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The validity and reliability of the Computrainer Lab™ (CT) was assessed, for the first time, using a high-precision motor-driven calibration rig during simulated variable intensity 40 and 100 km time-trials (TTs). The load patterns imposed by the CT were designed from previously published studies in trained cyclists and included multiple 1 or 4 km bursts in power output. For the 40 and 100 km TTs, cluster-based analyses revealed a mean measurement error from the true workload of respectively 0.7 and 0.9%. However, measurement errors were dependent upon the workload variations, fluctuating from 0.2 to 5.1%. Average biases between repeated trials were contained within ± 1.1% for both TTs. In conclusion, using 40 and 100 km TTs containing 1 or 4 km bursts in power output, the present results indicate that (1) the CT can reliably be used by scientists to determine differences between research interventions; (2) the CT provides valid results of power output when data are being analyzed as a whole to derive one mean value of power output and; (3) variations in workload make it difficult to determine at any one time the veracity of the true power output produced by the athlete.
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INTRODUCTION

Cycling time-trials (TTs) are being used under controlled research settings to assess the effect of an intervention or condition on endurance performance. Although debatable (Amann et al., 2008), they have been demonstrated to be more reliable than either fixed-intensity (Jeukendrup et al., 1996) or incremental cycling tests to exhaustion (Coakley and Passfield, 2018). Unarguably, however, their ecological validity is greater than cycling tests during which workloads are being dictated, making them a premier choice for scientists aiming to optimize the external validity of their research findings. Cycling TTs can easily be performed in a controlled research environment using a cycling ergometer, although their ecological validity will be substantially enhanced if research participants use their own bike on a resistance trainer.

The Computrainer™ (CT, RacerMate, Seattle, WA, USA) is an electromagnetically braked resistance trainer applying friction to the rear wheel of a standard bike, which can be used in a cadence dependent and independent mode. It has been used for research purposes to measure cycling TT performances (van Essen and Gibala, 2006; Berardi et al., 2008; Cermak et al., 2012; Wilkerson et al., 2012; Dyer and McKune, 2013; Lamberts, 2014; Nieman et al., 2015; Peveler et al., 2017; Adams et al., 2019; Ely et al., 2019; Perreault-Briere et al., 2019), TT's reliability (Lamberts et al., 2009; Sparks et al., 2016) or analyze pacing strategies during TTs (Atkinson and Brunskill, 2000; Micklewright et al., 2010; Jones et al., 2015; Jones and Williams, 2017; Whitehead et al., 2018). Although the company stopped producing the CT in 2017, this resistance trainer is still widely used (Dionne et al., 2018; Nieman et al., 2018a,b; Rønnestad et al., 2018; Silva-Cavalcante et al., 2018, 2019; Ely et al., 2019; Evens and Danoff, 2019; Chidnok et al., 2020; Haugen et al., 2020) and will likely be used for several more years by research teams all around the world, included ours (Jeker et al., 2020; Claveau et al., 2021), for several reasons. First, it is a plugged-in trainer, which confers more confidence and assurance to the researcher that a connectivity problem should not be occurring during an experiment; with the use of a wireless trainer, the slightest loss of signal could result in a failed experiment. Second, it provides the advantage for the researcher to use the bike brought by the participant as is, without the need for rear-wheel removal and a cassette change, which is the case for the more modern direct-drive trainer. Third, the CT has acquired over the years a strong reputation among laboratories and researchers for its ruggedness and durability. Finally, the company has established a replacement parts program, which will enable researchers to keep using the CT for a long time, if it is their wish.

Knowing the reliability and validity of performance-measurement devices is critical. With regards to resistance trainers, they may help researchers (1) determine the smallest absolute worthwhile change in performance that could be detected from one trial to the other, (2) compute and determine an optimal sample size, (3) improve the ability to interpret changes in performance, (4) determine whether the enhancement in performance can be useful for out-of-doors exercise conditions or provide assurance that it could be reproduced under those conditions and; (5) establish the credibility of findings observed in previous and future studies.

