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Reliability of phase-specific
outcome measurements in
change-of-direction tests using a
motorized resistance device
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'Biomechanics Laboratory, Department of Physical Performance, Norwegian School of Sport Sciences,
Oslo, Norway, 2School of Sport and Health Sciences, Institute of Coaching and Performance, University of
Central Lancashire, Preston, United Kingdom

This study aims to determine test-retest reliability of phase-specific information
during initial acceleration, deceleration, and re-acceleration phases of different
change-of-direction (CoD) tests using a motorized resistance device (MRD). A
total of 21 participants (16 males and five females, with mean age of 22.3+ 3.9
years, body mass of 75.2+ 6.9 kg, height of 177.9 + 6.8 cm) completed the
modified 505 (m505), 10-0-5, and 15-0-5 CoD tests on four different test
sessions while exposed to an external load (3kg) provided by the MRD.
Outcome variables included overall and phase-specific kinetic (force, power,
and impulse) and kinematic (time, distance, velocity, and acceleration/
deceleration) data during the initial acceleration, deceleration, and re-
acceleration phases. The deceleration and re-acceleration phases were further
divided into two subphases, namely, early and late subphases, using 50% of
maximum velocity. Reliability was assessed using an intraclass correlation
coefficient (ICC), coefficient of variation (CV), typical error (TE), and minimal
detectable change (MDC). Good to excellent ICC values (>0.75) and acceptable
(<10%) to good (<5%) CV values were observed for most outcome
measurements. Specifically, 80.1% (822 out of 1,026) of all variables showed
good or better relative reliability (i.e., ICC > 0.75), while 97.0% (995 out of 1,026)
of all variables showed acceptable or better absolute reliability (i.e.,, CV <10%). In
conclusion, the present study demonstrates that the MRD can obtain reliable
phase-specific outcome measurements across different CoD tests, providing
coaches and researchers with new opportunities to advance our understanding
of CoD ability and inform more advanced CoD training prescriptions.

KEYWORDS

phase analysis, reliability, motorized resistance technology, deceleration, re-acceleration

1. Introduction

Change of direction (CoD) is frequently performed in many field and court-based sports
(1) and crucial to many decisive on-field performance actions such as preventing and creating
goal scoring opportunities (2). Given such importance, the assessment and monitoring of a
player’s CoD performance is a routine part of many performance teams’ testing battery.
The CoD performance requires “rapid and systematically coordinated force application
during the braking, plant and propulsive phases of the movement while maintaining
optimal body positioning” (3). Therefore, horizontal acceleration and deceleration are
fundamental locomotor skills underpinning performance in many CoD maneuvers.
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Consequently, CoD testing methods should quantify the different
phases (initial acceleration, deceleration, and re-acceleration) to
help advance the understanding of the CoD performance and to
inform more specific CoD training prescription for players.
Currently, a myriad of different tests are used to quantify CoD
based on different movement patterns (i.e., sprint and side shuffle),
angle of turn(s), number of turns, and duration (4). These
differences make comparisons between tests difficult as CoD is a
task-specific skill based on the angle of turn and entry velocity
(4, 5). Furthermore, in most CoD tests, overall time is often used
as the primary outcome measurement, which has some inherent
problems. Firstly, the overall time does not quantify the initial
acceleration, deceleration, and re-acceleration phases. Secondly,
longer tests are not possibly representative of CoD but rather
anaerobic capacity and linear sprint ability (6). In fact, even in
shorter tests, such as the modified 505 (m505) which consists of
two 5 m sprints with a 180-degree turn, superior sprint capacity
can still mask the CoD ability (4, 7). In an attempt to mitigate
this shortcoming, indirect measures such as CoD deficit have
been developed to better quantify and isolate the CoD
component (8), which in essence is an attempt to quantify
deceleration and re-acceleration. However, the CoD deficit does
not enable accurate identification of CoD phases, which is vitally
important considering that some athletes have been shown to
pace their run-up (initial acceleration to deceleration) based on
the demand of the CoD (9). This is also in agreement with
anecdotal field-based observations of the authors and colleagues.
Based on the shortcomings of the CoD testing mentioned above,
it has been advocated that the CoD tests should directly quantify
what continuous

happens tests

measurements (4). Specifically, measurements of the velocity of the

during the and provide
center of mass (COM) during the CoD testing have also been
advocated (4). Such measurements can be obtained in a laboratory
setting (i.e., motion capture). However, this is not practical, and in
many cases, not feasible for coaches and other practitioners in the
applied setting. Field-based technologies such as global navigation
satellite systems (GNSS), local positioning systems (LPS) (10, 11)
and laser devices (12) have been used to obtain instantaneous
velocity data. However, GNSS and LPS have a limited validity and
reliability for short CoD tests (10, 11, 13) with the laser-based
highly
measurements during a 90-degree CoD (12).

system  demonstrating inconsistent  phase-specific
A recent development of motorized resistance technology may

provide an opportunity to obtain continuous outcome
measurements of how athletes are moving during the CoD test in
both laboratory and field-based environments (14). Specifically, a
motorized resistance device (MRD) quantifies time, continuous
position, and force exerted on the machine while performing a
CoD action. Furthermore, load can be prescribed not only in an
absolute manner but also in a phase-specific manner since loads
in one phase (i.e., initial acceleration to deceleration) can be set
to be different than in another phase (ie., re-acceleration).
Continuous velocity measurements of one MRD have recently
been validated against a three-dimensional optical motion
analysis system (14), but reliability has not been established to
date. With both valid and

reliable continuous outcome
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measurements for CoD tests, more detailed insights can be
obtained to direct individualized training prescription. For
example, more detailed insights into the deceleration phase, as
introduced by Harper and co-workers, with data from a MRD
can be explored (15). Furthermore, since momentum could have
a significant effect on the CoD performance (16), continuous
velocity measurements would allow for the exploration of change
in momentum capabilities during CoD, as previously advocated
by Nimphius and co-authors (4).

Accordingly, the aim of this study was to assess test-retest
reliability of overall and phase-specific information (time,
velocity, and distance) with specific deceleration and re-
acceleration analysis of time, distance, velocity, acceleration/
deceleration, force, power, and impulse for different CoD tests.

2. Methods
2.1. Subjects

A total of 16 male (age, 23.0+ 3.7 years; body mass, 77.3 +
6.8 kg; height, 179.9+3.7 cm) and five female participants (age,
20.0 £0.0 years; body mass, 68.6+3.7 kg; height, 171.4 +9.5 cm)
with experience in soccer (n=38), handball (n=38), and floorball
(n=5) completed the study. 19 of the 21 participants completed
all four test sessions, whereas one male and one female participant
completed only two and three test sessions, respectively (due to
the COVID-19 pandemic). Inclusion criteria were familiarity with
ball sports CoD movements and no musculoskeletal injury or
illness at time of testing that would prevent maximum effort for
all test sessions. This study was approved by the Local Ethical
Committee and the National Data Protection Agency for Research
(reference number: 148213) and conducted in accordance with the
Declaration of Helsinki. Prior to participation, all participants
provided a written informed consent after being given detailed
verbal and written explanation of the purpose, procedures, and
risks associated with their participation.

2.2. Procedures

Anthropometric measurements (height and body mass)
were obtained prior to a standardized warm-up, which included
dynamic lower extremity mobility exercises, jogging (forward
and backward), butt kicks, front kicks, high knee lifts, side
shuffle, carioca, unilateral anterior-posterior and lateral jumps,
three progressive sprints (80%, 90%-95% of subjective maximal)
with the last sprint having assistance, and two m505 tests on
each limb both with and without MRD. In total, the warm-up
lasted approximately 25 min. The same warm-up was used for all
four sessions, and all participants were instructed to standardize
their training 2 days prior to testing. There were seven days
(median, interquartile range: 7 days) between test sessions. All
participants were tested on the same time of the day (morning
or afternoon) based on the first test session using the same
footwear.
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All test sessions took place in an indoor sports hall at the
Norwegian School of Sport Sciences with the order and loads
used for the different tests being consistent across sessions.
Specifically, three different CoD tests were performed with
increasing approach distance (5, 10, and 15 m). The m505 test
was performed first, then the 10-0-5 (105), and lastly the 15-0-5
(155, the same as the traditional 505 test). During these three
tests, the participants performed two successful trials on each
limb in an alternate order (e.g., left, right, left, right). Thus, a
total of 12 tests (m505L, m505R, 105L, 105R, 155L, and 155R)
were performed. The procedures of the m505 test under loaded
conditions were previously described in detail (14) but were
summarized here for clarity as additional tests were used. A line
defining the turning point was 15cm wide and marked with
three cones on each side of a 1.2-m-wide corridor. From the
turning point, cones were placed at a distance of 5, 10, and 15 m
to define the starting points (Figure 1). All tests were performed
under externally loaded conditions provided by an MRD with an
assisted start, which meant that the first phase (1a) was sprinting
toward, while the second phase (1b) was sprinting away from the
MRD past the 5m mark. The same start position (two-point
start) was used at a distance of 5, 10, and 15 m away from the
turning point. The fiber cord from the MRD was attached to the
participant using a carabiner onto a pulley (Cyclone 52,
Purmotion, USA), which in turn was attached to a belt with two
carabiners (1080 Vest and 1080 MAP AS, Oslo, Norway, USA).
When turning off the left foot, the carabiners were attached over
the right hip and for right foot turns vice versa. This was to
ensure that the fiber cord from the resistance device was not in
conflict with the CoD movement. As the initial acceleration was
toward the MRD, a greater demand was placed on both the
deceleration and re-acceleration. Left and right foot turns were
performed in a randomized order and maintained for all test
sessions. A successful trial was defined as a full effort with the
final foot contact hitting the 15-cm-wide line between the cones

155 start line
50m
105 start line
5.0m
m505 start line
50m
=== Turning line (15 cm)
431 m
MRD
FIGURE 1
Laboratory set-up with placement of motorized resistance device and
position of starting lines and CoD zone for the m505, 105, and 155 tests.
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defining the turning point. A minimum of 2-min rest period was
given between trials. The trial with the best overall time from
each limb during each CoD test was used for further analysis.

