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New FiŶdiŶgs 

• What is the ĐeŶtƌal ƋuestioŶ of this study? 

CƌitiĐal poǁeƌ ;CPͿ ƌepƌeseŶts the highest ǁoƌk-ƌate foƌ ǁhiĐh a ŵetaďoliĐ steadǇ-

state is attaiŶaďle. The phǇsiologiĐal deteƌŵiŶaŶts of CP aƌe uŶĐleaƌ, hoǁeǀeƌ 

ƌeseaƌĐh suggests that CP ŵaǇ ďe ƌelated to the tiŵe ĐoŶstaŶt of phase II oǆǇgeŶ 

uptake kiŶetiĐs ;߬௏ሶ OϮͿ. 

• What is the ŵaiŶ fiŶdiŶg aŶd its iŵpoƌtaŶĐe? 

We pƌoǀide the fiƌst eǀideŶĐe that ߬௏ሶ OϮ is ŵeĐhaŶistiĐallǇ ƌelated to CP. A ƌeduĐtioŶ 

of ߬௏ሶ OϮ iŶ the supiŶe positioŶ ǁas oďseƌǀed aloŶgside a ĐoŶĐoŵitaŶt iŶĐƌease iŶ CP. 

This effeĐt ŵaǇ ďe ĐoŶtiŶgeŶt oŶ ŵeasuƌes of oǆǇgeŶ aǀailaďilitǇ deƌiǀed fƌoŵ Ŷeaƌ-

iŶfƌaƌed speĐtƌosĐopǇ.  
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AďstƌaĐt 

CƌitiĐal poǁeƌ ;CPͿ is a fuŶdaŵeŶtal paƌaŵeteƌ defiŶiŶg high-iŶteŶsitǇ eǆeƌĐise toleƌaŶĐe 

aŶd is ƌelated to the tiŵe ĐoŶstaŶt of phase II pulŵoŶaƌǇ oǆǇgeŶ uptake kiŶetiĐs ;߬௏ሶ OϮͿ. To 

test the hǇpothesis that this ƌelatioŶship is Đausal ǁe deteƌŵiŶed the iŵpaĐt of pƌioƌ 

eǆeƌĐise ;͞pƌiŵiŶg͟Ϳ oŶ CP aŶd ߬௏ሶ OϮ iŶ the upƌight aŶd supiŶe positioŶs. ϭϳ healthǇ ŵeŶ 

ǁeƌe assigŶed to eitheƌ upƌight oƌ supiŶe eǆeƌĐise gƌoups, ǁheƌeďǇ CP, ߬௏ሶ OϮ aŶd ŵusĐle 

deoǆǇhaeŵogloďiŶ kiŶetiĐs ;τ[HHď]Ϳ ǁeƌe deteƌŵiŶed ǀia ĐoŶstaŶt-poǁeƌ tests to eǆhaustioŶ 

at fouƌ ǁoƌk-ƌates ǁith ;pƌiŵedͿ aŶd ǁithout ;ĐoŶtƌolͿ pƌiŵiŶg eǆeƌĐise at ~ϯϭ%Δ. DuƌiŶg 

supiŶe eǆeƌĐise, pƌiŵiŶg ƌeduĐed ߬௏ሶ OϮ ;ĐoŶtƌol: ϱϰ ± ϭϴ ǀs. pƌiŵed: ϯϵ ± ϭϭ s; P < Ϭ.ϬϬϭͿ, 

iŶĐƌeased τ[HHď] ;ĐoŶtƌol: ϴ ± ϰ ǀs. pƌiŵed: ϭϮ ± ϰ s; P = Ϭ.ϬϬϯͿ aŶd iŶĐƌeased CP ;ĐoŶtƌol: ϭϳϳ 

± ϯϭ ǀs. pƌiŵed: ϭϴϱ ± ϯϬ W, P = Ϭ.ϬϬϲͿ Đoŵpaƌed to ĐoŶtƌol. Hoǁeǀeƌ, pƌiŵiŶg eǆeƌĐise had 

Ŷo effeĐt oŶ ߬௏ሶ OϮ ;ĐoŶtƌol: ϯϳ ± ϭϮ ǀs. pƌiŵed: ϯϱ ± ϴ s; P = Ϭ.ϴϮͿ, τ[HHď] ;CON: ϭϬ ± ϱ s ǀs. PRI: 

ϭϰ ± ϭϬ; P = Ϭ.ϭϬͿ, oƌ CP ;ĐoŶtƌol: Ϯϯϱ ± ϰϮ ǀs. pƌiŵed: ϮϯϮ ± ϯϱ W; P = Ϭ.ϱϳͿ duƌiŶg upƌight 

eǆeƌĐise. The ĐoŶĐoŵitaŶt ƌeduĐtioŶ of ߬௏ሶ OϮ aŶd iŶĐƌeased CP folloǁiŶg pƌiŵiŶg iŶ the 

supiŶe gƌoup, effeĐts that ǁeƌe aďseŶt iŶ the upƌight gƌoup, pƌoǀides the fiƌst eǆpeƌiŵeŶtal 

eǀideŶĐe that ߬௏ሶ OϮ is ŵeĐhaŶistiĐallǇ ƌelated to ĐƌitiĐal poǁeƌ. The iŶĐƌeased τ[HHď] suggests 

that this effeĐt ǁas ŵediated, at least iŶ paƌt, ďǇ iŵpƌoǀed oǆǇgeŶ aǀailaďilitǇ.  

Keywoƌds: ĐƌitiĐal poǁeƌ, eǆeƌĐise toleƌaŶĐe, oǆidatiǀe ŵetaďolisŵ, oǆǇgeŶ uptake kiŶetiĐs, 

poǁeƌ-duƌatioŶ ƌelatioŶship, pƌiŵiŶg eǆeƌĐise. 
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IŶtƌoduĐtioŶ 

The poteŶtial to toleƌate high-iŶteŶsitǇ eǆeƌĐise uŶdeƌpiŶs eŶduƌaŶĐe peƌfoƌŵaŶĐe ;BuƌŶleǇ 

& JoŶes, ϮϬϬϳͿ, is aŶ iŵpoƌtaŶt ĐoŶtƌiďutoƌ to ƋualitǇ of life iŶ a ǁide ƌaŶge of ĐhƌoŶiĐ 

diseases ;KaplaŶ et al. ϭϵϴϳ; MaƌĐhioŶŶi et al. ϮϬϬϯ; Reis et al. ϮϬϭϯͿ, aŶd is a stƌoŶg 

pƌediĐtoƌ of ĐliŶiĐal outĐoŵes ;BelaƌdiŶelli et al. ϭϵϵϵͿ. A detailed uŶdeƌstaŶdiŶg of the 

uŶdeƌpiŶŶiŶg phǇsiologiĐal ŵeĐhaŶisŵs is theƌefoƌe iŵpoƌtaŶt foƌ the desigŶ of 

iŶteƌǀeŶtioŶs aiŵed at ŵaiŶtaiŶiŶg oƌ eŶhaŶĐiŶg high-iŶteŶsitǇ eǆeƌĐise toleƌaŶĐe.  

DuƌiŶg high-iŶteŶsitǇ ĐǇĐle eǆeƌĐise, a hǇpeƌďoliĐ ƌelatioŶship ďetǁeeŶ eǆteƌŶal poǁeƌ aŶd 

toleƌaďle eǆeƌĐise duƌatioŶ ;the poǁeƌ-duƌatioŶ ƌelatioŶship; MoŶod & SĐheƌƌeƌ, ϭϵϲϱͿ 

aĐĐuƌatelǇ ĐhaƌaĐteƌises eǆeƌĐise toleƌaŶĐe foƌ ǀaƌious eǆeƌĐise ŵodalities aŶd duƌatioŶs 

spaŶŶiŶg ~Ϯ-ϯϬ ŵiŶutes iŶ huŵaŶs ;Hill, ϭϵϵϯͿ aŶd ǀaƌious otheƌ speĐies ;e.g. Billat et al. 

ϮϬϬϱ; Copp et al. ϮϬϭϬͿ. The asǇŵptote of this ƌelatioŶship is kŶoǁŶ as ĐƌitiĐal poǁeƌ, ǁith 

W’ ďeiŶg the Đuƌǀatuƌe ĐoŶstaŶt that is ŵatheŵatiĐallǇ eƋuiǀaleŶt to a fiǆed ƋuaŶtitǇ of 

ǁoƌk that ĐaŶ ďe peƌfoƌŵed aďoǀe ĐƌitiĐal poǁeƌ ;MoŶod & SĐheƌƌeƌ, ϭϵϲϱ; MoƌitaŶi et al. 

ϭϵϴϭ; Poole et al. ϭϵϴϴͿ.  

CƌitiĐal poǁeƌ ƌepƌeseŶts the ŵaǆiŵal ŵetaďoliĐ ƌate at ǁhiĐh a steadǇ-state ĐaŶ ďe 

attaiŶed foƌ aƌteƌial ďlood aĐid-ďase status [hǇdƌogeŶ ioŶs ;H+Ϳ, laĐtate ;L-Ϳ, aŶd 

ďiĐaƌďoŶate], pulŵoŶaƌǇ oǆǇgeŶ uptake ; ሶܸ OϮͿ, aŶd iŶtƌaŵusĐulaƌ phosphate 

[phosphoĐƌeatiŶe ;PCƌͿ aŶd iŶoƌgaŶiĐ phosphate ;PiͿ] ;JoŶes et al. ϮϬϬϴ; Poole et al. ϭϵϴϴ; 

VaŶhatalo et al. ϮϬϭϲͿ. WheŶ eǆeƌĐisiŶg aďoǀe ĐƌitiĐal poǁeƌ, pƌogƌessiǀe ŵetaďoliĐ 

ĐoŶtƌiďutioŶs fƌoŵ ŶoŶ-oǆidatiǀe souƌĐes ;i.e. stoƌed ŵusĐle [PCƌ], glǇĐolǇsis/glǇĐogeŶolǇsis 

ǁith ĐoŶseƋueŶt L- pƌoduĐtioŶͿ aƌe appaƌeŶt ;JoŶes et al. ϮϬϬϴ; Poole et al. ϭϵϴϴ; VaŶhatalo 

et al. ϮϬϭϬͿ, ƌesultiŶg iŶ the aĐĐuŵulatioŶ of fatigue-ƌelated ŵetaďolites ;i.e. [H+], 
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iŶtƌaŵusĐulaƌ [Pi], iŶteƌstitial [K+], foƌ ƌeǀieǁ see AlleŶ, Laŵď, & Westeƌďlad, ϮϬϬϴͿ. As a 

ĐoŶseƋueŶĐe, theƌe is aŶ iŶeǆoƌaďle iŶĐƌease iŶ ሶܸ OϮ uŶtil its ŵaǆiŵallǇ attaiŶaďle ǀalue ; ሶܸ OϮ 

ŵaǆͿ is ƌeaĐhed, ǁith eǆhaustioŶ eŶsuiŶg shoƌtlǇ theƌeafteƌ ;Poole et al. ϭϵϴϴͿ. HeŶĐe, 

ĐƌitiĐal poǁeƌ deŵaƌĐates the uppeƌ ďouŶdaƌǇ of eŶeƌgǇ pƌoǀisioŶ that is ǁhollǇ oǆidatiǀe, 

i.e. ǁithout pƌogƌessiǀe aŶaeƌoďiĐ ŵetaďoliĐ ĐoŶtƌiďutioŶ ;Baƌkeƌ et al. ϮϬϬϲ; ChidŶok et al. 

ϮϬϭϯď; Coats et al. ϮϬϬϯͿ.  IŶdeed, ĐƌitiĐal poǁeƌ is stƌoŶglǇ ƌelated to ŵaƌkeƌs of aeƌoďiĐ 

fitŶess suĐh as ሶܸ OϮ ŵaǆ ;MĐNaughtoŶ & Thoŵas, ϭϵϵϲͿ, OϮ deliǀeƌǇ ;BƌoǆteƌŵaŶ et al. ϮϬϭϰ; 

ϮϬϭϱ; VaŶhatalo et al. ϮϬϭϬͿ, tǇpe ϭ ŵusĐle fiďƌe tǇpe ĐoŵpositioŶ ;VaŶhatalo et al. ϮϬϭϲͿ, 

aŶd pulŵoŶaƌǇ ሶܸ OϮ kiŶetiĐs ;MuƌgatƌoǇd et al. ϮϬϭϭͿ. Hoǁeǀeƌ, the pƌeĐise phǇsiologiĐal 

deteƌŵiŶaŶts uŶdeƌpiŶŶiŶg these ƌelatioŶships ƌeŵaiŶ to ďe eluĐidated. 

WheŶ tƌaŶsitioŶiŶg fƌoŵ ƌest to eǆeƌĐise, folloǁiŶg a shoƌt delaǇ, ǁhiĐh ƌefleĐts the ŵusĐle-

to-luŶg tƌaŶsit tiŵe, ሶܸ OϮ, ƌises eǆpoŶeŶtiallǇ to ŵatĐh the steadǇ-state ATP ƌeƋuiƌeŵeŶts iŶ 

the ŵusĐle ;Whipp et al. ϭϵϴϮͿ.  MuƌgatƌoǇd et al. ;ϮϬϭϭͿ shoǁed that the tiŵe ĐoŶstaŶt of 

the phase II ;fuŶdaŵeŶtal phaseͿ of pulŵoŶaƌǇ ሶܸ OϮ kiŶetiĐs ;߬௏ሶ OϮͿ ǁas stƌoŶglǇ ƌelated to 

ĐƌitiĐal poǁeƌ. These authoƌs suggested that a deĐƌeased ߬௏ሶ OϮ ǁould ƌeduĐe the ƌeliaŶĐe oŶ 

ŶoŶ-oǆidatiǀe ŵetaďolisŵ, thus atteŶuatiŶg ŵusĐle ŵetaďoliĐ peƌtuƌďatioŶ duƌiŶg the 

eǆeƌĐise tƌaŶsitioŶ. HeŶĐe, a higheƌ poǁeƌ is attaiŶed foƌ a giǀeŶ ŵagŶitude of oǆǇgeŶ 

defiĐit aĐĐuŵulatioŶ, theƌefoƌe eǆplaiŶiŶg a Đausal ƌelatioŶship ďetǁeeŶ ߬௏ሶ OϮ aŶd ĐƌitiĐal 

poǁeƌ. Hoǁeǀeƌ, ĐƌitiĐal poǁeƌ aŶd ߬௏ሶ OϮ aƌe ďoth iŵpƌoǀed ǁith eŶduƌaŶĐe tƌaiŶiŶg ;Caƌteƌ 

et al. ϮϬϬϬ; Gaesseƌ & WilsoŶ, ϭϵϴϴ; JeŶkiŶs & QuigleǇ, ϭϵϵϯ; JoŶes & Caƌteƌ, ϮϬϬϬ; 

Maƌǁood et al. ϮϬϭϬͿ, heŶĐe ǁhetheƌ ߬௏ሶ OϮ is aŶ iŶdepeŶdeŶt deteƌŵiŶaŶt of ĐƌitiĐal poǁeƌ, 

oƌ the assoĐiatioŶ ďetǁeeŶ the tǁo paƌaŵeteƌs ƌesults fƌoŵ otheƌ shaƌed phǇsiologiĐal 

pƌoĐesses ƌelated to tƌaiŶiŶg status, ƌeŵaiŶs to ďe deteƌŵiŶed. 
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OŶe suĐh ǁaǇ to addƌess the iŶdepeŶdeŶĐǇ of these ƌelatioŶships is ǁith a pƌioƌ ďout of 

high-iŶteŶsitǇ ͞pƌiŵiŶg͟ eǆeƌĐise, ǁhiĐh ĐaŶ aĐutelǇ alteƌ pulŵoŶaƌǇ ሶܸ OϮ kiŶetiĐs 

iŶdepeŶdeŶtlǇ of aŶǇ ĐhƌoŶiĐ adaptatioŶs that iŶflueŶĐe ĐƌitiĐal poǁeƌ. Hoǁeǀeƌ, the 

ŵaŶŶeƌ iŶ ǁhiĐh the ሶܸ OϮ kiŶetiĐs aƌe alteƌed is depeŶdeŶt upoŶ faĐtoƌs suĐh as aeƌoďiĐ 

fitŶess, eǆeƌĐise ŵode aŶd the suffiĐieŶĐǇ of oǆǇgeŶ aǀailaďilitǇ to ŵeet the ATP deŵaŶds iŶ 

aŶǇ giǀeŶ ĐoŶditioŶ ;BuƌŶleǇ et al. ϮϬϬϬ; Guƌd et al. ϮϬϬϱ; JoŶes et al. ϮϬϬϲͿ.  SpeĐifiĐallǇ, iŶ 

the upƌight positioŶ pƌiŵiŶg eǆeƌĐise ƌeduĐes ߬௏ሶ OϮ ďǇ a ŵagŶitude that is liŶeaƌlǇ ƌelated to 

its ĐoŶtƌol ǀalue ;Guƌd et al. ϮϬϬϱͿ, suĐh that those iŶdiǀiduals ǁith ͞sloǁ͟ ሶܸ OϮ kiŶetiĐs ǁill 

deŵoŶstƌate a gƌeateƌ ƌeduĐtioŶ iŶ ߬௏ሶ OϮ iŶ the pƌiŵed ĐoŶditioŶ. CoŶǀeƌselǇ, iŶdiǀiduals 

ǁith fast ሶܸ OϮ kiŶetiĐs ;i.e. loǁ ߬௏ሶ OϮͿ ǁill deŵoŶstƌate little ;Guƌd et al. ϮϬϬϱͿ oƌ Ŷo ;BuƌŶleǇ 

et al. ϮϬϬϬͿ ƌeduĐtioŶ iŶ this paƌaŵeteƌ folloǁiŶg pƌiŵiŶg eǆeƌĐise, ǁith Ŷo effeĐt oŶ ĐƌitiĐal 

poǁeƌ ;BuƌŶleǇ et al. ϮϬϭϭ; JoŶes et al. ϮϬϬϯͿ. SuĐh iŶdiǀiduals aƌe tǇpiĐallǇ ĐhaƌaĐteƌised as 

ďeiŶg ǇouŶg aŶd aeƌoďiĐallǇ fit, ǁith the ƌesult of pƌiŵiŶg eǆeƌĐise iŶstead ďeiŶg a ďluŶtiŶg 

of the ͞sloǁ ĐoŵpoŶeŶt͟ of pulŵoŶaƌǇ ሶܸ OϮ kiŶetiĐs aŶd aŶ iŶĐƌease iŶ W’ ;BuƌŶleǇ et al. 

