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ertl"W =' The maJorlty of . tests oqggzaeroblc power an f‘ﬂm

T
X o

"capacity involve the musculature of th ower extremltleS'

A

VﬂMany athletes and coaches have questloned the approprlatehessw

‘ .
’n- s 1

';upof these tests to determlne anaeroblc power and capaclty ﬂ
*Jujathletes participat1ng 1n events where upper body musculature‘gf

}mfplays a major tole 1n the performance of’the actlvity. &y e

h;ygpurpose of thlS study 1s to determlne appropriate measures of.{{
‘ﬁ;anaerobic powe;/'hd capac1ty for those act1v1t1es where it 1s

'r;generally assumed thatvupper”body musculature plays a majo

P

rlThlrty six SUb]eCtS

4

'frole in the perfdrmance of the‘activ1ty

*u?;(lz ellte wrestlers, 11 nov1ce"wrest1ers, 13 dmlver81ty h ckey
o : sl
gy;jprayers)wgompleted elght tests oGér a two week mld-wseasonl '

'”ftestlng perlod ]The tests were.; Vert1cal Jump, Arm Pull;




>

““\ . o .. E .

‘seconds) values (watts)*were.,’ellte wrestlers 423 13 w and

'

"“1675 78 Wi novice wrestlers 367 54 W and 1493 35 w;, and

dunlver51ty hoc&ey players 484 51 w and 1969 90 w. A oneway

L

'QLf"ana1y51s of varlance and subsequent Tukey range test reVealed'

fthe un1versxty hockey players differed signlficantly ( 95

»f?level) from the hov1ce wrestlers for all tests except for};

.itdfwelght and vertlcal ]ump. The Unlver51ty hockey players and ?

rfdtelltewwrestlers dlffered 31gn1f1cantly ( 05 level) frcm the

\

'fnov1ce wrestlers for each of the relatxve tests., The ;ﬁdﬁ;if

jfj}unlver51ty hockey players and ellte»wrestlers results d1d not“

fﬁtests. Based on,the resultssit was concluded the tests
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DRRU IR : m'rnonuc'rmn- ‘ ‘.¢ LSRR ,‘ .' .y
ﬁ\ﬂl-lr‘*fﬁrff: A meanlngful study of the physzologlcal ;3ﬂf”

factors affecting the performance of an activity 1s bagfd'on

L
\

a sound knowledge ofrthe overall nature of the actlvity\'ﬂf

1

(Astrand and Rodahl 1977 Fox 1980. MacDougall and Wenger ;QE&

1982,‘Tesch 1984) 3 When the nature of the attlvity 1s

o . '_, o 0

"clearly understood,‘energy demands,kenergy sourcés, and”the

relatlonshlp of the act1v1ty to the energy COntinuum can pe

determlned (Fox 1984 Jensen and Plsherj1979) Th1s i




cofiponent. Wrestling and gymnastic performance involving
high intensity, ‘short duratlon effort are consxdered to be
primarlly dnaerobic act1v1t1es. In these actlvitles the
energy contributron 15 75 90 percent from anaeroblc sources
‘and 10~ 25 percent from aeroblc sources. |

"'The immediate source of muscular energy”is
Al

adénosine'trlphosphate (ATP) ., ATP can be suppllecuby
vanaerobic or aeroblc energy systems (Fox 1984, Green-l982,

1Y

Katch and Weltman 1979) - In hlgh 1ntensxty;"short durationl.'
‘activitles energy is prlmarlly supplled by the\anaeaobié,.
system.G The relatlonshlp between the naf’re of the\act1v1ty
and the energy source establlsh the energy contlnuumt The

‘ most dlrect source of energy 1s the anaeroblc metabollsm of
stored high energy organlc phosphate compounds | | »k

"{“;(phosphagens), prlmarlly ATP and phosphocreatlne (PC)..QTnig

. source precedes all other exergonlc processes and 1s 11m1ted

) _1n the absence of resyntheszs by ox1dat1on, the myoklnase 3“

?:Vreaction (condensatlon of ADP to ATP),,or glycolycistf It- rsﬁ»ﬁ

xestimated that muscular COntractxon can contlnue for |

,f approximately 6 seconds v1a thlS energy system (Bergstrom

"(1971, Karlsson and Saltln 1970, Margarla et aj 1964)._', The

. Q
1.potential of thlS system 1s expressed as a rate per unlt of

‘time. This measure 1s termed anaeroblc power (Di Prampero
'f?1971, Margaria et al 1964, Margarla et al 1966)._ A second ﬁ;
3f;source of anaeroblc energy is the 91YC°1Yt1° Pr°d“°t1°" °f

gizamp/where glycogen ortglucose is metabollsed to lactlc aC1d




Max1mum 1nvolvement of’ thxs system is achleved when a rate v

of: work requlrlng an energy load greater than an

\

1nd1v1dual s max1mum oxygen uptake 1s performed untll
exhaustlon. Energy supplled by this system can support
,muscle contractlon over a: tlme perlod rangxng from 30 40

seconds to 2-4 mlnutes (Bouchard et al 1982, Cunnlngham and R

Faulkner 1969 Margarla et - al 1964 Margarla et al 1966) |

.

