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Abstract

Change-of-direction (COD) movements are critical for predicting
injury risk or identify sport performance. Multiple studies have
examined contralateral COD (contra-COD) comprehensively, but
few studies have examined ipsilateral COD (ipsi-COD). This
study investigated the kinetic and kinematic parameters of the
same planting foot during ipsi-COD and contra-COD move-
ments. In total, 29 recreational team sport players performed 60°
ipsi-COD and contra-COD movements. Biomechanical data were
collected using a three-dimensional force plate and a motion cap-
ture system. The ipsi-COD task exhibited a 6% shorter contact
time than the contra-COD task. In addition, ipsi-COD resulted in
a significantly greater ankle pronation—supination range (+27%),
smaller inversion—eversion range (-19%), and decreased plantar-
flexion-dorsiflexion range (-37%). Lower ground reaction forces
(horizontal: -14%, vertical: -32%, resultant: -14% to -279%) and
impulse values (horizontal: -24%, vertical: -23%, resultant: -
24%) were observed for ipsi-CODs than for contra-CODs. The
musculoskeletal structure of the lower limbs provides an anatom-
ical advantage for excessive eversion during ipsi-COD, leading to
a more rounded execution path compared with contra-COD. The
differences in contact time, ankle range of motion, and ground
reaction force in ipsi-COD may result from joint alignment, force
application techniques, and movement execution strategies. The
observed phenomenon of shorter contact time with lower ground
reaction force and smaller ankle range in ipsi-COD offers new
insights for future studies investigating COD mechanics across
different movement contexts.

Key words: Symmetric movement, movement of relativity, cut-
ting movement, ground reaction force, rang of motion.

Introduction

Change of direction (COD) ability is a crucial skill for team
sport players (Dos' Santos et al., 2017), particularly in mul-
tidirectional COD movements (M-COD) and during com-
petitions (Brughelli et al., 2008; Dos' Santos et al., 2018;
Young et al., 2015). Effectively executing COD requires
technical proficiency, sprinting speed, and lower-extremity
strength (Spiteri et al., 2015; Young et al., 2002). Both the
dominant and nondominant leg can serve as the planting
foot (PF), which determines the direction and angle of
movement (Dos' Santos et al., 2018; Taylor et al., 2017).
Overall COD capability comprises COD across multiple
directions and angles, it may help profile an athlete’s COD

performance.

COD movements can be categorized as ipsilateral
(ipsi-COD) and contralateral (contra-COD). Contra-COD
has been widely studied in athletes and team sport players
(Nimphius et al., 2016; Taylor et al., 2019), particularly for
directional changes ranging from 45° to 90°. Studies on
contra-COD  have examined shuffle movements
(Dayakidis and Boudolos, 2006), injury risk (Fox, 2018),
and the asymmetry of lower extremities (Rouissi et al.,
2016). Ipsi-COD refers to a movement in which the COD
matches the foot used as the PF. For example, if a player
plants the left foot, an ipsi-COD involves changing direc-
tion to the left. By contrast, a contra-COD occurs when the
movement direction is opposite to the PF. Contra-COD is
used to determine movement difficulty and injury risk
based on the angle of directional change (Dos' Santos et al.,
2018). To date, ipsi-COD movements remain largely unex-
plored. A substantial gap exists in ipsi-COD research, par-
ticularly regarding ground reaction force (GRF) and ankle
joint characteristics such as pronation—supination, inver-
sion—eversion, and plantarflexion—dorsiflexion.

A study demonstrated the “angle-velocity trade-
off,” where athletes adjust their speed and technique on the
basis of their physical capacities when performing COD
movements at higher speeds or with greater directional
changes (Dos' Santos et al., 2018). COD movements are
classified into different difficulty levels: minor (0° - 45°,
green), moderate (45° - 60°, amber), and sharp (60° - 180°,
red). As the COD angle increases, both approach and exit
velocities decrease due to the greater braking force re-
quired. Moderate directional changes are crucial because
they provide biomechanical insights into braking force,
propulsive force, and COD strategies (Dos' Santos et al.,
2018). Several studies have investigated ipsi-COD and
contra-COD movements at directional changes of 20° - 30°
(Besier et al., 2001; Fuerst et al., 2017; Fuerst et al., 2021;
Mornieux et al., 2014). No studies have investigated force-
time data for ipsi-COD. However, van der Merwe et al.
(2020) examined both ipsi-COD and contra-COD at a di-
rectional change of 45° but did not provide kinematic data
for ipsi-COD. Ipsi-COD may have been treated as a control
condition in their study.