ϮϬϭϭ; JoŶes et al. ϮϬϬϯͿ. IŶ ĐoŶtƌast, iŶ the supiŶe positioŶ ǁheƌe ߬௏ሶ OϮ  is ŶoƌŵallǇ gƌeateƌ 

thaŶ iŶ the upƌight positioŶ ;HughsoŶ et al. ϭϵϵϭ; Koga et al. ϭϵϵϵͿ, pƌiŵiŶg eǆeƌĐise 

ƌeduĐes ߬௏ሶ OϮ, aŶ effeĐt likelǇ due to  the supiŶe positioŶ iŵposiŶg aŶ oǆǇgeŶ aǀailaďilitǇ 

liŵitatioŶ that is Ŷegated ďǇ the ƌight-shifted oǆǇhaeŵogloďiŶ Đuƌǀe aŶd iŵpƌoǀed ŵusĐle 

peƌfusioŶ that aĐĐoŵpaŶies pƌioƌ eǆeƌĐise ;JoŶes et al. ϮϬϬϲͿ.  GiǀeŶ the pƌeǀiouslǇ 

estaďlished assoĐiatioŶ ďetǁeeŶ ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ ;MuƌgatƌoǇd et al. ϮϬϭϭͿ, it is 

theƌefoƌe possiďle that iŶ ǇouŶg, aeƌoďiĐallǇ fit iŶdiǀiduals, pƌiŵiŶg eǆeƌĐise ǁill deĐƌease ߬௏ሶ OϮ  aŶd thus eŶhaŶĐe ĐƌitiĐal poǁeƌ iŶ the supiŶe, ďut Ŷot upƌight, ďodǇ positioŶs. SuĐh 

eǀideŶĐe ǁould iŵpliĐate ߬௏ሶ OϮ as aŶ iŶdepeŶdeŶt deteƌŵiŶaŶt of ĐƌitiĐal poǁeƌ. 
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The aiŵ of the pƌeseŶt studǇ ǁas theƌefoƌe to eǆaŵiŶe the effeĐt of pƌiŵiŶg eǆeƌĐise oŶ 

ĐƌitiĐal poǁeƌ aŶd ߬௏ሶ OϮ iŶ the upƌight aŶd supiŶe ďodǇ positioŶs. We hǇpothesised that ;iͿ 

pƌiŵiŶg eǆeƌĐise ǁould ƌeduĐe ߬௏ሶ OϮ iŶ the supiŶe ďut Ŷot upƌight positioŶs, ;iiͿ pƌiŵiŶg 

eǆeƌĐise ǁould iŶĐƌease ĐƌitiĐal poǁeƌ iŶ supiŶe ďut Ŷot upƌight positioŶs, aŶd ;iiiͿ ĐƌitiĐal 

poǁeƌ ǁould ďe sigŶifiĐaŶtlǇ Đoƌƌelated ǁith ߬௏ሶ OϮ iŶ ďoth ďodǇ positioŶs.  IŶ oƌdeƌ to 

pƌoǀide iŶsight iŶto the phǇsiologiĐal ŵeĐhaŶisŵs uŶdeƌpiŶŶiŶg these effeĐts, heaƌt ƌate 

aŶd ŵusĐle deoǆǇgeŶatioŶ kiŶetiĐs ǁeƌe also deteƌŵiŶed, the latteƌ ǀia the 

deoǆǇhaeŵogloďiŶ sigŶal oďtaiŶed fƌoŵ Ŷeaƌ-iŶfƌaƌed speĐtƌosĐopǇ ǁhiĐh ƌefleĐts the 

ďalaŶĐe ďetǁeeŶ oǆǇgeŶ deliǀeƌǇ aŶd utilizatioŶ ǁithiŶ the field of iŶteƌƌogatioŶ.  

 

MATERIALS & METHODS 

EthiĐal Approǀal. The studǇ ǁas ĐoŶduĐted aĐĐoƌdiŶg to the deĐlaƌatioŶ of HelsiŶki aŶd all 

pƌoĐeduƌes ǁeƌe appƌoǀed ďǇ the Liǀeƌpool Hope UŶiǀeƌsitǇ ReseaƌĐh EthiĐs Coŵŵittee. 

Rights to ĐoŶfideŶtialitǇ, ǁithdƌaǁal aŶd ďeŶefits/ƌisks of the pƌotoĐol ǁeƌe eǆplaiŶed pƌioƌ 

to paƌtiĐipatioŶ aŶd all paƌtiĐipaŶts pƌoǀided ǁƌitteŶ iŶfoƌŵed ĐoŶseŶt. 

PartiĐipaŶts. ϭϳ healthǇ ŵale paƌtiĐipaŶts ǀoluŶteeƌed foƌ the studǇ. PaƌtiĐipaŶts ǁeƌe 

ƌeĐƌeatioŶallǇ aĐtiǀe ďut Ŷot highlǇ tƌaiŶed. PaƌtiĐipaŶts ǁeƌe plaĐed iŶ eitheƌ the upƌight 

;ŵeaŶ ± SD, age = ϯϰ ± ϭϬ Ǉeaƌs; height = ϭϴϭ ± ϴ Đŵ; ŵass = ϳϵ ± ϭϬ kg; Ŷ = ϭϬͿ oƌ the 

supiŶe ;ŵeaŶ ± SD, age = Ϯϵ ± ϳ Ǉeaƌs; height = ϭϳϳ ± ϵ Đŵ; ŵass = ϳϳ ± ϵ kg; Ŷ = ϭϬͿ 

eǆeƌĐise gƌoups, ǁith ϯ paƌtiĐipaŶts ĐoŵpletiŶg ďoth gƌoups. PaƌtiĐipaŶts ǁeƌe iŶstƌuĐted 

Ŷot to ĐoŶsuŵe alĐohol oƌ peƌfoƌŵ stƌeŶuous eǆeƌĐise ǁithiŶ the Ϯϰ h pƌeĐediŶg eaĐh 

eǆeƌĐise test, Ŷot to ĐoŶsuŵe ĐaffeiŶe ǁithiŶ the pƌeĐediŶg ϲ h, aŶd to aƌƌiǀe ϯ h 

postpƌaŶdial. 
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ProĐedures. TestiŶg ǁas ĐoŶduĐted iŶ a ǁell-ǀeŶtilated laďoƌatoƌǇ that ǁas ŵaiŶtaiŶed 

ďetǁeeŶ teŵpeƌatuƌes of ϭϴ-ϮϭoC. PaƌtiĐipaŶts ǀisited the laďoƌatoƌǇ oŶ ϵ oĐĐasioŶs oǀeƌ a 

ϯ-ϲ-ǁeek peƌiod, ǁith eaĐh test sĐheduled at the saŵe tiŵe of daǇ ;±Ϯ hͿ aŶd ǁith at least 

Ϯϰ h sepaƌatiŶg ǀisits. PaƌtiĐipaŶts Đoŵpleted oŶe pƌeliŵiŶaƌǇ tƌial aŶd eight eǆpeƌiŵeŶtal 

tƌials. EǆeƌĐise tests ǁeƌe peƌfoƌŵed oŶ aŶ eleĐtƌoŶiĐallǇ ďƌaked ĐǇĐle eƌgoŵeteƌ ;Lode 

EǆĐaliďuƌ Spoƌt, GƌoŶiŶgeŶ, The NetheƌlaŶdsͿ foƌ the upƌight gƌoup. Saddle height/ aŶgle 

aŶd haŶdleďaƌ height/aŶgle ǁeƌe ƌeĐoƌded at the fiƌst test aŶd ƌepliĐated duƌiŶg eaĐh 

suďseƋueŶt test. Foƌ the supiŶe gƌoup, paƌtiĐipaŶts ĐǇĐled usiŶg aŶ eleĐtƌoŶiĐallǇ ďƌaked 

eƌgoŵetƌiĐ uŶit ;Lode AŶgio, GƌoŶiŶgeŶ, The NetheƌlaŶdsͿ ǁhilst lǇiŶg flat oŶ aŶ EĐho 

CaƌdiaĐ Stƌess Taďle ;Lode, GƌoŶiŶgeŶ, The NetheƌlaŶdsͿ. HaŶd ƌails ǁeƌe aǀailaďle foƌ 

paƌtiĐipaŶts to gƌip thƌoughout the tests to ŵiŶiŵise ďaĐkǁaƌds ŵoǀeŵeŶt ǁheŶ foƌĐes 

ǁeƌe applied to the pedals, aŶd aŶ adjustaďle shouldeƌ pad ǁas positioŶed aďoǀe the 

paƌtiĐipaŶt’s shouldeƌ to fuƌtheƌ pƌeǀeŶt ďaĐkǁaƌd ŵoǀeŵeŶts. PaƌtiĐipaŶt’s feet ǁeƌe 

stƌapped seĐuƌelǇ to the pedals. The positioŶ of the shouldeƌ pad aŶd the distaŶĐe ďetǁeeŶ 

the hip aŶd the ĐƌaŶk ǁas ƌeĐoƌded aŶd ƌepliĐated duƌiŶg eaĐh ǀisit. Thƌoughout all upƌight 

aŶd supiŶe eǆeƌĐise tests, paƌtiĐipaŶts ǁeƌe iŶstƌuĐted to ŵaiŶtaiŶ a ĐadeŶĐe of ϴϬ ƌeǀ/ŵiŶ, 

aŶd eǆhaustioŶ ǁas defiŶed as ǁheŶ the paƌtiĐipaŶt’s ĐadeŶĐe dƌopped ďeloǁ ϳϬ ƌeǀ/ŵiŶ. 

Tiŵe to eǆhaustioŶ ǁas ŵeasuƌed to the Ŷeaƌest seĐoŶd iŶ all tests. 

PreliŵiŶarǇ trial. PaƌtiĐipaŶt’s height aŶd ǁeight ǁeƌe ƌeĐoƌded upoŶ aƌƌiǀal at the laď, pƌioƌ 

to uŶdeƌtakiŶg aŶ iŶĐƌeŵeŶtal ƌaŵp test uŶtil the liŵit of toleƌaŶĐe to estaďlish ሶܸ OϮ ŵaǆ, 

gas eǆĐhaŶge thƌeshold ;GETͿ, aŶd the poǁeƌ outputs foƌ suďseƋueŶt tests. The eǆeƌĐise 

test ĐoŶsisted of ϯ-ŵiŶutes of ďaseliŶe pedalliŶg at ϯϬ W, folloǁed ďǇ a ĐoŶtiŶuous, ƌaŵped 

iŶĐƌease iŶ ǁoƌk ƌate of ϯϬ W.ŵiŶ-ϭ uŶtil the liŵit of toleƌaŶĐe. Gas eǆĐhaŶge aŶd ǀeŶtilatoƌǇ 
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ǀaƌiaďles ǁeƌe ŵeasuƌed at the ŵouth ĐoŶtiŶuouslǇ thƌoughout eaĐh test. ሶܸ OϮ ŵaǆ ǁas 

defiŶed as the highest ሶܸ OϮ ǀalue ŵeasuƌed oǀeƌ ϯϬ s. Though ǁe did Ŷot peƌfoƌŵ a 

ǀeƌifiĐatioŶ tƌial, pƌeǀious ƌeseaƌĐh has shoǁŶ that the iŶĐƌeŵeŶtal/ƌaŵp ĐaƌdiopulŵoŶaƌǇ 

eǆeƌĐise test pƌoduĐes highlǇ ƌepƌoduĐiďle ŵeasuƌes of ሶܸ OϮ ŵaǆ iŶ this populatioŶ ;ChidŶok 

et al. ϮϬϭϯa; Poole & JoŶes, ϮϬϭϳͿ. The GET ǁas ŵeasuƌed as a ŶoŶ-iŶǀasiǀe estiŵate of the 

laĐtate thƌeshold ǀia ǀisual iŶspeĐtioŶ of the data usiŶg a Đlusteƌ of pƌedefiŶed Đƌiteƌia; 

iŶĐludiŶg ϭͿ a dispƌopoƌtioŶate ƌise iŶ COϮ pƌoduĐtioŶ ; ሶܸ COϮͿ ƌelatiǀe to ሶܸ OϮ; ϮͿ aŶ iŶĐƌease 

iŶ ŵiŶute ǀeŶtilatioŶ ; ሶܸ EͿ ƌelatiǀe to ሶܸ OϮ ; ሶܸ E/ ሶܸ OϮͿ ǁithout aŶ iŶĐƌease iŶ ሶܸ E ƌelatiǀe to ሶܸ COϮ ; ሶܸ E/ ሶܸ COϮͿ; aŶd ϯͿ aŶ iŶĐƌease iŶ eŶd tidal OϮ teŶsioŶ ǁithout deĐƌeasiŶg eŶd tidal COϮ 

teŶsioŶ. The ŵeaŶ ƌespoŶse tiŵe ;MRTͿ of ሶܸ OϮ duƌiŶg ƌaŵp eǆeƌĐise ǁas takeŶ iŶto aĐĐouŶt 

utilisiŶg a slight ŵodifiĐatioŶ of the pƌoĐeduƌes desĐƌiďed ďǇ BooŶe et al. ;ϮϬϬϴͿ. BƌieflǇ, the 

liŶeaƌ ƌegƌessioŶ liŶe of the ሶܸ OϮ-tiŵe ƌelatioŶship ǁas deteƌŵiŶed, ǁith the fiƌst ϭϮϬ s aŶd 

last ϭϴϬ s ƌeŵoǀed so as to isolate the liŶeaƌ poƌtioŶ of the ƌelatioŶship. The MRT ǁas 

defiŶed as the tiŵe ďetǁeeŶ the ďegiŶŶiŶg of the ƌaŵp test aŶd the iŶteƌseĐtioŶ ďetǁeeŶ 

ďaseliŶe ሶܸ OϮ ; ሶܸ OϮďͿ aŶd ďaĐkǁaƌds eǆtƌapolatioŶ of the ƌegƌessioŶ liŶe of the ሶܸ OϮ-tiŵe 

ƌelatioŶship. ሶܸ OϮď ǁas ĐalĐulated as the aǀeƌage ሶܸ OϮ ŵeasuƌed oǀeƌ the fiŶal ϯϬ s of the 

ďaseliŶe peƌiod. Woƌk ƌates foƌ suďseƋueŶt tests ǁeƌe theƌefoƌe ĐalĐulated usiŶg the liŶeaƌ 

ƌegƌessioŶ of the ሶܸ OϮ-tiŵe ƌelatioŶship aŶd solǀiŶg foƌ ሶܸ OϮ, ǁith aĐĐouŶt takeŶ of the MRT. 

EǆperiŵeŶtal trials. Foƌ the folloǁiŶg eight ǀisits iŶ ďoth the upƌight aŶd supiŶe gƌoups, 

paƌtiĐipaŶts ǁeƌe ƌeƋuiƌed to eǆeƌĐise to eǆhaustioŶ at fouƌ fiǆed poǁeƌ outputs oŶ tǁo 

oĐĐasioŶs, eaĐh ǁith aŶd ǁithout a ďout of ͞pƌiŵiŶg͟ eǆeƌĐise.  The poǁeƌ output of these 

ďouts of eǆeƌĐise ǁeƌe seleĐted ďased upoŶ peƌfoƌŵaŶĐe duƌiŶg the pƌeliŵiŶaƌǇ eǆeƌĐise 

test aŶd ĐalĐulated to ďe iŶ the ƌaŶge of ϱϬ%∆ ;i.e. a ǁoƌk ƌate ĐalĐulated to ƌeƋuiƌe ϱϬ% of 
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the diffeƌeŶĐe ďetǁeeŶ the GET aŶd ሶܸ OϮ ŵaǆͿ to ϭϭϬ% ሶܸ OϮ ŵaǆ. The goal of this ƌaŶge of 

poǁeƌ outputs ǁas to pƌoduĐe a ƌaŶge of eǆeƌĐise toleƌaŶĐes ǁithiŶ the ƌaŶge of Ϯ-ϭϱ 

ŵiŶutes.  These poǁeƌ outputs aƌe suďseƋueŶtlǇ ƌefeƌƌed to as WR ϭ, WR Ϯ, WR ϯ, aŶd WR 

ϰ, ǁith WR ϭ ďeiŶg the loǁest aŶd WR ϰ ďeiŶg the highest poǁeƌ outputs, ƌespeĐtiǀelǇ. 

Wheƌe ŶeĐessaƌǇ, adjustŵeŶts ǁeƌe ŵade to the ƌeƋuiƌed poǁeƌ output of suďseƋueŶt 

eǆeƌĐise tests ďased upoŶ peƌfoƌŵaŶĐe iŶ the iŶitial tests. The oƌdeƌ of iŶteŶsities ǁas 

ƌaŶdoŵised aŶd paƌtiĐipaŶts alteƌŶated ďetǁeeŶ ĐoŶditioŶs iŶ oƌdeƌ to pƌeǀeŶt aŶǇ oƌdeƌ 

effeĐt. EaĐh iŶteŶsitǇ ǁas peƌfoƌŵed oŶĐe iŶ eaĐh ĐoŶditioŶ; i.e. oŶĐe ǁith pƌiŵiŶg eǆeƌĐise 

;PRIͿ aŶd oŶĐe ǁithout pƌiŵiŶg eǆeƌĐise ;CONͿ. CON ĐoŶsisted of ϯ ŵiŶutes of ďaseliŶe 

pedalliŶg at ϮϬ W, afteƌ ǁhiĐh aŶ iŶstaŶtaŶeous step iŶĐƌease to the ƌeƋuiƌed poǁeƌ output 

ǁas aďƌuptlǇ applied, aŶd paƌtiĐipaŶts eǆeƌĐised uŶtil the liŵit of toleƌaŶĐe. IŶ PRI, 

paƌtiĐipaŶts peƌfoƌŵed ϯ ŵiŶutes of ďaseliŶe pedalliŶg at ϮϬ W ďefoƌe aŶ iŶstaŶtaŶeous 

step iŶĐƌease to a poǁeƌ output of ϰϬ%∆ foƌ ϲ ŵiŶutes. This poǁeƌ output ǁas seleĐted iŶ 

oƌdeƌ to Ǉield a heaǀǇ eǆeƌĐise iŶteŶsitǇ ;i.e. ďetǁeeŶ the GET aŶd ĐƌitiĐal poǁeƌͿ. OŶ 

oĐĐasioŶs ǁheƌe the poǁeƌ output foƌ pƌiŵiŶg eǆeƌĐise ǁas deeŵed Ŷot to ďe heaǀǇ ;ďased 

upoŶ the ሶܸ OϮ aŶd ďlood [L-] pƌofilesͿ, that test ǁas ƌepeated oŶ a sepaƌate oĐĐasioŶ ǁith 

the poǁeƌ output foƌ the pƌiŵiŶg ďout ďeiŶg ŵodified. UpoŶ ĐoŵpletioŶ of this pƌiŵiŶg 

ďout of eǆeƌĐise, paƌtiĐipaŶts ƌested ƋuietlǇ oŶ the eƌgoŵeteƌ foƌ ϳ ŵiŶutes, ďefoƌe 

peƌfoƌŵiŶg a fuƌtheƌ ϯ ŵiŶutes of ďaseliŶe pedalliŶg at ϮϬ W ;pƌoǀidiŶg ϭϬ ŵiŶutes of ƌest 

ďetǁeeŶ pƌiŵiŶg aŶd the suďseƋueŶt ĐoŶstaŶt ǁoƌk ƌate ďoutsͿ aŶd suďseƋueŶtlǇ, aŶ 

iŶstaŶtaŶeous step iŶĐƌease to the ƌeƋuiƌed poǁeƌ output ǁas aďƌuptlǇ applied uŶtil the 

liŵit of toleƌaŶĐe ǁas ƌeaĐhed.  



