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i umber qf newfme hods 'fdn Sfféﬁgfﬁﬁtf?ih#ﬁg?f"

e5|sfaHCe fra_nlng.ﬁ Mosf'ofﬂfheseume¥hods have heen accomp ‘egiby




ES g . . '~,_4 R . 5 .“v-

sfrengfh have been lnfroduced and used for varlous perlods of tlme before

_'. . . t L. ~ e . -

belng subJected to scuent%ixe scruflny In an at*empf fo prov1de fhus
g . _/‘ . .‘ L "':J,‘ e

'"7 scruflny and lncrease fhe accepfabnllfy of/ 3e|r producf‘amanufacfurers

ST — R
“g/“ have from flme #b flqe ubllshed resulfs of fhelr own sfudles WhICh May ‘

of the research desngn and lack of obJecflv1fy
SR SN o
vl §hs.‘resulfs have qurfe Ilkely been valuable promo+|onal fools buf deserve

be questloned on: fhe basu

\

fo be examlned closely before berng used as fhe basts for enfher dna&hosus ff"

S
B Dy

lf or. prescrlpflon in- frannung programs. P fh ”1 o 7...T':"i ﬂﬁ“fw'
RORR R o L T T T A

:“igdfj“}”k:" ffl L;\ In fhe search for opf|mal mustular developmenf fhrough resusfance

v ;i'b[fd}lFffgﬂﬂ fra|n1ng,.Nauf1Ius Sporfs/Medlcal Indusfrles burlt fhenr flrsf profo—fype L

"-machlne vn,1948 ThJS nlflal affempf was foliowed by suCcessnve modnf:—' .
B p . . . . ,"(_,- N

caflons unfll fhe f:rsf commerc1a| model was markefed_22 years later‘f‘}*

-

1970 ' The Naufllus concepf of fralnlng was . founded on fhe bel1ef fhaf

‘_"‘,. e o e L : Lo : : S I

fhe bas:c fool For sfrengfh developmenf - #he barbell “oF free WEIghf -

- . -

‘.”V was inaqequ'fe due fo the\ 'ck of con5|deraf|on for fhe baS|c b|omechan|ca4" 

s

v ' ' : ‘ X C .
[:mltaflons of fhe human musculafure and skelefal sysfems.',1n anveffort~w
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whlch L K o
oo ;"" regulafes fhe resnsfance automaflcally, lnsfanfly e
i A provndlng resusfance fhaf ‘meets ‘your. requvremenfs in all y
. ’_J' posn&hons.» There is: absoiufely nofhlng random about, fhe &
a;‘fz*:;, de5|gn of’ fhe Nautllus machine, . .~ funcflon dlcfafes ST .
Lo e desugn (27).u'?:’ﬁ ;-.: ._:', j: TRt 3‘: ::_sr,"j5 L L
; ' The patenfed cami'n each machlne acfs as a varlable IeVerFarm
'5"as lf rofafes durtng any specxf;ed muscular confracflon.; The dhanglng fJ;fg\ii
'F*h:perpendlcular dlsfance (or movement arm) (r) from fhe weught chaln to '

E . 1., : ce
‘;jfhe cam pnvof ponnf, purported(y provtdes a mafch befween fhe re5|sfance

Lioffered by fhe exerc15e machlne and fhe recognlzed varlabullfy |n forque,_i'

\

. 'generafed by the muscle group belng tralned (41).‘ ' d¢5m . ;‘ 'w'

. - . B N -
,.\ . . TR . . ol , L PR

%h\ The maJor advanfages of a var:able resusfance mode, such as"rhe

B R 'fx‘fype producad by Naufllus Sporfs/Medlcal Indusfrles, over consfanf or.”&_

) i - . oo L : N . - . B “ . . N . '_‘l,"
. ; o < N

"Tlxed resnsfance fralntng, are, two—fold |n phy5|olbg|cal ferms Flrsfly,.

2 o “,d'_'}'r f‘fhere |s an atfempt fo«provnde a more unlform sfress w1fh respecf fo the

ffhere |s‘an affempf fo overcome fhe fendency for m‘scle fallure fo occur _;;..g

) only at fhe weakesf blomechanlcal pounf in fhe range of moflon (211, f-. f@l[_l;f;

CoAls

“To dafe, evaluaflon of the Naufllus desngn and |¢s ablllfy fo

i(,h'z“j,_}balance or mafch the general fo' ue_curve of a movemenf’s agonlsts is

HIacklng (11)._ The avallable Ilferafure concernrng:fheﬁ" and fdv?'"'

"ablllfy fo correcfly adJusf fhe Ioad to mafch fhe varlous force oufput -

144

' xﬁuﬁcurves of’ fhe skelefal muscular sysfem, has been produced by Naufllus

Cxa

»5;ehSporfs/Med|ca| Indusfrles or assocnafed company researchers (50).‘ There o
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b‘jby fhe clalm fhaf s'nce lfs lnventlon in 1948 fhe apparafus:Fﬁa

s T T

Uﬁvwetght traunlng cenfres (57)._ 'i*x;f~-7ff

' ‘ 5*’25.9-* lt was fhe purposeMOf

'; nsysfem.4;More spec:fically7

'[regularly train W|fh fhese modaltf:es. The flnal potnf can be hnghlhghfed _

’ v.

9 -

“b y an esf:mafed 2 200 OOO Americans af approxumately 2 600 Nauflrus‘ .

..\,

thns study fo eva{uate fhe ablluty of a

";Nauf||us apparafus fo correcfly prov:de res:stance fha? varses | E;i:ﬁc r'ifH B

&

-‘proporflon fo fhe blomechanncal capabnllfy of fhe skeJefal—muscu|ar‘yp“ﬂh.

PN

fh:s sfudy examtned rsoklneflc human forque

'”ieurves (HTC) represenflng fhe varlable sfrengfh paffern of fhe quadrlceps

f}muscle group of a selecfed physncally acflve sample of meles and feméWes

,0ver a: 90 range of moflon, af fhree pre defermnned rafes of angular'

:vetoc11y;; The HTC Gurves Were compared w:th fhe machlne resnsfive forque ‘;Efn -

(MRT) curves generafed by a Naufnlus
. . ,‘\_

B ’Lﬁim'izta'f':i’ané"?-éff'i-a'f"rie'.stUdy,ls'_ L T

i

'vConfrol over a g|Ven subJecr s level of mbflvatlon fo perform wnfh R

PN

B ;;maXImaI efforf durlng fhe,generaflon of the HTC Of The quadrlceps g‘a
e

fffmUScle group could nof be exercnsed.. The experlmenter, however, d &f;f‘j"

'erform maxumal1y fhrough sfandard verbal L

. " Delimjfations of ‘the "é"t'uﬁﬁv -
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f2} The MRT‘dafa was collecfed}on_a_iwo year old Nauflr

' : q:-d S LR ¥

rofatlon.e*":c‘h
__Refers elfh a fo fhe physuaal agenf whlch is fhe source of
JﬁreSISfance or fo fhe acf of apply?ng fhe resustance. “_ &

‘“?Resistance?‘ A force, whuch when actlng IHIQPPOSIfIOH fo a confracf;ng

3 IS : ,',‘-.
. 3

DU muscle, causes tensron fo g&yelop |n fhe muscle.ﬁ

‘.‘

o
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TN e e T UREVIEW OF LITERATURE o

Lengfh Tensnon, Angle of Pult, and Veloc1fy of'Moveménf wxfh fhe

. 'ﬂ'f Varlable Reststance Concepf Inferactron \;

12 18 29, 21 22, 29 31 35 43 48 51 52 55 58‘ 59),.., Consfanf—“

Ioad‘nmdes of fralning'such as barbells or freeuwelghfs are readbly '_f}

wﬂ:jf,ffﬁ,_.:'ifn avallable, |nexpen5|ve, and fulf:ll th:s requrremenf, partlally (55)

The res:sfance rhaf can be applled fo -2 muscle,_however, can be_»

. .\J\

* ﬂ?‘ sef no h49her fhan an lndnvndual's esflmafed maﬁlmum sfrengfh af fhe"‘ﬁ '“fc"

[ "

r23i Accordlng fo early

L weakesf Joint posuflon ln'fhe rqnge of moflon

research by:WIIIrams and Stufzner (64) fh|s ||m|fat|on :s a resulf of the :
f_ mu5c|e lengfh/JOInf angie relatlonshlp These-fwo TactorS'rnfluencelaujnif"”

muscle s, abtllfy fo produce efforf torque by offsetflng each ofher.:'fen.7'

' 57{W1II|ams and Sfufzner explaln -t.#*']-4 ﬁjff7f~fn; ‘ ff

‘ ”.As a JOlnf mqyes through |fs arc, the prlm mover muscles
f;}become shorter, reducnng fhesr abnllfy to- exert tensiar;: af S
.. . the same time the angle. of: appllcaflon ‘of ~the muscle force .,,,'"'
"§f”or forces, usual!y becomes more advanfageous (64) e

"frvmeasured af,varlous angles;f The resutfs clearlywshow fhat |n sp}fe’if fhe "

":3force n”full extensuon




‘ and unable fo exerf maxnmal fension.

,Scudder (54) ln a more recenf sfudy, conflrmed fhese flndlngs e

:f°by examlnlng forque curves produced af the knee durlng lsometrnc and f“V

'”lsoklneflc exercuse by 10 normal male subJecfs ranglng in age from 19 to :

;F{29 Years.\ The shape of fhe ISOklnetnc generafed forque curves from kneelb”

Qexfensuon appeared to be dependenf not only on fhe lengfh fensnon/angle
C : . o b
[[of pull relaflonshlp, but also upon fhe rafe of moflon._ The ponnf ln~.

. « ‘ ,/ ".. .'L.“'.‘

"”fhe arc of moflon af whlch peak forque wasg produced, varled from 112 2Q

; . . 8 A .

e - : : ' : . .
’”_durlng |somefr|c confracflon to 118 2 durung |sok|nef|c confracflon af

ﬂl 572 r/s (90 /s). Osfernlg (44) earller reporfed that the forque curve‘::;

'l changed as - speed |ncreased and fhaf peak forque occurred af 95 durlng an. f;-

A

o

’ ,angular veIocnfy of O 524 r/s or 30 /s

The reporfed angle of peak forque oufpuf y Moffro:d et aI (37)
}‘does not correspond ‘to. fhe dafa presenfed by Osfernlg, but falls wuthln . L

“fffhe range prev:ously publlshed by Scudder (54). Moffr0|d s research l37l

t,examlned fhe effects of 4 weeks of |somefr|c, lsofonlc and |soklneflc -]

exercnse on forque produced by the knee exfensors of 60 subJecfs g

'{lmeasured by a Cybex d' dynamomefer Peak forque oufpuf occurred af

"pl_ 10 392 r/s or, 22 5 /s angular veIocufy af an angle of 117 t 2 - The.resulfs

v‘r;re-affirmed fhaf fhe poanf in fhe arc of moflon at Wthh peak forque is1

g

'g:fgenerafed ’1s dependent upon fhe speed of Fimb. moflon.‘ Moffroad and

71;7co-workers l37) affrlbuted fhls flndlng fo a: possnble Iag or- delay

-,

'hexcnflng fhe confracflle elemenfs of the muscle.; A second p0551ble -

2 7;[pexplanaflon lS based on the flme requnred for momenfum of fhe leg fo :

‘1foverc0me ;nferla;"gﬁ_
O : ' B Tah

'h Thorsfensson ef al (62l’presenfed data on 25 healfhy subjecfs :}”,ﬁ“ff

;Whléh supporfed fhe flndlngs of all aufhors fo dafe regardlng force—}*_if,f; Q e

ﬂi_Ve|Oley relaflonshlp and movemenf of fhe p0|nf of peak torque oufpul. L

¥ v
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The resulfs conflrmed fhaf tsometrlc confracflons performed wufh a f- B

Cybex ?1 sef at O /s produced fhe highesf forque values As fhe angudar N
' . (T‘ v L

veloclfy of fhe Iever arm lncreaSed fhe angle oF peak forque oufpuf

s

'increased &62);» g f-v;'<";x$»

Angular Velocnfy versus Peak Torque e;; ‘577 ;7

: Oufpuf durlng Knee Exfensaon (62)

e

€ .. :Angular’ Velocity in QQ/sP o . Angle of Peak Torque: (S.EVE) i

S - - :."O : ’ . . 1050

107 &

1+
St
TR

109 £1.1

I+

Rl -
Lt
L

FooooT e 1200 . SRR . ~135{ + 1.69~

.

