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ABSTRACT 

The SXUSRVe Rf WhiV VWXd\ ZaV WR deWeUmiQe Whe beWZeeQ-da\ UeliabiliW\ Rf cRmmRQl\ XVed 

VWUeQgWh meaVXUeV iQ male \RXWh aWhleWeV, Zhile cRQVideUiQg UeViVWaQce WUaiQiQg e[SeUieQce. 

DaWa ZeUe cRllecWed RQ 25 male aWhleWeV RYeU WZR WeVWiQg VeVViRQV, ZiWh 72 hRXUV UeVW 

beWZeeQ, fRU Whe 3RM fURQW VTXaW, chiQ XS aQd beQch SUeVV. SXbjecWV ZeUe iQiWiall\ 

caWegRUi]ed b\ UeViVWaQce WUaiQiQg e[SeUieQce (iQe[SeUieQced; 6-12 mRQWhV, e[SeUieQced; >2 

\eaUV). The aVVeVVmeQW Rf Whe beWZeeQ-da\ UeliabiliW\ (cRefficieQW Rf YaUiaWiRQ [CV%]) 

VhRZed Whe fURQW VTXaW (e[SeUieQced: 2.90%; iQe[SeUieQced: 1.90%), chiQ XS (e[SeUieQced: 

1.70%; iQe[SeUieQced: 1.90%), aQd beQch SUeVV (e[SeUieQced: 4.50%; iQe[SeUieQced: 2.40%) 

ZeUe all Ueliable meaVXUeV Rf VWUeQgWh iQ bRWh gURXSV. CRmSaUiVRQ beWZeeQ gURXSV fRU Whe 

eUURU Rf meaVXUemeQW fRU each e[eUciVe VhRZed WriYial diffeUeQceV. WheQ bRWh gURXSV ZeUe 

cRmbiQed, Whe CV% fRU Whe fURQW VTXaW, beQch SUeVV, aQd chiQ XS ZeUe 2.50%, 1.80%, aQd 

3.70%, UeVSecWiYel\. ThiV VWXd\ SURYideV VcieQWiVWV aQd SUacWiWiRQeUV ZiWh Whe beWZeeQ-da\ 

UeliabiliW\ UefeUeQce daWa WR deWeUmiQe Ueal aQd SUacWical chaQgeV fRU VWUeQgWh iQ male \RXWh 

aWhleWeV ZiWh diffeUeQW UeViVWaQce WUaiQiQg e[SeUieQce. FXUWheUmRUe, WhiV VWXd\ demRQVWUaWeV 

WhaW 3RM fURQW VTXaW, chiQ XS aQd beQch SUeVV aUe Ueliable e[eUciVeV WR TXaQWif\ VWUeQgWh iQ 

male \RXWh aWhleWeV.  

 

Ke\ WRUdV:  STXaW, BeQch SUeVV, ChiQ XS, TeVWiQg  
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INTRODUCTION 

MXVcXlaU VWUeQgWh, iV Whe abiliW\ WR e[eUW fRUce RQ aQ e[WeUQal RbjecW RU UeViVWaQce, aQd iV aQ 

imSRUWaQW Sh\Vical TXaliW\ fRU aWhleWic SeUfRUmaQce iQ \RXWh (10) aQd VeQiRU (29) aWhleWeV. IQ 

VSRUWV WhaW UeTXiUe high leYelV Rf VWUeQgWh (e.g. UXgb\ XQiRQ, UXgb\ leagXe, aQd AmeUicaQ 

fRRWball) dXe WR Whe cRQWacW QaWXUe Rf cRmSeWiWiRQ (20, 22), VWUeQgWh deYelRSmeQW (12, 28), aQd 

TXaQWificaWiRQ (17, 27) aUe cRmmRQ.  SWUeQgWh WeVWiQg adRleVceQW aWhleWeV iQ Whe fURQW VTXaW (7, 

33), chiQ XS (5, 7), aQd beQch SUeVV (3, 30) e[eUciVeV aUe cRmmRQl\ XVed aQd eQableV 

cRmSaUiVRQV WR UefeUeQce daWa fRU aWhleWeV Rf a VimilaU age aQd VSRUW (7, 18, 31). TheVe daWa 

caQ alVR SURYide gXidaQce Rf Sh\Vical SUeSaUaWiRQ (19) WhURXgh Whe SUeVcUiSWiRQ Rf VSecific 

UeViVWaQce lRadV (21). FXUWheUmRUe, SUe- aQd SRVW- WUaiQiQg iQWeUYeQWiRQ WeVWiQg iV RfWeQ 

XQdeUWakeQ WR aVVeVV Whe XVefXlQeVV aQd efficac\ Rf Whe SUeVcUibed WUaiQiQg. HRZeYeU, WR 

cRUUecWl\ aVVeVV ZheWheU aQ iQdiYidXal haV imSURYed WheiU VWUeQgWh iQ a UeViVWaQce WUaiQiQg 

mRYemeQW, iW iV QeceVVaU\ WR deWeUmiQe ZheWheU a chaQge iV Ueal RU dXe WR WeVWiQg eUURU. ThiV 

caQ RQl\ be achieYed ZheQ Whe beWZeeQ-da\ UeliabiliW\ Rf each mRYemeQW iV calcXlaWed aQd 

aYailable (23, 26), WhXV VhRXld be a ke\ cRQVideUaWiRQ fRU Whe VcieQWiVW aQd SUacWiWiRQeU. 