The potentlal of thlS system is expressed as a total
‘capac1ty or maxlmal lactate or pyruvate productlon ‘Thls

| measure is termed anaerobxc capaclty (Katch and Weltman‘f

979) e ‘ ‘
These two anaeroblc systems can be related to

‘b

the flrst two.areas of the energy contlnuum.‘ The flrst area;

i

‘1ncludes act1v1t1es of less than 30 seconds duratlon and the;,
energy source 1s prlmarily the phosphagens.‘,The second area:f

1ncludes act1v1t1es ranglng 1n duratlon from 30 seconds to

approxlmately One and a half mlnutes and the source of -
A

energy is, prxmarlly glycolytlc producion of ATP The naturef

of a partlculaf act1v1ty w1ll determlne the contrlbutlon ks

o

,‘from each area of the energy contlnuum (Fox 1984)

Tests, based on blochemlcal, hlstologlcal, andﬁﬁ

.
Lo
Y

'performance factors, have been developed to measure jf,ﬁffﬂf:
Ianaeroblc power and capaclty. The blochemxcal factors have E]

'1ncluded changes .in blood 1actate, determlnation of oxygen :

'j:debt, muscle concentrat1ons of ATP, PC,; nd glycogen; and

.'"gf“assays for enzyme act1v1t1es.: Muscle flber typ"and size

PR



A

7are the primary hlstologlcal factors examlned '?heiuﬁ

fperformance factors have 1ncludeduh vertlcal jump,fstandingh .

'broad jump; runnlng (sprlnt) tlme,,squat welght llftS'

o

‘?‘“throwing of weighted objects, vertlcal arm pull, muscular o
 5r~force, muscular power, vertlcal veloc1ty, leg power output

during stalr cllmblng and blcycle ergometer tests, arm power“

e "’-’:. ¥ Pt '\" ' [RTRSIEEHANIRN A
Y i S e N

'output, and performante on 1sok1net1c dev1ces. The'
: Rkt )

W

‘ arelatlonshrps between these three factors have been

AN nl

inVestrgated by Katch and Weltman (1979), Komi et al 11977),

‘ﬂand McCaffertynand Horvath (1977) fTesch (1984) and Tharp et"f

Tgal (1985)

[ TR E . .
! K
s s

\\ .\‘ N -

"3&determ1ne approprlate measures of anaeroblchpower and *f\\h “,“'
e >

;capacxty for those act1vit1es where,rt_ls generally assu




.

anaeroblc power and capacxty have 1nvolved the musculatureu
of the lower extremltles.y The approprlaténess of these :
vk tests for act1v1tles where the upper body musculature plays
- a maJor role 1n performance has been questxoned An example o
of" thlS case 1s wrestllng and gymnastlcs.’ Thls has lead
'coaches and exerc1se phy51ologlsts to examlne the type of
tests frequently utlllzed to measure anaerobic power and

.fh‘ capacxty.k Recently thls concern has resulted in’ sport.."

[ i N \.

governing bodles attemptlng to develop sport specxflo .33

méasures of anaeroblc power and capac;ty (C A w A 1980, :

P

Danlelson 1980) ThlS study empha31zes the practlcal 3{_‘.ff

o

e aspects of measurlng anaeroblc power and capac1ty ThlSv
study 1s an attempt to examlne anaeroblc p0wer and capac1ty

tests 1nvolv1ng both upper and Iower body musculature and to.'J

o
[N

determlne thelr approprlateness for act1v1t1es involvxng
r-upper body musculature. The upper body testsgtelectedxga‘

'ﬁx 1nvolve the muSCulature used 1n techhique assoc1ated thh
. N \ ; g

£ skllled, successful performance Ln*the actlvlty., The tests

RS

selected ;nclude, what can be descrfbed as"_

"both "fleld" and

t fleld tests were 1ncluded 1n an attempt to determlne their

L
ol

approprlateness for measurzng anaeroblc power and capacity »




9'deterniningffieidyteStsﬂend ectual“COaching‘decisions;ﬂ"y

;‘Delimitations ‘f”fr"ﬁprglek‘

4."

L ' . " . toiety

The delimitatlons of the study are: "

1,

1;‘ The study is concerned w1th the measurement of
: ‘l..

anaeroblc power and capa01ty 1n 3 groups of

;f“& SRt 1nd1viduals. The flrst qrdup conglsts of elltegj}f

Lot ! . —

T wrestlers.‘ The second group con31sts of nov1ce “_,1C<:

JQEVg[¥f1 wrestlers.- The th;rd group con31sts of unlver51ty

s

hockey player_3“vThe members of all three groups are ‘f




. gl
cy
“

a0 . - . A .
‘\' S e . S e

L1m1tations &:fx‘jﬁ~'

'**The llmitatlbns of the study ate.-,fff{]f.nﬁ(ﬁg.'

a'.vr

."fffﬂm 1. The humber of subjects selected and the method of

ERE A

selectlon.'jj; ‘ﬂf..’f€-”g~ft:\;“;‘r‘j']*Vf“‘”

£ - . . -
o o . v N

":7ff2§ The members of the ellte wrestlers group may not be'ﬂfff
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.seéonds or 1ess) Indicatlve of the anaeroblc metabo%xsm of

l . RN
stored high eng%gy organic phosphate compounds (ATP PC) fg:h‘.

