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Abstract

Purpose This study examined the relationship of physiological and anthropometric characteristics with parameters of the
critical power (CP) model, and in particular the reconstitution of W’ following successive bouts of maximal exercise, amongst
trained and untrained cyclists.

Methods Twenty male adults (trained nine; untrained 11; age 39+ 15 year; mass 74.7 +8.7 kg; VO,..¢
58.0+8.7 mL kg~' min~") completed three incremental ramps (20 W min~") to exhaustion interspersed with 2-min recov-
eries. Pearson’s correlation coefficients were used to assess relationships for W’ reconstitution after the first recovery (W),
the delta in W' reconstituted between recoveries (AW'..) CP and W'

Results CP was strongly related to VO,,,., for both trained (»=0.82) and untrained participants (r=0.71), whereas W’ was
related to VO, when both groups were considered together (r=0.54). W', was strongly related to VO,,,,. for the trained
(r=0.81) but not untrained (r=0.18); similarly, AW',.. was strongly related to VO,,,., (r=— 0.85) and CP (r=—0.71) in
the trained group only.

Conclusions Notable physiological relationships between parameters of aerobic fitness and the measurements of W' reconsti-
tution were observed, which differed among groups. The amount of W’ reconstitution and the maintenance of W' reconstitu-
tion that occurred with repeated bouts of maximal exercise were found to be related to key measures of aerobic fitness such
as CP and VO,,,.. This data demonstrates that trained cyclists wishing to improve their rate of W' reconstitution following
repeated efforts should focus training on improving key aspects of aerobic fitness such as VO, and CP.

Keywords W' reconstitution - Cycling - Fatigue - Recovery - Correlation

Abbreviations w The finite capacity of work above critical power
BLa~  Blood lactate Wiei  Amount of W' reconstituted during first recovery
CP Critical power period

EPOC  Excess post-exercise oxygen consumption Wieco  Amount of W' reconstituted during second

HR Heart rate recovery period

LF Linear factor AW .. Delta of W' reconstituted between first and sec-
PCr Phosphocreatine ond recovery periods

RRT Repeated ramp test T Tau, the time constant of W',

VO, Oxygen uptake
VO,max  Maximum oxygen uptake
Introduction

Communicated by Guido Ferretti. The two-parameter critical power model formulated by

54 Alan Chorley Monod and Scherrer (1965) describes how the hyperbolic

a.chorley @chester.ac.uk relationship between power output and time to exhaustion in
the ‘severe’ intensity domain is comprised of the parameters;
critical power (CP) and the finite capacity of work available
during exercise above CP, known as W’ (Jones and Vanhatalo
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inability to maintain metabolic homeostasis, with conse-
quent rises in oxygen uptake (VO,) until the limit of toler-
ance ensues (Jones et al. 2019). CP thus marks the boundary
between the heavy and severe intensity domains (Jones et al.
2019), below which homeostasis is achieved, albeit with a
delayed metabolic steady-state and elevated blood lactate
[BLa™] relative to baseline values. Known values of CP and
W' can be used to predict time to exhaustion in the severe
intensity domain (Jones and Vanhatalo 2017). However,
in the context of cycling most forms of races from track
cycling team pursuits to Grand-Tour stages are characterised
by intermittent efforts within the severe intensity domain
interspersed with periods below CP (Craig and Norton 2001;
Vogt et al. 2007) which allows partial or complete reconsti-
tution of W' depending on the recovery duration (Chidnok
et al. 2013a).

W' was originally thought to represent the anaerobic
capacity derived from anaerobic glycolysis, phosphocre-
atine (PCr) and oxygen stores within the muscle (Miura et al.
1999). Latterly, W' has been related to an accumulation of
fatiguing metabolites such as adenosine diphosphate, inor-
ganic phosphate and hydrogen ions (Ferguson et al. 2010),
a notion supported by a reduction in W' due to impaired dis-
sipation of metabolites following prior exercise in different
muscle groups (Johnson et al. 2014). In untrained popula-
tions, the magnitude of W’ has been linked to muscle gly-
cogen availability (Clark et al. 2019; Miura et al. 2000), the
development of the VO, slow component (Jones and Van-
hatalo 2017; Murgatroyd et al. 2011), the depletion of PCr
(Chidnok et al. 2013a), leg morphology (Byrd et al. 2017;
Miura et al. 2002), though not muscle fibre type distribution
(Vanhatalo et al. 2016). In a well-trained population, leg-
strength, but not quadriceps volume was correlated with the
magnitude of W’ (Kordi et al. 2018).