2.3. Equipment

A portable MRD (1080 Sprint; 1080 Motion, Lidingd, Sweden)
was used to provide external resistance and measure time, distance
as well as average and maximum velocity (Vg and Vp,.x), pulling
force (Favg and Fiqyx), and power (Pyyg and Ppqy). The 1080 Sprint
has a servo motor (2,000 RPM OMRON G5 Series Motor;
OMRON Corp., Kyoto, Japan) that is attached to a carbon fiber
spool around which a fiber cord is wrapped. The device was
positioned on a table at a height of 75 cm to approximately align
with the hip height of the participants. Both assisted and resisted
loads were set to 3 kg. The auto-start function of the MRD was
used (onset of measurement with a speed of >0.2 m:s™") (17).

2.4. Data analysis

All CoD tests were quantified based on time and velocity.
Specifically, CoD tests were divided into phase la (initial
acceleration to deceleration) and phase 1b (re-acceleration),
based on when the velocity changed direction (V,) (14).
Consequently, the overall time and phase times (la and 1b) as
well as the maximum and average velocity of phases la and 1b
were measured.

In order to provide a more detailed description of phase 1la,
the deceleration phase was analyzed based on the methods first
described by Harper and co-authors (15) but summarized here
for clarity. Similar to the radar device software used in the
study by Harper et al. (2020), a fourth-order two-way
Butterworth low-pass filter with cut-off frequency of 1.5 Hz
was used. Specifically, data on the position, velocity, and force
were filtered in this manner, while acceleration was calculated
from the filtered velocity with a finite difference using a five-
point stencil using MATLAB R2021a (The MathWorks Inc.,
Natick, MA, USA). From the filtered velocity, the maximum
(Vimax) identified. The
deceleration phase was then defined from V., to when the

velocity during phase 1la was
velocity changed direction V,. This phase was then further
divided into early deceleration phase [Viyax to 50% Viax (Vso)l
and late deceleration phase (Vs to V). During these two
phases, different time and distance variables were quantified.
Then, based on the change in velocity during the deceleration
phase, the pulling force exerted on the participant from the
MRD, air resistance (based on the surface area from height
measurement), 19-degree centigrade and atmospheric pressure
at sea level, force, power, and impulse were calculated for the
overall, early, and late deceleration phases. For a description of
deceleration phases, see Figure 2.

Contrary to the methods used by Harper and co-authors (15)
where only the deceleration phase was used for analysis, we also
analyzed the re-acceleration phase using the same methods as
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with abbreviations used for the outcome measurements and definitions

m505 10-0-5 15-0-5
f Phase Ta ; Phase 1b ! f Phase Ta ; PraseTo 1 f Phase la T Phase 1b {
InAcc_Phase Dec_Phase ReAcc_Phase I InAcc_Phase ; Dec_Phase } ReAcc_Phase I I InAcc_Phasc : Dec_Phase 1 ReAcc_Phase :
] | ——t | Pt
, ; 3_&_52 g ; .1 ; H I§‘§| H ; Pt L
s A s . i : 4V s s Pt B i
£ 7 ts g
> H > > H
3 3 3 i
2 2 2
% 1 Vo 2 s ’ % 1 Vo 4 ; % 1 2 o 5
t(s) t(s) )
Phases  Subph level1 Subph level 2 Abbreviation Definition or calculati
Phase la Phase 1a was defined as the phase from the start of the measurement (0.2 m's™! trigger in
MRD) to when velocity changed direction (V,), and it is further divided into 1) initial
acceleration and 2) deceleration phases.
Initial acceleration In_Acc_Phase The initial acceleration phase was defined as the phase from the start of the measurement
(0.2 m's’! trigger in MRD) to maximum observed velocity (V,,,) during phase la.
Dec_Phase The deceleration phase was defined from V,,,, to V, and is further divided into two
Deceleration subphases; early deceleration and late deceleration.
Early deceleration E Dec Phase The early deceleration phase was defined from V.. to 50% of V... (V).
Late deceleration L Dec Phase The late deceleration phase was defined as the phase from Vs, to V
Phase 1b Re_Acc Phase  The re-acceleration phase was defined as the phase from Vto V4, ginish, 2nd is further
divided into two subphases; early re-acceleration and late re-acceleration.
Re-acceleration Early re-acceleration E-ReAcc phase  The early re-acceleration phase was defined as the phase from V to 50% of Vyyay ginish (Vso)
during the re-acceleration phase.
Late re-acceleration L-ReAcc phase __The late re-acceleration phase was defined as the phase from Vsgto Vi, gojen
FIGURE 2

Phase definitions with figures (top row) of the m505, 105, and 155 tests. The table in the bottom rows provides an overview of the phases and subphases

described for the deceleration phase. Specifically, based on the
same filtered data, we identified Vi .x finisn—defined as Vj to
the finish line (i.e., end of test and thus measurements). As an
athlete will not reach their maximum velocity during a 5-m
acceleration, the point of the maximum velocity for the
participants during the re-acceleration coincided with the end
of the test if the athlete continues to maximally accelerate
throughout the re-acceleration phase. Then, the re-acceleration
phase was divided into two phases, namely, early phase and
late phase. The early phase was defined from V, to reaching
50% of Viax finish (Vs0), while the late re-acceleration phase
was defined from Vs to Vinax finish- The filtered instantaneous
velocity-time data were used to calculate force, power, and
impulse for both the early and late re-acceleration and
deceleration phases. The re-acceleration and deceleration
phases are illustrated in Figure 2, while the complete summary
of all phase-specific outcome measurements is presented in
Table 1.

2.5. Statistical analysis

The statistical analysis was performed using JASP (JASP
version 0.16.3.0, Amsterdam, the Netherlands), Statistical Package
for Social Sciences (SPSS version 24.0, IBM Corp., Armonk, NY,
USA), jamovi (The jamovi project, 2021, version 2.3.6), and
RStudio (RStudio Team, 2022). Descriptive data were calculated
in Microsoft Excel (version 2209, Microsoft Corp., Redmond,
WA, USA) and were presented as mean and standard deviation
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(SD). Normality of data was assessed using Shapiro-Wilk’s test
(p<0.05) and qualitatively by visual inspection of Q-Q plots.
Furthermore, potential outliers in the data were also explored
using a web-based outlier calculator (StatsKingdom, 2017) based
on the Tukey’s fences method, where k was set at 1.5 and
indicative of a “regular outlier” (18).

To explore potential differences and learning effect between
test sessions in an overall performance and the phase-specific
outcome measurements, a repeated measures analysis of
variances (RM ANOVAs) was conducted. Alternatively, the
Friedman test was performed in cases where the data did not
suffice to the assumption of normality. With many variables and
therefore many tests performed, the p-values from the RM
ANOVAs/Friedman tests were corrected with Holm’s sequential
Bonferroni procedure (19) by using a Microsoft Excel calculator
(20) to keep the nominal alpha level at the desired level and
avoid type I errors, as recommended by Wagoner (21, 22). The
level of statistical significance for the resulting adjusted p-values
was set at p =<0.10.

The assumption of sphericity for the RM ANOVA tests was
tested with Mauchly’s test of sphericity. If the test indicated
that the assumption had been violated (p-value of <0.05), then
a correction to the original unadjusted p-value (“sphericity
assumed”) was applied and subsequently used for the analysis.
Based on recommendations, if the Greenhouse-Geisser epsilon
value (€) from Mauchly’s test of sphericity was below 0.75, then
the
uncorrected p-value. Conversely, if the value was >0.75, then
the Huyndt-Feldt applied (23-25). If a

a  Greenhouse-Geisser correction was applied to

correction was
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TABLE 1 Descriptions and definitions of the outcome variables.

10.3389/fspor.2023.1212414

Variable Variable Abbreviation Definitions or calculations
category
la Phase 1a was defined as the phase from the start of the measurement (0.2 m-s™
trigger in MRD) to when velocity changed direction (V,), and it is further
divided into (1) initial acceleration and (2) deceleration phases.
1b The re-acceleration phase was defined as the phase from V; to V., and is further
divided into two subphases; early re-acceleration and late re-acceleration.
la and 1b Kinematic Time (s) Time Time to complete the test from start to finish.
la Kinematic Time (s) Time Phase 1a was defined as the phase from the start of the measurement (0.2 m-s™"
trigger in MRD) to when velocity changed direction (V,), and it is further
divided into (1) initial acceleration and (2) deceleration phases.
Distance (m) Dist Distance from the start of the measurement to the end of phase 1la.
Average velocity (m-s™") Vavg Average of all instantaneous velocity values of phase 1a.
Maximum velocity (m-s™") | Viay The maximum instantaneous velocity value during phase 1a. This value defines
the start and end of the deceleration and initial acceleration phase respectively.
Dec_Phase The deceleration phase was defined from V.., to Vj, and is further divided into
two subphases: Early deceleration and late deceleration.
Deceleration Kinematic Time (s) Dec_Phase_Time Time in deceleration phase.
Distance (m) Dec_Phase_Dist Distance covered in the deceleration phase.
Average deceleration (m-s™2) Dec_Phase_Dec,q Average of all instantaneous deceleration values during the deceleration phase
Maximum deceleration Dec_Phase_Dec,ax Maximum instantaneous deceleration during the deceleration phase
(m:s™2)
Time to maximum Dec_Phase_Dec,,,x Time | Time to maximum deceleration from the start of the deceleration phase.
deceleration (s)
Distance to maximum Dec_Phase_Dec,,ax_Dist | Distance to maximum deceleration from the start of phase la.
deceleration (m)
Kinetic Average horizontal braking | Dec_Phase HBF,, Average of all instantaneous horizontal braking force (HBF) values during the
force (N) deceleration phase.
Maximum horizontal Dec_Phase_HBF,;, Maximum instantaneous HBF value during the deceleration phase
braking force (N)
Average horizontal braking | Dec_Phase HBI,, Average horizontal braking impulse (HBI) calculated from the instantaneous
impulse (N-s) momentums (F « t=m « Av) during the deceleration phase.
Average braking power (W) | Dec_Phase_HBP,, Average of all instantaneous horizontal braking power (HBP) values obtained
during the deceleration phase
Maximum braking power (W) | Dec_Phase_HBP,,,x Maximum instantaneous HBP value during the deceleration phase.
E_Dec_phase The early deceleration phase was defined from V ,,x to 50% of Vax (Vo).
Early Kinematic Time (s) E_Dec_Phase_Time Time in the early deceleration phase
deceleration Distance (m) E_Dec_Phase_Dist Distance covered in the early deceleration phase
Average velocity (m-s™") E_Dec_Phase_V, Average of all instantaneous velocity values during the early deceleration phase
Average deceleration (m-s~2) E_Dec_Phase_Dec,, Average of all instantaneous deceleration values during the early deceleration
phase
Kinetic Average horizontal braking | E_Dec_Phase HBF,, Average of all instantaneous HBF values during the early deceleration phase
force (N)
Average horizontal braking | E_Dec_Phase_HBI,, Average HBI calculated from the instantaneous momentums (F « t=m « Av)
impulse (N-s) during the early deceleration phase.
Average horizontal braking | E_Dec_Phase_HBP,, Average of all instantaneous HBP values obtained during early deceleration
power (W) phase.
L_Dec_Phase The late deceleration phase was defined as the phase from Vs, to V,
Late Kinematic Time (s) L_Dec_Phase_Time Time in late deceleration phase
deceleration Distance (m) L_Dec_Phase_Dist Distance covered in late deceleration phase
Average velocity (m-s™") L_Dec_Phase_V,, Average of all instantaneous velocity values during the late deceleration phase
Average deceleration (m-s™2) L_Dec_Phase_Dec,g Average of all instantaneous deceleration values during the late deceleration
phase
Kinetic Average horizontal braking | L_Dec_Phase_HBF,y, Average of all instantaneous HBF values during the late deceleration phase
force (N)
Horizontal braking impulse | L_Dec_Phase_HBI,,, Average HBI calculated from the instantaneous momentums (F « t=m « Av)
(N-s) during the late deceleration phase.
Average horizontal braking | L_Dec_Phase HBP,, Average of all instantaneous HBP values obtained during late deceleration
power (W) phase.
ReAcc_Phase The re-acceleration phase was defined as the phase from V to Vi finish» Which
is further divided into two subphases; early re-acceleration and late re-
acceleration.
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TABLE 1 Continued

