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Background  
Understanding the influence of limb dominance and cutting angles on trunk and lower 
limb biomechanics and trunk muscle activation during multidirectional change of 
direction (COD) may provide insights into anterior cruciate ligament (ACL) injury risk 
and preventive management. 

Hypothesis/Purpose  
This study aimed to investigate the influence of limb dominance and cutting angles on 
trunk and lower limb biomechanics and trunk muscle activation during multidirectional 
COD tasks in male athletes. It was hypothesized that the dominant limb (DL) and 
non-dominant limb (NDL) would exhibit notable variations in muscle activation and 
biomechanics across cutting angles, which could have implications for training and injury 
prevention. 

Study design   
Cross-sectional, observational cohort 

Methods  
Twenty male collegiate athletes performed side-step cutting tasks at 30°, 60°, and 90° 
angles using their DL and NDL limbs. Three-dimensional motion capture, ground 
reaction force (GRF) data, and surface electromyography (EMG) of trunk and lower limb 
muscles were collected. A two-way repeated-measures ANOVA (2 × 3, limb dominance × 
cutting angle) was used for statistical analysis. 

Results  
Cutting angles significantly influenced trunk and lower limb biomechanics. Sharper cuts 
angles (especially 90°) showed significantly diminished trunk and lower limb 
sagittal-plane motion (p < 0.05) and significantly greater frontal and transverse plane 
demands (p < 0.05), including increased trunk lean, hip abduction, and internal rotation 
moments. Limb dominance also demonstrated specific effects; DL showed a significant 
effect on trunk flexion, trunk rotation, whereas the NDL showed significantly greater 
ankle external rotation at peak vertical GRF. Muscle activation patterns varied by limb 
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and direction; the NDL exhibited higher gluteus medius and left external oblique 
activation than the DL. 

Conclusion  
Although cutting angle had the most profound impact on biomechanics, limb dominance 
demonstrated meaningful differences in trunk control and muscle activation strategies. 
These asymmetries may influence ACL injury risk profiles and should be considered in 
sport-specific training and rehabilitation programs. 

Level of evidence    
3 

INTRODUCTION 

Rapid change of direction (COD) is key in multidirectional 
sports, such as football, basketball, and rugby.1 However, 
rapid COD is often associated with lower extremity in
juries.2 During the weight acceptance phase of COD, greater 
knee abduction and internal rotation moments significantly 
increase strain on the anterior cruciate ligament (ACL).3 

Specific high-risk movement patterns, including lateral 
trunk lean, excessive knee valgus, extended knee posture, 
wide foot placement, and elevated ground reaction forces 
(GRFs), have been shown to elevate the ACL injury risk dur
ing COD tasks.4 Insufficient trunk control has been linked 
to increased lateral trunk motion, greater knee valgus, and 
heightened ACL loading during high-speed maneuvers.5 

Lateral trunk motion shifts the center of mass (COM) out
side the base of support, thereby lengthening the moment 
arm of the GRF vector relative to the knee joint center. A 
laterally directed GRF vector relative to the knee joint cen
ter amplifies the coronal plane moment arm, thus exacer
bating valgus and rotational loads on the knee joint.6 

Asymmetries in lower-limb functional performance have 
been widely proposed as a potential risk factor for sport-re
lated injuries. However, a systematic review concluded that 
the evidence remains inconclusive, largely due to method
ological heterogeneity across studies.7 Despite the fact that 
many injury prevention programs have concentrated on 
changing technique to reduce these high-risk mechanics 
through technique modification and strength training, evi
dence regarding their effectiveness in addressing interlimb 
biomechanical asymmetries remains inconclusive.8 Limb 
dominance, typically defined as the preferred leg for kicking 
or initiating tasks, may influence neuromuscular control 
strategies and alter trunk behavior during cutting. The evi
dence is still inconclusive, according to a systematic review, 
because biomechanical asymmetries between the dominant 
limb (DL) and non-dominant limb (NDL) differ among 
sports and study populations.2 Emerging data suggest that 
traditional definitions of dominance, such as preferred 
kicking leg, may not fully represent the limb most at risk of 
ACL injury, especially in male athletes.9 

Previous biomechanical studies on COD task have been 
focused on lower-limb kinematics and kinetics.10,11 How
ever, investigation of trunk kinematics and trunk muscle 
activation is still needed to achieve a better understanding 
of integrated trunk-lower limb mechanics, especially re
garding variation with limb dominance and cutting angle. 