”._Mean'for ai] VeIOCIerS 120

- P . . . . BN . .

As a resulf of ‘the - reporfed compensafory lnferacflen between

'angle of pull _Jengfh/fensuon relafuonsblp and velocnfy of movemenf fheg

»maJor dlsadvanfa encounfered WIfh consfanf-load frannlng regnmes is(y* fr‘”"_'

e fhrough fhe wea&=sf polnt in fhe range of mof:on.3 The ponnf of op%}mal

N

.,p

necessarlly correspond fo fhe_mosf

lmpo fanf range ¢fer@§754.éﬁf;i:f,lz
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ot athlete's performances* .ol T 0t

B RN 'ff]'* L ln'an‘ef{orfffolsolye,fhis=problem,"varlablevreslsfancermodels“ o

' whave been developed Apparafus feafurlng.cambered pulley wheels; varlable;'ui:v
“lenofh lever arms,:or movemenf of fluud through hydraulrc cyltnders; all -

.‘=fpurportedly prov:de varlable loads Whlﬁh effecflvely mafch fhe shape of

;'f;%?qa.:fyplcal human sfrengfh curves fhroughouf specufled ranges of moflon and

' “:fangular veloculaes (11 21 24 49 53 55, 56 60) ‘The reS|sfance

:'aufomaflcally lncreases af those ponnfs where fhe musculafure |s sfrongesf ﬁﬁ

'*aand decreases where fhe muscles are weakesf prov:dlng near: maxnmal

hhresnsfance fhroughouf fhe range of moflon and . thus an optlmal fralnlng ;f-T’l"

-5.1 ;

b”stlmulusg;;
Nauf:lus Sporfs/Medlcal lhduStrleshof Deland:.Florlda, is only

-

» one manufacfurer of res:sfance fralnlng equupmenf whvch rpalnzed fhaf

"ﬂiy/convenflonal barbell fralnung falled to ellclf maxumum fravnlng stlmulus

' durlng muscular confracflon..-'

1.1The key fo overloadlng fhe muscle fhrough fhe entlre range of
e movement -lies . in mafchlng fhe re5|sfance offered by fhe
';machlne fo fhe capablllfxes of fhe muscle (41). :

JAufomaflcally - varlable resistance is an; absolufe requnremenf
‘_for hlgh |nfen5lfy exercise. Slnce movemenf produces changes
. a*lh useabie strength, it is necessary for. fhe resnsfance ‘to - T
" vary in: proporflon fo fhe resulflng changes |n sfrengfh (50).,

i The problem of provudlng full—range resusfance IS clalmed fo be

';fsolved by |ncorporaf|ng a cambered shaped pulley (F:gure 1).? As fhe radnus

Y

';of the cam alfers, lf aufomaflcally becomes a varlable Iever arm Wthh
e o ‘ , g A .

‘prOV|des greafer resnsfance or mechanlcal dlsadvanfage where fhe fralnee‘“fifffﬁt'

"fhe lralnee |s pofenfually weaker (41 57) ln facf, each Nautllus

%ﬂfhe."ldeal or unlque" sfreng?h=curve of fhe movemenl's agonlsfs.'tAs.'J

S
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v -
: R

AR 'f“ﬂiz-:vopposed fo a frue |sok|netlc devnce, whnch Forces an; lncrease i muscularvf”

f.*oufpuf a pre—sef constant angular veIOC|ty (37) fhe manufacfurecs Of:

chaufllus sfafe ?;fijﬂj;ww'“”

e fg[The Naufnlus cam; - |n confrasf ‘is notslsoklneflc, for AT S
-},?;:mvtmalnfalns nd ‘control over movemenf speed Atis a varlable
S f.reSIstance devrce. Buf nnstead of forctng fhe muscle in.
.:iwhafever condlflon it is:in to. defermlne fraunlng Ioad f',f"
':accurately varues fhe Ioad (42) Dol SR

5Them e"word s "accurafe|y"»; The Naufllus proponenfs'belleve

"”that fhe elllpflcal cam pul "y sysfem balances fhe provuded’Joad agalnst

------

Y

1frange of funcfnonal"mot|on.

;The Nautilus cam - |nsfanfly,‘compensates for resulf:ng changes
Cin.strength; aufomafncally lncreasxng or reducxng the - BRI

_ “resnsfance to. match: your: changlng strengfh .‘,,E Naufllus ‘

e provndes correct resusfance in every position;- Jower-in SRR

o '.your weak:. p05|tnons, hlgher in.your strong posuflons, and i‘f o
. .’maxlmum in your sfrongesf posxflons (40)..- p

“‘,QThe Naufllus cam perfectly balances fhls |deal sfrengfh

P .- ’curve by changnng its’radius .in- dlrect relafron to ol
L several impinging. facfors,,lnclud1ng fhe changlng blo—-*"”*” o
’ '”'"fgmechanlcal nnvemenf arm (41). R N .

_As fhe manufacfurers fhemse1ves admlt, fhe Naufllus cam |s net

.1-

:‘yan lsoklneftc deV|ce, in fhaf lt.does nof con*rol Iumb velocnfy_af a.

"c0nstanf rafe.» Thls observa‘ on may quesflon fhe ablllfy of a: flxed cam .

"ffo match the exact sha“es of fhe forque curves ln ali tralnees af varlous




de “fo be rofated._“hh:'.a;f' - _fﬂQf?f:f?f-*;ffwfu'ffﬁ”i'jf;]ff;h'fff“

L . : R

As stafed prevnously, speed of confracflon w1ll vary peak torq// f;/xb

.“..n i Ce

. 5” of motlon., The maJorcfy of research lS in- agreemenf fhaf regardless‘:

.

ﬁ';p'effecflvely by low reperlflon, h/%h resnsfance exercnses"

s.\_”‘v

P

2, 3 7 18 22 35 58). In ‘order” fo follow this
sl?conducfed on fhe Nauf:lus equrpmenf wull be/e»ecufed at slow speeds of “"d

y_movemenf Jin splfe of spe flcTty.th.' regard to velocnfy, and fralning

i'ft35 38) * Muscular co' rac+ic of a hxgh speed nafure (200 s or greafer)

“}aW|Il reduce fhe eff

pMeasuremen%JOf'MaXimum DynaquAStrengmh?:ﬁlsdkfhéfftvModalffy_wﬂﬂ'

L

'"‘A devuce or machrne fhaf can grve a defalled and accurafe profvle
Q,
N h . 1‘

of fhe |nferacf|on befween muscle angl' of pull length/fens:on and speed

'contracflon,pn ferms of forque o'tpuf, |s fhe Cybexfjl”sysfe

TR

esf avallable means of accurafely

: Thfs apparafus lsxconSIdered fhe J
SN ! L . ", : e - R
"'Hf; h as maX|maI forque oufpuf 'work power and

36,37, 38 4, 46 47 61 62 53)..“'

T RS

'='mue§urqr}enduféﬁcé (13 13/

";1sotdnic-me"'uremenfs,,commonly performed on welghf machnnes <p‘;,-, s
[y N N P ot

.Gym", have fhe IumufafLon thaf fhe sfrengfh measured

'Efsuch as’ "Unlvers'f_
" B . . i ¥ ‘

.:"r

.;to the weakest po:nt in fhe range of mot1on dur:ng one h_;c

x i hjdrepeflfldh (17).

The Cybex deVICe,¢,y’accommodatlﬁgzresusfance




i;l_dynamlc sfrength af every poinf

: “ Y- L .
ﬂlncorporates a- dual channel recorder“

'and peakiforque across the entnre range of'mo Ton of fhe__»_

; Flrsfly,.,e“

e necessary fo;produce maxlmal fenswon”af a p'e—defermnned spe d;ﬂﬁ'_ﬁ[;f,

(37) an 'Thorsfensson &

”'7{ Moffrold ef al

“r



" memooacosy

{n‘ApPendnx B The subJects ranged in age from 18 = 46 wnfh a mean age_”-

@ assoclafed mlfh fhe knee JOlnf surroundlng sfrucfure or quadricep muscle
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A - Dl
g L p

'H‘iveloc1fy Thus,_as more force is. exerfed agalnsl fhe lever arm of fhe

» -

Fapparafus, fhe resnsfance supplled via fhe lnpuf affachmenf vérles fo SRR

iacc mmodafe fhls'force. The foque oufpul of fhe muscle |s reflecfed by
'n‘a dynamoﬂefer and dlsplayed on a’ fronf gauge dlal and a fasf response fwo ‘
chhannel recorder usnng agheafed sfylus The fasf response recorder glves

“'a graphlc readouf of fhe HTC over the enflre range of moflon._ The Qauge
,'iﬁaSS|sfs fhe subgecfs achleve maxlmal efforf by supplylng a vasual feedback
uf;on performance (Plate’ 1.

