) tested 131 subjects of
both sexes and found that the results obtained were very repro-
ducible, with repeated tests giving values Whose-variability was
iess than two percent. The alacéic power increased with aée to
" reach a maﬂﬂpum of 1.5 to 1.6 kgm.kg_l.sec_at 20'-30 years of '
age, thereafter‘decfeasing to a value of iess than half at
about ?0 years of age. The meén score of 1.5 kgm.kg_l'.sec-l is
equivalent to .01 hp or 14.7 watts and represehtsﬁan'energy'
expenditure of about 50 kcal.kg"l.hr_l assﬁming 25 percent effi-
ciency in performing the work. This is in agreemgptIWith‘the
figure which Margaria et al. (1964) originally'obta{ned-ﬁiéh
treadmill running. The highest score recorded waé 2.8 kgm ¥
kg-l.sec_l, which was qbtained by an olympic sprinter.

- Kalamen (1968) raised the qdestion as to whether or not

‘maximum power could be obtained using Margaria et gl.'s_(lQGG)
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2 step, 2 meter protocol. He felt tMat by varying the approach
distance and the number of steps to climb in a single stride, a
greater power function could be generated. Towards this end,

‘Margaria's test and four variations of it were_studied in order
to make comparisons on the maxiﬁumfhower ocutput an indiViduel
could aChieye'hy ruhhing.ﬁp an ordinary staircase in the follow-
ing ways: | _
i;) 2 steps'with.e GImeterhsﬁert;
{2) 3‘stepe-with3a_10 meter stert;-
(3) 73 steps with a 6 meter.shaft;
(4) 4 steps with a 10 meter start.
With the exception of the 4 step, 6 meter start test, which
proved impractical sinee most subjects had"difficulty performing
it, Kalamen's results indicated that the. Margaria test and the
remaining three varlatlons of it were all representative of an
individual's power output and that ‘any of the four tests could
.be used as reliable measures. However, the variation which led
to the achievement of maximum -power was the 3 step, 6 metef start
test, during which the body efficiency approached 30 perceht.
The efficiency coefficient of Margaria'’s test was .25. The mean
power score achieved by the subjects using the 3 step,’ 6 meter
start test was 2.27 kgm+kg l.sec lor 22.3 watts, in contrast te a
mean of l.ii_}cgrn.kg-’]'.sec-l or 17.6 watts using the Margaria test.
The superiority of the Margaria-Kalamen test of power must how-
" ever, be accepted with some reservation since ‘Kalamen did not
determine whether the forward velocity from the third to theh

ninth step was constantf“\)

-—
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. Glencross (1966a) designed a more versatile instrument £o
measure the hoFsepower developed }n a variety of single explosive
move&ents of the bo@y. ' Glencross's "poﬁer lever" consisted of a
lever arm ﬁo which a subject's arm or leg was attached via a type
of bicycle pedal capable of moving in both directions through 180
degrees. The lever arm was connected to a pulley from which
;eights were:suspended to,provide a resistance against an applied
. force. Two chronoscopes controlled by adjus;able microsﬁitches
were used to”measure the time of the applied force. Using this
power lever, Glencross measured the power developed in 29 move-
ﬁents including preferred and non-preferred leg extension. Leg
extension was a composite movement pf‘hip and knee extension ana

ankle plantar flexion. The average power developed in both of

these movements by 85 college men was .45 hp (336 watts).

The Validity of Jumping and Sprinting Performances as Tests of

Power o N e ' .\—»’;
It' can bé_recalléd that most motor and-physical‘fitﬁess
tests measure power by an individual's peffdrm;nce in juﬁping . fy)“‘
and/or running tests, even though a score in inches or pime does "
not conform with the mechanical definition of power as the rate
of doing work. .A number of investigatioﬁs have thus been con-
ducted in order to aséertain and analyze the empirical vélidity
of these 'performance tests by using statistical_testslof corre-
lation to'study the relationship between bqwer and measures of

vertical displacement and/or speed.
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Gray, Start and Glencfoss (1962b) related their vertical
power jump to four other types of'jumps: | ) ‘

(1) a common vertical jump; - '. !

{2) a modified vertical power jump;

(3) a standing broad jump:

. (4) a:squat jumpf; '

The four tests were scored both as the distanee jumped and the
work performed. Work performediwas determined by mefiplyieg the
body weigﬁt by the height or distance jumped., The correlations
between the four jumping tests, scored as tpe work done and the
distance jumped, and the criterion test of'poﬁer were: .989 and |
-.818 for the modified vertical power jump, .84 and .708 for the .
squat jump, .78 and .685 for the jump and reach and .682 aﬁd .607
for the standing broad jump. |

Glencross (1966b) reported similar correlations of .71fand
" .716 between non-preferred 1eg-power and the distances” jumped in
the vertical and standing broed-jumps respectively. -

Ih direct contrast to the }esults of Gray et al. (1962b)
and Glencross (1966b), Considine (1970) found e very limited
relationship between ﬁis criterion measure of power, which was a
vertical jumpperformed from a force platform[-aﬁa the vertical
jump and reach test, the seanding broad jump, a five and ten
yard sprint and a five‘yard sprint with a running start. The
correlations were: .508, .355, -.34 and -.299 respectively.
.Similarly, negligible relationships were reeorded by Barlow (1970)

and Aergerter (1973) between vertical jump performance.and power.
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.obtained by. the Margaria test and the height of the: vertical
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Kalamen (1968) ‘studied the relationship between power

. ~

jump.' The correlations between the Margaria test and any of

-

" Kalamen's variations were very low and nonsignificant. However,

when each of the subject's body weights were taken into consid-
eration, that is, when the relative power output was correlated
to the perfofménce in the_vertical jump, the correlations in-
creased beyond significancel In attempting.to determine whether
tﬁe Margaria test, the 3 step, 6 meter start test or the vertical
jump might also be used as predictive indices for pbtential‘suc—
cess in sprinting, Kalamen correlated the scores of these tests
obtained by a uhive;sity track team to their performance times

in a fifty yard dash with a 15 yard flying start. The high cor-
relation between the 3 step, 6 meter start test and the sprinters'
times (r=.97) indicated that this test could bé used aé a predic-

<

. . e . e
tive index. Margaria's test was also significantly cbrrelated

.{r=.84) though not as highly. The vertical jump was found to be

of little value as a predictive index for sprinting ability, pro-
ducing a correlation which was not significant (r=.59).v

Costill et al. (1968) aléo compared the power production of
the legs measured by the method of Margaria (1966) to the perform-
ance in the vertical jump, standing broad jump and a 40 yard dash.
Like Kalamen (1968), they did not find a significant rela£ionship
between absolute poﬁer and the vertical jump. This was also- the
cage for the standing broad juﬁp. Relative leg power was however

significantly related to the speed in the 40 yard dash. The

i
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speed of the 40 yard'dasﬁ was also related to the vertical and
standing broad jumps. - |

There would aépear to be, at best, only a moderate
correlation bethen a score in inches and/or time based on the
performance of running and jumping tests and- power measured as
the Lime rate of doing worg. Despite the versatility and
apparent aéplicability of these test;,their.use as valid mea-
sures of power does not seem gtriétly justified. Hoﬁevéf, thisf
-cohclusion.is often reached  (Barlow, 1970; Considine, 1970,
Kalamen, 1968) by comparing cf&tefion scores of Absolute péwer
to tests of relative power. For example, a peréon weighing
70 kg and jumping 25 cm vertically into the air exhibits more
actual or absolute power than a 60 kg person jump;nq the same
height. Yet in terms of actual performance, they have similar
power relative to the body weight, since both jumped the same
distance {(Berger & Hﬁffm;n, 1972) . Thus, the only way that a
score. in inches or time can be used to compare individuals on
'the.bdsis of absolute power is when.the #ddy weights are iden-
tical. Other;ise, these scores indicate perr relative to the
body weight or relative power. The results of Grey et gl;
(1962b) and Kalamen {1968) illustrate thié point well. In the
lapter study, vert;cél jump_éefformgnce.was significantly
related only to relétive ﬁhécﬁlar pgwer aﬁd not absolute power.
Grey et al. (1962b) showed that the correlations between all

four experimental tests and their vertical power jump were

tiigher when the results of the tests were scored as the work
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performed. By doing so, absolute rather than relative power was

compared to the absolute criterion.measure of power.
Theoreticallf, the absolute power of a muscle should be
limi%ed by its mass and its proportion of FT fibers, since the
proportion of these fibers has a direct bearing 6n the force and
.speed of contraction. waever, when the absodlute power qf a
muscle or muscles. is used to project the body weight through. a
given distaﬁce.in Lhe shortest possible time period, or to a
certain height, it need not be reflected in the criterion of
inches jumped ;nd/or speed. In relatiﬁe tests of poWwer, per-
formance will also be affected or limited by excess weight,
skeletal proportions and the proportion of lean body mass to
fat. A high body welght is not always a burden to power per-
formance though. 1In fact, the body weight of Olyméic sprinters
gxceeds the average weight of marathon runners by  12.5 kg
(khosla, 1978). But, much of this excess weight in trained
sprinters is composed of muscle mass. Since muscular strength
increases more 6r less P;oportionally with mass, theq the abso-
iute power of ghese,ipdividuals which is to belapplied ?o_pdve
their body weight will be greater. However, in the untrained
individual, chahées in weight Ttan arise primarily from changes
,in body,tissues other than muscle. In this case, excessive
weight can be a burden to power perfoémancé by hindering the
projection of the body. 'Thué, even tgough the muscles of two
individuals have the.same inﬁrinsic‘cgpacity for the production
of powér, but the lean body masg to body fat ratio for one indi-

vidﬁal 1s lower than the otherflﬁhén this individuwal will be at
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a disadvantage in performing the. traditional tests of power.
The absolute power capacity of a muscle in terms of its mass
and percent composition of FT fibers may therefore not always

correlate with the relative power performance.

Summary

_ The méan peak instantaneous mechanicai;leg power pfoduction
f5r the adult méle is between 4 and 5 horsepdwer {3700 and 4500
watts). The energy which is necessary for this amount of power
is derived soiely from the hydrolysis af'intramuscular stores of
phosphagen. The capacity of the alactic syétem is very limited
by the small size of the phosphagen stores and therefore the
period of time for which the maximum.power output can be sustaihed
-at the expense of muscle phqépﬁagen is less than 10 seconds. How-
ever, the rate of these hydroiytié reactions is much greater thanﬁ
the rate of phosphagen resynthesis from either lactic acid forma-
tion or oxidative. phosphorylation, both of which are a much more
complex and time consuming series of reaction. _Therefore,‘maximum
" muscular poﬁer is first limited by the duration of thé exerciééi
Wwhen an individual engages 1in an exerciée whose duration does not
exceed the capacity of the alactic system, then the only limit to
the amount of power the muscles can produce is the speed énd o
strength with which they can contr;ct. The skeletal muscle fiber
composition influences the strength and speed gf contraction and
therefoggkﬁhy be an imporﬁant determinant of athletic power per-
formance.