 

AWhleWeV ZiWh diffeUeQW UeViVWaQce WUaiQiQg e[SeUieQce, deWeUmiQed aV Whe leQgWh Rf Wime 

iQ mRQWhV aQd \eaUV WhaW aQ aWhleWe haV SeUfRUmed UeViVWaQce WUaiQiQg, ma\ haYe YaU\iQg 

leYelV Rf beWZeeQ-da\ UeliabiliW\ iQ VWUeQgWh meaVXUeV (25). PUeYiRXV ZRUk fURm RiWWi-DiaV eW 

al. (25) e[SlRUed WhiV SheQRmeQRQ, demRQVWUaWiQg WhaW VigQificaQW chaQgeV (p= 0.01) iQ 

VWUeQgWh RccXU beWZeeQ UeViVWaQce WUaiQiQg VeVViRQV iQ VXbjecWV ZiWh QR SUiRU UeViVWaQce 

WUaiQiQg e[SeUieQce Zhile WheiU Zell-WUaiQed cRXQWeUSaUWV (>2 \eaUV) dR QRW.  TheVe diffeUeQceV 

ZeUe aWWUibXWed WR mRdificaWiRQ iQ mRWRU XQiW UecUXiWmeQW aQd UaWe cRdiQg, Zhich iV mRUe 

SURQe WR RccXU if aWhleWeV haYe liWWle WR QR SUiRU UeViVWaQce WUaiQiQg e[SeUieQce (11). AV VXch, 
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VcieQWiVWV aQd SUacWiWiRQeUV VhRXld ackQRZledge WhiV ZheQ iQWeUSUeWiQg VWUeQgWh chaQgeV iQ 

aWhleWeV ZiWh diffeUiQg WUaiQiQg e[SeUieQce. IQ cRQWUaVW WR WhiV, CRmfRUW aQd McMahRQ (4) 

UeSRUWed e[WUemel\ high UeliabiliW\ Rf bRWh Whe SRZeU cleaQ (ICC = 0.997) aQd back VTXaW 

(ICC = 0.994) iQ iQe[SeUieQced (UeViVWaQce WUaiQiQg hiVWRU\ Rf <1 \eaU), albeiW VeQiRU aWhleWeV. 

AV VXch, Whe beWZeeQ da\ UeliabiliW\ Rf VSecific SRSXlaWiRQV aQd WheiU UelaWiYe WUaiQiQg 

e[SeUieQce VhRXld be eVWabliVhed WR helS SUacWiWiRQeUV aQd VcieQWiVWV make iQfRUmed deciViRQV 

UegaUdiQg Whe effecWiYeQeVV Rf a WUaiQiQg iQWeUYeQWiRQ.  

 

The beWZeeQ-da\ UeliabiliW\ Rf cRmmRQl\ XVed VWUeQgWh WeVWV iQ \RXWh aWhleWeV haV \eW 

WR be UeSRUWed, deVSiWe a SleWhRUa Rf UeVeaUch eYalXaWiQg VWUeQgWh iQ WhiV cRhRUW (3, 7, 30-32). 

ThiV SRWeQWiall\ iQfeUV WhaW iW iV XQkQRZQ ZheQ a 'Ueal' chaQge iQ VWUeQgWh haV beeQ achieYed 

be\RQd WhaW Rf QRUmal beWZeeQ-da\ YaUiaWiRQ. HRSkiQV (14) VXggeVWV WhaW Whe XVe Rf Whe 

cRefficieQW Rf YaUiaWiRQ (CV%), W\Sical eUURU (TE) aQd Whe VmalleVW ZRUWhZhile chaQge (SWC) 

VhRXld be XVed iQ cRQjXQcWiRQ WR aVVeVV Whe VeQViWiYiW\ aQd XVefXlQeVV Rf Whe e[eUciVe, aQd alVR 

WR allRZ Whe VcieQWiVW aQd SUacWiWiRQeU WR aVVeVV ZheWheU a chaQge haV beeQ Ueal (i.e. >TE) aQd 

Rf SUacWical VigQificaQce (i.e. >SWC). PUeYiRXVl\, WhiV meWhRd haV eVWabliVhed Whe beWZeeQ-

da\ UeliabiliW\ Rf VSUiQW abiliW\ (6) aQd faWigXe UeVSRQVeV (26) iQ adRleVceQW UXgb\ Sla\eUV, aQd 

iV QeceVVaU\ fRU Whe accXUaWe TXaQWificaWiRQ Rf VWUeQgWh. 

 

TR WhiV eQd, Whe SXUSRVe Rf WhiV VWXd\ ZaV WR eVWabliVh Whe beWZeeQ-da\ UeliabiliW\ Rf 

Whe fURQW VTXaW, beQch SUeVV, aQd QeXWUal gUiS chiQ XS iQ e[SeUieQced aQd iQe[SeUieQced 

UeViVWaQce WUaiQed male aWhleWeV, ZhR aUe aged beWZeeQ 16-18 \eaUV Rld. 