Variable Variable Abbreviation Definitions or calculations
category
Re-acceleration | Kinematic Time (s) ReAcc_Phase_Time Time in re-acceleration phase.
Distance (m) ReAcc_Phase_Dist Distance covered in the re-acceleration phase.
Average velocity (m-s™") ReAcc_Phase_Dist_V,,, | Average of all instantaneous velocity values during the re-acceleration phase.
Maximum velocity (ms™") | ReAcc_Phase_V .y Maximum instantaneous velocity measurement during the re-acceleration
phase.
Average acceleration (m-s™2) ReAcc_Phase_Acc,y, Average of instantaneous acceleration values during the re-acceleration phase.
Maximum acceleration ReAcc_Phase_Acc Maximum instantaneous acceleration measurement during the re-acceleration
(m-s™2) phase.
Kinetic Average horizontal ReAcc_Phase_HAF,, Average of all instantaneous horizontal acceleration force (HAF) values during
acceleration force (N) the re-acceleration phase.
Maximum horizontal ReAcc_Phase_ HAF, ., Maximum instantaneous HAF during the re-acceleration phase.
acceleration force (N)
Average horizontal ReAcc_Phase_HAIL,, Average HAI calculated from the instantaneous momentums (F « t=m o Av)
acceleration impulse (N-s) during the re-acceleration phase.
Average horizontal ReAcc_Phase_HAP,, Average of instantaneous horizontal acceleration power (HAP) values during
acceleration power (W) the re-acceleration phase.
Maximum horizontal ReAcc_Phase_HAP,,,, Maximum instantaneous HAP value during the re-acceleration phase.
acceleration power (W)
E_ReAcc_Phase The early re-acceleration phase was defined as the phase from V, to 50% of
Vimax_finish (Vs0) during the re-acceleration phase.
Early re- Kinematic Time (s) E_ReAcc_Phase_Time Time in early re-acceleration phase.
acceleration Distance (m) E_ReAcc_Phase_Dist Distance covered in the early re-acceleration phase.
Average velocity (m-s™") E_ReAcc_Phase_V,, Average of all instantaneous velocity values during the early re-acceleration
phase.
Average acceleration (ms™2) E_ReAcc_Phase_Acc,,; | Average of all instantaneous acceleration values during the early re-acceleration
phase.
Kinetic Average horizontal E_ReAcc_Phase HAF,,; | Average of all instantaneous horizontal acceleration force (HAF) values during
acceleration force (N) the early re-acceleration phase.
Horizontal acceleration E_ReAcc_Phase_HAI,,, | Average HAI calculated from the instantaneous momentums (F « t=m « Av)
impulse (N-s) during the early re-acceleration phase.
Average horizontal E_ReAcc_Phase HAP,,, | Average of instantaneous HAP values during the early re-acceleration phase.
acceleration power (W)
L_ReAcc_Phase The late re-acceleration phase was defined as the phase from Vso t0 Vinax finish-
Late re- Kinematic Time (s) L_ReAcc_Phase_Time Time in late re-acceleration phase.
acceleration Total distance of the late re- | L_ReAcc_Phase_Dist Distance covered in the late re-acceleration phase.
acceleration phase (m)
Average velocity (m-s™") L_ReAcc_Phase_V,, Average of all instantaneous velocity values during the late re-acceleration
phase.
Average acceleration (m-s72) L_ReAcc_Phase_Acc,y, Average of all instantaneous acceleration values during the late re-acceleration
phase.
Kinetic Average horizontal L_ReAcc_Phase_HAF,,; | Average of all instantaneous HAF values during the late re-acceleration phase.
acceleration force (N)
Late horizontal acceleration | L_ReAcc_Phase_HAI,,, | Average HAI calculated from the instantaneous momentums (F » t=m « Av)
impulse (N-s) during the late re-acceleration phase.
Average horizontal L_ReAcc_Phase HAP,,, | Average of instantaneous HAP values during the late re-acceleration phase.
acceleration power (W)

statistically significant difference was found (i.e., p = <0.10), then
a correction was applied to the original unadjusted p-value
irrespective of whether or not a violation was indicated by
Mauchly’s test of sphericity, as has been recommended (23, 24).
Furthermore, it is also important to remark that a correction
was only applied if the difference was statistically significant
(i.e., uncorrected p-value=<0.10) in the first place, since a
correction in this case will only make a large and non-
significant p-value even larger and hence increase our change of
making a type II error (23, 26).

An effect size was calculated using both omega squared and
Kendall’s W test. Specifically, the omega-squared effect size with a
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95% confidence interval (CI) was presented for each RM ANOVA
and was calculated using the MOTE Effect Size Calculator app
from DOOM Lab (27). Omega-squared values were interpreted in
the following manner (24, 28): 0.01 = “small,” 0.06 = “moderate,”
and >0.14 = “large.” For the Friedman tests, the measure of effect
size was given using the Kendall's W test, where based on
guidelines (29) the values of <0.1-0.3, <0.3-0.5, <0.5-0.7, <0.7-
0.9 and <0.9 were interpreted with indications of “very weak
agreement”, “weak agreement”, “moderate agreement”, “strong
agreement” and “unusually strong agreement”, respectively.

An RM ANOVA or Friedman’s test states only whether there is
a statistically significant difference somewhere between the testing
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sessions. Accordingly, if a statistically significant effect was found,
then a post hoc pairwise comparison was performed to evaluate the
statistically significant difference between the test sessions. These
were performed on each outcome variable, between each pair of
test sessions. For example, test session 1 was compared with test
sessions 2, 3, and 4; session 2 was compared with test sessions 3
and 4; and session 3 was compared with session 4. This signified
that for one variable, a total of six comparisons were made.
Thus, to keep the nominal alpha level at 0.05 and to avoid type I
errors, the Holm-Bonferroni correction for multiple comparisons
(19) was applied to the p-values and used in JASP to adjust for a
family of six estimates. Similarly, the 95% CIs for the mean
differences given by JASP are also corrected for multiple
comparisons using the Bonferroni method. In the case of non-
normal data, and if a statistically significant differences based on
the Friedman test was found, then the post hoc pairwise
comparisons were performed with the Wilcoxon matched-pairs
test. Accordingly, in this case, the result was presented with the
Hodges-Lehmann estimate with a 95% CI as the location
parameter, z-test statistic value, and p-value from the Wilcoxon
test. Based on the discussion mentioned above, the p-values from
the Wilcoxon tests were also corrected with Holm’s sequential
Bonferroni procedure in JASP, adjusting for a family of six
estimates.

As it is recommended to report both unstandardized and
standardized effect sizes (30), the standardized Hedges’g average
(Hedges’g.y) was calculated with a 95% CI and provided on all
pairs of variables that satisfied the assumption of normality.
Magnitude of Hedges’g,, values was interpreted according to the
guidelines by Hopkins (31, 32): <0.19 =“trivial,” 0.20-
0.59 = “small,” 0.60-1.19 = “moderate,” 1.20-1.99 = “large,” 2.00-
3.99 = “very large,” and >4.00 = “extremely large.”

Reliability statistics were obtained using a custom reliability
spreadsheet (33). The relative reliability was assessed using
the intraclass correlation coefficient (ICC) with a 95% CI.
Specifically, the ICC were calculated based on the ICC (3,1)
model, referred to as “two-way mixed effects, consistency, single
rater/measurement” (34). Of note, this ICC model included only
random error in the calculation and does not consider the
systematic error. Hopkins noted that the ICC (3,1) model was
preferable, as it was the “observed correlation between
measurements in two real-life trials” (33). The ICC values were
interpreted based on the guidelines presented by Koo and Li
(34), where values of <0.50, 0.50-0.75, 0.75-0.90, and >0.90 were
interpreted as poor, moderate, good, and excellent reliability,
respectively.

The absolute reliability of outcome measurements was assessed
using the typical error (TE), both in the raw unit of measurement
and relative to the mean based on the log-transformed data
(CV—%) with 95% CIs. The CV values of >15%, 10%-15%, 5%-
10%, and <5% were used with indications of very poor, poor,
acceptable, and good absolute reliability, respectively.
Furthermore, to calculate what can be considered as a “real”
change in the performance for each respective variable—that is,
with a given level of confidence, a change that is outside the
ranges of the typical variation (measurement error) of the test

Frontiers in Sports and Active Living

10.3389/fspor.2023.1212414

and therefore sufficient to be regarded as a “real” change or
difference-estimation of the minimal detectable change (MDC)
was calculated based on the TE with a 90% CI (MDCyg). All
reliability statistics and MDCgy, were calculated for each session-
to-session comparison.

3. Results

The descriptive data for the m505, 105, and 155 tests were
presented in Tables 2-4, respectively.

