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Abstract 

International Journal of Exercise Science 18(8): 757-773, 2025. 
https://doi.org/10.70252/NEFW5464 This study aimed to establish whether a laboratory (lab) based 3-
minute all-out (3MT) protocol and a field-based 3MT protocol would yield similar peak power (Pmax), critical power 
(CP), and curvature constant (W’) profiles and the implications of parameter estimation for informing a 40-km time 
trial (TT) performance. Nine competitive male cyclists (mean ± SD: age 36.5 ± 10.42 y, mass = 80.5 ± 10.6 kg, height 
1.8 ± 0.1 m) completed two 3MTs on separate days, as well as a 40-km time trial. Both lab and field-based protocols 
evoked similar CP (p = 0.160) and W′ (p = 0.200) profiles, but Pmax (p = 0.012) may be more sensitive to biomechanical 
disparities and testing environment. Strong positive associations were observed with W’-kinetics (r = 0.73) and W’ 
(r = 0.83) and moderate-to-strong negative associations with mean TT power (r = -0.75) and CP (r = -0.68). TT power 
outputs occur at 59-65% of CP, and finishing times appear to be informed by CP, W’ and Pmax with high degrees of 
accuracy (R2 > 0.90). Although TT performances occur predominantly within the moderate-to-heavy intensity 
domains, the mean intensity from a cardiovascular and core temperature perspective was high (i.e., ~90% HRmax; 
~39oC). TT performances appear to be accurately informed by CP, W’ and Pmax, with W’ dominating the predictive 
capacity associated with longer TT performances. 
 
Keywords: All-out testing, curvature constant, intensity domains, interchangeability 

Introduction 

Cycling time trial (TT) races are unique events where cyclists compete alone and against the 
clock while racing fixed distances as quickly as possible.1-2 During TT events, cyclists can self-
select their pace, intensity, and power output to yield the best possible TT performance which 
is also dependent on the regulation of energetic output, psychological drive, and tactical 
patterns influenced by the terrain.1–3 Cyclists in TT stages were shown to sustain intensities 
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ranging from 75% to 90% of their maximal oxygen uptake (V ̇O2max), 80 ± 5% of heart rate max 
(HRmax), and speeds ranging from 32.5 to 46.7 km·h-1 (20-30 mph) during long-duration time 
trials (e.g. 40-km),1,3–5 thereby highlighting the importance of effectively training the 
bioenergetic pathways such that they are capable of sustaining high intensities for extended 
durations. 

Cycling TT durations typically range from 10 to 60 min and are predominantly aerobic events,3 
which lends itself well to the critical power (CP) concept. The CP concept is based on the 
hyperbolic relationship between work rate and time to exhaustion where CP is representative 
of the asymptote.6 This curvilinear relationship demonstrates that the intensity of exercise above 
CP (measured in Watts) can only be maintained for a finite duration which is dictated by the 
magnitude of W-prime (curvature constant: W′; measured in J). Physiologically, CP embodies a 
given individual intensity that demarcates the boundary between the heavy and severe intensity 
domains whereas W′ is indicative of a depletable energy reserve when exercise intensities 
exceed CP.6 Although W’ is typically thought to be derived from ‘anaerobic’ processes, it is more 
prudent to conceptualise W’ as a mechanical work capacity linked to the magnitude between 
CP and V ̇O2max that serves an energy buffer while phosphocreatine concentrations ([PCr]) and 
pH project towards a nadir at intensities sustained above CP.7  This heavy-severe boundary is 
important because it divorces intensities where a steady state is possible from those that are not 
and is closely associated with TT performance.8  