 

MeWhRdV 
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E[SeUimeQWal ASSURach WR Whe PURblem

TR aVVeVV Whe beWZeeQ-da\ UeliabiliW\ Rf e[SeUieQced aQd iQe[SeUieQced UeViVWaQce WUaiQed 

adRleVceQW UXgb\ XQiRQ Sla\eUV, Sla\eUV XQdeUWRRk VWUeQgWh aVVeVVmeQWV RQ WZR VeSaUaWe 

RccaViRQV aW Whe Vame Wime Rf da\ VeSaUaWed b\ 72 hRXUV. The VWUeQgWh WeVWV iQclXded Whe fURQW 

VTXaW, beQch SUeVV, aQd chiQ XS, aV WheVe haYe cRmmRQl\ beeQ XVed iQ adRleVceQW UeViVWaQce 

WUaiQiQg liWeUaWXUe (5, 7, 30). ReliabiliW\ Rf Whe VWUeQgWh YaUiableV acURVV Whe WZR WeVWiQg 

VeVViRQV ZeUe aVVeVVed XViQg TE aQd CV%, Zhile diffeUeQceV iQ eUURU beWZeeQ gURXSV ZeUe 

aVVeVVed XViQg magQiWXde baVed iQf  

 

SXbjecWV 

TZeQW\-fiYe male adRleVceQW UXgb\ aWhleWeV, aged 16-18 \eaUV, SaUWiciSaWed iQ Whe 

VWXd\ (age 17.1 � 0.3 \eaUV, heighW 178.3 � 5.6 cm, aQd bRd\ maVV 87.0 � 10.7 kg). FRXUWeeQ 

VXbjecWV ZeUe e[perienced (age 17.3 � 0.4 \eaUV, WUaiQiQg age 2.7 � 0.2 \eaUV, heighW 179.3 � 

5.8 cm, bRd\ maVV 88.1 � 12.2 kg) aQd eleYeQ ZeUe ine[perienced (Q = 11, age 16.7 � 0.3 

\eaUV, WUaiQiQg age 0.9 � 0.2 \eaUV, heighW 177.4 � 4.1 cm, bRd\ maVV 85.7 � 8.2 kg), 

accRUdiQg WR WheiU UeViVWaQce WUaiQiQg hiVWRU\. E[SeUieQced VXbjecWV had 2 RU mRUe \eaUV Rf 

cRQWiQXRXV UeViVWaQce WUaiQiQg e[SeUieQce aQd iQe[SeUieQced VXbjecWV had beWZeeQ 6-12 

mRQWhV Rf cRQWiQXRXV UeViVWaQce WUaiQiQg e[SeUieQce, aV SUeYiRXVl\ caWegRUiVed (4, 24, 25). 

SXbjecWV ZiWh beWZeeQ WR 

eQVXUe diVcUeWe gURXSV ZeUe cUeaWed ZiWh cleaU diffeUeQceV iQ e[SeUieQce. All VXbjecWV ZeUe 

UeTXiUed WR haYe had cRQWiQXRXV UeViVWaQce WUaiQiQg hiVWRU\, 2-5 WimeV SeU Zeek, aQd ZeUe 

e[clXded if Whe\ had ceaVed UeViVWaQce WUaiQiQg fRU >1 mRQWh, dXe WR iQjXU\ RU QRQ-

SaUWiciSaWiRQ. All e[SeUimeQWal SURcedXUeV ZeUe aSSURYed b\ LeedV BeckeWW UQiYeUViW\'V 

eWhicV cRmmiWWee aQd ZUiWWeQ aVVeQW ZaV SURYided b\ all VXbjecWV fRllRZiQg SaUeQWal cRQVeQW. 
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PURcedXUeV 

All WeVWiQg ZaV cRQdXcWed iQ Whe mRQWh Rf SeSWembeU, Zhich iV aW Whe begiQQiQg Rf Whe 

adRleVceQW UXgb\ VeaVRQ, aQd ZaV cRmSleWed RQ WZR da\V VeSaUaWed b\ 72 hRXUV. ReViVWaQce 

WUaiQiQg iQ Whe SUiRU WZR mRQWhV had cRQViVWed Rf Whe Vame Rff-VeaVRQ cRQdiWiRQiQg 

SURgUamme fRU all SaUWiciSaQWV. LRZeU- aQd XSSeU- bRd\ VWUeQgWh ZeUe aVVeVVed XViQg a 3-

UeSeWiWiRQ ma[imXm (3RM) VWUeQgWh WeVW Zhich iQclXded Whe fURQW VTXaW, QeXWUal gUiS chiQ XS, 

aQd beQch SUeVV. The VXbjecWV iQ WhiV VWXd\ ZeUe all familiaU ZiWh WheVe mRYemeQWV aQd had 