The validity of the CT has already been assessed for fixed workload exercises, i.e., in a cadence independent mode, using a torque reaction calibration rig enabling direct measurement of the true workload produced by the CT (Drouet et al., 2008). Using a device instead of humans to determine the validity or reliability of resistance trainers offers the premier advantage of removing variability associated with biological variations and sampling error, thereby enabling determining true validity or reliability. It was previously shown that at a pedaling cadence ranging from 80 to 100 revolutions per min (RPM), the workloads produced by the CT were ~10 to 25 W lower than those generated by the calibration rig from 100 to 400 W (Drouet et al., 2008). Moreover, it was observed that, at a pedaling cadence ranging from 80 to 100 RPM, the CT generated lower (~20 to 50 W) workloads than those from the calibration rig between 100 to 350 W (Guiraud et al., 2010). Altogether, findings from those studies indicate that the validity of the CT is questionable when it is being used under a cadence independent mode.

To our knowledge, the validity and reliability of the CT have never been assessed under TT conditions, i.e., in a cadence dependent mode. Therefore, the goal of this study was to determine the validity and reliability of the CT during 40 km and 100 km TTs using a motor-driven calibration rig. The results of this study will be relevant for future research using the CT, but may also clarify previous results obtained with it.



METHODS


Overview of the Experiment

Two 40 and 100km TTs were conducted on a virtual flat course with a road bike mounted on a CT Lab™. The bike was powered by a motor-driven, high-precision calibration rig (Figure 1). The 40 km TTs were interspersed by 31 days, whereas the 100 km TTs by 28 days; these delays occurred because of the lack of availability of the calibration rig. All experiments were conducted in the same laboratory, at standardized temperatures (20–22°C) and humidity levels (20–40%). The TTs were conducted at an average workload that could be sustained by endurance-trained competitive elite cyclists or triathletes during distances of 40 (Coyle et al., 1991) and 100 km (Schabort et al., 1998).
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FIGURE 1. Experimental setup.




Road Bike and Drivetrain Components

A standard aluminum road bicycle (Radon C2, Argon 18, Montreal, Canada) was mounted onto the CT. The bicycle was equipped with a Shimano (Sakai, Japan) 105 R5600 rear derailleur, a Shimano BB-5500 Octalink bottom bracket, a Shimano CN-HG 53, 9-speed chain, a Shimano CS-HG 70, 9-speed cassette (12–23 teeth), a 53 x 42-tooth SRM crankset (Jülich, Germany) and a Mavic 32-spoke Open Pro 700 C rear-wheel (Annecy, France). Prior to starting the experiment, the chain was lubricated with a wax-based lubricant (Clean Ride, White Lightning Co., Hauppauge, NY, USA) and a Tacx 700 x 23 C trainer-specific tire (T1390, Wassenaar, Netherlands) was mounted onto the rear rim. The tire was inflated to 110 psi (7.6 bars) before each test. The same tire was used for all experiments.



Calibration Rig

The bike was powered by a speed-controlled motor which provided the required torque to drive the left side of the bottom-bracket axle via a driving shaft at a pre-selected rotating angular velocity that was independent from the workload imposed by the CT. The setup requires removal of the left-hand side crank arm. The power transferred to the bicycle is linearly related to the torque and angular velocity. The torque depends upon the force measured by a load cell and the constant lever arm length corresponding to the distance between the rotating shaft and the load cell. The calibration rig can be operated at pre-selected pedaling cadences ranging from 80–130 RPM, by 10 RPM increments which affect the angular velocity. Including all sources of uncertainty, the measurement error of the calibration rig for a nominal power level ranging from 50 to 600 W is ± 0.9% (Drouet et al., 2008).



Production and Measurement of Workload

Comparisons were made by contrasting, in real-time, the workloads delivered by the calibration rig to those measured and displayed by the CT. Prior to performing the tests, the CT was calibrated based on the manufacturer's recommendations for a flat course after a 10 min fixed-intensity warm-up at 350 W, with the aim of achieving a press-on force of 8.9 ± 0.2 N. As an increase in tire temperature caused by its friction on the trainer's shaft may lead to a reduction in rolling resistance and affect the accuracy of the CT (Evens and Danoff, 2019), the warm-up intensity was chosen to be as close to the TTs intensity. Because of the difficulty associated with gear shifting while the calibration rig is being operated, the bicycle was always used in the same gears, that is on the 53 x 15T, i.e., one complete rotation of the crank caused the rear wheel to rotate 3.5 times. Therefore, variations in workloads were achieved by modifying the RPM. Two different cadences (90 and 100 RPM) were used for the 40 km TTs and three (80, 90 and 100 RPM) for the 100 km TTs. The workload produced by the CT was computed and recorded with the RacerMate One™ software (RacerMate, Seattle, WA, USA). Workload values produced by both the CT and the calibration rig were recorded every 500 m.