In marked contrast to our understanding of W' depletion,
the determinants of the reconstitution kinetics of W’ dur-
ing exercise have received little scientific attention, despite
being crucial to performance outcomes dependent upon
repeated severe intensity efforts. W’ reconstitution kinetics
have been demonstrated to be curvilinear with time and most
rapid in early recovery (Ferguson et al. 2010) but not con-
sistent with the recovery kinetics of PCr, pH, VO, or [BLa™]
(Chidnok et al. 2013b; Ferguson et al. 2010). Subsequently it
has been proposed that W' reconstitution kinetics are expo-
nential, with a time constant dependent upon the difference
between CP and recovery power output (Skiba et al. 2012,
2015). However, the high degree of individual variability
in W' reconstitution kinetics (Bartram et al. 2017; Chorley
et al. 2018) suggests there are hitherto unknown multiple
contributing factors to W’ reconstitution kinetics beyond the
difference between CP and recovery power.

Given the dearth of studies examining the potential deter-
minants of W’ reconstitution kinetics, the aim of the present
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study was therefore to assess the relationship between W'
reconstitution and physiological characteristics, in trained
cyclists and a group of healthy individuals not undertak-
ing regular endurance exercise. Since previous studies have
demonstrated aerobic fitness to be associated with improved
maintenance of repeated sprint performances (Buchheit
and Ufland 2011; McMahon and Wenger 1998; Tomlin
and Wenger 2001), which are likely to be at least partly
dependent upon W' reconstitution, we hypothesised that
markers of aerobic fitness such as CP, VO, .. and training
volume would be most closely associated with the capacity
to recover W'.

Methods
Participants

Following institutional ethical approval, twenty adult males
(age 39+ 15 year; body mass 74.7 +8.7 kg) volunteered
to participate in the study and provided written informed
consent. The group comprised two subsets; trained endur-
ance cyclists undertaking a minimum 5 h per week struc-
tured cycle training (n=9; age 39 + 12 year; body mass
72.7+7.1 kg), and untrained (n=11; age 39 + 18 year; body
mass 76.3+9.9 kg) who were engaged in active sport on a
minimum weekly basis (team sports or sprinting) and under-
took less than 2 h per week of recreational cycling.

Experimental design

Participants completed three sessions over a period of
5-8 days with a minimum of 2 days between visits. Ses-
sions were completed in an air-conditioned laboratory (tem-
perature 19+ 1 °C; humidity 54% +5%) at similar times of
day (£ 1.5 h). Participants undertook each session having
avoided strenuous exercise and alcohol consumption for
24 h, caffeine for 4 h, and were 3 h post-prandial. The first
visit comprised anthropometric and body composition meas-
ures, and baseline physiological testing incorporating a ramp
all-out test to determine CP and W'. The ramp all-out test
has been shown to produce valid estimates of CP and W’
from a single laboratory visit (Murgatroyd et al. 2014). Dur-
ing visit two, participants completed a familiarisation of the
repeated ramp test (RRT) protocol which has been shown to
produce reliable measurements of W’ reconstitution (Chorley
et al. 2018), whilst visit three comprised the same RRT with
all measurements being recorded for analysis. Cycle tests
were performed on an electronically braked cycle ergom-
eter (Lode Excalibur Sport, Lode BV, Groningen, Nether-
lands) adjusted for each participant’s comfort and pedal type
(standardised for all visits). Pulmonary gas exchange was
sampled breath-by-breath with an on-line analyser (Quark
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CPET, Cosmed, Rome, Italy) calibrated prior to each test
with gases of known concentrations and volumes. Partici-
pants were fitted with a wireless ANT + chest strap (Garmin
International, Kansas) for continuous monitoring of heart
rate.

