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 Intra-Session Reliability of Sprint Performance  
on a Non-Motorised Treadmill for Healthy Active  

Males and Females 

by 

Kenji Doma 1,*, Jonathan D. Connor 1, Fabio Y. Nakamura 2, Anthony S. Leicht 1 

This study examined the intra-session reliability of sprint performance on a non-motorized treadmill amongst 
healthy, active male and female adults. One hundred and twenty participants (males n = 77; females n = 45) completed 
two familiarization sessions, followed by a third session that consisted of three trials (T1, T2, T3) of maximal sprints (4-
s), interspersed by three minutes of recovery. Combining males and females exhibited moderate-to-excellent test-retest 
reliability (intra-class correlation coefficient, ICC), minimal measurement error (coefficient of variation, CV) and trivial 
differences between trials (effect size, ES) for speed, power, total work and acceleration (ICC = 0.82–0.98, CV = 1.31–
8.45%, ES = 0.01–0.22). The measurement error was improved between comparisons of T1 vs. T2 (CV = 1.62–8.45%, ES 
= 0.12–0.22) to T2 vs. T3 (CV = 1.31–6.56%, ES = 0.01–0.07) and better for females (CV = 1.26–7.94%, ES = 0.001–
0.26) than males (CV = 1.33–8.53%, ES = 0.06–0.31). The current study demonstrated moderate-to-excellent reliability 
and good-moderate measurement error during a 4-s sprint on a non-motorized treadmill. However, sex had a substantial 
impact with females exhibiting better values. Practitioners should employ at least two separate trials within a session, in 
addition to multiple familiarization sessions, to achieve reliable non-motorized treadmill sprint performances.  
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Introduction 

Sprint running is recognized as one of the 
most fundamental tasks for various team sports 
with athletes undertaking several sprint tasks 
during a match (Haugen and Buchheit, 2016). 
Accordingly, the kinematic (i.e., acceleration and 
speed) and kinetic (i.e., power) characteristics of 
short (e.g., ~4 s), maximal sprint performance are 
regularly assessed to monitor training adaptations 
and/or levels of fatigue (Cormier et al., 2020; Doma 
et al., 2018, 2021). Sprint performance is commonly 
assessed on the field using timing gate systems to 
ensure ecological validity; however, it lacks 
measures of anaerobic power and is significantly 
influenced by the local environment (Girard et al., 
2015; Moinat et al., 2018). Recently, non-motorized 

treadmills (NMT) have been developed allowing 
athletes to complete tethered running in a 
laboratory-controlled environment and execute 
movement patterns more representative of sports 
(Highton et al., 2012; Hopker et al., 2009; Hughes et 
al., 2006). These treadmills are typically fitted with 
a force transducer connected to the athlete’s waist 
that records force, velocity and power performance 
(Tong et al., 2001). Measures derived from the 
NMT have been well correlated with common 
measures of field-based sprint performance, 
vertical jump and lower body muscular strength 
(Andre et al., 2013; Highton et al., 2012), 
demonstrating the utility of NMT for athletes’ 
monitoring.  

Although the sprint task is favorable to 
replicate movement demands in sports,  
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conducting sprint tests on a NMT may introduce  
variability across separate trials, given the distinct 
biomechanical movement patterns induced by the 
tethered system (Montgomery et al., 2016). Thus, 
familiarization trials are commonly incorporated 
to minimize learning effects with improved 
performance and reliability reported across a 
greater number of familiarization trials (Hopker et 
al., 2009; McLain et al., 2015; Tofari et al., 2015). 
However, most studies have examined the 
reliability of NMT sprint performance across 
separate days, and rarely within the same testing 
session. Determining the reliability of NMT sprint 
performance within a testing session will provide 
insight into the number of trials required to 
stabilize the performance metrics. 

As far as we are aware, Tong et al. (2001) is 
the only study that examined intra-session 
reliability of sprint performance on a NMT with 
acceptable measurement error identified. 
However, this study along with other reliability 
studies (Highton et al., 2012; Hopker et al., 2009) 
have incorporated a modest sample size (i.e., <40 
participants). A Delphi study examining the 
quality of reliability studies recommended that a 
sample size of at least 100 participants should be 
employed (Terwee et al., 2012), given that sample 
size influences the level of precision of reliability 
estimates (Polit, 2014). Furthermore, none of the 
studies to date have examined sex influences on 
the reliability of NMT-derived sprint performance, 
possibly due to the limited sample size employed. 
Given the increasing participation of, and call for, 
females in team-sports and reported sex 
differences in sprint performance (Leicht et al., 
2011; Weber et al., 2006; Zupan et al., 2009), a 
greater understanding of the reliability of NMT-
driven sprint performance for females is needed. 
Therefore, the aims of this study were to examine: 
1) intra-session reliability of NMT-driven sprint 
performance measures; and 2) impact of sex on the 
reliability of NMT-driven sprint performance 
measures. 