Therefore, depending on the distances of a given TT, performances are typically associated with 
peak power output, V ̇O2max, lactate threshold, and work economy,9,10 although the extent to 
which this is true for longer TT distances (e.g., 40-km) is under-researched.4 Given the non-linear 
relationship of the power-duration relationship, sustainable intensities for longer TT durations 
are more likely to transpire within the heavy intensity domain whereby glycogen depletion, 
central drive, and hyperthermia are the likely fatigue mechanisms.4,5,9 Moreover, TT 
performances are stochastic in nature, implying an undulating transition between intensity 
domains with intermittent surges in power to elicit more favorable performance outcomes.2 The 
extent to which CP and W’ would provide serviceable information related to longer TT pacing 
and performance has not been previously investigated. It is plausible that W’ may be diminished 
to varying extents depending on the proximity of TT power (TTP) to CP (i.e., when TTP is above 
CP), but it is unclear whether W’ is of measurable importance in relation to 40-km TT. 
Furthermore, performances are likely to depend on the repeated depletion and reconstitution 
kinetics of W’ throughout a TT10 given that a 40-km TT is achievable within a ~60-minute 
timeframe, and is thus at the upper limit of the CP paradigm. The application of the CP 
framework to these upper bounds has not been directly evaluated thereby providing an avenue 
for gleaning novel insights from both a theoretical and practical perspective. 

A better understanding of TT pacing in the context of the CP concept is dependent on derivation 
of CP/W’ (i.e., laboratory vs. field).6,10 Although both CP and W’ are typically derived from a 
series of laboratory-based (lab-based) constant work rate bouts (i.e., 3-5) lasting between 2-15 
minutes of exhaustion time,8,11 a more time efficient, yet similarly valid method is the 3-min all-
out test (3MT).12 In either instance, accurate modeling is primarily dependent on the level of 
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effort during each trial (i.e., maximal), and the extent of W’ depletion (i.e., W’ should be wholly 
depleted).10 Previous research has shown that CP can be reliably obtained from field-based 
testing, but that W’ variability would likely preclude interchangeability between lab and field-
based metrics.13 Whether CP and W’ derived from either a lab- or field-based 3MT would 
provide convergent information related to longer TT performances has not been previously 
investigated. Finally, since a longer TT may be limited by distinctive physiological responses 
(e.g., changes in core temperature, heart rate)3,14 it is posited that higher core temperatures may 
be a limiting factor given that changes in intensity (e.g., 70% V ̇O2max) and ambient temperature 
are known to effect metabolic rate, heart rate, elevated thermal sensation, reduced thermal 
comfort, mental fatigue, and reduced gross cycling efficiency.15–17 As such, the extent to which 
core temperatures tend to change throughout the time course of a TT has not been previously 
researched and requires further investigation. 

Given the gaps identified in the literature, the objectives of the present study were 5-fold, namely 
to: (i) determine whether the parameters derived from a lab and field-based 3MT were 
interchangeable, (ii) define TT performances in relation to CP and W’, (iii) to model the W’-
balance kinetics during a 40-km TT, (iv) evaluate the changes in HR and core temperature 
throughout a 40-km TT, and (v) determine which 3MT parameters, if any, are most predictive 
of TT performances. We hypthesised that (i) there would be significant differences between 
laboratory and field-derived CP and W’ parameters which may limit their interchangeability, 
(ii) cycling TT performances would occur near but below CP that would indicate intensities 
predominantly within the heavy intensity domain, (iii) W’ would demonstrate periodic 
depletion and partial recovery rates that would be reflective of the stochastic nature of the TT, 
(iv) both HR and core temperatures would elevate considerably throughout the TT, with core 
temperature reaching values that would be associated with potential performance impairment, 
and (v) CP or the relative proportion of CP sustained would the best predictor of overall TT 
performance.  

Methods 

Participants 

Following approval by the university’s Institutional Review Board, 10 male participants were 
recruited from local cycling/triathlon clubs. The expectation was that the laboratory and field 
tests would be predictive of each other, therefore a power analysis (G*Power, 3.1.9.2), using a 
correlation model determined that the total participants (n) needed to be 11 based on the 
following inputs: (i) alpha error probability of 0.05, (ii) power of 0.80, and (iii) a correlation H1 
of 0.70 (H0 of 0.0)6. One participant was eliminated from the final analysis due to incomplete 
data for the TT, resulting in a final sample of nine participants. 

These volunteer athletes were considered competitive cyclists/triathletes, however, none of 
them were considered professionals (mean ± SD: age 36.50 ± 10.42yr, body mass 80.5 ± 10.32 kg, 
height 1.82 ± 0.05 m). All participants completed a physical activity screening questionnaire, 
gave voluntary verbal and written approved informed consent, and had previous high-intensity 
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exercise experience. Moreover, this research was carried out fully in accordance with the ethical 
standards of the International Journal of Exercise Science.18 

To be considered for inclusion to the present study, participants needed to be: (i) ≥ 18 yr of age, 
(ii) classified as a competitive cyclist with ≥ 1-yr competitive race experience (CAT 4 or better, 
USA cycling race categories), and (iii) currently training as a competitive cyclist. If a participant 
had a previous diagnosis of a heart-related illness/disease they were excluded from this study 
due to the high-intensity nature of the 3MT protocol.  