Procedures
Anthropometric assessments

Each participant was measured for stature, body mass, and
body composition by air displacement plethysmography
(BodPod, Life Measurement Instruments, Concord, CA;
calibrated prior to each visit). Skinfold thicknesses were
measured to 0.1 mm using Harpenden callipers (British
Indicators, Luton, UK) at nine anatomical sites on the right-
hand side of the body (triceps; biceps; subscapular; pectoral,
supraspinal; iliac crest; abdominal; thigh; calf) in accord-
ance with procedures recommended by the International
Society for the Advancement of Kinanthropometry. Thigh
and calf girths were measured using an anthropometric tape
to 0.1 cm midway between the inguinal crease and the proxi-
mal border of the patella and the maximum calf on the right
side of the body respectively. Corresponding muscle girths
were calculated as Eq. 1:

Muscle girth = leg girth — (z X Skinfold — thickness)
ey

Baseline physiological testing

For the accurate determination of CP, the ergometer was
configured with a ‘linear factor’ (LF) (Chorley et al. 2018;
Murgatroyd et al. 2014) based on a predicted CP and pre-
ferred cadence derived from examination of participants’
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recent training or race data (where available), otherwise a
predicted power output of 3 X body mass (in kg) (van der
Vaart et al. 2014) and a cadence of 80 rev-min~! (Murga-
troyd et al. 2014) were used to calculate LF. As shown in
Fig. 1 participants cycled for 5 min before transitioning to a
20 W min~! ramp to the limit of tolerance with strong verbal
encouragement provided. When cadence was observed to
fall to 60 rev min~! power output was immediately stepped
down before any recovery could take place to 30 W above
predicted CP to ensure full depletion of W’'. When partici-
pants could no longer maintain a cadence of 50 rev min~!
at the reduced power output the ergometer was immediately
switched from hyperbolic mode into linear mode during
which they cycled all-out for 2 min. Knowledge of time to
completion of this phase was withheld to minimise pacing.
CP was calculated as the mean power output during the final
30 s of the all-out phase of the baseline test (Murgatroyd
et al. 2014).

Experimental trial

The RRT protocol (see Fig. 2) was performed with the
ergometer in hyperbolic mode and commenced with 5 min
cycling at 100 W before transitioning into a 20 W min~!
ramp to the limit of tolerance. When cadence was observed
to fall to 60 rev-min~!' power output was immediately
stepped down before any recovery could take place to
30 W above CP to ensure full depletion of W’ until cadence
dropped to 50 rev min~'. Following this, a 2-min recovery
period at 50 W was provided before completing two fur-
ther identical ramp and step-down exercise tests, each also
separated by a 2-min recovery period at 50 W. Each ramp
commenced at CP+30 W to reduce errors associated with
inter-day variability of CP which would otherwise realise
additional, but variable, W’ reconstitution during the early
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Fig. 1 Example baseline test power output profile. Dashed horizontal line indicates critical power
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Fig.2 Example repeated ramp test test power output profile. Dashed
horizontal line indicates critical power. W' is the area above CP dur-
ing the initail ramp (first blue shaded area), W' reconstitution occurs

phase of the ramp below CP (Chorley et al. 2018). The test
concluded with a 5 min cool-down at 50 W. Recovery power
output was set at 50 W to reflect a minimal load whilst being
representative of a true metabolic cost (Boone et al. 2008).