Fast twitch muscle fibers have a faster intrinsic speed of

shortening and isometric twitch contraction time than slow twitch

-
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muscle fibers. The biochemical and morphological correlates of
these dynamic properties are the myosin ATPase activity, the

amount of sarcopiaémic reticulum and the rate-of release and

uptake of Ca++from éhis reticulum. The funcéional significance
of these properties is that human muscles with a high proportion
of fast fibéE; can produce more force and power -at fast veloci-
ties of coptraction thaq muscles with a low pioport;on of these_
fibers. Thus, a high perceﬁ%age of fT fibers would seem favor-
able in power activities which require maximal force production

L

at high contraction velccities.

In comparison to sedentary and endurance trained persons,
power athletes as a group tend to have a predgminance of FT
fibers in their traingd muscles. This circumstgnce_suégests
that heredity with respecg to the muscle fiber composition is a
predisposing element to successful power ‘performance, since the
muscle fiber coﬁpdsition is genetically determined and not in-
EIQeﬁced by training. waever, athletes-are'exposed to extépded
periods of training and can,'ééén wiﬁh a weak genetic pétehtial
with respect to their muscle fiber composition, compete guite
successfully at the national or international level, indicating
- that there must also be many important training adaptations which
can affect performance and overcome'the-limitations‘imposed hy
genotype. Therefore, the extent to which.the superior power
pefformance of athletes is.due to heredity or training is still
an open question. The suppositidn that there is an interdepen-
dence between power performance and the muscle fiber composition
can therefore be strengthened if this relationship 1is tested on

: (i
the untrained.
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The measurement of human power output is qui;e complex and-
most exploéive ﬁovémenfs‘Sf the body do'ﬁof’easily lend them-
selves to accurate measurement. There are many discrepancies in
the research-in this area which can be ascribed primarily to the
lack of standardization of performance tests,lto the ménner in
which power is- measured and the failure in many cases to consider
the dlfferences be tween absolute and relatlve power performance.
At the present time, however, although jumping tests and shert

sprints appear to measure a combination of strength and limb

ispeed, they appear to have only a 11m1ted application as valld

P ——
o

measures of power.



CHAPTER THREE ¢

METHODOLOGY

Experimental Procedure

The subjects of this stﬁdy were eight young healthy male
volunteers. The volunteers were informed about the nature and
purpose of the experiment and about_the risks involved in all
aspects of the experiment before agreeing to participate. Consent
was obtained in wriﬁing (Appendix I) and the subjects were then

further informed that they were free to leave the study at any

s r

time thereafter.
On the first test day of their experiment, the subjects
reported to the laboratory as a group to éomplete an isometric 1eg.
strength test and five tests of power. Each of the tests was pre-
.ceded by a demonstration and a supervised practice wheﬁ necesSarfx‘
.
Three trials were administered in the following order: standing
broad jump, vertical jump and reach, Margaria test}of power, 40
metérlsprint, vertical jump from a force platform and maximal iso-
metric leg strength.._ln oraer to minimiée the ‘possible fatigué
effects of consecutive effort§, the trials of each test (except
isometric leg strength) were intqrspersed; that is, each member of
‘ » . :
the group had one trial before any subject could have a second
trial. A consecutiﬁe trial method with a rest between each trial

was used for the measurement of isometric leg strength, since the
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apparatus .had to be adjusted for each individual subject.. The -
best perfogmapce in each test of strength and power was recorded
for statistical treatment. ("} |

After all the performance tests had been completed,
an£hropometric measurements wére‘faken-and underwater weight was
determlned for densitometric analy51s of body comp051tlon

"On the second test day one week 1ater, all the tests were
fepeéted follow1ng the same protocol to obtain a second‘set of
scores for use in test-retest reliability calculations.

Once ;ll the testing had beeﬁ completed, musﬁ}e biopsies

were taken at a time that was mutually convenient for the sub-

jects and the physician.

Anthropometric Measurements and Densitometric Analysis of Body

"

Composition

’ Age in years, heightAto the nearest centimeter and weight
to an accuracy.of..Z lbs were re;orded with the subject clad'
only in a light swimsuit. Vital gapacity was then measured with
a Collins Siprometer, with t%9/;ubject in a sittihg‘pogition_in

air. Three trials were required with each mehsurement being

recorded to the nearest 100 ml at A.T.P.S. Body fat was then

L3
*

determined by the uéderwater Qeighing technigue.
The ﬁndarwater weighing épparatus.consisted_of a large
waterfilled tank containing a weighiné cagg; The cage was sus-
pended from a pre-calibrated load cell which transmltted the
weight of the immersed subject in water to a reading scale'ln

mlllIVOl%S}
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~on his nose and guickly lowered his head under the water.

70
To determine the underwater weight, the s_ubjec't was
instructed to %}imb into'the_tank and thoroughly "scrub”
himself to diélnge any gas bubbles which may have adhered to
tﬁe skin, hair or pathiﬁg suit. The subject then stepped into
thgﬂcage and assumed a'crouch»posi;ion with the shoulders sub-
merged. ‘When ready for assesment, the supject placed noseclips
. e _ Py
While submerged, the subject made a maximal expiration°aAEJthen
held his breath for about 15 seconds while the reading was .being
recorded. This test was repeated five times. The highest and

lowest underwater weights were eliminated and the final under-

water weight was recorded as the'average of -the remaining three

~trials.

.-

Body density was obtained by dividing the total body weight
in air (BWa) by the body volume (Vb). Using the orinciple of
Archimedes, the volume of the body is determined by its displace-

ment of water. The difference between the body weight in air and

. the body weight completely immersed in water represents the weight

of the displaced volume of water. This difference, divided by the

density of the water corrected for temperature, yields he volume
. ' - Wa - BWw
of water displaced and hence the body volume: Vb = water density.

This body volume was then reduced by a constant value of 100 ml

-

for the volumé‘of gqs_in the gastrointestinal tract and by.

27 percent of the vital capacity (converted to B.T.P.S.) for the

residual volume-of'gas'in-the lungs.
Total body fat, expressed as fraction of body weight was

then calculated from the Keyé and Brozek equation (1953):
1 o ‘
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- - _4.5770 ‘
Total Body Fat’ (Fb)- Body Den51ty (Db)-4.142, This formula is

the most.appllcable for the estimate of the fat content of young
.maies.in whom the body wei?ht has been free ftom large recent
fluctuations (Brozek gt gi.,'lQGB).

The fat free body mass (FFM) was calculated by eubtracting
.thelproduct of the subject's weight aﬁd percent body fat from

the subject's weight: PFM:body weight—ﬁbody weight x percent
sz/body fat) |

Isometric Leg Strength Measurement

Maximum isometric strength of the right knee extensor
muscles was determined at a knee angle of 90 degrees with the
subject in a sitting position. . The force was measured with a
pre—calibrated load cell and the output recorded-w}th a_low—
veltage potentiometer. ' The load cell was attached via a chain

and belt to the subjects' ankles.

Tests of Muscular Power

(a) .The Standing.Broad Jump

*

~
4

The standing broad jump was performed on a gymnasium mat o
marked off into one cm intervals. The subject assumed a starting
position, at the take-off line, in which the h%gg,and'knees were

flexed, with the arms elevated behind the body. Whén balanced in

-

this position, the subject was instructed to swing the arms for-

4

~ward and jump as far as poSsible onto the landing mat. Thée dis-

tance jumped was the perpendicular measurement to the nearest cm

from the rearmost point of contact, of the heels on. the ma¢ to the

take-=off llne.
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(b) ~ The Vertical Jumb and Reach Test

The scoring apparatus for,this'test consisted of a
cardboard jump board.secured to a wall and marked off into one

cm intervals. The subject first stood sideways against the wall

i

with the preferred arm extended above his head onto the jﬁmp

board. With both feet together at the center of a restraining

circle, on his tip-toes and with the other arm behind his back,

the standing reach was recorded. Without changing the posiiibn
of the arhs, ﬁhe subject was instruéied to flex his knees and
without pausing, jump upwards. The maximum height of the jump
was recordgd by having theﬁsubject make a mark with a pilece of
chalk held in ghe fingertips of the reaching ﬁand. The height
of the jump was calculated to the nearest cm as the distance
between the standing reach and the ma#imum he;éht reached iQ
;'.the jump._ The jump Was started and finished within a festrqﬁn-ﬁ
'ing circle 50 cm in diameter .in order to limit any antefior;

posterior as well as lateral projection. If the subject landed .

on or outside the restraining circle, the jqqp/@as repeated.
L

(c) . The Margaria Test of Power .
According to the method of Margér_ia et al. (1966), each
subject was asked to run up anl?rdinary staircase, 2 steps at a
"ﬁime, at top speed with an approach of 2 meters on the flat.
The time required to cové? an even numbef of sfeps was measured

by placing eLgcﬁronip pressure pads sensitive to .0l seconds on

the fourth and eighth step. The Deacon electronic timer was

started with the contact of the foot on the first mat and  stopped

with ‘contact of the foot on the seconL mat. B

L
.
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Margaria et al. (1966) have shoﬁn‘thaﬁ; in this exercise,

"

‘the running speed frises to a maximuﬁ-afterronry .5 to'l setond,
o# after the first two to three steps, 'and thereafter remains
constant. Thus, for a given incline of the steps, the total

mechanical work done' can be detérmined from the body 1lift alone,

Al

or that work done in lifting the body weight through the height
4 ¢ :

of four steps. Both the absolute and relative power can then be

easily calculated and expressed as watfts .sec:-l and watts .kg_l

.sec respectively.

(d) 40 Meter Sprint

) » : > .
Each subject was asked to perform.a M0 'meter sprint indoors.

y

A standing start was used in order to minimize the effect of "

techrique associated with the crouch start. Electronic photo-

- sensitive devices were placed at the star£ and the 40 meter mark

to record the subject's performance time.

(e} Force Pfatform Analysis of the Vertical. Jump
' Although both a standing broad jump'and a vertical jump have
traditipnally béen used as tests of power, neither test is a valid,

measure of powér-in its true mechanical sense, that is, as the
time rate of d&ing wbrk,“'Therefore, a force platform analysis of
the vertical jump was undertahgn'to deﬁermine,the maximum in%tan-
taneous power that 'tﬁe-,ﬂ.lbjects v.;rei'e capable of producing. . ‘
. 'The groﬁnd reactioh force ﬁés-measure@fby a Kistler (model
#926iA).force platform: The signal from tﬂe fqiSiazlatform.was

pe 5001 cﬁérge éh‘ ifier and

conditioned and amplified by a:

* .
simulﬁgneously recorded by a Honeywell Visicorder  {madel $1508B)

A *

in order to gbtain a permanent record. The subjects gssumed'a

r

@
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starting positidh.on the force platform with legs extended, feet

ﬁogethep and hands held on the hips. From this position, they

¢

were instructed to flex their knees and without pausing, Jjump

e »

upwards. _ t
A-typical record of the vé?tical grou reaction forces

acfing on the platform throughout the performance of a vertical
. ra '

jump is illustrated in Figure 3-1.
Using this record, the vertical ground reaction force curve
can be compared with: the measurements of zero and the known body

weight to obtain a measure of force. Acceleration (A) of the
(F-W)

center of éravity is galculated as A=9.91qx W N.sec ~, where

F is the force and W is\ the body weight. The vertical velocity
. R
can then be obtained by lintegration of the area ynder the acceler-

ation curve. Values fo =instanteneous power are determined as the
p;oduct of velocity 1 the appropriate ordinate of the force curve.
.Figure 3-1 illustrates the velocity aed power changes that take
place duripg the performance of a vertical jemp.