On the basis of movement direction, M-COD can be
classified as ipsi-COD, contra-COD, or shuffle movement.
Although the mechanism of shuffle movement may be
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similar to that of ipsi-COD, the two are not identical. To
the authors’ knowledge, this is the first study to compare
biomechanical differences in the PF between contra-COD
and ipsi-COD tasks. This study examined the kinetic and
kinematic parameters of the identical PF during ipsi-COD
and contra-COD movements. This study hypothesized that
ipsi-COD exhibits differences in contact time, ankle an-
gles, GRF, and impulse when compared with contra-COD.

Methods

Subjects

A G*Power priori analysis indicated that the required sam-
ple size was 32 (two-tailed test, effect size = 0.6, o = 0.05,
power = 0.8). In total, 32 participants were recruited. Three
participants were excluded from analysis because they ei-
ther failed six consecutive ipsi-COD trials or felt unwell
during M-COD tasks. The final sample included 29 recre-
ational team sport players (basketball, grass hockey, rugby,
and soccer) who trained at least three times per week for at
least 3 years (height: 175.10 + 7.01 cm; weight: 77.55 +
11.97 kg; age: 23.59 + 2.75 years; Table 1). Exclusion cri-
teria were any lower limb injury within 3 months prior to
data collection or a history of surgery on the lower limb.
Participants were instructed not to train or exercise for the
48 hours before the experiment.

The PF (nondominant leg or stance leg) was defined
as the foot used to jump off during a right-handed basket-
ball layup or the foot participants preferred to stand on
when kicking a ball as far as possible (Chen et al., 2022).
All participants provided written consent before the exper-
iments. The experimental protocol was approved by the In-
stitutional Review Board of the University of Taipei (IRB-
2023 - 015) and conducted in accordance with the tenets of
the Declaration of Helsinki.

Procedures

Biomechanical parameters were defined on the basis of
time-force characteristics and joint angles collected
through force platform and motion capture analysis. A fa-
miliarization trial was conducted at least 24 hours before
the experimental protocol. Each participant performed all
M-COD tasks on the same day while wearing a designated
pair of indoor-court boots (VG111, Victor Sport, Taipei,
Taiwan). M-COD tasks were conducted in a laboratory set-
ting on a wooden floor. Kinetic and kinematic data were
collected using a three-dimensional motion capture system
(MotionAnalysis, Santa Rosa, CA, USA) set to record at
200 Hz and a force platform (BP-600900; AMTI, Massa-
chusetts, USA) set to sample at 1400 Hz. A FootTrack
model (MotionAnalysis) with reflective markers was used
to capture joint angles of the PF. Reflective markers were

Table 1. Basic anthropometric measurements (N = 29).

placed on both legs in accordance with the manufacturer’s
instructions at the following anatomical locations: lateral
and medial sides of the knee, lateral and medial sides of the
ankle, first and fifth metatarsophalangeal joints, and
lateral, superior, and inferior sides of the calcaneus. Kine-
matic and force data were smoothed using a low-pass filter
with a cutoff frequency of 6 Hz.

Ipsi and contra-COD protocols

To examine COD ability in both the ipsilateral and contra-
lateral directions, a conventional COD60° protocol (Chen
etal.,2022; Condello et al., 2016) was modified into a mul-
tidirectional COD60° (M-COD60°) protocol, incorporat-
ing both 60° ipsilateral and contralateral movements. Par-
ticipants performed M-COD tasks starting from a standing
position with their chosen leg forward. To minimize reac-
tion time bias, no external starting signal was provided.
Each trial involved a 5-m sprint toward the force platform,
followed by a COD60° movement by using the PF on the
force platform and another 5-m sprint toward the contrala-
teral direction. Participants completed four trials in the
contralateral direction and four trials in the ipsilateral di-
rection (Figure 1). A 1-minute rest period was provided be-
tween trials to ensure adequate recovery. Participants were
instructed to perform each task with maximum effort. The
5-m approach time was measured using two pairs of pho-
tocells (Smartspeed; Fusion Sports, Queensland, Australia)
placed at the starting line and across the force plate. A trial
was considered unsuccessful if any of the following errors
occurred while contacting the force platform: inaccurate
foot placement, instability, slipping, and premature decel-
eration. A total of eight successful trials (four in each di-
rection) were included for analysis.

