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Abstract

This study examined the reliability of a cycle sprint test for measuring lower
limb muscle power. Twenty asymptomatic volunteers completed the test on two
occasions, with one week between test sessions. Participants sat on a stationary
road bicycle with commercial power meters in the pedal cranks. Maximum and
average muscle power was measured during three, 10-second sprint efforts.
The test demonstrated excellent within- and between-day reliability for both
maximum and average power measurement (ICC=0.93 to 0.97). The within-day
Standard Error of Measurement (SEM) was between 25.9W (6.1%) and 35.1W
(8.5%), and 24.8 (6.5%) and 28.6W (7.7%) for maximum and average power
respectively. The between-day SEM was 34.3W (7.8%) for maximum power and
26.4W (7.1%) for average power. Reliability of the cycle sprint test has been
established, along with thresholds for significant change. The cycle sprint test
may have relevance in clinical populations to evaluate lower limb muscle power

following injury, or to measure rehabilitation outcomes.
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Introduction

The impact of lower limb pathology and related functional deficit
is commonly measured using patient-reported and physical function
measures [1-3]. Since the loading environment of the knee joint is
dependent on muscle function, it has been suggested that muscle
function be evaluated in all patients with knee pathology [4,5].
Muscle function encompasses both strength and power. Muscle
power is defined as “the product of dynamic muscular force and
muscle contraction velocity”, ([6] p3167) and has been found to be
superior to muscle strength as a predictor of functional performance
in healthy adults and patients with knee pathology [7,8].

Muscle strength tests examine maximal exertion of a single
muscle, often using open kinetic chain dynamometry [9,10].
However, closed kinetic chain measurement techniques may more
closely reflect functional tasks. Aalund et al. [11] reported that leg
press power was more closely associated with physical performance
than quadriceps strength following knee arthroplasty. These findings
highlight the potential importance of closed-chain evaluation of
muscle power as an outcome measure in patients with knee pain
or following intervention [11,12]. However, there has been limited
documentation of reliable methods of muscle power evaluation that
may be relevant in clinical populations, including older individuals.

Using a commercial power meter fitted to a standard road cycle,
we have developed a cycle sprint test to assess lower limb muscle
power. This test may support the evaluation of muscle power in
clinical populations, particularly in monitoring outcomes of surgical
treatment and rehabilitation. Before introducing this new method
into clinical practice, there is a need to examine the acceptability
and reliability in healthy participants, and to define thresholds for
significant change. The aim of this study was to examine the reliability

of a stationary cycle sprint test to assess lower limb muscle power in
healthy individuals.

Methods

The study participants were healthy volunteers with no history of
knee pain or symptoms of knee osteoarthritis. A minimum age of 18
years and adequate English were required to take part in the study.
Participants were excluded if they had a history of previous lower
limb surgery, unstable cardiovascular or respiratory conditions.
Participants were provided information regarding the study and
those who agreed to participate provided written consent. All
procedures performed in this study involving human participants
were in accordance with the ethical standards of the institutional
committee that have approved them.

Muscle power was measured using the InfoCrank Power Meter
(Verve Cycling, Australia). The InfoCrank has an absolute maximum
error of 0.11Nm below 17Nm and 0.57% above 17Nm, indicating that
it is highly accurate within and between sessions [13]. The InfoCrank
replaces the standard cranks on a bicycle and contains dual sided
power meters that communicate with one another and function as
one. This device directly measures torque applied to it via plastic
deformation of the strain gauges under load and cadence (RPM).
Power and cadence was collected at 256Hz and transmitted to an
ANT+ receiver, in this case an O_Synce Navi2coach bike computer
(O_Synce, Germany). Data was analysed using a cycling analysis
software program, Golden Cheetah for Windows (GoldenCheetah
v3.4), and exported to Microsoft Excel for Windows to calculate the
average and maximum power for each test.