By comparing the relagive'magnitudeslof the body weight and

the vertical component of the ground reaction fbrce, the force
- , 4
curve can be divided into three distinct phases (Miller & East,

: <
1975). .These phases are called: the preliminary unweighting,

-

"weighting and finaI“unWeighting phases. The prellmlnary unwelghtlng'

represents a major portion of the curve near the beginning of the
juhp durlng which the reaction force is less than the body welght,
resulﬂggg\in a negatlve acceleratlon of the body. “The welghplng
phase beélns when_the acceleratlon is zero and the foree aéplied py
the limps isAequal to the Body wei;ht. Maximum danward velocity -

bt

o« )
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‘Muscle Sampling
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is reached at this point. Throughout the weighting phase, the
jumper acceierates‘positively during which time the reaction

force rises to reach a maximum, occuring when the body is at

Wy

_or near its lowest position. The point of maximum upward

velocity is :eached'dur%ng this phase just before take;off.
The final unweightieg occuples a very br?ef interval of time
immediately before the jumper leaves the ground, during which
time the velocity is decrea51ng ang the acceleratlon is negatlve
Maximum 1n§tantaneous power is reached as the vertical force falls
and the upward velocity is almost at its peak.

. The impulse applied to the body during the vertical jump was
calculated by integration of the area under the.force—tiﬁe curve.

The time from the start of the juﬁp to the.point of maximum

force (time to peak force) and the relative ferce (force per kg °
of body weight) at peak velocity were also calculated directly

from the force-time curve.
&

Skeietal muscle biopsy samples were taken‘from'the resting
vastus lateralis muscle of the right leg using the needle biopsy.
tﬁphnihue descrlbed by Bergstrom (1962) ‘The vastus lateralis
fuscle 1i'a major contrlbutor to the forces generated during
knee exten51on and it is also located at a 51te which is conven-
1entbfor blopsy sampllng (Thorstensson, 1976). The sampling
site was .about one third the distance from the patalla to the
illiac crest, three centimeters ffom the midline of the thigh
and at a depth of‘epproximately three centimeters below the skin

~'AI‘

surface.r



After gbaving and disinfecting the'skin, the skin,
subcutaneous . tissue and underlying fascia were infiltrated with -
xylocaine. A émall:incision was made in the skin and subcutaq—
eous tissue with a SQan-Morton Qcaipel blade, thr&ugh which the
biopgy needie ;as inserted. Once the biopsy sample was secured
witQin ﬁhe barrel of the needle, the needle was rapidly with-
.dréwn from the muscle and the inéision closed with adhesive tape.

Once obtained, the biopsy sdmplés were orientated and,mounted.
on a labeiled pieée of 5dttlécork in tracacanth gum and frozen in
isopentane cooled with liquid nitrogen. After freezing, the
cﬁrk and attached specimen were stored in a freé;er at -40. degrees

celsius until required for sectioning.

"

Histochemical. Techniques and Morphometric Procedures

The bigpsy samples for histochemistry were placed in a '(Damon)
qryoséat and warmed to -20° degrees. Two sefial sec;iOnsllo u
thick were cut in the cryostat and mounted om coversliés.' The
_sec;ion§ were sta;néd'for myofribrillar AT?asé activity and reduced
nicotinamide adenine.dinucleotide—diaphbrésg.(NADH-D) according to
the methods of Pglykula and Herman (1955)_a§ modified by Guth and
Samaha (1969), Brooke and Kaiser (1970) and Novikoff &t al. (1961)
;espectiveiy..‘ .

In the reaction for myofribillar ATPase, as descigbed by Guth
and Samaha (1969) both the pgeincpbation and the incubation of the

&

tissue sections are carried out.atféH 9.4. Those fibers which

react strongly are then classified as Type II-(FT)-and-thosé that =
’ . »

react weakly as Type I (ST).




Following ;he staining, each éerial section was

'Ph0}ograpﬁea.hsing a Lietz research mfscroscbpe with.the"correF
spondigg 4 x 5 photographic attachment by a photographic tech-
nician from the_gepartment of Biology. The muscle fibers were

then typed as either‘@ype I or-Type II and counted.

‘e
Y

The cross-sectional areas of -the Type I and Type II muscle

fibers were measured, with a graph/pen sonic digitizer (GP-series

6) at the University of Montreal, from the photomicrographs. of

" the myosin ATPase stained sections. Fiber areas were calculated

only from those portions of the photomicrographs where the cross-
section appeared perpendicular to the fiber orientation. The
graph/pen sonic'digitizer consists of three basic components:

« (1) a graph/pen stylus whichcreates sonic impulses at
rates and modes set by the operator and which is
used by the operator to trace around the circum-

. ference of each muscle. fiber;

(2) sensois\which detect the arrival of each sonic
impulse alt the X and Y axes of the active field
of the graph/pen and convert the impulse to elec-
trical signals which are transmitted to the
control unit;

(3) = control unit, which initiates the energy pulses
which are converted into sonic waves by the pen
stylus, measures the times required for the sonic
energy to reach the X and Y sensors and converts

these times into dlstance me surements in digital
form.

-

The measurements of the muscle ber areas was used to S

.

determiné.the Type 1I1/Type I fiber area ratios and to calculate

the relative area that the Type II fibers contributed to the

-

total muscle. Relative area was <alculated bylmultiplying the

Type II fiber number by.its mean area in each biopsy sample and

P

expressing it relative to the total area.

.

e ’ -



79

Statistical }nalysis
' Thelreiiabilityfdf £he!isometric stréngth measurgﬁents'énd
the five tests of poﬁer were determined using the test-retest
method, by correlating the best of three performahces on the
first teét day with the best of three performances on the second
test day. The test-retest reiiability of the underwater weighing
téchnique was established‘by corféiating the percent body fat_
calﬁplatéd from the fiﬁai underwater we;gh;s on the first an@;
second test days. ; ‘
| The mean pS&cent body fat and the best of all six
pérformances in the strength and pﬁwer'tests were used in all
further statistical procedureg. Means, ranges and'standard
deviations were_calculated from individual values for all vari-
ables. Pearson product-moment coefficients of correlation were
' calcpiated iﬁ'éfder_to ascertain the interrelationships among the
.sybjéctts' physical charécteristics, leg strength, pbwer and Type
II’fibgr distribution. The VariaSies derived from the force
.f,fgﬁatforﬁ analysis'of the-vertical jump (peak force, velocity,
iHStantaneous power, impulse, time to peak force and the relative
* force at peak velocity) were also intercorrelated and correlated
to the Type II fiber distribution. All correlations were tested
for significant éifference fro%‘zero at the 0.001l, 0.0l and 0.05

o

level of probability. -

-

A student's t-test was used to test the difference between
the méan Type II and Type I fiber sizes.

Simple regression analysis.was uséd to determine if power
performarice scores could be predicted frem the muscle fiber

"',’



~

composition. and vice-versa. An F-test was used to test the

significance of the regression equations.

”
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4 “CHAPTER FOUR
RESULTS
Tables 4-1, 4-2, 4-4 and 4-7 contain the raw data for
physical charecteristics, muscle fibeY analysis, tests of
strength and nower and force platform anal;sis. Taele.4—8 is .»
a summary table of the means, standard deviations anad ranges of

¢

all of the .above variables. The correlations between (a) the

~3

subjects' physical characteristics, () the subjeets' physical

-
characteristics and the tests of strength and power (c) the
tests of strength and Eower;‘(d) the subjects' physieai charac-
teristics and the variables derived from the force platform
analysis of the vertical jump and (e) the force platform vari-
ables are présented in Tables 4-3, 4-5, 4-6, 4-9 and 4-10
respectively. The results of the simple regression analysis are
found in Table 4-11. Multlple regression analySLSQMas not done
because of multlcolllnearlty Multlcolllnearlty refers to the
situation in which some or all of the 1ndependant varlables are

very highly correlated, because<3!vﬁuch regre551on coefficients

may not be determlned.

Subject Physical Characteristics

The subjects of the study (Table 4- 1) were a group of elght

. young male volunteers between the ages of 23 and 35+ years. They

were all phy51cally .active, with the exceptlon of subject nhmbe&

b
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) 7,
seven, who was found to have a high percentage of body fat
(27.2%) felative td the rest of the group (mean'ld.G%), as
determined:nx-densitemetry‘(reliabi}ity .97) . Subjects three
and eight wete hiéhly trained marathon funners, but none of the
subjects were trained 1n sprint or power aCth1tleS A consid-

erable range was evident in body weight (59 to .81 kg) and in fat

-

free mass (FFM) (52 to 71 kg)\

Fiber Type Com9051t10n of the Muscle

The results of the muscle-flber analysis are fQund in. Table‘ :

-

4=~2. The number of flbers that cquld~be counted per subject de—
pended upon the size of the blOpsy spec1men, the sizé. ef the
fibers and_thetquallty of the sectlon. In most. cases “the count
was considered satisfactory (171 to 584 fibers) but in subject
number three, only'éo fibers were_suitabie for both sizing and
COuntlng The ‘average Type LI fiber distribution if the vastus
lateralls sample was 53% but within tne“groupqu e;qht subjects;
the values ranged from 7% to 75%. The‘extreme_case was subject

L ) an

number eight, whose biopsy showed only A4{Type II fibers within a
) . ‘.

field of 584 (i.e. 7% Type II). .The other marathon runner

(subject three) showed the next lowest perCentage of Type II
w g4 =

flbers (41%) When the effect of flber size was taken 1nto

account also, to yleld“a value‘for the - percentage af total ‘muscle
area occupied by Type II fibers, the values in the Fwe marathonj
tunnens were redneed even furthef (to 4% and 35% tespectively%,
-Whilst‘the group mean did not change. oo
The mean»Type,I‘and Type II fiber areas were 5180 umz and.

- 5382 um2 respectively and these were not significantly different

-
. e

o
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-
-

frgm each. other. Much individual variation was obser , however,
i both absolute and relative cross-sectional areas/(Figure 4-1).

covered'almost
2

e éubject‘differences'in absolute. mean fibér—siz

a two—fold'iange, from 6587 umz,in_subject numbe e to 3568 um

in subject number seveﬁ'(the most inactive subject). The tendency.

was for subjects with large fast fibers to also have large ‘slow
flbe;s, but this was not the case for the marathon runners
(subjects three and elght) who revealed Type I1/Type I fiber area
ratios which were unusudally low (.76 and ;45 ;espectively). The
largest ratio observed was 1.27 for subject four. ’

*

-Correlations Between Subjgct Characteristics

d’ﬂ’{h;?t surprisingly, Table 4-~3 indicates that helght was

correlated with body wei (r=.79; p€0.01) and with the fat free

mass (r=.83; p{0.0 and that welght and fat free mass ware also
correlated with gach other (r=.76;p{0.0l1). Also, as expected,
-~ :

percent body f was independant of height, weight and fat free(}
aSSr |
'An unexpected result of this study -was the high and
statiétically significant correlation between the percentage of
Type II ﬁibers and body we}ght (r=.8; and .75 reépectively, by
nuﬁber and by area; p(U.Ol{. Fat free mass, on the other héﬁd
was not Sigﬁifica \ly related to thg percentage of Type II fibers.
The coefficient (of correlation fof the latter reldtionship

was however, still in the vicinity of .5 wherea 1t would be

-

expected m:appfoximatezero. The spuaidua\zsi;kionship between '’

these variables in this study should be kepé in mind as it could
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tend to.confouﬁa the correlations obtained for both the

‘percentage of fiber type and fat free mass.