ϭϭ 
 

DuƌiŶg all eǆeƌĐise tests, pulŵoŶaƌǇ gas eǆĐhaŶge aŶd ǀeŶtilatioŶ ǁeƌe ŵeasuƌed ďƌeath-ďǇ-

ďƌeath ǁith suďjeĐts usiŶg a ŵetaďoliĐ Đaƌt ;Blue CheƌƌǇ, Geƌatheƌŵ RespiƌatoƌǇ, GŵďH, 

GeƌŵaŶǇͿ. PaƌtiĐipaŶts ǁoƌe a siliĐoŶe faĐeŵask ;HaŶs Rudolph, KaŶsas, UŶited StatesͿ of 

kŶoǁŶ dead spaĐe attaĐhed to a loǁ-dead spaĐe floǁ seŶsoƌ ;Geƌatheƌŵ RespiƌatoƌǇ, 

GŵďH, GeƌŵaŶǇͿ. The ŵetaďoliĐ Đaƌt ǁas ĐoŶŶeĐted to the paƌtiĐipaŶt ǀia a ĐapillaƌǇ liŶe 

ĐoŶŶeĐted to the floǁ seŶsoƌ. The gas aŶalǇseƌs ǁeƌe Đaliďƌated ďefoƌe eaĐh test usiŶg 

gases of kŶoǁŶ ĐoŶĐeŶtƌatioŶs aŶd the floǁ seŶsoƌs ǁeƌe Đaliďƌated usiŶg a ϯ-liteƌ sǇƌiŶge 

;HaŶs Rudolph, KaŶsas CitǇ, MOͿ. Heaƌt ƌate ǁas ŵeasuƌed eǀeƌǇ ϭ s duƌiŶg all tests usiŶg 

shoƌt-ƌaŶge ƌadioteleŵetƌǇ ;GaƌŵiŶ FRϳϬ, GaƌŵiŶ Ltd., SǁitzeƌlaŶdͿ. Foƌ ďoth CON aŶd PRI, 

ďlood ǁas saŵpled fƌoŵ a fiŶgeƌtip iŶto glass ĐapillaƌǇ tuďes at ƌest, duƌiŶg the last ŵiŶute 

of ďaseliŶe pedalliŶg pƌeĐediŶg the eǆhaustiǀe ĐoŶstaŶt ǁoƌk ƌate ďout, aŶd iŵŵediatelǇ 

folloǁiŶg eǆhaustioŶ. Whole ďlood [L-] ǁas deteƌŵiŶed usiŶg a BioseŶ laĐtate aŶalǇseƌ 

;BioseŶ C-LiŶe, EKF, GeƌŵaŶǇͿ.  

DuƌiŶg the eǆpeƌiŵeŶtal tƌials, ĐoŶtiŶuous ŶoŶ-iŶǀasiǀe ŵeasuƌeŵeŶts of ŵusĐle 

oǆǇgeŶatioŶ/deoǆǇgeŶatioŶ status ǁeƌe ŵade ǀia a fƌeƋueŶĐǇ-doŵaiŶ ŵultidistaŶĐe Ŷeaƌ-

iŶfƌaƌed speĐtƌosĐopǇ ;NIRSͿ sǇsteŵ ;Oǆipleǆ TS, ISS, ChaŵpaigŶ, USAͿ. The OǆipleǆTS uses 

oŶe light-eŵittiŶg diode ;LEDͿ deteĐtoƌ fiďƌe ďuŶdle aŶd eight LEDs fuŶĐtioŶiŶg at 

ǁaǀeleŶgths of ϲϵϬ aŶd ϴϯϬ Ŷŵ ;fouƌ LEDs peƌ ǁaǀeleŶgthͿ. Light-souƌĐe deteĐtoƌ 

sepaƌatioŶ distaŶĐes of Ϯ.Ϯϱ – ϯ.ϳϱ Đŵ foƌ eaĐh ǁaǀeleŶgth ǁeƌe utilised ǁith Đell ǁateƌ 

ĐoŶĐeŶtƌatioŶ assuŵed ĐoŶstaŶt at ϳϬ% aŶd data saŵpled at Ϯ Hz. This NIRS deǀiĐe 

ŵeasuƌes aŶd iŶĐoƌpoƌates the dǇŶaŵiĐ ƌeduĐed sĐatteƌiŶg ĐoeffiĐieŶts to pƌoǀide aďsolute 

ĐoŶĐeŶtƌatioŶs ;μMͿ of deoǆǇgeŶated haeŵogloďiŶ + ŵǇogloďiŶ ;[HHď+Mď]Ϳ, ǁhiĐh ŵaǇ ďe 

ƌegaƌded as ƌelatiǀelǇ uŶaffeĐted ďǇ ĐhaŶges iŶ ďlood ǀoluŵe duƌiŶg aĐute eǆeƌĐise ;De Blasi 
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et al. ϭϵϵϯ; Feƌƌaƌi et al. ϭϵϵϳ; Gƌassi et al. ϮϬϬϯͿ. NIRS has pƌeǀiouslǇ ďeeŶ shoǁŶ to 

pƌoduĐe ǀalid estiŵates of OϮ eǆtƌaĐtioŶ ;De Blasi et al. ϭϵϵϯ; DeLoƌeǇ et al. ϮϬϬϯ; Feƌƌaƌi et 

al. ϭϵϵϳ; Feƌƌeiƌa et al. ϮϬϬϲ; Gƌassi et al. ϮϬϬϯͿ. The aďsoƌptioŶ speĐtƌuŵ of ŵǇogloďiŶ 

[Mď] oǀeƌlaps that of [HHď]; theƌefoƌe pƌeseŶtlǇ NIRS is uŶaďle to deteƌŵiŶe the ƌelatiǀe 

ĐoŶtƌiďutioŶ of ŵǇogloďiŶ [Mď] to the oǀeƌall NIRS sigŶal ;De Blasi et al. ϭϵϵϭͿ. IŶ ƌefeƌƌiŶg 

to the NIRS deoǆǇgeŶatioŶ sigŶal as [HHď+Mď], the ĐoŶtƌiďutioŶ of [Mď] is theƌefoƌe also 

aĐkŶoǁledged. AdditioŶallǇ, the NIRS deǀiĐe pƌoǀides ŵeasuƌes of [oǆǇgeŶated 

haeŵogloďiŶ + ŵǇogloďiŶ] ;[HďOϮ+MďOϮ]Ϳ aŶd [total haeŵogloďiŶ + ŵǇogloďiŶ] 

;[THď+Mď]Ϳ ĐoŶĐeŶtƌatioŶ ;as [HďOϮ+MďOϮ] + [HHď+Mď]Ϳ aŶd thus, OϮ aǀailaďilitǇ. The 

fleǆiďle NIRS pƌoďe ǁas plaĐed loŶgitudiŶallǇ aloŶg the ďellǇ of the ƌight ǀastus lateƌalis 

ŵusĐle ŵidǁaǇ ďetǁeeŶ the gƌeateƌ tƌoĐhaŶteƌ aŶd the lateƌal ĐoŶdǇle of the tiďia aŶd 

ŵaƌked ǁith ǁashaďle peŶ suĐh that the pƌoďe positioŶ Đould ďe ƌepliĐated foƌ eaĐh 

suďseƋueŶt ǀisit. The pƌoďe ǁas held fiƌŵlǇ iŶ plaĐe ďǇ elastiĐ VelĐƌo stƌappiŶg. FolloǁiŶg 

eaĐh tƌial, iŶdeŶtatioŶs of the pƌoďe oŶ the paƌtiĐipaŶt’s skiŶ ǁeƌe iŶspeĐted to ĐoŶfiƌŵ that 

the pƌoďe had Ŷot ŵoǀed duƌiŶg the tƌial, ǁhiĐh ǁas the Đase foƌ eǀeƌǇ eǆeƌĐise tƌaŶsitioŶ. 

The NIRS pƌoďe ǁas Đaliďƌated pƌioƌ to eaĐh testiŶg sessioŶ usiŶg a ĐaliďƌatioŶ ďloĐk of 

kŶoǁŶ aďsoƌptioŶ aŶd sĐatteƌiŶg ĐoeffiĐieŶts. CaliďƌatioŶ ǁas theŶ Đƌoss-ĐheĐked usiŶg a 

seĐoŶd ďloĐk of kŶoǁŶ ďut distiŶĐtlǇ diffeƌeŶt aďsoƌptioŶ aŶd sĐatteƌiŶg ĐoeffiĐieŶts. EaĐh 

of these pƌoĐeduƌes ǁas aĐĐoƌdiŶg to the ŵaŶufaĐtuƌeƌ’s ƌeĐoŵŵeŶdatioŶs.  

Data aŶalǇsis. The ďƌeath-ďǇ-ďƌeath ሶܸ OϮ data fƌoŵ eaĐh ĐoŶstaŶt ǁoƌk ƌate eǆeƌĐise ďout 

ǁeƌe iŶitiallǇ eǆaŵiŶed to eǆĐlude eƌƌaŶt ďƌeaths due to Đoughs, sǁalloǁs, sighs etĐ. 

ideŶtified as atǇpiĐal of the uŶdeƌlǇiŶg ƌespoŶse ďǇ ƌeŵoǀiŶg ǀalues lǇiŶg ŵoƌe thaŶ fouƌ 

staŶdaƌd deǀiatioŶs fƌoŵ the loĐal ŵeaŶ deteƌŵiŶed usiŶg a ϱ-ďƌeath ƌolliŶg aǀeƌage.  
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Edited ሶܸ OϮ data ǁeƌe theŶ suďseƋueŶtlǇ liŶeaƌlǇ iŶteƌpolated to pƌoǀide seĐoŶd-ďǇ-seĐoŶd 

ǀalues. Foƌ ሶܸ OϮ ƌespoŶses to the ďouts of pƌiŵiŶg eǆeƌĐise iŶ PRI, the fouƌ tƌaŶsitioŶs ǁeƌe 

also tiŵe-aligŶed aŶd eŶseŵďle aǀeƌaged to pƌoduĐe a siŶgle dataset; ǁheƌeas the ĐƌiteƌioŶ 

ďout foƌ the deteƌŵiŶatioŶ of ĐƌitiĐal poǁeƌ aŶd W’ iŶ eaĐh ĐoŶditioŶ ǁeƌe Ŷot ƌepeated, 

heŶĐe eaĐh of these ǁeƌe ŵodelled iŶdepeŶdeŶtlǇ. Foƌ eaĐh eǆeƌĐise tƌaŶsitioŶ, data 

pƌeĐediŶg a pƌeĐipitous dƌop iŶ ƌespiƌatoƌǇ eǆĐhaŶge ƌatio aŶd eŶd-tidal OϮ pƌessuƌe ǁeƌe 

eǆĐluded to ƌeŵoǀe the phase I ;ĐaƌdiodǇŶaŵiĐͿ ƌespoŶse ;Whipp & Waƌd, ϭϵϵϬͿ aŶd a 

ŵoŶoeǆpoŶeŶtial ŵodel ;EƋ. ϭͿ ǁith tiŵe delaǇ ǁas theŶ fitted to the data:  

 ;ϭͿ   ሶܸ OϮ ;tͿ = ሶܸ OϮ ;ďͿ + AVOϮ * ;ϭ – e – ;t – TD
VOϮ

/ τ
VOϮ

ͿͿ 

Wheƌe ሶܸ OϮ ;tͿ is the ሶܸ OϮ at aŶǇ tiŵe t; ሶܸ OϮ ;ďͿ is the ďaseliŶe ሶܸ OϮ ǁhiĐh ǁas takeŶ as the 

ŵeaŶ ሶܸ OϮ fƌoŵ the last ϯϬ s of the ďaseliŶe peƌiod pƌeĐediŶg the ĐƌiteƌioŶ ďout, ܣ௏ሶ ೀమ  is the 

aŵplitude of the fuŶdaŵeŶtal ƌespoŶse, ܶܦ௏ሶ ೀమ is the tiŵe delaǇ of the fuŶdaŵeŶtal 

ƌespoŶse ƌelatiǀe to the oŶset of eǆeƌĐise, aŶd ߬௏ሶ OϮ is the tiŵe ĐoŶstaŶt of the fuŶdaŵeŶtal 

ƌespoŶse. The oŶset of the ሶܸ OϮ sloǁ ĐoŵpoŶeŶt ;ܶܦௌ஼௏ሶ ೀమͿ ǁas deteƌŵiŶed usiŶg puƌpose 

desigŶed pƌogƌaŵŵiŶg iŶ MiĐƌosoft EǆĐel ;MiĐƌosoft CoƌpoƌatioŶ, RedŵoŶd, WAͿ ǁhiĐh 

iteƌatiǀelǇ fits a ŵoŶo-eǆpoŶeŶtial fuŶĐtioŶ to the ሶܸ OϮ data, staƌtiŶg at ϲϬs uŶtil the ǁiŶdoǁ 

eŶĐoŵpasses the eŶtiƌe ƌespoŶse. The ƌesultiŶg fuŶdaŵeŶtal phase tiŵe ĐoŶstaŶts aƌe 

plotted agaiŶst tiŵe aŶd the ܶܦௌ஼௏ሶ ೀమ  ǁas ideŶtified as the poiŶt at ǁhiĐh the fuŶdaŵeŶtal 

phase tiŵe ĐoŶstaŶt ĐoŶsisteŶtlǇ deǀiates fƌoŵ a pƌeǀiouslǇ ͞flat͟ pƌofile, aŶd the 

deŵoŶstƌatioŶ of a loĐal thƌeshold iŶ the XϮ ǀalue ;Rossiteƌ et al. ϮϬϬϭͿ. This ŵethod alloǁs 

the fittiŶg of EƋ. ϭ to the fuŶdaŵeŶtal ĐoŵpoŶeŶt of the ƌespoŶse isolated fƌoŵ the sloǁ 

ĐoŵpoŶeŶt, thus aǀoidiŶg the possiďilitǇ of aƌďitƌaƌilǇ paƌaŵeteƌiziŶg the sloǁ ĐoŵpoŶeŶt. 

The isolated fuŶdaŵeŶtal ƌespoŶses ǁeƌe theŶ fitted ǁith the saŵe ŵoŶoeǆpoŶeŶtial 
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ŵodel as shoǁŶ iŶ EƋ. ϭ usiŶg OƌigiŶ ϲ.Ϭ ;OƌigiŶLaď CoƌpoƌatioŶ, MA, USAͿ to oďtaiŶ the 

ϵϱ% ĐoŶfideŶĐe iŶteƌǀals foƌ the deƌiǀed paƌaŵeteƌ estiŵates. The aŵplitude of the ሶܸ OϮ 

sloǁ ĐoŵpoŶeŶt ǁas deteƌŵiŶed ďǇ ĐalĐulatiŶg the diffeƌeŶĐe ďetǁeeŶ the eŶd eǆeƌĐise ሶܸ OϮ ;i.e. ŵeaŶ ሶܸ OϮ oǀeƌ fiŶal ϯϬ s of eǆeƌĐiseͿ aŶd ܣ௏ሶ ೀమ+ ሶܸ OϮ ;ďͿ. The fuŶĐtioŶal gaiŶ of the 

fuŶdaŵeŶtal ሶܸ OϮ ƌespoŶse ǁas also ĐalĐulated ďǇ diǀidiŶg ܣ௏ሶ ೀమ  ďǇ the ĐhaŶge iŶ ǁoƌk ƌate 

;i.e. ܣ௏ሶ ೀమ/Δ ǁoƌk ƌateͿ.  