SUeYiRXVl\ XVed all mRYemeQWV dXUiQg UeViVWaQce WUaiQiQg. IQ each VeVViRQ, VXbjecWV aUUiYed 

aQd ZeUe meaVXUed fRU heighW aQd bRd\ maVV aW 10:00 hRXUV. All eTXiSmeQW, eQYiURQmeQWal 

cRQdiWiRQV (i.e. WemSeUaWXUe), aQd fRRWZeaU ZeUe XQchaQged acURVV VeVViRQV. WeighWlifWiQg 

acceVVRUieV (e.g., belWV aQd ZUiVW VWUaSV) ZeUe QRW XVed iQ eiWheU WUial. SXbjecWV ZeUe iQVWUXcWed 

WR UefUaiQ fURm Sh\Vical acWiYiW\ aQd maiQWaiQ QRUmal dieWaU\ habiWV fRU 48 hRXUV SUiRU WR each 

WeVWiQg VeVViRQV.  The VXbjecWV ZeUe iQfRUmed Rf Whe RUdeU Rf WeVWiQg aQd cRmSleWed a 

VWaQdaUdiVed ZaUm XS, Zhich cRQViVWed Rf VWaWiRQaU\ c\cliQg, d\Qamic mRYemeQWV aQd 

VWUeWcheV SUiRU WR Whe iQiWiaWiRQ Rf aQ\ e[WeUQal UeViVWaQce. USRQ Whe cRmSleWiRQ Rf Whe ZaUm 

XS, aQ e[eUciVe VSecific ZaUm XS ZaV cRmSleWed WhaW iQclXded 8 UeSeWiWiRQV ZiWh aQ emSW\ baU 

(RU bRd\ ZeighW fRU Whe chiQ XS e[eUciVe), fRllRZed b\ WZR VeWV Rf 5 UeSeWiWiRQV, aQd WheQ 3 

UeSeWiWiRQV all aW VXbma[imal Velf-VelecWed lRadV aV SUeYiRXVl\ cRmSleWed iQ adRleVceQW 

UeViVWaQce WUaiQiQg liWeUaWXUe (7). Each VXbjecW had WhUee aWWemSWV WR achieYe a 3RM lRad, ZiWh 

miQimXm iQcUemeQWal iQcUeaVeV iQ lRad beiQg 2.5 kg, aQd ZeUe UeTXiUed WR haYe WhUee miQXWeV 

UeVW beWZeeQ ma[imal aWWemSWV (7, 32).  

FRU Whe fURQW VTXaW, VXbjecWV ZeUe UeTXiUed WR VTXaW ZiWh a baUbell (EleikR SSRUW AB, 

HalmVWad, SZedeQ) UeVWiQg acURVV Whe fURQW Rf Whe VhRXldeUV, XQWil Whe WRS Rf Whe Whigh ZaV 
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SaUallel ZiWh Whe flRRU. HeelV ZeUe WR UemaiQ iQ cRQWacW ZiWh Whe gURXQd WhURXghRXW Whe 

mRYemeQW, aQd Whe VXbjecW ZaV WR UeWXUQ WR Whe iQiWial VWaQdiQg SRViWiRQ. The beQch SUeVV 

UeTXiUed VXbjecWV WR VelecW a cRmfRUWable gUiS RQ Whe baUbell (EleikR SSRUW AB, HalmVWad, 

SZedeQ) aQd ZeUe iQVWUXcWed WR lRZeU Whe baU WR WRXch Whe cheVW aQd UeWXUQ WR Whe VWaUWiQg 

SRiQW ZiWh Whe aUmV fXll\ e[WeQded ZiWhRXW aQ\ e[WeUQal aVViVWaQce. The QeXWUal gUiS chiQ XS 

cRQViVWed Rf Whe VXbjecWV VWaUWiQg ZiWh WheiU aUmV fXll\ e[WeQded aQd SXlliQg WhemVelYeV WR a 

SRViWiRQ ZheUe Whe e\eV ZeUe abRYe Whe chiQQiQg baU. 3RM VWUeQgWh fRU Whe chiQ XS ZaV 

WhURXgh a ZeighWed belW (HaUbiQgeU, LeaWheU DiS BelW, USA). ThiV WeVWiQg meWhRdRlRg\ haV 

SUeYiRXVl\ beeQ XVed ZiWhiQ Whe liWeUaWXUe (7, 31, 32). All meaVXUeV ZeUe aVVeVVed aQd 

aSSURYed b\ Whe lead UeVeaUcheU. 

 

SWaWiVWical AQal\VeV 

DaWa aUe SUeVeQWed aV eiWheU meaQ � VWaQdaUd deYiaWiRQ (SD) RU meaQV ZiWh 90% 

cRQfideQce iQWeUYalV (90% CI) ZheUe VSecified. BeWZeeQ-da\ UeliabiliW\ ZaV aVVeVVed XViQg a 

MicURVRfW E[cel VSUeadVheeW (14) Zhich allRZed fRU Whe SWC, CV%, TE, aQd XVefXlQeVV Rf 

each WeVW WR be calcXlaWed. The XVefXlQeVV Rf Whe WeVW ZaV aVVeVVed b\ cRmSaUiQg Whe SWC 

ZiWh Whe CV% (15). If Whe CV% ZaV good

Whe CV% ZaV Whe Vame aV OK CV% 

poor  A CV% Rf <5% ZaV VeW aV Whe 

cUiWeUiRQ WR declaUe WhaW a YaUiable ZaV Ueliable, Zhich haV SUeYiRXVl\ beeQ XVed WhURXghRXW 

Whe liWeUaWXUe (1, 2, 6). 