The correlation between percent 11 fibers by area and

by number was' 99 (p(6.001). This near perfect relationship

-

reveals ifself in the almost identical correlatlons of percent
=

Type II fibers by area and by number with the various strength
power and force platform tests._ Consequently, a dec131on was

made to' yetain only the correlations with percent Type II by

-

- LR

area for subsequent use in the study. .

+

.Performance Test Data N _ .

. The wide range in the results of the performance tests of.
strength and power (Table 4-4) indicates'high individual perfo;m;
ance varlabllxty This wide range of performances probably te-

flects the tendency in this study for subjects with a high body

- weight or fat free mass also to have a high percentage of Type II

H

fibers,,thps enhancing both.their absolute and relative power . capa—':
bilityl Subjects with a low percentage of Type II flberf’would
1 ewise he doubly handlcapped
The test—retest reliabilities of the standlng broad Jump

(r-.94, p<0.. 001), vert1cal jump (r=.97; p(O 001), Margarla test of

‘power (r-.99 p(O 001) and maximum 1nstantaneous power (r- 95.

p(o 001) appear acceptable. However, the reliabilities of the 40

meter sprlnt (r_.88, p{0. 01) and 1sometr1c leg strength (r=, 90-

-

p0.001) were somewhat lower.

‘
‘6
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Correlations Between the Subjects' Physical Characteristxcs and

the Tests of Strength and Power

The correlations between the subjects' physical ‘
character;stzcs and the tests of strength and power are presented
1n Table 4- 5. Body welghtﬁwas highly related to abeqlute and

relative power as meésuted_by Margaria's test and absolute and
relative maximum instantaneous poﬁer {MIP) on the: force platfotm
(r=.87; p(OLOl, .53: p{0.01, .75; p(p.OS'and 62; p(p,OShrespec-
tively) . Body'weight was alse correlated to the standlng broad -
jump (SBJ) (r=.72; p(o 05) and vertical Jump (VJ} (r=.68; p(o 85),
but not the 40 meter sprlnt (r=-.26). Height, because of its
cotrelation to weight, was related to about the same degree,
except that it was not significantly related to either measure of
relative power (Maxgania test or the force platform).

Fat free mass was correlated to the standing broad jump
(r=.82; p(ﬁ.Ol); 40 meter'sprint {r=—.62; p{0.05), Margaria's
test ot abselute power (re.62; p<0.05) and absolute maximum in- a
stantaneous power (re=.71; p{0.05), but was not related to relative
maximum instqntaneous‘poﬁer (r=.43) or the vertical jump (r-}54).'

A significant relationship was expected between fat free mass .
and isometric leqg 'strength but this was' not the case (r_.40), _ :
possibly as a result of the poor test-retest rellablllty of iso-
metric leg strength (r_.go) Leg strength and the proportion of
body fat were unrelated to any of the «test varlables.

The percentage of Type II fibers by area was sxgniflcantly
related to absolute and relative power as'mepsureq by Margaria's

test (r=.70; p<0.05 and .91; p{0.0l1 respectively) and absolute
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Table 4-5 Correiations bptween the Subjects' Physical Characteristics and
the Tests of Strength and Power : .

height weight fat, frée mass ¢ body fat & Type II fibers

leg strength .25 . .52 .40 .08 .36 _
%SBJ T M .72% .e2't n,28 | .687

L] | F - . .‘___/
w3 79t st .54 - .07 .61t

40 m sprint .38 -.26  -.e62" .59 -.47
Margaria : T : .
absolute 78t ettt gattt -.25 .70*

Lo . "

Margaria - : ‘

relative - .s2.. .a3tt .62" .15 L1ttt
*MIP. - | _ .
_absolute ~ - .76%" st ot .. .08 .65t
MIP, o 4 T +
relative .58 .62 .43 .16 - .67

Significant at the 0.05 level of probability-

** significant at the 0.01 level of probability

*++  Significant at.the 0.001 level of probability
. *SBJ: standing broad jump

*yJ: vertical jump
. *MIP: maximum instantaneous power



and relative maximum instantaneous power (r-.GS p(p 05 and

67; (p 05 respectlvely);as well as to performance in the |
vertical junp (r=.61; p{0.05) and standlng‘broad jump (rw,68;
p{0.05). There was no significant correlation however,hwith

the 40 meter-dash (re-.47) or.isometric leg strength (re.36).

- 4

Correlat;ons Among the Tests of Strength and Power =

As Table 4-6 1ndlcates, there was a.significant correlatlon
between absolute power as measured by the Margarlartest and the
force platform jump (r=.73; p{0.05), but the correlatlon between .
relatlve power as measured by these two tests was 1nslgn1f1cant
(r=.49). The wlthzn-test correlatlons of absolute arid relatlve'
power were s;gn;flcant in both cases (r=.85; ékdiOI and ;:.;31
p{0.001 for the Maré’&ia-and.MIP tests respectively), but_the-
between-test cotrelations were not'(fh 50 and ,57)x ‘

Absolute power as measured by the Margarla test was
slgnlflcantly related to the standlng broad Jump (r_.84 pl0. 01),
the vertLCal jump (r=.64; p<0.05) and the 40 meter’ sprlnt (xr=.62;
p(0.0S). Maxlmum instantaneous power was 51gn1f1cant1y related
to the standing broad jump (r=.76; p{0.01) and the vertLCal jump
(r-.777,p<0.01), but not to the 40 meter sprlnt Lr-~.56)1 When '

-

the results of the Margaria test. and maximum instantaneous power.
were expressed in relativeaunits, similar telationships were
found, eiceot that the correlation between the Margaﬁia.test and -
the 40 meter sprint lost signiflcance (r=, 52). |

The standing broad jump was mederately related tofhoth the e
vertical jump (;-.63:‘9(0.05) and.the 40 meter sprint (f;—.éegf"

p(0.05), but the correlation between ‘the vertical jump and the - e

-
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Correlations Among the Tests of Strength and Power
" . leg - 40 m Margaria Margaria *MIP
strength *SBJ *VJ sprint abgolute relative absolute
SBJ .40 | |
v . ,01 . .e3'
"40 ‘m sprint - .03 -.66° -.53 : R
. Margaria
absolute .37 .sa*t et 62t
. ‘ . / ,
. Margaria N 4 "
relative .19 .69 .67 -.52 .85 .
MIP . o : , '
absolute 53 .16t a7t o ose .73t .57
MIP _ : . '
relative .43 .s0t 77ttt s .50 .49 .93ttt
_? significant at the 0.05 level of probability
'++.Slgn1f1cant at the 0.01 level of probablllty
. +++-Slgn1f1cant at the 0. 00l level of probability

¥SBJ: standing broad jump
~ *VJ: vertical jump
_ *MIP: maximum lnstantaneous power

i
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_40 meter eprint was not significant (rz-.53).7Isometric:1é§

.

strength was not related to any of the tests of power.

Force Platform Analysis of the Vertical Jump

Descriptive data on the positive vertical impulse, peak
velocity (PV},.peak force (PF), peak relafive force (PRF),

- . L] 4 L] ’ -
absolute and relative maximum instantaneous power, relative

force at peak velocity.(RFPV) and the time toﬁpeak'forpe (TPE)c

-

aohieved by each subject is presented in Table 4-7..
There wae a very wide range in the subjects' oaximum'
instantaneous power "scores (5715—2147%” but when this vafiable
was expressed relative to the fat free-mass (We kg ?FM-l) the
range was rediced somewhat (80.25—40.46Vﬂ.‘ Other variables,
such as-theoimpulse, peak*force and time to peak force also

showed co%eiderable variation.

‘Table 4-8 presenés a summary of the means and dispersion

‘characteristics of all.the vafiables in this study.

: T
Fat free mass and body welght were both 51gn1f1cantly

reiated to peak absolute force (r=.57, (p 05 and 68,,p<p 05

respectlvely) but not to peak relatlve fogce (Table 4=9).

'Body welght was also correlated to the riﬁftiVe-force at beak

velocity (r=.66; p(o 05), apparently as a reflection of the -

pecullar relatlon of this latter varlable to percent body fat’

(r=.76; p€0.01). Pe;oent body fat was unrelated to other force

platform variables.

FOor reasons thaf appear obscure, impulse- (r=.75; p(ﬂ.Ol)

and peak velocity {r=.65;_p(0.05) were significantly related to

A et g g ige
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height, but not to body wéight and FFM; Time to peak force was
not related to any 6f thg subject characteristicé. i
/ The Type II fiber distribution was shown prévioug;y

(mablé 4-5) to be related to thelabsolu;é and relative maximum
instantaneous power (r=.65; p(0.0S‘aﬁa .67} p{0.05 respectively).

It;now appears to also bé,related to peak force (r=.66; p{0.05),

létive peak force (r=61; p<0.05) and the relative' force at

peak velocity (r=,71; p{0.05).

Figures 4~2 and 4-3- illustrate how }he force-time curves

differed between "fast" and "slow" subjects. Subjects who had

more than 60 péfcentlTybe II fibers tended to produce greater
relative force, showed fasterﬂfates of Qevelo?men£ of éhé force
and had shorter contact times than those with less than 40% of
Type II fibers. . a o

» _Tgble 4-10 Eontains the intercorrelations for £he forcg.
platfo;m variables. Absoiﬁte aﬁd relative maximum instantaneous
power correlaéed significantly with peak velocity (r-uéi and .71

respectively:; pé0.05), peak force (r=.69; p(0.0S-and .74; p{0.01,

,respectively) and impuise (r=.69; p{0.05 and .76; p{0.01 respec-

tively). Peak velocity in turn,-was strongly related to impulse
(r=.84; p€0.01), but neither peak velbcit§ (r:-.02)nor'impulse

(r=.05) bore any relation to peak force. Peak force was, however,

closely inter-related with relative peak-force and time to peak

force (r:LBl; p(D.OOlland r=-.71; p{0.05). The time to peak force

‘was also rglated to relative peak force (r=.80: p(p.ﬁl).
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Simple Regression Analysis = . 2

v

! — -

The results 6f the simple regression analysis are contained ..

ta
s

in Table 4-11. 'The regression .coefficients were hot statisticalgy

v

sigﬁificant at the 0.05 level of probability, \;wit.h the small num- )
ber of subjects in this s‘tudy'.. "It was therefore not possible to.
.predict either the muscle fiber composition from power performance

or power performance from the muscle fiber composition.

L4 ' \
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 Table 4-8

age (yrs)

height {cm)
weight (kq)

body fat (8)

fat free mass (kg)
leg strength‘(N).