Methods 
Participants 

One hundred and twenty (age 22 ± 5 years; 
body height 175.4 ± 9.2 cm; body mass 73.8 ± 14.1 
kg), physically active university males (n = 77; age 
22 ± 5 years; body height 180.4 ± 6.8 cm; body mass 
80.1 ± 12.7 kg) and females (n = 43; age 22 ± 5 years;  
 

 
body height 166.4 ± 5.4 cm; 62.5 ± 8.0 kg) were  
recruited for the study. None of the participants 
reported illness, injury or medication that would 
contraindicate any procedures. All participants 
had been undertaking moderate-to-high intensity 
exercise at least twice a week for 6 months or more 
with experience in short, sprint tasks through team 
sports. To maximize performance, participants 
refrained from high intensity exercise for at least 24 
h prior to testing, and from consuming caffeine and 
food intake for at least 2 h prior to the testing 
session. Each participant provided written 
informed consent prior to the study 
commencement with all procedures approved by 
the James Cook University Research Ethics 
Committee (H6267; H7515) and conducted in 
accordance with the Declaration of Helsinki. 

Sprint Protocol 

Prior to the sprint protocol, participants 
completed a warm-up equivalent to that of the 
familiarization sessions. The sprint protocol 
involved three maximal sprint trials for 4 s, 
interspersed by 3 min of passive rest intervals 
between each attempt. From each trial, the greatest 
and mean values for speed and power, along with 
acceleration within the first second, and total work 
for each trial were determined. Each sprint trial 
commenced from a standing, split-stance position 
whilst holding onto the NMT support bars. 
Participants were instructed to avoid pacing and 
accelerate to maximal sprint speed as fast as 
possible, with verbal encouragement provided. 
During each sprint, a non-elastic tether was 
connected between a belt around the participant’s 
waist and the NMT mounted force transducer 
sampling at a rate of 100 Hz. The height of the force 
transducer was adjusted so that the tether was 
parallel to the floor when participants adopted a 
sprinting position, which was established during 
the familiarization sessions. 

Design and Procedures 

This study was carried out across three 
weeks with sprint testing conducted on the 
Woodway Force 3.0 NMT (Woodway, Waukesha, 
WI, USA) on three separate days. During the initial 
weeks, two practice sessions were conducted to 
familiarize participants with sprinting on the 
NMT, by completing three–four maximal sprints 
interspersed by self-selected recovery periods. 
Prior to the sprint protocol, participants completed  
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warm-up exercises on a motorized treadmill (TM 
601, Trackmaster, Newton, USA) that involved the 
following: jogging at 70% of the age-predicted 
heart rate for 3 min maximum; dynamic stretches 
of the lower extremity for 2 min; three bouts of 4-s 
sprints performed at slower speeds for females (13 
km/h, 15 km/h and 15 km/h, respectively) than 
males (15 km/h, 17 km/h and 17 km/h, 
respectively), interspersed by 30-s rest intervals; 
and one bout of a 4-s maximal sprint after 3 min of 
passive rest. During the last testing session, 
participants completed three trials (T1, T2 and T3) 
of 4-s sprints, which were utilized to report on 
intra-day, test-retest reliability, for the entire group 
and each sex.  