Trunk motion is essential for COD performance, since lat
eral trunk lean and inadequate trunk stability are associ
ated with greater knee valgus and higher ACL stress dur
ing directional changes.5 Proper trunk positioning is crucial 
for maintaining whole-body balance and minimizing knee 
joint stress, as poor trunk control can lead to excessive lat
eral trunk motion, increased knee valgus, and greater ACL 
loading during high-demand movements.12,13Although its 
significance, only a limited number of research have inves
tigated trunk kinematics or neuromuscular control during 
cutting tasks, and none have simultaneously assessed trunk 
muscle activation across various cutting orientations and 
across DL and NDL. This gap emphasizes the necessity for 
a more comprehensive assessment of trunk and lower-limb 
mechanics during COD. 
Moreover, the biomechanics of COD are strongly influ

enced by the direction and angle of the cut, as sharper cut
ting angles increase braking demands, lateral propulsion 
forces, and joint loading.10,14 Additionally, recent reviews 
highlight that cutting angle substantially alters mechanical 
and neuromuscular demands, which is critical when assess
ing injury risk and return-to-sport readiness.10,15 Sharper 
cutting angle increased braking and lateral propulsion 
forces, altering the magnitude and direction of joint load
ing.2 Because of this dynamic complexity, a multifactorial 
analysis that simultaneously takes trunk control, move
ment angle, and limb dominance into account is necessary. 
From a clinical perspective, these insights are crucial for in
jury prevention professionals, coaches, and rehabilitation 
specialists. Programs that incorporate core stability and bi
lateral change of direction training may reduce the risk 
of ACL injuries and improve sport-specific performance.16 

Therefore, this study aimed to investigate the influence of 
limb dominance and cutting angle on trunk and lower limb 
biomechanics and trunk muscle activation during multidi
rectional COD tasks in male athletes. It was hypothesized 
that DL and NDL would exhibit notable variations in muscle 
activation and biomechanics across cutting angles, which 
could have useful ramifications for training and injury pre
vention. 
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MATERIALS AND METHODS 

STUDY DESIGN 

This study used a cross-sectional observational cohort de
sign to examine biomechanical and muscle activity charac
teristics during side-step cutting tasks. 

PARTICIPANTS 

Twenty male collegiate athletes were recruited for partic
ipation in this study. Participants were recruited through 
announcements distributed to university soccer, futsal, and 
rugby teams. Athletes who interest completed a screening 
questionnaire and were assessed for eligibility. 
Inclusion criteria were: (1) male collegiate athletes aged 

18–25 years; (2) active participation in an organized uni
versity sports team with regular training (three times/week) 
for at least three months prior testing. Exclusion criteria 
included: (1) Lower limb musculoskeletal problems in the 
previous six months prior to the study such as joint pain 
and muscle pain; (2) History of serious injury or surgery of 
lower extremity such as fracture, meniscus injury, joint dis
location, tendon or ligament reconstruction; (3) History of 
low back pain in the six months before the study by receiv
ing medication or physical therapy; (4) History of taking 
medication related change in muscle properties e.g. mus
cle relaxant or doping agent within 24 hours prior testing. 
Limb dominance was defined as the preferred leg to kick a 
ball.17 

Mahidol University central review board approved the 
research protocol (MU-CIRB 2020/062.2704). Prior to test
ing, the procedure was explained in detail to all partici
pants, and informed consent was obtained. 

SIDE-STEP CUTTING TEST 

Side-step cutting was defined as a rapid deceleration fol
lowed by a lateral change in direction executed at a specific 
angle.18 Participants performed side-step cuts at three pre
defined angles (30°, 60°, and 90°) at maximal effort. Every 
trial started with a self-selected approach run that was 5 
meters long. Before data collection, participants completed 
a standardized warm-up consisting of a 5-min light jog, dy
namic stretching of lower limbs. Three familiarization trials 
were provided for each cutting angle. The order of testing 
for the DL and NDL was randomized to minimize potential 
learning or fatigue effects. A trial was considered invalid 
and repeated if the participant (1) failed to contact the force 
plate cleanly with the target foot, (2) altered stride length 
to intentionally target the force plate, or (3) deviated from 
the prescribed cutting angle. 
The GRFs and kinematic data were collected using an 