SBJ (cm)
vJ (cm).

40 m sprint (sec)

Margaria absolute (W)

MIP absolute (W)
MIP relative (W.kg bw ")
MIP relative (W.kg FFM 1)

-1
PV (m.sec

PF (N)

RPF (N.kg FFM ™)
RFPV (N.kg FFM

TPF (sec)

% Type II (number)
t Type II {(area)
Type II area (um )

Means, standard dev1at10ns and ranges of .the subjects"-

P

98

and the muscle

Range
23-35
168-186
58.9-80.9
6.8-27.2
51.1-71.1
379-829
"180-263
19-43
5.33-6.48
851-1451

. 14.2-18.3

19.2-21.0
2147-5712
36.4-70.6
40.5-80.3
379-856
2.34-3.14
1281-2476

'21.8-36.4
0 9.19-14.72

0.38-1.03
7-75
4-77

2966-6§45

physical characteristics, the tests-of strength and
“power, the force platform variable
- fiber analysis. .
Variable Mean  Standard
o deviation
27.7 3.88
176.9 613
71.2 6.91
12.7 6.21
i .62.0 "7.08.
! ~ 593.8 144.1
227.4 27.4
. 34.6 7.52
5.80 47
1219 204
Margaria relative (W.kg bw_l) 17.0 1.68
Margaria relative (W.kg FFM 1) 19.5 ‘ 1.53
3580 « 1003°
1 49.8 10.4
.57.1 11.7
positive vertical impulse (N sec) 625.2 147.3
' 2.73 .31
1758 459
1 28.1 5.66
L - 11.8 1.82
0.61. 0.19
53.2 21.5
53.4 23.9
5180 “1568 -
) 1078

Type I area (um }

5383

3355-6839




Table 4-9 Correlations Qetwéen the Subjects’
" and the Force Platform Variables

height weight fat free

mass
imp‘ulse B L1st? .54 - .39
peak velocity - " est _ .29 ;39
pgak force ‘ .45 68" 67"
peak relative force .iz ' ‘ .45 .32
4mé1ative force at N
peak velocity .25 .66 .07

time to-peak force -.09 -.40 -.1%

* Significant at the 0.05 level of probability

+ Significant at the 0.0l level of probability

Physical Characteristics

99

% body fat % 'Type II
.11 .25 '
-.21. .20
-.10 .66t
.12 .61t
.76%t AR |
-.25 -.26 :
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Table 4-10 'Correlations Among the.Force Platform Variables

F’D
*MIP
.absolu;e‘

MIP . -
(relative)* .g3*tt
PV 61"
PF .69%

h .
RPF .47
RFPV .36
TPF -.17 -
impuise

.69

*MIP *py
relative
.71
S 7ha -.02
.58 .o=.27
.59 o9
.33‘. .58
.76 .sa**

' *PF' .

.91

.34

-.71

.05

+ Significant at the 0.05 level of provbability

+++

re

++ Significant at the 0.0l level of probability

+++ Significant at the 0.001 level of probability

*MIP:

maximum instantaneous power

relative force at peak ve;gcity

.-

*PV: peak velocity
*PF: peak force
*RPF: relative peak force
. *RFPV:
*TPF: time to peak force
{

N

*TPF

*RPF - XRFPV
S
.38 A
-.g0%t  -.33
-.18 .40  -.41

N~y
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Results of the Simple Regression Analysis With

' Table 4-11
Type II Fiber Distribution as Both the Inde-
pendant and Dependant Varlable. g
Dependant Independant - Regression =
Varlable Variable "Equation’
_ Type II vertical jump x-l 93y-13.94
. fe distribution ' .
standing broad X=.548y-71.46 i
jump . '
Margaria- . X=.08ly-46.03
absolute ‘
Margaria- X=13.85y-216.95
. relative
MIP-absolute x=.015y-.922 "
MIP-relative x=l.33y-14.91
, :
vertical jump Type II y=.237x-22.01 )
distribution .
standing broad y=.887x~180.1

jump

Margaria-
absolute

Margaria-
relative

MIP absolute

MIP relative

y=7.30x-824.86
¥=.059x%x-16.36

y=.32.89x~1828.8
y=:320%-40.02




CHAPTER FIVE

Discussion

Force- Platform Test of Power . . | .

Human power output,-in exercises of.aQEefy short duration,
has been the subject of study for more than half a century.
Though the measurement ofAhuman power output can be quite com-
plex ‘ard difficult.to quantify in'most explosivé movements of
the body involving large muscle groups, an accurate mechanical
assessment of power can be made in singlé movements having a
duratlon of one second or less.

In this study, the subjects achieved a mean peak power
output on the platform jump of 3580 W. Mean peak velocity and
force were 2.73 m.sec.® and 1758 W respectively. These results
are comparable to those of several othefs,\whoée values a?e
liséed‘in éable 5-1, though it must be taken into consideration
that the different researchers did not use a séandarqized tech-

nigue for the performance of the vertical jump.

Table 5-1 A Comparison of the rindings of Others Regarding Force, .
Velocity and Power During the Vertical Jump. .

_. Researcher ' Veloc1t¥ Force " Power
. B (m.sec~1) (N) (W) .
Desiprés (1975) - 2.90 . 1244 -
Davies (1971) 3.40 1647 3900
Cavagna et al. (1971) 2.67 - ¢ 3475

Gerrish (1934). 3.2 1468 4026
Adamson & Whitney (1971) ) 2.2 v 1147 -
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The mean peak force of this”study is ratheér high when

compared with thé results of othérs; Howeﬁer, fhe-range of the

' subjects maximum forces was from 191 to 312 percent of 'their

static welght._ Gerrish's (1934) subjects demonstrated a 51m11ar
range of maximum forces from 210 to 375 beicent;of their;static

weight. Others (Murray et al., 1967;-Payne.g3 al., 1968) have

‘reported maximal vertical thrusts of up to five times a subject's

body weight in jumping and running eqents.berformed by skilled‘
adults. | '

The abqoiute and relative maximum instantaneous poﬁer
produced during the vertical j;mp was .related not only to force
and-velbcity, bu£ also to the positive vertical impulse. It can
be noted from Figure 3-1 that the peak force precedes peak
velocity and that the iﬁstantaneous'velodity of the body is not;
due to the current force, but to the precedlng force—tlme

’-r'
integral. This 1ntegra1 is the 1mpulse generated by the Jumplng

action. .
Newton's second law describes the relationships between

applied force, mass and acceleration as Fama. As a is the rate

.at which a change in velocity occurs, 'this may be substituted

for a in the above equation and F then becomes the time rate of
change in momentum' F-Eg:%zg where v is the f1na1 velocity, vo
the initial velocity and t the time during which theé force was

apélied. The 1mpulse (Ft) is then equal to mv-mvo. In a verﬁi—
cal jump, the upward motion starts from zero veloc1ty, therefore

the second term in the foregoing equation can be ignored and it

becomes apparqu that for a performer of mass'm, the veloczty
e

s

e A s
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échieved_hy the Boéy'auring'a vertical.jump can ‘be related to
‘the size of the impulse. In order to maximize the veréiéé%
jumP‘height‘and bower (Fv), the bositiéeﬁvertica; impulse can
be increased by'inc;eqsing the peak force'and/ot th: durationA
of the positive force phase. - . |

Sargent (1921- cited iﬁiBarlow, 1971) had originally
stated that vertical jump heiéﬁt is independent of bdth body
‘beigbt~andbweight and that these tw6 variables ﬁherefore had
‘little effect upon the develbpment of "power". ﬁ;ﬁy of the
earlier vertical jump studies have since accepted.;?is assump-
.tion that jump height is indicative of power, reéardless of
weight and stapure. waever,'in this stuay, absolute maxim;m‘ .
iﬁstantaneous power was found to have a strbng bdsiti&e rela-
tiénship to body weight (r=.75; p(d.Ol), height 1:-.76: p{0.01)
and the fat free mass (r=.71; p<0.05). Davies (1971) and B;rlow
(1971) have also Egported_significant correlations between these
latter three vari;bles and both the qaximum instaptaneous and’
average power aeveloped during a vertical jump; Since muscle
strength is depe&dgnt upon the cross-sectional area Bf musﬁle,
strepgth and power should increase in proportign t§ muscle mass.
Assupihg, in turn, that fat free mass and to a mofe limited
extent, body weight! ﬁréyide a rough estimate of muscle mass,:
then both weight and fat free mass should correlate with force
and absqlute power. .

Body ﬁeight and height weée retated (r=.79; p{0.01) and . =
therefore it was not unexpected to find a similar relétionsﬁip

between. absolute power and height (r=.76; p{0.01) .

~
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’

Margarid Test of Power _ o : ’

.The average alactic anaerobic power of the subjects

.. -obtained by the stair-running method of Margaria et al. {1966)

was 17 W.kg bw—l.' This figure is consiqten;Awiﬁh normative
.valhes prev;ously'reporﬁed for adult men by Matgaria et al.
(1966)° (14.7 W.kg bw 1) anh Kalamen. (1968) (17.6 ﬁ.kg‘bw-l)“
and is about three times higher than the maximum rate of
enefgy production likely to be supplied by oxidation (Margaria
et al., 1966). | : )

The alacéiq power outputs (1219 W) were rodbhly one third
the value achieved for maximuﬁ instantanepgs power output
‘(3580 W) during the‘vertical.jump. Thisg is becguse Margaria's
test ié not a measure of instantanequs_power,'but“of_ave:age.
power calculated by dividing the mechanical work by the time of
worg. When the agé?é;; abso ﬁte power éeveloped,during a ver;if
cal jump ié c . ed, % has been reportedAéﬁ between 1204 and
1218 W (Grey et El}’nggi' Cavagna et al., 1951).. This iﬁ very
similar to the average absolute power as calculated by the method

L4

of Margaria et al. (1966), even though stair-climbing is, mechan-

ically: a much more complex alactic activity. |
Absolute'alactic power, like the ;aximum insténtaneous

| ﬁower, was strongly dependent upon body weight (r=.87;p{0.01) and

fat free mass (r=.94; 9(0.661), but to a greater degree.‘ Much }"

the same results were documented by Davies (1971), in young males

(n=47), when weight and fat free mass were correlated-tb power

performanéé in both the vertical jump and Margaria's test. Table

5-2 provides a summary of the results of this stﬁdy cbmpared to

those of Davies (1971).

-
L

L
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Table 5-2 - The Relationship Between Absolute Power, Weightgq
and Fat Free Mass

Absolute Power o ) -

force stair-.
platform ~climbing
weight | 58 ' .79 Davies, | : . ..
FFM - .68" .86" 1971
weight .75 873y, This
FFM ’ .n* .94 study
+
*p¢0.05; Y¥plo.01; TTp¢o.001

The correlation of only .73 (p{0.05) between the absclute

. alactic power and maximum instantaneous power suggest that_theyu

‘may not -strictly be used as comparable test forms. The common

variance (rz) accounts for only 53 percent of the total. In the
case of relative power eapacity (r:.;T) the variance common'te
the two tests is eved less. In each case one component of the
specific variance might be the skill factor, since jdmping and
stair—climbing'afe two distinct-gross-motor activities.