Statistical Analyses 

The measure of central tendency and 
dispersion for all data are reported as mean ± 
standard deviation (SD). All data were analyzed 
using IBM SPSS Statistics (version 27, IL, USA). A 
paired t-test was conducted to compare NMT-
derived measures between trials (T1 vs. T2 and T2 
vs. T3) with the level of significance (p) set at 0.05. 
To determine the magnitude of difference between 
trials, effect size (ES) was calculated using Cohen’s 
d, and the values were interpreted as follows: <0.20, 
0.20–0.59, 0.60–1.19, 1.20–1.99, 2.00–4.00 and >4.00, 
rated as trivial, small, moderate, large, very large 
and extremely large effects, respectively (Hopkins, 
2015). The level of agreement between trial results 
was determined via bias and limits of agreement 
(LOA), whilst measurement error was ascertained 
using the coefficient of variation (CV) with 
associated 95% confidence intervals (CI).  For CV 
results, values of <5%, 5–9.9% and >10% were 
considered good, moderate and poor, respectively 
(Duthie et al., 2003). The test-retest reliability of the 
NMT-derived measures was assessed using intra-
class correlation coefficients (single-rating, 
absolute-agreement, ICC3,1, 2-way mixed-effects 
model). The level of reliability was determined 
based on the 95% CI estimates of ICC with the 
following classifications employed: excellent 
(>0.90), good to excellent (0.75–1.00), good (0.75–
0.90), moderate to good (0.50–0.90), moderate 
(0.50–0.75), poor to moderate (0–0.75) and poor 
(<0.50) (Koo and Li, 2016). For example, if the 
95%CI of the ICC of a variable ranged from 0.92 to 
0.99, then these values were considered excellent 
reliability. However, if the 95%CI of the ICC of a  
 

 
variable ranged from 0.88 to 0.92, then this was 
classified as good to excellent. The minimal 
detectable change (MDC) was also calculated by 
determining the typical error 
(standard deviation ÷ 20.5), then using the 
following formula: typical error × 1.96 × 20.5 (Teske 
et al., 2021).  

Results 
For the total sample, all measures were 

significantly greater at T2 when compared to T1 
(Table 1; trivial to small ES). Furthermore, mean 
speed, mean power and total work were 
significantly greater at T3 compared to T2 (trivial 
ES) with no differences in values of peak speed, 
peak power and acceleration between T2 and T3 
(Table 1). Both males and females exhibited 
significantly greater peak speed, mean speed, 
mean power and total work at T2 compared to T1 
(trivial to small ES) with peak power similar 
between trials (Table 1). Acceleration was 
significantly greater at T2 compared to T1 for 
males only (small ES; Table 1). For males, mean 
speed, mean power and total work were 
significantly greater at T3 than T2 (trivial ES), with 
no differences for peak speed, peak power and 
acceleration between these trials. No differences 
were evident for any of the variables between T2 
and T3 for females (Table 1). The measurement 
error (CV) of all cohorts was good (1.26–4.45%) for 
all variables across all comparisons except for peak 
power and acceleration which was moderate (5.63–
8.53%; Table 1). Generally, both measurement error 
and MDC values of all cohorts were smaller during 
the T2 vs. T3 evaluation when compared to the T1 
vs. T2 evaluation. When comparing results 
between sexes, the measurement error and MDC 
values were mostly smaller (~5–50%) for females 
than males regardless of trial comparison. For 
example, the MDC values for PP was 340.92 W for 
females, which was almost half of the males with 
605.94 W between T2 an T3.  

The test-retest reliability of the total 
sample was excellent for all measures across all 
comparisons (ICC = 0.93–0.99), except peak power 
and acceleration was good to excellent (ICC = 0.75–
0.93; Table 2). For males, the test-retest reliability 
for peak speed was excellent between T2 vs. T3 
(ICC = 0.90–0.96), whilst it was good to excellent for 
peak speed between T1 vs. T2 and mean speed, 
mean power and total work across all comparisons  
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(ICC = 0.77–0.96; Table 2). The test-retest reliability 
for male peak power between T1 vs. T2, and 
acceleration across all comparisons was moderate 
to good (ICC = 0.57–0.88; Table 2). For females, 
peak speed, mean speed, mean power and total 
work exhibited excellent test-retest reliability 
across all comparisons (ICC = 0.90–0.98; Table 2). 
Furthermore, the test-retest reliability for peak 
power between T2 vs. T3 was good to excellent 
(Table 2). In contrast, the test-retest reliability for  

 
peak power during the T1 vs. T2 evaluation, and 
acceleration during the T1 vs. T2 and T2 vs. T3 
evaluations was moderate to good (ICC = 0.53–
0.90; Table 2). The level of agreement was generally 
better for all variables between T2 vs. T3 compared 
to T1 vs. T2 (Figure 1; Table 2). Furthermore, the 
level of agreement of all variables was better for 
females than males (Figure 1; Table 2). 
 

 
 

 
 

Table 1. Mean ± standard deviation, effect size (ES) coefficient of variation (CV), and minimal detectable 
change (MDC) during each of the three trials for the total sample, male and female participants. 