"Alfhough;fhe forque channel7was faCforv'calibhafed, a-dally

St e

K,pre-posf fesflng chedk was made, ustng lhe procedure oufllned in Appendix C.
- The elecfrogonlomefer whlch records JOtnf angle, was. callbrafed before '
: and affer alI fesflng sess;ons folIOW|ng the procedure oufllned

S .f;jAppendtx D. i Speed selecfor callbraflon was conducfed by a quallfled e

Q_Cybex englneer at lhe facfory ln Long lsland New York lmmedlafely prlor o \i'

ffo fhe sfudy and fhen re-checked prlor fo dafa collepflon uflllzlng fhe : R

"'callbraflon procedure oufllned ln Appendlx E

?"@;“.' ' - h"‘fAnafomical,Cdéslderarlons"

‘ (3

B Alfhough one of fhe largesf and mpsf complex JOlnfs ln fhe human _93.
i ._t B

! ke

-fmbody, fhe knee ?s cons:dered fhe easnesf;Jolnf fo test on fhe Cybex ll,f-

'JzeAnatomlcal landmarks of fhe knee are easnly palpafed so thaf fhe aXIS of fif

A'otaflon for fesflng |s readlly Iocafed.u The mlxed glldlng and rocklng

('S

f'fiacllon of fhe knee Jonnflln exfens&on/flexlon causes fhls axrs fo Shlff

yorly durlng exfensnon.A However, fhe knee is consndered a slmple f?“'?EVHZ'“



L
i
g
[
i
H
-

Dy

:553 ubJecf comforf and normal hyperexfens:onuof fhe JOlnf

‘paddlng undernealh and over fhe fhngh [B-8 crlflcal as forque outpuf wxll

Z:fhe foam paddlng on fhe fable and shln pad.‘ At lower force levels o

'recorded af hlgher speeds, fhls facfor ls even less sugnlflcant

- movement.' Thls error value ls consndered acceplable ln cllnlcal

The anafomncal problems present in knee fesflng are relafed to 13f

a

f to maxlmally sfablhze lhe fhugh ln exfensnon/fleXIon.. However, sufflclenf

Lt '.

'be |nh|b|fed by dlscomforf in fhe worknng muscles. 35

Normal range hyperextenslon may occur at ‘the hlgher fesllng

: vveloc1f|es because fhe |nerf|a of fhe mOV1ng llmb fends to help fhe

: confractlng quadrlceps muscles overcome fhe passnve resusfance of fhe skan

ffascna, Jornf capsule and arflcular sfrucfures. Thus, fhe dafa recorded

"6

.af hlgher veloc;fles Wl|| fend fo have a sllghfly greafer range of moflon

af fhe end ponnfs.b

'4fvg> These facfors have no sngnlflcanf effecf on forque measuremenf- .

‘eXCepf poss:bly durlng fhe flrst oneefenfh second of a hlgh forque confrac—.

~f|on durlng Wthh fhe l|mb "fakes up slack" in the sfraps and/or compresses"

The precedlng facfors can comblne lo produce error of 5 degrees

::jon fhe posttlon angle chart, dependlng on . the force and dlrectlon of

.., B

-

f“:iappllcaflons snnce a number of sfudles have,shown fhaf manual gonlomefrlc SR

"5Q&jmeasurements are rarely more: accurafdsfhan + 5 degrees 9, 34)

' "(; _




‘;and fo prOV|de a sol:d comforfable backrest. A velcro sfrap and a {

";foofball fhlgh pad secured and sfablllzed fhe upper Ieg. Upper forso and

’j:;];;j]}iu‘*” pelvuc sfablllzafion ‘was achleved by uflllZIng an adJusfabIe seat belf and
'U«fgigfhffﬁ'7mshoulder harness.' To’ provude opflmal comforf,'a folded fowei was |nserfed
‘4f5befween fhe sfraps and #he subJecf. Durnng muscular efforfs fhe.long

‘,axls of fhe upper Ieg Iay along fhe horlzonfal SO thaf the: 90 knee

R f,fﬁ‘\\g;y N iflexnon pOSIfuon was achueved wufh the Iower verfucal Ieg., ' ,‘”]
’ Durlng fhe recordlng of fhe HTC fhe subJecfs were lnsfrucfed ;ﬂ~
EEEIN * ‘” . LT
&v_ pb' fo flrmly grasp - fhe shoulder harness sfraps af chesf ievel This |nsured

;con5|sfenf hand p05|flon|ng and forced fhe upper body flrmly agalnsf fhe

;backrest.
‘A‘sﬁfn pad‘wifn velcro sfrap-was fasfened fo'fhe~[owerwlegw jjo
. , 4.-; . . a
"proxnmal fo the: medlal malleolus, but" allownng ankle dorsnflex!dn. A

e sfandard Iever arm lengfh of 36. 83 cm 'was selecfed in order to correspond
N T i ;jo fhe*lever arm of. the NLEM.v

vTesting Procedure ..;T,’f- .f"ﬂ”, .

Followung a famullarjzaflon perlod, as recommended by Johnson .
3[band Slegel (26), each fesf Ieg was fnxed and locked in.an anafomlcal 90

",E\\”“a"pOSIflon as measured vna manual gonlomefer and by furnlng fhe veioc1fy

sr

'selecfor confrol fo O /s., The&greafer frochanrer of fhe hlp, fhe laferal




i

3 AEEarafus ,;;:v_;{,,

' record;ng potnf between

pre—defermlned angulaﬁ*veloclfles and fhe charf recorder at 25 mm/s,'all“* R

&,,‘.

5~subJecfs were a1ked ‘to perform fhree maxnmal leg exfenslon and flexuon.vffffj

movemenfs (Appe dix F).; Verba| encouragemenf to henghfen moflvaflon was

provuded by fhe fesf admlnlsfrafor._ A maximum of 4 mlnufe recovery was

. requnred prlor to fesflng fhe nexf ass:gned velocwfy Peak forque and

forque oufpuf af 90 (verflcal) 105 120 135 150 165, and 180 were.

e

'o-< RN

> measured from fhe forque curves quIIZTng fhe Cybex ll Charf Dafa Card

o

(Appendlx G) The repeflflon wffh fhe hlghesf forque oufpuf ln Ieg exfen-,

- sion WanSeleCted¢fOFﬁBD@lYSJS. See Appendlx H for an example of a dafa ot
f'record:sheet;‘ o - L

Tesflng Profocol of the Naufnlusv

Machlne Re5|sf|ve Torque (MRT)

e

P

NN

The Naufulus |eg extensxon machune (NLEM) (Plafe 2) w%; coupled

fo a cyberneflc Ieg exfensnon dynamomefezkcapable of" measurlng bofh
D e

|somefr|c and lsokpﬁettc forque.A The dynamomefer consisfed of ‘a. reverslble

-

0. 5hp D. C. "Boston Gear Raflofrol" electrlc motor coupled fo a 1 600

| reducfnon gear box.3 The gear box connecfed fo an adJustabIe alumlnum 1ever

arm whlch Was used fo duplncafe the movemenf patfern of knee exfensnon' j’a,.

e

(Plate 3).. The max:mal conflnuous forque oufpuf of fhe motor was’ 329 16
ft/lb or 446 34 Nnbv,The valldlfy coefflcuenf befween predlcted and

calculafid forque values was 0 991 (Appendox ff; .The rel:abullfy co-*

; fhlch were esfab] shed by comparlng fhe vartablllfly of each

'75 and 30 /s and 5 and 14 Ioad plafes were O 851
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Changes in varlable load offered by fhe NLEM Were defecfed by

ffour SR-4 sfraln gauges posufloned on fhe alumlnum Iever arm, 11 5 cm .

.from fhe aX|s of_rofaflon. The sfraln gauges were lnferco"necfed fo

;“form 3 wheafsfone brldge so fhat when no. Ioad was applled fo fhe Iever Co

e

farm,.fhe reslsfanCe “dcross one s:de‘of fhe brldge (sfraln gauges 1 and 4)
_%;;%4'L;equaled the reS|sfance across lhe afher Slde of the brldge (gauges 2 and 3'
Flgure 2) ProVIded fhaf internal resnsfance WIfh each gauge was’ equal,
volfage across fheybrldge was balanced and.no pen charl movemenf occurred
' on fhe torque channel of fhe recorder Any.force exerled on fhealéyéryli
'arm, allered~the;sfrainigaugesl lnlernalgresisfance; resulllng‘in:aix-,..
”.measurable volfage change across eacn slde of fhe brldge‘(BB) | Tne:'

f mounf of change in resistance of the gauges was callbrafed fo have “a

dlrecf Ilnear relaf:onshlp wnfh fhe amounf of sfraln lncurred by fhe

.Iever arm._

Changes ln lever arm angle were measured by an elecfrogonlo—.’

’5*mefer whlch consusted of a- fen—furn pofenflomefer Because The potenflo—.
' 1meler would only be requnred fo rofafe fhrough approxnmafely one«quarfer

"of a: furn (90 ). a 15 volt |npuf s:gnal was connecfed fo prOVlde

- *=suffnc:enf volfage for pen deflecflon on fhe posuflon angle channel

' / ‘
Applled reS|sf|ve forque and fhe angle of fhe dynamomefer lever

vlu A varlable volfage rheosfaf connecfed fo fhe 0 5 hp mo?or was
tu,f capable of adJusflng fhe vollage lnpul and permlfled lever arm velocnlles

befween O and 45 /s (O fo O 785 r/s). . A sef of phofo-elecfrlc cells

connecfed fo a f:mlng clock capable of measuremenf fo 0. Ols lnsured




anure 2 Wmng ‘of stram gauges B

Equal

' _Resistances . ,

| T6;Recordé_r; i

to form Wheatstone Bndgé '(33)




.
lever arm veloc1fy accurafe fo dés. By breaklng fhe Ilghf beam

p‘ahseg\\\emlffed from fhe flrsf palr of. phofo—elecfrlc cells, fhe lever arm ,Jl'

sfarfed fhe flmlng devnce and sfopped fhe clock affer pa55|ng fhe second
palr of flmlng Ilghfs af fhe fermlnal end of fhe arc of moflon (Plate 4). 'f'ﬂ
To allow for any acceleratlon or deceleraflon in fhe lever arm .as the~

mofor engaged the . Ioad of “the NLEM fhe phofo—elecfrlc cells were placed

120 aparf Any sxgnlflcanf varlaflon in.the dynamomefer‘lever arm

velocafy could be double checked by |rregularhfles ihaf mlghf have ;inf

g

appeared in the. slope of fhe angle p051l|dn prlnfouf ' cr'gfa';ff,;hu.ij”;ﬂ’

Pre and posf callbraflon of fhe forque channel ‘was accompllshed ¥

by rofaflng lhe |ever arm unflJ it was in a horlzonfal pos:flon (180 )

SR :and p|acung callbrafed dISC Welghfs -on the arm to defermlne pen deflecflon

f;;ﬁylni “f'fgg_;'-'on fhe foque channel (Appendlx I) Wlfh fhe lever arm dlsfancecser at

e \
H

b' FARRVAN | o

“ ,‘.,4~1 o.,‘

:fhi”f:tﬂ"j}d?.ffv:v~@*368 i (1 2 ffl fo correspend to the. lever arm of lhe NLEM ong; ‘ éigi?h;ﬂf

mllllmefer of pen defleutlon from fhe baselrne equabled 5 Nm - (+'Om3 Nm.)

