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ABSTRACT

This study aimed to examine how the power output changes
while running at a continuous comfortable velocity on a motor-
ized treadmill by comparing running power averaged during
different time intervals. Forty-nine endurance runners per-
formed a running protocol on a treadmill at self-selected com-
fortable velocity. Power output (W) was estimated with the
Stryd™ power meter, and it was examined over six recording
intervals within the 3-min recording period: 0-10's, 0-20ss,
0-30s,0-60s,0-120s and 0-180s. The ANOVAs showed no
significant differences in the magnitude of the power output
between the recording intervals (p=0.276, F=1.614, partial
Eta?=0.155). An almost perfect association was also observed
in the magnitude of the power output between the recording
intervals (ICC>0.999). Bland-Altman plots revealed no hetero-
scedasticity of error for the power output in any of the be-
tween-intervals comparisons (r2<0.1), although longer record-
ing intervals yield smaller systematic bias, random errors, and
narrower limits of agreement for power output. The results
show that power data during running, as measured through
the Stryd™ system, is a stable metric with negligible differ-
ences, in practical terms, between shorter (i.e., 10, 20, 30, 60
or 120s) and longer recording intervals (i. e., 1805s).

Introduction

The inclusion of power meters in cycling revolutionized both train-
ing and competition [1], and the same may soon be accomplished
for runners. Traditionally, the use of this metric during running was
restricted to laboratory settings, because it was difficult to esti-
mate. However, in recent years with the advent of inertial motion
sensors, power can be estimated during running, and some pro-
jects are focused on its use and application with runners. A recent
study by Garcia-Pinillos et al. [2] reported a strong linearity for the
power-velocity relationship during running in a wide range of sub-
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maximal intensities. Another study, Aubry et al. [3] examined the
relationship between power and metabolic demand during run-
ning, whereas Austin et al. [4] examined the correlation between
running power and running economy at comfortable velocity.
Today, some devices provide feedback on power during running
(e.g., RunScribe™, Stryd™ or Myotest™), even real-time feedback.
Therefore, the limitation is not how to collect the data but how to
interpret the data, and some methodological considerations might
have an influence on that point (e. g., accuracy, reliability or dura-
tion of data collection). So far, studies analyzing running power
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through the aforementioned wearables [2-4] averaged power out-
put data collected during intervals with different durations. For ex-
ample, power data has been averaged in previous studies for 3-min
[2], 2-min [3] or T-min stages [4]. In this context, a question arises:
atagiven running velocity and in no-fatigue conditions, how does
the power during running change when measured at different time
intervals? The importance of those two conditions (i. e., a given
running velocity and in no-fatigue conditions) is noteworthy since
previous studies have shown the influence of both running veloc-
ity [2] and fatigue on power output [5].

Therefore, the aim of this study was to examine how the power
output changes during running at a continuous comfortable veloc-
ity on a motorized treadmill, by comparing running power aver-
aged during different time intervals. It is hypothesized that, under
those conditions, power output would keep constant over time.

Materials and Methods

Subjects

A group of 49 amateur endurance runners, 44 men and 5 women
(n=49; age: 26 + 8 years; height: 1.74+0.07 m; body mass:
71+ 10kg) voluntarily participated in this study. All participants
met the inclusion criteria: (i) older than 18 years old, (ii) able to run
10km in less than 50 min, (iii) not suffering from any injury in the
last 6 months before the data collection. This study meets the eth-
ical standards of the I)SM [6]. After receiving detailed information
on the objectives and procedures of the study, each subject signed
an informed consent form in order to participate, which complied
with the ethical standards of the World Medical Association’s Dec-
laration of Helsinki (2013). It was made clear that the participants
were free to leave the study, if they saw fit. The study was approved
by the Institutional Review Board.

Procedures

Participants were individually tested on one specific day. Prior to
all testing, subjects refrained from severe physical activity for at
least 48 h, and all tests were conducted at least 3 h after eating.
Tests were performed with the subjects’ usual training shoes to
measure their typical performance.

Participants performed a running protocol on a motorized
treadmill (WOODWAY Pro XL, Woodway, Inc., Waukesha, WI, USA).
The initial speed was set at 8 km-h~1, and speed increased by
1km-h~1every minute until participants felt comfortable. Then,
running velocity was fixed (i. e., self-selected comfortable running
velocity: 11.7 £ 1.3km-h~7). Since previous studies [7, 8] on human
locomotion have shown that accommodation to running on a
treadmill occurs in ~6-8 min, an 8-min accommodation program
was performed at that self-selected velocity. Immediately after the
accommodation interval, the recording period started. It lasted
3 min, and it was performed at the same running velocity. The slope
was maintained at 0 % over the entire protocol.