S
Anaerobic Capac1ty - the power output durlng a hlgh

inten81ty, short duration actlvity (all out“effOrt for 30

seconds) Indicative of the rate of anaeroblc glycoly51s :Ipi,ff

a
\

“\and;maximum lactate production.,




recorded 1n goules. Indlcatlve of the anaerobic metabolism.:ffa

ModlfledhArm Pull the number of arm pull repetitions













%.,_u?:formanon of ATP from ADP

. ' » Ve ! N S o '
. L . R LN ' p B FEITENN
. . DR ¥ i E

-}H{ﬂf; Wenger and Reed (1976);proposed a model.to
SV e

1fatlgue and hence would llmit the performance capacity in

':”f&glycolytlc motor unlts w1ll be heav11y recrulted for thls

ffﬁdescrlbe metabollc factors Wthh couldulead to muscular‘f%ﬂchﬁt

'7ﬁfﬂhlgh 1nten81tY, anaeroblc type of work The fast tw1tch ?f |

mtype of work and metabollc ffctors whlch affect thls type of  j



o ”ﬁf, SR ‘f” } ‘14
NHH fntensity anaerobic tralnlng. yThe phosphorylase act1v1ty of
.a,sprinters was double that of dlstanoe runners"*fﬁf“fffrf3*,ﬁ
| ' N . ,{ ; o " o R ,y: .“

'V3uwf:ﬁ Kom1 et al (1977) stud1ed anaerobiC1power and

..“"“‘ e
B e

'focapacity in skeletal muscles of athletes part1c1pat1ng 1n j ”ptfgf

‘ sport events of dlfferlng need for muscular force, speed and  {)

V?endurance.f Vertlcal veloc1ty was hlghest 1n athletes

{ il‘

"7,participat1ng 1n power events.‘ Muscular power was 1owest 1n

\ e
ro s
O

‘”Jendurance athletes.;'Total and relatlve leg forces were

‘”jhlghest among Rpwer ahhletes, canoelsts, 1ce hockey players,
& oo RTINS e
‘lskl Jumpeag, and alplne sklers.. Power athretes,,BOOm;ﬁ~ﬂk5g*m" :

‘ fﬁruoners,vcanoelsts and alplne:“klergrhad the h1ghest blood‘ ;fﬂ\




-i;@xi relatlve proportlon and absolute area of fast thtch fibers.‘f&}i
The correlatlon coeff1c1ent between fiber compos1tion and

“ﬁf*‘ rlse tlme was greatest when the rate oI force development
/‘ X . D ‘-: ‘w-q ‘ : .." vy R “ Sn ‘ SRR e ‘\“ “;
‘ was hlghest &W]vff“h.,“f'xx'qluﬁffﬂf;zgglvnm‘ﬂyhffugweahg

\ e ‘,.,'( . ,.\ ce o (S . : . ’

‘.\{‘ Coyle et al (1979) establlshed the funct1onal ftﬁ"

51gn1f1cance of dlfferent muscle f1ber pomposrtlons 1n the

. ' TR SRR TN

] = generatlon of peak 1eg exten51on power through a range of
\f!‘velOC1t1es.H Subjects w1th greater than 50 percent fast ‘ﬁ:hgé

~33tw1tch muscle flbers were able to produce 11, 16, 23 and 47“ ‘

percent greater percent torque than those subjectst1th lessf@”ﬁ

;gv than 50 percent fast tw1tch muscle frberstat‘yeloc1t1es of

B ,x“\
‘l

Comblnlng the'




’}(phdsphbrylabe, PFK and LDH) were 81m11ar betwee
ﬁpreseason group and a control group, however 1n
”gfthe values for phogphorylasé and PFK were 51gn1f
“flower for the athlete groUp.‘ Thls dlfference was

€6 thef:

u"accelerated durlng 1ce hockey performance and th

v

’wlglycoly81s represents a 51gn1f1cant pathway for

\

metabollsm but does not appear to be a criterlon

«

Gregor et al (1979) eizmined the r

twltch versus slow tw1tch cross sec

‘us lateralls muscle and the 1n v1vo

"ind1cated that the relatlve cross sectlonal area

d'tW1tch muscle f;bers 1n sprlnters and dlstance r

BFEER IR

) opposing ends of the spectrum. When the grou

or, less tha

408 in max

o

¥ divided on the basrs of greater than

\\.‘ v

-;ow«twitch flbef populatlon a dlffer
g ower were found at the hlgher speedsl(96, 1
It was concluded that the

h.aflber types or torque productlon becomes ev1dent
xh‘relatively slow speed o | B
L I

yechanxcal factors related to the

~ 1

‘durlng phystcal performance

h\ veloc1ty relationshlp 1n female track athletes.,w

"92,

JL_f

fisdé§éleéédulﬁ~?

thei‘
\ § i v" . [
ost season
v \.‘ .

Lcantly
attrlbuted
;iderably

at. .

=ner9y;
ifori‘

=*l'at-ions_hip.',

tional area

torquel

Yy -

The resultsc"

F of slow.
bnners fall

n

n 50 percent
B
1ma1 torque‘

288
effect of

at 'a.

production_ﬂ'?“
BN E
ere i ho

. toe '




1ndrcative bf the phosphagen Splittrng mechanism of work SO

h"productron alone.f Runnlng up a stalrcase at top speed,

#“[ prov1ded the effort 1s maxlmal, enables the attalnment of

'hyconstant speed in 1 2 seconds, which 1s constant up to the
'flfth second ' Thrs exer01se is'a very convenlent ergOmetrlc _h"
‘,procedure as it appears that the energy requlrement for speed 'f
‘malntenance 1n runnlng a glven dlstance is 1ndependent of
.speed Provrded that the effort is maxrmal, for a glven
Vﬂlncllne of steps, the energy requlrement depends only on the
mechanlcal work‘as calculated from the body llft The vertlcal
g‘component of the speed 1n meters per second glves the ;" Y
r;‘mechanlcal power output expressed 1n kllogram meters per"
hsecond . The efflc yeﬁ of th1s type of exerc1se approaches 25
:rpercent,‘1n fact,l &ﬁrhg at an. 1nc11ne exceedlng about 30