S

of forque (3 68 ftle + O 22 ff/lbl Iy fhe horlzonfal posnflon wxfh no j:

I - ©

w' s C
load applled “there’ was a sllghf ‘but consfanf dé?lecflon of fhe strain - -

5 . -

gauge as a resulf of'lhe alumlnum Iever arm mass Slnce this represenfed

a varlable but consustenf error facfor in fhe recordlng of forque,'if'fl

o -

-l_-<‘_‘1,.--_ \»-,,...e-..,._ e

. Qr;‘35'“dld nd? sﬁgnlflcanfly alfer fhe MRT curves.. A forque channel charf e
recordlng dafa card was developed to measure the forque fracnngs from

Vi . .-.:-,-;:,,_ R T e

*;fjf fhe pen recordlngs lAppendlx J).“ jﬁldw USRS -r»eagﬂgg --if'yﬁnfﬁwﬁi-»._i‘j_fp:

. e . 3

Pre and posf callbraflon of fhe angle posnflon channel was

S completeJ uflllzlng splrlf levels and consfrucflng a llnear relaflon— N

***371”’2j}g%}*;“11 Shlp befweed fhe sfarflng and flnlshlng arc of motlon. A verflcal or 90° P
. ST s i IR , Sl e ,-er :

posnflon of fhe lever ‘arm- was defermlned when the level bubble was

sfatlonary and flxed |n fhe center of the Iever lPlafe 5) : Thls p051f|on

B g : i P
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fhls measuremenf

fhe motor.moved‘f e lever anm“fhrou h 90»f

defermlne lever arm angle every 15 fhrough fhe 90

(Appendlx Jl.. Manual gonlomeler recordlngs of fhe lever arm Gonflrmed

K
S

the Va"d'fy of meas“""‘"‘e”* f°" each C°""95P°ndl'n9_ aﬂgle (r o 991) ol

tf Tesfnng Procedure

.- _' PR R Lo I".x, Ty
Sy s

The NLEM (Plafe 2l was’ prepared for analy5|s by remo ung fhe

e

" seat,’ fhe shln padd:ng, fhe cam assembly cover and lhe forwardl p

‘e I

cover.‘ The recordlng leg exfenslon dynamomerer was alrgned wnﬂh fhe

'--aXls of rofaflon of fhe NLEM and fhe lever arm adJusfed fo apply forquef:f;"*°

.

| af fhe cenfre ponnf of fhe shln bar 0 368 m (1 2 ffl (Plafe 6).11The:=;,:?c»ﬁ ‘

0l _ :
enflre apparatus was bolfed lo a l. 91 cm (O 75 plywood plafe and

n/

sécured fo the floor to. avond excessnve movemenf or mlsallgnmenf.. Dlsq“”

welghf ballasf was added fo lhe NLEM frame fo provxde addlflonal

o s . . . . N

The phofo—elecfrlc cell llmrng llghfs were sef 120 ,aparf *wvlhg;ﬁ

'v.Dv

fhe second palr sfafloned fo sfop fhe clock when fhe Iever arm reached‘

lhe horlzonfal or. 180 pos:flon. The lever -arm, velocnfy was adJusled |
ufnlnznng fhe flmlng clocks fo |nsure consfanf angular veloC|fy under

‘f; lI load condlflons l+' 02 sl Lever arm angular velocllles of 0'263 r/s L
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.?T#ééthWHS‘aﬁ example.of_fhe_MRT durve produ¢ed by fhe NLEM s

e

P X o , . . o o . : C KN v :
" : : em el

verfucal posnflon,,load values of 5 10,.and 14 plafes on. fhe NLEM were

selected and MRT CUrVes were generafed usnng 15 and 30 /s veIocnfles

'necorder TAppendlxw

L e
'-*’&*- ‘~.,,.

unﬂf

‘\!"’\‘3

S R I T e

h a one seco-d,manker

;w} ) from fhe cam plvof pount fo fhe load cha:n was mpasured usnng a mefal

fape, commencnng at fhe verflcat NLEM lever arm. posutlon (90 ) and af

15 lnfervals up fo an,ilncludung 180

hor:zonfal or full extensnon posnfnon (anure 3).. Scnce fhe MRT pranr—fI lf4

< 3 3

ouf |s dvrecfly relafed fo r, fhis measuremenf served as a valndufy
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< ne peak *orque for HTC and MRT', "cirves’

z ‘%n'_,‘
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fheuarc of mofron
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“\ H

i
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T
MRT and the'cam '“”*'dius leng'rh.

’=Rel|ablll+y bf féb NLEM recordlng dynamomefer was calculafed by
.compar;ng the varlablllfy esfabllshed af each recordnng pOInf for 15 and
Q39 /s (Appendax l) M::.f”¢}ff.ﬂ;. ;‘.,51 ; :.' NI 1'1353;}" ’: |

: :‘ Valnduf* ;% ‘the NLEM’}écordang &Y;;mome;éerés ;;f;r%lneduiEJ B

uflllzlng fhe procedure presenfed lﬂ Appendlx l. A

i

[
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r CCHAPTER IV © VLT P
Sl :n AR i; . ﬁ‘si—;:~"“-?h;ip‘?-t s o ew a ;5“':“9':-'rvl‘§f-9 ’_;.; - /f K ;
LTl e oL T JRESULTS AND DISCUSSIONS .o . - LT T
. |
L P NI g ;,A'_- R . o e - - . : o . ; o
' The requfs and dlscu55|on are. presenfed ln fhree maJor secf|ons : S T
N i . . . . - . 11 hl
»Human Torque Curves of fhe subJecfs, Machlne Re5|sf|ve Torque of fhe :
'jNaufilus LegﬁExfensionyMachine and a'comparTSOn.and disCuSsTon of ‘the - o
" s icufves ‘generafed Th both Tases. T T 7o . - R
- ) S . R . o S S o P
Human Torque Curve (HTC) SR S & g
The means and sfandard deV|af|ons for fhe fransformed dafa c ‘._ fh ‘i
f“generafed durlng knee exfensaon at. Or524 r/s (30 /s) 1.0¢e'r/s (oO /s) EREE S
', and 1 572 r/s (90 /s) are. presenfed in Tables 1, 2 and 3 respecflvely H
j

,g,hBased on- fhe experlmenfal procedure, fhe forque oufpuf dafa was

s

:,collecfed from fhe human forque curves produced at every 15 of exfensuon,‘.
=ﬁh-commencung at fhe verf:cal or- 90° p05|f|on and complefed at,. 180 or. ;-» S e

. &'horJZonfaf leg pos4flonm‘»A graph|c presenfaYlon of fhe resulrs are S e Tl e e

¥ oH o 6 s d g o ¥ ‘ .u.‘:ry o, ..f_q,\

_.TIlustrafed.ln |gure 4.

The angle of puII Iength -tension relaflonshlp of the - quadriceps ’

;,musc|e group IS clearly deplcfed by fhe consnderable varlaf’on in forque
T"*oufpu?T-QTﬁé mean shape and form of fhe fhree curves are S|m|lar, with

.peak forque oufpuf (100 percenf) occurrnng Iafer in the movemenf as the )

o knee angular ve|oc1fy lncreased The mean angle and sfandard devnaflon

‘“?ﬁaf whlcﬁ maxumal forque was produced in- ‘the’ arc of mofuon was 115. 1 5.59, :
< i R - : R R 2
.;_. O - ‘ hs e
.e 123 8 + 5 7 and 127 2 i 22 90 for 0. 524 F/S (30 /s) 1:0483r/s (50 /S)‘
‘ iahd 1 572 F/S (90 /s) respecftvely The resu!fs |Ilusfrafe the _

compensafory |nferac+|on befween angle of pUII lengfh/fensnon relaflon—
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LA

- Shlp and veloclfy of movemenf.» Consequenfly,‘each subJecf's abl'lfy

of fhe MRT of fhe NLEM as analyzed by f_e‘dynamomefer__ Ioads of 10 and

14 plafesﬂ_ Each recordlng po;nf on Flgure 4 |s fhe mean for every 15 of

mofaon,,calculafed from fhe dynamomefer prlnfoufs. The mean shape and

form of bofh curves are S|m|lar qegardless of fhe plafe Ioad or velocufy,

"».x K RN

i: wmfh)ggfk resnsflve forque OCCUrrung af 165 i 001 - The sfandard

devnaflon of aII poinfs is very Iow. Thls wou!d be expecfed sance the'

A

change 1n fhe Iengfh of fhe radlus (r) from fhe ‘cam’ puvot p0|nf fo fhe

;fﬁ welghf chaln should be con f

a-;lndependent of Ioad or velocify

‘ s (15,/5) and o 524£r/s (30 /s)
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lnsfrumenfaflon 170 was the
angle for data collecflon

(+ 0.001").

last availab[e




L ',Angle of Peak Resustlve Torque 165
’* Due to’ lnsfrumenfatnon, 170 waé fhe Iasf avall b‘-l"e",,'-j__A
angle for da’ra collecfuon P
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”“1: velocltg;lncreased, peak forque'oufpuf occurred lafer ln fhe range of

observed stmllar resulfs.z

fhls sfudy appears fo be dependent upon the angular veloclly of llmp

e e

e ; . Z . [a

*ln thelr study, maxumé

l peak forque produced

.

f "slower speeds" 0ccurred af 117 + 2 al 0 392 r/s or 22 5 /s and as-

Y -,:.;.,‘

' Alrhough nof documenflng fhe exacf values, Scudder l54l reporfed

fhaf peak forque occurred at 112 + 2 durlng lsomeerc conlracflon and

B _lncreased lo 118 + 2 durlng fesflng af an angular veloc:fy of 1 572 r/s

\/ - -

'-:__O.f- .f-h,e' [X

S :cudder l54)fl

Lo

'ﬁvvelotlfy of nnvemenf 1ncreased. Hls resulfs lndlcafed fhat peak

“

(90 /s).' The resulfs of fhe presenf sfudy showed fhaf peak forque oufpuf

‘leg extensors occurred af 115 + 5 5 af 0 524 r/s or 30 /s.. ThlS

value &alls wnfhln fhe range reporfed by bolh Moffro;d (37) and

forque oufpuf was produced af 95 af 0 524 r/s l30 /s).v Thls reporfed

langle of peak torque outpuf by Osfernlg l44) represenls an aﬁmosf

;- verflcal leg posuflon and does nof correspond fo lhe presenl sfudy § oo

’ flndlngs nor fo fhose of olher researchers (32 62 65). ;The aufhorlw:?'

: moflon_“gUSIng Slmllar lnstrumenfaflon, Moffroud and assoplates l37) ﬁﬂhf_v*f

Osfernlg l44) also reporfed khaf the forque curve changed as jg:*‘;}3'



””leg fo overcome lnerfla (44).33“

| ffhe compensafory lﬂferacflon befween angle oF pull Iengfh/fen5|on P

elaflonshlp and fhe angular veIocnfy of the movemenf » Each subJecfls"
”',ablllfy fo generafe musculariforgue varled fhroughouf fhe enflre range Q
li_of moflon, W|th fhe angle of‘peak forque varylng from 115 5.5?ial i
'Tm;O 524 r/s l30 /sl to TQ? 2._ 22 9 af 1 572 r/s l90 fsl; .However,.fhe

f_mean shape and form of fhe 75 SUbJECfS' rorque oufput was snmllar,-

“ig;regardless of fesflng velocufles

o e ’ Because of fhe |nfer—relafed roles of angle of pull Iengfh/
! ‘ 'e_fens:on and veIoC|fy of confracflon,_lf would be exfremely dlfflculf fo‘[

”"hg spec1f|cally manufacfure fhe Naufllus cam |n each machlne To "balance"
or mafch lhe "ldeal and unlque" sfrenghh curve of a movemenf s agonlsfsﬁ
"ijlgure 8 clearly shows that fhe shape and form of fhe machlne resnsflve

T 3~y‘forque curve, as defermlned by fhe changlng radlqﬁ ‘of the’ cam, would
= ‘ } . 3 + N . LT .
f},_requ1re cogslﬁerable modlflcaflon fo achleve a- closer correspondence to

.,5 . . . N

fanhe human forque curve of fhe quadrlcep muscle observed ln lhls sludy

FaRY

”;("A|fh°ugh fhe fesflng velocnfles of fhe NLEM dynamometer only mafched one’

/ev/denf dlfference |s foo great to mafch anyldafa collected for fhe HTC.v' )

Table 9 summarlzes ‘the percenfage dlfference befween HTC valuas;

'7and the‘combtned machlne resnsflve forque values af fhe beglnnlng of

. \

B3

_f the lasf recorded posuflon (165 ) Regardless of fhe VelOc:fy ofyim..