 T1 T2 T3 

ES CV (95 % CI) MDC 

T1 vs. T2 T2 vs. T3 T1 vs. T2 T2 vs. T3 T1 vs. T2 T2 vs. T3

Total 
sample          

PS (km/h) 19.0 ± 2.4 19.3 ± 2.5 b 19.4 ± 2.5 −0.12* −0.02* 1.62 (1.35, 1.88) 1.31 (1.11, 1.51) 1.02 0.87 

PP (W) 2037.0 ± 594.3 2109.5 ± 648.5 a 2079.1 ± 588.2 −0.12* 0.05* 8.17 (6.97, 9.37) 6.56 (5.49, 7.64) 612.2 526.7 
MS (km/h) 15.0 ± 2.0 15.3 ± 2.0 b 15.5 ± 2.0 c −0.18* −0.07* 2.43 (2.02, 2.85) 1.62 (1.23, 2.00) 1.24 1.00 

MP (W) 767.8 ± 207.3 797.2 ± 212.6 b 809.8 ± 217.8 c −0.14* −0.06* 3.92 (3.16, 4.68) 2.78 (2.16, 3.39) 118.1 91.2 

TW (J) 3071.2 ± 829.1 3188.9 ± 850.2 b 3239.4 ± 871.3 c −0.14* −0.06* 3.92 (3.16, 4.68) 2.78 (2.16, 3.39) 472.5 365.0 

Acc (m∙s-2) 2.71 ± 0.62 2.85 ± 0.6 b 2.86 ± 0.6  −0.22† −0.01* 8.45 (6.92, 9.99) 5.92 (4.65, 7.20) 0.74 0.62 

Male 
participants 

     
  

  

PS (km/h) 20.5 ± 1.4 20.8 ± 1.4 b 20.9 ± 1.2 −0.26† −0.06* 1.67 (1.32, 2.01) 1.33 (1.09, 1.56) 1.10 0.95 

PP (W) 2349.3 ± 473.1 2429.6 ± 545.2 2382.7 ± 462.7 −0.16* 0.09* 7.80 (6.44, 9.15) 6.93 (5.68, 8.18) 698.51 605.94 

MS (km/h) 16.1 ± 1.3 16.5 ± 1.3 b 16.7 ± 1.1 d −0.31† −0.17* 2.68 (2.11, 3.25) 1.83 (1.33, 2.32) 1.44 1.13 

MP (W) 886.8 ± 150.8 922.7 ± 148.1 b 942.5 ± 140.5 d −0.24† −0.14* 4.45 (3.45, 5.46) 3.26 (2.50, 4.03) 140.06 106.21 

TW (J) 3547.3 ± 603.1 3690.7 ± 592.2 b 3769.9 ± 561.9 d −0.24† −0.14* 4.45 (3.45, 5.46) 3.26 (2.50, 4.03) 560.24 424.85 

Acc (m∙s-2) 
3.00 ± 0.55 3.16 ± 0.54 b 3.20 ± 0.44  −0.29† −0.10* 8.53 (6.81, 

10.26) 
6.27 (4.62, 7.92) 0.83 0.70 

Female 
participants 

         

PS (km/h) 16.4 ± 1.4 16.6 ± 1.3 a 16.6 ± 1.3 −0.14* −0.001* 1.59 (1.21, 1.97) 1.26 (0.99, 1.54) 0.85 0.72 

PP (W) 1477.8 ± 310.8 1536.3 ± 359.9 1535.5 ± 348.5 −0.18* 0.002* 7.94 (6.14, 9.75) 5.90 (4.61, 7.19) 421.51 340.92 

MS (km/h) 12.9 ± 1.2 13.2 ± 1.2 b 13.2 ± 1.2 −0.23† −0.01* 2.08 (1.58, 2.59) 1.39 (1.07, 1.71) 0.77 0.65 

MP (W) 554.7 ± 90.1 572.6 ± 88.5 b 572.3 ± 93.4  −0.20† 0.003* 3.43 (2.61, 4.25) 2.42 (1.82, 3.03) 56.77 46.51 

TW (J) 2218.7 ± 360.5 2290.3 ± 353.8 b 2289.3 ± 373.4 −0.20† 0.003* 3.43 (2.61, 4.25) 2.42 (1.82, 3.03) 227.07 186.02 

Acc (m∙s-2) 2.20 ± 0.34 2.30 ± 0.40 2.24 ± 0.37 −0.26† 0.16* 7.33 (5.35, 9.31) 5.63 (4.28, 6.99) 0.55 0.45 

T1 – Trial 1; T2 – Trial 2; T3 – Trial 3; CI – confidence interval; PS – peak speed; PP – peak power; MS – mean speed; MP – 
mean power; TW – total work; Acc – acceleration during 1st second; km – kilometer; h – hour; W – watts; J – joules; m – 

meter; s – second 
a p < 0.05, b p < 0.01 vs. T1; c p < 0.05, d p < 0.01 vs. T2; * trivial, † small 
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Table 2. The intra-class correlations (ICC) and measurement bias with limits of agreement (LOA) for the 
total sample, male and female participants. 