Protocol 

Testing was conducted in a randomized, counter-balanced, and cross-over design with no more 
than seven days between trials. Trials were conducted around the same time of day to reduce 
bias associated with diurnal variations. 

Participants were asked to keep a food and fluid intake journal for 24 hr prior to the first testing 
session and to replicate it for each subsequent testing session. Participants were asked to refrain 
from strenuous physical activity, irregular caffeine intake, alcohol, nutritional supplements, and 
anti-inflammatory drugs for 48 hr before all testing sessions. Furthermore, participants were 
asked whether they adhered to these standards before each testing session.  

Pre-Trial and Three-Min All-Out Exercise Testing Procedures. 

Participants were required to visit the testing facility on three separate occasions to obtain the 
relevant anthropometric and physiological data. During their first visit, participant’s age, height, 
and body mass were obtained, and the informed consent document was completed. Height and 
mass were measured using an eye-level physician’s beam scale (439, Cardinal Detecto, Ellicott, 
Maryland). The second visit entailed the completion of a laboratory-based 3MT with room 
temperature of ~24°C). The test was conducted on a Wahoo Kickr (power measurement accurate 
up to ±3%) and indoor bike trainer (Wahoo Fitness, Atlanta, GA). The third visit, separated by 
a minimum of 48 hrs for adequate between-session recovery, required participants to complete 
a 3MT on an open road course (temp ~24°C; humidity ~ 52%). Power data were collected via 
pedal-based power meters (Garmin Rally XC100; ± 1% accuracy, 2.4 GHz; Garmin, Olathe, KS). 
All tests were performed around the same time of day (i.e., ± 2 hr). 

Participants were instructed to bring their own bicycle and kit including riding apparel, helmet, 
and shoes to all testing sessions. Participants were also asked to adhere to the following prior to 
testing: (i) refrain from vigorous exercise 24-48 hr prior, (ii) avoid caffeine intake 4 hr prior, (iii) 
avoid alcohol consumption 24 hr prior, (iv) arrive in a well hydrated state and be ~2 hr post-
prandial.  Clark et al19 reported that 3MTs performed on smart cycling trainers evoke mode-
specific estimations for Wpeak, CP and W′. 

In a counterbalanced random order, two separate 3MTs were performed on two different days. 
The tests were preceded with a 15-minute warm up consisting of low resistance, high cadence 
efforts interspersed with low intensity (i.e, RPE10 = 2) cycling. This was followed by 5-minutes 
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of dynamic stretches of the major lower extremity muscle groups whereafter the relevant testing 
equipment was fitted to the participant. Participants were instructed to begin the test with an 
all-out effort and to continue pedaling as hard as possible throughout the test and were 
encouraged to sustain the highest power output they could during the entire 3-min duration. 
However, they were allowed to change gears as needed and were allowed to stand in order to 
sustain an all-out effort. Critical power (Equation 1) and W′ (Equation 2) were calculated as 
follows: 

CP = average power output for the last 30 sec of the test20    [Equation 1] 

W′ = 150 x (P150s – CP)21,22         [Equation 2] 

P150s is the average power output for the first 150 seconds of the test. CP and P150s are expressed 
in watts (W) and W′ is expressed in joules (J). For the outdoor trials, all weather data were 
recorded for consistency (wind: 3 m·s-1; heat: 30°C; relative humidity: 17%). All data were 
collected on the V ̇O2 Master app (V ̇O2 Master Health Sensors Inc., Vernon, BC, Canada) to 
obtain synchronised power and heart rate data throughout the entirety of the test. 

40-km Time Trial. 