7.

':5-knee exfensmg ;vlncreased fhrough fhe range of moflon, peaklng af

:,nu165 ;. whlle HTC peaked af a knpe angle of 115 t 5 5 af fhe slowesf

EQQmuscle (32) or posslbly because of fhe flme requnred for momenfum of fhe"

- of fhe angular velocufles examlned for the 75 subJecfs (O 524 r/s) . el "

'.alleg exfensuon (90 ),_af the mean angle of human peak forque oufpuf, and S

V;vd‘ The resulfs of fhe Presenf sfudy and relafed luferafure nlluslrafe”;:ﬂff'fv




149 .

T T _.%__“_. .2// .om_ SEL L0zt .8._‘ B _._..oo...._

o .h000 F(.0'6914) _. ,om Nmﬂom R.:

R _v:w 80’ P ¢Nmo e co_wcouxo mm_orz %o o i I‘ m:mho> hms_ moSm_u_.

\

J

m_mc<

5&:0 m:EE xmwa jo. m_mcm A v

(61,08) 812G L =N v-— =7
,;m\oog s/t wvo; =A D.I lln_
a\oo@ s/iyeg0=A O

AsL=u)
o:E ‘_.o>zm_wmm
o:_coms_ "SA m?_:o m:a .c_m,E:I

.ommﬂfm—:

o oh SFE Aom mNC

., Z| =) umo._ vcm..b_oo_w> um:ﬁ&oo 0|I.||o e

{os




".xMBTﬁVérSusvHTC'at;QOQ; Athé?éffl' e

[ ;Peak\Igrque“Oufpuf:and'165°‘bffKﬁee Extension
S\ S o :;" e (RN ..";. O s e ‘ ! ‘ ) . o

e
e—
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- angular velocnfy (O 524 r/s) and af 127—? + 22 9 at fhe fasfest velocsfy
Eaf;fll 572 r/s). Thls represenfs a mean re5|sf|ve load of 19 5% above fhe 1.-

;HTC capabtllfy of fhe knee exfensors af the sfarf of movemenf (90 ), and

'fi“58 33% above HTC‘af fhe exfreme range of exfenSnon for all velocnfles

Uflllzed to generafe fhe HTC dafa. Durlng peak quadrlceps forque outpuf.
FZ .;fﬂ -7.'ﬁfhe MRT orOV|ded a‘mean resnsfance of 18% below fne leg exfensors max1mal
lcapablllfles (Flgure 9) F - | ) | o
The greafesf overall dlscrepancles befween the- MRl‘prov1ded and fbe
‘HTC capablllly occurred af fhe slowesf llmb veloc1fy of O 524 r/s, where

fhe manufacfurers of the NLEM suggesf ls fhe more favourable speed of
confracflonfo uflllze Whlle fratnlng (Table 9). The percenfage dxfference»

K

is 23 7 and 71. 6% above fhat Wthh fhe Ieg exfensors are capable ot

producnng at fhe sfarf and completlon of movemenf, respecflvely IAf,

<

7 peak ‘human forque,oufpuf the: NLEM underloads fhe musoulafure by 22%.
R R - Sttt . .

- : wt‘ - py‘ &3 ,: -’J’"\'\ g ol

a S Based $ﬁ¢fhe resulfs, fralnees usnng fhe NLEM for quadrlcep

pas

: sfrengfh lralnlng purposes 'would nof maxlmally fax muscular capabllnlles

';franslafe fo an, underload for 32 4, 32‘@ and 43 1% of fhe enllr ;e"%f —

leg exfensnon respectlvely (Flgure -8, Table 10). By contrasf, af fhe
"extreme ranges oz’moflon, fhe apparafus provnd@s excessnve load whlch L
. _‘,, o Coe W g .'.,l : " . ‘r .

L exceeds fhe skeletal-muscular requlrements..;_N'L;f__afi-j .;“g{k;lff' TR

- l
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.~ Table 10°

MRT Versus HTC

V_“gy MRT (n) 2-r

I’

Ranges of Load Dlscrepancy

'ﬁtﬁffjif;; HTC;("’ 755;.ﬁ

53 B e

—
——

Angular -

Velocnfy

A

ﬁlnltlal MRT ﬁ;‘:i’

" and HTC

' ”Infersecflon’fu”

. w.opoint
 ,;:(095‘

Final MTC B ffDegréééf
_and HTC ERE-Y

B _(O:,l., o

Infersecf|On Uhderloadv
pounf ‘“195 T SR

-;Eércenfage

f”

-Underload

. for
Ent|re

H,iﬂRange of
”.gMovemenf
)

-0, 52% r/s"'

(30 /s)

1. 0%@ r/s’
60°/s) -

1. 532 rrs
(90 /s),{

98.6

102.5

152.1 . .-29.6

141.3°  -38.8

127.8 .0 =29.2

; 3 2.4

32.8

ﬁ =43:1

a
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:fCOnsequeany t perpendlcular dlsfance from fhe cam p:vof poinf fo fhe'~t“

Ioad chaun increases in. a Ilnear fashlon wnfhouf the necessary reducflon
,,:n« . .

'|n lengfh fo mafch fhe requaremenf of fhe knee exfensors (TabLe T

' The presenf sfudy concurs wnfh ‘the resulfs of Harman (19) and
o _w S 2
o Twarranfs consuderable dlSCUSSlon snnce fhe revuew of reiafed llferanre'

b SB

erevealed very Fittle research on. fhe Nautalus equ:pmenf and lts desngn. tn -

Harman s study, a qualnfaflve thmechan:cal analysns of flve Naufllus
: . »

exerCIse machunes shOWed fhaf when used as recommended by fhe manufacfurer,

5

'resasflve forque patferns dud nof correspond fo human forque capabllufles
';The NLEM was one of. five pleces ofdgpparafus whtch were phofographed wrfh

'3'35 mm- colour slnde film as ‘a. subJeCf held bothfhe begnnnlng agd endlng

'\|~ 2

*exercnse posutlons., The prOJecfed images’ were uséd’fo consfrgcf fnber‘
~ board models of the ‘cam- and to measure fhe |n|f|a| and f:nal cam and
llmb angle pos;fnons.; Usnng fhe models, (r). fhe perpendlcular dlsfance

= from the axis of rotaflon ‘to- fhe welgh* chaln of " fhe cam, was measured

-and machlne resnsf|ve torque, normalnzed fo-percenf of max i'mum, was

- calculafed tdroughouf the range of mof|on of fhe movnng I;mb : Compufer

. ‘ -
'graphlcs gen afaﬂ MRT versus Ilmb angle and superlmposed curves of human ,

1?orque capablln ies. There was Ilffle correspondence between MRT pafferns'

é§3?fo . and HTC curves\iof fhe muscle groups examnned. Harman (19) concluded

: d';5*.iﬁf fhaf fhe cam- shapes would requnre consuderable mod+f|caf|on to: achleve a
R : ‘\ e, . : , co
'l.3closer mafch befween MRT and HTC pafferns. s T , .

uf The resulfs of Harman (19) and the presenf sfudy suggesf fhaf

"ﬁh-athh#es Wlfh pafello—femoral chondromalacna avond fra|n|ng fhe knee %

‘Q?fexfensors W|fh fhe NLEM. Durlng fhe lnlflal 10 - 15 of knee exfens,on;_"

71Where.p‘” Ilo—femoral JOlnf reacflon force IS af lfs maxlmum, fhe large
. . . \

'””fwgfdlscrepancy between fhe quadr;cep ?orque capablllfy and fhe app1|ed




e e

resnsflve forque of fhe NLEM would drasflcally anrease refro—Pafel'a jgﬁgy'iéir

~fpressure, possnbly aggrevaflng an already degeneraflve condltlon of fhe i_j;

e

'g'arf|cular surfane.»jf'#“-e
g AN

e

N - - . -

"‘f_sfrengfh capablllfles of fhe knee exfensors.- The Naufulus'apparafus,.,.

PP

s ”however, has been effecfnve ln prodUcing desarable |ncreases in muscuIar

'sfrengfh, g1rth and Iean body mass (11 49 50 §3 55).; The ?esearch S

R Lo ;

'cufed ln all cases con5|sfed of shorf ferm sfudles (four fo fen week:)if:ﬁ

i

|n Whlch fhe acqunsntlon of sfrengfh folloWnng a Naufulus program was

‘_ oo

‘compared fo a 5|m|4ar exercnse fraunlng regrme uflluzung7

T e

'resusf:ve fralnlng apparafus._ Resulfs lndlcafed srgnlfncanf |mpﬁovemenf9 -

-

dlfference befween fhe two frannnng methods for any of fhe varlabIes
_evatuafed. The presenf s*udy may prov1de the raflonale for fhus

observaf:on.-_;‘

galns demonsfrafed in’ fhe "Colorado Experumenf" in wh»ch’a college : ,L:‘N':'
‘ . a" ."“

,afhlefe rncreased hls sfrengfh |n fhe Ieg press from an |n|fsal value of

“3pounds of resusfance'(50). Accordlng fo Plese (50) fhe same‘college f?‘ww

)

':athlefe ganned 63 pouﬁds

. s _
:faf._ Resulfs of fhls magnifude nn such a brlef perlod o




11 45 49 53 55 60 65)

'warranfed g

f>dh fhe basus of fhe dafa and resulfs obfasned Fn fhls sfudy,

Lt

apb,ars fhar fhe-raftonaﬂe for no 5|gn|f|c f lncreases in sfrgngfh

-

~"‘\

¥

Emplrlcal observaflon of fralnees usnng the NLEM

generafuon (Tab}e 10).;

fgains by NanIIUS franned subJecfs over ofhe?\modes of resnsfance tratnuﬂﬁj ;ff: Lt

/ ""'_.may be due fo fhe poor mafch\\ot' ‘dupllcaflon of fh:e'NRT fto fhe HTC of fhe

4
‘..
A
cld
R °
. o
B e,
N
L R4




Throughout fhe years,vman has been'nnferesﬂed in fundlng fhe m’sf ff*‘lf;"

’7;'effecf4ve means of lmprOV|ng muscular sfrengfh and phys:que.r,Thls fffi”f}?rgrﬁﬂiﬁ“h

N Sy '
'Tjdunferesf has generafed numerOUS new mefhods, fechnlques, profocols and