The NIRS deƌiǀed [HHď+Mď] ƌespoŶses to eǆeƌĐise ǁeƌe also ŵodelled to pƌoǀide 

iŶfoƌŵatioŶ oŶ ŵusĐle deoǆǇgeŶatioŶ kiŶetiĐs. SiŶĐe the [HHď+Mď] sigŶal iŶĐƌeases afteƌ a 

shoƌt delaǇ iŶ ƌespoŶse to step eǆeƌĐise, the tiŵe delaǇ ďefoƌe the oŶset of the eǆpoŶeŶtial 

ƌise iŶ [HHď+Mď] ;i.e. TD[HHď+Mď]Ϳ ǁas defiŶed as a ϭ SD iŶĐƌease iŶ [HHď+Mď] aďoǀe the 

ŵeaŶ ďaseliŶe ǀalue takeŶ fƌoŵ the fiŶal ϯϬ s of ďaseliŶe ĐǇĐliŶg ;DeLoƌeǇ et al. ϮϬϬϯͿ. IŶ 

iŶstaŶĐes ǁheƌe [HHď+Mď] deĐƌeased afteƌ the eǆeƌĐise oŶset, TD[HHď+Mď] ǁas takeŶ as the 

fiƌst poiŶt folloǁiŶg the Ŷadiƌ shoǁiŶg a ĐoŶtiŶual iŶĐƌease iŶ [HHď+Mď]. Afteƌ ƌeŵoǀiŶg 

data pƌioƌ to this poiŶt, [HHď+Mď] data ǁas theŶ fit to a ŵoŶoeǆpoŶeŶtial ŵodel of the 

foƌŵ: 

;ϮͿ                     [HHď+Mď];tͿ = [HHď+Mď];ďͿ + A[HHď+Mď] * ;ϭ – e ;t – TD
[HHď+Mď]

Ϳ/ τ 
[HHď+Mď]Ϳ  

Wheƌe [HHď+Mď];ďͿ is the ŵeaŶ [HHď+Mď] ŵeasuƌed oǀeƌ the fiŶal ϯϬ s of ďaseliŶe ĐǇĐliŶg, 

A[HHď] is the asǇŵptotiĐ aŵplitude of the ƌespoŶse, TD[HHď+Mď] is the tiŵe delaǇ ƌelatiǀe to the 

oŶset of eǆeƌĐise aŶd τ[HHď+Mď] is the tiŵe ĐoŶstaŶt foƌ the ƌespoŶse. The ŵodel fittiŶg 

ǁiŶdoǁ ǁas ĐoŶstƌaiŶed to ܶܦௌ஼௏ሶ ೀమ. The aŵplitude of the [HHď+Mď] sloǁ ĐoŵpoŶeŶt ǁas 

ĐalĐulated ďǇ suďtƌaĐtiŶg the aǀeƌage ǀalue of [HHď+Mď] duƌiŶg the fiŶal ϯϬ s of eǆeƌĐise 

fƌoŵ the aďsolute [HHď+Mď] ƌespoŶse ;i.e. [HHď+Mď];ďͿ + A[HHď+Mď]Ϳ. To iŶdiĐate ĐhaŶges iŶ 

ŵusĐle oǆǇgeŶatioŶ aŶd [THď+Mď] ĐoŶĐeŶtƌatioŶs, the ŵeaŶ ǀalues foƌ [HďOϮ+MďOϮ] aŶd 
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[THď+Mď] ǁeƌe deteƌŵiŶed at ďaseliŶe ;ϯϬ s pƌeĐediŶg eaĐh tƌaŶsitioŶͿ, at ϯϬ s aŶd ϭϮϬ s 

iŶto the eǆeƌĐise tƌaŶsitioŶ ;ϭϱ s ďiŶ ĐeŶtƌed oŶ ϯϬ aŶd ϭϮϬ sͿ, aŶd at eŶd eǆeƌĐise ;fiŶal ϯϬ 

sͿ to faĐilitate ĐoŵpaƌisoŶs ďetǁeeŶ ĐoŶditioŶs. These paƌtiĐulaƌ tiŵe poiŶts ǁeƌe ĐhoseŶ to 

alloǁ ĐoŵpaƌisoŶs ďetǁeeŶ ĐoŶditioŶs eaƌlǇ iŶ the tƌaŶsitioŶ duƌiŶg the phase II iŶĐƌease iŶ ሶܸ OϮ ďefoƌe the oŶset of the ሶܸ OϮ sloǁ ĐoŵpoŶeŶt aŶd afteƌ the ሶܸ OϮ sloǁ ĐoŵpoŶeŶt had 

deǀeloped fullǇ ;i.e. at eǆeƌĐise teƌŵiŶatioŶͿ.  

Heaƌt-ƌate kiŶetiĐs ǁeƌe also ŵodelled usiŶg a ŵoŶoeǆpoŶeŶtial fuŶĐtioŶ ǁith the ƌespoŶse 

ĐoŶstƌaiŶed to the staƌt of eǆeƌĐise ;t = ϬͿ: 

;ϯͿ   HR;tͿ = HR;ďͿ + AHR * ;ϭ – e ;t / τ
HR

Ϳ 

Wheƌe HR;ďͿ is the ŵeaŶ HR ŵeasuƌed oǀeƌ the fiŶal ϯϬ s of ďaseliŶe ĐǇĐliŶg, AHR is the 

asǇŵptotiĐ aŵplitude of the ƌespoŶse aŶd τHR is the tiŵe ĐoŶstaŶt of the ƌespoŶse. The 

fittiŶg ǁiŶdoǁ ǁas ĐoŶstƌaiŶed to ܶܦௌ஼௏ሶ ೀమ.  

CƌitiĐal poǁeƌ aŶd W’ ǁeƌe estiŵated usiŶg thƌee ŵodels: the hǇpeƌďoliĐ poǁeƌ-tiŵe ;P-TͿ 

ŵodel ;EƋuatioŶ ϰͿ; the liŶeaƌ ǁoƌk-tiŵe ;W-TͿ ŵodel, ǁheƌe the total ǁoƌk doŶe is plotted 

agaiŶst tiŵe ;EƋuatioŶ ϱͿ; aŶd the liŶeaƌ iŶǀeƌse-of-tiŵe ;ϭ/TͿ ŵodel ;EƋuatioŶ ϲͿ, ǁheƌe 

poǁeƌ output is plotted agaiŶst the iŶǀeƌse of tiŵe:  

;ϰͿ     P = W’ / T + CP         

;ϱͿ     W = CP * T + W’       

;ϲͿ     P = W’ * ;ϭ/TͿ + CP     
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The staŶdaƌd eƌƌoƌs of the estiŵates ;SEEͿ assoĐiated ǁith CP aŶd W’ ǁeƌe eǆpƌessed as a 

ĐoeffiĐieŶt of ǀaƌiatioŶ ;CVͿ ƌelatiǀe to the paƌaŵeteƌ estiŵate. The ŵodel ǁith the loǁest 

aǀeƌage CV ǁas theŶ used foƌ all suďseƋueŶt aŶalǇses. 

StatistiĐal aŶalǇses. Tǁo-ǁaǇ ƌepeated ŵeasuƌes aŶalǇses of ǀaƌiaŶĐe ;ANOVA, ĐoŶditioŶ * 

ǁoƌk ƌateͿ ǁeƌe used to Đoŵpaƌe diffeƌeŶĐes iŶ all ሶܸ OϮ, [HHď+Mď] aŶd heaƌt ƌate kiŶetiĐ 

ǀaƌiaďles ďetǁeeŶ tests. Thƌee-ǁaǇ ƌepeated ŵeasuƌes ANOVAs ;ĐoŶditioŶ * ǁoƌk ƌate * 

tiŵeͿ ǁeƌe used to Đoŵpaƌe diffeƌeŶĐes iŶ ďlood [L-], [HďOϮ+MďOϮ], aŶd [THď+Mď] ďetǁeeŶ 

tests. PlaŶŶed ƌepeated aŶd siŵple ĐoŶtƌasts ǁeƌe applied to ideŶtifǇ the loĐatioŶ of aŶǇ 

sigŶifiĐaŶt ŵaiŶ oƌ iŶteƌaĐtioŶ effeĐts ǁheŶ fouŶd. LeǀeŶe’s test ǁas used to ĐheĐk foƌ 

eƋualitǇ of ǀaƌiaŶĐes foƌ iŶdepeŶdeŶt gƌoups aŶd MauĐhlǇ’s test ǁas used to test foƌ the 

assuŵptioŶ of spheƌiĐitǇ foƌ ƌepeated ŵeasuƌes faĐtoƌs. Paiƌed saŵples t-tests ǁeƌe used to 

Đoŵpaƌe diffeƌeŶĐes iŶ ĐƌitiĐal poǁeƌ aŶd W’ ďetǁeeŶ ĐoŶditioŶs. Wheƌe this assuŵptioŶ 

ǁas ǀiolated, the GƌeeŶhouse-Geisseƌ ĐoƌƌeĐtioŶ faĐtoƌ ǁas applied to adjust the degƌees of 

fƌeedoŵ. PeaƌsoŶ’s pƌoduĐt-ŵoŵeŶt ĐoƌƌelatioŶ ĐoeffiĐieŶt ǁas used to eǆploƌe the 

ƌelatioŶships ďetǁeeŶ ǀaƌiaďles of iŶteƌest. All data aƌe pƌeseŶted as ŵeaŶ ± SD uŶless 

otheƌǁise stated, ǁith ϵϱ% ĐoŶfideŶĐe iŶteƌǀals pƌeseŶted foƌ ŵodelled tiŵe ĐoŶstaŶt 

paƌaŵeteƌs. To highlight ǀalues foƌ paƌaŵeteƌs ŵeasuƌed aĐƌoss all fouƌ ǁoƌk ƌates, the 

oǀeƌall ŵeaŶ aĐƌoss ǁoƌk ƌates ± SD is pƌeseŶted iŶ teǆt, ǁith ǁoƌk ƌate-speĐifiĐ ŵeaŶ ± SD 

pƌeseŶted iŶ taďles. IŶdepeŶdeŶt saŵples t-tests ǁeƌe used to Đoŵpaƌe diffeƌeŶĐes iŶ ߬௏ሶ OϮ 

duƌiŶg heaǀǇ pƌiŵiŶg aŶd seǀeƌe eǆeƌĐise ďetǁeeŶ gƌoups. StatistiĐal sigŶifiĐaŶĐe ǁas 

aĐĐepted at P < Ϭ.Ϭϱ. 

RESULTS 
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IŶĐreŵeŶtal raŵp test. Foƌ the supiŶe aŶd upƌight gƌoup, ሶܸ OϮ ŵaǆ ǁas ϯ.ϰϱ ± Ϭ.ϰϴ l.ŵiŶ-ϭ 

;ϰϱ.ϭ ± ϱ.Ϯ ŵl.kg-ϭ.ŵiŶ-ϭͿ aŶd ϰ.Ϭϱ ± Ϭ.ϱϬ l.ŵiŶ-ϭ ;ϱϭ.ϴ ± ϲ.ϱ ŵl.kg-ϭ.ŵiŶ-ϭͿ, the GET ǁas ϭ.ϵϰ ± 

Ϭ.ϭϱ l.ŵiŶ-ϭ ;ϭϭϭ ± ϭϲ WͿ aŶd Ϯ.ϭϵ ± Ϭ.ϯϮ l.ŵiŶ-ϭ ;ϭϯϳ ± Ϯϰ WͿ, ƌespeĐtiǀelǇ.  

PriŵiŶg eǆerĐise. PƌiŵiŶg eǆeƌĐise ǁas ĐoŶduĐted at aŶ aǀeƌage iŶteŶsitǇ of ϭϳϮ ± Ϯϵ W 

;supiŶe; ϯϬ ± ϱ.ϭ%ΔͿ aŶd Ϯϭϰ ± ϭϵ W ;upƌight; ϯϲ ± Ϯ.Ϭ%ΔͿ,  aŶd ƌesulted iŶ aŶ eleǀated 

ďlood [L-] iŵŵediatelǇ pƌioƌ to the eǆhaustiǀe ĐoŶstaŶt ǁoƌk ƌate tƌials iŶ ďoth gƌoups 

Đoŵpaƌed to ĐoŶtƌol ;supiŶe: CON = ϭ.ϱϯ ± Ϭ.ϯϴ ǀs. PRI = ϰ.ϭϰ ± Ϭ.ϳϰ ŵŵol.L-ϭ; upright: CON 

= ϭ.ϰϲ ± Ϭ.ϰϲ ǀs. PRI = ϯ.ϲϳ ± Ϭ.ϳϳ ŵŵol.L-ϭ; ďoth P < Ϭ.ϬϬϭͿ. Theƌe ǁas Ŷo diffeƌeŶĐe iŶ eŶd-

eǆeƌĐise ďlood [L-] ďetǁeeŶ ĐoŶditioŶs iŶ eitheƌ gƌoup ;supiŶe: CON = ϭϭ.ϲ ± Ϯ.ϭ ǀs. PRI = 

ϭϮ.ϰ ± Ϯ.ϱ ŵŵol.L-ϭ; upright: CON = ϭϯ.ϭ ± ϯ.Ϭ ǀs. PRI = ϭϯ.ϯ ± Ϯ.ϴ ŵŵol.L-ϭ, ďoth P < Ϭ.ϬϬϭͿ.  ߬௏ሶ OϮ deteƌŵiŶed fƌoŵ the heaǀǇ-iŶteŶsitǇ ďouts of pƌiŵiŶg eǆeƌĐise ǁas gƌeateƌ iŶ the 

supiŶe gƌoup ;ϰϰ ± ϭϭ s, ϵϱ% CI ϭ.ϴϬ ± Ϭ.ϴϳͿ ǁheŶ Đoŵpaƌed to the upƌight gƌoup ;ϯϬ ± ϭϬ s, 

ϵϱ% CI ϭ.ϱϱ ± Ϭ.ϵϬ s; P = Ϭ.ϬϮ, taďle ϭͿ. 

OǆǇgeŶ uptake kiŶetiĐs. The ሶܸ OϮ ƌespoŶses of a ƌepƌeseŶtatiǀe paƌtiĐipaŶt fƌoŵ eaĐh gƌoup 

at a siŶgle ǁoƌk ƌate iŶ ďoth ĐoŶditioŶs aŶd theiƌ ƌespeĐtiǀe ŵodelled fits aƌe pƌeseŶted iŶ 

figuƌe ϭ. IŶ the supiŶe gƌoup, ߬௏ሶ OϮ ǁas sŵalleƌ iŶ PRI Đoŵpaƌed to CON ;CON = ϱϰ ± ϭϴ s, 

ϵϱ% CI ϱ.ϲ ± ϯ.ϱ s ǀs. PRI = ϯϵ ± ϭϭ s, ϵϱ% CI ϯ.ϱ ± Ϯ.Ϯ s; P < Ϭ.ϬϬϭͿ. ߬௏ሶ OϮ ǁas Ŷot diffeƌeŶt 

ďetǁeeŶ CON aŶd PRI iŶ the upƌight gƌoup ;CON = ϯϱ ± ϴ s, ϵϱ% CI ϰ.ϰ ± ϯ.Ϯ s ǀs. PRI = ϯϳ ± 

ϭϭ s, ϵϱ% CI ϰ.ϴ ± ϯ.ϴ s, P = Ϭ.ϴϮ, taďle ϮͿ. Hoǁeǀeƌ, ܣ௏ሶ ೀమǁas gƌeateƌ ;CON = Ϯ.ϯϴ ± Ϭ.ϯϱ ǀs. 

PRI = Ϯ.ϱϬ ± Ϭ.Ϯϴ l.ŵiŶ-ϭ; P = Ϭ.ϬϮͿ aŶd the ŵagŶitude of the sloǁ ĐoŵpoŶeŶt ǁas sŵalleƌ 

;CON = Ϭ.ϰϰ ± Ϭ.ϭϭ ǀs. PRI = Ϭ.ϯϯ ± Ϭ.ϭϭ l.ŵiŶ-ϭ; P = Ϭ.ϬϮͿ iŶ PRI Đoŵpaƌed to CON iŶ the 

upƌight gƌoup ;taďle ϮͿ.. The ሶܸ OϮ ƌespoŶses at eaĐh ǁoƌk ƌate aŶd ĐoŶditioŶ of a 
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ƌepƌeseŶtatiǀe paƌtiĐipaŶt fƌoŵ eaĐh gƌoup, aloŶg ǁith the poǁeƌ-duƌatioŶ ƌelatioŶships iŶ 

eaĐh ĐoŶditioŶ, aƌe shoǁŶ iŶ figuƌe Ϯ.  

Poǁer-duratioŶ relatioŶship. The W-T ŵodel seĐuƌed the loǁest CV foƌ eaĐh paƌtiĐipaŶt, aŶd 

ǁas thus used foƌ all suďseƋueŶt aŶalǇses. CƌitiĐal poǁeƌ iŶ PRI ǁas gƌeateƌ thaŶ CON iŶ the 

supiŶe gƌoup ;CON = ϭϳϴ ± ϯϭ W, CV ϰ ± Ϯ% ǀs. PRI = ϭϴϱ ± ϯϬ W, CV Ϯ ± Ϯ% P = Ϭ.ϬϬϲͿ. 

Theƌe ǁas Ŷo diffeƌeŶĐe iŶ ĐƌitiĐal poǁeƌ ďetǁeeŶ CON aŶd PRI iŶ the upƌight gƌoup ;CON = 

Ϯϯϲ ± ϰϮ W, CV ϯ ± Ϯ% ǀs. PRI = ϮϯϮ ± ϯϱ W, CV Ϯ ± ϭ%; P = Ϭ.ϱϳ, figuƌe ϯͿ. W’ ǁas Ŷot 

diffeƌeŶt ďetǁeeŶ ĐoŶditioŶs iŶ eitheƌ gƌoup ;supiŶe CON = ϭϲ.ϰ ± ϱ kJ, CV ϭϳ ± ϴ % ǀs. PRI = 

ϭϱ.ϵ ± ϱ.ϳ kJ, CV ϭϮ ± ϴ%, P = Ϭ.ϲϮ; upright CON = ϭϴ.ϯ ± ϰ.ϲ kJ, CV ϭϲ ± ϳ% ǀs. PRI = ϭϳ.ϳ ± 

ϱ.ϭ kJ, CV ϭϱ ± ϭϬ%, P = Ϭ.ϳϮͿ. The ߬௏ሶ OϮ deteƌŵiŶed fƌoŵ the heaǀǇ-iŶteŶsitǇ pƌiŵiŶg 

eǆeƌĐise ďouts that pƌeĐeded the eǆhaustiǀe ĐoŶstaŶt ǁoƌk ƌate tƌials ǁas sigŶifiĐaŶtlǇ 

Đoƌƌelated ǁith ĐƌitiĐal poǁeƌ ;Ŷoƌŵalised to ďodǇ ŵass aŶd deƌiǀed fƌoŵ the ĐoŶtƌol 

ĐoŶditioŶͿ iŶ the upƌight gƌoup ;r = -Ϭ.ϴϬ, P = Ϭ.ϬϬϱͿ. Hoǁeǀeƌ, this ƌelatioŶship ǁas Ŷot 

pƌeseŶt iŶ the supiŶe gƌoup ;r = Ϭ.Ϭϲϳ, P = Ϭ.ϴϲͿ ;figuƌe ϰͿ. The iŶdiǀidual ĐhaŶges iŶ W’ 

ďetǁeeŶ ĐoŶditioŶs iŶ eaĐh paƌtiĐipaŶt iŶ the upƌight gƌoup ǁeƌe iŶǀeƌselǇ Đoƌƌelated ǁith 

ďlood [L-] iŵŵediatelǇ pƌioƌ to the eǆhaustiǀe ĐoŶstaŶt ǁoƌk ƌate tƌials ;r = -Ϭ.ϳϵ, P = Ϭ.ϬϬϳͿ, 

ǁheƌeas this ƌelatioŶship ǁas Ŷot oďseƌǀed iŶ the supiŶe gƌoup ;r = Ϭ.Ϯϳ, P = Ϭ.ϰϰͿ. 