MagQiWXde baVed iQfeUeQceV (MBIV) ZeUe XVed WR cRmSaUe Whe beWZeeQ da\ TE fRU 

each gURXS XViQg a MicURVRfW E[cel VSUeadVheeW (16). If diffeUeQceV ZeUe eYideQW (i.e. gUeaWeU 
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WhaQ Whe SWC), Whe CV% aQd TE fRU each gURXS aQd e[eUciVe ZeUe Whe RUigiQall\ UeSRUWed 

YalXe. If diffeUeQceV ZeUe WriYial, e[SeUieQce leYelV ZeUe cRmbiQed aQd Whe TE aQd CV% 

ZeUe calcXlaWed fRU Whe cRmbiQed gURXSV. The SURbabiliW\ WhaW Whe magQiWXde Rf Whe diffeUeQce 

ZeUe gUeaWeU WhaQ Whe VmalleVW ZRUWhZhile chaQge ZeUe UaWed aV <0.5%, almosW cerWainl\ noW; 

0.5-5%, Yer\ Xnlikel\; 5-25%, Xnlikel\; 25-75%, possibl\; 75-95%, likel\; 95-99.5%, Yer\ 

likel\; >99.5% almosW cerWainl\. DiffeUeQceV leVV WhaQ Whe SWC ZeUe deVcUibed aV WriYial. IQ 

caVeV ZheUe Whe 90% CI cURVVed Whe lRZeU aQd XSSeU bRXQdaU\ Rf Whe SWC (ES�0.2), Whe 

magQiWXde Rf Whe diffeUeQce ZaV deVcUibed aV Xnclear.  

 

RESULTS 

TableV 1 aQd 2 SUeVeQW Whe TE, CV%, SWC, aQd XVefXlQeVV UaWiQg Rf all e[eUciVeV iQ 

Whe e[SeUieQced aQd iQe[SeUieQced UeViVWaQce WUaiQed gURXSV. All e[eUciVeV ZeUe deemed WR be 

Ueliable (i.e. CV% <5%) ZiWh good XVefXlQeVV, aSaUW fURm Whe beQch SUeVV iQ Whe e[SeUieQced 

gURXS, Zhich ZaV claVVed aV poor.  

 

 ***IQVeUW Table 1 aQd 2 heUe***  

 

The eUURU Rf Whe VWaQdaUdi]ed TE beWZeeQ Whe WZR gURXSV ZeUe almosW cerWainl\ WriYial fRU Whe 

fURQW VTXaW aQd chiQ XS, aQd likel\ WriYial fRU Whe beQch SUeVV. TheUefRUe, dXe WR WhiV WriYial 

eUURU, Table 3 RXWliQeV Whe TE aQd CV% Rf Whe fURQW VTXaW, chiQ XS aQd beQch SUeVV ZheQ Whe 

WZR e[SeUieQce leYelV aUe cRmbiQed.  

 

***IQVeUW Table 3 heUe*** 
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DISCUSSION 

GiYeQ Whe imSRUWaQce Rf VWUeQgWh fRU aWhleWic SeUfRUmaQce (29), aQd Whe lack Rf 

beWZeeQ da\ UeliabiliW\ daWa fRU cRmmRQl\ XVed VWUeQgWh meaVXUeV iQ \RXWh aWhleWeV, WhiV 

VWXd\ eYalXaWed Whe beWZeeQ-da\ UeliabiliW\ Rf Whe fURQW VTXaW, chiQ XS, aQd beQch SUeVV iQ 

e[SeUieQced aQd iQe[SeUieQced UeViVWaQce WUaiQed male \RXWh aWhleWeV. FiQdiQgV VhRZed bRWh 

gURXSV had acceSWable leYelV (i.e. CV% <5%) Rf UeliabiliW\ fRU Whe fURQW VTXaW, beQch SUeVV 

aQd chiQ XS, Zhich VXggeVWV WhaW WheVe WeVWV aUe Ueliable. ThiV VWXd\ alVR fRXQd Whe diffeUeQceV 

iQ eUURU beWZeeQ e[SeUieQce leYelV ZeUe WriYial, WhXV ZheQ bRWh gURXSV ZeUe cRmbiQed all 

e[eUciVeV VWill had acceSWable leYelV Rf UeliabiliW\. ThiV VXggeVWV WhaW beWZeeQ-da\ UeliabiliW\ 

b\ e[SeUieQce leYel ma\ QRW be ZaUUaQWed iQ SUacWice.  

