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Headline

he cycling world hour record (WHR) is one of the most

mythical and prestigious cycling performances. For one
hour, cyclists aim to cover the longest distance possible on a
cycling velodrome. Many of the most successful and legendary
cyclists, such as Fausto Coppi, Jacques Anquetil, Francesco
Moser, Eddy Merckx, Miguel Indurain or Bradley Wiggins
have focused on improving the WHR during their careers. De-
spite the increasing scientific information on professional cy-
cling performance (1-4), scientific data on the WHR is rather
limited.

Aim

Bassett and colleagues used a mathematical model to compare
calculated data with empirical data from the WHR 1967-1996
(5). They concluded that since 1967, about 60% of the im-
provement in the hour record distance has come from aerody-
namic improvements and about 40% from higher power out-
puts. The authors estimated that for future attempts a min-
imum of 440 W at sea level would be required. Padilla and
colleagues described the physiological profile and aerodynam-
ics of an elite road cyclist leading to a successful WHR attempt
(6). Based on their model, they calculated an average power
output during the WHR. of 510 W (~6.3 W-kg™!). However,
the metabolic requirements for a successful WHR, are not dis-
closed by these average power outputs alone. In other words,
the contribution of aerobic and anaerobic energy pathways
during a WHR is not yet disclosed. Such improved under-
standing of the lactate dynamics and aerobic/anaerobic energy

contributions of a successful WHR attempt could be used to
optimize the training process for future athletes attempting
to improve the WHR.. Therefore, the aim of the current study
is to compute the lactate dynamics and energy contributions
of a successful WHR attempt based on previously published
data (6).

Methods

The data for this study are retrieved from the paper of Padilla
et al (6) (table 1) and are used to feed a mathematical model of
muscle metabolism (INSCYD GmbH, version 2.0, Salenstein,
Switzerland). This model has been validated for the deter-
mination of VOamax and MLSS in well-trained cyclists (7,8).
Individual data used to run these calculations were: sex, body
mass, VOgmax, gross efficiency (GE) and MLSS. Body compo-
sition was set at 9% body fat, which was not reported in the
study of Padilla et al (6) but assessed based on literature data
in professional cyclists (9,10). All other settings in the soft-
ware such as detailed body composition was kept at default
values as preset in the software (table 2).

As the power at MLSS is a function of the maximal oxygen
uptake (VOgmax) and the maximal glycolytic rate (VLamax)
(11-13) and using the power output at a BLC of 4 mmol.1™"
(LT4) as an approximation for the MLSS (14), VLamax could
be calculated from the available data. Based on the mea-
sured VOomax (ml~kg_1-min_1) and the calculated VLamax
(mmol~171~sfl), the aerobic and anaerobic energy contribu-
tion, and the lactate accumulation rate (mmol-1™"-min™') at

WHR power (510 W) was calculated.

Table 1. Data retrieved from Padilla et al (2000).

Height (cm) Weight (kg) (Ygi;nfi‘) LT4 (W) GE (%) WI({\E{V)PO WHR BLC
188 81 6.4 505 % 510 52

Table 2. Applied default settings in the INSCYD software for body composition based on a body fat percentage

of 9%.
Body water Total muscle mass Muscle mass used Lactate distribution
(% body mass) (% body mass) (% muscle mass) space (% body mass)
68.88 42.42 65 50.63
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Results

Based on the above-mentioned data and methodology, the
calculated VLamax was 0.38 mmol-1~'-s™!. Lactate accumu-
lation rate at the average PO during the WHR was 0.06
mmol- 1~ -min~! resulting in a total lactate accumulation of
3.6 mmol-17!. Given a pre-exercise BLC in the range of
0.8-1.3 mmol17!, this would result in a post WHR BLC
of 4.4-4.9 mmol-1™! which approximates the measured BLC
(5.2 mmol-17!) 3 minutes after the WHR, attempt. PO at
4 mmol-17 ! lactate was calculated at 87.2% of VOomax and
approximated the measured value (88.2%). The calculated

energy contribution based on the average PO during WHR
amounted 8.2% from anaerobic and 91.8% from aerobic energy
metabolism with a corresponding carbohydrate utilization of
~405g-h~*.