AMTI force plate (1000 Hz). Three-dimensional kinematics 
data were collected using 10 video cameras motion capture 
system (Vicon™, Oxford Metrics, UK) at 200 Hz (Figure 1A). 
Surface electromyography (EMG) signals were recorded at 
1000 Hz using a wireless EMG system (Delsys Trigno, USA). 
EMG electrodes were placed bilaterally on the rectus ab

dominis (RA), external oblique (EO), erector spinae (ES), 

gluteus medius (Gmed), gluteus maximus (Gmax), rectus 
femoris (RF), and semitendinosus (ST) muscles in accor
dance with SENIAM recommendations.19 

Following instrumentation, twenty-six reflective mark
ers were attached to bony prominences on both sides in
cluding the anterior and posterior superior iliac spines, iliac 
crest, greater trochanter, medial and lateral femoral epi
condyles, medial and lateral malleoli, distal heads of the 
first and fifth metatarsals, proximal head of the fifth 
metatarsal, and the heel. In addition, five rigid clusters 
(four markers each) were positioned on the lateral thighs, 
lateral shanks, and trunk (Figure 1B). Marker placement 
followed the Calibrated Anatomical Systems Technique 
(CAST), a standard method used to identify anatomical 
landmarks and track segment motion.20 

OUTCOME MEASURES AND DATA ACQUISITION 

Kinematic variables for the trunk, hip, knee, and ankle were 
calculated at initial contact and at the instant of peak verti
cal ground reaction force (vGRF). Net joint moments (NJMs) 
at the hip, knee, and ankle were computed using inverse dy
namics and normalized to body weight. All biomechanical 
analyses were performed using Visual3D software (C-Mo
tion Inc., Germantown, MD, USA). 
Marker trajectories and GRF data were filtered using a 

fourth-order, zero-lag Butterworth low-pass filter with cut
off frequencies of 6 Hz for kinematic data and 35 Hz for 
GRFs. Cutoff frequencies were selected using residual 
analysis to balance noise reduction and signal quality, as 
recommended in biomechanical signal processing.21 EMG 
signals were band-pass filtered (30–400 Hz), full-wave rec
tified, and averaged over the period from initial contact to 
peak vGRF. EMG amplitudes were normalized to the max
imum activity observed during a 10-m maximal forward 
running task for each muscle and expressed as a percentage 
of this reference value. 

STATISTICAL ANALYSIS 

An a priori power analysis using G*Power (version 3.1.9.6) 
determined that 20 participants would provide sufficient 
power (1-β = 0.80) to detect medium effect sizes (f = 0.25)22 

for both main effects and the interaction effect of a two-
way repeated measures analysis of variance (ANOVA) with 
an alpha level of 0.05. For each limb and cutting angles, the 
mean of three successful trials was used in the statistical 
analysis. A two-way repeated-measures ANOVA (2 × 3, limb 
dominance × cutting angle) was used for statistical analy
sis of all outcome variables. Sphericity was assessed using 
Mauchly’s test, and Greenhouse–Geisser corrections were 
applied when violations were detected. For ANOVA effects, 
partial eta squared (ηp²) was reported and interpreted as 
small (0.01), medium (0.06), and large (0.14). All statisti
cal analyses were performed using SPSS (version 29.0; IBM 
Corp., Armonk, NY, USA), with statistical significance set at 
p < 0.05. 
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Figure 1. Representation of the motion laboratory setting (A) and marker placement (B)            

Table 1. Participant Characteristics (n = 20)      

Characteristic Mean ± SD 

Age (Year) 20.0 ± 1.3 

Weight (kg) 71.4 ± 11.6 

Height (m) 1.8 ± 0.1 

BMI (kg/m²) 22.6 ± 2.3 

Sport (n) Soccer: 16; Futsal: 2; Rugby: 2 

Sports experience (year) 9.9 ± 2.3 

Dominant limb (n) Right: 20 

RESULTS 

Twenty male collegiate athletes participated in the study. 
Participant characteristics are summarized in Table 1. The 
mean age was 20.0 ± 1.3 years, with a mean body mass in
dex of 22.6 ± 2.3 kg/m². All participants were right-leg dom
inant and were actively involved in soccer, futsal, or rugby 
at the collegiate level. All data in the current study demon
strated a normal distribution. 
The results of three planes of trunk and lower extremity 