 

The high UeliabiliW\ Rf ma[imal WeVWiQg fRXQd iQ WhiV VWXd\ agUeeV ZiWh SUeYiRXV 

UeVeaUch Zhich haV iQYeVWigaWed Whe SRZeU cleaQ aQd back VTXaW e[eUciVeV iQ e[SeUieQced, 

iQe[SeUieQced, aQd \RXWh aWhleWeV (4, 9). HRZeYeU, WhiV iV Whe fiUVW VWXd\ WR aQal\Ve Whe 

diffeUeQceV iQ e[SeUieQced aQd iQe[SeUieQced adRleVceQW aWhleWeV fRU Whe fURQW VTXaW, beQch 

SUeVV aQd chiQ XS. CXUUeQW UeVeaUch VXggeVWV VWUeQgWh deYelRSmeQW fRllRZiQg UeViVWaQce 

WUaiQiQg iQWeUYeQWiRQV iQ adRleVceQW aWhleWeV UaQge fURm Vmall (7.6% iQ Whe beQch SUeVV acURVV 

a 12-Zeek SeUiRd; (12)) WR YeU\ laUge (72.5% iQ Whe VTXaW acURVV a 15-Zeek SeUiRd (28)), 

deSeQdeQW XSRQ Whe e[eUciVeV emSlR\ed. TheVe fiQdiQgV imSl\ WhaW Whe lRZeU bRd\ e[eUciVe Rf 

Whe VTXaW aSSeaUV WR imSURYe WR a gUeaWeU e[WeQW WhaQ XSSeU bRd\ VWUeQgWh e[eUciVeV (i.e. Whe 

beQch SUeVV aQd chiQ XS) RYeU VimilaU leQgWhV Rf Wime (5, 12, 28). While imSURYemeQWV iQ 

meaQ VWUeQgWh iQ Whe afRUemeQWiRQed VWXdieV haYe VXUSaVVed Whe CV% UeSRUWed iQ Whe cXUUeQW 

VWXd\, WhiV haV QRW WakeQ iQWR accRXQW iQdiYidXal deYiaWiRQ aQd chaQge.  
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UViQg Whe meWhRd SURSRVed b\ HRSkiQV (14) RXWliQiQg WeVW UaWiQg, all meaVXUeV 

e[clXdiQg Whe beQch SUeVV iQ e[SeUieQced aWhleWeV ZeUe deemed WR be good fRU deWeUmiQiQg 

acWXal aQd SUacWical chaQgeV iQ VWUeQgWh ZiWh Whe CV% beiQg VmalleU WhaQ Whe SWC. 

HRZeYeU, fRU aWhleWeV ZiWh  e[SeUieQce, Whe beQch SUeVV 

ZaV UaWed aV haYiQg SRRU XVefXlQeVV dXe WR Whe CV% Rf 4.50% beiQg gUeaWeU WhaQ Whe SWC Rf 

3.51%. ThiV VXggeVWV Whe WeVW haV SRRU VeQViWiYiW\ aQd WhaW cRacheV Rf iQdiYidXalV ZhR haYe 

SUXdeQce ZheQ aVVeVViQg ZheWheU aQ acWXal imSURYemeQW haV RccXUUed. DeVSiWe WhiV, Ueal 

chaQge caQ VWill be ideQWified ZiWh 75% ceUWaiQW\ ZheQ chaQge e[ceedV Whe VXm Rf CV% aQd 

(6, 13, 26).  

 

While Whe cXUUeQW VWXd\ VXggeVWV WhaW ma[imal VWUeQgWh WeVWiQg aW YaU\iQg e[SeUieQce 

leYelV iV Ueliable, SUeYiRXV diffeUeQceV fRXQd iQ Whe UeliabiliW\ Rf VWUeQgWh WeVWiQg ma\ VRlel\ 

cRme dRZQ WR Whe defiQiWiRQ Rf ine[perienced aQd e[perienced aWhleWeV. IW aSSeaUV WhaW ZheQ 

healWh\ \RXQg adXlWV ZhR haYe QR SUeYiRXV UeViVWaQce WUaiQiQg e[SeUieQce cRmSleWe VWUeQgWh 

WeVWiQg, ma[imal VWUeQgWh beWZeeQ VeVViRQV ma\ YaU\ dXe WR a lack Rf familiaUi]aWiRQ ZiWh Whe 

mRYemeQW (25). HRZeYeU, aV VeeQ iQ Whe cXUUeQW VWXd\, 6 mRQWhV UeViVWaQce WUaiQiQg 

e[SeUieQce aSSeaUV WR be a VXfficieQW SeUiRd Rf Wime WR miQimi]e aQ\ effecWV Rf familiaUi]aWiRQ 

aQd Rff-VeW Whe iQiWial UaSid adaSWaWiRQ Rf Whe ceQWUal QeUYRXV V\VWem WR e[WeUQal lRadiQg (8, 