Overall, 80.1% (822 out of 1,026) of all variables showed good
or better relative reliability. Specifically, 50.7% (520 out of 1,026)
showed excellent, 29.4% (302 out of 1,026) showed good, 14.2%
(146 out of 1,026) showed moderate, and 5.7% (58 out of 1,026)
of all variables showed poor relative reliability. For the absolute
reliability, 97.0% (995 out of 1,026) of all variables showed
acceptable or better absolute reliability. Specifically, 58.9%
(604 out of 1,026) showed good, 38.1% (391 out of 1,026)
showed acceptable, 2.7% (28 out of 1,026) showed poor, and
0.3% (3 out of 1,026) of the variables showed very poor
absolute reliability.

3.1. M505 test

For the m505L test (Table 5), when combining the three
comparisons, 87.7% (150 out of 171) of the variables displayed
good or better relative reliability, with ICC values ranging from
0.18 to 0.99. Specifically, 50.3% (86 out of 171) of all variables
displayed excellent, 37.4% (64 out of 171) displayed good, 8.8%
(15 out of 171) displayed moderate, and 3.5% (6 out of 171)
displayed poor relative reliability. With regard to CV values,
98.3% (168 out of 171) of all the variables had acceptable or
better absolute reliability with a range from 0.8 to 16.0%.
Specifically, 57.9% (99 out of 171) of all variables displayed good,
40.4% (69 out of 171) displayed acceptable, 1.2% (2 out of 171)
displayed poor, and 0.6% (1 out of 171) displayed very poor
CV values for the
comparison of sessions 1-2 ranged from 0.8 to 16.0 (32/57

absolute reliability. Furthermore, the
good), while the CV values for the comparison of sessions 3-4
ranged from 0.8 to 10.1 (32/57 good).

For the m505R test (Table 6), when combining all three
comparisons, 76.6% (131 out of 171) of all the variables
displayed good or better relative reliability, with ICC values
ranging from 0.31 to 0.996. Specifically, 46.8% (80 out of 171)
of all variables displayed excellent, 29.8% (51 out of 171)
displayed good, 19.3% (33 out of 171) displayed moderate, and
4.1% (7 out of 171) displayed poor relative reliability. With
regard to the CV values, 99.4% (170 out of 171) of all variables
had acceptable or better absolute reliability, with a range from
0.7 to 15.7%. Specifically, 50.3% (86 out of 171) of all variables
displayed good, 49.1% (84 out of 171) displayed moderate, and
0.6% (1 out of 171) displayed very poor absolute reliability.
Furthermore, the CV values for the comparison of sessions 1-2
ranged from 1.3 to 15.7 (25/57 good), while the CV values for
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Definition and description of all outcome variables are presented in Table 1.
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the comparison of sessions 3-4 ranged from 0.7 to 10.0 (31/57
good).

3.2. 105 test

For the 105L test (Table 7), when combining all three
comparisons, 77.2% (132 out of 171) of all variables displayed
good or better relative reliability, with ICC values ranging
from 0.34 to 0.99. Specifically, 50.9% (87 out of 171) of all
variables displayed excellent, 26.3% (45 out of 171) good,
17.0% (29 out of 171) displayed moderate, and 5.6% (10 out
of 171) displayed poor relative reliability. With regard to the
CV values, 95.3% (163 out of 171) of all variables had
acceptable or better absolute reliability, with a range from 0.7
to 12.2%. Specifically, 57.3% (98 out of 171) of all variables
displayed good, 38.0% (65 out of 171) displayed acceptable,
and 4.7% (8 out of 171) displayed poor absolute reliability.
Consequently, none of the variables displayed very poor
absolute reliability. Furthermore, the CV wvalues for the
comparison of sessions 1-2 ranged from 0.8 to 12.2 (27/57
good), while the CV values for the comparison of sessions 3-4
ranged from 0.7 to 8.2 (41/57 good).

For the 105R test (Table 8), when combining all three
comparisons, 79.5% (136 out of 171) of all the variables
displayed good or better relative reliability, with ICC values
ranging from 0.28 to 0.99. Specifically, 48.5% (83 out of 171) of
all variables displayed excellent, 31.0% (53 out of 171) displayed
good, 18.1% (31 out of 171) displayed moderate, and 2.3%
(4 out of 171) displayed poor relative reliability. With regard to
the CV values, 97.1% (166 out of 171) of all the variables had
acceptable or better absolute reliability, with a range from 0.8 to
13.2%. Specifically, 59.1% (101 out of 171) of all variables
displayed good, 38.0% (65 out of 171) displayed acceptable, and
29% (5 out of 171) displayed poor absolute reliability.
Consequently, and similar to the 105L test, none of the variables
displayed very poor absolute reliability. Furthermore, the CV
values for the comparison of sessions 1-2 ranged from 1.2 to
11.8 (30/57 good), while the CV values for the comparison of
sessions 3-4 ranged from 0.8 to 13.2 (36/57 good).

3.3. 155 test

For the 155L test (Table 9), when combining all three
comparisons, 84.2% (144 out of 171) of all the variables
displayed good or better relative reliability, with ICC values
ranging from 0.33 to 0.995. Specifically, 54.4% (93 out of 171) of
all variables displayed excellent, 29.8% (51 out of 171) displayed
good, 8.8% (15 out of 171) displayed moderate, and 7.0% (12 out
of 171) displayed poor relative reliability. With regard to the CV
values, 96.5% (165 out of 171) of all the variables had acceptable
or better absolute reliability, with a range from 0.5 to 16.9%.
Specifically, 70.8% (121 out of 171) of all variables displayed
good, 25.7% (44 out of 171) displayed acceptable, 2.9% (5 out of
171) displayed poor, and 0.6% (1 out of 171) displayed very poor
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absolute reliability. Furthermore, the CV values for the comparison
of sessions 1-2 ranged from 0.8 to 16.9 (39/57 good), while the CV
values for the comparison of sessions 3-4 ranged from 0.5 to 8.1
(41/57 good).

For the 155R test (Table 10), when combining all three
comparisons, 75.4% (129 out of 171) of all the variables
displayed good or better relative reliability, with ICC values
ranging from 0.13 to 0.99. Specifically, 53.2% (91 out of 171) of
all variables displayed excellent, 22.2% (38 out of 171) displayed
good, 13.5% (23 out of 171) displayed moderate, and 11.1% (19
out of 171) displayed poor relative reliability. With regard to the
CV values, 95.3% (163 out of 171) of all the variables had
acceptable or better absolute reliability, with a range from 0.6 to
14.0%. Specifically, 57.9% (99 out of 171) of all variables
displayed good, 37.4% (64 out of 171) displayed acceptable, and
4.7% (8 out of 171) displayed poor absolute reliability. None of
the variables displayed very poor absolute reliability (i.e., a CV
value of >15%). Furthermore, the CV values for the comparison
of sessions 1-2 ranged from 0.7 to 12.9 (29/57 good), while the
CV values for the comparison of sessions 3-4 ranged from 0.6 to
13.4 (42/57 good).

3.4. Learning effect

Overall, the results from the RM ANOVAs/Friedman tests
exhibited a statistically significant difference (defined as an
adjusted p-value of <0.10) between the test sessions for 11
variables out of a total of 342 variables, based on the Holm-
Bonferroni adjusted p-values (results not shown). Out of the 11
statistically significant variables (Table 11), 7 belonged to m505L,
2 to m505R, 1 to 105L, and 1 to 105R. Thus, no statistically
significant results were found for any variables from the 155
tests. Test statistics [F-value with corresponding degrees of
freedom, adjusted p-value, and omega-squared effect size (»?)
with a 95% CI] from each RM ANOVA are presented in
Table 11 in the left column below their given variable name.
However, based on MDCggy, comparisons, no “real” differences
were found between the sessions for the 11 identified variables.
Of note, only test statistics from the RM ANOVAs are presented
in Table 11 as none of the Friedman tests demonstrated a
statistically significant difference.

4. Discussion

This study aims to explore the test-retest reliability, MDC, and
differences between the test sessions of phase-specific outcome
measurements of CoD tests using an MRD. Overall, the values of
test-retest relative and absolute reliability observed were mostly
good to excellent and mostly acceptable to good, respectively.
These findings were similar or better than those presented using
other technology and slightly different tests (12, 15). Based on
the MDC from the reliability statistics, no learning effects were
for the different outcome

observed between the sessions

measurements.
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The phase-specific analysis applied to CoD tests in the present
study was based on the work of Harper and co-authors (15). In
their study, they analyzed a maximum horizontal deceleration
following a maximal 20-m sprint using a radar technology.
Therefore, the players in the study by Harper and co-authors
reached higher speeds prior to commencing deceleration than
those observed in the present study. Furthermore, in the study by
Harper et al. (2020), the deceleration phase was followed by a
backpedal and not a CoD whereby the athlete rotated their body
to maintain a forward-facing motion like in the present study.
The CV values for the deceleration phase in the study by Harper
et al. (2020) ranged from acceptable (5.2%, average deceleration)
to poor (20.4%, time-to-maximum deceleration) for intra-day
reliability and acceptable (6.2%, maximum horizontal braking
power) to poor (21.6%, average late horizontal braking power)
for inter-day reliability (15). In the present study, almost all
deceleration variables across all CoD tests had good to acceptable
absolute reliability, which demonstrated the potential of MRD
during various 180-degree CoD tests for assessing deceleration
ability. Since good to acceptable levels of reliability were also
demonstrated with both left and right foot turns across most
deceleration-phase variables, inter-limb asymmetries based on the
turning foot may also be explored.

It is interesting to note that a minimum of 31 of 57 outcome
variables had a good absolute reliability for the comparison of
sessions 3—-4, with longer 155 CoD tests (41 and 42 variables) having
more than the shorter m505 tests (32 and 31 variables). Specifically,
phase la and initial acceleration (time, distance, and velocity) had
consistently good absolute reliability across tests (Tables 5-10),
while the overall deceleration and early deceleration outcome
measurements (time, distance, velocity, acceleration, force, power,
and momentum) had mostly good absolute reliability in the longer
tests (155), with mostly acceptable values in the shorter tests (m505
and 105). On the contrary, no such differences were observed for
the same outcome variables during the late deceleration phase with
mostly acceptable absolute reliability across tests. Furthermore, both
the overall and late re-acceleration phases had mostly good absolute
reliability for time, distance, velocity, acceleration, force, power, and
impulse except for maximum acceleration and force (acceptable
absolute reliability). A similar pattern for early re-acceleration as for
the late deceleration was observed with mostly acceptable absolute
reliability for the different outcome measurements for all tests.
Overall, it appeared that longer tests improved reliability, with late
deceleration and re-acceleration not being impacted. This
observation is possibly attributed to both greater distance and time
available for possible pacing strategies in preparation for both the
overall and early deceleration phases. However, this must be
substantiated by future research. Nevertheless, apart from distance,
acceptable reliability was observed during the late deceleration and
re-acceleration phases. This possibly indicated that the participants
chose slightly different late deceleration strategies between sessions,
which in turn could influence early re-acceleration. See Tables 5-10
for details.