In this study, absolute power has eeen divided by the fat
free mass, to obtain an index of relative power'capacity (i.e.

powervexertable per kg of muscle mass) which is independent &f

-both body size and composition. - There was a high degree of rela-

" tionship between absolute and relatlve power (r=.85; p(0.01 and

.93; p(0.001 for-the Margaria test and the force platform jump

reepectively) though this would not be expected.

Performance Tests of Power

Two features common to the vertical jump, standing broad
-

jump and 40 m sprint, are that each tests an individual's ability
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- +to develop "power" in relation tg the body weight that must be
moved and that each requires a combination of muscular stfenéth

and speed. Asﬁéuch, some degree of relationship should be

b}

evident amongst them. - The results of this study indicate that-

. the standing broad jump was moderately, related to the vertical.

fump (r=.63; p(0.05) and the 40 m sprint (rz-§6; p(0.05). These

%orfelétions are similar to\those obtained bleOStill éE al.
(1968), Considine.(l970)‘and'Glencross (1966) . Vertical jump
height and the 40 m sprint were not significantly related -
(r=-.53), though the coefficient is rather similar in magnitude
- to those abové. ‘The .variance predictable from any one tes£ to
the other is 1ow:(r?=2s% to 40%), which again attesté to the de-
gree of specificity inherent in'each motor performance or teét.
Another common feature shared by the two jump tests ié
-their relationship to body weight and fat free mass. The stand-
ing broad jump was significantly corfelated to weight {r=.72{
p{0.05) and the fat free mass (r=-.82, p{0.01), whilg the verti-
cal jump was similarly related to weight {r-.§8; p(O.QS) but not

to the fat free mass (r=.54). The latter correlation was prob-

'ably-affected by subject seven's high percent body‘fét_(27.2%) ~

and the difference in his performances in the stanﬁing'broad
juﬁp and vertical jumé relative to the group means.

The 40 m dash, in addition to being significantly related 
to fat'freevmass {r==62; p{0.05) was tﬁe only perférqanée test
that was close to reaching 'significance in its relationship
(r=.59) to the percentage of body fat. Costill et al. (1968)
have also repdrted that 40 yard running spee&, as well as the

distances jumped in a vertical juﬁb énd standing broad jump can

Sadak
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be affected by the percentage of body fat (r=.64, -.63 and -.61
respectrvely). These correlations are 1ndlcat1ve of the detri-
mental effect that a low lean body mass/fat mass ratio has on
performance-tesf rhich reguire an individual to move his.weight
through a height or dlstance. _ |
Correlatlons between different performance tests are
always subject to error. However, the test—retest rellabllity
coefficients obtained in this study for rhe'Margariegtestf(.SQ),
maximum instantaneous power (.95), standing broad jump (.94) and
vertical jump (.97), as well es for percent body fat (.97)

suggest that error due to technical inconsistency was relatively

small. The reliability of the 40 m sprint was only slightly

lower (.90), but this difference may have been sufficient to
account for some of the inconsistencies between the performance
test intercorrelationk.

. o
While the distances jumped in a standing broad jump or

vertical jump and the_tiﬁe elapsed during- a-short sprint are”
ohly simple expressiens or apprOximations of power, a force
platform anal&sis of a vertical jump and the Margaria test,
provide means by which power in its true mechanical sense can be
measured. ' However, the correlations obtained betWeen the
Mergaria test and maximum ‘instantaneous power on the one hand
and the standing broad jump, vertical jump and 40 m sprint on
the other, attest to the degree of validity of these latter
three tests as indices of leg power.

In this study, there were moderate to stroné reletionships

o

between jumping performance and absolute power. Running speed

-
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was aiso éign;ficaﬂtly ;élated to absolut;,;6wer dgweloped'
dﬁring the vertical jump from the force platform. However,
these correlationé are due,in‘parf, to the strong relationships
which were evident between body weight and fat free mass and

the various tests of power. The influence of body size and
composition can be minimized by comparing the results of the
jumping and running tests to the relative power outputs. When
compared to the relative power in the Margaria‘éegt, the cor-
relation of the standihg broad jump"decreased substantially

but remained significant, while the correlation to .the vertical
jump remained about the same. A éimilér trend was noted in the
relatiénships between the relative maximum instantaneocus power,
stﬁnding broad jump and vertical jump. The correlation between
the 40 m sprint and relative power, as measured by Margaria's
tesf, decreased to the point of becoming non-significant. This
might not be expected siﬂce power, in the Mafgaria test when
expressed in relative terms, is a function of the vertical run-
ning velocity, a majér component of which would be the speed of
leg movement. The speed of leg movement would contribute sig-
nificantly to performance in the JONm dash and thus, a high
degree of relationship between the relative power and running

.. speed should be evident. This has, in fact, been shown to be the
case by Costill et al. (1968) and Kalamen (1968), whose relafive
measures were calculated by dividing absolute power by total
body weight rather than the fat free mass. .

The validity éoefficienta égtained for each oftéhe’performancé

tests indicate that they have only a limited application as valid -
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measures of power and are therefore only suitable for use in
testing programs cther than those in which‘the most rigorou§
measures of power are-required. A 51mllar conc1u51on was‘
reached by Gray et al. (1962b) and by Glencross (1966b) but
not by othefs (Barlow, 1970; Consid}ne, 1970; Kalamen, 1968).
However, the results of these studies are difficult to coﬁpare
since the techniques for the jumpiné tests, the length of the
sprints and the calibéf of the subjects were not standardized.
Furthermore, each study used a different criterion measure of _

power against which jumping and running performance were vali-~

dated.

Muscle Fiber Distribution .

Biopsy and autopsy studies have shOWn:that, like most
human skeletal muscles, the vastus lateralis is composed of a
mlxture of flbers, hlstochemlcally classifiable as Type I or
Type II, which'are distributed in a mosaic pattern throughout
its depth (Gollhick et al., }972; 1974; Edgerton et al., 1975;
Johnson et al., 1973). Fiber -distribution data from the studies
of Gollnick et al. (1972; 1974), Edgerton et al. (1975), Larsson
(1978) and Edstrom nd Ekblom (1972) indicate that the vastus
lateralis isléomposed, on the average, of 50 percent Type Irand
50 perceat Type II fibers, although considerable vériation'exists
between individuals. Comparablg results were obtained in this
study, in which’phé meaanype II fiber population of the vastus
lateralis was 53 bércent;' The range in thé Type II fiber numbér

was very wide (7-75), but similar to a range extending



112

-

from 4-87 percent Type.IIl fibers obgérved in Fhe vastus lateralis
muscle of athletes and non-atheletes in the study by Gollnick
et al. (1972). Y

It is béséible in this sthéy: that Qar; of the variation in
percent of fiber composition among the diffeéentlspecimens may’
bé due to sampling error. Previous fesearch has shown that the
distribution of fiber types.in the vastus lateralis can Be
affected by variations in the biopsy site.(Gollnicﬁ et al.,1972)
as well as by phe number of samples taken from a singlg site
kThorstensson, 1976; Clarkson et al., 1980; Clarkson et al.,
1982)}- A sample size of at least 200.fibers is considered suf-
ficient in order to determine ffbér type percentages (frince et
al., 1976; Thorstensgon,’l976). The specimens obtained in this
study mey’or gxceeded this requirement in all casés except for
subjects six and tﬁé. Tﬁe muscle fiber composition of subject
two was based on a very small sample'size (n=80) and it may
therefore not be a true representation of the fiber content .of
this subject's vastus lateralis muscle.

The two marathon runners included in the study (subjects
three and eight) had the lowest percent Type II fiber compos}—
tion. This follows a pattern similar to that previously re-
ported for endurance athletes when they are compared to other*‘——i/‘
athlete populations and untrained control groups (Gollnick EE'
al:, 1972; Prince et al., 1976; Costill et al., 1976). -~

The cross-sectional areas of the Type I and Type II

muscle fibers varied markedly across the group of‘subjects.
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The great variation in absolute, muscle fiber area which was
observed in this-and other studies (Edstrom and Ekblom, 1972;
Costill et al., 1976; Thorstensson, 1976; Gollnick et al., 1972;
~Gregor.gg al., 1981; Prince et al., 1976) is thought to be parti-
ally dué %o\a difference in. the deéree of qucle:fiber'contrac_
tion caused by the biopsy procedure (Thorstensson, 1976; Costili
‘et al., 1976) and therefore some caution must be used when com-
pa?ing fiber are;s between subjects. A.musc;e fiber area ratio

is considered to be a much more constant and reliable measure of
muscle fiber area relationships (Thorstensson, 1976; Edstrom ard
Ekslom, 1972). In most of the subjects, the Type II/Type I

fiber area ratios were within the normal range for untrained but
physically active young males (Costill et al., 1976; Gollnick et
'El:' 1972; Edstrom and Ekblom, 1972; Prince et al., 1976; ‘
Thorstensson et al., 1977). In comparison, the Type II/Type I

area ratios éf the twe marathon runners {subjects three and\eight)'
were low, though others have also observed that the areas of Type

I fibers are larger than'éhe aréas of Type.II fibers in distance
and middle-distance runners (Costill et al., 1976; Gollnick éE al.,
1972; Gregor et al., 1981). It would appear that endurance train- ,
ing results in tﬁ; preferential enlargement of the Type I fiber.
Gollnick et al. (1973) found that following five months of en-
durance training, Type I fiber size in the.vastus lateralis in-
creasednby 23 percent, while the Type'II fiber size decreased by
abﬁut 7 percent. When a muscle is composed almost exclusively
of one fiber type, as was the case for subjegt nunberx 8: this

traiﬁing effect would appeay to be magnified. From Table 4-2 it

r

o«

- 4..’;‘.._“‘“
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.can be seen that subject eight's.Type I fibérs are among the

largest of the group, while his Type II fibers_are unuéually&_ .

small, resulting in.a low Type II/Type I fiber area ratio.
There was ; near perfect linear relat&onship in this study

between the Type II fiber QZLtribuFion by numbér and bylérea;

A similar result was reported by Gollnick et al. (1972) and

Edstrom and\Nystrom (1969)’Pven though samples containing

. vastly different fiber ‘populations and size relationships were

included. However, when a preferentiallenlargement or atrophy

of either type of fiber occurs with training, the percent dis—,/ﬁw
-~ . -

tribution of the two fiber types in a muscle may not.be indi-
cative of the relative area Qégy occupy. Whilst the group
meahs in-this study did not change when the T 'II-distribu—
tion was expfessed by numbe£ or by relative area,fthe'v;riance

. —_——

was enhanced. The Type II distribution was reduce% even furk-

ther in the marathon runners when expressed by relative area.