;iffralnlng apparafus QeSng%g fo produce benef|c1al resulfs., Many of

- Mu}fhese new fralnlng concepfs and/or machnnes have been |nfroduced and l'

i _‘praLtlces for varlous perlods of fnme before benng subJecfed fo sccenf|f|c53"

,,.

ljglscruf;ny In fhe early 1970's a new resusfance tralngng deS|gn was .;dd Qn'ﬁ o

L

Uhunvelled amldsf clalms fhaf |f was SC|entlf|caIIy desugned fo prodUCe

e

'rOpflmal lncreases ln muscular sfrengfh and hfﬁerfrophy ln a relaflvely

'ﬂbrlef perlod of f|me (14 15).: ThlS des n, whlch ln acfuallfy

¥

‘n{;-lncorporafed several dlfferenf p|eces ofigqulpmenf was descgned around'ii
Qa system of. welghfs, Sprockefs and chalns.- The Varlous pleces of

fl‘equlpmenf, collecflvel*!'zlled Naufllus Machlnes, developed by Naufllus’w

lalmed superlorlfy because"

‘ M-Sporls/Medlcal lndusfrtestﬁ Deland Florid 2
- fhe canm shaped pulley could regulafe the res:sfance applled fo fhe"'s

']1exerC|S|ng muscles and mafch fhe muscles bromechanlcal needs.. '

To dafe,; valuatlon of the Nautllus desugn and |fs abllufy to .

o

. balance or mafch fhe ldeal forque"urve of a movement s agonusfs,-_s;,;fjfv""

-

Iacklng.Q”There ls a need fo fesf dlrecfly fhe clalmsiof Naufllus and




'”7"angular velocnfles

PR
w

’-ﬂf lf was fhe purpose of thn% Sfudy fo generafe and examlne human

i

| ,forque curves lHTC) represenflng fhe'varlable sfrengfh paftern of fhe "

*'jquadrlceps muscle group of a selecfed afhleflc sample over a 90 range

N : o

' v*of motlon af three pre—defermlned angular velocutles.ﬁ These curves‘f-‘“

“gwere CQMpared W|fh fhe machlne resnsf:ve forque (MRT) CUrves generated

:fby a Naufalus leg exfenslon machlne (NLEM) af fwo pre—defermlned

v

TR R
e T

Sevenfy—flve phySlcally acflve male and female subJecfs from rhe

'ﬁfUnnver5|ty of Alberfa generafed human forque curves of lhe rlght quadrt-'

vcepfmuscle group on a Cybex'll dynambmefer at pre—selected randomly
' . ; { .

“ﬁgassigned velocnfles of O 524, 1. 048 and 1 572 r/s (30 60 90 /sl ; Peak

5jforque oufpuf and fhe forque oufpufﬁaf'QO 105 120 135 150 165 and
“180 were defermlned from the maxnmal recorded forque achleved durlng

’fhree voT:y ary leg exfen5|ons. These values were fransformed fo

{ﬂpercenf of maxtmum-and plofted fo |llusfrafelfhe human forque

v

"TL;capabrl\?les af varlous angles of knee exfensnon.~fi“;1i‘]i‘“

LN

The fesflng for fhe Naufllus leg exfens:on machlne s resusflve

.,»\.
o

*_gforque |nvolved a specnal Ieg exfenston dynamometer capable of_

.‘(\

”gﬁmeasurlng changes |n forque and fﬂe angle at Whlch lf okcurred. Lever
;dupllcafe fhe manufacfurer S recommended speed for opflmal benefifs
'.cfrom‘the NLEM._ Sfa[ilng fhe dynamomefer Jever arm,nnﬂfhe 90 or

and%14 p fes were selecfed and

, RIS o

w'ffarm veloc:lles of O 263 and 0 524 r/s (15 and 30 /s) were selecfed fo pf
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U5|ng fhe curves for the human quadrtcep muscle group and fhe f';-ﬂ:-;gf'

NLEM resnstnve forque, rerafuve dlfferences nn HTC and MRT were compared

Z?J;frfor fhelr main effecf.'.{u-"qlh* off : {lf brir::iy'f_‘JZS;I ff,1;5fi:37':.fﬁ f& e

The results lnducafed.;ve.»_3p7p”.5i;;f;f?,ﬂ»“"’

nr& -

'gThree disflncflve human forque curves W|fh sumllar shape and
dﬁ form were produced :llusfraflng fhe JOlnf angle of pull and

”fxrlengfh/fenSIOn relaflonshtp of fhe quadrlcep muscle group

-

IS 2N

"ﬂand fhe skelefal system.;;, il o

5aé,ﬁfThe“mean angle and sfandard devnamwon af mhlch-maxnmalhhuman ’ 'A’///)/*~ff
’“forque was: produced |n fhevarc of moflon was 115 1“4 5 5“ | :f;

'i3123 8- i 5.7 and 127 2 + 22 9 for o 524 r/s (30 /s) 1 048° r/s‘

*,ﬂp(60 /s) and 1 572 r/s (90 /s), respecflvely Thus dafa
corresponded very closely WIfh fhe dafa of ofher researchers, | f -

,(44, 54) Indicafung fhat fhe angle of peak rorque outpuf was

: “;:h‘depené;nf upon fhe anguiar veloclfy

.:,,., | S

. The. mean shape and form of ?he NLEM's resnstuve forque lS

'.;ndenf:cal regard!ess of fhe plafe load or{ﬂefoCij.lx“‘ T?J e

i‘4.beegardfess of fhe veloc1fy of exfensnon,_the machtne o

o reSIsflve torque |ncreasediTvnearly fhroughouf the range |
_of moflon, peakang af 165 i .001 of exfensuon. -

- 5}”“The calculafed percenfages of MRT demonsfrafed a Pearson—'g
; Producf Momenf Correlafnon Coefflcnent of O 9956-and 0 9568

oIQL(P~<O 001) when compared fo the perpendlcular dlsfance from‘=

’1fcffhe cam plvot ponnt fo fhe kxm chapn (r) durlng 0 262 r/s

‘f:(15 /s) and 0 524"r/s (30 /s),”respecfnvelyxdp;




‘“fepresenf study concur wnfh prevuous research, whnch #ound Ilffle corre-.~b

Ct *

',Efé; The MRT provuded a mean load of 19 5% above fhe HTC

P.'.

,‘capablllfles of ?hg knee'exfensors af fhe starf of movemenf-%‘

(90 ) and 58 3% above maxlmum af fhe exfreme range of

,

exfensnon for fhe three veIOC|t|es uflinzed fo generafe fhe"'

o HTC dafa., R ‘“h_“,' faj? R V‘:."g;i”i S
“'f}7; The MRT dld nof accommodafe the mean: peak quadrlcep forque :
e 0ufpuf._ The MRT provlded ‘a mean valuedof 18% below the leg:

yn exfensors maxumum capablllfles.’ )

gl The greafest overall dlfference befween fhe MRT and fhe HTC

i

occurred af the slowesf-human lnmb veloc1fy of O 524 r/s

‘f;; (30 /s) where the manufacfurer of fhe NLEM suggesfs is. fhe
- . more favourable speed ‘of confracflon fo ufullze whnle |
"ivfraxnlngl o Tv

Alfhough uf|I|21ng dlfferenf mefhodology, fhe resulfs of fhe

T;spondence befween the MRT and the: HTC for fhe muscle groups examlned (19)
The resulfs of fhe presenf sfudy and relafed luferature

'|l|usfrafe fhe compensafory |nferacf|on befween angle of pull Iengfh/

'ffenSIon and angular velocufy of movemenf. On fhe basns of fhe da¢a, ifi

—

fd§was conc|uded fhat fhe regulafed resusfance of fhe Naufulu cam d|d nof T

ot
[ _.‘ - .A

"ﬂ;adequafely regulafe fhe machine s resnstVe forque fo_[uef the chang1ng

_'___/

bnomechanucal capabllufles of fhe knee exfensors.-°

" 60.




fhe varlable resnsfance componenf of the Naufllus Leg Exfens:on Machlne. el

Slnce fhe presenf sfudy does nof supporf fhe Naufnlus cam concepf
nd ufs absllfy fo correcfly mafch the varnable sfrengfh curve of fhe L

quadrlceps muscle group, fhe aufhor hlghly recommends fhaf fufure research

(' B

be dlrecfed atlevaluatlng ofher Naufllus machlnes currenfly on fhe markef

In parflcular, fhe Naufllus Pullover Machlne, from whlch fhe orlglnal

B concepf was consfrucfed |n 1948 should be examlned s:nce lf has fhe

' absllfy fo rotafe fhrough 270 of motlon.; The greafer range of rofaflon o 3]5‘T"':

‘f may allow for the cam fo change |fs radlus more approprlafely fhan fhe
NLEM wufh ITS Inmlfed range of only 145

The physncal educafor, coach and physncal fltness enthusuasf

: may conSJder fhe presenf results when purchasnng resnsfance fralnlng
apparafus, ks y._”
How cosf effeptlve are fhe Naufllus apparafus when compared fo

._;'other resnstance nndallfles? Slnce ofher forms of resnsfance fra \ingr,

such as free wetghfs have.been found fo produce |ncreases |n sprengfh
and muscle hypermrophy as greaf as a comparable Naufllus program,'should
,a coach spend $60 OOO 00 fo pugﬁhase fhe complefe range of Naufllus

-. equnpment, when $5 OOO OO of free wetghfs and Barbells may be more cosr

effecfive? The Naufllus apparafus may have ther beneflfs whnch may oo

cstle ef aI

(61) fOUnd l oK(

Jusfify fhe;cosf such as rofary movemenfs and reSnsfance ln the pOSIflon u‘i:
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procedure perm|f+ed muscular fensuon fo remaun max'mal fhroughouf fhe:‘“

.[range of mofnon.,ui.x'

a

j!f.;f"accepfabie alfernaflve fo lsokuneflc fralning devuces., Fufure'research

el

{*may be dtrecfed af orher resusfance frainlng apparafus, fhaf may
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125 -(Footbal 1) |
10. (Footbal 1] -
_ (Footbal 1) |~ 260 7" «
116 ‘(Foofball)_f'f"'_ osl o
1. 112 (Footbald)-
o134 (Foofbal 1) 23k
|- 120 (Footbal 12 195
.3 | 123 (Footbal 1)
= | 120 (Footban&
| 116: (Rugby - - o
ol (Footbam L
17105 (Boxmg)
| 1s: (T & F)"'




V= o0.528 /s Lo % ofMeximmTorque - Angle of 1008 - Peak Torque’

§° - :