Data process

The center, pronation—supination, inversion—eversion, and
plantarflexion—dorsiflexion for the ankle joint were de-
fined in accordance with the Cortex manufacturer’s in-
structions (MotionAnalysis). The dependent variables in-
cluded 5-m approach time, contact time, range of motion
(ROM), GRF, impulse, and the vertical/horizontal (V/H)
ratio during the stance phase. GRF data were classified into
horizontal GRF (HGRF), vertical GRF (VGRF), and re-
sultant GRF (RGRF). Impulse data were categorized as
horizontal impulse (HImpulse), vertical impulse (VIm-
pulse), and resultant impulse (RImpulse). The stance phase
was defined as the period when VGRF exceeded 10 N and
ended when VGRF dropped below 10 N (Chen et al., 2022;
Spiteri et al., 2015). The ROM was measured as the differ-
ence between the peak and minimum joint angles.
GRF data were defined as the peak GRF value for each
axis. All force variables were normalized by body weight.

Sport discipline  Sample size Age (years) Height (cm) Weight (kg)
Basketball 7 25.7+1.6 1794+ 7.4 74.1+9.3
Grass hockey 3 23.7+£3.2 174.7+3.1 77.0 +13.1
Rugby 10 229+2.38 1754+7.5 84.1 +£10.7
Soccer 9 22.7+£28 171.6 £5.8 73.1+13.4
Total 29 23.6+2.8 175.1£7.0 77.6+12.0
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Figure 1. Experimental setting of M-CODG60° and planting foot position.

Differences are expressed as percentages. Other studies
have distinguished GRF data into braking and propulsive
phases on the basis of the minimal VGRF during the mid-
support phase. Nevertheless, although previous studies
have distinguished GRF data as braking phase and propul-
sive phase based on the minimal VGRF during the mid-
support phase, no such minimal VGRF was detected during
ipsi-COD movements in the present study (Figure 2c).

Data process

The center, pronation—supination, inversion—eversion, and
plantarflexion—dorsiflexion for the ankle joint were de-
fined in accordance with the Cortex manufacturer’s in-
structions (MotionAnalysis). The dependent variables in-
cluded 5-m approach time, contact time, range of motion
(ROM), GRF, impulse, and the vertical/horizontal (V/H)
ratio during the stance phase. GRF data were classified into
horizontal GRF (HGRF), vertical GRF (VGRF), and

resultant GRF (RGRF). Impulse data were categorized as
horizontal impulse (HImpulse), vertical impulse (VIm-
pulse), and resultant impulse (RImpulse). The stance phase
was defined as the period when VGRF exceeded 10 N and
ended when VGRF dropped below 10 N (Chen et al., 2022;
Spiteri et al., 2015). The ROM was measured as the differ-
ence between the peak and minimum joint angles. GRF
data were defined as the peak GRF value for each axis. All
force variables were normalized by body weight. Differ-
ences are expressed as percentages. Other studies have dis-
tinguished GRF data into braking and propulsive phases on
the basis of the minimal VGRF during the mid-support
phase. Nevertheless, although previous studies have distin-
guished GRF data as braking phase and propulsive phase
based on the minimal VGRF during the mid-support phase,
no such minimal VGRF was detected during ipsi-COD
movements in the present study (Figure 2c).
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Figure 2. Typical ground reaction force pattern in contralateral COD (a and b) and ipsilateral COD (c and d) movements.
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Statistical analysis

Mean and standard deviation values for all variables were
calculated using Microsoft Excel 2016 (version 2308; Mi-
crosoft, Redmond, WA, USA). A paired t test was con-
ducted to compare time-force and joint angle parameters
between ipsi-COD and contra-COD tasks. To minimize the
risk of Type I errors, the significance level was set at p <
0.017 (0.05/3) on the basis of a Bonferroni correction.