The 40-km TT took place on a section of road approximately 8.5 km in length and only contained 
165 m (541ft.; mean slope 3.4%, max slope 22.3%) of elevation gain. More specifically, the TT 
was segmented into 5 laps (intervals) of 8km each to more carefully control potentially 
confounding effects of gradation, wind, and rolling resistance. The average summer 
temperature was 36.25º C and an average humidity of 20% made for a stable environment to 
conduct this study. Temperature, humidity, and wind speed were measured (Kestrel 3000HS, 
Boothwyn, PA) on experimental days and checked for statistical differences.  

Eight to 10 hr before testing, participants were asked to ingest a telemetric core body 
temperature measuring pill (CorTemp, Palmetto, FL), which could be remotely tracked. Upon 
arrival at the designated testing area, participants were fitted with a HR monitor (Polar, Accurex 
Plus, Finland), and had their bikes fitted with a Garmin Rally XC100 pedal-based power meter 
(± 1% accuracy, 2.4 GHz; Garmin, Olathe, KS). Power meters were calibrated according to the 
manufacturer’s recommendations before all trials.  

Following the protocol used by Takeshima et al,23 participants were allowed a 15-min self-
selected warm-up before the intervention. Participants were asked to record their warm-up and 
repeat it for the second experimental trial. Mimicking the first trial’s warm-up protocol 
minimized differences in core body temperature between trials.24 Ambient temperature water 
(20 oz. bottles) was available at an aid station every 8 km, and ad libitum consumption was 
encouraged. All TTs were completed individually and at the same approximate time of day (~1 
hr). Participants were recruited from local affiliates and were therefore already familiar with the 
section of road, ambient temperatures, and elevation. 

Data Collection. 
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All physiological variables were collected continuously, on the V ̇O2 Master app (V ̇O2 Master 
Health Sensors Inc., Vernon, BC, Canada) throughout the TT, with performance time collected 
every 8 km lap. Lap times and overall finishing times were collected with an iPad mini 2 (native 
stopwatch app) (Apple Inc., Cupertino, CA). Heart rate was captured telemetrically (Polar H9 
HR sensor, Polar, Accurex Plus, Finland). Core body temperature (TC) was captured via an 
ingestible telemetric pill (CorTemp, Palmetto, FL). Power was captured by a set of pedal-based 
power meters (Garmin Rally XC100 (± 1% accuracy, 2.4 GHz; Garmin, Olathe, KS). 

W’-Balance kinetics. 

We utilized the W’bal-int model25 to show the amount of W’ remaining as a function of time 
during the 40-km TT. More specifically we used the discrete form of the equations expressed by 
Skiba et al. (Equations 3-4) such that the integrals are expressed as sums for working with digital 
data:25 

𝑊′!"#$%&',) =	𝑊′* −	∑ '𝑒
!(#!$)
&'( ))

%+, 𝑊-
./0,% ∙ ∆𝑢%      [Equation 3] 

where, 𝑊′* indicates the initial W’ at the initiation of the TT, ‘e’ is Euler’s constant that is 
approximately equal to 2.17, 𝜏1( is the time constant of W’ reconstitution, ∆𝑢% is a time segment 
for measuring changes in power output (typically 1-second), ‘i’ is the ith segment of the total 
time subdivided into n segments,  j is the segment for which 𝑊′!"#$%&'	is calculated, and 𝑊-

./0,% 
refers to the linear depletion of W’ when the power output exceeds CP (see Equation 4): 
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From this analysis the W’bal remaining at the end of the TT as well as the maximal change in W’ 
(∆W’ = W’max – W’min) were retained for analysis. 