joint angles at IC and peak vGRF are shown in Tables 2 and 
3. No significant interaction effects were seen between limb 
dominance and cutting angle on lower extremity joint an
gles at IC. The main effect of cutting angle significantly in
fluenced (p < 0.05) the trunk, hip, knee, and ankle joints at 
IC. For the main effect of limb dominance, no significant 
difference between DL and NDL was observed except for the 
hip abduction angle (p = 0.033, ηp² = 0.073) and ankle ex
ternal rotation angle (p = 0.039, ηp² = 0.068), with DL cut

ting being performed with less hip abduction and more an
kle external rotation than NDL. 
At peak vGRF (Table 3), there was no significant inter

action between limb dominance and cutting angle for joint 
angles. Significant main effects were seen for cutting angles 
for the trunk, hip, knee, and ankle angles. Regarding limb 
dominance, there was a significant main effect on trunk 
flexion (p = 0.034, ηp² = 0.122), ipsilateral rotation (p = 
0.032, ηp² = 0.128), and ankle external rotation (p = 0.036, 
ηp² = 0.149), with the DL showing more trunk flexion, ipsi
lateral rotation, and ankle external rotation than the NDL. 
Table 4 shows NJMs for the hip, knee, and ankle at peak 

vGRF. There was no significant interaction between limb 
dominance and direction. Significant main effects were ob
served for cutting angle regarding hip, knee, and ankle 
NJMs, except for hip external rotator moment (p = 0.242, 
ηp² = 0.041) and ankle evertor moment (p = 0.838, ηp² 
= 0.002), while no significant effects were found for limb 
dominance. 
For core muscle activity (Table 5), significant main ef

fects were seen for RA on both sides (right: p = 0.028, ηp² = 
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Table 2. Joint angles at IC during cuttings at 30º, 60º, and 90º (mean ± SD)               

Dependent variable 
Dominant leg Non-dominant leg Direction effect Dominant effect Interaction effect 

30° 60° 90° 30° 60° 90° p-value ηp² η p-value ηp² η p-value ηp² η

Trunk angle (°) 

Flexion (-)/extension (+) -10.3 ± 5.5 -9.9 ± 6.2 -13.4 ± 6.3*,† -6.8 ± 4.6 -6.6 ± 5.6 -9.3 ± 6.5*,† <0.001 0.321 0.056 0.110 0.280 0.005 

Ipsilateral (+)/contralateral (-) 
lean 

11.89 ± 5.2 10.05 ± 4.5* 9.03 ± 3.6* 10.43 ± 4.8 9.16 ± 4.3 8.79 ± 5.2 0.013 0.182 0.393 0.022 0.625 0.014 

Contralateral (+)/ipsilateral (-) rotation -4.42 ± 6.6 -5.80 ± 8.8 -8.98 ± 6.3*,† -8.13 ± 5.1 -8.96 ± 6.4 -8.63 ± 4.7 0.027 0.104 0.255 0.038 0.111 0.063 

Hip angle (°) 

Flexion (+)/extension (-) 44.9 ± 7.5 42.9 ± 5.9* 39.8 ± 7.6*,† 45.46 ± 6.9 41.43 ± 6.7* 40.36 ± 7.1* <0.001 0.446 0.756 0.003 0.192 0.047 

Adduction (+)/abduction (-) -1.21 ± 4.2 -9.33 ± 6.9* -16.43 ± 8.4*,† -4.32 ± 5.9 -13.82 ± 5.9*,‡ -18.31 ± 6.3*,† <0.001 0.798 0.004 0.220 0.002 0.175 

Internal (+)/external (-) rotation -0.64 ± 6.9 -1.49 ± 7.1 -3.72 ± 8.4 -4.43 ± 6.4 -6.87 ± 8.9 -4.12 ± 10.2 0.028 0.103 0.185 0.042 0.103 0.054 

Knee angle (°) 

Extension (+)/flexion (-) -17.48 ± 5.4 -14.92 ± 5.2* -13.93 ± 5.4* -17.77 ± 7.9 -13.38 ± 6.7* -14.00 ± 6.8* <0.001 0.697 0.449 0.17 0.070 0.094 