Isometric Strength

Isometric leg strength was uhrelated to power in this’
stuéy. Such a relationship ;;s not unexpected since it has
geen found that the isometric strength of a limb does not al-
ways correlate with the strength exerted during fast, forceful

efforts (Smith, 1961; Clarke and Henry, 1961; Clarke, 1961;

Henry, 1960). Isometric strength involves only‘muscular force,

while explosive strength exertedeuring fast, forceful move- -

ments incorporates the elements of both speed and power (Atha,
1981). It has been theorized (Henry and Smith, 1961; Henry and

Whitby, 1960) that the exertion of force is controlled by a

et i A



neuromotor pattern which 1s very specific to the limb 1nvolved
in an action, the dlrectloﬂ}ln which the 1:3% is moved,
whether ‘the actionlis dynamic or static in nature and the
angle of the involved joints. Isometric and isokinetic .knee
extension strength measures have been found to be highly in-
tefcérrelatgd by Larsson (1978).(r=.86—.95, n-89{ and Clarkson
et al. (1982) (r=.94-.98, n=9), when’ isometric strength-was
measured at selected knee angles w?ich encompassed the entire

range of motion over which the dynamic strengths were recorded.

In this study, isometric strength was measured at a single Kknee

»

angle of 90 degrees from full knee extention, while in the ver-

tical jump, force is exerted through knee angles ranging £
between approximatély 85 degrees at the lowest crouched posi—
tion to 102 degrees just before -take-off (offenbacher, 1970).
In the standing broad jump, the knég angle just before take-
off is approximately 60 degrees (Offenbacher, 19703. There-
fore, the low correlations obtained between isometric strength’
and performance in the power tests of this study may be the
result of thisxdiscrepancy and, further study of the relation-
ship between the two would be warranted. -
Muscular strength is proportioqal to the active crossf
sectional area of the muscle, which can be expressed as the
total number of muscle fibers, X the average fiber area X tpe
pchent activated fibers (Larsson, 1981). However, sincé it
haé been found in animal muscles that the specific tension
(tension per unit cross-sectional area) of Tyée IT motor units

is greater than that of Type I units ( @any and Close, 1971;

» , ' - 115
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Burke ahd Tsaires, i97§),_the quesp;pa has been raised as to
whether the muscle fiber composition in mixed human muscle can
have a bearing dn isometric forcé prddﬁction. The resﬁlts of
the sfudies’whicﬁ have invéstigated_the relaﬁionship between

the relative muscle fiber distribution and isometric strenéth
are conflicting. Tesch and Karlsson (lé?é),'Kcmi et al. (1977a),
Komi and Karlsson (1978) Mero et al. (1981), and Largson (1981)
have all.found a significant correlation betﬁeen'iéometric ex-
tensor strength of the quadriceps muscle and Type II fiber num-
ber and/or area in athletes and untrained subjects. Yet an '
egqual number of investigatoré have failed to find that such a
relationship gxists. 1C1arkson et al., 1980; 1982; Thorstens-
son, 1976; Gregor et al., 1979; Edstrom and Ekblom, 1972). 1In
this study, Type II fiber‘Histribution was not sigqificantly
relatéd to the iéometric strength of the subjects.IMIn view of
these conflicting results, it can be concluded that the impérF
tance of fiber composition to muscle strength is.hot yet
clearly undérstdbd. Even if it is assumed that‘Type II fibers
have a greater forcé capacity than Type I fibers, variations in
tension production among muscle units. within a tyée or between
muscles with a similar muscle\fiber compoéiﬁion are possible ‘
and can be accounted for by variations in the total unit area
(Burke and Edgerton, - 1975) and neuromuscular recruitment pat- .
terns (Milner-Brown, Steip and Lée, 1975). Variations in the
total unit area are due.to differences in_i@gervétion ratibs or

mean fiber areas or both. Little is known a;3ht~innervation .

ratios in human muscle. However, it is known that a selective

o
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hypertrophy of Type II muscle flber areas can be induced wlth
strength tralnlng (Thorstensson et al., 1977\ Prince et al., .
1976; Costill &t al., 1976; Edstrom and Exblem, 1972) and
therefore an increase in total unit area can be achieved and
these units should be capable of producing greater force. A
.close inspection of the data of Edstrom and Ekblom (1972), |
Thorstensson et al.. (1977f and Gregor-gt'gi. (1981) reveals

that pSGZf type athletes (power lifters; jumpers and pent-
athletes] are capable gf producing signiricantly.greater iso-
metric forces than enduranc@;athletes and untrained controls.
This is the case even though their Type II fiber comoosition
is not signi?icantly different from the rest of the subject‘

population. ‘Milner-Brown, Stein and Lee.(1975) have also dem-.

onstratéd that in addition to hypertrophy, maximum isometric

strength can be affected by the degree of motor unit synchro-.-

¢t i A b e

nizatién\ They noted that the degree of motor unit synchroni-

zation shown by trained weight lifters were significantly

hgn that of control subjects. In order to determine

-

greater
whether this phenomenon was the result of trgéning or a form
o natnral selection, four subjects followed a troining program
in which maximal contractions of the thumb and first finger
were performed daily‘for a period of six weeks. . At the end of
the training, these suhjects demonstrated increased maximum

isometric strength and this was accompanied by significant in-

creases in the degree of motor unit synchronization.
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The Relationship Between Muscle Pibher Dlstrlbution and- Power
Performance

.

The absolute power of a muscle should be dependant upon )
the cross~sectional area of its contractile components as well

as the distribution of Type II fibéers. It has been well docu-

mented that there is a positive relationship between the
II muscle fiber composition and the ability to produce f rce
and power at high conoraction ve}ocities (Thoritensson et\al.,
1977; Thorstensson, 1976; Coyle et al., 1979; Gregor et(Hl.,
1979;‘Tnihanyi et al., 1982). This particular mechanioal char-
acteristic of the Type II fiber is attributed to its high in-
trinsic'speed o£ shortening and to thé)rapid rate.at which it

develops tension (Close, 19727 Barany, 1967; Viitasalo and

Komi, 1978). The biochemical properties associated with these

contractile dynamics are yﬁe\fibers' myosin ATPase activity
and the rate of calcium/;elease and uptake from the sarcoplas-
mio-reticulum. Both.of these capacities are high within the
Type II muscle fibers (Burke and'Edgerton, 1975; Brody, 1976:
Feihn and Peter, 1971; Samaha and Gergeley, 1965; Bafan&, 1967;
Ciose,‘1972; Barany and Close, 1551; Bernard'gg al., 1971).
Further, motof unit recruitment studies have demonstrated that

there is a primary reliance upon the Type II fibers when there

~is a demand for high tension and/or velocity:and ihat the usual

motor unit recruitment pattern may be reversed so that the Type

11 fibers fire_first during brief expoléive movements (Gollnick
et al., 1973; Gollnick, Piehl and Saltin, 1974 Edgerton and

Burke, 1975 Grimby and Hannerez, 1968; Warmolts and Engel
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1973). Therefore, theoreticafly,,perfofmance in exercises
which require consiﬁérapla speaa’and/or tension producgion may
rely upon the availability of the Type II fibera.‘ |
In this study, the Type II fiber dlstrlbutlon was
31gn1f1cantly related to the standing broad jump (r=.68; p(p 05) .
vertical jump (r=.61; p¢0.05) and absolute and relative power in
- both the Margaria test (r=.70; p¢0.05 and .91; p{0.001) and
force. platform jump (r=.65; p¢0.05 and .67; p{0.05). Komi and
Bosco (1978); Komi et al. (1977a) and Mero et al. (1981) have
//\\\alao found that the skeletal muscle fiber composition can be = ¢
related to vertical 5hmp performance.and relative power in’the
Margaria éest. They have interpreted their correlations.as
belng 1nd1cat1ve of a cause. and effect relatlonshlp That is,
the 1nf1uence of the muscle fiber dlstrlbutlon on power perfor-
mance can be attrlbuteq to the basic dlfferencea in thé‘mechan-'
ical characteristics of‘slow and fast mﬁacle fibers and'tﬁeir

" respective motor units. Such a cause and effect relationshlp
between Type II dlstrlbutlon and power performance cannot be .
assumed in -this study. because the Type II fiber distribution
was also ;ery hlghly related to body welght (r-.75 p{0.01) and
to a lesser degree, to the fat free ma;; (r=.46) . Such rela-

' fionshibs were not expected and have not ﬁeen supéorted B} the
literature. These correlaticns are therefore probably due to
sampling error, but since they do exist, it is difficult to
Fdetermine whether the subjects with more Type II fibers dis- !

played more-power because of their fiber composition or simply

because they were-largér and had“a high lean body mass.

e e b |
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However, the reIati;e maximum.instantapeous power was
significantly relaﬁed to the Type II distribution (r=.67;
B¢0.05) . - This variable was the least affected by the FFM
(f-.43) and fherefoée the correlation between Typé II distrir
butien and the relative maximum insfantaneoué éower might rep-
resent the extent to which power cgéécié} cb-vérieé with ‘the
Type II distribution.

Whereas the absolute maximum instantaneous power and
absolute power in the Margaria test should depend upon both

muscle mass and the Type II fiber distribution, absolute

expressed in relative terms {(W.kg FFM-I) would repre the
. iﬁtrinsic capacity of the rate capacity for the deriv
. energy (per unit weight of muscle) from the - intracell
stores of phosphagen. Performance in the vertical jump, -
"standing broad jump and 40 m sprint would Qe ipdiéeé of the
absolute power—fo-weight ratio, for what these latter tests
actually measure is either the height or distance through \
which the subject can move his body weight or the time it takes
- him to do so. Therefore, the absolute power of a muscle or
muscles need not necessarily be reflected in terms of inches
jumped‘or-speed. However, in this study because of the close
interrelationships ﬁetweén weight,“fat free mass and the Type
IT distribution, those subjects who displayed high absloute
power also displayed high relative'power. Thus, the correla-
tions between absolute and relative power as well as the corre-
lations between the performance‘fests and the Type II distribu-

tion were ﬁigher than might,be expected.

R
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The.Type II distribution was also significahtly related
to the relative peak force (r=.61; p{0.05) and the relative
force at peak velocity (;Q.71; p{0.05). The latter two vari- .
ablgé were npot significantly rélgtgd to the fat free mass y
 (r=,.32 and ;07'r§specgiveIY) and thus, the advantagequ haviﬁg
a high probortion of Type II fibers would appear té-lie in
their capability for high relative force production at fast
cont;action speeds. |

Bosco and Komi (1979) have also reported significant
correlations between Type II fiber numbér and vertical jump
height (r=.48; .p{0.01), average fo;cg (r=.52; p{0.01), net
impulse (re.45; p{0.01) and the average mechanical power !

(r=.52; p(0.01). The subjecté bf'their study were 24 untrained
males with a Tyﬁé II:fibeE'cémesition ;éﬁging from 19 to 76
percent (mean 50.7 $15.1). The net positiﬁe impulse in this
study could not be related to Type II fibgr number. It can be
recalled that an increase in tﬁe impulse of the reaction force
‘can be accomplished‘by increasing the magnitude of the force
or the time over which it acts.