 ICC (95 % CI) Measurement bias (+/- 95 % LOA) 
Total sample T1 vs. T2 T2 vs. T3 T1 vs. T2 T2 vs. T3 

PS (km/h) 0.98 (0.96–0.98) 0.98 (0.97–0.99) −0.30 ± 1.02 −0.05 ± 0.87 
PP (W) 0.87 (0.82–0.91) 0.91 (0.87–0.93) −72.47 ± 612.16 30.35 ± 526.69 
MS (km/h) 0.95 (0.93–0.97) 0.97 (0.96–0.98) −0.36 ± 1.24 −0.14 ± 1.00 

MP (W) 0.96 (0.94–0.97) 0.98 (0.97–0.98) −29.41 ± 118.12 −12.62 ± 91.24 
TW (J) 0.96 (0.94–0.97) 0.98 (0.97–0.98) −117.65 ± 472.49 −50.47 ± 364.98 
Acc (m∙s-2) 0.82 (0.75–0.87) 0.87 (0.82–0.91) −0.14 ± 0.74 −0.01 ± 0.62 
Male participants     

PS (km/h) 0.92 (0.87–0.95) 0.93 (0.90–0.96) −0.35 ± 1.10 −0.08 ± 0.95 

PP (W) 0.75 (0.64–0.84) 0.81 (0.72–0.88) −80.24 ± 698.51 46.87 ± 605.94 

MS (km/h) 0.85 (0.77–0.90) 0.89 (0.83–0.93) −0.40 ± 1.44 −0.21 ± 1.13 

MP (W) 0.89 (0.83–0.93) 0.93 (0.89–0.96) −35.85 ± 140.06 −19.8 ± 106.21 

TW (J) 0.89 (0.83–0.93) 0.93 (0.89–0.96) −143.38 ± 560.24 −79.19 ± 424.85 

Acc (m∙s-2) 0.70 (0.57–0.80) 0.74 (0.62–0.83) −0.16 ± 0.83 −0.05 ± 0.70 

Female participants     

PS (km/h) 0.95 (0.91–0.97) 0.96 (0.93–0.98) −0.20 ± 0.85 −0.002 ± 0.72 

PP (W) 0.80 (0.65–0.88) 0.88 (0.79–0.93) −58.55 ± 421.51 0.77 ± 340.92 

MS (km/h) 0.94 (0.90–0.97) 0.96 (0.93–0.98) −0.28 ± 0.77 −0.02 ± 0.65 

MP (W) 0.95 (0.91–0.97) 0.97 (0.94–0.98) −17.89 ± 56.77 0.24 ± 46.51 

TW (J) 0.95 (0.91–0.97) 0.97 (0.94–0.98) −71.57 ± 227.070 0.95 ± 186.02 

Acc (m∙s-2) 0.72 (0.53–0.84) 0.83 (0.70–0.90) −0.10 ± 0.55 0.06 ± 0.45 

T1 – Trial 1; T2 – Trial 2; T3 – Trial 3; CI – confidence interval; PS – peak speed; PP – peak power; 
MS – mean speed; MP – mean power; TW – total work; Acc – acceleration during 1st second; km – 

kilometer; h – hour; W – watts; J – joules; m – meter; s – second 
 
 
 
 

 
Figure 1. Bland-Altman plots demonstrating the level of agreement for mean speed between 

Trial 1 vs. Trial 2 and Trial 2 vs. Trial 3 for males and females. 
Grey solid lines – males; black dashed lines – females 
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Discussion 

The current study identified good to 
excellent test-retest intra-session reliability with 
minimal measurement error for most of the NMT-
derived variables for all cohorts. Furthermore, 
better measurement error, measurement bias, 
magnitude of differences and MDC were evident 
for all NMT-derived variables between T2 vs. T3 
compared with the T1 vs. T2 evaluation. Compared 
to males, females demonstrated better reliability 
for most NMT-derived variables. These results 
encourage practitioners to employ at least two 
separate familiarization sessions, in conjunction 
with two maximal sprint trials during each testing 
session to achieve the greatest NMT results. 
Furthermore, practitioners should be aware of 
differences in reliability between sex when 
assessing NMT sprinting ability. 