‘perCent, the external work 1s glven practlcally by the body

1

9}ﬂ11ft alone, all other factors, such as the speed changes at

T‘,"':"easrly calculated

’feach step and the 1mpact of the body on the ground 1n the last

dphase belng negl1glble. The energy requlrement 1s therefore

7\\ .
N . - '\‘ .
SR ‘ rr; u...,“*

. The 1nfluence of spe01f1c1ty of trainlng on
'”f,anaeroblc power and phys;cal performance was studied by Clausenj

’

fet al (1973)., The data for submaximal and maxrmal exercise

’ffw1th the arms or legs after efther arm trarnlng or leg trainrngi

'f'llndlcated that tralnxng 1s not an absolute event that affects

27H:on1y central c1rcu1at10n, but 1t also causes perlpheral

33;.c1rculatlon varxatlons.z The per1phera1 as well as central




; ‘D.LLUUJ‘GLUL.Y uuaugca WCLC .U\l\-ll l\lvut- \vVAluya.vuvuu S e .a.nng _u;lu .
R o
d . A . W ' .

exercise., Thls was 1nterpreted as’ an indication that arm:*
gnmuscles have generally a greater potentiality for local ‘
"rrimprovement and that central c1rculator§ changé.'occur ihl‘.'
;LproportiOn to the muscle mass used during training.;';ffxlffghv*
sJHowever, cardiovascular adjustment 1s different during‘ L
;'exercise with small muscle groups than w1th large muscle R
"fgr0ups.‘ Therefore, 1t 1s pOSSLble that peripheral and .
F ‘f central c1rculatory adaptatlons show greater manifestations'“
‘during arm exer01se than during leg exerc1se.‘j‘“v‘ T ».
Ayalon, Inbar,'and Bar—Or (1974) assessed the_"l

rudegree of relationship among several measures of exp1051ve

‘azstrength and anaerobic power. A correlation of r \81 was ﬁ\f

FY ¢

'Rfffound between arm and leg pedaling tests., This relationshlp
ngead to the assumption that there 1s some kind of generality - o
.;in the anaerobic capacity of man. _fg- ?“rffjfrgrfﬁ.'

S Y

The task spec1f1c changes 1n max1mal oxygen"

\ uptake resulting from arm versus _eg training were studied

.A.-,' _A_
l"

f}~by Stamford et al (1978) Groups-ofwsubjects were arm

_ ;.trained and leg trained‘” The arm trahned group increased

"i‘.-'v°xyge" up ake 19 percent on an arm cranlung test and 1955




GO e 19
- vy ) . n‘ N L |

'pcausatlve 1n terms of a tra1n1ng effect e PR o
4 A Ty :" . ) S L v‘» v : . . Y
o 1¢r‘ Lesmes et al (1978) further studled '

:\'

luh“spec1f101ty of tralnxng 1n their\work to compare strength

'jﬂf h and power galns achleved as ‘a result of isoklnetic (180 i.‘;f

\(

“;degrees per second) strength tralnlng. One heg of each
"fsubject was tralned w1th ‘6 second bouts (6 seconds X 10,

e w1th 114 seconds of rest between each work bout), the othepg

B

)‘.

\‘1eg was tralned w1th 30 second bouts Grepeated untll the
x4

‘Vlftotal work performed equaled the total work completed by the

'
3

W 4
,Q:6 second leg, w1th 20 mlnutes of rellef between each work

,Vfuﬂ.bout).ﬂ The results 1ndicated 51gn1f

S wi$~ RO
'prercent 1ncrease observed 1_

' ‘g'HoweVerk durlng the f1na1 10 seconds the‘30 seCOnd tralned Qy7§ S

fthe 30 second trained;feg;qt.tff¥f:"

.detraihinéﬂon?aerobic ower ‘and perfaormance. estimates of.
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“‘.aﬁaerbbic power output and anaeroblc capaclty . It was found;j

oA

that 6 weeks of anaerobic tralnlng resulted in a slgn*flcante
K : L







tohiat and stops whe

‘toa huridredth. o













”fp'scoted in power unlts.l‘The's;udy used motlon PhOtOQIaPhY t°‘f”‘

.ﬁin comput1ng power scores.‘ The tests were condUCted on'a

1




‘ﬂ*ksubmaxlmal for arm exerc1s,

Ayalon, Inbar, and Bar—Or (1974) developed

toe

Vﬂ[tests of power output using an arm bi°Y°1e ergometer 

The

“ffftest‘lnvolved peda11ng from a 51tt1ng position at an all out

v ot

.wygofrequency for 30 seconds. The workload applied%was;0;033




“ff manner that the axls of the crankrng arm formed a 60 70

degree w1th the perpendicular. The test was 1n1t1ated

against 0 kiloponds frlctlonal reslstance at 50 revolutlons ol

o . ~

‘.
[
T

er,per minute durlng the fxrst 4 mlnutes of the test

fatigUed”'

S

Thereafter, the pedal frequency was malntalned at 50

revolutions per mlnute and the frlctional re51stance was

’fhalncreased 0 25 klloponds each mlnute untll the subject was

))

The level of the crank thh reference to the

Iz

f:f subject appear”'to be cr1t1caI for arm cranklng anaeroblc

Nl . o
. oy




"* asslstance from trunk muscles thus equallzlng to a ";ﬁﬁﬁf»*‘"

o

Cranklng test to evaluate task spec1f1c Changes 1n maximal

per mlnute for 5 mlnute work bouts w1th 10 mlnute rest

oxygen uptake resultlng from arm versus 1eg tralninga-:Qrmvhnk'fw

cranklng 1n thehstandlng positlon was hsed to permit jfﬂft

‘,.