Figure 4-2 and 4-3 illuétrate that the relatively "slow”
subjects, who had 51 percent or less Type IT fibers, were able ~ -
to compensate for their gppérent reduced fqrce potential by
pfblonging the time during, K which their feét were in coﬁtact
with the ground, thereby-achieving the same mean net impulse
(609 N sec) as the "fast" subjects (607 N secl. The latter ‘

group however, were more efficient jumpers inasmuch as they
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were able to achieve comparable net impulses and greater power
scores witﬁ relativelf short contact times on the ground.-

A siénificaht cOrrel%tion between muscle fiber type and
ppwér performance in the untrained has not been found consis-

' tently (Campbell et al., 1979; Komi and Karlsson, 1978). -In \\_

the study by Campbell gﬁ al. (1979) the performances of sub- ?'
jec£s with a low percent Type II fibers (35.8%) and those with (;
a high @ercent Type ITI fibers (63.6%), on a bicycle ergometer |
power test and a Sargent jump, were very similar and not sig-
pificantly related to the muscle fiber composition. Campbell

.gé al. suggested that the absolute number of Type II fibers

may not be the sole criteria for ﬁerformance capacity. Since

the synchronization of motor units containing one type of

fiber is . not fixed, the efficiency of recruitment of the

o e gy s

available fibers for a given task may ultimately govern
éérformance.

Sprinting is essentially a power performance which is %
dependant upon one's ability to proj;ct the body forcefﬁlly | -
and rapidly from alternate feet. Chfonological plots of worlgd
record§ in tfack and field provide evidence of_ifregulﬁf but
consistent impfovements in the performance capacity of men and'
women. During the last five decades, man has run the mile
l6.5 secondé faster, jumped over 9 inches higher, and throwﬁ
the shqt and discus 12 and 60 feet further respectivély (singh’
et 355, 1978). However, sprinting performance has nét‘expéri~
enced the same degree of improvement. The best results that

. -
man has been able to achieve in the 100 meter race has not
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1mproved by more than .3 seconds followlng a 10 2 second
record set in 1921. Thus, 1t has been suggested that sprint-
‘ing ability among the world's best is an innate quality which
is "internally" éoverned by high stride rate (Mero.et al.,
1981). Stride rate is proportlonal to the speed of contrac-
tion of the mover muscles (Jensen and Schuly, 1977). The"
speed‘ef muscular contraction is, in turn, primarily depen-
dent upon the proportlon of Type I and Type II muscle fibers.
Since the proportion of muscle fiber types is genetlcally
fixed and not susceptible to change, it could be assumed that
this is one aspect of an individual's-genetype which could
ultlmately 11m1t runnlng speed The available data on the
dlstrlbutlon of muscle flber types in elite athletes has
shown that, in°contrast to athletes in field events whqse
'distribution of Type I and Type II fibers is not particularly
skeﬁed, sprinters usuellf have a high proportion of Type II
fibers. This suggests that this characteristic may be a par-
tidularly-important prereéuisite for suceess in sprinting.
Mero et al. {1981) studied a group of twenty five male
sprinters and found that the subjects' best performances in a
100 m dash and a maximal running velocity over 30 meters were
- significantly related to the Type II muscle fiber compositi;n
.in the vastus lateralis muscle (r=.69; p{0.001 and r=.58; p{
0.01Irespectively). Type II fiber distribution was also
strongly correlated witn stride rate (r=.67; p 0.01} and.

stride length (r=.46; p{0.05). The sprinters were all similar

e e g
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-in age, mass, height, limb 1eng§h and in their Type II/Type I
muscle fiber area ratios.’

In this study, Type II fiber number was not
significantly related to running speed iﬁ,the 40 m dash. Al-
though the speed of muscle contraction wéuld appear to be an
innate quality, running speed can also be affected by neuro-

.motor coordination, sprinting technique, body size, strength
and mechanical and structural features such as thé length of
the limbs and flexibility of joints (Jensen and Schultz, 1977).
In the untrained then, factors such as neuromotor coordinqtion
and ‘technique may be more important determinants of limb sﬁeed
than the Type II fiber composition. An individual may not be
able to reach hié ful enetic potential until errors in sprint
mechanics are correcte& and neuromotor coordination enhanced
through training. .

The results of the studies of Mero et al. (1981) an@_Bosco;_
and Koﬁi (1979) make it possible to veri?y that the muscie'
fiber composition cardnot only have a bearing of the force-
velocity and force-time curves in a single joint movemené, but
also on the runnigg speed and the performance and mechanical
paraheters of a more complicated movement invloving several
joints in dynamic motion (Bosco and Komi, 1979}. Thése results
for a multijoinﬁ movement could in turn, likely be extended to
various sports activities.. The significant correlations ob-
tainéd iﬁ this study between the Type II fibér distribution and
the variables derived from-thq force platform are sim;lar to

* those df'Bosco and Komi (L979). However, the inferences which.

T
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‘can be drawn from the results-of_this study ;re sefiqusly
limited by the confoun@ing effect of the unexpedted relation- .
ships between body weight, the fat free mass and Type II dis-
tribution, as well as by the small number of subjeéts.»

The fact thaﬁiit is possible to predict gross motor
performance involviné'complex movement from a small muscle
- biopsy is in itself surprising, especially since‘the biopsy
is taken from one;qf oniy many different active muscles. TIf
tﬂe éorrelations obtained in this studxrwefe to represent the
“true extent éf the effect of Type II fiSer distribution. on
power performance,‘;hey might justify an attempt to preselect I
- individuals on th; g;sis of fiber type requirements for dif-
ferent spo¥ts activities. Trainiqg could. also be éxpected to

have an important effect upon factors which are important to '

power performance.’

5
_— . —
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CHAPTER SIX

Conclusions and Recommendations .

Conclusions

The major findings.of this study and the conclusiqﬁs
that can be drawn fromlthem, may be.summérigea és‘foilows:

(1) Body weight, fat free mass, Type .II fiber
distribution and absolute power measured by Margaria's stair; .}))f
climbing test and the force platform jump were.intefrelated.
Thus, absolute power capacity was limited by the combinéd
effect of muscle mass and the Type II distribution and those
individuals who had.both a high lean body mass and a high - .
percent of Type I1 fibers were the most favourably predisposed

toward high absolute power capacity. Relative power in the

above two tests.should be dependant upon thé Type II distribu-

.

tion, regardless of body size and composition.  In Fhis study,
the largest subjects also possessed the greatest'ﬁumber of
Type II fibers and thus, there was a high correlation betﬁégn
absolute and relative power \__The smaller subjects with thé
felatively low Type II distribuﬁions,were. theréfore, dngiy
handicapped. _ - V :

‘ (2) A high percentage of,4§pe II fibers is beneficial in
power type activities, such aﬁjﬁumping, where success depends
* upon maximizing force production at fast contraction speeds.

The variance (r2) in power performance accounted for by Type II

.
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" fiber cqmposition ranged from 49% to 828 for absolute and
relative power in the Margaria test and force platform jump‘

{ﬁnd from 22% to 46% in the three performance tests. This

- amgunt of predlctablllty is especially significant when one -
considers that performance in’eech of these five tests is
also affected by anthropomeﬁfic, neuro-motor and verieus bio-
mechanical factors. ' - /

(3) The correlatioﬁfobtained between“absolute.alectic'
power and maximum instantaneous pbweéfindicated that they.may
‘not strictly be.used as comparable teets forms. . Each of the
performance tests of power also possessed a considerable
amount of epecific variance. 1In adéition, these tests were™
found to be'moderately related to power as measured by the
Margaria test and force platform jump. Therefore, they have |

only a limited application as valid measures of power. Of

the three, the 40 m sprlnt was thlie least Valld and rellable.

Recommendations . ' . v

IThe extent of the relationship obtained in this study’
between Tfpe II distribution and power perfo;manee would jus-
tify further study in this area’ with a‘larger sample size.

The muscle biopsy Procedure is invasive and not without {iii)‘
‘and therefere, it-ﬁould be desirable to be able to predict’
‘muscle fiber cempoeition from one or more simpie laboratory
tests. Unfortunately, the results of the simple regression
analysis in this study were not signifieant, primarilylbeéause
 of the small subject number. Since performance capabilities

are always affected by a combination of factors, a multiple

<

-
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regression approach with a large number of subjects would

.probably be‘a promiéing area for future research. Margari

qf‘this_typé bécapse it is-versatile, eaéy to adminis
provides aﬁ‘accurate"mechanical-ésééSSment of average power
and incorporates an‘activitys(sfair—climbiné) with which

" everyone is familiar. Though less versatile for the purpose
of quantifying pbwéf productionﬁ‘the férce piatform would also
be a valuable’tool for-use in future rese;rch. The force . .
platform provides a means‘through which those variables which
.conf;ibute-to‘the performénce of a power-type activity.can be

isolated and subsequently, to determine how these variables

are affected by the Type II distribution. . (T—”
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_ - DEPARTMENT OF KINANTHROPOLOGY

CONSENT FOR PERCUTANEOUS MUSCLE BIOPSY SAMPLING

I, ' ’ hereby volunteer for
percutaneous muscle sampllng by biopsy needle as part of a research
project to investigate the degree of relationship between fiber
composition of skeletal muscle and maximal power performance.

I understand that two small pieces of musclé tissue (usually
less than 50 mg) will be removed by a medical doctor, from the
vastus lateralis muscle of one leg using a percutaneous biopsy needle.
After disinfection of the skin and injection of local anaesthetic, a
small incision (about 4 mm in length) will be made in the skin and
subcutaneous tissue with a scalp€l. The biopsy needle will' then be
advanced through the incision into the muscle to obtain the sample.

A second sample will be obtained in the same way through the same
entry point, and then the skln incision will be closed with a sterile
adhesive strlp.

Although the biopsy technique has been described as "relatively
atraumatic", I understand that -certain risks do accompany the proce-
dures. The more significant risks would be damage to nerves resulting
in paralysis, damage to large vessels produc1ng hemorrhage .and haema-
toma, systemic infection, and fat necrosis. Relatively minor complica- .
«tions could include milder hemorrhage, wound infeg¢tion, reaction to
local anaesthetic or cleansing solution, wound breakdown, poor wound
healing, sensory impairment, weakness, stiffness and soreness. . Some
pain and discomfort often accompanles the procedures, while mlld stiff-
ness, soreness and slight scarring are the usual after-effects.

I realize that I can not expect to derive any direct benefit from
this participation and that I am free to withdraw consent at any time.
In volunteering_to participate, I waive any legal recourse against the
researchers, the medical physician, the Department of Kinanthropology .
and the Unlverblby of Ottawa from any and all claims resulting from
personal injuries sustained or death resulting from these tests. This

- waiver shall be binding upon my hiers, my executors, my administrators
and my personal representatives.

DATE:

Subject Signature:

Witness Signature: . : s




\\;/ydécle and Metabolic- Research Lab

- Department of Kinanthropology
~ University of Ottawa ,

Date: ' Name :

Address: Occupatioﬂ:
‘Age:

Check the correct élternative:

Have you had before or have you now to your knowledge:-

9.

YES NO
High or low blood pressurén
Predisposition to hemorrhage.

Sensitivity or allergic
reactions to drugs. . *

Predisposition to muscle spasms.
Diabetes. —

Identified heart disease such as -
coronary thrombosis, chest pain.

Are you now éuffering from any )
infection (fever, ¢ough, cold etc.)?

Are fou using regularly any drug?

If you answered any of the above questions in the affirmative,
explain briefly the history of the illness, symptoms ani therapy.

Y4

Have you previously been given local anesthesia, for instance by

a dentist? If your answer is 'yes' and if it had any side-effect
(for instance nausea), explain. ’

Signature

* Witness






