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We thank Maclntosh and Fletcher (2010) for sharing these
previously unpublished power—cadence data. We concede
that, on the basis of the only power—cadence data (Beelen
and Sargeant 1991) available at the time of writing our
reply to Burnley (2010), we may have underestimated the
effect of cadence on the ability to produce maximal vol-
untary cycling power (MVCP) in a fatigued state (Marcora
and Staiano 2010b). Nevertheless, the power—cadence data
provided by MacIntosh and Fletcher (2010) strengthen,
rather than weaken, our conclusion that muscle fatigue
does not cause exhaustion during high-intensity aerobic
exercise (Marcora and Staiano 2010a). In fact, according to
the fatigued power—cadence relationship shown in Fig. 1
(open squares) (Maclntosh and Fletcher 2010), fatigued
subjects that can produce 600 W at 108 RPM are able to
produce 400 W at 40 RPM. Therefore, the fact that our
subjects were able to produce 731 W at 108 RPM in the
final MVCP test suggests that they were able to produce
>400 W at exhaustion (40 RPM).

Whether our subjects were able to produce >400 or
731 W at exhaustion is totally irrelevant. What is relevant
to our conclusion is that, despite significant muscle fatigue,
they were able to produce more than 242 W at exhaustion.
This finding goes against one of the most fundamental
assumptions in exercise physiology: submaximal exercise
terminates at the point commonly called exhaustion
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because central and/or peripheral fatigue mechanisms
reduce muscle function to the point that subjects are no
longer capable of producing the force/power required by
the task despite their maximal voluntary effort (task fail-
ure) (Allen et al. 2008; Jones and Burnley 2009).

We argue that exhaustion is a form of task disengage-
ment, i.e. a conscious decision to withdraw effort when the
effort required by exercise is beyond the maximal effort
subjects are willing to produce in order to succeed in the
task (potential motivation) (Marcora 2008; Marcora et al.
2008, 2009, Marcora and Staiano 2010a). Therefore, in
well-motivated subjects, the main factor causing exhaus-
tion is perception of effort, not muscle fatigue. In other
words, it is mind over muscle. Accordingly, future research
on what limits exercise tolerance should investigate the
psychobiology of perceived exertion using appropriate
psychophysical and neurophysiologic methods (Marcora
2009) rather than the central and peripheral mechanisms of
muscle fatigue (Decorte et al. 2010; Jones and Burnley
2009).

References

Allen DG, Lamb GD, Westerblad H (2008) Skeletal muscle fatigue:
cellular mechanisms. Physiol Rev 88:287-332

Beelen A, Sargeant AJ (1991) Effect of fatigue on maximal power
output at different contraction velocities in humans. J Appl
Physiol 71:2332-2337

Burnley M (2010) The limit to exercise tolerance in humans: validity
compromised by failing to account for the power—velocity
relationship. Eur J Appl Physiol 109:1225-1226

Decorte N, Lafaix PA, Millet GY, Wuyam B, Verges S (2010) Central
and peripheral fatigue kinetics during exhaustive constant-load
cycling. Scand J Med Sci Sports. doi:10.1111/j.1600-0838.2010.
01167.x

@ Springer


http://dx.doi.org/10.1111/j.1600-0838.2010.01167.x
http://dx.doi.org/10.1111/j.1600-0838.2010.01167.x

732

Eur J Appl Physiol (2011) 111:731-732

Jones AM, Burnley M (2009) Oxygen uptake kinetics: an underap-
preciated determinant of exercise performance. Int J Sports
Physiol Perform 4:524-532

Maclntosh BR, Fletcher JR (2010) The parabolic power—velocity
relationship does apply to fatigued states. Eur J Appl Physiol
manuscript accepted

Marcora SM (2008) Do we really need a central governor to explain
brain regulation of exercise performance? Eur J Appl Physiol
104:929-931

Marcora S (2009) Perception of effort during exercise is independent
of afferent feedback from skeletal muscles, heart, and lungs.
J Appl Physiol 106:2060-2062

@ Springer

Marcora SM, Staiano W (2010a) The limit to exercise tolerance in
humans: mind over muscle? Eur J Appl Physiol 109:763-770

Marcora SM, Staiano W (2010b) The parabolic power—velocity
relationship does not apply to fatigued states. Eur J Appl Physiol
109:787-788

Marcora SM, Bosio A, de Morree HM (2008) Locomotor muscle
fatigue increases cardiorespiratory responses and reduces per-
formance during intense cycling exercise independently from
metabolic stress. Am J Physiol Regul Integr Comp Physiol
294:R874-R883

Marcora SM, Staiano W, Manning V (2009) Mental fatigue impairs
physical performance in humans. J Appl Physiol 106:857-864



	Reply to: The parabolic power--velocity relationship does apply to fatigued states
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