Phase-specific information has also been previously explored
using two synchronized laser guns (12). In the study of Hader
et al. (2015), the phase-specific information was explored using

frontiersin.org


https://doi.org/10.3389/fspor.2023.1212414
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

10.3389/fspor.2023.1212414

Westheim et al.

(panunuo))
€6'T (€T1%€9°0) €80 | (071 %69) T6 | (060 *L¥'0) SLO 6L1 (FPI'T85°0) ££°0 | (LT1:8°S) LL | (160 °15°0) 820 80C (2€'189°0) 68°0 | (I'PT0°L) €6 | (9870 ‘T€0) L90 (_S-w) ¥y
0z0 (€10 °£0°0) 600 | (€ L1) €T | (6670 ‘56°0) 860 620 (81°0 %60°0) 2I'0 | (TS 97) ¢ | (860 ‘06°0) 960 LT0 (LT0°600) 210 | (#'SLT) 9¢ | (860 ‘T6°0) 960 (p_s-w) w20y
LT0 (110 990°0) £00 | (I'TTD#1 | (660 T60) L60 ST°0 (600 °50°0) 900 | (6T:0°D) €T | (660 ‘S6°0) 860 0Z°0 (€10 °£0°0) 60°0 | (LT H'T) 8T | (860 ‘160) 960 (j_s-w) HA
110 (£0°0 %0°0) S00 | (I'TTD)#T | (8670 ‘88°0) S60 010 (£0°0 °€0°0) #0°0 | (0T0D) €T | (660 C6°0) L60 110 (£0°0 #0°0) SO0 | (CTTT'T) ST | (860 ‘680) 960 ((_s-w) Bep
TT0 (P1°0 £0°0) 600 | (6T*S'T) 6T | (S8°0 “6T°0) S9°0 ST0 (910 ‘80°0) TT°0 | (€€°£T) TT | (0L0 ‘80°0-) 8€'0 ST0 (910 '80°0) TT°0 | (F'€°LT) €T | (¥80°LT0) ¥9°0 (w) 1810
500 (€00 20°0) 200 | (F'TTT) 9T | (6670 €6°0) L60 600 (500 ¢€0°0) ¥0'0 | (0% *0°0) LT | (£6°0 ‘08°0) T6'0 80°0 (S0°0 *€0°0) ¥0°0 | (£'€6'T) ST | (£6°0 ‘18°0) T6'0 (5) Wi, | uoneI[EIEL-Y
€6C (981 °1°66) 921 | (I°€1%5'9) £'8 | (S6'0 “0L°0) L8'0 6L1 (TI1:685) 6'9L | (06 °9%) 19 | (86°0 *£8°0) ¥6°0 S61 (2T °T'P9) 8'€8 | (€01 °¢’S) 0L | (£6°0 *€8°0) €6'0 (M) ™ qgH
S6'9 (Try 920) 66T | (LT160) T'T | (00T ‘86°0) 66°0 e (Trzoce) 8% | (0€:ST) 0T | (660 °96°0) 660 0zr (L¥'L96°€) LTS | (6T*ST) 0T | (660 96°0) 860 (sN) **19H
961 (686 °5°05) 6'99 | (£TI‘T'9) I'8 | (¥6°0 ©99°0) S8'0 £01 (029 ‘67€) 6'SP | (S6°8°P) ¥'9 | (£6°0 “08°0) T6'0 £0T (199 ‘0°5¢) 8'sy | (101 “T°S) 69 | (96'0 ‘82°0) 06'0 (N) *°3gH
68'T (0T'T £19°0) 180 | (9TT *T'9) €8 | (L8°0 ‘8€°0) TL0 8¢'T (98°0 £6¥°0) 65°0 | (00T *T'S) £'9 | (€60 ‘19'0) €80 w1 (8870 9¥°0) 190 | (£01:5S) €2 | (260 :650) 18°0 (p_s-) #*2aq
81°0 (110 °90°0) 80°0 | (99*¢€) ¥'¥ | (06°0 *05°0) £L°0 910 (01°0°50°0) £0°0 | (95 '67) 8¢ | (260 ‘09°0) T80 ST°0 (600 °50°0) 90°0 | (TS LT) 9¢ | (T6°0‘65°0) 18°0 ((_s-w) B=p
LT°0 (110 %50°0) £0°0 | (S°0T 0°0T) ¥'€T | (8°0 “1T°0) 09°0 LT0 (010 °50°0) £0°0 | (T'TT *S°0T) OFT | (840 *€T°0) €50 ST0 (600 °50°0) 90°0 | (T'6T *£'6) 6°TT | (840 *€T°0) TS0 (W) 1A | uoneiaoap
90'0 (¥0°0 20°0) €00 | (6'IT 6'S) 6L | (¥8°0 ‘9T°0) €90 90'0 (¥0°0 20°0) €0°0 | (0°'TT 9°S) ¥ | (T80 *€T°0) 09°0 900 (¥0°0 20°0) €0°0 | (0'IT *£'S) §°L | (18°0 ‘1T0) 850 (s) duury, o]
LS1 (966 6°05) ¥'£9 | (L9 %€) SF | (6670 T6'0) L6'0 9T (SST%5°08) 90T | (921 ¥'9) §'8 | (£6°0 ‘180) T6'0 L5€ (22T 811 ¥ST | (391 %'8) T'TIL | (1670 *SS°0) 6£°0 (M) *°qgH
459 (8% F¥'7) €T | (8T%60) TT | (00T "86°0) 66°0 96'6 (sT9'sTe) 8T% | (FT'EeT) LT | (660 :L60) 6610 05’8 (0€'5%087) 09°¢ | (0T 0T ¥'1 (00°T *86'0) 66'0 (sN) **19H
%44 (ST '88°2) ¥0T | (I'S'97) '€ | (66°0 *€6°0) L6'0 SHp (6£7°¢%T) T'61 | (0T1'9S) ¥'L | (960 ‘SL°0) 680 179 (S°8€ %07) L9T | (F¥1 ¥'L) 86 | (880 ‘S¥0) €£0 (N) *°1gH
€€°0 (IT0°11°0) ¥1°0 | (6'S0°€) 0% | (L60 '€8°0) €60 LS50 (9€°0 %61°0) ST°0 | (6’11 :09) 0'8 | (06°0 TS'0) 8L°0 SL0 (L¥'0*5T°0) T€'0 | (TST *§°L) €01 | (L0 *TT°0) TS0 (p_s-w) #*2q
ST0 (91°080°0) TT°0 | (6'T*S'T) 6'T | (L6'0 *08°0) T60 ST0 (91°0'80°0) TT°0 | (0°€*9'1) 0T | (£6°0 T8°0) €6'0 LT0 (L10%60°0) T1'0 | (I'€9'1) T'T | (£6°0 *18°0) T6'0 (j_s-um) A
€0 (0z°0f01°0) ¥1°0 | (I'7*T'7) 8T | (86°0 ‘98°0) ¥6'0 16'0 (£8°0 f0€°0) 6€°0 | (€11 8°5) 92 | (940 80°0) 05'0 80'T (£9°0 f9€°0) £¥'0 | (S'€T6'9) T'6 | (95°0 *LT°0-) 8T°0 (w) 31 UoneIAEIIP
L0°0 (#0'0 '20°0) €00 | (L'F F0) TE | (L6'0 “18°0) T60 LT0 (01°0 ¥60°0) £0°0 | (£°0T ¥'S) TL | (LL'0 ‘60°0) 0S50 070 (€10 °£0°0) 60°0 | (TEI 8'9) 0°6 | (TS0 ‘1€°0-) €10 (s) auury, Apreg
06¥ (T1€ ‘0°6ST) T1T | (0F1 ‘6'9) €6 | (¥6°0 "99°0) S8°0 18¢ (6€T °5T1) ¥91 | (02T ‘T9) '8 | (96°0 “9L°0) 06°0 185 (19€ ‘161) 05T | (6°ST *1'8) 8°01 | (06°0 *€5°0) 8£°0 (M) *“adH
691 (801 ‘0°SS) 8'2L | (TL*9€) 8% | (86°0 “06°0) 96°0 01z (T€1 °6'89) 0°06 | (€701 ‘TS) 6'9 | (L6°0 *€8°0) €6°0 16T (V81 °5'L6) 8T1 | (TE1*8'9) 06 | (€6'0 ¥9°0) ¥8°0 (M) #agH
6¢€l (¥8'8 TS%) 86'S | (LT460) I'T | (00T 86°0) 66°0 60T (TET 98'9) 006 | (9TF1) 8T | (660 :L60) 66°0 €0¢ (91 *0L9) 0L'8 | (F'T€T) 91 (660 °£6'0) 66'0 (sN) **"19H
801 (989 ‘0°S€) ¥'9% | (¥'L L) 6% | (L6°0“T80) €60 L6 (78S ‘c0g) 86 | (L9 F¢€) SF | (860 :L8°0) S60 111 (169 '9°9¢) 6'L¥ | (SL'6'€) T'S | (L6'0‘18°0) T6'0 (N) ™™ ddH
0°0¥ Fszioen) TL1 | (96'8°7) 8¢ | (86°0 ‘06°0) 96°0 895 (seto8) ¥ve | (I'6°L7) T9 | (960 8L°0) 160 8'GL (0°L¥ '6'72) 9T | (STL%6'S) 8L | (160 °L5°0) 080 (N) #3990
€0 (ST0°£0°0) OT°0 | (0T $6°0) £0 | (££0 *£0°0) 050 ST0 (910 %80°0) TT°0 | (I'T9°0) £0 | (6970 $£0°0-) 8€0 ST0 (91°0 %80°0) TT°0 | (T'T9°0) L0 | (€80 ‘6C°0) $9°0 | (w) ***23q 03 351Q
¥10 (600 #0°0) 900 | (08 0F) €S | (F6°0 ¥9°0) S8°0 ¥20 (ST°0 *80°0) OT°0 | (67TI ‘5'9) £'8 | (890 ‘60°0-) 9€°0 LT0 (LT0%60°0) 210 | (FFT FL) 86 | (LSO FT0-) 0T0 | (5) ***2a( 03 dwir],
Se'T (980 ¥¥°0) 850 | (9£'8°€) T'S | (€6°0 *09°0) 780 €'l (1L0°L€°0) 670 | (F9'€€) €7 | (S6°0°€L0) 880 LET (S8°0°S¥°0) 650 | (8L:TF) ¥'S | (€60 :59°0) ¥8°0 (ps-w) *¥q
150 (ze0910) 20 | (19°T¢) TF | (960 ¢9L°0) 060 70 (S¥°0 FT°0) €0 | (£6°67) S9 | (060 “TS0) 8L°0 16'0 (9570 °0€°0) 6€°0 | (6'TT*T'9) T'8 | (180 €T°0) 650 (p_s) #*oaq
€€°0 (120 °11°0) 10 | (6'€ '07) 9T | (86°0 ‘98°0) ¥6°0 860 (290 ¢2€°0) T#0 | (TTTL'S) L | (££°0000) €70 ja8¢ (69°0 °9¢°0) 870 | (STT #'9) '8 | (950 :£T°0-) 8T°0 () 3810
01’0 (900 *€0°0) ¥0°0 | (0'S *S'7) €€ | (S6°0 ‘69°0) £L8°0 61°0 (210 %90°0) 80°0 | (68 °9%) 09 | (2L'0 ‘T0°0-) THO 170 (€10 °£0°0) 60°0 | (TOT €°S) 6’9 | (95°0 9T°0-) 810 (s) owry, |  uoneIdIJ
SH0 (67°0°ST°0) 610 | (TE€9T) T'T | (L6'0 *€8°0) €6°0 S0'T (99°0 #€°0) S¥0 | (LL'6€) TS | (££0°100) %0 ST'T (120 8€°0) 6¥°0 | (T8°€F) 96 | (09°0 ‘12°0-) ¥T0 (w) 1810 uoneIIPEDE
¥1°0 (600 #0°0) 900 | (97 €7) T't | (L6'0 ‘08°0) 260 €0 (F10:2£00) 010 | (92%6€) T'S | (160 ‘S5°0) 6£°0 70 (F1°0°£0°0) 60°0 | (69°9°€) LF | (160 ¥50) 6£°0 [QELUA [entug
120 (€T°0 £2£0°0) 600 | (T'T0T) ¥'T | (860 ‘06°0) 96'0 LT0 (LT°0 %60°0) TT'0 | (9T HT) 8T | (860 °L80) S60 970 (91°0 %60°0) TT'0 | (ST*€T) LT | (860 ‘88°0) S6°0 ((_s-um) A
61°0 (T1°0190°0) 800 | (8T*F'T) 6T | (S6°0 *€L0) 68°0 ¥1°0 (60°0 %0°0) 900 | (0T0T) ¥'T | (860 ‘68°0) 960 61°0 (210 90°0) 80°0 | (£T*¥'T) 8T | (960 ‘6£°0) 160 (j_sum) Bep
0 (F1°0°£00) 60°0 | (6°0:5°0) 9°0 | (580 ‘0£°0) S9°0 LT0 (L10%60°0) 110 | (I'T%90) 80 | (0£0 ‘S0°0-) 0%'0 ST0 (ST°080°0) TT°0 | (0T %9°0) L0 | (980 °LE0) 69°0 () 3810
€1ro (80°0 #0°0) 90°0 | (9°T€T) LT | (L6'0 °18°0) 260 o (80°0 '70°0) S0°0 | (£TTT) ST | (860 ‘88°0) S6'0 ST'0 (600 °50°0) 90°0 | (8'T*ST) 0T | (960 “08°0) 260 (s) awry, B[ aseyq
$1°0 (600 50°0) 90°0 | (6T*0'T) €T | (66°0 ‘16'0) 96°0 81°0 (I1°0 '90°0) 800 | (¥'T*TT) 9T | (860 ‘88°0) S60 61°0 (T10%90°0) 80°0 | (ST€T) LT | (860 :98°0) ¥6°0 (8) duury, e12A0
%N | (1D %S6) AL | (1D %S6) AD | ( (1D %S6) AD | (1D %S6) DI | #%DAW | (ID %S6) AL | (ID %S6) AD | (ID %S6) DDI