The current study demonstrated better 
intra-session reliability and measurement error of 
the NMT-derived variables between T2 vs. T3 than 
between T1 vs. T2, despite the incorporation of two 
familiarization sessions beforehand. It was difficult 
to compare our findings to previous studies, as we 
are the first to report on changes in intra-session 
reliability of sprint performance on a NMT across 
more than two trials. Nonetheless, our findings 
expand upon prior work that reported lower CV 
values for power output during a NMT sprint 
protocol between the 3rd and 4th testing days (3.2–
10.1%) when compared to the 1st and 2nd (4.3–
20.7%), and 2nd and 3rd (4.8–21.1%) testing days 
(Hopker et al., 2009; Tofari et al., 2015). Based upon 
our findings and those of others (Hopker et al., 
2009; Tofari et al., 2015), we would recommend 
incorporating at least two familiarization sessions, 
in conjunction with two maximal trials during each 
testing session to optimize reliable short, sprint 
performance protocols on a NMT for future 
interventions. 

In line with our recommendation, we 
focused on the T2 vs. T3 evaluation and observed 
moderate to excellent test-retest reliability and 
good-moderate measurement error for mean and 
peak speed, mean and peak power, total work and 
acceleration for all (total, male and female) cohorts. 
These results align with previous studies that 
examined the reliability of short (~6 s), NMT sprint 
protocols which reported moderate to excellent 
test-retest reliability for mean (ICC = 0.83–0.93) and 
peak power (ICC = 0.54–0.83) (Hopker et al., 2009),  
 

and moderate to good measurement error for peak 
speed (CV = 1.3%) (Tong et al., 2001) and mean 
power (CV = 7.4–8.2%) (Hopker et al., 2009; Tong 
et al., 2001). Accordingly, our findings support 
previous evidence indicating moderate to excellent 
test-retest reliability and acceptable measurement 
error for sprint speed and power generated from a 
NMT, albeit with a much larger sample size. 

An interesting finding of the current study 
was that most NMT-derived measures 
demonstrated high levels of test-retest reliability, 
except for acceleration. To our knowledge, prior 
studies have not reported on the reliability of 
acceleration derived from a NMT protocol. 
Acceleration is calculated as the change in sprint 
speed from a stationary position and appears to be 
a more complex component of a sprint task 
(Haugenet al., 2019), which may contribute to 
greater variability. Regardless, the current study 
has broadened the understanding of NMT sprint 
protocol reliability with acceleration exhibiting the 
greatest improvement in reliability measures 
between comparisons (ICC = 0.82 to 0.87; CV = 8.45 
to 5.92%; bias = −0.14 to −0.01). This improvement 
may be a consequence of participants becoming 
familiar with the frictional resistance of the 
tethered system at the commencement of the sprint 
task.  

In the current study, small MDC values 
were evident for all cohorts that represented ~5% 
of the mean. For most of the other NMT variables, 
relatively low MDC values (~10% of mean) were 
exhibited for all cohorts except for peak power and 
acceleration where the MDC was comparatively 
larger (i.e. ~14–25% and 13–22% of the mean, 
respectively). The greater MDC values for peak 
power may be due to its instantaneous nature, 
whilst the complexity of the movement during the 
initiation of the sprint task may have caused 
greater MDC values for acceleration. Thus, the 
majority of the NMT-derived measures appeared 
to provide appropriate sensitivity to detect 
changes in response to exercise interventions (~5–
10% changes in mean), although caution should be 
taken when interpreting differences in peak power 
and acceleration. 

A novel finding of the current study was 
that the reliability (ICC, LOA, CV) and sensitivity 
(MDC) of all NMT-derived measures were greater 
for females than males. To our knowledge, no prior 
studies have compared the reliability of run-sprint  
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performance measures between sexes, whether in 
a laboratory or field setting. Delextrat et al. (2015) 
speculated that females may have greater stability 
than men due to a lower stature, thereby 
translating run-sprint mechanics better during 
agility-related activities. Considering that the 
current females were of a lower stature than males, 
it is possible that this smaller stature may have 
resulted in consistent sprint mechanics of the 
NMT-derived measures. However, it is important 
to note that balance was not measured as part of 
the current study. Future biomechanical 
examination of NMT sprinting may confirm the 
origin of these sex differences in reliability. 
Nonetheless, the distinct MDC values reported in 
the current study may provide practitioners with  
 

 
useful information to support future sprint 
performance interventions for either sex, and when 
combined. 