Results

The nonsignificant difference in 5-m approach time indi-
cated a comparable sprint speed between ipsi-COD and
contra-COD tasks during data collection (ipsi-COD: 1.259
+0.090 s; contra-COD: 1.283 = 0.080 s; p=0.133).
Ipsi-COD exhibited a significantly shorter contact

time than did contra-COD (ipsi-COD: 0.205 + 0.021 s;
contra-COD: 0.218 + 0.025 s; p = 0.014). A significantly
greater ankle pronation—supination range was observed in
ipsi-COD than in contra-COD (ipsi-COD: 21.70° £ 6.94°;
contra-COD: 17.12° + 6.60°; p = 0.011). By contrast, ipsi-
COD exhibited a significantly smaller ankle inversion—
eversion range (ipsi-COD: 28.10° + 9.12°; contra-COD:
41.51° £ 8.99°; p = 0.008) and plantarflexion—dorsiflexion
range (ipsi-COD: 5.91° £ 2.90°; contra-COD: 9.43° +
2.75°; p = 0.001) than did contra-COD. In addition, ipsi-
COD resulted in significantly lower HGRF (-14%), VGRF
(-32%), RGRF (-279%), Hlmpulse (-24%), VImpulse (-
23%), and RImpulse (-24%) than did contra-COD (p <
0.001). No significant difference was found in the V/H ra-
tio between the two COD movements (p = 0.599; Table 2,
Figure 3).

Table 2. Comparison of biomechanical parameters between ipsi-COD and contra-COD during M-COD60° task.

Variable . Ipsi-COD Contra-COD
paibl Mean £+ SD CV% Mean + SD CV% P
Time (s) Contact time 0.205 +0.021 10 % 0.218 +£0.025 11 % .007*
pron-sup 21.70 £ 6.94 32 % 17.12 £ 6.60 39 % 011*
Ankle range (°) inver-ever 8.68 +3.01 35% 10.68 £3.90 36 % .008*
plantar-dorsi 5.91+2.90 49 % 943 +£2.75 29 % .001*
HGRF 1.323 £0.248 19 % 1.541 £0.237 15 % .001*
GRF (BW) VGRF 2.284 +0.309 14 % 3.360+0.719 21 % .001%*
RGRF 2.617+0.335 13 % 3.673+0.719 20 % .001*
HImpulse 0.141 £ 0.022 16 % 0.186 £ 0.022 12 % .001*
Impulse (BW*s)  VImpulse 0.274 +0.030 11 % 0.358 £0.034 10 % .001*
RImpulse 0.315+0.035 11 % 0.414 + 0038. 9 % .001*
Ratio V/H 1.259 +0.090 45 % 1.283 +0.080 53 % .599

*p < 0.017; CV% = coefficient of variation %; pron-sup = pronation (—) / supination (+); inver-ever = inversion (—) / eversion (+);
plantar-dorsi = plantarflexion (—) / dorsiflexion (+); BW, body weight; H, horizontal, V, vertical; R, resultant; V/H, vertical/horizontal.
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Figure 3. V/H ratio of each participant during ipsilateral COD and contralateral COD movements.

Discussion

To the authors’ knowledge, this is the first study to inves-
tigate the biomechanical parameters of recreational team
sport players performing both ipsi-COD and contra-COD
movements by using the same PF. The findings demon-
strated significant biomechanical differences between ipsi-
COD and contra-COD movements, including contact time,
ankle ROM, GRF, and impulse parameters, supporting the
study’s hypothesis. The results indicated that recreational
team sport players exhibited a significantly shorter contact

time (-6%) during ipsi-COD, a greater change in ankle
ROM for pronation—supination (+27%), and smaller
changes in inversion—eversion (-19%) and plantarflexion—
dorsiflexion (-37%) compared with contra-COD. Other
studies have reported that an increase in COD angle during
contra-COD tasks is associated with higher HGRF and
shorter contact time (Chen et al., 2022; Chen et al., 2023).
By contrast, the present study found that ipsi-COD, despite
having a significantly shorter contact time, exhibited lower
GRF and impulse distribution compared with contra-COD.
In addition, the approach time of the initial 5-m sprint did
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not significantly differ between ipsi-COD and contra-COD
(p = 0.133), indicating similar sprinting speed when ap-
proaching the force platform during trials. This finding
confirms that the observed biomechanical differences were
not affected by variations in sprinting velocity. The differ-
ences observed between ipsi-COD and contra-COD in the
M-COD tasks may be attributed to joint alignment, force
application strategies and path of execution.