NIRS paraŵeters. IŶ the supiŶe gƌoup, τ[HHď+Mď] ǁas gƌeateƌ iŶ PRI ǁheŶ Đoŵpaƌed to CON 

;CON = ϴ ± ϰ s, ϵϱ% CI ϭ.ϯϮ ± Ϭ.ϴϬ s, ǀs. PRI = ϭϮ ± ϰ s, ϵϱ% CI ϭ.ϰϵ ± Ϭ.ϴϴ s; P = Ϭ.ϬϬϯͿ. IŶ the 

upƌight gƌoup, theƌe ǁas a tƌeŶd foƌ τ[HHď+Mď] to ďe gƌeateƌ iŶ PRI Đoŵpaƌed to CON ;CON = 

ϭϬ ± ϱ s, ϵϱ% CI ϭ.ϯϭ ± Ϭ.ϵϬ s, ǀs. PRI = ϭϰ ± ϭϬ s, ϵϱ% CI Ϯ.Ϭ ± ϭ.ϴ s; P = Ϭ.ϭϬ, taďle ϯͿ, ǁhilst 

A[HHď+Mď] ǁas also gƌeateƌ iŶ PRI Đoŵpaƌed to CON ;CON = Ϯϭ ± ϯ.ϲ ǀs. PRI = Ϯϰ ± ϲ.ϴ μM; P = 

Ϭ.ϬϮ, taďle ϯͿ IŶ the supiŶe gƌoup, [HďOϮ+MďOϮ] ǁas higheƌ iŶ PRI Đoŵpaƌed to CON ;ŵaiŶ 
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effeĐt of ĐoŶditioŶ, P = Ϭ.ϬϰͿ, hoǁeǀeƌ theƌe ǁas Ŷo effeĐt of ĐoŶditioŶ oŶ [THď+Mď] ;P = 

Ϭ.ϭϭͿ. IŶ the upƌight gƌoup, [HďOϮ+MďOϮ] aŶd [THď+Mď] ǁeƌe ďoth eleǀated iŶ PRI 

Đoŵpaƌed to CON ;ďoth P < Ϭ.ϬϬϭͿ ;figuƌe ϱͿ.  

Heart rate. τHR ǁas ƌeduĐed iŶ PRI Đoŵpaƌed to CON iŶ the supiŶe gƌoup ;CON = ϱϮ ± ϭϰ s, 

ϵϱ% CI Ϯ.ϰϳ ± Ϭ.ϴϮ s ǀs. PRI = ϰϭ ± ϳ, ϵϱ% CI ϭ.ϵϲ ± Ϭ.ϱϯ s; P = Ϭ.ϬϬϲͿ, ǁheƌeas iŶ the upƌight 

gƌoup, τHR ǁas Ŷot diffeƌeŶt ďetǁeeŶ CON aŶd PRI ;CON = ϰϳ ± ϭϯ s, ϵϱ% CI Ϯ.ϴϯ ± Ϭ.ϴϬ s ǀs. 

PRI = ϰϵ ± ϭϵ, ϵϱ% CI Ϯ.Ϭϰ ± Ϭ.ϵϲ s; P = Ϭ.ϰϭͿ.  BaseliŶe HR ǁas gƌeateƌ iŶ PRI thaŶ CON ;CON 

= ϴϵ ± ϴ ǀs. PRI = ϵϳ ± ϭϯ ďeats.ŵiŶ-ϭ; P = Ϭ.ϬϬϯͿ iŶ the upƌight gƌoup.  

DISCUSSION 

The pƌeseŶt studǇ iŶǀestigated the effeĐts of pƌiŵiŶg eǆeƌĐise oŶ ĐƌitiĐal poǁeƌ aŶd ሶܸ OϮ 

kiŶetiĐs duƌiŶg upƌight aŶd supiŶe eǆeƌĐise. We hǇpothesised that ;iͿ pƌiŵiŶg eǆeƌĐise ǁould 

ƌeduĐe ߬௏ሶ OϮ iŶ the supiŶe ďut Ŷot the upƌight gƌoup, ;iiͿ pƌiŵiŶg eǆeƌĐise ǁould iŶĐƌease 

ĐƌitiĐal poǁeƌ iŶ the supiŶe ďut Ŷot the upƌight gƌoup, aŶd ;iiiͿ ĐƌitiĐal poǁeƌ ǁould ďe 

Đoƌƌelated ǁith ߬௏ሶ OϮ iŶ ďoth ďodǇ positioŶs. CoŶsisteŶt ǁith ouƌ fiƌst aŶd seĐoŶd 

hǇpotheses, ǁe fouŶd that ǁheŶ pƌiŵiŶg eǆeƌĐise ǁas ĐoŶduĐted iŶ the supiŶe positioŶ, ߬௏ሶ OϮ ǁas ƌeduĐed ǁheŶ Đoŵpaƌed to the ĐoŶtƌol ĐoŶditioŶ aŶd this ǁas aĐĐoŵpaŶied ďǇ a 

ĐoŶĐoŵitaŶt iŶĐƌease iŶ ĐƌitiĐal poǁeƌ. Hoǁeǀeƌ, iŶ the upƌight positioŶ theƌe ǁas Ŷo effeĐt 

of pƌiŵiŶg eǆeƌĐise oŶ eitheƌ ߬௏ሶ OϮ oƌ ĐƌitiĐal poǁeƌ. The pƌeseŶt studǇ theƌefoƌe pƌoǀides 

the fiƌst eǆpeƌiŵeŶtal eǀideŶĐe that ߬௏ሶ OϮ is aŶ iŶdepeŶdeŶt deteƌŵiŶaŶt of ĐƌitiĐal poǁeƌ. 

Hoǁeǀeƌ, iŶ ĐoŶtƌast ǁith ouƌ thiƌd hǇpothesis, the ĐoƌƌelatioŶ ďetǁeeŶ ߬௏ሶ OϮ aŶd ĐƌitiĐal 

poǁeƌ that ǁas appaƌeŶt iŶ the upƌight positioŶ ǁas Ŷot eǀideŶt iŶ the supiŶe positioŶ. 

HeŶĐe, aŶ alteƌŶatiǀe iŶteƌpƌetatioŶ is that the ƌeduĐtioŶ iŶ ߬௏ሶ OϮ is ŵeĐhaŶistiĐallǇ ƌelated 

to the iŶĐƌease iŶ ĐƌitiĐal poǁeƌ thƌough shaƌed phǇsiologiĐal effeĐts of pƌiŵiŶg eǆeƌĐise.    
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CoŶsisteŶt ǁith the pƌeseŶt fiŶdiŶgs, iŶ the upƌight positioŶ JoŶes et al. ;ϮϬϬϯͿ aŶd BuƌŶleǇ 

et al. ;ϮϬϭϭͿ haǀe pƌeǀiouslǇ shoǁed that pƌiŵiŶg eǆeƌĐise has Ŷo effeĐt oŶ ĐƌitiĐal poǁeƌ oƌ ߬௏ሶ OϮ. IŶ ĐoŶtƌast, Miuƌa et al. ;ϮϬϬϵͿ deŵoŶstƌated that pƌiŵiŶg eǆeƌĐise iŶĐƌeased ĐƌitiĐal 

poǁeƌ iŶ the upƌight positioŶ, though these authoƌs did Ŷot ŵodel the ሶܸ OϮ ƌespoŶses to 

eǆeƌĐise. The disĐƌepaŶĐǇ ďetǁeeŶ the pƌeseŶt data iŶ the upƌight positioŶ aŶd that of 

Miuƌa et al. ;ϮϬϬϵͿ ŵight ďe eǆplaiŶed ďǇ the ƌeĐƌuitŵeŶt of paƌtiĐipaŶts ǁith a higheƌ 

aeƌoďiĐ fitŶess iŶ the pƌeseŶt studǇ ; ሶܸ OϮ  ŵaǆ = ~ϱϮ ǀs. ϰϮ ŵl.kg-ϭ.ŵiŶ-ϭ foƌ the pƌeseŶt 

studǇ ǀs. Miuƌa et al. ϮϬϬϵͿ.  IŶdiǀiduals ǁith loǁ aeƌoďiĐ fitŶess haǀe sloǁ ሶܸ OϮ kiŶetiĐs that 

aƌe ƌeadilǇ speeded folloǁiŶg pƌiŵiŶg eǆeƌĐise ;Guƌd et al. ϮϬϬϱ; SĐheueƌŵaŶŶ et al. ϮϬϬϮͿ, 

ǁheƌeas the saŵe is Ŷot tƌue foƌ those ǁith higheƌ aeƌoďiĐ fitŶess ;e.g. BuƌŶleǇ et al. ϮϬϬϬͿ. 

A ƌeduĐtioŶ of ߬௏ሶ OϮ folloǁiŶg pƌiŵiŶg eǆeƌĐise ŵight theƌefoƌe aĐĐouŶt foƌ the iŶĐƌeased 

ĐƌitiĐal poǁeƌ deŵoŶstƌated ďǇ Miuƌa et al. ;ϮϬϬϵͿ. IŶdeed, suĐh aŶ iŶteƌpƌetatioŶ is 

ĐoŶsisteŶt ǁith ouƌ fiŶdiŶgs iŶ the supiŶe positioŶ iŶ the pƌeseŶt studǇ, aŶd thus the ŶotioŶ 

that ߬௏ሶ OϮ is ŵeĐhaŶistiĐallǇ ƌelated to ĐƌitiĐal poǁeƌ. 

IŶflueŶĐe of priŵiŶg eǆerĐise iŶ the supiŶe positioŶ. 

IŶ the aďseŶĐe of a priori iŶfoƌŵatioŶ oŶ the speed of ሶܸ OϮ kiŶetiĐs duƌiŶg the fuŶdaŵeŶtal 

phase, ǁe utilised supiŶe eǆeƌĐise as a ŵeaŶs of sloǁiŶg this phase iŶ the ĐoŶtƌol ĐoŶditioŶ 

;HughsoŶ et al. ϭϵϵϭ; JoŶes et al. ϮϬϬϲ; Koga et al. ϭϵϵϵ; MaĐDoŶald et al. ϭϵϵϴͿ, ǁith aŶ 

aŶtiĐipated speediŶg oĐĐuƌƌiŶg folloǁiŶg pƌiŵiŶg eǆeƌĐise ;JoŶes et al. ϮϬϬϲͿ. CoŶseƋueŶtlǇ, 

ǁheŶ ߬௏ሶ OϮ ǁas deteƌŵiŶed at fouƌ seǀeƌe poǁeƌ outputs iŶ the supiŶe positioŶ iŶ the 

pƌeseŶt studǇ, the oǀeƌall ŵeaŶ ߬௏ሶ OϮ ;~ϱϰ sͿ ǁas gƌeateƌ thaŶ the ǀalues oďseƌǀed iŶ the 

pƌeseŶt studǇ iŶ the upƌight gƌoup ;oǀeƌall ŵeaŶ = ~ϯϱ sͿ. This fiŶdiŶg has ďeeŶ attƌiďuted 

to a loss of the ͞hǇdƌostatiĐ gƌadieŶt effeĐt͟ of gƌaǀitǇ iŶ the supiŶe positioŶ, thus loǁeƌiŶg 
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the pƌessuƌe head foƌ ďlood-to-ŵǇoĐǇte OϮ diffusioŶ aŶd liŵitiŶg the ƌate of iŶĐƌease iŶ ሶܸ OϮ 

at eǆeƌĐise oŶset ;Koga et al. ϭϵϵϵͿ.  

IŶ the pƌeseŶt studǇ folloǁiŶg pƌiŵiŶg eǆeƌĐise, [HďOϮ+MďOϮ] ǁas eleǀated aŶd the τ[HHď+Mď] 

ǁas gƌeateƌ ǁheŶ Đoŵpaƌed to the ĐoŶtƌol ĐoŶditioŶ, iŶdiĐatiŶg eŶhaŶĐed OϮ aǀailaďilitǇ 

aŶd a ƌelatiǀelǇ gƌeateƌ iŶĐƌease iŶ OϮ supplǇ ǀeƌsus OϮ utilizatioŶ at eǆeƌĐise oŶset. These 

effeĐts pƌesuŵaďlǇ ƌesulted fƌoŵ gƌeateƌ ǀasodilatioŶ aŶd ŵusĐle ďlood floǁ at the oŶset of 

the ĐƌiteƌioŶ eǆeƌĐise ďout ;GeƌďiŶo et al. ϭϵϵϲ; HughsoŶ et al. ϮϬϬϯͿ, aŶd aŶ iŵpƌoǀeŵeŶt 

of the ďlood-ŵǇoĐǇte OϮ diffusioŶal gƌadieŶt due to a ƌight shift of the [HďOϮ+MďOϮ] Đuƌǀe, 

the latteƌ due to a ƌesidual aĐidosis ƌeŵaiŶiŶg fƌoŵ the iŶitial eǆeƌĐise ďout ;BoŶiŶg et al. 

ϭϵϵϭ; WasseƌŵaŶ et al. ϭϵϵϭͿ. Fasteƌ heaƌt ƌate kiŶetiĐs also likelǇ ĐoŶtƌiďuted to gƌeateƌ OϮ 

aǀailaďilitǇ iŶ the eǆeƌĐisiŶg ŵusĐulatuƌe ďǇ eŶaďliŶg a fasteƌ adjustŵeŶt of ĐoŶǀeĐtiǀe OϮ 

deliǀeƌǇ at eǆeƌĐise oŶset. CƌuĐiallǇ, pƌiŵiŶg eǆeƌĐise iŶ the supiŶe positioŶ also ƌesulted iŶ a 

ƌeduĐtioŶ iŶ ߬௏ሶ OϮ ;oǀeƌall ŵeaŶ ߬௏ሶ OϮ: ~ϱϰ ǀs. ϯϵ sͿ. The teĐhŶiƋues eŵploǇed iŶ the pƌeseŶt 

studǇ ĐaŶŶot disĐƌiŵiŶate ďetǁeeŶ fasteƌ ŵitoĐhoŶdƌial ሶܸ OϮ kiŶetiĐs ;i.e. a ƌeduĐtioŶ iŶ 

ŵetaďoliĐ iŶeƌtia; BehŶke et al. ϮϬϬϮͿ aŶd the alleǀiatioŶ of aŶ OϮ aǀailaďilitǇ liŵitatioŶ, 

theƌefoƌe ǁe ĐaŶŶot eǆĐlude the possiďilitǇ that the ƌeduĐtioŶ of ߬௏ሶ OϮ oďseƌǀed heƌeiŶ ǁas 

due to ŵoƌe ƌapid ŵetaďoliĐ adjustŵeŶts iŶ oǀeƌĐoŵiŶg ŵetaďoliĐ iŶeƌtia ;Guƌd et al. 

ϮϬϬϱͿ. Hoǁeǀeƌ, the pƌeseŶt data aƌe ĐoŶgƌuous ǁith pƌeǀious studies shoǁiŶg that 

iŶĐƌeasiŶg ŵusĐle OϮ supplǇ iŶ situatioŶs ǁheƌe OϮ aǀailaďilitǇ is Đoŵpƌoŵised is a pƌiŵaƌǇ 

ŵeĐhaŶisŵ ďǇ ǁhiĐh ߬௏ሶ OϮ is ƌeduĐed ;DeLoƌeǇ et al. ϮϬϬϰ; EŶdo et al. ϮϬϬϱ; Fukuďa et al. 

ϮϬϬϰ; Guƌd et al. ϮϬϬϱ; HughsoŶ et al. ϭϵϵϯ; HughsoŶ & IŶŵaŶ, ϭϵϴϲ; Koppo & BouĐkaeƌt, 

ϮϬϬϱ; MaĐDoŶald et al. ϮϬϬϭ; PeƌƌeǇ et al. ϮϬϬϯ; Rossiteƌ et al. ϮϬϬϭ; SĐheueƌŵaŶŶ et al. 

ϮϬϬϮͿ. Regaƌdless, the deĐƌeased ߬௏ሶ OϮ iŶduĐed ďǇ pƌiŵiŶg eǆeƌĐise iŶ the supiŶe positioŶ 
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ǁas oďseƌǀed aloŶgside aŶ iŶĐƌeased ĐƌitiĐal poǁeƌ, suggestiŶg that ߬௏ሶ OϮ is eitheƌ aŶ 

iŶdepeŶdeŶt deteƌŵiŶaŶt of, oƌ ŵeĐhaŶistiĐallǇ ƌelated to, ĐƌitiĐal poǁeƌ.  

 

IŶflueŶĐe of priŵiŶg eǆerĐise iŶ the upright positioŶ. 

IŶ the upƌight positioŶ pƌiŵiŶg eǆeƌĐise appeaƌed to eŶhaŶĐe OϮ aǀailaďilitǇ, as eǀideŶĐed ďǇ 

iŶĐƌeased [THď+Mď] aŶd [HďOϮ+MďOϮ] iŵŵediatelǇ pƌioƌ to aŶd duƌiŶg the suďseƋueŶt 

eǆeƌĐise; theƌe ǁas also soŵe teŶdeŶĐǇ foƌ [HHď+Mď] kiŶetiĐs to ďe sloǁeƌ. The iŶĐƌeased 

aŵplitude of the heaƌt ƌate ƌespoŶse aŶd eleǀated ďaseliŶe heaƌt ƌate folloǁiŶg pƌiŵiŶg 

eǆeƌĐise Đoŵpaƌed to the ĐoŶtƌol ĐoŶditioŶ suppoƌt this suppositioŶ. Hoǁeǀeƌ, despite this 

eǀideŶĐe of iŶĐƌeased OϮ aǀailaďilitǇ, theƌe ǁas Ŷo iŵpaĐt of pƌiŵiŶg eǆeƌĐise oŶ ߬௏ሶ OϮ. 

Ratheƌ, pƌiŵiŶg eǆeƌĐise ƌesulted iŶ aŶ iŶĐƌeased ሶܸ OϮ aŵplitude duƌiŶg the fuŶdaŵeŶtal 

phase aŶd a ƌeduĐed ሶܸ OϮ sloǁ ĐoŵpoŶeŶt. These ƌesults aƌe ĐoŶsisteŶt ǁith pƌeǀious 

studies iŶǀestigatiŶg the effeĐts of pƌiŵiŶg eǆeƌĐise oŶ ሶܸ OϮ kiŶetiĐs iŶ healthǇ ǇouŶg adults 

peƌfoƌŵiŶg high-iŶteŶsitǇ upƌight ĐǇĐle eǆeƌĐise. IŶ suĐh populatioŶs, ߬௏ሶ OϮ is iŶseŶsitiǀe to 

iŶteƌǀeŶtioŶs ǁhiĐh iŶĐƌease ŵusĐle OϮ supplǇ aŶd is liŵited pƌiŶĐipallǇ ďǇ a ŵetaďoliĐ 

iŶeƌtia ;BeaƌdeŶ & Moffatt, ϮϬϬϭ; BuƌŶleǇ et al. ϮϬϬϬ; ϮϬϬϭ; ϮϬϬϮa; ϮϬϬϮď; ϮϬϬϱ; ϮϬϬϲ; 

EŶdo et al. ϮϬϬϱ; Gƌassi et al. ϭϵϵϴ; JoŶes et al. ϮϬϬϲ; Koppo & BouĐkaeƌt, ϮϬϬϮ; PeƌƌeǇ et 

al. ϮϬϬϯ; Poole et al. ϮϬϬϴ; Poole & JoŶes, ϮϬϭϮ; Rossiteƌ et al. ϮϬϬϮ; SahliŶ et al. ϮϬϬϱ; 

SĐheueƌŵaŶŶ et al. ϮϬϬϭ; WilkeƌsoŶ et al. ϮϬϬϰ;  WilkeƌsoŶ et al. ϮϬϬϲ; WilkeƌsoŶ et al. 