A repeated measures design with seven days between tests was
used. Testing was performed with the participant seated on a road
bicycle (Pinarello, Italy) mounted on a stationary trainer (Revbox Erg,
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Figure 1: Bicycle fit position with downstroke knee angle of 25° degrees.

New Zealand). The participants were fitted to the bicycle with a clipless
pedal and standardized downstroke knee angle of 25 degrees (Figure
1) [14]. Participants were asked to perform a familiarization session
of I minute on the bicycle to gain confidence and ensure comfort. For
each participant, seat height and the self-selected gear setting were
consistent on both testing days. Following the familiarization session,
the participant was asked to perform a sprint of 10 seconds followed
by a one-minute recovery. For the ‘sprint’ phase, the participant was
instructed to ‘pedal as hard and fast as you can’. The participants
had either passive recovery (no pedalling) or active recovery (light
pedalling) between each sprint based on their preference, and this was
consistent between trials and within test days. The sprint/rest phases
were repeated two more times. The testing for each participant was
carried out at approximately the same time of day, to reduce the
possible impact of circadian rhythm on test performance [15,16].

Statistical analysis

Raw data was recorded at one reading per second. The main
dependent variables were maximum power output and average
power output (in Watts) generated during the 10-second sprint
phases. For maximum power, both the single highest power reading
(maximum power) and an average of the maximum for each sprint
phase (mean maximum power) were investigated. For the within day
analyses, these were calculated for each sprint phase. For the between

day analyses, these were calculated across the sprint phases, to give
the mean or maximum for the testing day. Data was analysed using
Stata v15 (StataCorp LLC, United States of America) and IBM SPSS
Statistics v24 (IBM Corp, Australia), and p <0.05 was considered
statistically significant.

Reliability of the cycle sprint test protocol was investigated
both within the testing day, and between testing days. Intra-Class
Correlation Coefficients (ICCs) were calculated from the two way
mixed models, considering participants as a random factor, time as a
fixed factor, and using the absolute agreement definition for a single
rater in order to maximise generalisability (ICC (2,1)). Differences in
mean power output measures across time (day 1 to day 2 or across the
3 sprint phases within each day) were assessed using the F test from
these models. The standard error of measurement (SEM=SD*V(1-
ICC)), percent standard error of measurement (% SEM = (SEM/
mean)*100) and minimal detectable change (MDC=1.96*Vn*SEM
where n=2 for between day analyses and n=3 for within day analyses)
were also calculated.

Results

Of the 20 participants, seven (35%) were male and 13 (65%)
were female. Participant age ranged from 21 to 70 years (mean = 47,
SD=14 years). Maximum and average power output were consistent
both within and between test days. No significant differences were
observed between sprint phases on day 1 or day 2, or between day 1
and day 2 values.

The ICC scores were excellent for all within-day measures,
ranging between 0.93 and 0.97 (Table 1). SEM values ranged from
24.8W (6.5%) to 35.1W (8.5%) and MDC values from 84.3W (22.0%)
to 119.0W (28.7%). Maximum power has a measurement error of
35.1W (8.5%), such that a change of 119W (28.7%) is required for
real change with 95% confidence. The between-day ICC scores were
also excellent for maximum, mean maximum and average power
(Table 2). Given the high degree of reliability between test days, we
also assessed the reliability of the first sprint phase only between days.
Under these conditions, the reliability was almost identical to that for
the maximum and average power output calculated across the three
sprint phases shown in Table 2 (maximum power output: ICC= 0.95
(95% CI: 0.87 to 0.98), average power output: ICC=0.94 (95% CI: 0.85
t0 0.97)).

For every lcm increase in height, maximum power increased by
11.0W (95% CI: 4.16 to 17.8, p=0.002); and for every 1kg increase in
weight, maximum power increased by 7.3W (95% CI: 2.66 to 12.0,
p=0.002).

Table 1: Results for within-day analysis of maximum and average power output on the two testing days.