Variability in execution strategies (planting or movement
path) across participants may have contributed to the larger
coefficient of variation (CV%) observed in certain param-
eters, such as contact time, ankle range, GRF, and impulse.
During COD execution, the ipsi-COD task was associated
with more rounded movement paths compared with contra-
COD task on the same PF, leading to shorter contact times
and reduced GRF, potentially due to smoother transitions
and lower impact forces. Another study on contra-COD
also reported rounded movement paths by using motion
capture in contra-COD task (Condello et al., 2016). By
contrast, the present study found that rounded paths were
more pronounced and occurred more frequently in ipsi-
COD. These findings suggest that ipsi-COD is more chal-
lenging to execute than contra-COD, as indicated by the
larger CV% in the V/H ratio for ipsi-COD (Figure 3). In
addition, the mean + SD differences in the V/H ratio sug-
gest that participants employed distinct strategies for
receiving and applying GRF in ipsi-COD and contra-COD
movements (Figure 3). Furthermore, the higher CV% of
the V/H ratio in ipsi-COD implies greater variability in
force application, making it more difficult to isolate PF-
related data from continuous movements during ipsi-COD
execution (Figure 4).

The present study found that ipsi-COD had a shorter
contact time than contra-COD along with lower GRF in the
horizontal, vertical, and resultant axes. Several studies
have identified contact time as a key performance indicator
for COD performance (Dos' Santos et al., 2018; Dos'

Santos et al., 2017; Spiteri et al., 2013; Spiteri et al., 2015).
In contra-COD tasks, a negative correlation (r =-0.65) was
observed between COD contact time and total completion
time (Sasaki et al., 2011), indicating that shorter contact
times are typically associated with greater horizontal GRF
and impulse (Fox, 2018; Spiteri et al., 2013; Young et al.,
2002). This relationship arises because athletes must effi-
ciently generate HGRF in the intended direction, leading to
a faster directional change and decreased contact time
(Chen et al., 2022; Chen et al., 2023; Dayakidis &
Boudolos, 2006; Dos' Santos et al., 2017). On the basis of
the findings of studies on contra-COD, ipsi-COD would be
expected to follow a similar braking and propulsion strat-
egy due to its shorter contact time. Nevertheless, the pre-
sent study found that ipsi-COD exhibited a shorter contact
time while producing lower GRF. This discrepancy sug-
gests that ankle ROM differences may affect force applica-
tion and movement efficiency in ipsi-COD.

The present study revealed that ankle ROM was
smaller in ipsi-COD than in contra-COD. The M-COD
protocol was designed with both ipsi-COD and contra-
COD at a 60° angle. Other studies have indicated that
participants with greater braking GRF and larger ankle
ROM tend to follow a sharper sprinting path (Dos' Santos
et al., 2018; Schot et al., 1995). In addition, a larger
COD angle has been associated with increased ankle dor-
siflexion and longer contact times (Falch et al., 2020).
The differences in ankle ROM between ipsi-COD and con-
tra-COD suggest that movements require different execu-
tion techniques, even when performed at the same
directional angle. The shorter contact time and smaller
inversion—eversion range in ipsi-COD suggest that
ipsi-COD is related to the ankle skeletal structure and fol-
lows a more rounded movement path than does contra-
COD. Participants in this study demonstrated a greater
inclination to sprint with a rounded path during ipsi-COD,
which may correspond with a smaller ankle ROM.

Contralateral change of direction movement

(b)

(©)

Pre-contact

(d)

Planting

Propelling

Ipsilateral change of direction movement

Figure 4. Foot motions of time frame of pre-contact phase (a, d), planting phase (b, e) and
propelling phase (c, f) in contra-COD and ipsi-COD.
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The significantly smallest inversion—eversion range ob-
served in ipsi-COD compared with contra-COD (Table 2)
can be explained by joint alignment. Anatomically, the fib-
ula extends further to the lateral malleolus than the tibia
extends to the medial malleolus, providing a structural ad-
vantage for excessive eversion (Fong et al., 2009). As a re-
sult, a smaller ankle ROM may help maintain velocity and
redirect motion rather than absorbing braking (Dos' Santos
et al., 2018). According to Dos’ Sontos et. al. (2018), re-
ducing braking and propulsive contact time during contra-
COD while simultaneously increasing braking and propul-
sive forces, regardless of the length of contact time, is rec-
ommended. Producing impulse with a shorter contact time
and higher peak GRF might be a better strategy when ap-
plying force to the ground. Because of the limitations in
force production on the PF during ipsi-COD, the present
study found smaller GRF and impulse despite the unex-
pectedly shorter contact time.