Adduction (+)/abduction (-) -0.64 ± 2.9 -0.98 ± 2.8 -1.52 ± 2.7 -0.17 ± 3.5 -0.40 ± 3.2 -1.74 ± 4.9* 0.006 0.163 0.667 0.006 0.417 0.023 

Internal (+)/external (-) rotation 1.87 ± 3.9 1.09 ± 4.6 0.41 ± 4.7 2.84 ± 4.8 1.56 ± 5.3* 0.48 ± 6.9* <0.001 0.329 0.940 <0.001 0.230 0.042 

Ankle angle (°) 

Dorsiflexion (+)/plantarflexion (-) -5.47 ± 10.4 -9.81 ± 10.6* -11.99 ± 12.1* -5.42 ± 9.6 -13.40 ± 12.0* -14.77 ± 13.0* <0.001 0.733 0.526 0.012 0.486 0.021 

Inversion (+)/eversion (-) -4.47 ± 5.2 -2.76 ± 4.9* -2.75 ± 5.8* -7.42 ± 11.8 -6.86 ± 10.0 -6.74 ± 9.8 <0.001 0.511 0.268 0.036 0.163 0.051 

Internal (+)/external (-) rotation -15.26 ± 6.8 -17.66 ± 7.2* -17.89 ± 6.6* -9.49 ± 10.8 -11.25 ± 11.7* -10.66 ± 11.7‡ 0.006 0.605 0.040 0.119 0.123 0.063 

* Statistically significant difference compared with 30°; † Statistically significant difference compared with 60°; ‡ Statistically significant difference compared with the dominant limb; SD, standard deviation 
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Table 3. Joint angles at peak vGRF during cuttings at 30º, 60º, and 90º (mean ± SD)                

Dependent variable 
Dominant leg Non-dominant leg Direction effect Dominant effect Interaction effect 

30° 60° 90° 30° 60° 90° p-value ηp² η p-value ηp² η p-value ηp² η

Trunk angle (°) 

Flexion (-)/extension (+) -14.84± 5.2 -14.37 ± 5.5 -17.40 ± 7.4*,† -11.60 ± 5.0 -10.01 ± 6.4‡ -12.59 ± 6.9† 0.001 0.129 0.034 0.122 0.436 0.026 

Ipsilateral (+)/contralateral (-) lean 11.79 ± 4.3 10.45 ±4.7 9.09 ±4.4*,† 11.23 ±4.4 9.71 ± 4.8 9.54 ± 6.2* 0.029 0.294 0.838 0.002 0.601 0.007 

Contralateral (+)/ipsilateral (-) rotation 2.82 ± 5.6 -0.11 ± 7.9* -3.19 ± 6.4*,† -2.57 ± 6.4‡ -4.09 ± 7.2 -4.66 ± 4.4 <0.001 0.363 0.032 0.128 0.124 0.037 

Hip angle (°) 

Flexion (+)/extension (-) 37.54 ± 6.9 40.04 ± 8.3 41.50 ± 8.8 37.89 ± 9.2 38.28 ± 9.7 39.62 ± 9.8 <0.001 0.857 0.009 0.183 0.001 0.177 

Adduction (+)/abduction (-) -3.26 ± 4.9 -11.61 ± 6.9* -18.34 ± 8.9*,† -6.43 ± 6.7 -15.42 ± 6.4* -20.56 ± 6.8*,† <0.001 0.857 0.099 0.078 0.737 0.009 

Internal (+)/external (-) rotation 1.99 ± 5.1 0.48 ± 6.8 -0.80 ± 8.2 -1.89 ± 6.4 -3.99 ± 8.3 -1.03 ± 8.6 0.021 0.108 0.176 0.059 0.147 0.037 

Knee angle (°) 

Extension (+)/flexion (-) -34.90± 6.5 -31.03 ± 5.9* -31.60 ± 7.7* -35.03 ± 8.8 -28.72 ± 8.0* -30.40 ± 7.6* <0.001 0.5 0.595 0.008 0.602 0.011 

Adduction (+)/abduction (-) 0.77 ± 3.5 -0.06 ± 3.6* -0.55 ± 3.5† 0.95 ± 4.7 0.61 ± 3.7 -0.67 ± 5.7 0.003 0.179 0.85 0.001 0.623 0.008 