Data processing

W'’ was calculated as the work completed above CP during
the first ramp and step-down phase during the experimental
trial. W’ reconstituted during each 2-min recovery period
was calculated as the amount of work completed above CP
during the subsequent ramp and step-down phase. W',
and W', were defined as W' reconstituted during the first
recovery and second recovery periods, respectively; the dif-
ference between W' reconstitution during the first and second
recovery periods was defined as AW',... The W’ reconstitu-
tion time constant T was calculated based on an exponential
recovery of W' (Vinetti et al. 2017) using the natural loga-
rithm Eq. 2:

T=-120/LN(1 - W' _ /W) )

For pulmonary gas exchange parameters, errant breaths,
defined where VO, differed from the local mean by >4 SD,
were removed. Thereafter gas exchange and power data
were interpolated and time aligned to produce second-by-
second data for the trial using custom spreadsheets. VO, ..
for each participant was deemed to be the maximum mean
VO, recorded over a 30-s period across all tests (Day et al.
2003). VO, at CP was determined from the intersect of CP
and the slope of VO, against power output during the first
ramp to exhaustion during the experimental trial. Heart rate
(HR) recovery was calculated as the difference in HR at the
end of each ramp-step-down phase and after each 60 s of
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when power output falls below CP prior to its expenditure in the sub-
sequent ramp phase. The second (green) shaded area and third (yel-

low) shaded areas denote W', and W', respectively

the subsequent recovery period. Excess post-exercise oxygen
consumption (EPOC) was the total VO, following the end of
the ramp-step-down phase to each 60-s time point during the
subsequent recovery periods whilst continuing to produce a
power output of 50 W.

Statistical analysis

Descriptive statistics (mean +SD) were calculated for all
the dependent variables and normality of their distributions
was checked using the Shapiro—Wilk test. Relationships
between the primary variables (CP, W', W', .., and AW',..)
were examined with Pearson’s product-moment correlation
coefficient and were calculated for the whole group and sep-
arately for each subset (trained and untrained). Independent-
samples ¢ tests were used to compare the characteristics of
the subsets. A one-sample 7 test was used to compare AW,
to a 0 J W' reconstitution difference. Paired sample ¢ tests
were used to compare the differences between W', and
W' (.co- Unless stated otherwise all values are absolute. Statis-
tical significance was set at p <0.05 throughout, and analysis
was performed using SPSS v.23 (IBM Corp., Armonk, NY).

Results
CP and W' characteristics and relationships

Physical and physiological characteristics including CP and
W', along with training history for the group and subsets can
be seen in Table 1. Strong positive relationships with VO,
were evident for CP for the whole group (r=0.86) and both
the trained subset (r=0.82), and untrained subset (r=0.71),
whilst W’ exhibited weaker relationships with VO, .. (whole
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Table 1 Characteristics of whole group, cycle trained and untrained

Age Training CP Cp w w VOymax VOymax

(year) (h-week™) (W) Wkg™) (k) d-kg™ (L-min") (mL-min~"kg™")
Group 39+15 N/a 268 +43 3.63+0.68 11.0+£4.0 151+69 4.29+0.48 58.0+8.7
(n=20)
Trained 39+12 82+3.6 301+35% 4.17+0.60* 12.7+34 178 +56 4.59+0.46* 63.7+8.7*
(n=9)
Untrained 39+18 N/a 242428 3.19+0.35 9.6+4.1 128 +59 4.03+0.34 53.4+5.7
(n=11)

Physiological measurements in absolute terms and relative terms
*Significantly different (p <0.01) to the untrained subset

group: r=0.54; trained: r=0.53; untrained r=0.33). The
difference in VO,,,, and VO, at CP was related with W’
for the whole group (r=0.66) and both subsets (trained:
r=0.65; untrained: r=0.75), whilst positive relationships
were observed between the difference in VO,,,,,. and VO, at
CP and 7 (whole group: r=0.41; trained: r=0.17; untrained:
r=0.67). Within the trained subset age was inversely related
to both CP (r=- 0.50), and W' (r=— 0.53) whilst body
mass was related to CP (r=0.67) in the untrained subset
only (yet unrelated to W'). Body Composition characteris-
tics (see Table 2) exhibit no significant differences between
subsets. Measures of body composition (sum of skinfolds
and fat mass) show clear distinctions between the trained and
untrained subsets in their relationships with CP and W’ (see
Table 3). Thigh muscle girth and CP were strongly related
in the untrained subset (r=0.74), but not in the trained sub-
set (r=0.36). W’ was unrelated to the thigh measurements
in either subset. Training volume (only applicable to the
trained subset) displayed a very strong relationship with CP
(r=0.86). CP was strongly related to EPOC during the first
minute of each recovery overall (r=0.85) and for each sub-
set (trained: »=0.84; untrained: r=0.87).