11, 25). ThiV 6 mRQWh Wime fUame haV alVR beeQ VhRZQ WR be VXfficieQW iQ SURmRWiQg UeliabiliW\ 

iQ RWheU UeViVWaQce WUaiQiQg e[eUciVeV iQ \RXQg adXlWV aQd adRleVceQWV (4, 9). AddiWiRQall\, WhiV 

familiaUi]aWiRQ WR leaUQiQg a mRYemeQW aSSeaUV WR be SeUmaQeQW WR aQ e[WeQW, ZiWh SeUiRdV Rf 

abVWiQeQce (>6 mRQWhV) fURm UeViVWaQce WUaiQiQg iQ e[SeUieQced iQdiYidXalV QRW aSSeaUiQg WR 

affecW Whe UeliabiliW\ Rf WheiU ma[imal lifWiQg caSabiliW\ (11, 25). 
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ThiV VWXd\, iV QRW ZiWhRXW iWV limiWaWiRQV. IQ Whe cXUUeQW VWXd\, deSWh iQ Whe VTXaW ZaV 

aVVeVVed b\ Whe WRS Rf Whe Whigh beiQg SaUallel WR Whe flRRU (Zhich haV SUeYiRXVl\ beeQ XVed iQ 

adRleVceQW liWeUaWXUe (7)), hRZeYeU WhiV cRXld lead WR V\VWemaWic biaV ZiWh iQWeUUaWeU UeliabiliW\, 

aV WhiV cUiWeUiRQ iV \eW WR be eVWabliVhed, eVSeciall\ iQ beWZeeQ-da\ VWXdieV. DXe WR Whe deVigQ 

Rf Whe VWXd\, iW ZaV QRW SRVVible WR deWeUmiQe aW ZhaW Wime SRiQW VWUeQgWh WeVWiQg iV Ueliable fRU 

aQ adRleVceQW aWhleWe VR WhaW ma[imal VWUeQgWh WeVWiQg caQ be imSlemeQWed, WhXV WhiV ma\ be a 

diUecWiRQ fRU fXWXUe ZRUk. FiQall\, dXe WR Whe YaUiaWiRQ Rf Whe CV% aQd TE Zhich iV VSecific 

WR a SRSXlaWiRQ, VimilaU QXmbeUV caQQRW be geQeUali]ed WR RWheU e[eUciVeV aQd iQdiYidXalV Rf 

diffeUiQg ageV. MRUeRYeU, WhiV aQal\ViV iV RQl\ VSecific WR 16-18 \eaU Rld male aWhleWeV WhaW aUe 

cRmSleWiQg Whe fURQW VTXaW, chiQ XS aQd beQch SUeVV. AWhleWeV Rf a diffeUeQW Ve[ aQd age ma\ 

QRW fRllRZ VimilaU SaWWeUQV Rf UeliabiliW\ iQ WheVe mRYemeQWV.   

 

IQ cRQclXViRQ, WhiV VWXd\ eVWabliVhed WhaW Whe 3RM fURQW VTXaW, chiQ XS aQd beQch 

SUeVV ZeUe Ueliable iQ e[SeUieQced aQd iQe[SeUieQced male \RXWh aWhleWeV. DXe WR Whe WriYial 

diffeUeQceV iQ eUURU beWZeeQ Whe e[SeUieQced aQd iQe[SeUieQced UeViVWaQce WUaiQed gURXSV, Whe 

beWZeeQ-da\ UeliabiliW\ caQ be gURXSed WRgeWheU aQd VWill maiQWaiQ a high leYel Rf UeliabiliW\ 

aQd SUeciViRQ. If e[SeUieQce leYelV aUe cRmbiQed, SUacWiWiRQeUV aQd VcieQWiVWV caQ XVe a CV% 

Rf 2.50%, 1.80%, aQd 3.70% fRU Whe fURQW VTXaW, chiQ XS, aQd beQch SUeVV ZheQ deWeUmiQiQg 

chaQge iQ male adRleVceQW aWhleWeV. ThiV VWXd\ SURYideV VcieQWiVWV aQd SUacWiWiRQeUV ZiWh 

beWZeeQ-da\ UeliabiliW\ UefeUeQce daWa WR deWeUmiQe Ueal aQd SUacWical chaQgeV fRU \RXWh 

aWhleWeV ZiWh diffeUeQW UeViVWaQce WUaiQiQg e[SeUieQce. AddiWiRQall\, WhiV VWXd\ alVR SURYideV 

cRQfiUmaWiRQ WhaW imSURYemeQWV iQ VWUeQgWh, cRmmRQl\ VeeQ iQ adRleVceQW UeVeaUch (4, 11), 

 aQd SUacWical QaWXUe.   
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PRACTICAL APPLICATIONS 

The high leYel Rf UeliabiliW\ iQ bRWh Whe e[SeUieQced aQd iQe[SeUieQced UeViVWaQce 

WUaiQed gURXSV allRZ a cRmbiQed CV% Rf 2.50, 1.80 aQd 3.70, fRU Whe fURQW VTXaW, chiQ XS, 

aQd beQch SUeVV WR be XVed, UeVSecWiYel\. FRU Whe SUacWiWiRQeU, aQ e[amSle Rf hRZ WhiV cRXld 

be XVed iV if aQ XQdeU 18 leYel male aWhleWe maQaged WR fURQW VTXaW 110kg, WheQ Whe\ caQ be 

 112.75kg. 