Internal (+)/external (-) rotation 4.94 ± 5.4 4.28 ± 5.8 3.22 ± 5.8*,† 5.65 ± 4.5 3.73 ± 5.1* 2.87 ± 6.7*,† <0.001 0.265 0.97 <0.001 0.389 0.021 

Ankle angle (°) 

Dorsiflexion (+)/plantarflexion (-) 10.20 ± 8.5 1.90 ± 8.6* -3.58 ± 7.9*,† 9.63 ± 10.6 -2.05 ± 8.7* -4.69 ± 8.8*,† <0.001 0.792 0.47 0.011 0.374 0.025 

Inversion (+)/eversion (-) -10.04± 4.9 -7.73 ± 4.3* -7.03 ± 5.2* -11.46 ± 13.4 -10.66 ± 11.5 -9.95 ± 11.4 0.001 0.318 0.263 0.021 0.47 0.022 

Internal (+)/external (-) rotation -12.67± 6.2 -17.01 ± 6.8* -18.94 ± 7.2* -6.98 ± 9.8‡ -10.87 ± 12.7* -10.66 ± 12.3*, ‡ <0.001 0.685 0.036 0.149 0.25 0.04 

* Statistically significant difference compared with 30°; † Statistically significant difference compared with 60°; ‡ Statistically significant difference compared with the dominant limb; SD, standard deviation 
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0.122; left: p = 0.013, ηp² = 0.132) and EO (right: p = 0.020, 
ηp² = 0.320; left: p = 0.031, ηp² = 0.113), whereas no sig
nificant main or interaction effects were observed for the 
erector spinae ES (p > 0.05). Additionally, a significant in
teraction effect between limb dominance and cutting an
gle was observed for the left EO muscle activity (p = 0.023, 
ηp² = 0.240). For lower extremity muscle activity, signifi
cant main effects of direction were observed for the Gmed 
(p = 0.001, ηp² = 0.190) and RF (p = 0.001, ηp² = 0.183), with 
greater activation during 30° cutting for Gmed and 60° cut
ting for RF. Limb dominance significantly influenced Gmed 
activity (p = 0.048, ηp² = 0.110), with NDL showed more ac
tivation than DL. 

DISCUSSION 

The findings support the hypothesis that DL and NDL 
would exhibit notable variations in muscle activation and 
biomechanics across cutting angles. This may have useful 
ramifications for training and injury prevention. A main ef
fect of limb dominance was seen for hip and ankle kine
matics at IC (Table 2), trunk and ankle kinematics at peak 
vGRF (Table 2), and EO and Gmed muscles (Table 4). Tables 
2–5 show a significant main effect of cutting angle on kine
matic, kinetic, and EMG parameters. 

KINEMATICS 

At IC, trunk and lower extremity joint angles varied sig
nificantly across cutting angles. The DL exhibited greater 
trunk flexion and ankle external rotation, whereas the NDL 
showed increased hip abduction. Although trunk flexion 
differences approached statistical significance, they did not 
meet the threshold. These findings support the idea that 
body posture at IC reflects neuromuscular control strate
gies critical for impact force attenuation and injury preven
tion.23 

The current study showed that cutting at sharper angles, 
especially at 90°, resulted in decreased hip and knee flexion 
while increasing ankle plantarflexion. This pattern is con
sistent with those in previous studies indicating that 
sharper angle COD reduces sagittal plane motion and in
creases mechanical demands in the frontal and transverse 
planes.10,24 Trunk flexion was also greater at 60° compared 
with at 30°, indicating that athletes try to maintain mo
mentum and COM under sharper COD.14,25 Less trunk, hip, 
and knee flexion increase GRFs and anterior shear forces at 
the knee, thereby increasing ACL loading risk.26,27 

At peak vGRF, the movement patterns were similar to 
those at IC; however, the NDL exhibited greater trunk rota
tion toward the stance limb, whereas the DL rotated more 
toward the intended direction, along with greater trunk 
flexion and ankle external rotation in the DL. The NDL ex
hibited slightly greater hip abduction and significantly in
creased trunk rotation toward the stance limb compared 
with the DL. These kinematic differences suggest distinct 
neuromuscular control strategies between limbs, with the 
NDL adopting a more upright postural alignment and in
creased hip abduction. While this kinematic profile may en