Statistical Analysis 

Unless otherwise stated, all data are reported as means and standard deviations (SD). Data were 
evaluated for normality using the Shapiro-Wilk test, whereby deviations from normality were 
accepted at p < 0.05. Due to the small sample size and to minimise the type-1 error rate, the 
Wilcoxon signed rank test was used to compare 3MT parameters from the laboratory (criterion 
method) to that of the field test (reference method). A Bland-Altman analysis was used to 
compare the bias and limits of agreement (LoA) of the reference method to the criterion method 
for each parameter. A correlation analysis was conducted to evaluate the association between 
3MT derived parameters and TT performance. Correlations were evaluated using the Spearman 
Rank correlation coefficient due to the smaller sample size which was then quantitatively 
interpreted in absolute terms as follows: r:  0.00-0.10 = negligible; 0.10-0.39 = weak; 0.40-0.69 = 
moderate; 0.70-0.89 = strong; 0.90-1.00 = very strong.26 To minimise the type-1 error rates 
associated with the correlation coefficients, the Holm correction was implemented. To 
determine which 3MT parameters were most associated with TT finishing times three separate 
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multiple regression models were evaluated. The first model incorporated 3MT parameters such 
as CP, W’ and Pmax; the second model utilized additional parameters such as ∆W’, ∆CT; the third 
model used stepwise regression to retain only those parameters that significantly contributed to 
the model outcome. Model effectiveness was evaluated using the coefficient of determination 
(R2) as well as the adjusted-R2 to compensate for model complexity (i.e., accommodate for 
additional parameters). Statistical significance was set at p < .05. All statistical analyses were 
completed using R (RStudio [version 22.12.0 Build 353]: Integrated Development for R. RStudio, 
PBC, Boston, MA URL: http://www.rstudio.com).27,28 

Results 

The descriptive statistics for 3MT derived parameters as well as TT performance parameters are 
highlighted in Table 1.  

Table 1. Descriptive Statistics. 

Variable Condition Mean Std. 
Deviation Shapiro-Wilk P-value of  

Shapiro-Wilk 
CP (W)  Lab  312.292  54.483 0.895  0.222 
CP (W)  Field  280.941  65.457 0.909  0.306 
W’ (J)  Lab  12730.802  8639.912 0.788  0.015 
W’ (J)  Field  14801.560  5171.920 0.884  0.172 
Pmax (W)  Lab  776.267  168.795 0.960  0.801 
Pmax (W)  Field  880.429  196.076 0.973  0.918 
TTPavg (W)  All  183.119  44.777 0.950  0.689 
TTPavg slope 
(W/s)  All  -0.010  0.01 0.619  <0.001 

TTP/CP (%)  Lab  58.896  12.576 0.910  0.315 
TTP/CP (%)  Field  65.493  7.614 0.917  0.368 
Time>CP (s)  Lab  151.222  192.164 0.796  0.018 
Time>CP (s)  Field  372.556  396.112 0.882  0.166 
W’-Balend (J)  Lab  11967.201  9055.374 0.867  0.113 
W’-Balend (J)  Field  14089.889  5240.546 0.892  0.207 
∆W’ (J)  Lab  1016.721  1407.021 0.707  0.002 
∆W’ (J)  Field  4881.090  8855.802 0.628  <0.001 
Tfinish (s)  All  4669.222  393.672 0.820  0.035 
TTP/CP (time trial power relative to CP); TTPavg (average power output during time trial); Pmax (max power achieved 
during 3MT); CP (critical power); Time>CP (time spent above CP); W’ (W-prime); W’-Balend (W’ available at end of 
TT from the W’-bal model); ∆W’ (change in W’ from maximum to minimum throughout the TT); Tfinish (finishing 
time for the TT); TTPavg slope = mean change in power output across the TT duration 

The paired individual comparisons for 3MT parameters for each testing condition (i.e., lab vs. 
field-based) are shown in Figure 1 (panels A 1-3). The results of the Bland-Altman analysis 
showing the bias and LoA between criterion method (laboratory) and reference method (road) 
are also shown in Figure 1 (panels B 1-3). 

http://www.rstudio.com/
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Figure 1. Differences between laboratory- and field-derived parameters for the 3MT. Panels A-C show paired 
comparisons for each participant. Panels D-F show the bias in the estimate between Road and Lab parameters 
(mean differences ± 95% CI). 

The correlations between 3MT parameters from both testing conditions (laboratory vs. field) and 
TT performance parameters are shown in Figure 2 (panels A and B respectively). The magnitude 
and direction of the correlations are represented by the given opacity and color for easier 
interpretation. 

The instantaneous power and associated W’bal for a representative participant is highlighted in 
Figure 3. Whenever power output exceeds CP, the W’ available to a participant would be 
diminished, whereas W’ recovery would be initiated as soon as power output drops below CP. 



Int J Exerc Sci 18(8): 757-773, 2025 
 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
765 

 
Figure 2. Correlation plots for 3MT-derived parameters and TT performance. Panel A: laboratory 3MT-derived 
parameters; panel B: field 3MT-derived parameters. Note: TTP/CP = TT power relative to CP; CP = critical power; 
W’ = W-prime; W’end = W’ at the end of the TT based on the W’-bal model; T>CP = time cycling at power outputs 
above CP; Pmax = maximal power attained during the 3MTTable 1; TimeTT = finishing time of the TT. 