Statistical Analysis

The presence of heteroscedasticity was verified for each segment of the 40 and 100 km TTs by correlating the measurement errors with the distance covered, using either simple or polynomial linear regression models that best fitted the line of data, based on the highest-associated R2 value. Validity and reliability data were determined using the measurement errors (calibration rig—CT), coefficients of variation (CV) and 95% standard errors of the estimate (SEE), when heteroscedasticity was present, or standard errors of the measurement (SEM), when it was not. Statistical analyses were performed using the R software version 3.6.3 (R foundation for Statistical Computing, Vienna, Austria).




RESULTS


Completion Times and Workloads

Whether the TT was 40 or 100 km long, 6 s separated the first from the second trial, as measured by the Racermate One™ software with completion times of respectively 57 min 28 s and 57 min 22 s for the 40 km TTs, compared to respectively 2 h 37 min 49 s and 2 h 37 min 43 s for the 100 km TTs. The mean workloads produced by the calibration rig and CT during the 40 km TTs were of respectively 362 vs. 359 W (Δ of −3 W) for the first trial, compared to 363 vs. 360 W (Δ of −3 W) for the second trial. In comparison, the mean workloads produced by the calibration rig and CT during the 100 km TTs were of respectively 286 vs. 282 W (Δ of −4 W) for the first trial, compared to 284 vs. 282 W (Δ of −2 W) for the second trial. Data for the 40 km TT were congruent in that the completion time was lower for trial 2 than trial 1, the workloads measured by the CT and calibration rig were higher for trial 2 than trial 1 and similar differences in workload were observed between the CT and calibration rig. However, this was not the case for the 100 km TT where completion time was lower for trial 2 than trial 1, yet the workloads produced and measured by the CT were similar between trials but those measured by the calibration rig were different, with a greater workload required to meet that of the CT during the first than the second trial. Nevertheless, the difference between these workloads was just outside the ± 0.9% power uncertainty of the calibration rig with a difference of 0.98%.



Validity

Figure 2 shows the changes in workloads produced by the calibration rig and CT throughout the 40 (A) and 100 (B) km TTs. A pattern emerges showing that prior to the first change in cadence, the workloads produced by the calibration rig were higher than those of the CT, independent of the TT distance. Then, the workloads produced by both the calibration rig and CT were similar at the lowest cadences for both TT distances, and again disproportionate for each of the 40 and 100 km TTs at the highest or intermediate (100 km TT) cadences, with the calibration rig producing higher workloads than the CT.


[image: Figure 2]
FIGURE 2. Changes in workloads recorded by the CT and calibration rig during the 40 (A) and 100 (B) km time-trials.


Figure 3 shows the changes in measurement errors between the calibration rig and CT associated with the different changes in cadence (or workload) over time during the 40 (A) and 100 (B) km TTs. Table 1 shows the validity-related data. In both the 40 and 100 km TTs, measurement errors during the first segment preceding the first increase to 100 RPM followed a curvilinear time-course, decreasing by ~1%, from ~4 to ~3%. Beside this initial segment, CT's measurement errors at 90 RPM for the 40 km TT and 80 RPM for the 100 km TT remained relatively constant, were within that of the calibration rig (± 0.9%) and were associated with low SEEs (~0.5%). At the highest cadence, i.e., 100 RPM, measurement errors throughout the different segments during the 40 and 100 km TTs were substantially above those of the calibration rig. Moreover, they were dependent upon the distance covered, but their fluctuations minor, as supported by SEEs ≤ 0.6%. The measurement error observed at the intermediary cadence (90 RPM) over the 100 km TT was above that of the calibration rig, albeit constant throughout the TT.