Figure 2. Representation demonstrating the difference     
of movement strategy during side-step cutting       
between the DL and NDL.      
DL= dominant limb; NDL= non-dominant limb 

hance deceleration capacity, it could simultaneously mod
ify knee loading mechanics in the frontal plane, potentially 
influencing injury risk profiles.28 

Increased trunk rotation and lateral flexion toward the 
stance limb during cutting may elevate external knee rota
tional moments and ACL loading due to altered neuromus
cular control and mechanical demand on the knee joint.26,
27 Figure 2 illustrates relative movement control of the 
trunk, pelvis, and lower limb segments during cutting tasks. 
The NDL appears to assume a riskier position, though com
pensatory flexion and rotation in the intended direction 
are recommended for effective vGRF absorption and speed 
maintenance.27 Hip and knee angles were similar between 
limbs, suggesting both contribute to stabilizing the joints 
at peak vGRF. These results indicate that while lower limb 
joint angles were similar on both sides, differences in trunk 
and hip strategies might lead to different ACL injury risk 
profiles. 

KINETICS 

At peak vGRF, NJMs showed similar patterns between the 
DL and NDL at the ankle, knee, and hip. However, the DL 
demonstrated higher magnitudes than the NDL, particu
larly at the hip and ankle. These differences may reflect 
greater neuromuscular efficiency in the DL than in the 
NDL, developed through habitual use in propulsion and 
braking.29 

Although symmetrical joint moments suggest adequate 
bilateral training adaptations,30 the underlying movement 
patterns, particularly in the trunk and pelvis, remained 
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Table 4. Net joint moments at peak vGRF during cuttings at 30º, 60º, and 90º (mean ± SD)                 

Dependent variable 
Dominant leg Non-dominant leg Direction effect Dominant effect Interaction effect 

30° 60° 90° 30° 60° 90° p-value ηp² η p-value ηp² η p-value ηp² η

Hip net joint moment (Nm/kg) 

Flexor (+) / Extensor (-) -0.83 ± 1.44 -1.54 ± 1.71 -1.99 ± 1.81* -1.19 ± 1.76 -1.94 ± 2.08 -2.32 ± 2.35* <0.001 0.281 0.503 0.013 0.937 0.002 

Adductor (+) / Abductor (-) -2.04 ± 1.59 -1.54 ± 1.59* -1.00 ± 1.41*,† -1.75 ± 1.47 -1.10 ± 1.63* -0.58 ± 1.91*,† <0.001 0.231 0.448 0.017 0.745 0.008 

Internal (+) / External (-) rotator -0.50 ± 0.37 -0.52 ± 0.75 -0.56 ± 0.92 -0.54 ± 0.58 -0.48 ± 0.88 -0.50 ± 1.05 0.242 0.041 0.974 <0.001 0.861 0.03 

Knee net joint moment (Nm/kg) 

Extensor (+) / Flexor (-) 2.25 ± 0.60 2.06 ± 0.77 1.65 ± 0.91*,† 2.09 ± 0.73 1.65 ± 1.08 1.35 ± 1.26* 0.001 0.186 0.318 0.029 0.890 0.003 

Adductor (+) / Abductor (-) -1.63 ± 0.99 -1.43 ± 1.56 -1.08 ± 1.35* -1.65 ± 1.26 -1.48 ± 1.48 -1.10 ± 1.84* 0.002 0.253 0.725 0.004 0.972 0.01 

Internal (+) / External (-) rotator -0.36 ± 0.34 -0.21 ± 0.23* -0.04 ± 0.27*,† -0.25 ± 0.52 -0.09 ± 0.28* 0.01 ± 0.30* 0.001 0.201 0.841 0.001 0.611 0.015 

Ankle net joint moment (Nm/kg) 

Plantar flexor (+) / dorsiflexor (-) 1.25 ± 1.14 0.94 ± 1.04 0.66 ± 0.80* 1.13 ± 1.16 0.83 ± 0.98 0.81 ± 1.02 <0.001 0.658 0.813 0.002 0.799 0.010 

Evertor (+) / invertor (-) 1.34 ± 0.95 1.44 ± 1.29 1.31 ± 1.03 1.18 ± 0.81 1.32 ± 1.03 1.33 ± 1.15 0.838 0.002 0.581 0.021 0.774 0.007 