Physiological relationships with W' reconstitution

AW’ was not equal to 0 J for the group or either subset
demonstrating a differing of W’ reconstitution following
successive bouts, paired ¢ test comparisons established a
significant reduction in W’ reconstitution, and thus a slow-
ing of W' reconstitution kinetics, following the second
recovery period, versus the first (Table 4). The amount of

reconstitution of W' (W',..,) was positively correlated with
W' for the whole group (W', .;: ¥r=0.77), trained (W' ;:
r=0.71), and untrained subsets (W',..;: r=0.91). However,
when W' ., was expressed as a proportion of W', the direc-
tion of the correlation was reversed (whole group: %W’
r=—0.78; trained: %W',.;: r=— 0.47; untrained: %W’
r=—0.88,). As 7 is a mathematical derivative of %W',..,,
T exhibited similar correlations to W’ as shown in Fig. 3. A
strong relationship between W', and AW',.. was evident
only in the trained subset (r=— 0.70).

CP was positively related to W', for the whole group
and trained subset (group: r=0.49; trained: »=0.52), and
negatively related with AW’ for the trained subset only
(r=—0.71). Strong relationships between W' reconstitu-
tion and VO,,,,, were evident for the whole group (W',.;:
r=0.70) and the trained subset (W',..;: r=0.81; AW' .
r=— 0.85). The difference in VO,,,,, and VO, at CP had
similar strong relationships with W' reconstitution for the
whole group (W', ;: ¥=0.65) and both subsets (trained:
W' eer: ¥=0.66; untrained: W',.;: r=0.71), but no relation-
ship with AW' ...

For the group overall (r=— 0.43) and the trained subset
especially (r=— 0.66; Fig. 4e) age was negatively related
to W'i..1» and very strongly related to AW’ . (r=0.86;
Fig. 4f). Training volume (only applicable to the trained
subset) displayed a strong negative relationship with AW’
(r=-— 0.75). No significant relationships were observed
between parameters of W' reconstitution and age in the
untrained subset.

The W' reconstitution relationships with EPOC and HR
recovery were strongest during the first minute of each

recl*

recl*

Table 2 Body composition and anthropometric measurements of whole group, cycle trained and untrained

Mass Stature Body fat Fat mass Sum of 9 Skinfolds ~ Thigh muscle girth  Calf muscle girth
(kg) (cm) (%) (kg) (mm) (mm) (mm)
Group (n=20) 747+87 1781+63 17.5+6.0 133+54 93.9+30.3 467 +38 352+24
Trained (n=9) 72.7+7.1 1781+7.8 16.1+59 11.8+47 82.5+29.5 475+43 354+22
Untrained (n=11)  763+99  178.1+52 18.7+6.1 144+58 103.1+28.8 460+33 350+27
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Table 3 Correlation coefficients Measure CP(W) W () W (@) AW () 1)

between measures of body

composition and physiological Group (n=20) VO, (L-min™") 0.86*  0.54* 070 —0.18 0.19

measures with CP, W', Wieey, CP (W) 034  049% —020 0.01

AW' . and T
w ) 0.34 0.77* 0.03 0.78*
Fat mass (kg) - 0.09 —-0.55 - 0.56* -0.16 -0.22
Fat free mass (kg) 0.24 0.03 0.05 -0.15 - 0.01
Sum of nine skinfolds (mm) -0.37 —-047* -0.60* —0.01 -0.05
Thigh muscle girth (mm) 0.51% —-0.07 -0.01 0.01 -0.07
Calf muscle girth (mm) 0.38 -0.24 -0.14 0.11 -0.19