Test number
Day 1 2 3 ICC(2,1) (95% ClI) SEMP (%) MDCe¢ (%)
Mean (SD) Mean (SD) Mean (SD)

1 416.1 (152.7) 408.8 (129.8) 417.6 (135.6) 0.93 (0.87 t0 0.97) 35.1(8.46) 119.0 (28.7)
Maximum Power (W)

2 425.95 (138.0) 424.7 (140.8) 432.7 (146.5) 0.97 (0.93 to 0.99) 25.9 (6.05) 87.9 (20.5)

1 370.9 (124.9) 368.6 (115.2) 375.4 (120.7) 0.94 (0.88 t0 0.97) 28.6 (7.70) 97.1 (36.1)
Average Power (W)

2 383.6 (121.4) 384.0 (121.8) 382.5 (121.6) 0.96 (0.91 to 0.98) 24.8 (6.48) 84.3 (22.0)

aIntraclass correlation coefficient using the absolute agreement definition; *Standard error of measurement; “Minimal detectable change.
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Table 2: Results for between-day analysis of maximum, mean maximum and average power outputs.

Day 1 Day 2
ICC(2,1)7 (95% ClI) SEM® (%) MDCe¢ (%)
Mean (SD) Mean (SD)
Maximum Power (W) 441.0 (149.3) 446.5 (149.1) 0.95 (0.87 to 0.98) 34.3(7.79) 95.2 (21.6)
Mean Maximum Power (W) 414.1 (136.6) 427.8 (140.1) 0.96 (0.90 to 0.98) 27.0 (6.51) 74.8 (18.1)
Average Power (W) 371.6 (117.9) 383.4 (119.8) 0.94 (0.85t0 0.97) 26.4 (7.10) 73.2 (19.7)

aIntraclass correlation coefficient using the absolute agreement definition; °Standard error of measurement; “Minimal detectable change.

Discussion

The cycle sprint test demonstrated excellent within- and between-
day reliability, indicating that this protocol is a reliable measure of
muscle power in healthy individuals. Importantly, taking the single
maximum power reading was as reliable as using the mean maximum
power or the average power over the three sprint phases. The high
ICC scores are comparable to studies investigating reliability of open
kinetic chain hand-held dynamometry [9,10], indicating that the cycle
sprint test is as reliable as clinical tests of muscle strength [17,18].

Recommendations for minimizing measurement error in muscle
function testing include using a familiarization period, three repeated
trials and supervision by a trained therapist [19]. These factors were
incorporated into the cycle sprint-test protocol employed in the
present study. When investigating the reliability of new devices and
protocols, it is important to identify the influence of a learning effect
on the results. No learning effect was evident in this study, probably
due to the closed-chain nature of the test, which has little demand on
co-ordination or skill development requirement. The sprint period
of 10 seconds limits the impact of cardiorespiratory fatigue on test
performance [20]. The one-minute rest time between sprints is based
on the recommendations for recovery between repeated lower limb
muscle power tests [11].

Despite the easy set-up of this device and its use in healthy
participants, patients with lower limb pain or osteoarthritis may have
difficulty mounting or retaining balance on the static bicycle. The
other significant limitation to completing the cycle sprint test in a
patient population is limitation of knee flexion. At least 100 degrees
knee flexion is required to complete the test with a symmetrical
pedalling action, while remaining seated. Finally, the test requires
some level of cardiovascular exertion, and achieving a true maximum
power output requires a high level of motivation for the duration of
the test. These factors should be considered when screening patients
for suitability for this test, and when analyzing results of repeated
tests over time.

Conclusion

In conclusion, this study has demonstrated excellent reliability
of a cycle-based muscle power test in healthy participants using a
commercial power meter. Thresholds for significant change have
been established which will assist the interpretation of studies
examining changes in lower limb muscle power over time. The utility
of the cycle sprint test, as a measure of muscle function in patients
with lower limb pathology, requires further evaluation in relevant
clinical populations.
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