S

" ds lwom | e85l 56| 5.6 | Mi0 |47.8) 3.1
47 |m221) 30.8{ 88.2| 98.51 82.3:} 52.9 23,5
28 (M2 |- 210 78.9 |100,0 | 84.2| 55,2 31.5 {|.
. 49|F(18) || == | 73.6/ 98.0.| 82.8| 55.2 2.6 |
50 [z | = | mif100.0y"82.8 | 57.2| 5.5
S LBl |Mi24). .'88:5{100.0 | 84.3 | 56.2-| 32. 8| 11.4 71,
et e Riae { — 178.01 10000 | 861 | 64,27 3553 of
s 53 mzsr | 43.4|'.6| 8.6 | 80.6| 49.6| B9 |
LA M18) | 75.7| 1.9 | 97.4 | 84.8" '65.1:| 42.4
55 M22) | —="]:78.9 99,5 | 84.2] 9. 61 30.7
o s fraer | s1.0) 987 | 90,47 €6.9 26.8 | 2.3 |
v UBTHF(20) | e 1055.0 [100.0° '92.6 | 75.0. | 47:7 |
o BB F(19) | 474 85.2] 19851 91.2 | 67.8 | 37.2
e 59 |mi2B) | — | 78.7{100.0 | 89.1 | €8.3 35.7 |
B Ce0 R | == | 67.6 | 98.4°| 93.9 | 75.6 |.45.1" |
e | ma9) | 72.6) 96.8¢). 5.7 | 75.7 {'61.0.| 36.8
62 |mio) | 50.8} 89.2{.97.3 | 80.3.1 544 18.3
65 |m2s | 53:0] 87.6 | 98.8 | 80.77]'50.0 |.25. 3
64 |F(20) | -41.01.63.0.| 88.3'|:65.1 | 44. 1414.7 |
65-|F(18). _2,%.8: -83.2:].:96.0. 72:0 . 44.8 | 96.0
Co e M3y 35.3]90:9 _,.99'.1&82,8;, 60.6 | 393
67 || ito) B.67 97.0' 1 94,8 | 750 | 48.5
- es |Fiisy| 441|866 99.2: 90.4 . '.,-6_6;1_-" 38,1
- 69./M201 | - 60,4 |-9B.4 1 89.5:{ 71.8'&‘_'4_0.6‘ —
- 70 |Faa@) |- 74.6[100.0.| 833 | 63.4 | 9.6 —
TR | s2.5] 8Ts 99,371 82,5 | 61.2 |- 8.1 " |
72 IM2L)| 60.0 ) .2 97, 8 1.77.1 }'49.2 | 5.0 - 117 (Wts Lifter) B0
st = | 76.27] .97.8 | 92.0 |- 71.9-.| 46.0 _:,'123‘i(W1' Lifter) | 139 -
o7 Ims) | 68:1].96.9°1°81.8 |'63.6 | 45.4; 2.2 | w02 (Dis. Runi | 132
-~ mlFuell - 80,2 ) 955 1 77.7 Bgl— | ot 14 (T & Fy - f1s7

' 'j,114 (Dis: Run) | 251

. 115 (Sprmfer)-ff- {208

10T &F) 28

Cue(TaF) Lf2 oo
120 (Bball) w1920 =

105, (XL Sknng) K192 v

7120 (Dis. Run) 1123

© 111°(Golfer) | 185 -

117, (Sprinter) . 1198

| 119 (Sprinter) 28

{5108 (Disv Run) .| 94

120 (XC Sknng) 1%

1123 (Swummng) A375

120 (Racq—Spor'rs 193

| -124 (B-balt) . | 133

Sul(TaR 190

3 '114'-(}-lockey')' S 208

| HaTarc 20

11 eym o1

1114 4T & F)‘ ol

|16 @m- 1%
‘124 (Fig. Skahng 1%

| 121.(Dis:.Run) 136 EE

| 111 tHockey) 192,

| 205 tswimi o] 1260,

J 18 (T&F)L . {160 -

Lol

H
S
N

oo ||
R

| NRNR G‘l || |
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Ve 1048 FAS. L v Angle of 100% - Peak ‘Torque
' % of Maximum Torque .~ ... Peak Torques in Ff/lbs *:

0y 10t 1201120 inO) 1z

-’,"_'su_bj{' e [ |105% ) 1267+ |135° | 150° | 1657 1807 |
1 |Fuey [47.7(83.3' 1 100.0| 87:1 | €6.6| . 5.0 — |10 (Track) .~ | 132
2 m> ja.7| 5| 97.0] 82.3| €.0]:39.7} 13.2| 115 (Dis. Runner) 136
3 |F(22) | 5.0} 76.3°| 95.6| 9B:2| 86.8. ~62.2) 8.9 131 (Wt. Train) | 114
©a [ma) [a.3] B.a | o7.4] 5:6{ 1.5 45.6|—=="|126.(Wt. Traim |. 252 - -
5 | F(23).145.3}80.8 | 97.8] %.7)| 74.5|.49.6] 21.911% (Hurdier) *~ | 141 .
: 6 | F19) | 50:0 81.8, '97.7| 88.6 - 65.1 | 31.8] — lZ'S;v'(S\Nlnmlng) o132 oy e
7 |01 |41.8|€0.2| 98.8[85.7| 53.4 | 29.01 —= 1125 (Hockey) = .}  172- " = S
8. |Fus) {3.8(67.2 | o%1f8.2)| 87.0( 56.8| B.4|132 (Wr. Lift) ;116 Lo
9 | F(18) |— 4417 | 88,51 9.1 7.8 | 51.01 6.3 152 (Skiing) o114 -
210 | M(23) 146,11 7.1 | 100.0} 94.5 | 73.0} 49.4 19.7| 120 (Wt. Lift) i 182 - C
C 11 | Faer}s.0|72.8 | 981 88.7| 6L.6 "33.6 [ — | 122 (High Jurp)."} = 107 : {
© 12 | F(20) 160.0|90.0°| 96.6(80.0 |.53.3 ] 5.8] — |114 (Gym) e b 120 N
U130 |M24) | — }56.8 |:93.11'97.0.| 1.7, 50.0 | == 126 (Pole Vay!t) }.* 204" . . . "
714 | Mi19) |65.0{89.0 | 100.0| 86.0 | 65.0  36.0} ‘— |120 (Hockey) 1| 200 o ¢
215, |'M19) |68:3 | 93.0 |100.0 | 90:5°|: L la7.4]. 16.4 | 120 (Track) - | 158 R
16| FL2if16.6 | 545 | 84.8|9B.9, ok | m.7| 424|137 (Bball) | 9
ST 17 [ meer f— | 46,1 | 92.3198.7-0 7.4 53.8°) — |131 (Racquet-b) L. . 1% e
Lot 18| F19) [27.4] 69.0° | 94.6{96.2 | 85.8 | 59.2] = 132 (Swimming). - | 113 .
o 197|F(20) |41.5:083.1 | 98.0[97.0 | 8L.1:1.€0.3 |" 2.7 126 (X=C Skiing) | . 101 . S
L | Fuer| 6.9 92.3 | 98918617 | 63.7 | 39.5| 19.74117 (Jogging) .. . a1
o2l | M2 37.8 | BT | 98.9 ) 9B.T | 742 46,3 19:4 | 127. (Sprmfer) 190
22 M18) [68.4 | 88.4 | 9.4 1947 | 76.3 | 51.0 118.4 {123 (Sprinter) -+ | : 190
Co23 B |65.6]90.9 | '99.2]90.1 | 6B.1 | 45.4 | 6.5 118 (Golfer) -} 132
2 [Fae) |-= | .9 | 93.2196.1 | 77.6 |:44.6 — 1126 (RuMmgr)” | 7103 =y
s mi2s) | 3.4 97.9 | 97,9 82,3 | 54.47| 319 | — | L4TIXC Skiing) | 147 i
26 | Me24) | 5947|831 | 96.5(89.1 | €5.8 | W7 | — "-1(30:__(8-ba||) 2 ¢h
Lo2r | Fusy - |%3.6 | '85.6|99.2, 81.6 |48.0| 18.4 | 133 (T&F) 1B
> w2 |326| 7.1 | 9239727182 | 45.6 | — |10 (T&F) "+ | 184 i
Im22) |51.8 180,20 | 96.2|96.2 '51.8 | 22,8129 (Sprinter) | - 162" - P

| {Dis. Runner) | 22 T _ {

129
5| 6 | — |12 P ra |
RV AR T R & - RN A
|ua SRR
120
12
126

| 54,5 | —

7} 32,3, | —

37].35.6 | —

T 4.0 =i |'126 (Footbpll) . | 2% "

A" 153,30 |- 1132 (FootHalty - | = 180~ ..

.5 | 50.0.° —-} 2 Football) -l 168 |

.8 '1.2:4: ) (Féotball) [ 204 -

<] M(18)4;,'50'.0;f-83 3| 99.4'193.2 - J a4 | == | 122 (Feotbakly | 180 v

a0 |20 |69 |e9.2. | od.a |e8.00 | 0.8 [50.0 |17.8 19 (Football) * | 168 T Lt - T

'_‘,';“' :~\{21){_ ;Q_',l"" 6.8 | '99.0./93.5 | '69.4| 38.8 {14.8 | 121 (Footbal ) S GRS U= EE T AT S

42 | M24)". BE’{ 0.6 | :97.6 |83.7 | 65.1.|38.3-| 2.3 117 (Footbal 1) * | 1720

43 {M20) |—"147.6 | 9.5 {99.0 |84.2} 9.0 2. 1[132 (Football) . |7 200 "

a4 IW23) |49.1161.9 | /98,37|9L.8  72:1. | 44.8" 123 (Football) | -7 183 1o v

a5 {m2s) |a6.4 1e6.7 | se.8 fg3i3 V7.1 1 - 19 (Rugby) = |- 168° . -

517 F(21)-145.4 | 7.2 | 96.2:|9L.6" |
2. | p21) {71.8{92.9 | 97.1 |76.0°
Mz -f71293.0. | 100.0,{90.0
Ay |42.0|81.0 | 9:0{90.0 1
5 | M23) | 2B:2 [ 72,6 97.8|9B.5"
35| M20) | 33,3 146.6. | 86.6 {99.4 -
7. M2 139.2177.3 | 964 196.4 |

IW25) 198:8 189.271.100.0 | 9.4 . |

14 (Boxing) - | . 142 -

“(Footbalt) [ 202

3 (Rugby) - | .. 200

dBPRIBAVRG Y
U O W~ WU
J__

2
2
2
23
24
.2
p. 3
27
.}
T g L M24) 1 28.3179:2 . (99.0192.4
32
33
34
3%
36
37
38
9
40
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Cv=lossrss 0o o e 4';Angle of 100% ‘Peak Torque o~
e | % of Meximm Torque . Peak. TorQUe Cin Ft7ibs® ,