[image: Figure 3]
FIGURE 3. Changes in measurement errors associated with the different cadences imposed over time during the 40 (A) and 100 (B) km time-trials and between the first and second trial completed as measured by the Racermate One™ software and the calibration rig during the 40 (C) and 100 (D) km time-trials. The shaded areas represent the calibration rig's measurement error.



Table 1. Validity data.
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Reliability

Reliability data are reported in Table 2 and represent the differences or relationships in workload as measured by the calibration rig between trial 1 and 2 for each TTs, which is the true representation of the CT repeatability. Figure 3 shows the differences in workload measured by the CT and calibration rig during the 40 (C) and 100 (D) km TTs. It clearly highlights that when one relies on the data provided by the Racermate One™ software, the CT can be considered a reliable tool during both the 40 (Figure 3C) and 100 (Figure 3D) km TTs, with differences in the workloads applied to the bicycle's rear wheel between trials 1 and 2 constrained within ± 0.5%, which is below the calibration rig-associated measurement error. Another picture emerges when the calibration rig data are taken into consideration. Indeed, it can be observed that between trials 1 and 2 the differences in workloads produced by the calibration rig were higher than those of the CT for both TTs. However, the differences in workloads produced by the calibration rig between trials 1 and 2, and this for all the different segments, were within, or just slightly higher, than the measurement error of the calibration rig, as supported by the different estimated ranges of measurement errors provided in Table 2.


Table 2. Reliability data.
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DISCUSSION

The aim of this study was to evaluate the validity and reliability of the CT under a cadence dependent mode during variable intensity 40 km and 100 km TTs. The workloads applied to the bicycle's rear wheel by the CT were compared to those produced by a high-precision calibration rig, which has previously been used to determine the validity of the CT under a cadence-independent mode. Although cluster analyses suggest that the CT may be a valid tool to assess 40 and 100 km TT performances, close examination of findings indicates inconsistent and practically important measurement errors between the CT and calibration rig. Conversely, our results show that the CT is a reliable resistance trainer.

The average measurement error between the CT and calibration rig was < 1% for both the 40 and 100 km TTs, which is within that of the calibration rig. Such figure would indicate that the mean workload produced by the CT at the rear wheel was close to the true workload produced by the calibration rig as it is to be expected that the workload reading from the CT should always be slightly lower than that of the calibration rig because of the power lost through the bicycle's drivetrain components (Martin et al., 1998). However, important curvilinear measurement errors, some much above those of the calibration rig, were observed during the different segments of the 40 and 100 km TTs. For instance, during the first 6 km of the 40 km TT and first 10 km of the 100 km TT, measurements errors ranged respectively from 4.4% to 2.9% and 3.9 to 3.3%. Why this occurred is not clear. Variations in ambient temperature are known to affect the calibration and precision of the CT (Davison et al., 2009); however, the ambient temperature was kept constant within and between all TTs. It has been proposed that the friction of the tire against the rotating shaft of the CT creates an increase in tire temperature which reduces the force for tire deformation and therefore reduces its rolling resistance (Davison et al., 2009). To this effect, it was shown that the rolling resistance of car tires can decrease by more than 20% and take up to 20 min prior to reaching a plateau and that the effect of tire temperature on the reduction of rolling resistance was independent of the concomitant increase in tire pressure (Ejsmont et al., 2018). Although this kinetic may differ for bicycle tires, it is reasonable to believe that a similar scenario may have occurred in the current study, as a plateau in the drift emerged at the end of the 6 km segment for the 40 km TT, whereas one was already present by the end of the 10 km segment during the 100 km TT. This concords with the fact that when the 10 min warm up protocol is taken into account, about 20 min had elapsed by the end of the 6 km segment during the 40 km TT, whereas more time had accumulated by the end of the 10 km segment of the 100 km TT. It should be borne in mind that, as the intensity at which the warm-up protocol was executed is well above that recommended for an efficient warm-up in athletes (McGowan et al., 2015), this drift in measurement error during the first 10 to 20 min of a TT is likely impossible to avoid.

