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The critical power (CP) and W' concept has become more integrated within applied cycling
performance assessment. Both parameters can be tested for in the laboratory and field and have thus
become a useful tool for coaches and athletes. The development of the Wra concept allows us to
mathematically model the depletion and recovery of W’ (Skiba et al., 2012, Skiba and Clarke, 2021).
When exercising above CP, there is a proposed linear utilisation of W'. When exercising below CP, W’
is reconstituted (W're). When W' has been fully utilised and Whea (the balance between utilisation and
reconstitution) reaches 0, it is assumed exhaustion will occur.

Despite the attention given to the underpinning physiological determinants of CP which are well
established (Poole et al, 2016; Mitchell et al, 2018 and Chorley et al., 2020) the physiological
determinants of W' are not as well understood. W’ correlates with muscle volume in elite track cyclists
(Kordi et al., 2021) yet there are no correlations with the muscle fibre composition (Vanhatalo et al.,
2016; Mitchell et al., 2018), muscle capillarity (Mitchell et al,, 2018) or mitochondrial content and
function (Rogers, Ferguson et al., unpublished). It has, however, been suggested that the so-called
muscle typology influences W' following high intensity exercise (Lievens et al., 2020). Furthermore
W' differs between intensity domains (Lievens et al.,, 2021) with Caen et al. (2021) concluding that
W'ree following exhaustion is based on parameters of aerobic fitness due to the faster onset of VO,
kinetics, thus W' follows a two-phased exponential time course. Despite this, more work is needed to
understand the factors influencing W' and W' so we can have greater confidence in its use as a
performance and training tool.

As part of a wider PhD research project the associations between physiological performance
characteristics, W' and W're« were examined. The initial aim of the study was to assess the relationship
between physiological performance characteristics and W'. The second aim was to then determine
which characteristics were associated with the total amount of work done above CP (W't during
three different intermittent exercise protocols, Finally, W'rc parameters were modelled, using different
Tau calculations to assess which model would predict a Weai of 0 at exhaustion.

Thirteen endurance trained cyclists (10 males, 3 females; age: 23[8] y, height; 177 [7] cm, body mass;
69.2 [8.3] kg, VOamax; 58.2 [8.9] mL-min"-kg!, MAP; 371 [70] W, Puax 1214 [307] W, CP; 270 [49] W, W’
20.5 [6.2] k], mean [SD]) were recruited for this laboratory-based investigation. Participants attended
the laboratory on seven separate occasions for the determination of VO:max and maximal aerobic power
(MAP), lactate threshold (first LT [LT1], baseline + 0.4 mMol.L-1); second LT [LT>, fixed blood lactate
concentration of 4 mMol-L1), CP and W’ (3 and 12-minute method, Simpson and Kordi, 2017; peak
lactate [Bla-]reak and lactate clearance rate [BLa]cir and maximal sprint power ([Pmax; peak 1s power),
All performance tests were performed on the participants own racing bicycle attached to a Wahoo Kickr
with self-selected power chosen for the CP trials and main trials completed in ERG mode. Three
intermittent exercise trials were also completed. Intervals were performed at power output equivalent
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to the calculated 6-minute power (P6) + 50% of the difference between P6 and CP. Recovery power was
50% of LT1. The three intermittent trial protocols involved: 3 x 60s efforts with 30s recovery proceeded
by a sustained time to exhaustion (TTE); 3 x 20s with 10s recovery proceeded by a TTE; continued 20s
efforts with 10s recovery until exhaustion, examining total work done above CP (W'wt1). Different W'sa
Tau calculations were used (Skiba at al.,, 2012; Bartram et al., 2018 and Pugh et al., 2021 Rreg & Nat).
Individualised Tau (Taumov) using a single value to give Wra 0 at the point of task failure were also
assessed. To establish relationship between W', W'ow, and Taumpv, Person's product-moment
correlations were performed.

W' was associated with Pmax (r=.822 p=<0.001), MAP (r=.735, P=0.004), peak [BLa"] (r=.645, p=0.017)
and VOsmax (r=.581, p=0.037). W'ww was correlated with CP-kg?! (r=766, p=0.002), LTikg! (r=771,
p=0.006) and Pumaxckg? (r=.792, p=0.001). W'sa at the end of the 20:10 until exhaustion trial using the
following Tau values were, Skiba -20.3 [12.6] k], Bartram 8 [3.5] kJ, Pugh Nat -3.8 [4.3] k] and Charlie
Reg -2.6 [4.7]. Taumpv was correlated with CP-kg ! (r=0.696 p=0.012). LT1kg*(r=0.564, p=0.056) tended
to correlate with Taumpv.

These data suggest that W' has many contributing factors, with Pmaxand MAP being of particular
importance, likely reflecting the extent of muscle mass usually associated with high absolute power
outputs. We also demonstrate the importance of CP, LT: and Pmax normalised to body mass are
important factors for W't during severe intensity intermittent exercise, likely supported by associated
metabolic adaptions such as large capillary networks enhancing oxygen extraction.

Implications for applied practitioners

Our findings confirm the possibilities to utilise the W' and W'sai concepts within applied cycling
performance assessment. We suggest Pmax should be part of the CP testing protocol.

Finally, we propose the use of Tau as a training metric, allowing the assessment of whether an
individual is improving their rate of recovery, something not yet considered.

However, due to the large variances in the Wa remaining at the point of task failure it suggests
that the current models need further improvement with a more standardised protocol to establish
individualised Tau values.
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