FXUWheUmRUe, if Whe cRach Rf aQ iQe[SeUieQced UeViVWaQce WUaiQed aWhleWe ZaQWed WR aVVeVV 

ZheWheU a Sla\eU had imSURYed iQ Whe beQch SUeVV, Whe cRach cRXld XWiliVe bRWh Whe SWC aQd 

CV%. AQ e[amSle Rf WhiV ZRXld XVe Whe beQch SUeVV aQd Whe cRUUeVSRQdiQg SWC Rf 3.00% 

aQd CV% Rf 2.40%. If WhiV aWhleWe aW Whe begiQQiQg Rf Whe iQWeUYeQWiRQ maQaged WR beQch 

SUeVV 75 kg, aQd aW Whe eQd maQaged WR beQch SUeVV 80 kg, WheQ Whe cRach cRXld aVVXme WhaW 

WheUe had beeQ a Ueal chaQge iQ VWUeQgWh aV Whe imSURYemeQW ZaV gUeaWeU WhaQ Whe SWC aQd 

eUURU Rf Whe meaVXUemeQW. HRZeYeU, if Whe aWhleWe had RQl\ maQaged WR beQch SUeVV 78kg aW 

Whe SRVW-WeVW, WheQ Whe cRach ZRXld QRW be able WR defiQiWiYel\ VWaWe WhaW aQ imSURYemeQW had 

beeQ made dXe WR Whe eUURU Rf Whe WeVW cURVViQg iQWR Whe SWC. 
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TabOe 1. MeaVXUeV Rf UeOLabLOLW\ fRU e[SeULeQced gURXS WeVWLQg Rf fURQW VTXaW, chLQ XS, 
aQd beQch SUeVV. 

  STXaW ChiQ US BeQch PUeVV 
SeVViRQ 1 103.00 � 17.4 103.70 � 14.7 92.10 � 16.50 
SeVViRQ 2 105.50 � 18.0 105.50 � 15.40 91.00 � 15.60 

DiffeUeQce [90% CI] 2.50 [0.45; 4.55] 1.80 [0.24; 2.67] -1.10 [-3.61; 1.30] 
TE (Kg) [90% CI] 2.50 [1.82; 4.11] 1.81 [1.38; 2.69] 3.51 [2.65; 5.31] 

CV% [90% CI] 2.90 [2.10; 4.80] 1.70 [1.30; 2.60] 4.50 [3.40; 7.00] 
SWC (Kg) (%) 3.39 (3.53) 2.88 (3.01) 3.51 (3.29) 

TeVW RaWiQg GRRd GRRd PRRU 
 
*TE = W\Sical eUURU Rf meaVXUemeQW; 90% CI = 90% cRQfideQce iQWeUYalV; TE CV% = W\Sical 
eUURU Rf meaVXUemeQW e[SUeVVed aV a cRefficieQW Rf YaUiaWiRQ; SWC = VmalleVW ZRUWhZhile 
chaQge 
 



TabOe 2. MeaVXUeV Rf UeOLabLOLW\ fRU LQe[SeULeQced gURXS WeVWLQg Rf fURQW VTXaW, chLQ XS, 
aQd beQch SUeVV 

  STXaW ChiQ US BeQch PUeVV 
SeVViRQ 1 87.5 � 12.80 95.00 � 13.03 73.20 � 15.70 
SeVViRQ 2 87.5 � 12.60 96.30 � 12.98 73.40 � 14.90 

DiffeUeQce [90% CI] 0.00 [-1.37; 1.37] 1.30 [0.00; 2.60] 0.20 [-1.10; 1.50] 
TE (Kg) [90% CI] 1.67 [1.22; 2.74] 1.73 [1.26; 2.84] 1.67 [1.23; 2.66] 

CV% [90% CI] 1.90 [1.40; 3.10] 1.90 [1.40; 3.10] 2.40 [1.80; 3.80] 
SWC (Kg) (%) 2.57 (2.94) 2.73 (2.86) 3.03 (4.17) 

TeVW RaWiQg GRRd GRRd GRRd 
 
 
*TE = W\Sical eUURU Rf meaVXUemeQW; 90% CI = 90% cRQfideQce iQWeUYalV; TE CV% = W\Sical 
eUURU Rf meaVXUemeQW e[SUeVVed aV a cRefficieQW Rf YaUiaWiRQ; SWC = VmalleVW ZRUWhZhile 
chaQge 
 



TabOe 3. MeaVXUeV Rf UeOLabLOLW\ fRU cRPbLQed gURXSV WeVWLQg Rf fURQW VTXaW, chLQ XS, aQd 
beQch SUeVV. 

  FURQW VTXaW ChiQ US BeQch SUeVV 
TE (Kg) [90% CI] 2.26 [1.79; 3.09] 1.74 [1.41; 2.30] 2.81 [2.27; 3.72] 
CV% [90% CI] 2.50 [2.00; 3.50] 1.80 [1.40; 2.30] 3.70 [3.00; 4.90] 

 
*TE = W\Sical eUURU Rf meaVXUemeQW; 90% CI = 90% cRQfideQce iQWeUYalV; TE CV% = W\Sical 
eUURU Rf meaVXUemeQW e[SUeVVed aV a cRefficieQW Rf YaUiaWiRQ. 
 
 