Following the initial segments, measurement errors between the calibration rig and CT were inconsistent throughout the TTs and apparently associated with changes in workloads. They also were dependent upon the distance covered, but this effect was rather small and insignificant from a practical point of view given that they remained within the measurement error of the calibration rig. As seen in Figure 2, every increase in workload led to an increase in measurement errors. We cannot provide a definitive explanation behind this observation. However, it is clear that the effect was systematic, with a stable reoccurrence throughout the TTs. It may potentially be related to a change in tire temperature or an issue with the algorithm used by the Racermate One™ software to control workload. Altogether, our results indicate that when data related to variable intensity 40 and 100 km TTs are analyzed in a single cluster, the CT will likely provide a valid estimation of the true mean power output generated by the athlete. However, the wide range in measurement errors across the different intensity segments indicates that the CT cannot provide a guarantee as to the accurateness of the power output an athlete is capable to truly maintain at any time point during exercise including various intensities.

An interesting finding of the current study is that, based on the data recorded by the Racermate One™ software, the CT would appear to be quite reliable, as illustrated in Figures 3C,D where measurement errors between trials 1 and 2 were within ± 0.5%. However, the differences in workloads produced by the calibration rig between the repeated trials, which provide the real representation of the CT's reliability, suggest a slightly different scenario. Indeed, as the variations in measurement errors between trials 1 and 2 were more important with the calibration rig than the CT, then it follows that the discrepancy in work produced by the calibration rig was more important than that truly measured by the CT. Under a real-life scenario this observation would suggest that despite an athlete believing that his performance is constant from one trial to the other based on the CT data, in reality he/she may have worked slightly harder or easier on one trial than the other. Our results show, however, that the difference in measurement errors between trials should not be more than ±1%. To this effect, as observed in Table 2, the range of measurement errors throughout the different segments of the 40 and 100 km TTs were constrained within the measurement error of the calibration rig. Consequently, our results indicate that the CT can reliably be used to examine differences produced by an intervention during 40 km and 100 km cycling TT performance.

This study has limitations and strengths that must be taken into account when interpreting findings. Only one CT, and 40 and 100 km TTs including 1 or 4 km bursts in power output, were evaluated. Whether the current results apply equally to all CTs or other TT type is unknown. The calibration rig made it impossible to change gears during the TTs. Hence, whether variations in measurement errors would have been similar while maintaining cadence but increasing force production through gear shifting is unknown. However, this is unlikely as the CT's algorithms are applied to the rear wheel based on wheel speed. The stochastic nature of our TTs included important variations in workloads. Had the use of TTs with smaller variations in workloads over time, which more closely mimics the pacing strategy used by athletes during real-life TTs, would have led to a better agreement between the values of the CT and the calibration rig is unclear. On the other hand, using a high-precision motor to power the bicycle instead of humans enabled removing any variability associated with biological variations and sampling error, thereby allowing precise estimation of the validity and repeatability of the CT. The TT formats used in the current study have previously been utilized by researchers and are attractive to test the effect of interventions.



CONCLUSION

In conclusion, the reliability of the CT was acceptable for 40 and 100 km TTs including 1 or 4 km power bursts in power output. When data of the 40 and 100 km TTs were analyzed as a whole, the validity of the CT was also considered acceptable. However, caution must apply to this assertion in that the use of power bursts were associated with wide variations in the true power output produced by the CT, rendering impossible to determine at any one time during the TT the veracity of the workload produced by the athlete. Future studies are needed to determine the reliability and validity of the CT during less intense TTs, containing little fluctuations in intensity.



PRACTICAL APPLICATIONS

1. The CT is reliable during TTs including power bursts; hence, it will be able to detect differences > 1% between research interventions.

2. Provided that research data are analyzed as a whole to derive one single value of mean power output, the CT will likely be able to tract the validity of the mean power output produced by an athlete within 1% of the real power output generated.

3. Measurements errors of the CT can be quite variable during TTs including power bursts. Therefore, it will be difficult to determine at any one time during such a TT the legitimacy of the true workload produced by the athlete.

4. Resistance trainers using a direct-drive system, where the bicycle is linked by its chain to a cassette installed on the trainer, are obviously unaffected by issues related to variations in tire friction and temperature and, therefore, by design, may be more robust to variations in power outputs. Research assessing the validity and reliability of these resistance trainers under TT scenarios are still needed to confirm this hypothesis.
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