Both HR and CT were continuously evaluated throughout the TT for all participants. The mean 
± SD are highlighted in Figure 4. HR changed rapidly towards ~90% HRmax and remained 
elevated for the duration of the TT, whereas CT increased meaningfully at approximately 35% 
of the full TT. Intriguingly, some participants were precariously close to the hyperthermic 
threshold (40.5 oC) whereas others managed to stay comfortably below. 

The results of the multiple regression models using field-based metrics are shown in Table 2. 
The field-based metrics were chosen given that these are more likely to encompass 
environmental conditions that would more closely mimic the TT conditions. Intriguingly, the 
best model, as judged by adj-R2, appears to be solely reliant on W’ (adj-R2 = 0.93) and shows that 
those with higher W’ magnitudes could be expected to have slower finishing times (i.e., for each 
1J increase in W’ there is an expected 1-sec increase in finishing time). The second-best 
performing model (adj-R2 = 0.92) incorporated CP, W’ and Pmax, and showed that those with 
higher CP and Pmax values would be expected to have faster finishing times (i.e., for each 1W 
increase in CP, TimeTT would decrease by 0.66-sec; each 1W increase in Pmax, TimeTT would 
decrease by 0.24-sec). 
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Table 2. Multiple regression models for TT finishing time. 

  Model 1 Model 2 Model 3 

Predictors Estimates CI p Estimates CI p Estimates CI p 

(Intercept) 
4487.1 

3496.38 - 
5477.83 

<0.001 
3892.39 

1426.26 - 
6358.53 0.015 

4107.383  3954.29 - 
4260.48 

<0.001 

CP -0.657 -3.82 - 2.5 0.616 0.643 -5.59 - 6.88 0.764 
   

W’ 0.044 0.01 - 0.08 0.013 0.051 0 - 0.1 0.043 0.044 0.03 - 0.05 <0.001 

Pmax -0.235 -1.4 - 0.93 0.625 -0.278 -2.02 - 1.47 0.647    

∆W 
 

 
 

0.040 -0.12 - 0.2 0.473    

∆CT    66.201 -199.13 - 331.53 0.485    

Observations N=9 N=9 N=9 

R2 / R2 adj 0.97 / 0.92 0.98 / 0.90 0.97 / 0.93 
Note: CP (critical power); W’ (W-prime); Pmax (maximal power from the field-based 3MT); ∆W (absolute change in 
W’ (i.e., depletion) throughout the TT); ∆CT (absolute change in core temp throughout the TT); CI (confidence 
interval) 

 
Figure 3. Power output and W’ expenditure during the TT for a representative athlete. W’-balance is shown in black 
whereby W’ depletion occurs at power outputs above CP and W’ recovery occurs at power outputs below CP 
(primary y-axis). Light grey line shows the instantaneous power output during the TT (secondary y-axis).  
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Figure 4. Mean heart rate (HR) and core temperature (CT) as a function of the normalized TT time. Top line (primary 
y-axis) shows the mean heart rate ± SD; solid horizontal grey line (top) shows the mean HR expressed as a 
percentage of HRmax. Scaled color line (secondary y-axis; bottom) shows the mean ± SD of CT. The coloring is scaled 
to show how CT changed throughout the TT. Dotted horizontal grey line (bottom) shows the hyperthermic 
threshold (40.5°C).  

Discussion 

While laboratory-based testing offers controlled environments and precise measurements, field-
based testing provides a more comprehensive and applicable understanding of a cyclist's 
physiological parameters in real-world conditions. For TT performances, where environmental 
and biomechanical factors, psychological stressors, and dynamic physical demands play critical 
roles, field-based testing delivers insights that are essential for optimizing training, enhancing 
performance, and achieving competitive success. 