In conclusion, our study demonstrated 
that a short (4-s), sprint protocol on a NMT 
exhibited good to excellent intra-session reliability 
for most variables that was enhanced across three 
trials, namely between the 2nd and the 3rd one. 
Compared to males, females exhibited better 
reliability values possibly due to smaller stature. 
Practitioners are encouraged to employ at least two 
trials in the same session (in addition to multiple 
familiarization sessions) to achieve the greatest 
results via a reliable and reproducible short (4-s), 
NMT sprint protocol. 

 

 

Author Contributions: Conceptualization: K.D., J.D.C., F.Y.N. and A.S.L.; methodology: K.D., J.D.C., F.Y.N. 
and A.S.L.; validation: K.D., J.D.C., F.Y.N. and A.S.L.; investigation: K.D., J.D.C. and A.S.L.; data curation: 
K.D., J.D.C. and A.S.L.; writing—original draft preparation: K.D. and A.S.L.; writing— review & editing: 
J.D.C., F.Y.N. and A.S.L.; visualization: K.D. and A.S.L.; project administration: K.D., J.D.C. and A.S.L. All 
authors have read and agreed to the published version of the manuscript. 

ORCID iD:  

Kenji Doma: 0000-0002-8903-0067 

Fabio Y. Nakamura: 0000-0002-5336-3652 

Anthony S. Leicht: 0000-0002-0537-5392 

Funding Information: The authors did not receive any funding for this project. 

Institutional Review Board Statement: This study was conducted following the principles of the Declaration 
of Helsinki, and approved by the James Cook University Research Ethics Committee (H6267; H7515). 

Informed Consent: Informed consent was obtained from all participants included in the study. 

Conflicts of Interest: The authors do not declare any conflict of interest. 

Acknowledgements: The authors wish to thank the participants for their time. 

Received: 26 March 2022 

Accepted: 29 May 2022 

Published: 15 July 2023 

 

References 
Andre, M. J., Fry, A. C., & Lane, M. T. (2013). Appropriate loads for peak-power during resisted sprinting on 

a non-motorized treadmill. Journal of Human Kinetics, 38, 161–167. doi:10.2478/hukin-2013-0056 
Cormier, P., Freitas, T. T., Rubio-Arias, J. A., & Alcaraz, P. E. (2020). Complex and contrast training: does 

strength and power training sequence affect performance-based adaptations in team sports? A 
systematic review and meta-analysis. Journal of Strength and Conditioning Research, 34(5), 1461–1479. 
doi:10.1519/JSC.0000000000003493 



170  Intra-session reliability of sprint performance on a non-motorised treadmill 

Journal of Human Kinetics, volume 88/2023 http://www.johk.pl 

 
Delextrat, A., Grosgeorge, B., & Bieuzen, F. (2015). Determinants of performance in a new test of planned 

agility for young elite basketball players. International Journal of Sports Physiology and Performance, 10(2), 
160–165. doi:10.1123/ijspp.2014-0097 

Doma, K., Burt, D., & Connor, J. D. (2021). The acute effect of a multi-modal plyometric training session on 
field-specific performance measures. Journal of Sports Medicine and Physical Fitness, 61(7), 899–906. 
doi:10.23736/S0022-4707.20.11603-7 

Doma, K., Leicht, A., Sinclair, W., Schumann, M., Damas, F., Burt, D., & Woods, C. (2018). Impact of exercise-
induced muscle damage on performance test outcomes in elite female basketball players. Journal of 
Strength and Conditioning Research, 32(6), 1731–1738. doi:10.1519/JSC.0000000000002244 

Duthie, G., Pyne, D., & Hooper, S. (2003). The reliability of video based time motion analysis. Journal of Human 
Movement Studies, 44, 259–272.  

Girard, O., Brocherie, F., & Bishop, D. J. (2015). Sprint performance under heat stress: A review. Scandinavian 
Journal of Medicine and Science in Sports, 25 Suppl 1, 79–89. doi:10.1111/sms.12437 

Haugen, T., & Buchheit, M. (2016). Sprint running performance monitoring: methodological and practical 
considerations. Sports Medicine, 46(5), 641–656. doi:10.1007/s40279-015-0446-0 

Haugen, T., McGhie, D., & Ettema, G. (2019). Sprint running: from fundamental mechanics to practice-a 
review. European Journal of Applied Physiology, 119(6), 1273–1287. doi:10.1007/s00421-019-04139-0 