(6L =,U ‘6L = U) p-€ UOISS3S 153

(07=,U ‘6L = U) €-T UOISS3S 153

‘days @jewyn 3004 B 3Y} Y3IM 1S9} G-0-GT DY} 40} JUBWSINSEIW DWODINO dYidads-aseyd pue Jjedano o Ayiqenad 3s93a4-3s9) 0T 319V.L

(LT=,U ‘6L =U) T O} | UOISS3S 153

sa|gelieA
awodINO

frontiersin.org

25

Frontiers in Sports and Active Living


https://doi.org/10.3389/fspor.2023.1212414
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

10.3389/fspor.2023.1212414

Westheim et al.

‘(s3]qeleA aWo2No aseyd UOKRRISISDap 1B pue UOKRI3)adJe (BNl

| NeJSA0 "2'l) s2|geueA SWOdINO eT dseyd Je 4oy syuedidnied JO USqUINU ‘LU ISS]CeLIEA SLIODINO UONRIS|9DO.-31 [l PUB SW} ||esaA0 Joy syuedidiied

Jo Jsquinu U ‘abueyd a)geydsiep jewiuiw ‘“DAW ‘4044 1edidA} ‘I ‘UONeLIBA JO JUDIDYJO0D ‘AD ‘JeAIDIUI DDUSPYUOD ‘|D 'JUSIDY4S0D UOIR)2II0D SSe|D-.ijul ‘DD| ‘T 9)qe Ul pajuasald aie sa)gelien aWod)no e Jo uondudsap pue uouyag
L¥8 (8€55LD) ¥9g | (TS990 S€ | (660 ‘S6°0) 86°0 1's8 (T'%S ‘9°£2) 99¢ | (9'S ‘87) 8¢ | (66'0 ‘S6'0) 860 601 (T69 ¥7'5€) 89% | (08 ‘0%) €6 (66'0 “26'0) L6'0 (M) #*qvH
L6'9 (€77 *LTT) 00€ | (£T14%60)TT | (00T *£6°0) 660 vLS (S9€981) LT | (F1:£0) 0T | (00T ‘86°0) 660 ST'S (LTeL91) 17T | (€1:L0)60 | (00T 66'0) 660 (sN) *IvH
L1 (1€6 °9LF%) 09 | (9€8T) ¥ | (66°0 96°0) 860 091 (To1 °07°S) 069 | (0% 07T) LT | (660 ‘S6°0) 860 €02 (6T °09°9) €28 | (95 8T) 8¢ | (660 “C6°0) L60 (N) #*3vH
81°0 (110 %90°0) 800 | (% TT) 6T | (6670 ‘T6°0) L60 0Z0 (€10 °90°0) 800 | (I'S97) S | (660 ‘16°0) 960 LT0 (LT0%60°0) 10 | (928€) 'S | (£60 F80) €60 (p_s-w) ooy
$1°0 (6070 %0°0) 900 | (I'TTT) #T | (860 $68°0) S6°0 ¥1°0 (600 50°0) 900 | (€T°TT) 9T | (86°0 ‘06°0) 96'0 ST0 (600 *50°0) 900 | (F'TTT) 91 (86'0 ‘06°0) 96'0 ((_sw) o
00 (€1°0°£0°0) 60°0 | (T€9T) T'T | (880 ‘0%°0) L0 70 (F1°0 £0°0) 60°0 | (€€ LT) TT | (LL°090°0) 670 870 (810 60°0) 210 | (€% CT) 6T | (10 ‘90°0-) 0F'0 (w) 1810 uoneIaPOe
500 (€00 °20°0) 200 | TEOT) I'T | (86°0 ‘06°0) 960 90°0 (¥0°0 20°0) 200 | (L€%6'T) ST | (86°0 98°0) ¥6'0 600 (500 *€0°0) ¥0°0 | (€6 °LT) € | (S600L0) L8O [QELUA -1 e
€01 (€59 F¢e) THY | (8L%6'€) TS | (86°0 °L8°0) S6°0 791 (€01 %9'2S) 969 | (0% 6'9) €6 | (S6°0 ‘€L0) 680 o€t (528 “T'2h) 8'sS | (021 09) 08 | (£6°0 “18°0) 60 (M) *qvH
068 (996 °687) €8¢ | (9T€T) LT | (660 96°0) 86°0 LS9 QU1 ege| (001 €T | (00T 860) 660 066 (1€9*7Te) LTy | (€21 TT | (660 96°0) 860 (N) **1vH
8L (€9v'9¢) €1e | (9L9€) T'S | (L6'0 “T8°0) €6°0 [44s (§°2L96€) ¥'TS | (6'€T16'9) T6 | (£6'0 ‘65°0) T80 [118% (969 ‘9'5¢) T'Ly | (I'€1:69) £'8 | (€60 ¥9°0) ¥8°0 (N) **1vH
06°0 (LS50 6T°0) 6€0 | (€8°TF) SS | (960 *FL0) 680 51 (960 ‘6%°0) §9°0 | (671 '¢'L) 86 | (880 ‘TH0) €20 2 (260 °2¥'0) 290 | (FPI‘TL) S6 | (8870 ‘TH0) €£°0 (p_s-wr) =0y
110 (£0°0 "€0°0) S0°0 | (67 °ST) €€ | (¥6°0 :99°0) S8'0 90°0 (¥0°0 70°0) €000 | (£THT) 8T | (860 88°0) S6°0 €10 (80°0 F0°0) S0°0 | (£'S°67) 8€ | (060 ‘050) LL'O (j_sum) Bep
01’0 (900 °€0°0) 700 | (£6°6F%) §9 | (180 61°0) 850 [4%0} (80°0 %0°0) S0°0 | (LTI *€9) ¥'8 | (€£0 *€0°0-) TH'O ST0 (010 °50°0) 90°0 | (09T *6'£) 9°0T | (TL0 #0°0-) TH'O (w) 110 uoneIs[ER
500 (€00 20°0) 200 | (9'8:¢F) £'S | (260 ‘5S°0) 080 80°0 (500 %€0°0) €0°0 | (%1 “TL) L6 | (940 %0°0) 8%°0 800 (S0°0 %€0°0) $0°0 | (£°ST 9°2) T°0T | (SL'0 *€0°0) 8%°0 (s) duury, -1 Ajreg
111 F0L09¢) 9Ly | (66 °0€) 6 | (66°0 T6°0) L60 €81 (91T 7'6S) 982 | (¥'6°LF) €9 | (960 ‘8L°0) 1610 S61 (FTT 9°€9) 8€8 | (STL°LS) 9L | (S6'0 7L 0) 680 (M) *™dvH
S0L (8%F '67T) €0 | (ST 7€) 0°¢ | (66°0 “96°0) 86°0 S8 (815 '697) 0'5¢ | (£S*'60) 8¢ | (660 F6°0) 86°0 8'SL (T8 '9v7) 9T€ | (09°0€) 0F | (660 S6'0) 86°0 (M) ™ qvH
'St (656 '06'%) 69 | (0T*0'T) €T | (00T *£6°0) 66°0 S01 (699 ‘tr'e) €% | (F'1°L0) 01 (00T *66°0) 66°0 Gel (258 '8€%) 08'S | (0T*0T) €T (00°T *86'0) 66°0 (N) **IvH
€s1 (696 ‘S'6%) SS9 | (6'CT #'9) 98 | (V60 ‘59°0) S8°0 vl (068 '6'S¥) T09 | (I'T1:S°S) ¥'L | (S6°0 ‘0L°0) L8O 991 (901 “0%S) ¥'1£ | (TE159) L'8 | (T6'0 ‘95°0) 08°0 (N) *™vH
TLl (0'TT¢09'S) ¥ | (T'€9T) T'T | (00°T “£6°0) 66°0 LT (£ST°10'8) 90T | (97 ‘€0 I'e | (660 F6°0) 860 LT (8€1'60°L) €€°6 | (SF¥*€Q) 0€ (66'0 S6'0) 86'0 (N) #*3vH
( (