In real competition, M-COD tasks are typically ex-
ecuted along either an orbital or a sharper route, requiring
moderate to sharper braking before push-off. Because this
study selected directional changes classified as moderate
(45° - 60°) and sharp (60° - 180°), braking and propulsive
phases were expected to be identifiable. However, the re-
sults indicated that GRF and impulse differed between ipsi-
COD and contra-COD on the same PF, suggesting that
braking strategies and technical demands vary on the basis
of the degree of directional change and ankle ROM. Dos’
Santos et al. (2018) classified COD difficulty levels on the
basis of the magnitude of directional change. By contrast,
the present findings suggest that ipsi-COD and contra-
COD movements may not be symmetrical in terms of exe-
cution difficulty. Instead, ipsi-COD may present unique
biomechanical challenges distinct from those observed in
contra-COD.

Other studies have suggested that GRF data enable
the distinction between the braking and propulsive phases
(Chen et al., 2022) or between braking and propulsive peak
force (Dayakidis & Boudolos, 2006; Spiteri et al., 2015).
By contrast, in the present study, the smaller ankle ROM
observed during ipsi-COD along with the effect of the skel-
etal structure may have contributed to the inability to iden-
tify two distinct VGRF phases (braking and propulsive), as
seen in contra-COD tasks (Figure 2¢ and Figure 2d). This
limitation may also be dependent on braking strategy and
the ankle technique in COD for each participant (Cortes et
al., 2012; Uno et al., 2022). Further research is needed to
develop a methodology for distinguishing the braking and
propulsive phases in ipsi-COD.

This study has several limitations. First, the results
are applicable only to recreational team sport players. The
study recruited recreational team sport players, which is
one of the most common populations in COD research
(Chen et al., 2022; Domaradzki et al., 2021; Dos' Santos et
al., 2017; Dos’ Santos et al., 2018); however, execution
techniques differ from one sport to another, even though
participants performed the M-COD protocol in a controlled
laboratory environment. Second, the ipsi-contra COD pro-
tocol may not fully replicate the conditions in which COD
movements occur in real-world competition. Lastly, the
factor (i.e., ankle ROM, GRF, impulse, or V/H ratio) that

has the greatest influence on ipsi-COD performance
remains unknown.

Conclusion

This study serves as a foundation for ipsi-COD research,
aiming to enhance performance across various sports dis-
ciplines and providing a new M-COD research methodol-
ogy for further exploration of COD mechanics. The find-
ings demonstrate that ipsi-COD and contra-COD involve
distinct execution strategies and exhibit different biome-
chanical characteristics on the same PF due to variations in
ankle ROM among recreational team sport players. Com-
pared with contra-COD, ipsi-COD was associated with a
shorter contact time and lower GRF parameters. In addi-
tion, ipsi-COD exhibited a smaller ROM in pronation—su-
pination, inversion—eversion, and plantarflexion—dorsi-
flexion. The observed phenomenon of shorter contact time
with lower GRF in ipsi-COD offers new insights for future
studies investigating COD mechanisms in different move-
ment contexts.
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Key points

e The shorter contact time and lower ground reaction force
observed in ipsilateral change-of-direction movements
(COD) provide new insights for future studies investigating
COD mechanisms in different COD tasks.

o This study establishes a foundational framework for ipsilat-
eral COD research and introduces a multidirectional COD
protocol as a feasible methodology for further investigation.

o Contact time, ankle joint range of motion, and ground reac-
tion force were analyzed using a 60° multidirectional COD
protocol to compare ipsilateral and contralateral move-
ments.

e [psi-COD and contra-COD movements may not be symmet-
rical in terms of execution difficulty.
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