The effect of the typical error in VOzmax (£2.5
ml~kg71-min71) (15) and VLamax (£ 0.05 mmol-171~minfl)
(16) on the calculated lactate concentration after the WHR is
shown in table 3. The effect of changes in body fat percentage
on the lactate concentration after the WHR is shown in table
4.

Table 3. The effect of the typical errors in VOazmax(+2.5 ml-.kg ' -min~') and VLamax (£0.05 mmol1~'s7!) in
a subject with body mass 81kg and 9% body fat on the calculation of the MLSS, the BLA and BLC at WHR

PO.

V Oomax VLamax MLSSinscyD WHR BLA WHR BLC Plausible
(ml'kg™'-min~) (mmol-17.s71) (W) (mmol-1™ -min~1) (mmol-171) solution

0.33 499 0.19 12.2-12.7 69)

76.51 0.38 487 0.39 24.2-24.7 (1)

0.43 476 0.57 35-35.5 @3]

0.33 517 0.12 @ @)

79.01 0.38 505 0.06 4.4-4.9 3)

0.43 195 0.4 15.2-15.7 6]

0.33 536 20.39 @ )

81.51 0.38 595 0.22 @) 2)

0.43 514 0.06 @) 2)

No plausible solution. No lactate accumulation.

R s

No plausible solution. Difference with measured WHR BLC > 1 mmol-17'.

Plausible solution. Difference with measured WHR BLC < 1 mmol-17*.
No lactate accumulation. BLC at PO < MLSS generally is in the range of 2-4 mmol-17*.

Table 4. The effect of body fat percentage on the calculation of the MLSS, the BLA and BLC at WHR PO in

a subject with body mass 81kg, VOgmax 79.01 ml-kg_1~min_1 and VLamax 0.38 mmol-171.s7 1.

Body fat percentage MLSSinscyp (W) (mrr(f)l}il}l]?nﬁi?fl) Xvnfrlnlel?}‘ 1(; Plausible solution
8% 505 0.08 5.6-6.1 3)
9% 505 0.06 1.41.9 3)
10% 507 0.06 1.4-4.9 3)

1. No plausible solution. Difference with measured WHR BLC > 1 mmol17.

2. No plausible solution. No lactate accumulation.

3. Plausible solution. Difference with measured WHR BLC < 1 mmol-17!.

Discussion

This study investigated the physiological profile of a WHR
cyclist, the aerobic and anaerobic energy contribution, and
the lactate accumulation dynamics during a successful WHR
attempt. The data published by Padilla et al (6) was used
to calculate the maximal glycolytic rate (VLamax) of 0.38
mmol17's7!. Recently, The VLanax, as an estimate of the
maximal glycolytic power, has received more attention in the
scientific literature (13). Descriptive data of VLamax values in
elite cyclists based on a validated VLamax protocol (17) are
still scarce. Yang and colleagues observed VLamax values of
0.9740.18 mmol-17*-s™! in elite cycle track sprinters (18). In
endurance athletes, VLamax values are typically in the range
of 0.3-0.7 mmol-1~*-s™! (17,19-21) and the calculated value
in this study corresponds with these observations. Relatively
low VLamax values seems to be favorable for a WHR perfor-
mance as it allows higher PO in physiological steady state
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conditions (13,22,23). However, a too low VLamax value (e.g.,
< 0.2 mmol-17*-s™!) might compromise the PO needed for the
standing start (~1.000W) and causes a rapid lactate accumu-
lation and muscular fatigue at power outputs above MLSS.
It can be speculated that the calculated VLamax value in this
study is optimal to accommodate the specific PO requirements
during a WHR performance.