46 - M(mg 31. 3 70.4') 97 34 93.9.| 521 | — .
T477 M2 46.6]85.4 | 100.0| 87.0| €3.2 | —
mio)| 62.201.3) 9.2 8.0 | €0.6 [ — -
M5 67.4]92.21 9.2 86.0] 62.7 | 3.5
mizi | 421787 | 8.9 9.9 8.6 | 45.4
[m2)| 41.6]62.5| 8.3 | 85.0| 40.8 |-
Im2)| e6.0195.3 | 9.0 82.0.[-57.5.
Mz —"|'B.0| 9.5 89.0 | €0,0"}
m22)| — |34.21 84.2| 97.3 |. 7.9 | 52.6
M20)| 63.114.7 | 8.9 73.6 | 56.8 | 37.8 |
W18)| 20.5|78.0| 98.2.] 96.5 | 74.1 |41.3-
Am2y| 46.0173.4 | 94.8{ 95.8.] 75.3 | 49.3
M(19)| 65.6 | 89.5.{100.0 | 86.9 | 62.5.| 30:2
Imi1o1| 33.866.6 | 93.1 | .5 | T7.9. | 46.0"
‘201 | 74.2|95.4 | 98.4°) 818, | BL.5 | —
- [M20i| 75.3195.27 97.6 | 80.9'| 56.3" | .87}
62 |m22i| 73.3|95.5|.99.4 | 88.8 | 65.5 | .3
Tm32)| e.2]83.1°] 97.5 | 98:0.| 86.5 |52.8"
|M3)| 51.4 {90.0 [100.0 | '9L.4 | 63:5 | 34.2.
|Fizs)] 48.6 | 75.6 | 91.8 |100.0 {, 90.9 | 67.5
imas)| 3.4 | 7.0 | 9.7 |-99.3 | 86.8 | 55.2:
67 |M24)| 45:3 TL.O| 97.3 /957 1 75.0.|.%.4

68 .| M401{:35.2 | 7.8 |100.0'|/86.4 |. 60.0 |:48.8"
69 'Mtzs')_'-ag;l- 84.2 |:98.2 | 92.3'} 0.1 | 42.1.
70 “|m25)| B:1|73:7{96.7 | 96,71 68.0 | B.L
71 im0 | 43,5 180,8:) 9.4 | 86.5 |'58.0 | 2.9 1
72 |Fi2%)| 48.2 {83.9| 97.3 | i6 | 75.2 1 5.8 _
73 I ) 437 (.7 92.7 ] 9.9 87.5 |60.4.] 132 (B-balt) - f ~192°
L0747 |M(18) 31.2 | 75.9-| -97.9 | 92.1 | €B.7. |'%. 0 124 (B-ball). | 192 IR

75 |Fl18)}:47.7:|83.0'| 9B.7 :-"91-.a; 7L, 6-.1;37 7, 123 (B-ball)'.--. 159

X =325 '—72528 x=51901 x=6258 : e

L |xeses0is | x=eesl2 |x—29389 Iﬁ_ :

'1'.:_2.:.'488 |x=95 79 "3<'=692 Cxe23

‘lx*= | X913 | =425 . -| BT

1124 (Football). | 230 -

120" (Footbal 1) - | 193 .

1117 (Footbal i) {254 ..

‘117 (Football)- | 258" -*.
1123 (Footbaldy | 198 . -

122 (Football) | .-240° . = -

{116 (Footbatl) | 22 - - - | -
123 (Football) | 200 -+ . -
| 138 (Footbali) | 228

| 114 (Football) ,| 190

124 (Footbatl) | - 232 -

| 128 (Foofbaity . [ 225" .

| 120 (Footbat 1) | 192 : .

131 (Foptbath—{ -204 -

‘116" (Footbal 1} " | 198 -

118 (Football) | 252 -

1117 (Footbal )| -180: -~ "
126 ({Dis.'Run) | 208 T
120.(Dis. Run) | 140.

135 (Pis. Run)* | - 111

‘134 (Dis. Run) | 152

126 (DisiRun) | 152 . . o0
120 (Dis.Run) .| 125 . "
124 (B=ball) | 171 - -
126 Bwbalty | 23

Az aBspalty | 193
|12 (Bball). | m2. .7
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“HTC

74

SV =1.572 /s

F}

£

) wr
| (Age)

[

% of Maxlmum Torque

O

105

o)

el

135 |

165

Peak Torque

- Ang[e of 100% Peak Torque
Cin Ff/lbs* N

VEURAW B UWNF

M23)

| F(23)
w2y
| 25y
M23)
1 mea0r
|
| mas)
RIS
| M23)
-1 miz2)
M)
| m200
I m20);
I m19)
4M(19) |-
Imay
M18):
Me21) |
M2y
M(21)
M) | -
S MZLY |
|

F(18).
Imis)

48.3
-45.2

45.3°
52.7

49.3
42.6
53.1

3.8

52.7

8.5
60.6.
45:8

0.3
80.5:

6.7

7.9
7.9

7.0
| 82.2
; 75'6
50,7
53,2

75.8
82.2
74.4

l61.4
- 137.2
8:1;0 N
89.5
86.5
70.5.
.4 |87.8
Jd-184.3
1|61
i27187.3 |
.;- 8.9
11.3
145.6"
84.9
1174.7 |

8.1

92.3
.98.7
1.96.4

92.3

96.7
92,2

94.7

Roo.0
'96.0

93.5.

%-1 ..‘ i

90.6
%6.7
9.2 -

74,5
97.2

917
9.3 |

97.5.
%6.3"
96.5 -
85.8
8.5 .

9.7
9B.1
8.8

%5.6

100.0
.%8.8
-96.4

. 97.2

100.0
942

.98.8
96,7
$93.3"
100.0 :

- 8.9 |

5.0
9.4 1
. 98,7

9.7 |

9.4 |
95.2 |

*.6
97.8.
189.7 |.
99,4

84,7

.87.5 .

2.2
'93.2

793’

83 1

'&.8‘,
91 9.

| 45.6

3553
66,1

53.1 |-
%’7 B "..
3710
':.39,3« ’

.494

1518
‘643
: 49.3°
L 67.3

.'_“ 4.2}

;565
46.2.

44.6

.4

.' 159.7

5,3 ]46.6 |

583

57.4

14727

46,7

_ 39.5,

60,3
7531

4201

6.2 |

451
A3
.45.1 |
4.7
199.2°

1e8.3"
557 1

fes.6.]
188.3.

FEGERGEGRERUGEE _éf é:s; *s’féf

1122

126

l132-
1131
- 1372
- '-124.

{B-bali)

.(B-bal I
" (B-ball)
_tB-ball)

(B-bal |}

-{B~bal )

(B~ball)

(Dis. Run} -

-{Dis. Run}
(Dis. Run)‘
(Dis. Run),
(Dis..Run)i
- (Disz-Run) L.
{Footbal I .
' (Footbal )i
(Footbal 1)
(Footbal ) |
'(Foofball)> .-
(Feotbal 1) |
{(Football) |
(Footbal 1V :|.

(Footbali). |
(Football) | -
- (Footbal 1 | -
(Footbal 1) | -

(Footbal 1)

{Football} |
(Footbal I} | -
' (Footbal |)
' (Footbal 19 |
(Rugby) - |
(Football) |
(Foofbal)

(Footbal ).
tFootbal!)- |
AFootbal L) | -
(Football)- |

(Footbal1)

.(Footbal 1
(Foofbal 0y
'(Footbal I_)'

15 (Rugay) B
" {129 (Footbai 1)
1o (Boxlng)

lisiTe R |

162
137

188

1587
‘140
162 - :;‘,. :

124 . o

172.

| 162
- 169,
v
1114

10

124 - -

14

144 .

168 .

. 180
Sl
C 113
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Z.1.572.r/s

R PR of 'M’ai?jrhgkn‘flfbrﬁdue e Angle of 100% Peak Torque
RN . ,v_..v' - " : - o RO X .o - L _:Peak Torque |ln Ft/ lbs-)i'
sugj| wF o [108° ] 120° 135° | 150° | 165 | 180° | et - o

A6 | M24) "eo;o 83 3| 9.4 9
A7 |M22) | 51.8]80.2 | 96.2|
48 M2} 46.1 7.7 | 92.7
49 |F(18) | 50.0| 72,27 92.5

50 | Mt24) | 69.2]92.

S5t {m24) 2]
52 |F(18) }50.0
53 |M2B) | 65.57]86.
54 | M(18) | 63.5

8| a1.1 | 60.0| — | 129 (Dis: Run) | 180
VTl B8 | 228 129 (T&F).° | 162
X1789.7 ) 525 | = | 134 (T&F) " | 156
1 961 55.527.7 | '134(T&F) . .| 108 '
1 0-m2 | 4585 | — | 124 (B-ball) .~ | 156"
6| 72.7 | 44.6:]18.1 | 120 (x-C smtng) 132
.0.1-88.8 | 80.0. ] 32.2 | 134 {Run). 90
739 | 50.4 w"30.2",5‘l_25‘(Golfer) 1119
188.3-1.63,5 | 35:27 133 (T&Fr. - | 170. . "
4186960785 133(TaF) |16 -
4L P — | 124 Ois.Runy | 7T
‘91.9 | 68.9 |45.6 | 135 (X-C Skiing) |- 87 ¢
) 1.92.7: | 65.6 |.32.2 | 136 (Swimming) | 96

5 w22 | 42,8 | L.
| F(19) {58.4 | 8X
| F(20) {43.6 [ 79
' {F(19) | 80.0]
{MB) a8
20 43.8

54.
55
56
57
58
59 _ :
.. 60 .81 94.3.] 74.1|40.4 | 141 (B-ball) . | 89 "
-6l [M19Y | e4.0
. 62
63
64
65
66
67
68

.0 | 80.0-| 58.6 |:32.0.|"10 (T&F) | 180 . .
6| 77.3.| 41.8' | — | 1B (Hockey) . ° ,‘-,172" S
. '-,"_&)‘.9 41,0 f— 120 (T&F) |i168" -
17101432 [19.5 L 10 6ym . o [97
11 j422 | — |13 (T&F) . {90
C iz i [ 318917 66.2 | 42.0 | 132 (Wt. Lifter) 157 -
7 |F(18) | 42.3 | 71. 9. 1.97.8 1 8.2} 5.8} 136.(Skating) = |92 -
o [-68 |F(18) 55.1 |75.5 1 918 | 97.9 | 91.8 | 10.4. 1 136 (Dis.Run)~ | 98
. 69.[M20) [46.F; 71_.4'_-, 93,5} 96.7°1 77.9- | 38.9 | | 126 (Hockey) - | 154
L 70.|F{19)]6L:6185.7 | 99.1 | 95.5 | 69.6 | —" |12 (Swim) 112 g
UL |FU2B)| 50,8 1 75.0 | 92.7 |100.0. | 1.9 ] 64:5 J BT e
e 2 M(Zl.)_',."45 1 176.3°| 95.6.|97.8 |47.9 | 45,6 129 (WE. Tram)' ‘186.
LT3 FI22) 1 55.0 | %6.5: | '90.8. {100:0 | 92:8" | 76.5 ‘135 (Wt. Train) [ -98 -
74 IM25) 153.5 |94.6 | 98.3°| 96.7 | 77.0 |49.0: 123 (Dis. Run). . | 122
_I5.F(8e) . 44.8 |67.2 89.5.{100.0 | 92.8 | 44.8: | 135 (T&'F)‘ BN I .- CE
T .—3768 Cxe=nzrg ) x 6166 9"’ ynic0, 4 R
k=779 X ﬁ96 9 lx =54 11

SIm19) |55.8 At
5 | M(24) 1 60.7 .
4 [F(20) {61.8']
5 |F(18) |53.3

M3 =

% -I 81 ] “’

e

‘x'-1275

1'92.1] 7.8 | 42.5'} 135 (Racquet) | 127
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" Lever Afm.Length = 1.2:ft or 368 m
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CNm)
1 138°

165
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