Trained (n=9) VO,na, (L-min™h) 0.82* 0.53 0.81* —0.85*% -0.26
CP (W) 0.70* 0.52 - 0.71* -047
w ) 0.70* 0.71*  —-0.31 0.51
Fat mass (kg) -0.07 -040 -0.56 0.45 0.14
Fat free mass (kg) 0.14 -0.07 0.21 —-0.21 -0.33
Sum of nine skinfolds (mm) —-0.38 —-047* -0.63 0.45 0.14
Thigh muscle girth (mm) 036 —-0.31 —0.03 0.17 -0.37
Calf muscle girth (mm) 022 -033 -0.07 —-0.08 -0.34
Untrained (n=11) VO, (L-min~!) 0.71%* 0.33 0.18 0.21 0.47

CP (W) 004 -0.19 -0.04 0.10
w ) 0.04 0.91* 0.19 0.94*
Fat mass (kg) -028 —-0.56 —-0.70%*  —-045 -0.37
Fat free mass 0.64* 0.14 —0.06 0.09 0.21
Sum of nine skinfolds (mm) 0.02 -033 —-0.44 -0.26 —0.10
Thigh muscle girth (mm) 0.74* —0.05 -0.32 -0.13 0.13
Calf muscle girth (mm) 0.66* —-028 —045 0.20 -0.13

*p<0.05

Table4 W' reconstitution following the first (W',,.;) and second (W',) recovery periods of whole group, cycle trained and untrained. Measure-

ments in absolute terms, relative terms and as % of W’

W,recl W,recl % W'recl W,rec2 W'reCZ % W'reCZ AW,rec

(k) kg™ (%) (kD) kg™ (%) @
Group (n=20) 63+1.6 86.6+26.1 61.9+16.0 5.9+1.8* 81.1+28.4* 58.0+16.7* 398 + 585%*
Trained (n=9) 7.1+19 98.8 +30.1 56.9+10.5 6.7+2.3% 93.1 +£35.0% 53.0+12.0% 417 +497%*
Untrained (n=11) 5.7+0.9 76.6+18.0 66.1+18.8 5.3+0.9% 71.4+18.0* 62.2+19.3* 382+ 673%*
*Significantly different from W', (p <0.05)
**Significantly different (» <0.01) from 0 J
recovery period, particularly for the trained subset, but non- Discussion

significant among the untrained (see Table 5).

Anthropometric and body composition
relationships with W' reconstitution

Body composition (sum of skinfolds and fat mass) exhib-
ited negative relationships with W', (see Table 3) for the
group and subsets. Neither W', nor AW’ . were related to
the thigh or calf girth measurements for the group or either

subset.
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The principal finding from this investigation was that the
capacity for W' reconstitution during a fixed recovery
period (W',..;) was related to parameters of aerobic fit-
ness in trained cyclists. Moreover, the maintenance of W’
reconstitution (AW',..) was also related to aerobic fitness
in trained cyclists. Consequently, aerobic fitness appears to
be an important determinant of W’ reconstitution, a feature
not fully accounted for in present models of W' deple-
tion and recovery kinetics. Conversely, despite their good
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Fig.3 Relationships between W' and the reconstitution of W’ dur-
ing 2-min of recovery. a Absolute reconstitution in Joules during the
first recovery period. b Proportional reconstitution as a percentage
of participant’s W' during the first recovery period. ¢ The time con-

aerobic fitness and similar body composition, such rela-
tionships among the active (but not cycle trained) subset
were absent. As such, prediction models and investigations
of W' reconstitution should account for or control homo-
geneity of training status within participants.

W' reconstitution

As might be expected participants with the largest W’ had
the greatest absolute reconstitution after 2 min of recovery,
(Fig. 3a). This is in keeping with previous studies dem-
onstrating an exponential recovery of W' as a function of
W' (Skiba et al. 2015; Vinetti et al. 2017). However, when
expressed as a percentage of W’ recovery, this relationship
disappeared in the trained group and was negative in the
untrained group, i.e., those with the highest W' reconstituted
the smallest fractional of W’ during recovery (Fig. 3). This
is similarly expressed within the exponential mathematical
function describing W' reconstitution kinetics by the positive
relationships between Tt and W', such a moderating effect
of W' on its reconstitution suggests that W' reconstitution
kinetics are a factor of both time and W', supporting their
inclusion in the W’ balance model by Skiba et al. (2012).
The present data, however, extend this to indicate independ-
ent effects of aerobic fitness on W’ reconstitution kinetics
(Table 3). Moreover, a reduction in the reconstitution rate
of W' with successive bouts of severe intensity exercise,
presumably a feature of the fatigue process, is also not