The cyclist in this study was one of the most successful
time-trial and GC grand tour riders of his generation, win-
ning the time-trial World title once, the Tour de France 5
times and the Giro d’Italia 2 times. His VOgmax value (~79
mlkg™'-min™') was around 5 ml-kg™*-min~"' lower than ob-
served in another grand tour winner (9) and lower as what is
recognized as the upper limit of oxygen uptake in world-class
male cyclists (~90 ml-kg™"-min~"') (24). The extremely high
workloads at a metabolic steady state (~505 W) in this cy-
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clist can be explained by his high maximal oxygen uptake, an
extraordinary mechanical efficiency (9,25) and relatively low
glycolytic power (12,13). The observed gross efficiency (GE)
of 26% and the calculated VLamax of 0.38 mmol-1~!-s7! fits in
this reasoning.

Based on the VOgmax, GE and VLamax data, aerobic and
anaerobic energy contribution, and the post WHR BLC could
be calculated using a commercially available physiological per-
formance model. According to these calculations, ~92% of
the energy contribution during the WHR came from aerobic
metabolism and ~8% from anaerobic metabolism. In the sci-
entific literature, not much information is available on energy
contributions in maximal efforts of ~1h duration in elite cy-
clists. It has been repeatedly demonstrated that the longer the
event, the higher the aerobic energy contribution with an equal
contribution from the aerobic and anaerobic energy systems
for maximal efforts of around 75 seconds (26,27). Foster et
al demonstrated in a sample of competitive road cyclists that
the absolute anaerobic energy contribution (kJ) only slightly
increased in maximal cycling efforts of 500m-3000m (corre-
sponding exercise times ~40-300s). Consequently, the relative
contribution of aerobic energy increases with increasing exer-
cise duration and amounted ~70% for an exercise duration of
~5 min (26). In endurance athletes as in the case of this study,
the aerobic energy contribution for a fixed exercise duration is
higher compared to sprint athletes (27). The high VOomax and
GE and relatively low VLamax values reported in this study are
indicative for an athlete with a type I dominant muscle fiber
typology (13,28) favoring aerobic metabolism. Some limita-
tions of this study should be acknowledged. The VOgmax was
based on historical test data and this value was not confirmed
with breathing gas data during a maximal laboratory test in
the days leading up the WHR attempt. In general, VO2max
values are relatively stable in elite athletes during the rac-
ing season (29), but it cannot be excluded that the actual
VOzmax was somewhat different from the value that has been
used in the simulations. Therefore, we simulated the effect
of a lower and higher V Oomax (+£2.5 ml-kg_1~min_1) on the
WHR BLC and blood lactate accumulation rate. According
to our calculations, a lower VOgmax results in an increased
lactate accumulation rate and in BLC that are significantly
higher than the measured BLC. A higher VOgmax results in a
PO at MLSS that is higher than the average PO during the
WHR. This is possible from a physiological point of view, but
nevertheless not a likely situation during an all-out effort of
1-h duration. Moreover, this would cause a BLC that is lower
than the measured BLC after the WHR.

Secondly, to be able to calculate VLamax, the PO at LT4
was used to reflect MLSS. Despite relatively high correlations
between LT4 and MLSS in well-trained cyclists, on the individ-
ual athlete, the bias between these 2 markers of lactate steady
state can be quite large (14,30). Also, PO at LT4 is depended
on the applied test protocol (30) and consequently, this exer-
cise intensity cannot be used as a marker for MLSS in all ath-
letes and in all test conditions. Future research should focus
on the application of golden standard methodologies to quan-
tify the metabolic profile of WHR cyclists to further increase
our understanding of the metabolic demand of this mythical
cycling event.

To summarize, the findings of the current explorative study
indicate that the physiological profile of a successful WHR
cyclist can be described by a high aerobic power (~ 79
ml-kg™t-min~!), low glycolytic power (~0.38 mmol1~'-s™1)
and excellent cycling efficiency (~26%). This profile is typ-
ically seen in endurance athletes with a type I muscle fiber
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dominant typology (28,31). This information can be valuable
for coaches and athletes to optimize training for a WHR, at-
tempt.

Practical implications

® A successful WHR requires an extremely high aerobic fit-
ness, mechanical efficiency and a relatively low glycolytic
power

® Training strategies for the WHR should focus on maximiz-
ing aerobic power and optimizing glycolytic power.

® The mathematical model used in this case study can be uti-
lized to perform performance projections based on a given
or desired physiological profile.
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