ϮϬϬϱͿ.  

Hoǁeǀeƌ, it has ďeeŶ shoǁŶ that heaǀǇ-iŶteŶsitǇ pƌiŵiŶg eǆeƌĐise ĐaŶ ƌeduĐe the ߬௏ሶ OϮ 

duƌiŶg ŵodeƌate iŶteŶsitǇ eǆeƌĐise, paƌtiĐulaƌlǇ iŶ those iŶdiǀiduals ǁith ߬௏ሶ OϮ  ǀalues ≥ ϯϬ s 
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;Guƌd et al. ϮϬϬϱͿ. GiǀeŶ the aǀeƌage ǀalues of ߬௏ሶ OϮ iŶ the upƌight gƌoup iŶ the pƌeseŶt studǇ 

;i.e. ~ϯϱ sͿ; it is peƌhaps theƌefoƌe suƌpƌisiŶg that pƌiŵiŶg eǆeƌĐise did Ŷot ƌeduĐe ߬௏ሶ OϮ. 

Hoǁeǀeƌ, the ǀalue of ߬௏ሶ OϮ iŶĐƌeases ǁith iŶĐƌeasiŶg eǆeƌĐise iŶteŶsitǇ, aŶ effeĐt 

deŵoŶstƌaďle aĐƌoss ;JoŶes et al. ϮϬϬϮ; Koppo et al. ϮϬϬϰ; PateƌsoŶ & Whipp, ϭϵϵϭͿ aŶd 

ǁithiŶ ;SpeŶĐeƌ et al. ϮϬϭϭͿ eǆeƌĐise iŶteŶsitǇ doŵaiŶs. IŶdeed, ǁe oďseƌǀed a sŵalleƌ ߬௏ሶ OϮ 

;~ϯϬ sͿ duƌiŶg the heaǀǇ iŶteŶsitǇ pƌiŵiŶg ďouts Đoŵpaƌed to seǀeƌe iŶteŶsitǇ eǆeƌĐise, iŶ 

the pƌeseŶt studǇ. HeŶĐe, it is likelǇ that ouƌ paƌtiĐipaŶts ǁould haǀe deŵoŶstƌated fasteƌ ሶܸ OϮ kiŶetiĐs duƌiŶg ŵodeƌate iŶteŶsitǇ eǆeƌĐise, ǁith ߬௏ሶ OϮ ǀalues Đoŵpaƌaďle to those 

tǇpiĐallǇ seeŶ iŶ ǇouŶg, healthǇ iŶdiǀiduals ;i.e. ϮϬ-ϯϬ sͿ that aƌe ƌelatiǀelǇ iŶseŶsitiǀe to 

pƌiŵiŶg eǆeƌĐise ;Guƌd et al. ϮϬϬϱͿ. The iŶĐƌeased ߬௏ሶ OϮ ǁith higheƌ eǆeƌĐise iŶteŶsities is 

likelǇ due to the pƌefeƌeŶtial ƌeĐƌuitŵeŶt of tǇpe II fiďƌes, ǁhiĐh possess iŶheƌeŶtlǇ sloǁeƌ ሶܸ OϮ kiŶetiĐs Đoŵpaƌed to tǇpe I fiďƌes ;Cƌoǁ & KushŵeƌiĐk, ϭϵϴϮ; ReggiaŶi et al. ϭϵϵϳ; Willis 

& JaĐkŵaŶ, ϭϵϵϰͿ. HeŶĐe, iŶ the pƌeseŶt studǇ the fiŶdiŶg of ƌelatiǀelǇ sloǁeƌ phase II ሶܸ OϮ 

kiŶetiĐs iŶ the upƌight seǀeƌe iŶteŶsitǇ eǆeƌĐise ďouts, ǁhiĐh aƌe Ŷot speeded ďǇ pƌiŵiŶg 

eǆeƌĐise, is ĐoŶsisteŶt ǁith the sĐieŶtifiĐ liteƌatuƌe. 

Despite the iŵpaĐt of pƌiŵiŶg eǆeƌĐise oŶ the phǇsiologiĐal ƌespoŶses to suďseƋueŶt 

eǆeƌĐise, iŶ the upƌight gƌoup pƌiŵiŶg eǆeƌĐise had Ŷo iŵpaĐt oŶ W’ oƌ the ĐƌitiĐal poǁeƌ iŶ 

the upƌight gƌoup, aŶd ĐoŶseƋueŶtlǇ eǆeƌĐise toleƌaŶĐe at aŶǇ ǁoƌk ƌate. This is suƌpƌisiŶg 

ǁheŶ ĐoŶsideƌiŶg that pƌeǀious studies haǀe shoǁŶ that pƌioƌ heaǀǇ iŶteŶsitǇ eǆeƌĐise 

eŶhaŶĐes the W’ ǁith Ŷo ĐhaŶge iŶ CP ;BuƌŶleǇ et al. ϮϬϭϭ; JoŶes et al. ϮϬϬϯͿ. We theƌefoƌe 

eleĐted to peƌfoƌŵ pƌiŵiŶg eǆeƌĐise at a heaǀǇ iŶteŶsitǇ ;estiŵated a priori as ϰϬ%ΔͿ to 

optiŵize aŶǇ effeĐts oŶ eǆeƌĐise toleƌaŶĐe. Hoǁeǀeƌ, BaileǇ et al. ;ϮϬϬϵͿ also deŵoŶstƌated 

that pƌioƌ heaǀǇ eǆeƌĐise had Ŷo iŵpaĐt oŶ seǀeƌe iŶteŶsitǇ eǆeƌĐise toleƌaŶĐe, despite a 
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gƌeateƌ fuŶdaŵeŶtal ሶܸ OϮ aŵplitude aŶd ďluŶted ሶܸ OϮ sloǁ ĐoŵpoŶeŶt. TakeŶ togetheƌ, 

these ƌesults suggest that fasteƌ oǀeƌall ሶܸ OϮ kiŶetiĐs ;as iŶdiĐated ďǇ a gƌeateƌ fuŶdaŵeŶtal ሶܸ OϮ aŵplitude aŶd ƌeduĐed sloǁ ĐoŵpoŶeŶtͿ ŵaǇ Ŷot deteƌŵiŶe the toleƌaďle duƌatioŶ of 

eǆeƌĐise per se, ďut do so thƌough iŶteƌaĐtioŶ ǁith otheƌ phǇsiologiĐal paƌaŵeteƌs ;BuƌŶleǇ 

& JoŶes, ϮϬϬϳͿ.  IŶdeed, ǁe also oďseƌǀed a stƌoŶg iŶǀeƌse ĐoƌƌelatioŶ ;r = -Ϭ.ϳϴͿ ďetǁeeŶ 

ďlood [L-] eleǀatioŶ pƌioƌ to eǆeƌĐise aŶd the ĐhaŶge iŶ W’ ;Ŷoƌŵalised to ďodǇ ŵassͿ 

folloǁiŶg pƌiŵiŶg. IŶ the pƌeseŶt studǇ theƌefoƌe, it appeaƌs that pƌiŵiŶg eǆeƌĐise ǁas ŵost 

effeĐtiǀe at iŵpƌoǀiŶg eǆeƌĐise toleƌaŶĐe iŶ a giǀeŶ paƌtiĐipaŶt ;ǀia iŶĐƌeasiŶg W’Ϳ ǁheŶ 

pƌiŵiŶg eǆeƌĐise ǁas ĐoŶduĐted iŶ the loǁeƌ ƌegioŶs of the heaǀǇ doŵaiŶ. Hoǁeǀeƌ, iŶ 

paƌtiĐipaŶts ǁheƌe the iŶteŶsitǇ of pƌiŵiŶg eǆeƌĐise appƌoaĐhed ĐƌitiĐal poǁeƌ, W’ teŶded to 

deĐƌease oƌ ƌeŵaiŶ uŶĐhaŶged. It is possiďle that ǁheŶ pƌiŵiŶg eǆeƌĐise ǁas ĐoŶduĐted iŶ 

Đloseƌ pƌoǆiŵitǇ to ĐƌitiĐal poǁeƌ, the fatigue-ƌelated ŵetaďolite ĐoŶĐeŶtƌatioŶ of the 

ŵusĐle ƌeŵaiŶed eleǀated pƌioƌ to suďseƋueŶt eǆeƌĐise, aĐĐouŶtiŶg foƌ ǁhǇ theƌe ǁas Ŷo 

ĐhaŶge iŶ peƌfoƌŵaŶĐe foƌ these iŶdiǀiduals. The ƌeasoŶs foƌ the disĐƌepaŶĐies ďetǁeeŶ the 

pƌeseŶt ƌesults aŶd those pƌeseŶted pƌeǀiouslǇ ;BaileǇ et al. ϮϬϬϵ; BuƌŶleǇ et al. ϮϬϭϭ; JoŶes 

et al. ϮϬϬϲͿ aƌe uŶĐleaƌ. Hoǁeǀeƌ, despite ŵaŶǇ atteŵpts, the optiŵal iŶteŶsitǇ foƌ pƌiŵiŶg 

eǆeƌĐise has Ǉet to ďe eluĐidated aŶd likelǇ depeŶds oŶ a ǀaƌietǇ of faĐtoƌs suĐh as suďjeĐt 

ĐhaƌaĐteƌistiĐs, the ďalaŶĐe ďetǁeeŶ the ƌelatiǀe iŶteŶsitǇ of pƌiŵiŶg eǆeƌĐise aŶd the 

duƌatioŶ of the iŶteƌǀeŶiŶg ƌeĐoǀeƌǇ peƌiod.   

߬௏ሶ OϮ-ĐritiĐal poǁer relatioŶ duriŶg upright aŶd supiŶe eǆerĐise. 

Ouƌ fiƌst aŶd seĐoŶd hǇpotheses ǁeƌe ďased iŶ paƌt oŶ the fiŶdiŶgs of MuƌgatƌoǇd et al. 

;ϮϬϭϭͿ, ǁho oďseƌǀed a stƌoŶg iŶǀeƌse ƌelatioŶship ďetǁeeŶ ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ ;r = -

Ϭ.ϵϱͿ. IŶ ƌepeatiŶg this aŶalǇsis, ǁe aǀeƌaged togetheƌ the fouƌ ideŶtiĐal eǆeƌĐise tƌaŶsitioŶs 
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used foƌ pƌiŵiŶg eǆeƌĐise to iŶĐƌease the ĐoŶfideŶĐe iŶ the ሶܸ OϮ kiŶetiĐ paƌaŵeteƌs. This 

ƌesulted iŶ highlǇ ĐoŶfideŶt estiŵates of the ߬௏ሶ OϮ, ǁith ϵϱ% ĐoŶfideŶĐe iŶteƌǀals of ϭ.ϴ aŶd 

ϭ.ϲ s foƌ upƌight aŶd supiŶe eǆeƌĐise, ƌespeĐtiǀelǇ. SiŵilaƌlǇ to MuƌgatƌoǇd et al. ;ϮϬϭϭͿ, ǁe 

oďseƌǀed a stƌoŶg iŶǀeƌse ƌelatioŶship ďetǁeeŶ the ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ ;Ŷoƌŵalised to 

ďodǇ ŵassͿ iŶ the upƌight gƌoup ;r = -Ϭ.ϴϬͿ. Hoǁeǀeƌ, iŶ ĐoŶtƌast to ouƌ thiƌd hǇpothesis, 

aŶd despite ouƌ fiŶdiŶgs of a ƌeduĐed ߬௏ሶ OϮ aŶd iŶĐƌeased ĐƌitiĐal poǁeƌ folloǁiŶg pƌiŵiŶg 

eǆeƌĐise iŶ the supiŶe positioŶ, ǁe oďseƌǀed Ŷo ƌelatioŶship ďetǁeeŶ the ߬௏ሶ OϮ aŶd ĐƌitiĐal 

poǁeƌ duƌiŶg supiŶe eǆeƌĐise ;r = Ϭ.ϬϲϳͿ. This ŵaǇ haǀe ďeeŶ due to a kiŶetiĐ distoƌtioŶ iŶ 

the ƌelatioŶship ďetǁeeŶ ŵusĐle aŶd pulŵoŶaƌǇ ሶܸ OϮ iŶduĐed ďǇ loǁeƌ ƌestiŶg ŵusĐle 

peƌfusioŶ iŶ the supiŶe positioŶ ;BeŶsoŶ et al.ϮϬϭϯͿ; ĐoŶseƋueŶtlǇ, the ƌelatioŶship 

ďetǁeeŶ ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ ǁas oďsĐuƌed. AlteƌŶatiǀelǇ, it is possiďle that the 

deteƌŵiŶaŶts of ĐƌitiĐal poǁeƌ ǁeƌe ŵodified iŶ ƌespoŶse to a ĐhaŶge iŶ ďodǇ positioŶ.  

SiŶĐe the ߬௏ሶ OϮ deteƌŵiŶes the ŵagŶitude of the OϮ defiĐit at aŶǇ giǀeŶ ǁoƌk ƌate, 

MuƌgatƌoǇd et al. ;ϮϬϭϭͿ iŶteƌpƌeted the stƌoŶg ߬௏ሶ OϮ-ĐƌitiĐal poǁeƌ ƌelatioŶship to suggest 

that ߬௏ሶ OϮ  deteƌŵiŶes the uppeƌ ǁoƌk ƌate liŵit foƌ ǁhiĐh OϮ defiĐit aĐĐuŵulatioŶ ĐaŶ ďe 

staďilised aŶd a steadǇ-state attaiŶed, otheƌǁise kŶoǁŶ as ĐƌitiĐal poǁeƌ. The ƌeduĐtioŶ iŶ ߬௏ሶ OϮ aŶd iŶĐƌeased ĐƌitiĐal poǁeƌ folloǁiŶg pƌiŵiŶg eǆeƌĐise iŶ the supiŶe positioŶ iŶ the 

pƌeseŶt studǇ aƌe the fiƌst diƌeĐt eǀideŶĐe iŶ suppoƌt of this hǇpothesis. Hoǁeǀeƌ, the laĐk 

of a ƌelatioŶship ďetǁeeŶ ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ iŶ the supiŶe positioŶ ƌuŶs ĐouŶteƌ to this. 

IŶdeed, tǁo ƌeĐeŶt studies ďǇ BƌoǆteƌŵaŶ et al. ;ϮϬϭϰ; ϮϬϭϱͿ deŵoŶstƌated that ĐƌitiĐal 

poǁeƌ is depeŶdeŶt oŶ ďlood floǁ aŶd thus OϮ deliǀeƌǇ to the eǆeƌĐisiŶg ŵusĐulatuƌe, 

ĐoŶsisteŶt ǁith the fiŶdiŶg of iŶĐƌeased ĐƌitiĐal poǁeƌ aŶd eŶhaŶĐed ŵusĐle OϮ aǀailaďilitǇ 

ǁith pƌiŵiŶg eǆeƌĐise iŶ the supiŶe positioŶ iŶ the pƌeseŶt studǇ. NotǁithstaŶdiŶg that OϮ 
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deliǀeƌǇ is aŶ iŵpoƌtaŶt deteƌŵiŶaŶt of ߬௏ሶ OϮ, the ƌelatiǀe ĐoŶtƌiďutioŶ of ߬௏ሶ OϮ aŶd OϮ 

deliǀeƌǇ iŶ deteƌŵiŶiŶg ĐƌitiĐal poǁeƌ ŵaǇ theƌefoƌe ďe depeŶdeŶt oŶ the eǆeƌĐisiŶg ďodǇ 

positioŶ, oƌ peƌhaps ŵoƌe aĐĐuƌatelǇ, the pƌeseŶĐe oƌ aďseŶĐe of aŶ OϮ deliǀeƌǇ liŵitatioŶ. 

TǇpe II ŵusĐle fiďƌes aƌe heaǀilǇ ƌeĐƌuited oŶ tƌaŶsitioŶ fƌoŵ ƌest to high-iŶteŶsitǇ eǆeƌĐise 

;Kƌustƌup et al. ϮϬϬϰ; ϮϬϬϵͿ. These ŵusĐle fiďƌes opeƌate at a loǁeƌ ŵiĐƌoǀasĐulaƌ OϮ 

pƌessuƌe ;POϮŵǀͿ duƌiŶg ĐoŶtƌaĐtioŶs ;MĐDoŶough et al. ϮϬϬϱͿ, ǁhiĐh is likelǇ to ďe 

eǆaĐeƌďated iŶ the supiŶe positioŶ due to the loss of the hǇdƌostatiĐ gƌadieŶt, ǁith the 

suďseƋueŶt iŵpaiƌed ďlood-to-ŵǇoĐǇte fluǆ aŶd loǁeƌed iŶtƌaŵǇoĐǇte POϮ a likelǇ Đause of 

the sloǁeƌ ሶܸ OϮ kiŶetiĐs. IŵpoƌtaŶtlǇ, these fiďƌe tǇpes appeaƌ to ďe paƌtiĐulaƌlǇ seŶsitiǀe to 

iŶteƌǀeŶtioŶs aiŵed at iŶĐƌeasiŶg oǆǇgeŶ aǀailaďilitǇ, aŶd thus POϮŵǀ, suĐh as dietaƌǇ 

Ŷitƌate suppleŵeŶtatioŶ ;FeƌgusoŶ et al. ϮϬϭϱͿ aŶd eǆeƌĐise tƌaiŶiŶg ;Hiƌai et al. ϮϬϭϱͿ. 

HeŶĐe the iŵpƌoǀeŵeŶts iŶ ŵiĐƌoǀasĐulaƌ oǆǇgeŶ deliǀeƌǇ affoƌded ďǇ pƌiŵiŶg eǆeƌĐise iŶ 

the pƌeseŶt studǇ, as iŶdiĐated ďǇ the NIRS data, aŶd the ĐoŶseƋueŶt ƌeduĐtioŶs iŶ ߬௏ሶ OϮ ŵaǇ 

haǀe ďeeŶ pƌiŵaƌilǇ due to effeĐts oŶ tǇpe II ŵusĐle fiďƌes.  