51gn1f1cant degree the amount of muscle mass utllized 1n fp;hf~ji

lower body tests.\ The subJects pedaléd at 60 revolutions

n, 't

perlods between each work bout Theo1n1t1a1 frlcthnal ‘wu[kv*

S kY
re51stahce was 1 5 klloponds and 0 5 klloponds were added

' .-(.‘ v

for each subsequent work bout untxl the subJect could no ;ffj{fj”

;jHergenhauser, and Jones (1979)



vprogram should be one where~ _the variables tested are

relevant to that sport‘ the teststwhich are selected are

N

anlid and reliable,‘the test protocols are as’ qun

t specific

Z”as pOSSLblé~ test administration is rigidly controlled

hall

‘athletes human rights are respected, ‘the testing is repeated

. 4 %
‘:at regmlar intervals,‘and resultf are interpreted to &he
coach and athlgte directly. ) SR
. Q \ e et ‘
..w‘%“«*{ ~ "Reed (1982) suggested that field tests should

.‘(v

1 N

L
complement those tests traditionally conducted inj.

’ laboratories. He indicated field tests are most practical

&

when they are used to compare resultw the same

on repeated tests. He stated the validation of field tests

Ity

individual'

f
i“must‘. be established | This validation is completed by

L ensuring the Simulation of actual performance i

the test.

the" :

Qﬁand the selection ofwthe phySiological variables Whlch ’

oS

contribute to performance.‘ =

¥

b

'eu

- of duration and repetition of performance. He suggested

tests should be'l.reliable"51mp1e to administer,

-

to competetive instincts of subJects. contributing to the ;4‘3'

gphysical development of subjects~'and valid

‘.' ' s".v""

approach must be utilized in asseSSing athletes..

.........

“ests}and sport

S
PR

appealing

Thiss

.":'L
'

Sharratt (1984) indicated that an 1ntegrated

n

-

AR 'a

o

? and capacity tests. The tests were categorizeﬁ'on the baSis'

*p c1fic

ism*;",; Semeniuk (1984) outlined field anaerbbic power“,



“applied'ihfpraCticalfSituations;‘_

Rhodes, Potts and: Benlcky (1985) utllized

a

hhlaboratorf}and ﬁleld tests (on—lce) to assess anaeroblc

-.xpower and capacxty.' S;gnlflcant relatlonshlps were found

'.between laboratory and on—1ce tests for anaeroblc power and

'Q$capaC1ty. _

dev1ce reported a 51gn1f1cant correlat1on between arm ‘

m"

“danaeroblc capa01ty and 25m sw1m performance.~ ;'f”.‘° N

' In a study to examlne force-veloc1ty |
=relat10nsh1ps on a blcycle ergometer Nadeao, Brassard and
”fCuerrler (1983) 1nd1cated the 1mportance of fleld test1ng of

‘;1eg power. They 1nd1cated that certaln act1v1t1es requxred

-

Tesch (1984) utlllzlng a modlfled arm crank1ng

‘vsport spec1f1c tests as a result of the 1nd1v1duals centre""~f

e K

iof graV1ty not bexng substantlally llfted durlng
'*dPerformance.!‘A;f;u d'"f. ' .-:—’ | .' B
| | Slmoneau et al (1983) in “a ’tudy to examlne

‘anaeroblc alactaqid and 1actac1d o

it 1s essent1a1 to measure both varlables to determine
v : .

panaeroblc metabollsm capacity It was recommended that test;

N

\*ﬁmodlflcatlons should be made to accommodate ind1V1dua1

N

;;dlfferences 1n order that a hlgh pedalling frequehcy.couLd

jﬁbe ma1nta1ned throughout the test
. )7 .." “"'I.‘

Bouchard, Taylor and Ddlac 1982}5sugge3t for

v
’
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mo@ified, while ‘in. othér sports specrflc equlpment w1ll have,u.'E

[EN AL N

to be constructed

,‘ ',,x [§fo1 ThlS rev1ew of practxcal con51derations
”,related to the determlnathon of anaeroblc power and capac1ty‘A”

.‘(\“ S N

supports the need for an xntegrated appllcatlon of

laboratory and sport spe01flc fleld tests.; 575334“,71;;.
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" Subjects’ﬁﬁ,'”u_"”'”%‘,‘hq“.'e*‘;,QV},h"'s;‘fTo] I

E B "~

11te Wrestlers.g Twelve wrestlers, whoﬁ%ere

ifgf carded (rece1v1ng f1nanc1al support) by emther the natlonal

| 0

BN sport governlng body oF, prov1nc1a1 sport governlng body,‘

o volunteered and consented (Appendlx 1) to part1c1pate in the i

Lt ' o 1SN

study The cr1ter1a for 1nclusion 1n the elite,wrestler

l
. .