We proposed that a field 3MT would produce similar peak power, CP, and W′ profiles as a lab 
3MT. The results of the present study partially supported this in that both lab and field 3MT’s 
produced CP (p = 0.160) and W′ (p = 0.200) profiles that were not significantly different, 
however, it is likely that Pmax (p = 0.012) may be more sensitive to biomechanical discrepancies 
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and the testing environment. The interpretation of the latter finding may be justified by 
biomechanical differences such as standing out of the saddle, braking/friction components, and 
potential differences in mechanical efficiency induced by these differences.29,30 It is important to 
highlight the bias and LoA in the parameters estimates whereby the field-derived CP was 31.4 
W lower, W’ was ~2kJ larger, and Pmax was also 104 W larger compared to laboratory conditions 
(see Table 1).  

Although both CP and W’ were not statistically different between testing conditions, it is likely 
that the bias in the estimates are large enough to preclude interchangeability. Although 
methodologically different, previous research has shown similar performance outcomes 
between laboratory and field testing in that CP would be statistically similar, whereas W’ would 
be statistically different.13,31 Comparably, Bertucci et al30 reported 6% higher peak power outputs 
during field than stationary ergometer sprinting (~5s sprints), although these authors ascribed 
decreased lateral oscillations of the bike in the laboratory as a possible differentiating 
mechanism. Moreover, for the same power output differences in gross efficiency and cycling 
economy have also been reported to be ~12% and 11% higher in field compared to lab conditions 
which have been attributed to differences in aerodynamic positioning and crank inertial loads.30 
Plausible differences in performances for the present study could also be credited to the 
gradation (M=3.8%, max 21.7%) of the field 3MT compared to the level platform of the 
laboratory 3MT. 

The overarching utility of the 3MT is to derive credible approximations of CP, W’ and Pmax such 
that sustainable intensities can be identified and utilized to inform both competition and 
training practices. In this line, a 40-km TT was completed and the relative functionality of each 
3MT parameter was evaluated (see Figure 2). Based on the lab-based parameters, TT finishing 
times (TimeTT) were strongly predicted by W’end (r = 0.73) and W’ (r = 0.83) implying that those 
with higher W’-related capacities would likely experience slower finishing times. Traditionally 
W’ is interpreted as a being reflective of predominantly anaerobic energy sources which would 
contextualize the findings of the present study. Similarly, TimeTT showed moderate-to-strong 
negative associations with TTPavg (r = -0.75) and CP (r = -0.68) implying that those who could 
sustain a higher mean power and exhibited a higher CP would likely yield faster finishing times. 
It is well understood that CP is indicative of aerobic metabolic processes whereby it represents 
the power output associated with the maximum metabolic steady state.32–34 Indeed, a recent 
investigation has shown that CP derived from a laboratory-based 3MT can predict shorter TT 
performances (16.1-km).35 A similar, yet slightly different interpretation emerged from the field-
derived 3MT parameters in that TimeTT was still positively associated with W’end (r = 0.67) and 
W’ (r = 0.80), but now also included Pmax (r = 0.67). Strong negative associations were observed 
only for TTPavg (r = -0.75). Previous investigations have shown that Pmax (derived from graded 
exercise testing [GXT]) exhibited very strong negative associations (r = -0.91) with short TT 
performances (20-km),36 but the extent to which GXT-derived Pmax and 3MT-derived Pmax are 
associated has not been implicitly investigated. Nonetheless, the associations between Pmax 
(GXT) and TimeTT are rational on the basis that there are also very strong correlations between 
Pmax and maximal oxygen uptake (V ̇O2max) (r = 0.97), showing that a high aerobic ceiling is 
required to generate and sustain higher power outputs.36,37 
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Research on actual TT performances that are informed by 3MT-derived parameters are severely 
limited, especially those of longer durations.35 More specifically, the mean power output in 
relation to CP, the potential role of W’, and the physiological responses (e.g., core temperature 
and heart rate) during longer TT had not been previously explored. The present study showed 
that, on average, cyclists completed the TT at ~65% TTP/CP (road) or ~59% TTP/CP (lab) which 
more closely approximates power outputs associated the moderate-to-heavy intensity 
boundary.38 An intriguing finding was the analytical capacity of W’ for 'predicting’ TimeTT (adj 
R2 = 0.93, SE = 104.69 sec), which was stronger than models incorporating CP, and Pmax. Such a 
result potentially indicates that the capacity for speed surges, which effects TTPavg, may be a 
deciding factor even in longer format TT performances. The extent to which such a finding 
would truly be predictive of performance in a larger, more heterogenous sample, would 
however require verification. In part, Black et a35 observed very strong associations between 
16.1-km TT performances and CP (r=-0.83) as well as total work done (3MT, r = -0.86), although 
they did not explicitly investigate the potential role of W’. The fact that total work done yielded 
stronger associations with TT performances compared to CP is again an intriguing finding and 
should be explored to a greater extent in future research since it is unlikely that the maximization 
of W’ should be the goal; there is likely an ideal balance in the optimal W’.  