A higheƌ POϮŵǀ folloǁiŶg pƌiŵiŶg eǆeƌĐise iŶ ŵusĐle ƌegioŶs Đoŵpƌised ŵaiŶlǇ of fast-

tǁitĐh fiďƌes ǁould also ďe eǆpeĐted to sloǁ the fall iŶ iŶtƌaŵǇoĐǇte POϮ aŶd thus aďate the 

iŶtƌaĐellulaƌ ŵetaďoliĐ peƌtuƌďatioŶs duƌiŶg high-iŶteŶsitǇ eǆeƌĐise ;Δ[PCƌ], Δ[Cƌ], Δ[ADP]Ϳ 

aŶd aĐĐuŵulatioŶ of [Pi], [K+] aŶd [H+], ǁhiĐh aƌe iŵpliĐated iŶ the fatigue pƌoĐess ;AlleŶ, 

Laŵď, & Westeƌďlad, ϮϬϬϴ; Gƌassi et al. ϮϬϭϭͿ. HeŶĐe, iŶ the supiŶe positioŶ, pƌiŵiŶg 

eǆeƌĐise ŵaǇ ƌaise ĐƌitiĐal poǁeƌ ďǇ ǀiƌtue of aŶ iŶĐƌease iŶ the highest ŵetaďoliĐ ƌate foƌ 

ǁhiĐh a steadǇ-state of iŶtƌaŵǇoĐǇte POϮ ĐaŶ ďe aĐhieǀed.  CoŶsisteŶt ǁith this 

iŶteƌpƌetatioŶ is the eŶhaŶĐeŵeŶt of ĐƌitiĐal poǁeƌ iŶ hǇpeƌoǆia ;VaŶhatalo et al. ϮϬϭϬͿ aŶd 

the iŶǀeƌse ƌelatioŶship ďetǁeeŶ the pƌopoƌtioŶ of tǇpe II ŵusĐle fiďƌes aŶd ĐƌitiĐal poǁeƌ 
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;VaŶhatalo et al. ϮϬϭϲͿ. The laĐk of a ĐoƌƌelatioŶ ďetǁeeŶ ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ iŶ the 

supiŶe gƌoup iŶ the pƌeseŶt studǇ, Ǉet ďoth ďeiŶg iŵpƌoǀed folloǁiŶg pƌiŵiŶg eǆeƌĐise, ŵaǇ 

theƌefoƌe ďe eǆplaiŶed ďǇ these paƌaŵeteƌs shaƌiŶg phǇsiologiĐal deteƌŵiŶaŶts ;likelǇ 

ƌelated to iŶĐƌeased OϮ aǀailaďilitǇͿ that ǁeƌe upƌegulated folloǁiŶg pƌiŵiŶg eǆeƌĐise. HeŶĐe 

iŶ situatioŶs ǁheƌe OϮ deliǀeƌǇ is ŶoƌŵallǇ Đoŵpƌoŵised theƌefoƌe ;suĐh as duƌiŶg eǆeƌĐise 

iŶ the supiŶe positioŶͿ, OϮ deliǀeƌǇ ŵaǇ ďe the ŵajoƌ liŵitiŶg faĐtoƌ iŶ deteƌŵiŶiŶg ĐƌitiĐal 

poǁeƌ. IŵpƌoǀeŵeŶts to OϮ deliǀeƌǇ, suĐh as folloǁiŶg pƌiŵiŶg eǆeƌĐise, ŵaǇ thus eŶhaŶĐe 

ĐƌitiĐal poǁeƌ aŶd ƌeduĐe ߬௏ሶ OϮ ǁithout aŶǇ depeŶdeŶĐe of ĐƌitiĐal poǁeƌ oŶ ߬௏ሶ OϮ per se. 

Hoǁeǀeƌ, iŶ situatioŶs ǁheƌe OϮ deliǀeƌǇ to the eǆeƌĐisiŶg ŵusĐulatuƌe is adeƋuate to ŵeet 

the deŵaŶd foƌ ATP ƌesǇŶthesis ;suĐh as duƌiŶg upƌight ĐǇĐle eǆeƌĐise iŶ healthǇ adult 

huŵaŶsͿ ߬௏ሶ OϮ ŵaǇ deteƌŵiŶe ĐƌitiĐal poǁeƌ oǀeƌ aŶd aďoǀe that of OϮ deliǀeƌǇ. IŶ suĐh 

Đases, ߬௏ሶ OϮ diĐtates the ŵagŶitude of ƌeliaŶĐe oŶ suďstƌate-leǀel phosphoƌǇlatioŶ aŶd 

depletioŶ of OϮ stoƌes ĐoŶtƌiďutiŶg to eŶeƌgǇ ŵetaďolisŵ duƌiŶg the ƌest-eǆeƌĐise tƌaŶsitioŶ 

;Whipp et al. ϭϵϴϮͿ, aŶd theƌefoƌe the highest poǁeƌ at ǁhiĐh the OϮ defiĐit ĐaŶ ďe 

staďilised.  

Theƌe is ĐoŶsideƌaďle spatial heteƌogeŶeitǇ iŶ ŵusĐle deoǆǇgeŶatioŶ duƌiŶg eǆeƌĐise ;Koga 

et al. ϮϬϬϳͿ, ǁhiĐh is ƌeduĐed folloǁiŶg pƌiŵiŶg eǆeƌĐise ;Saitoh et al. ϮϬϬϵ; Pƌieuƌ et al. 

ϮϬϭϬͿ. A ŵoƌe hoŵogeŶous distƌiďutioŶ of ďlood floǁ, oƌ ƌatheƌ a ŵoƌe appƌopƌiate 

ŵatĐhiŶg of OϮ deliǀeƌǇ to loĐal ŵetaďoliĐ ƌate ; ሶܳ OϮ/ ሶܸ OϮ ƌatioͿ ŵaǇ also haǀe ĐoŶtƌiďuted 

to the deĐƌeased ߬௏ሶ OϮ folloǁiŶg pƌiŵiŶg iŶ the supiŶe gƌoup iŶ the pƌeseŶt studǇ. 

Fuƌtheƌŵoƌe, a pƌiŵiŶg-iŶduĐed eŶhaŶĐeŵeŶt iŶ the ሶܳ OϮ/ ሶܸ OϮ ƌatio ŵaǇ also haǀe 

ŵitigated the ƌeƋuiƌeŵeŶt foƌ the ƌeĐƌuitŵeŶt of additioŶal higheƌ-oƌdeƌ ŵotoƌ uŶits to 

sustaiŶ poǁeƌ pƌoduĐtioŶ, thus ƌaisiŶg ĐƌitiĐal poǁeƌ. HeŶĐe, iŶ additioŶ to aŶ iŵpƌoǀed 
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POϮŵǀ, aŶ alteƌŶatiǀe ŵeĐhaŶisŵ ďǇ ǁhiĐh pƌiŵiŶg eǆeƌĐise ŵaǇ haǀe ƌesulted iŶ the 

iŶdepeŶdeŶt iŵpƌoǀeŵeŶt of ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ iŶ the supiŶe positioŶ is ǀia a ƌeduĐed 

heteƌogeŶeitǇ of ŵusĐle deoǆǇgeŶatioŶ. SuĐh a hǇpothesis ƌeŵaiŶs to ďe tested; hoǁeǀeƌ, 

pƌeǀious ƌeseaƌĐh has iŶdiĐated Ŷo ƌelatioŶship ďetǁeeŶ the ĐhaŶge iŶ ŵusĐle 

deoǆǇgeŶatioŶ heteƌogeŶeitǇ aŶd the sloǁ ĐoŵpoŶeŶt of pulŵoŶaƌǇ ሶܸ OϮ kiŶetiĐs ǁith 

pƌiŵiŶg eǆeƌĐise ;Saitoh et al. ϮϬϬϵ; Fukuoka et al. ϮϬϭϱͿ. 

 

LiŵitatioŶs. 

BeĐause the Ŷuŵďeƌ of ǀisits that paƌtiĐipaŶts ǁeƌe ƌeƋuiƌed to peƌfoƌŵ ǁas alƌeadǇ high, 

ǁe ǁeƌe uŶaďle to ƌepeat eaĐh eǆpeƌiŵeŶtal tƌial to eŶhaŶĐe the sigŶal-to-Ŷoise ƌatio of the ሶܸ OϮ ƌespoŶses. Repeated tƌaŶsitioŶs at eaĐh iŶteŶsitǇ ǁould haǀe iŶĐƌeased the Ŷuŵďeƌ of 

ǀisits fƌoŵ ϵ to ϭϳ, plaĐiŶg uŶdue ƌeƋuiƌeŵeŶts oŶ the paƌtiĐipaŶts aŶd iŶĐƌeasiŶg the ƌisk of 

a tƌaiŶiŶg effeĐt ĐoŶfouŶdiŶg the ƌesults. Despite this, the ϵϱ% ĐoŶfideŶĐe iŶteƌǀal 

assoĐiated ǁith the ߬௏ሶ OϮ ǁas ~ϱ s; eƋual to the suggested ŵiŶiŵallǇ iŵpoƌtaŶt diffeƌeŶĐe to 

deteƌŵiŶe sigŶifiĐaŶt ĐhaŶges iŶ ߬௏ሶ OϮ duƌiŶg iŶteƌǀeŶtioŶal studies ;BeŶsoŶ et al. ϮϬϭϳͿ, aŶd 

ǁas sŵalleƌ thaŶ the ŵeaŶ diffeƌeŶĐe iŶ ߬௏ሶ OϮ at all fouƌ ǁoƌk ƌates iŶ the supiŶe gƌoup. 

These ĐoŶfideŶĐe iŶteƌǀals ǁeƌe aided ďǇ the high aŵplitude of the iŶdiǀidual ሶܸ OϮ 

ƌespoŶses, thus iŶĐƌeasiŶg the sigŶal-to-Ŷoise ƌatio iŶ eaĐh tƌaŶsitioŶ. HeŶĐe despite the use 

of siŶgle tƌaŶsitioŶs at eaĐh ǁoƌk ƌate, ǁe aƌe ĐoŶfideŶt that ouƌ ƌepoƌted effeĐts of pƌiŵiŶg 

eǆeƌĐise oŶ ߬௏ሶ OϮ folloǁiŶg pƌiŵiŶg eǆeƌĐise iŶ the supiŶe aŶd upƌight gƌoups, ƌespeĐtiǀelǇ. 

AdditioŶallǇ, foƌ ƌeasoŶs outliŶed aďoǀe ǁe ǁeƌe uŶaďle to peƌfoƌŵ additioŶal tƌials if the 

eƌƌoƌs assoĐiated ǁith the paƌaŵeteƌs of the poǁeƌ-duƌatioŶ ƌelatioŶship ǁeƌe laƌge. Whilst 

this ƌesulted iŶ the ŵeaŶ CV aĐƌoss gƌoups aŶd ĐoŶditioŶs foƌ W’ ďeiŶg ~ϭϱ%, ǁhiĐh is laƌgeƌ 



Ϯϵ 
 

thaŶ is tǇpiĐallǇ ƌepoƌted iŶ the liteƌatuƌe, the CV suƌƌouŶdiŶg ĐƌitiĐal poǁeƌ ǁas tǇpiĐallǇ 

ǀeƌǇ loǁ ;~ϯ%Ϳ, theƌefoƌe ǁe aƌe ĐoŶfideŶt iŶ the diffeƌeŶtial effeĐts of pƌiŵiŶg eǆeƌĐise oŶ 

ĐƌitiĐal poǁeƌ ďetǁeeŶ ďodǇ positioŶs. 

CoŶĐlusioŶs. 

IŶ ĐoŶĐlusioŶ, this studǇ pƌoǀides the fiƌst eǆpeƌiŵeŶtal eǀideŶĐe to shoǁ that ߬௏ሶ OϮ is 

ŵeĐhaŶistiĐallǇ ƌelated to ĐƌitiĐal poǁeƌ. SpeĐifiĐallǇ, ǁheŶ pƌiŵiŶg eǆeƌĐise ǁas ĐoŶduĐted 

iŶ the supiŶe positioŶ, ߬௏ሶ OϮ ǁas sigŶifiĐaŶtlǇ deĐƌeased aŶd ĐƌitiĐal poǁeƌ ǁas iŶĐƌeased, 

ǁheƌeas duƌiŶg upƌight eǆeƌĐise, ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ ǁeƌe ďoth uŶaffeĐted ďǇ pƌiŵiŶg 

eǆeƌĐise. DuƌiŶg supiŶe eǆeƌĐise, ǁe also oďseƌǀed fasteƌ heaƌt ƌate kiŶetiĐs, sloǁeƌ 

[HHď+Mď] kiŶetiĐs aŶd iŶĐƌeased [HďOϮ+MďOϮ] folloǁiŶg pƌiŵiŶg eǆeƌĐise, suggestiŶg that 

the ĐhaŶges iŶ ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ aƌose thƌough the eŶhaŶĐed ŵusĐle OϮ aǀailaďilitǇ 

that atteŶded pƌiŵiŶg eǆeƌĐise. Hoǁeǀeƌ, the stƌoŶg ĐoƌƌelatioŶ oďseƌǀed heƌeiŶ ďetǁeeŶ ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ foƌ upƌight eǆeƌĐise ǁas Ŷot appaƌeŶt iŶ the supiŶe positioŶ, 

suggestiŶg that otheƌ phǇsiologiĐal faĐtoƌs, suĐh as OϮ deliǀeƌǇ, ŵight deteƌŵiŶe ĐƌitiĐal 

poǁeƌ duƌiŶg supiŶe eǆeƌĐise, ǁith the ĐoŶĐoŵitaŶt iŵpƌoǀeŵeŶt iŶ ߬௏ሶ OϮ aŶd ĐƌitiĐal poǁeƌ 

ďeiŶg aŶ aƌtefaĐt of otheƌ shaƌed phǇsiologiĐal deteƌŵiŶaŶts.  
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TABLES 

Taďle ϭ. PulŵoŶaƌǇ oǆǇgeŶ uptake kiŶetiĐs duƌiŶg heaǀǇ-iŶteŶsitǇ pƌiŵiŶg eǆeƌĐise peƌfoƌŵed iŶ the upƌight 

aŶd supiŶe positioŶs. 

 Upƌight SupiŶe 

 MeaŶ SD MeaŶ SD  ሶܸ OϮ ďaseliŶe, l/ŵiŶ Ϭ.ϵϳ Ϭ.ϭϯ Ϭ.ϴϮ Ϭ.Ϭϵ ܶܦ௏ሶ ೀమ, s ϭϯ ϯ ϭϯ ϰ ߬௏ሶ OϮ, s ϯϬ ϭϬ ϰϰ ϭϭ 

௏ሶܣ ೀమ, , l/ŵiŶ ϭ.ϳϬ Ϭ.Ϯϰ ϭ.ϰϲ Ϭ.Ϯϱ 

GaiŶ, ŵl.ŵiŶ-ϭ.W-ϭ ϴ.ϲϱ Ϭ.ϯϰ ϳ.Ϭϵ Ϭ.ϴϭ ܵܥ௏ሶ ೀమ, , l/ŵiŶ Ϭ.ϭϰ Ϭ.Ϭϲ Ϭ.ϭϮ Ϭ.Ϭϲ 

EŶd-eǆ  ሶܸ OϮ, l/ŵiŶ Ϯ.ϴϮ Ϭ.ϯϱ Ϯ.ϰϬ Ϭ.Ϯϴ ܶܦ௏ሶ ೀమ , fuŶdaŵeŶtal tiŵe delaǇ; ߬௏ሶ OϮ, fuŶdaŵeŶtal tiŵe ĐoŶstaŶt;  ܣ௏ሶ ೀమ, fuŶdaŵeŶtal aŵplitude; GaiŶ, 

*

*

*

*

*
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iŶĐƌease iŶ fuŶdaŵeŶtal phase  ሶܸ OϮ peƌ uŶit iŶĐƌease iŶ poǁeƌ output; ܵܥ௏ሶ ೀమ, , ŵagŶitude of the ሶܸ OϮ sloǁ 

ĐoŵpoŶeŶt; EŶd-eǆ ሶܸ OϮ, eŶd-eǆeƌĐise ሶܸ OϮ. * iŶdiĐates sigŶifiĐaŶtlǇ diffeƌeŶt fƌoŵ the upƌight gƌoup ;P< 

Ϭ.ϬϱͿ. 



ϰϰ 
 Taďle Ϯ. PulŵoŶaƌǇ oǆǇgeŶ uptake ƌespoŶses to eǆeƌĐise ǁith aŶd ǁithout pƌiŵiŶg eǆeƌĐise. 