Materials and testing

For descriptive purposes, body height (cm) and body mass (kg)
were determined using a precision stadiometer and weighing scale
(SECA 222 and 634, respectively, SECA Corp., Hamburg, Germany).

All measurements were taken with the participants wearing under-
wear.

Power output (in W) was estimated with the Stryd™ power meter
(Stryd Power meter, Stryd Inc. Boulder CO, USA). Stryd™ is a rela-
tively new carbon fiber-reinforced foot pod (attached to the shoe)
that weights 9.1 grams. Based on a 6-axis inertial motion sensor
(3-axis gyroscope, 3-axis accelerometer), this device provides
twelve metrics to quantify performance: pace, distance, elevation,
running power, form power, cadence, ground contact time, verti-
cal oscillation, leg stiffness. To the best of the authors’ knowledge,
just one study has examined its validity and reliability (in this case,
to measure spatiotemporal gait characteristics [9]), with no data
to demonstrate the validity and reliability of this device for meas-
uring power and related variables. For this study, only two out of
twelve metrics were used (running velocity and power output).
Those variables were obtained from Stryd’s website (https://www.
stryd.com/powercenter/analysis) in the .fit file. Then, data were
analyzed using the publically available software (Golden Cheetah,
version 3.4) and exported as .csl files. Those files were imported
from Excel® (2016, Microsoft, Inc., Redmond WA) and laps were
done every 3 min. Power output was examined over six recording
intervals within the 3-min recording period: 0-10s, 0-20s, 0-30s,
0-60s, 0-120s and 0-180s. Mean and standard deviation (SD)
were calculated for those intervals.

Statistical analysis

Descriptive statistics are represented as mean (SD). The normal
distribution of data and homogeneity of variances were confirmed
through the Kolmogorov-Smirnov and Levene ’s tests, respective-
ly (p>0.05). One-way repeated measures ANOVA, with Bonferroni
post-hoc corrections, were conducted on the magnitude of power
output to examine possible differences between the recording in-
tervals (0-10s, 0-20s, 0-30s, 0-60s, 0-120s, 0-1805). The as-
sociation of the magnitude of the power output between the re-
cording intervals was quantified through the intraclass correlation
coefficient (ICC). Based on the characteristics of this experimental
design and following the guidelines reported by Koo and Li [10],
the authors decided to conduct a “two-way random-effects” model
(ICC[2,k]), “mean of measurements” type, and “absolute” defini-
tion for the ICC measurement. The interpretation of the ICC was
based on the benchmarks reported by a previous study [11]: ICC<0
reflects ‘poor’ reliability, 0-0.20 ‘slight’, 0.21-0.40 “fair’, 0.41-0.60
‘moderate’, 0.61-0.80 ‘substantial’, and >0.81 ‘almost perfect’ re-
liability. The Bland-Altman [12] limits of agreement method (mean
difference + 1.96 SD) was used to examine differences in power out-
put between each recording interval (0-10s,0-20s,0-30s,0-60s
and 0-120s) and the longest interval (0-180's). Heteroscedastic-
ity of error was defined as an r2>0.1 [13]. The level of significance
used was p<0.05. Data analysis was performed using the SPSS soft-
ware (version 21, SPSS Inc., Chicago, Ill).

Results

The ANOVAs showed no significant differences in the magnitude
of the power output between the recording intervals (p=0.276,
F=1.614, partial Eta2=0.155). An almost perfect association was
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also observed in the magnitude of the power output between the
recording intervals (ICC 2 0.999) (> Table 1).

Bland-Altman plots revealed no heteroscedasticity of error for
the power output in any of the between-interval comparisons
(r2<0.1). Longer recording intervals yield smaller systematic bias
and narrower limits of agreement for power output during running
on a treadmill at comfortable velocity (> Fig. 1).

Discussion

This study aimed at comparing power output during running at a
constant velocity obtained from averaging different time intervals
(i.e., 10,20, 30,60, 120 and 180s5), to examine the influence of the
volume of data (i. e., longer intervals equal more data) on the sta-
bility over time of the power estimation. The results show that
power data during running, as measured through the Stryd™ sys-
tem, is a stable metric with negligible differences, in practical
terms, between shorter (i.e., 10, 20, 30, 60 or 1205) and longer
recording intervals (i.e., 1805s).