Despite TT power outputs being well below CP in the present study, and therefore sustainable 
with limited metabolic perturbations, the intensity from a cardiovascular perspective was high 
(i.e., ~90% HRmax).39 Changes in CT also showed that some individuals were precipitously close 
to the hyperthermic threshold indicating a significant thermal challenge during the TT. It seems 
unlikely that either factor (i.e., HR or CT) alone impacted overall performance, yet it is important 
to highlight that the TTavg showed a mean negative slope (-0.01 W/sec) over the course of the 
TT indicating that fatigue was certainly a limiting factor. Moreover, from a pacing perspective, 
most participants seem to have used ‘variable’ pacing most likely to account for fluctuations in 
course geography, temperature and environmental conditions.1,40,41 The variability in TT 
strategies, as gauged by W’bal, W’end, ∆W’ and TTP/CP, were intriguing, especially given that 
the second and third place finishers were within 3% (134-sec) and 4% (155-sec) of first place 
respectively. Including speed surges where power exceeds CP would have implications for 
metabolic stress and perceptions of effort/fatigue unless this were to be coupled with a 
sufficiently high aerobic capacity such that when power descends below CP, recovery can be 
sufficiently rapid.42 The rapidity of W’-repletion is again governed by the magnitude of W’ 
where a larger W’ would be coupled with longer repletion kinetics. Thomas et al4 showed that 
fatigue during a 40-km TT is likely to be mediated by central factors (e.g., reduced voluntary 
muscle activation, motivation) to the extent that psychological rather than physiological factors 
likely limit performance. Although the latter was not directly evaluated in the present study, 
such an explanation would seem plausible given that (i) the mean power output throughout the 
TT was sufficient below CP to not be excessively taxing from a metabolic perspective, (ii) there 
was substantial variability in pacing strategy, and (iii) the ability to sustain a high overall mean 
power or to have a higher CP was less predictive of performance.  

Although there were several strengths associated with the present study it is also appropriate 
to highlight several limitations. Firstly, the current study had a limited sample size (n=9), which 
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would imply that the generalizability of the findings should be interpreted with some caution. 
Secondly, all participants were male, therefore, the study should be replicated with the addition 
of a female cohort. Finally, the effects of environmental conditions (e.g., temperature, 
temperature perception, rolling friction etc.) on parameter estimations should be explored in 
greater detail.  

This study was the first to examine whether a 3MT conducted in a laboratory- and field setting 
would produce similar peak power, CP, and W′ profiles. While the laboratory and field 3MTs 
produced ‘comparable’ CP and W′ profiles, Pmax was substantially different between conditions. 
Given such a finding, it is important to be cognizant of the bias and LoA between testing 
conditions as this may preclude interchangeability of parameters. The latter is highlighted by 
the different parameter associations with TimeTT. For example, TimeTT is associated with W’end, 
W’, and CP from the laboratory, and with W’end, W’ and Pmax from the field to different extents.  

The present study showed that mean TT power outputs tend to occur at 59-65% of CP, and 
finishing times appear to be informed by CP, W’ and Pmax with relatively high degrees of 
accuracy. It is, however, important to note that such a finding should be replicated on a larger 
sample to verify the associations. Pacing strategies were also highly variable between 
participants whereby some would employ power surges such that W’ would be expended to 
appreciable extents whereas others would not exceed their CP and therefore never diminish 
their W’ reserves.  

Finally, despite finding that the mean power output of the TT was considerably below CP which 
would minimize metabolic perturbations, the mean HR and CT showed high levels of effort. It 
is likely that psychological factors rather than physiological factors may have accounted for 
aspects related to fatigu during the TT although future research should include specific 
psychological measures to account for distinctive afferent perceptions of effort. 
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