 SupiŶe Upƌight 

Paƌaŵeteƌ CoŶtƌol Pƌiŵed CoŶtƌol Pƌiŵed ሶܸ OϮ ďaseliŶe, l/ŵiŶ MeaŶ SD MeaŶ SD MeaŶ SD MeaŶ SD 

WR ϭ Ϭ.ϴϭ  Ϭ.ϭϯ Ϭ.ϵϬ Ϭ.ϭϮ ϭ.Ϭϲ Ϭ.ϭϱ ϭ.Ϭϯ   Ϭ.ϭϯ 

WR Ϯ Ϭ.ϴϵ  Ϭ.Ϭϵ Ϭ.ϴϲ Ϭ.Ϭϱ ϭ.Ϭϰ Ϭ.ϭϳ ϭ.Ϭϳ  Ϭ.Ϭϵ 

WR ϯ Ϭ.ϴϳ  Ϭ.ϭϭ Ϭ.ϵϭ Ϭ.ϭϬ ϭ.ϬϬ Ϭ.ϭϰ ϭ.Ϭϲ  Ϭ.Ϯϲ 

WR ϰ Ϭ.ϴϲ Ϭ.ϭϯ Ϭ.ϴϴ Ϭ.ϭϭ ϭ.Ϭϳ Ϭ.ϮϮ ϭ.ϬϬ Ϭ.ϭϲ ܶܦ௏ሶ ೀమ, s   

WR ϭ ϭϮ ϲ ϭϮ ϵ ϴ ϴ ϵ  ϲ 

WR Ϯ ϭϰ ϰ ϭϯ ϳ ϵ ϲ ϵ  ϲ 

WR ϯ ϵ  ϲ ϭϯ ϲ ϵ ϵ ϳ ϵ 

WR ϰ ϭϯ  ϱ ϭϱ ϰ ϭϯ ϱ ϳ ϴ ߬௏ሶ OϮ, s  

WR ϭ ϱϵ ϭϴ ϯϴ ϭϯ ϰϬ ϴ ϰϮ ϭϰ 

WR Ϯ ϱϯ ϭϳ ϰϭ ϴ ϯϰ ϲ ϯϱ  ϵ 

WR ϯ ϱϳ Ϯϭ ϰϰ ϭϮ ϯϳ ϴ ϯϰ ϭϯ 

WR ϰ ϰϱ ϭϱ ϯϲ ϭϭ ϯϭ ϭϬ ϯϴ ϭϭ ܣ௏ሶ ೀమ, l/ŵiŶ  

WR ϭ ϭ.ϵ Ϭ.ϰ ϭ.ϴϮ Ϭ.ϯϮ Ϯ.ϮϬ Ϭ.ϯϵ Ϯ.ϯϱ Ϭ.ϯϭ 

WR Ϯ Ϯ.Ϭϳ Ϭ.ϰϳ Ϯ.Ϭϳ Ϭ.ϯϯ Ϯ.Ϯϰ Ϭ.ϰϯ Ϯ.ϰϬ  Ϭ.ϯϵ 

WR ϯ Ϯ.Ϯϯ Ϭ.ϯϰ Ϯ.Ϯϲ Ϭ.ϯϯ Ϯ.ϱϴ Ϭ.ϰϲ Ϯ.ϰϳ Ϭ.ϯϵ 

WR ϰ Ϯ.ϯϱ Ϭ.ϱϴ Ϯ.ϭϴ Ϭ.ϱϯ Ϯ.ϱϮ Ϭ.ϯϯ Ϯ.ϳϴ Ϭ.ϯϲ 

GaiŶ, ŵl.ŵiŶ-ϭ.W-ϭ  

WR ϭ ϵ.ϭϬ  Ϭ.ϵϮ ϵ.ϬϬ Ϭ.ϰϳ ϴ.ϲϲ Ϭ.ϰϴ ϵ.ϰϵ Ϭ.ϳϰ 

WR Ϯ ϵ.ϵϬ Ϯ.ϳϭ ϵ.ϵϴ Ϯ.Ϯϵ ϴ.Ϯϳ Ϭ.ϱϮ ϴ.ϵϯ Ϭ.ϰϴ 

WR ϯ ϵ.ϭϴ ϭ.ϭϯ ϵ.ϯϯ Ϭ.ϵϵ ϴ.ϳϬ Ϭ.ϴϵ ϴ.Ϯϲ Ϭ.ϵϮ 

WR ϰ ϴ.ϴϱ ϭ.ϰϭ ϴ.ϭϵ ϭ.ϯϳ ϳ.ϵϱ Ϭ.ϱϰ ϴ.ϴϱ ϭ.ϯϰ ܵܥ௏ሶ ೀమ, l/ŵiŶ  

WR ϭ Ϭ.ϱϰ Ϭ.ϯϯ Ϭ.ϱϰ Ϭ.Ϯϴ Ϭ.ϲϮ Ϭ.Ϯϴ Ϭ.ϱϯ Ϭ.Ϯϯ 

WR Ϯ Ϭ.ϯϵ Ϭ.ϯϰ Ϭ.ϯϳ Ϭ.Ϯϯ Ϭ.ϲϰ Ϭ.ϯϴ Ϭ.ϰϯ Ϭ.Ϯϲ 

WR ϯ Ϭ.ϮϮ Ϭ.ϯϰ Ϭ.ϮϮ Ϭ.ϭϴ Ϭ.ϯϬ Ϭ.ϭϰ Ϭ.Ϯϳ Ϭ.Ϯϰ 

WR ϰ Ϭ.Ϭϭ Ϭ.ϯϵ Ϭ.ϮϬ Ϭ.ϯϱ Ϭ.ϭϲ Ϭ.ϭϵ Ϭ.ϭϬ Ϭ.ϭϵ 

EŶd-eǆ  ሶܸ OϮ, l/ŵiŶ   

WR ϭ ϯ.ϭϱ  Ϭ.ϱϭ ϯ.Ϯϲ Ϭ.ϯϳ ϯ.ϴϳ Ϭ.ϲϵ ϯ.ϴϵ Ϭ.ϱϯ 

WR Ϯ ϯ.ϯϲ Ϭ.ϰϯ ϯ.ϯϭ Ϭ.ϯϯ ϯ.ϵϭ Ϭ.ϰϵ ϯ.ϵϬ Ϭ.ϰϰ 

WR ϯ ϯ.Ϯϵ Ϭ.ϰϭ ϯ.ϯϵ Ϭ.ϯϴ ϯ.ϴϳ Ϭ.ϰϳ ϯ.ϴϭ Ϭ.ϰϴ 

WR ϰ ϯ.ϭϴ Ϭ.ϯϮ ϯ.ϯϭ Ϭ.ϯϵ ϯ.ϳϱ Ϭ.ϱϬ ϯ.ϵϭ Ϭ.ϯϴ 

*

*

*

*
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௏ሶܦܶ ೀమ , fuŶdaŵeŶtal tiŵe delaǇ;  ߬௏ሶ OϮ, fuŶdaŵeŶtal tiŵe ĐoŶstaŶt;  ܣ௏ሶ ೀమ, fuŶdaŵeŶtal aŵplitude; GaiŶ, 
iŶĐƌease iŶ fuŶdaŵeŶtal phase ሶܸ OϮ peƌ uŶit iŶĐƌease iŶ poǁeƌ output; ܵܥ௏ሶ ೀమ, ŵagŶitude of the ሶܸ OϮ 
sloǁ ĐoŵpoŶeŶt; EŶd-eǆ ሶܸ OϮ, eŶd-eǆeƌĐise ሶܸ OϮ. * iŶdiĐates sigŶifiĐaŶt ŵaiŶ effeĐt of ĐoŶditioŶ ;P < 
Ϭ.ϬϱͿ.  
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Taďle ϯ. MusĐle deoǆǇgeŶatioŶ kiŶetiĐ ƌespoŶses at eaĐh poǁeƌ output ǁith aŶd ǁithout pƌiŵiŶg 
eǆeƌĐise. 

 SupiŶe Upƌight

Paƌaŵeteƌ CoŶtƌol Pƌiŵed CoŶtƌol Pƌiŵed 

[HHď+Mď];ďͿ, μM MeaŶ SD MeaŶ SD MeaŶ SD MeaŶ SD 

WR ϭ Ϯϲ.ϴ ϭϭ.ϭ ϭϴ.ϯ ϭϱ.Ϯ ϭϳ.ϲ ϭϭ.ϱ ϴ.Ϭ ϱ.ϴ 

WR Ϯ ϭϰ.Ϭ ϳ.Ϭ ϭϰ.ϰ ϭϰ.ϴ ϭϵ.ϳ Ϯϱ.ϰ ϭϮ.ϴ ϭϭ.ϱ 

WR ϯ ϮϬ.ϵ ϭϰ.ϴ ϭϯ.Ϯ ϭϭ.ϳ ϭϯ.ϴ ϵ.ϴ ϭϬ.Ϭ ϲ.ϲ 

WR ϰ ϭϳ.ϳ ϭϯ.ϱ ϭϱ.ϭ ϵ.ϴ ϭϮ.ϭ ϴ.Ϯ ϭϯ.ϵ ϭϲ.ϰ 

TD[HHď+Mď], s   

WR ϭ ϵ ϯ ϲ Ϯ ϲ Ϯ ϳ ϰ 

WR Ϯ ϳ ϯ ϱ ϱ ϳ Ϯ ϲ Ϯ 

WR ϯ ϱ  Ϯ ϲ ϰ ϱ Ϯ ϳ ϱ 

WR ϰ ϲ  ϯ ϲ ϯ ϳ ϯ ϲ ϯ 

τ[HHď+Mď], s  

WR ϭ ϴ Ϯ ϭϮ ϳ ϭϮ ϲ ϭϴ ϭϭ 

WR Ϯ ϴ ϰ ϭϮ ϰ ϭϬ ϴ ϭϱ ϴ 

WR ϯ ϵ ϱ ϭϭ ϯ ϭϮ ϭϮ ϭϮ ϭϭ 

WR ϰ ϳ ϯ ϴ ϯ ϴ ϲ ϭϳ ϭϮ 

A[HHď+Mď],  μM  

WR ϭ Ϯϭ.ϯ ϭϰ.ϴ Ϯϰ.ϵ ϭϴ.ϵ ϭϵ.ϰ ϭϲ.ϭ ϭϱ.ϴ ϭϮ.ϲ 

WR Ϯ ϭϵ.ϯ ϭϮ.ϱ ϯϯ.ϰ Ϯϵ.ϲ Ϯϰ.ϴ Ϯϵ.ϯ ϯϭ.ϰ ϰϱ.ϳ 

WR ϯ Ϯϰ.ϵ ϭϳ.ϲ ϯϮ.ϴ Ϯϵ.ϭ ϭϴ.ϲ Ϯϭ.Ϭ Ϯϲ.ϴ ϮϬ.ϰ 

WR ϰ Ϯϴ.ϴ Ϯϴ.Ϭ ϯϬ.ϳ Ϯϭ.ϭ ϭϲ.Ϯ ϭϯ.ϲ Ϯϭ.Ϭ ϭϱ.ϰ 

SC[HHď+Mď],  μM  

WR ϭ Ϯϯ.ϰ ϭϯ.ϰ ϭϬ.ϴ ϭϳ.ϯ ϭϮ.ϱ ϭϬ.ϱ ϳ.ϴ ϭϬ.ϵ 

WR Ϯ ϭϵ.Ϭ ϭϳ.ϭ ϭϭ.Ϯ ϵ.Ϭ ϭϭ.ϰ ϭϴ.ϲ ϰ.Ϯ ϰ.ϳ 

WR ϯ ϴ.ϳ ϳ.ϯ ϳ.ϭ ϭϱ.ϭ ϯ.ϲ ϱ.ϯ ϲ.ϳ ϴ.ϯ 

WR ϰ ϭ.ϴ ϵ.ϰ Ϯ.Ϭ ϯ.Ϭ ϭ.ϯ ϯ.ϯ Ϯ.ϭ ϳ.Ϭ 

[HHď+Mď];ďͿ, ŵeaŶ [HHď+Mď] oǀeƌ last ϯϬ s of ďaseliŶe; TD[HHď+Mď], tiŵe delaǇ ďefoƌe eǆpoŶeŶtial 
ƌise iŶ [HHď+Mď]; τ[HHď+Mď], tiŵe ĐoŶstaŶt of [HHď+Mď] ƌespoŶse; A[HHď+Mď], aŵplitude of [HHď+Mď] 
ƌespoŶse; SC[HHď+Mď], ŵagŶitude of the [HHď+Mď] sloǁ ĐoŵpoŶeŶt. * iŶdiĐates sigŶifiĐaŶt ŵaiŶ 
effeĐt of ĐoŶditioŶ ;P < Ϭ.ϬϱͿ.  

*

*



ϰϳ 
 

Fig. ϯ. The gƌoup ŵeaŶ ± SD ĐƌitiĐal poǁeƌ ŵeasuƌed iŶ the ĐoŶtƌol ;CONͿ aŶd pƌiŵed 
;PRIͿ ĐoŶditioŶs iŶ the supiŶe ;paŶel AͿ aŶd upƌight ;paŶel BͿ gƌoups. The ĐƌitiĐal poǁeƌ 
gƌoup ŵeaŶs ± SD aƌe shoǁŶ as opeŶ ďaƌs aŶd iŶdiǀidual paƌtiĐipaŶt ĐhaŶges iŶ ĐƌitiĐal 
poǁeƌ ďetǁeeŶ ĐoŶditioŶs aƌe shoǁŶ as dashed ďlaĐk liŶes. * ƌepƌeseŶts a sigŶifiĐaŶt 
diffeƌeŶĐe ďetǁeeŶ ĐoŶditioŶs ;P = Ϭ.ϬϬϲͿ. 

Fig. Ϯ. ሶܸ OϮ ƌespoŶses aŶd poǁeƌ-duƌatioŶ ƌelatioŶships ǁith aŶd ǁithout pƌiŵiŶg 
eǆeƌĐise iŶ the supiŶe ;paŶels a, ď, aŶd Đ; paƌtiĐipaŶt ϭͿ aŶd upƌight ;paŶels d, e, aŶd f; 
paƌtiĐipaŶt ϵͿ iŶ tǁo ƌepƌeseŶtatiǀe paƌtiĐipaŶts. a & d, ሶܸ OϮ ƌespoŶses iŶ the ĐoŶtƌol 
ĐoŶditioŶ iŶ supiŶe aŶd upƌight positioŶs, ƌespeĐtiǀelǇ. ď & e, ሶܸ OϮ ƌespoŶses iŶ the 
pƌiŵed ĐoŶditioŶ iŶ supiŶe aŶd upƌight positioŶs, ƌespeĐtiǀelǇ. WR ϭ = ďlaĐk ĐirĐles; WR Ϯ 
= ǁhite ĐirĐles; WR ϯ = ďlaĐk triaŶgles; WR ϰ = ǁhite triaŶgles. The dashed horizoŶtal 
liŶes ƌepƌeseŶt the paƌtiĐipaŶt’s ሶܸ OϮ ŵaǆ ǁheƌeas the dotted ǀertiĐal liŶes alloǁ 
ĐoŵpaƌisoŶ of tiŵe to eǆhaustioŶ ďetǁeeŶ ĐoŶditioŶs. Đ & f, poǁeƌ-duƌatioŶ 
ƌelatioŶships iŶ ďoth ĐoŶditioŶs iŶ supiŶe aŶd upƌight positioŶs, ƌespeĐtiǀelǇ.  CoŶtƌol = 
ǁhite ĐirĐles, pƌiŵed = ďlaĐk triaŶgles. 

Fig. ϱ. CoŵpaƌisoŶs of gƌoup ŵeaŶs ± SD aĐƌoss all ǁoƌk ƌates foƌ oǆǇhaeŵogloďiŶ 
;[HďOϮ+MďOϮ]Ϳ aŶd total haeŵogloďiŶ ;[THď+Mď]Ϳ iŶ ďoth gƌoups. a aŶd ď, 
[HďOϮ+MďOϮ] aŶd [THď+Mď] ƌespoŶses iŶ the supiŶe gƌoup, ƌespeĐtiǀelǇ. Đ aŶd d, 
[HďOϮ+MďOϮ] aŶd [THď+Mď] ƌespoŶses iŶ the upƌight gƌoup, ƌespeĐtiǀelǇ. CoŶtƌol = 
ǁhite ĐirĐles, pƌiŵed = ďlaĐk triaŶgles. * ƌepƌeseŶts a sigŶifiĐaŶt ŵaiŶ effeĐt of ĐoŶditioŶ 

Fig. ϰ. CoƌƌelatioŶs ďetǁeeŶ ĐƌitiĐal poǁeƌ Ŷoƌŵalised to ďodǇ ŵass aŶd the ߬௏ሶ OϮ 

foƌ the supiŶe ;aͿ aŶd upƌight ;ďͿ gƌoups. PeaƌsoŶ’s ĐoƌƌelatioŶ ĐoeffiĐieŶt ǀalues 
;rͿ aƌe also displaǇed. The ĐoƌƌelatioŶ shoǁŶ iŶ paŶel ď ǁas sigŶifiĐaŶt ;P = Ϭ.ϬϱͿ. 

Fig. ϭ. ሶܸ OϮ ƌespoŶses aŶd ďest-fit ŵodelled ƌespoŶses of a ƌepƌeseŶtatiǀe paƌtiĐipaŶt 
fƌoŵ the supiŶe ;aͿ aŶd upƌight ;ďͿ gƌoups at a ƌepƌeseŶtatiǀe ǁoƌk ƌate. OpeŶ sƋuaƌes 
= CON ;ǁith gƌeǇ liŶe of ƌesidualsͿ aŶd opeŶ tƌiaŶgles = PRI ;ǁith ďlaĐk liŶe of 
ƌesidualsͿ. Solid ďlaĐk liŶes ƌepƌeseŶt ŵodelled fits foƌ ďoth gƌoups.  

FIGURE LEGENDS 

 

 

 

 

 

 

 

 

 

 



ϰϴ 
 

 

 

 

 

 

 

 



 

0 60 120 180 240

0

1

2

3

4

UPRIGHT

V
O

2 (l
/m

in
)

Time (s)

(b)

0 60 120 180 240

0

1

2

3

SUPINE

(a)

V
O

2 (
l/

m
in

)

Time (s)

 (CON)

 (PRI)



 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 V
O

2
 (

l/
m

in
)

(b)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0(d)

V
O

2
 (

l/
m

in
)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0(e)

V
O

2
 (

l/
m

in
)

0 100 200 300 400 500 600 700 800 900

280

300

320

340

360

380

(f)

P
o

w
e

r 
o

u
tp

u
t 

(W
)

Time (s)

0 100 200 300 400 500 600
180

200

220

240

260

280(c)

P
o

w
e

r 
o

u
tp

u
t 

(W
)

Time (s)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0(a)
V

O
2
 (

l/
m

in
)



1 2
100

120

140

160

180

200

220

240(a)

PRICON

C
ri

ti
ca

l 
P

o
w

e
r 

(W
)

* 

 

1 2

160

180

200

220

240

260

280

300

320
(b)

PRICON

C
ri

ti
ca

l 
P

o
w

e
r 

(W
)



Baseline 30 s 120 s End-exercise
0

20

40

60

80

100

120

140

160

180

200
(a)

 

[H
b

O
2
+

M
b

O
2
] 

(
M

))

 CON 

 PRI 

Baseline 30 s 120 s End-exercise
0

20

40

60

80

100

120

140

160

180

200

220

240

260(b)

 

[T
H

b
+

M
b

] 
(

M
))

Baseline 30 s 120 s End-exercise
0

20

40

60

80

100

120

140

160

180(c)

 

[H
b

O
2
+

M
b

O
2
] 

(
M

))

Baseline 30 s 120 s End-exercise
0

20

40

60

80

100

120

140

160

180

200

220
(d)

 

[T
H

b
+

M
b

] 
(

M
))

*

* *

 

 



 

 

 

 

 

 

 

 

 

30 35 40 45 50 55 60 65 70

2.0

2.5

3.0

r = -0.067

(a)

C
ri

ti
ca

l 
p

o
w

e
r 

(W
.k

g
-1

)

VO
2
 (s)

15 20 25 30 35 40 45 50 55

2.0

2.5

3.0

3.5

4.0

(b) r = -0.80

C
ri

ti
ca

l 
p

o
w

e
r 

(W
.k

g
-1

)

VO
2
 (s)