group were' tra1n1ng and compet1ng ln a year round program,

! \.n '

e andVat least 2 years compet1t1Ve wrestllng expe 1ence. ‘Thef,‘

selection of thls group for the study was based"on the
f B S \.\

475 assumptlon that tralnlﬂg for and,competlng 1n wrestllng at

thlS level results 1n hlgher arm anaeroblc power and F

capacity,as qompared to the nOV1ce wrestler and unlver51ty H;j

»f;ﬂ hockey plaxer groups. PrIor to the testlng'for the study

the members of this group partiolpaéed\in regular wrestling

oy




Selectlon or tnls group Ior tne; scuay was, . Daseu on tne

\

capacity as compared to the ellte' wrestlers group.'. Pnor to

'
v




¢ 'redular ‘hockey ‘practices for a two month:pe

*practices:iwere §rom 60590 minutEstin length'4
. ‘:‘f\',} \ \ ‘ ‘.‘ L
.. competitive













Loy e

s ,,( Kalamen

©1968) ‘was ‘a5 f.Si"i,d‘;’;S":'

i [




Weight ei ht' (kq) X Vertlcal Rlse j‘(m') X
Time (secs) IR










I ;‘1 "‘-“I.",""-

PUll dlstance was used for calculatxon of work 37ﬁfﬁgf?f

T Arm pull test work was calculqted as f°1L0ws.‘;imﬂ

',"~Pu11 Dlst'>ance (cml x Bodv Welqht (kg) X 9 307 = Joules: .-

i




ﬁﬁrhe procedure for the arm blcycle ergometer power test

3 R

PR

[

Ug(Ayalon, Inbar, Bar—Or 1974) was as follows.‘ ‘
1 The subject completed the standard warmug of 1 minute

‘d‘h _ijleg crankiné and L mlnute arm cranklng on. the blcycle

_‘ o

-flergometer anvlntensity such that hhe exerc1se heart,u

{frate did not exceed 150 beats per mxnute (6 second

K]
-

f*th\Palpatzon rate 12 14): f°1lowed by a 5 mante RFSt

. \
' = ‘.,‘_\ .

yperlod before testlng., ‘A' S Gm]f* ,fﬁf w{

2;‘The subject s body welght Was recorded.» wOrkload

o

‘:resistance éo the nearest ‘25 kllopond wasjdetermlned

\ 4 f
X " X D
. o

. afff.on the basls of 3033 klloponds per kllogram body @"ﬁﬁnﬁy
"‘,welght.t The callbratlon of the blcycle was checked '

Wryprior to the stapt of each dally testlng se551on. Qfﬁﬁl}!

‘fg,fA Monark blcycle ergometer (Model 868) was fastened

f .
i

'Vﬁfﬂto a l meter haéh bench.v ;Vng.]of;ﬂlgu.grg‘f*,; “lﬁ

g Y RN

"u,fAQpThe height of the acromion process of ‘the shoulder of

f“gieach.subject was recorded us1ng a 1aboratory “fffrﬂ}‘Y

o

"V“;‘
AR v

.*“stadlometer.¥ R R 5 o T
“é"The subJect stood behlnd the ergometer and the helght‘Jiﬁ
| of the ergometer was adgusted to place the axls e

connecting the pedals 25 centxmeters below the helght

e of the acromlon proceﬁs'of the shoulder.: The subject




o,
Lo

e aware of the, exace—duratnon of the teé iin:an’ attempt
‘,fltﬂk»i;;to av01d any. self pac1ng._ f'i )f“fit“ﬂ"«>
’ﬂ?;_The subJect was told to begln cranklng ae fast as A

"posslble,xand as the rQelstance wés set the stopwatch

. anq\revolutlon qounter (Lafayetté Moael 54517 A“

LY

; ,:31Clock/Counter)\wene started The number of halﬁ
"\_5;}irevolutlons every 6 seéonds were recotaed fot 30
o i.";seconds.p Strong verbal‘encouragement wae glven _
‘v"l . t‘!throughout the test.u (Append;xlﬁ) fhf_pl‘“f ;urfuul‘ﬁw
i“‘i ‘8;7At the completion of‘the 30 second teet‘the iefe" -

l

‘QK“ ure51stance was reduced to app:oxlmately 0(5 kllopond

'”'.5and the subJect was encouraged to contlnﬂe to crank« “fﬂi‘

‘ﬂ;jpﬁﬂTf“for app:oxlmately 1 mlnute to malntafn thexmuscle

”ﬁ“?ﬁfblood pump effect.‘

,‘(ResxstanCe(gp) x Dlstance(m) x Revolut g Pe' Mln‘“
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Stati ; al Treatment.and‘Analys;s :‘Vﬁi;ﬂ5é;»j“f‘f

L

\The results of ach of the tests are 1ncluded







dfbided into four sectlons. The flrst sectxon revxews the

tests selected for“thle study., ThlS section wil'_dlscuss:J
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~followed resulted




position:they wouid. rrequentiy Utillze 1N Perrormance or, . - .

ot
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Jeviations, 'al

'LOWER BODY TESTS




" The data presen\ted "\"'ﬂn"*"‘Table III "l""'s omparable to other o
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TABLE V

I‘. LI

R ANALYSIS OF VARIANCE-SUHHARY

_— ﬁ;nxghy~jlﬁi;fﬁw' HEAN SQUARB RERD SO
‘;WﬁfTBST‘*QUi\“- o R BETWBEN WITBIN 9“
0 Weight - '>.‘fyr a3, 15 93,61 '
-;NQ‘Vertlcal Jump e ‘%'4784 87 3282 Sl;r
.. Margaria- Kalamen L 212255 .90 59990 91073y
.- Margaria<Kalatien-Kg- 1 ;I 2861 ff 4.80 . 5.
... Leg Anaerobic.Power- S 128987 03 34581 .10, 7 3
'{TﬂnLeg Anaérobic Power Rg~ 1 "16., 91\_: '3.84 .04,
. Leg Anaerobic, Capac1ty 2256957 18 522080 TL 4.3
v Reg Anaeroblc Capa¢1ty Kg 1,253 50° S82,18
. Arm Pull. 70084 ,83: 7 4570 01 15,3
1@f°fMod1f1ed Arm Pull %, ;{' 239, 48@u“3 122,71 ..-10,
- “Arm Anaerobic Power foﬁ 40998 .59% 6384 27 6.42
©.» Arm Anaerobic; Power - Kg~1 5.87.0 0.35"° 16471 .00 2"
" Arm Anaerobic. Capacity 699501 68m:; 87026‘96'ﬁ]8,03¥w.00xﬁVygﬁ
-“MfArm Anaeroblc Capac1ty K 2L 93.23° 4 14*‘22'52“.003“;;\h