*053aN

(ID %S6) 3L

%56) A\D

1D %S6) DI | #°°Da | (1D %S6) 3L

(6L =,U ‘6L = U) p-€ UOISS3S 353

(ID %S6) AD

1D %S6) DDl

=,U 6L = U) £- UOISS3S 153]

*053aN

(ID %S6) 3L

(ID %S6) AD

(1D %S6) DD

(LT=,U ‘6L = U) T 0} | UOISS3S I3

sa|gelieA
awodNQ

panunuo) QT 3719V.L

frontiersin.org

26

Frontiers in Sports and Active Living


https://doi.org/10.3389/fspor.2023.1212414
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Westheim et al.

10.3389/fspor.2023.1212414

TABLE 11 Post hoc pairwise comparison of variables where a statistically significant result was found from the RM ANOVA/Friedman tests.

Mean difference (95% Cl)

t

Holm-B adj. p-value

Mean diff >

Hedges'g,, (95% Cl)

m505;_L-Dec_Phase_HBP,,, S1| 82 —45.6 (—93.4; 2.2) —2.83 0.045% 140 No —0.21 (—0.38; —0.07)
(Fa.08, 5375 =11.14, S3 —90.9 (—156; —26.1) —4.16 0.003%* No —0.44 (-0.72; —0.23)
adjusted p = <0.001, S4 —112 (-177; —47.4) -5.13 0.0004*** No —0.53 (—0.81; —0.31)
®*=0.34, 95% CI [0.12, 0.52]) | S2 | S3 —45.3 (1105 19.0) -2.09 0.103 No —0.21 (—0.44; —0.01)
S4 —66.6 (—139; 5.85) —2.72 0.045* No —0.30 (—0.56; —0.08)
S3 | S4 —21.3 (—80.2; 37.6) -1.07 0.297 No 0.10 (—0.09; 0.30)
m505;_L-Dec_Phase_Dec,yg S1 | S2 —0.53 (-1.19; 0.12) —2.42 0.086 1.57 No —0.32 (—0.62; —0.6)
(Fa05, 5315 = 1037, S3 —1.03 (—=1.76; —0.30) —4.17 0.003** No —0.68 (—1.08; —0.36)
adjusted p =0.001, S4 —1.25 (-2.06; —0.45) —4.60 0.001** No —0.76 (—1.20; —0.42)
®*=0.33, 95% CI [0.11, 0.50]) | S2 | S3 —0.49 (—1.19; 0.20) -2.11 0.098 No —0.33 (—0.67; —0.03)
S4 —0.72 (—1.56; 0.13) —2.52 0.086 No —0.44 (—0.84; —0.09)
S3 | S4 —0.22 (—0.81; 0.36) -1.14 0.27 No —0.15 (—0.43; 0.10)
m505;_L-Dec_HBF,y, S1 | S2 —45.0 (—98.9; 8.93) —247 0.095 129 No —0.26 (—0.49; —0.05)
(Fas3, s086) = 932, S3 —81.5 (—145; —17.9) —3.80 0.007* No —0.49 (—0.82; —0.23)
adjusted p = 0.004, S4 —100 (—168; —32.8) —4.40 0.002** No —0.57 (—0.90; —0.30)
»*=0.30, 95% CI [0.08, 0.47]), | S2 | S3 —36.5 (—95.3; 22.2) —1.84 0.164 No —0.21 (—0.47; 0.01)
S4 554 (—126; 15.2) —2.32 0.096 No —0.3 (—0.60; —0.04)
S3 | S4 —18.9 (—65.6; 15.8) -1.20 0.246 No —0.11 (—0.30; 0.07)
m505;_Dec_Phase_Decax S1 | S2 —0.55 (—1.22; 0.13) —241 0.108 1.53 No —0.38 (—0.74; —0.07)
(Fgs, 54y=8.39, S3 —-0.91 (~1.61; —0.20) —3.82 0.006** No —0.66 (—1.09; —0.32)
adjusted p =0.007, S4 —1.12 (-1.91; —0.34) —4.24 0.003** No —0.74 (-1.19; —0.38)
»*=0.28, 95% CI [0.07, 0.45]) | S2 | S3 —0.36 (—1.02; 0.30) —-1.63 0.243 No —0.28 (—0.65; 0.06)
S4 —0.58 (—1.41; 0.26) —2.05 0.167 No —0.39 (-0.83; —0.01)
S3 | S4 —0.22 (-0.79; 0.36) -1.11 0.282 No —0.15 (—0.44; 0.11)
m505;_Dec_Phase_Time S1 |82 0.03 (0.004; 0.056) 3.44 0.015* 0.070 No 0.46 (0.21; 0.76)
(Fa, 54)=7.90, S3 0.03 (—0.00; 0.06) 2.92 0.037* No 0.49 (0.16; 0.87)
adjusted p=0.011 S4 0.05 (0.02; 0.08) 537 0.0003*** No 0.79 (0.48; 1.19)
®*=0.27, 95% CI [0.06, 0.44]) | S2 | S3 0.001 (—0.03; 0.03) 0.087 0.931 No 0.01 (—0.30; 0.33)
S4 0.02 (—0.02; 0.05) 1.62 0.276 No 0.27 (—0.06; 0.63)
S3 | S4 0.02 (—0.01; 0.05) 1.78 0.276 No 0.26 (—0.03; 0.59)
m505;_Dec_Phase_ HBF,,,, S1 | S2 —45.7 (—102; 10.4) —2.41 0.107 126 No —0.28 (—0.55; —0.05)
(F2.96, 53.21) = 7.66, S3 —73.0 (—134; —12.5) —3.58 0.011* No —0.46 (—0.78; —0.20)
adjusted p=0.014, S4 —90.3 (—157; —24.0) —4.04 0.005** No —0.53 (—0.86; —0.27)
®*=0.26, 95% CI [0.05, 0.43]) | S2 | S3 —27.3 (—81.8; 27.2) —1.49 0.31 No —0.17 (—0.41; 0.06)
S4 —44.6 (—115; 25.5) —1.89 0.227 No —0.26 (—0.56; 0.01)
S3 | S4 —17.3 (-64.7; 30.1) —1.08 0.31 No —0.1 (—0.29; 0.08)
m505;_Dec_Phase_Dec,y, S1 | S2 —0.22 (=0.50; 0.07) —227 0.143 0.69 No —0.31 (—0.60; —0.06)
(Fis, 54)=6.02, S3 —0.27 (—0.54; 0.004) —2.92 0.045* No —0.37 (—0.64; —0.15)
adjusted p = 0.055, S4 —0.39 (—0.66; —0.13) —4.43 0.002** No —0.60 (—0.94; —0.33)
®?=0.21, 95% CI [0.02,0.38]) | S2 | S3 —0.05 (—0.33; 0.23) —0.51 0.617 No —0.06 (—0.30; 0.18)
S4 —0.18 (—0.47; 0.12) -1.77 0.283 No —0.23 (—0.52; 0.03)
S3 | S4 —0.13 (—0.42; 0.16) -1.31 0.415 No —0.17 (—0.44; 0.08)
m505;_L-Dec_Phase_Dec,y, S1 | S2 —0.16 (—0.98; 0.67) —0.57 1 1.61 No —0.10 (—0.43; 0.22)
(Fa.59, 4665 =782, S3 —-0.91 (—1.63; —0.18) —-3.70 0.008** No —0.54 (—0.88; —0.26)
adjusted p =0.026, S4 —0.89 (—1.81; 0.03) -2.85 0.032* No —0.54 (—0.97; —0.18)
*=0.26, 95% CI [0.06, 0.43]) | S2 | S3 —0.75 (-1.32; —0.18) —3.87 0.007** No —0.55 (—0.90; —0.27)
S4 —0.73 (-1.33; —0.13) —-3.61 0.008** No —0.56 (—0.94; —0.25)
S3 | S4 0.02 (—0.54; 0.58) 0.097 1 No 0.01 (—0.26; 0.29)
m505,_ReAcc_Phase_Accpax S1 |82 0.10 (—0.85; 1.05) 0.32 1 1.88 No 0.007 (—0.38; 0.53)
(F, 45 = 6.24, S3 —0.84 (—1.64; —0.04) -3.20 0.036* No —0.59 (-1.05; —0.22)
adjusted p =0.056, S4 —0.83 (—1.81; 0.15) —2.57 0.064 No —0.57 (=1.10; —0.13)
®*=0.24, 95% CI [0.03,043]) | S2 | S3 —0.94 (—1.85; —0.03) -3.14 0.036* No —0.73 (-1.31; —0.26)
S4 —0.93 (—1.85; —0.02) —-3.09 0.036* No —0.70 (—1.27; —0.24)
S3 | S4 0.009 (—0.70; 0.72) 0.039 1 No 0.01 (—0.36; 0.38)
105;_L-Dec_Phase_Time (s) S1 | S2 0.01 (—0.02; 0.03) 0.75 0.461 0.044 No 0.14 (—0.23; 0.52)
(Fa2, 37.71)=7.83, S3 0.02 (—0.003; 0.05) 2.61 0.059 No 0.54 (0.13; 1.01)
adjusted p =0.057, S4 0.031 (0.01; 0.06) 393 0.007** No 0.76 (0.37; 1.25)
(Continued)
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TABLE 11 Continued