stant (t) determined for the participant’s W’ during the first recovery
period. Trained—Solid black squares and heavy dashed trendline;
Untrained—Clear circles and dotted trendline. *p <0.05

accounted for in the W’ balance model. However, such a phe-
nomenon is evidenced by AW', . being significantly greater
than zero. In the trained subset those with the greatest W',
had the smallest AW’ (i.e., had the smallest fatiguing effect
on W' reconstitution), which in turn was strongly related
to CP and VO, and consequently to aerobic fitness (see
Table 3). This reduction in the fatiguing effect with higher
aerobic fitness is similar to that seen during repeated sprints
(Tomlin and Wenger 2001). The influence of aerobic fitness
on exercise performance would therefore seem to extend to
recovery, a quality not evident in the active but not cycle
trained subset in the present study.

The rate of W' reconstitution has been associated with
the restoration of PCr (Chidnok et al. 2013b), which in turn
appears to be dependent on oxygen availability (Haseler
et al. 1999). In the present study EPOC and HR recovery
were both strongly related to W', and AW’ at least in
the trained subset (see Table 5). The former may be reflec-
tive of performance on the preceding task (i.e., high CP
and VO,,.,) and the latter is also indicative of high aerobic
fitness (Darr et al. 1988). It is possible therefore that the
effects of high aerobic fitness extends to improved availabil-
ity of oxygen during the recovery process. Indeed, as seen
in Fig. 4j those with the largest absolute difference in HR
following one minute of recovery maintained their W' recon-
stitution in the final recovery period (i.e., reduced AW'_.).

A novel outcome of this investigation was the observa-
tion of inverse relationships shown in Fig. 4e, f between age
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«Fig. 4 Relationships between factors affecting W' reconstitution in
the trained subset. Relationships between critical power and a W’
reconstitution during the first recovery period, and b the difference
between W' reconstitution during the first and second recovery peri-
ods (AW'..). Relationships between t and ¢ W' reconstitution, and
d AW'... Relationships between age and e W' reconstitution, and f
AW'... Relationships between VO, .. and g W' reconstitution, and h
AW'... Relationships between heart rate recovery after 60 s of recov-
ery and i W' reconstitution, and j AW’ *p <0.05

rec*

and W' reconstitution, suggesting that for trained cyclists,
advancing age both slows reconstitution and, in particular,
exacerbates the slowing of the rate of W’ reconstitution that
occurs following repeated maximal exercise. This effect may
have been confounded by reductions in training volume and
thus aerobic fitness with ageing. Indeed, decreases in endur-
ance performance with ageing can be partly mitigated by
maintaining training volume (Reaburn and Dascombe 2008).
Training volume was inversely related to AW, though not
with W', in the present study and there were inverse corre-
lations between age and CP (r=— 0.49) and training volume
(r=—0.61). Nevertheless, the strength of the relationship
between age and AW’ indicates that ageing may exert an
independent effect on the capacity to reconstitute W’ follow-
ing recovery from repeated sever intensity bouts of exercise.

The difference in VO, at CP and VO,_,, represents exer-
cise intensities above CP which elicit the development of the
VO, slow component until VO, is attained (Murgatroyd
et al. 2011), the extent of which is also associated with the
magnitude of W’ (Simpson et al. 2015). Similarly, the present
study extends that relationship to absolute W' reconstitution
but, found no association with the maintenance of W’ recon-
stitution. That T was only related to the difference in VO,
at CP and VO, in the untrained subset may be explained
by the multi-faceted aspects of aerobic fitness in the trained
group and their relatively high proportion of VO, .. at CP.