St

ol L - , o «},‘» i ..,;.. . Vo [
" - -I‘ [EIEN ‘... . \

VpThe results of the range test ‘to. examlne for 81gn1f1cant

Lég- Anaefdblc Power’

Leg Anaeroblc Power K ;‘C




. - ‘. . . '; s K " o o Lo ' oy “’ [ ‘ Coeny U‘
?‘f" ot nf';\‘Figufefdjiliuéfrétgs thé.éfm pullvtesﬁ‘regults : o
' for the study groups.. . L S ‘

{
. NOVICE: .. . . TR Ty UL HOCKEY T
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' . 4 ARM PULL TEST RESWLTS . . . .. - e L
- : S 'FOR STUDY GROUPS ., el ) N
$ Qo R ’ S f S
i O . Yoo S o " T Vet ) R R . s . .
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from the mpd;fled arm puli. t:est
MODIF‘IED ARM PULL TEST

oty

Fxs 5 uonxnsn “ARM. UL ﬁsr
" FOR sruov énoups

£




-ARM’ ANAGHOEIC POWER
) --ARH ANAEROBIC POHER/KG

: \

~
~N

-
o




o

[

.
oy

51gn1f1cantly dlfﬁerent‘““Whlle there was np statiStlia

' R R BT
E ‘.u : \(.‘,,‘rv-‘., A i
4 * N

The\anale1s of varlance shown 1n Table V

lndlcates 51gnxf1cant dlfferences ( 05 leVel) between the |

LS ' “v'-,:

73 study groups for all tests except for body welght and

verttcal ]ump.‘ The results of Tukey s RangexTest shown 1n

Vi o
: [

Table VI ind;dates wh1Ch palrs of study group means are

. mo
.\\< ‘

" v
N ‘\. N

v
AL f

\ v

31gn1f1cant dlfference betweenwéroup means for body we

Fd

lt should be noted that the dxfference between the

5 BRI

unlver51ty hockey players and the ellte;wrestlers was 6 72

ny
ight




: L t “-‘ LU SR/ R
o ,f G The 1eg anaerob1c capacxty and capac1ty per |
un;t body wezght results (Flgure 3) show 51gn1flcant o ‘f
‘?;differences between the univer31ty hockey plsyers and thexf"f‘f

f”novice w:estlersmliThiswdlfference may be a’ result of the

y””flonger duratlons of anaeroblcfactiV1t§’ln h°°key (Green
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AND ARM ANAEROBIC POWER TEST!

LEB ANAEFIDBIC PDHER
RH ANAEROBIC POHER
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‘variabl the.elite: wrestlers groy wn
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‘xﬁflcompetltlon and xs'probably reflectxve of the tralning7'*5
“ffprocess.ﬁ ThlS tralnlng process 1nvolves hlgh 1nten81ty

‘ftralnlng for both arms and 1egs.‘GCN\Q?}j“ﬂ;l_ﬁﬁ"j?jﬂﬂ,gjmgf}&,g

e
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results for the cqmbined group . Vertical Jump"Margaria—l-t'

Kalamen test,,leg anaerobic power, and leg anaerobic.

. e
<

| capacity results are significantly correlated Leg“

anaerobic power and capac1ty are highly correlated

(

r=.93).

A\ I
ThlS suggestg these fdhr-tests are appropriate ‘for measuring‘

lower body anaerobic power and capac1ty.' Arm pull‘is;

b,

31gn1f1cantly related to the Mar'a

\

anaerobic power and capac1ty an

These results reveal a’ relationship\between arm and

b

anaerobic power and capac1ty as’ 1nd1cated by the r=

——

correlation between leg and arm anaerobic power anc

-Kalamen test,

leg

he modified arm pull test

leg -
64 .

the

i \
\ 'y LERN '

r= 77 correlation between leg and arm anaerobic capac1ty as

. measured on the bicycle ergometer,‘ The modifiei arm pull

~

) test correlated w1th‘only the arm pull test (r- 43)

(3}

This

indicates bhe mdbifie‘alrm pull test is not a good meaéuté~*f

' of absolute anaerob;c power and capac1ty The arm anaerobic*

power and capacity results correlated s1gn1f1cantly

Wlth all C

the other absolute test results except for the modified arm

- Vv

?&pull test.f The correlations between these two arm tests was

4

highe’ﬂthan the correlation between similar leg te ts w1th

,e‘vertical Jump and Margaria-Kalamen test

.

l::~ .‘ '1 % ‘

: ‘g‘%he failure of the 'rmlpull test and the -f;fi:f

This*again



',test results indlcates these two ' tests may not be

'fapproprlate mgasures of uppér body anaeroblc power or f

'capac1ty. Thrs hlgh correlatlon between arm anaerob1c power

and capaC1ty (r—.94) and a 51m11ar hlgh cdrrelation between

+ ‘

“ fleg anaeroblc power(and capa01ty suggests 1mprovements in.

the anaeroblc power energy dellvery system may result 1n =

1mprovements in. the dellvery of energy for anaeroblc‘“

.capa01ty¢w
- ", o

S

'] The correlations shown in- Table Ix in general

'Vlndlcate the tests utlllzed in thlS study may not be more

+

'approplate for those actlvitles where upper body musculature

o . \ . v i
—~ 'Plays’ a major role 1n performance ds the upper and lower‘-'

‘body test results are 51gn1f1cantly related- or the tralnlng

:pprograms followed by the subjects had 51mi1ar 1nfluences on.