Mean difference (95% Cl) Hedges'g,, (95% Cl)

®*=0.27, 95% CI [0.06, 0.45]) | S2 | S3 0.02 (—0.004; 0.04) 2.32 0.066 No 0.39 (0.07; 0.77)

S4 0.03 (0.002; 0.05) 3.25 0.024* No 0.62 (0.24; 1.09)

S3 | S4 0.01 (=0.001; 0.02) 2.72 0.059 No 0.27 (0.07; 0.5)
105g_Dec_Phase_Decax S1 | 82 —0.13 (-0.81; 0.55) —0.56 0.583 1.64 No —0.009 (—0.41; 0.22)
(F3, 54)=6.03, S3 —0.58 (—1.34; 0.19) —2.22 0.157 No —0.39 (—0.79; —0.04)
adjusted p =0.057, S4 —0.94 (-1.71; —0.17) —3.62 0.012* No —0.67 (—1.11; —0.31)
®*=0.21, 95% CI [0.02,0.38]) | S2 | S3 —0.45 (-1.21; 0.32) -173 0.257 No —0.33 (—0.75; 0.05)
S4 —0.81 (-1.62; —0.01) —2.98 0.040* No —0.63 (—1.13; —0.21)
S3 | S4 —0.36 (—0.96; 0.23) —1.82 0.257 No —0.29 (—0.63; 0.03)

Definition and description of all outcome variables are presented in Table 1. F, F-value (with corresponding degrees of freedom in parentheses) from repeated measures
analysis of variance (RM ANOVA); adjusted p, Holm-Bonferroni method adjusted p-value from the RM ANOVA; »?, omega squared effect size with 95% confidence interval;
t, t-value from post hoc t-tests; mean difference (95% Cl), mean difference with a 95% confidence interval; Holm-B adj. p-value, Holm-Bonferroni method adjusted p-
value; mean diff, mean difference; MDCgqy, minimal detectable change calculated with a 90% confidence interval; Hedges'g,, (95% Cl), Hedges'g,, standardized effect size

with a 95% confidence interval.
*p <.05.

**p < .01

***p < .001.

45- and 90-degree CoD angles. This was different compared with
the present study that used CoD tests involving 180-degree turns.
Specifically, Hader and co-authors explored the reliability of
maximum and distance-to-maximum acceleration, deceleration,
and speed along with minimum speed and speed between 8 m
and 12 m that represented the distance 2 m prior and 2 m after
the CoD. The CV values for speed around the 8-12 m distance
were ~5%, and the CV values for phase-specific information
ranged from 6.6% to 8.5% for peak acceleration, while peak and
distance-to-peak deceleration ranged from 117% to 12.6%.
Thus, the results observed for both speed and acceleration in
their study were comparable with the present results, while a
better absolute reliability was observed for deceleration-specific
outcome measurements (good to acceptable vs. poor to very
poor) in the present study (12). However, it is important to
that Hader
reliability, while inter-session reliability was explored in the

note and co-workers explored intra-session

current study making values not directly comparable.

Nevertheless, having reliable assessment of deceleration specific
the
importance of deceleration in team and individual multi-

outcome measurements is important considering
directional speed sports (35).

Similar to the study of Harper et al. (2020), the protocols
adopted in the present study permitted a more detailed analysis
of the deceleration phase than that previously investigated during
the CoD maneuvers. This could have a notable importance, since
the deceleration phase has been associated with a superior CoD
performance and major injuries such as anterior cruciate
ligament ruptures in many multi-directional sports (34, 37). In
the study by Harper and co-authors (15), the average V.«
defining the start of the deceleration phase was between
7.19 m-s~! and 7.36 m-s~!, which was most comparable with the
values observed during the 155 test (6.78 m-s~"), but not to those
observed during neither the m505 (4.46 m-s~") nor the 105 test
(5.94 m-s™h).
outcome measurements were most appropriate for the 155 tests.

Thus, the comparisons with the deceleration
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the
measurements (deceleration, force, and power) were slightly

Specifically, overall and early deceleration outcome
higher in magnitude in the present study compared with those
presented by Harper and co-authors (15). However, large
differences in deceleration are observed during the late
deceleration phase. Specifically, Harper and co-authors reported a
Decyyg during the late deceleration of 5.53 m-s 2—5.55 m-s_2,
while our present findings were 9.80 m-s™' and 10.26 m-s™" for
the left and right foot turn, respectively, during session 4. This is
an interesting finding which could be due to the differences in
both distance and time for the deceleration phase. Harper and
co-authors reported a longer distance (6.53 m—6.71 m), while
570m and 566 m were observed in the present study. In
addition, the participants used a shorter time in the deceleration
phase in the present study (1.29s and 1.32s) compared with
1.47 s-1.49 s reported by Harper and co-authors (15). Overall, it
appeared that the deceleration from a 20-m sprint, compared
with performing a CoD test, provided a relatively lower
demand on the late deceleration phase. One plausible reason
for the late deceleration differences was possibly that a CoD
task had a different intent in that one was to complete a course
in the shortest amount of time with a clearly defined turning
point, whereas in a maximum deceleration test, the focus was
to maximally decelerate from a 20-m sprint, thereby removing
the skill required to change direction. Furthermore, an assisted
deceleration prior to a CoD, as provided by an external load
with a MRD, placed the

deceleration. In addition, it is also possible that decelerating to

increased demands on late
a stop while facing the same direction has a decreased
deceleration demand compared with the use of a plant step in
a 180-degree CoD whereby a more horizontally orientated
body posture may facilitate braking and thus deceleration prior
to the CoD. This may be particularly the case when using the
these

implications on how one possibly uses different deceleration

assisted load. Nevertheless, findings have crucial

tasks in both training and rehabilitation.
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Performance times of the m505 test in the present study are
comparable with those that are previously reported (8).
Specifically, slightly higher times for the m505 test (3.01s to
3.04s) were observed compared with the unloaded m505 in
professional rugby players (2.73s) (38) and netball players
(2.825-2.88s) (39). Furthermore, slightly lower times were
observed compared with the same loaded conditions using the
MRD (3.26's) (14). However, it is important to consider that
the measurements in the present study were obtained using
the MRD with a 02 ms™
more sensitive to capturing the start of the test compared with

start trigger, which is possibly

the data obtained from the other studies using timing gates.
Specifically, the same MRD device had been found to measure
greater 0 m-5m sprint split times compared with photocells
with a bias of 0.33-0.35s (17). Furthermore, it is important to
consider that the external load provided by the MRD will
CoD test
providing “assistance” and “resistance” during different phases

impact the overall performance time through
of the CoD. For example, during the initial acceleration-to-
deceleration phase (la) and due to the positioning of the
MRD, the athlete is “assisted” as they accelerate and then
decelerate prior to CoD. In contrast, during the re-acceleration
phase (1b), the athlete is faced with a resisted load that would
essentially reduce whole-body acceleration. This will make both
deceleration and re-acceleration more demanding. Furthermore,
the inclusion of both males and females and different sports
(soccer, handball, and floorball) improves the reliability to

encompass different ball sports and gender.

4.1. Limitations and implications for future
research

Both limitations and possibilities for future research have
been highlighted in the present study. One limitation is that a
total of 57 variables were assessed for each test in three
different tests. The variables in the different phases of a CoD
task that are essential to the performance need to be analyzed,
as documenting or monitoring 57 variables is impractical.
However, the reliability statistics of all 57 variables allows for
future exploration of which variables are important and how
different phases determine the CoD performance. Furthermore,
it is possible that phase-specific variables possibly dictate what
phases to target in individualized training, which in turn could
lead to phase-specific interventions (i.e., deceleration). Then,
phase-specific outcome variables can be used to determine if
there was a “real” change in performance and which variables
responded to different types of training. In addition, three
different tests were further assessed that increased the number
of variables included. The reason for exploring these three
different tests was to manipulate the entry velocity and thereby
the momentum to progressively increase the deceleration-phase
demands. Considering that the limited deceleration assessments
are currently available, it is possible that using more than one
test to assess the deceleration capacity is possibly important in
future CoD assessment. Another limitation is that only a
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180-degree CoD was used for the analysis of the CoD
performance. However, the 180-degree CoD tasks require the
players

to perform the maximum deceleration prior to

re-acceleration  permitting the evaluation of the initial
acceleration, deceleration, and re-acceleration capabilities of the
players. Nonetheless, a future research should consider the
evaluation of phase-specific CoD information during the
performance of other CoD tasks that require different angles
of CoD. Another limitation is that the CoD tasks were only
performed with an assisted start, which increases the demands
on the deceleration and re-acceleration phases due to the
direction of the external load provided by the MRD. Future
research should explore different external loads for both and
assisted and resisted start relative to the MRD to allow for a
better generalizability of the present findings as well as to
further assess how this may change the demands in different
subphases of CoD (ie., early and late deceleration). Moreover,
testing was performed in an indoor sports hall environment.
Obtaining data from an outdoor setting and from an artificial
turf would have improved the generalizability since
applications to the CoD testing and training using an MRD
apply to those environments. However, many team and
individual ball sports are performed in indoor environments,

and we wanted to explore the reliability in this environment.

5. Conclusion

The phase-specific outcome measurements of different CoD
tests obtained and calculated from the data captured by using the
MRD are mainly reliable. The analysis yielded mostly good to
excellent ICC values and mostly acceptable to good CV values
for the test-retest reliability across multiple sessions. The test-
retest reliability of different CoD tests provides coaches and
researchers alike with new opportunities to further assess and
understand this important athletic quality.

6. Practical applications

Our findings may influence not only the lab but also the field-
based testing and training of CoD. In combination with the
previously established validity of velocity measurements of the
MRD (14), the present findings provide coaches with important
information that was previously only available in a laboratory
setting. Based on the valid and reliable information that can be
obtained by the MRD, we now have an opportunity to obtain
more in-depth insights into an athletes CoD performance that
will enable more advanced athlete specific CoD training
prescriptions.
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