For the whole group and both subsets, body mass was
unrelated to W’ reconstitution or AW, thus providing no
justification for normalising these measures per kilogram
in the present study as has been suggested recently (Kordi
et al. 2018). Whilst body mass itself was unrelated, body
composition in terms of fat mass (but not lean mass) and
sum of skinfolds was inversely related to W’ reconstitution
without affecting the AW',... Blood flow to adipose tissue
adjacent to exercising muscle has been shown to increase
during exercise (Heinonen et al. 2012), raising the possi-
bility that competing demands for blood flow could prove
detrimental to W' reconstitution, however further research is
warranted to confirm this.

CPand W'

As indicated above, increasing age appeared to have a del-
eterious effect on some performance measures, particularly

among the trained subset. The effects of age on the decline
in both VO,, .. and lactate threshold in the trained popula-
tion are well established (Tanaka and Seals 2008), reflecting
the decline in CP observed in the present study. Maintaining
training volume and intensity can go some way to mitigate
the aerobic decline with advancing age (Tanaka and Seals
2008) and as the present study suggests, training volume
itself is strongly associated with CP.

Body mass has been shown to be a determinant of CP in
untrained participants (van der Vaart et al. 2014), and whilst
the current study reinforces this assertion in a non-cycle
trained active population, the relationship did not extend to
the cycle trained participants. Whilst body mass itself was
unrelated to W', both body composition in terms of fat mass
(but not lean mass) and sum of skinfolds was negatively
associated with W'. Interestingly, these body composition
relationships were consistent across the whole group and
subsets indicating that the connections between W’ and fat
mass are independent of cycle-specific training. In contrast
to previous studies (Byrd et al. 2017; Miura et al. 2002),
thigh anthropometrics showed no associations with W’ or
its reconstitution. Yet, unlike the previous studies few of
the current participants undertook regular strength training.
It has been shown that cross sectional area of type I muscle
fibres correlates with CP in endurance athletes (Mitchell
et al. 2018) supporting the anthropometric correlates in the
present study, and indicating that hypertrophy of different
fibre types due to strength or endurance training is likely to
be a determinant of W’ and CP respectively.

Conclusions

The novel finding of the present study was that in trained
cyclists, the rate of reconstitution of W', and in particular the
reduction in W' reconstitution that occurred with repeated
bouts of severe intensity exercise, were correlated with
parameters of aerobic fitness, such as CP and VO, . Fur-
thermore, whilst all the current participants undertook regu-
lar exercise, there were inconsistencies between the trained
cyclists and the recreationally active (untrained) group
with respect to the relationship between aerobic fitness and
parameters of W' reconstitution. The present data therefore
also reiterates the need to use trained participants in studies
that allude to performance and its underlying physiological
determinants. Hence, mathematical models developed to
predict the reconstitution of W' in trained cyclists involving
repeated severe intensity bouts of exercise should account
for aerobic fitness per se.

In examining the determinants of W’ reconstitution,
the present study provides athletes and coaches with an
insight into the factors which can influence performance in
events dependent upon repeated severe intensity exercise,
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Table 5 Correlation coefficients for excess post-oxygen consumption and heart rate recovery during the first minute of each recovery period

EPOC HR recovery
Wi 1) AW () Wit () AW ()
Group (n=20) Ist min of 1st recovery 0.40 —0.08 0.60* —-0.38
1st min of 2nd recovery 0.51* —=0.13 0.56* —-0.26
Ist min of cool down 0.50* —-0.14 0.57* —-0.34
Trained (n=9) Ist min of 1st recovery 0.56 —0.70* 0.72% —0.65%
1st min of 2nd recovery 0.63* —0.74* 0.68* -0.63
1st min of cool down 0.70%  —0.73* 0.75* —0.69*
Untrained (n=11) I'st min of 1st recovery —-0.21 0.26 0.24 —-0.03
1st min of 2nd recovery 0.14 0.23 0.19 0.01
st min of cool down -0.19 -0.23 0.14 - 0.07

*p<0.05

including many track and road cycling events. Conse-
quently, the development of aerobic fitness (e.g., VO, .«
and CP) appears to be important in maximising the rate
of W' reconstitution and minimising the decrement in the
rate of reconstitution that occurs during intermittent severe
intensity exercise.
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