"arm and leg anaeroblc power and capac1ty.‘~y -.F f“.f" e

PR
'

The correlat1ohs shown 1n Table x 1nd1cate

\P51gn1f1cant relatlonships (r-.34- 90) between relatlve test

t

.results for the comblned group. The Margar1a—Ka1amen test,‘i

~J‘leg anaeroblc power, and leg anaeroblc capac1ty correlated
‘ q‘.;~-«"v .

f:ﬁ31gn1f1Cantly w1th upper body test results., ThlS suggest‘

e

d‘the relationshlp between arm and leg anaerob1c pOWef and

:fcapacity exlsts when test results PeF “nlt b°dY weight are ;h

'c0ns1dered_u)hrm pull test and modified arm pull test

‘7.fresults correlate 51gn1ficant1y with all of the relaiive

test'results.» Th1s suggests thatithese twuftests'may Qe



and capac1ty per unit body wexght.‘ Thls supports the

results of the ellte wrestlers group where arm pull

P

kcorrelated thh arm anaerobic power (r-.69) and arm

.\,\‘x

fanaerobic capac1ty (r—.54) per un1t body welght ‘Relat1Ve

acm anaerobic P°Wef and capaclty correlated w1th the'

~'Margar1a-Kalamen test leg anaeroblc capaélty, arm pull”'

¢

modified arm pull and performance ratlng.‘ This further
‘reinforces the relatlonship between arm and leg anaeroblc 'ffy

‘ ' \\‘ . i X N
’;power and capac1ty.‘ The hlgh correlatlon that exlsts .

;betWeen relat1ve leg anaeroblc power and capaC1ty (r-.90)

.

‘:and between relatlve arm power and capac“ty (r= 85) suPPOrtsy‘

;Tthe s%ggestlon made when dlscus51ng absolute values for j[‘fl“

.sthese tests that 1mprovements ing the e"erQY,§¥5tem ‘u,,:

v

* supportlng anaeroblc power appears tp resnlt 1n 1mprovements

fin the energy system supportlng anaeroblc capacxty..'{'l

e

The correlatlons shown 1n Table X 1n general

;.\

'ilnducate- the tests utillzed 1n thls study are not more

Y

-oapproprlate for those act1v1t1es where upper body

3ﬂmuscu1ature plays % ma30r role 1n performance as they do not




f ' ' . - o | .,,- - L R RERREE
A N

t;:fu\; The prlmary purpose of thls study was to\'uwﬁ
determlne approprlate measures of anaeroblc power and

f capac1ty for those act1v1ties where upper body musculature

plays a magor role 1n the perﬁOrmance of the act1v1ty The
', subjects for the studylxncluded elite wrestlers (n 12),

: nov1ce wrestlers (ntll); and unlverS1ty hockey players ij*‘*r

k(n-l3rn‘ Thexthree groups“were‘of s1m11ar age and welght
(Table i) 'I‘he de81gn of the study prov:.ded for the

Y )

admlnlstratlon of elght tests Vertlcal Jump, Anm Pull\‘

Mddlfled Arm Pull, Leg Blcycle Ergometew'Anaeroblc Power and

CapaC1ty, Arm Blcycle ErgometedﬂAnaeroblc Powerfand

Capac1ty, and the Margarla-Kalamen Testa Results relatlve
to body welght were determlned for f1ve of the tests.; Leg
L Blcycle Ergometen Power and Capac1ty,‘Arm Blcycle Ergometer

Power and Capac1ty, and'the‘Margar"a-Kalamen.. Each of the

5

is study the




'._-‘-—'-.“ ;-vv—‘— L —— .--7.. '-_'.'v'-,'-. .'_7"—_’-'?7'_"_.-‘

". "
"

on the vertical Jump test This lndlcates 1n thls

y

study the vertical Jump test results were not

1nf1uenced by the type Or 1eve1 of act1v1ty 1n whlch

| \ :
T A SR B

the subject was part1c1pat1ng, “}‘ﬂf}1,';“ff“,

N b

2 The nov1ce wrestlers dlffered 51gn1flcantly from the .};

4

test.. Thls 1nd1¢ates for th

.

11:

\ . N

the Margarla—Kalamen test aret

L3

partxclpat;on 1n hockey,



o uu.l.V!:La.i.l._y uU\-l\!‘:_y gu.ayt:x.:s LUE l:.ll(: J.EQ\ anaeronlc _‘"1-':‘.'.""“

WO

Capacity‘ test.;‘ This “?_,ndléates for-. thl:S::":‘ s'tudy the




A e differed; . signiticantly-Lrom the NOViCe WLeSTIers; LOr ' ..

v

‘

e

su



re $igniF¥ant differences in

[ RN
\

T
ollow

The univeraity hockey

differed signi




_tests utilized'in this study.:

ve Al
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