First of all, the context and conditions in which these data were
collected must be considered to properly interpret these results.
This protocol was performed on a treadmill, at 0 % gradient and at
a constant velocity (i. e., self-selected comfortable velocity). All
these points create a ‘controlled environment’ [14] that may influ-
ence the stability of the running power over time and make the au-
thors doubt the repeatibility of these findings during overground
running. There is no consensus in the literature regarding the abil-
ity to extrapolate results for adult treadmill running to overground.
Specifically, no previous studies addressed an overground vs. tread-
mill comparison regarding power output during running, but some
works have focused on kinetic data (i. e., influencing variables on
power data calculation). Whereas a previous work concluded that
joint kinematics and ground reaction forces for level running were
generally similar between overground and treadmill conditions
[15], other researchers found kinetic differences between condi-
tions [16]. Therefore, there are reasons to be cautious about the
repeatibility of these findings during overground conditions. Also
the duration of the protocol, with the recording period lasting 3 min
in order to minimize the potential effect of fatigue on the power
output. It is well known that fatigue induced might influence the
average power output when compared with data collected during
longerintervals, since the duration that exercise can be maintained
decreases as the power requirements increase, and vice versa [5].
Therefore, this finding cannot be extrapolated to runs in the pres-
ence of fatigue.

Despite the repeated measures ANOVA and the ICCs showed an
almost perfect agreement between the different time intervals,
the information provided by the Bland-Altman plots builds up the
interpretation of the results. These plots show that the systematic
bias and random error assumed in power output during shorter
time intervals (i.e., 10, 20, 30 or 60's) is higher than during longer
intervals (i.e., 120s), and this should be taken into consideration.
As mentioned earlier, the magnitude of the differences between
longer and shorter recording intervals was rather small. For exam-
ple, the systematic bias £ random error in the 0-10s interval com-
pared to the 0-180s interval was 0.88 £2.51 W, whereas in the
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> Table 1 Descriptive values and association between the magnitude of the power output obtained from six time intervals.

ICC (0-120s vs 0-180s)

(95% C1)
1.000

(1.000-1.000)

ICC (0-60s vs. 0-1805s)

(95% c1)
1.000

(0.999-1.000)

ICC (0-305s vs. 0-1805s)

(95% c1)
0.999

(0.999-1.000)

(95% c1)
0.999

(0.998-1.000)

‘ ICC (0-10s vs. 0-180s) | ICC (0-20s vs.0-1805s)

0-180s | (95% Cl)

239.97 | 0.999

(37.75) | (0.998-0.999)

0-120s
239.12

(37.75)

0-60s

239.27

(37.81)

0-30s

239.52

(37.82)

Mean (standard deviation)

0-20s

239.73

(37.82)

0-10s

239.85

(37.80)

Power

(W)

ICC, intraclass correlation coefficient; 95 % Cl, 95 % confidence interval.
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> Fig. 1 Bland-Altman plot with the power output (W) during running obtained at different time intervals (0-10s, 0-20s, 0-30s, 0-60s and
0-1205s, compared to 0-180s). The plot includes the mean difference (dotted line) and 95 % limits of agreement (dashed lined), along with the
regression line (solid line). Systematic bias and Pearson's multivariate coefficient of determination (r2) are also presented.

0-1205 vs. 0-180s comparison was 0.15%0.57 W. Such small-
magnitude difference between recording intervals must be gauged
in practical contexts, such as when assessing big groups of athletes,
or where logistical issues difficult long-lasting assessment proto-
cols, but it must be considered when maximum accuracy is required
(e.g., scientific approach).

Finally, some limitations must be addressed. First, these results
could be restricted to amateur endurance runners [17] and to a
running protocol performed on a treadmill at a comfortable veloc-
ity [14]. Second, the footwear was not standardized, but all runners
wore their own footwear to increase the ecological validity of the
study. There is no evidence about the potential influence of the
footwear on the running power but that variable was not controlled
in the current study and it must be recognized. Third, the foot strike
pattern was not controlled and, even though no previous paper has
directly addressed the influence of foot strike pattern on power
output, its influence on spatiotemporal gait characteristics is
known [18], which might influence power output during running.
Fourth, the validity and reliability of the power output data from
the Stryd™ system is still unknown. To the best of the authors’
knowledge, no previous study has analyzed the concurrent validity
of power output during running according to a reference system
(e.g., force platform) nor the reliability of this data from different
time intervals. Notwithstanding those limitations, the current

study provides more information about the use of power output
during running at submaximal velocity by comparing the power
output during running obtained from averaging different time in-
tervals in 49 amateur endurance runners.

In summary, these results show that power output during run-
ning, measured through the Stryd™ system, is stable over time
when velocity is constant and under controlled conditions, with no
differences between different time intervals recorded during a
3-min run. Nevertheless, it is worth noting that the analysis con-
ducted shows that longer recording intervals yield smaller system-
atic bias and narrower limits of agreement. Therefore, if maximum
accuracy is required (e. g., scientific approach), longer recording
periods must be used (i. e., 2-3 min). However, from a practical
standpoint, shorter recording intervals (e.g., 10-20s) might be a
more time-efficient option for clinicians or coaches working with
big groups of athletes, or where logistical issues make it difficult to
conduct long-lasting assessment protocols (e. g., athletes with pain
during running).
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