Highton, J. M., Lamb, K. L., Twist, C., & Nicholas, C. (2012). The reliability and validity of short-distance sprint 
performance assessed on a nonmotorized treadmill. Journal of Strength and Conditioning Research, 26(2), 
458–465. doi:10.1519/JSC.0b013e318225f384 

Hopker, J. G., Coleman, D. A., Wiles, J. D., & Galbraith, A. (2009). Familiarisation and reliability of sprint test 
indices during laboratory and field assessment. Journal of Sports Science and Medicine, 8(4), 528–532. 
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/24149593 

Hopkins, W. G. (2015). Spreadsheets for analysis of validity and reliability. Sportscience, 19(19), 36–44.  
Hughes, M. G., Doherty, M., Tong, R. J., Reilly, T., & Cable, N. T. (2006). Reliability of repeated sprint exercise 

in non-motorised treadmill ergometry. International Journal of Sports Medicine, 27(11), 900–904. 
doi:10.1055/s-2006-923791 

Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and reporting intraclass correlation coefficients for 
reliability research. Journal of Chiropractic Medicine, 15(2), 155–163. doi:10.1016/j.jcm.2016.02.012 

Leicht, A. S., Sealey, R. M., & Sinclair, W. H. (2011). Influence of cycle ergometer type and sex on assessment 
of 30-second anaerobic capacity and power. International Journal of Sports Medicine, 32(9), 688–692. 
doi:10.1055/s-0031-1271769 

McLain, T. A., Wright, G. A., Camic, C. L., Kovacs, A. J., Hegge, J. M., & Brice, G. A. (2015). Development of 
an anaerobic sprint running test using a nonmotorized treadmill. Journal of Strength and Conditioning 
Research, 29(8), 2197–2204. doi:10.1519/JSC.0000000000000854 

Moinat, M., Fabius, O., & Emanuel, K. S. (2018). Data-driven quantification of the effect of wind on athletics 
performance. European Journal of Sports Science, 18(9), 1185–1190. doi:10.1080/17461391.2018.1480062 

Montgomery, G., Abt, G., Dobson, C., Smith, T., & Ditroilo, M. (2016). Tibial impacts and muscle activation 
during walking, jogging and running when performed overground, and on motorised and non-
motorised treadmills. Gait & Posture, 49, 120–126. doi:10.1016/j.gaitpost.2016.06.037 

Polit, D. F. (2014). Getting serious about test-retest reliability: a critique of retest research and some 
recommendations. Quality of Life Research, 23(6), 1713–1720. doi:10.1007/s11136-014-0632-9 

Terwee, C. B., Mokkink, L. B., Knol, D. L., Ostelo, R. W., Bouter, L. M., & de Vet, H. C. (2012). Rating the 
methodological quality in systematic reviews of studies on measurement properties: a scoring system 
for the COSMIN checklist. Quality of Life Research, 21(4), 651–657. doi:10.1007/s11136-011-9960-1 

Teske, L. G., Beck, E. C., Bullock, G. S., Nicholson, K. F., & Waterman, B. R. (2021). Lower extremity 
biomechanics predicts major league baseball player performance. Orthopaedic Journal of Sports 
Medicine, 9(7), 23259671211015237. doi:10.1177/23259671211015237 

Tofari, P. J., McLean, B. D., Kemp, J., & Cormack, S. (2015). A self-paced intermittent protocol on a non-
motorised treadmill: a reliable alternative to assessing team-sport running performance. Journal Sports 
Science and Medicine, 14(1), 62–68. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/25729291 

 



 by Kenji Doma et al. 171 

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0 
license. 

 
Tong, R. J., Bell, W., Ball, G., & Winter, E. M. (2001). Reliability of power output measurements during repeated 

treadmill sprinting in rugby players. Journal of Sports Sciences, 19(4), 289–297. 
doi:10.1080/026404101750158394 

Weber, C. L., Chia, M., & Inbar, O. (2006). Gender differences in anaerobic power of the arms and legs--a 
scaling issue. Medicine and Science in Sport and Exercise, 38(1), 129–137. 
doi:10.1249/01.mss.0000179902.31527.2c 

Zupan, M. F., Arata, A. W., Dawson, L. H., Wile, A. L., Payn, T. L., & Hannon, M. E. (2009). Wingate Anaerobic 
Test peak power and anaerobic capacity classifications for men and women intercollegiate athletes. 
Journal of Strength and Conditioning Research, 23(9), 2598–2604. doi:10.1519/JSC.0b013e3181b1b21b 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