Internal (+) / External (-) rotator 0.88 ± 0.81 1.13 ± 1.36 1.27 ± 1.25* 0.89 ± 0.97 0.98 ± 1.16 1.24 ± 1.40 0.026 0.292 0.872 0.003 0.747 0.007 

* Statistically significant difference compared with 30°; † Statistically significant difference compared with 60°; ‡ Statistically significant difference compared with the dominant limb; SD, standard deviation 
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Table 5. Average EMG of the trunk and lower limb muscles during cuttings at 30º, 60º, and 90º (mean ± SD (% observed signal))                       

Dependent variables 
Dominant Non-dominant Direction effect Dominant effect Interaction effect 

30° 60° 90° 30° 60° 90° p-value ηp² η p-value ηp² η p-value ηp² η

Rectus abdominis 

Right 68.7 ± 53.0 109.3 ± 151.3 141.8 ± 224.3* 159.4 ± 214.8 204.1 ± 267.0 201.8 ± 243.0 0.028 0.122 0.214 0.045 0.532 0.014 

Left 100.6 ± 67.1 141.1 ± 122.7 126.1 ± 77.7 134.6 ± 170.9 193.0 ± 195.5* 193.7 ± 292.3* 0.013 0.132 0.415 0.020 0.566 0.015 

External oblique 

Right 74.6 ± 44.4 89.3 ± 59.9 103.7 ± 87.2 154.3 ± 117.2 171.8 ± 70.5 167.6 ± 76.4 0.020 0.320 0.285 0.032 0.742 0.007 

Left 156.5 ± 161.5 198.5 ± 129.9 210.5 ± 140.6* 125.1 ± 56.7 184.6 ± 195.4 133.1 ± 94.3†,‡ 0.031 0.113 0.001 0.290 0.023 0.240 

Erector spine 

Right 105.6 ± 130.7 127.3 ± 143.4 137.3 ± 154.0 89.3 ± 42.8 100.6 ± 56.8 88.9 ± 59.9 0.320 0.033 0.364 0.024 0.412 0.026 

Left 83.3 ± 40.8 82.8 ± 48.3 72.7 ± 34.6 96.0 ± 88.4 114.2 ± 101.1 126.0 ± 93.2 0.616 0.014 0.128 0.067 0.185 0.048 

Gmax 90.9 ± 40.6 79.3 ± 29.3 78.5 ± 36.1 101.7 ± 68.9 88.0 ± 62.5 87.1 ± 74.4 0.078 0.080 0.556 0.010 0.988 <0.001 

Gmed 107.7 ± 45.0 97.4 ± 42.7 77.1 ± 33.9* 132.7 ± 64.1 124.9 ± 50.1 113.2 ± 51.5*,†,‡ 0.001 0.190 0.048 0.110 0.773 0.007 

RF 147.8 ± 150.5 178.3 ± 178.3* 180.4 ± 171.5* 122.8 ± 84.2 169.6 ± 114.5* 142.2 ± 97.5† 0.001 0.183 0.711 0.004 0.335 0.031 

ST 88.1 ± 79.2 65.7 ± 77.0 66.5 ± 63.3 52.9 ± 28.6 57.7 ± 62.1 59.6 ± 66.9 0.452 0.019 0.367 0.024 0.143 0.060 

* Statistically significant difference compared with 30° 
† Statistically significant difference compared with 60° 
‡ Statistically significant difference compared with the dominant limb 
SD, standard deviation; Gmax, gluteus maximus; Gmed, gluteus medius; RF, rectus femoris; ST, semitendinosus 
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asymmetrical. This supports the concept that athletes may 
use different neuromuscular strategies to produce similar 
kinetic outputs, which has implications for injury screening 
and rehabilitation.31 

Cutting angle had a profound effect on kinetic patterns. 
Sharper angles, especially at 90°, led to a proximal shift in 
load absorption. The present study showed increased hip 
adduction and internal rotation moments accompanied by 
reduced ankle plantar flexion moments. This kinetic re
distribution indicates a compensatory stabilization strat
egy, wherein the body selectively engages larger proximal 
musculature to handle increased mechanical loads. While 
biomechanically adaptive, this movement pattern may in
advertently elevate ACL loading forces, particularly when 
executed with restricted hip and knee flexion ranges.26 

From a performance perspective, previous studies have 
shown that greater ankle plantar flexor moments are as
sociated with effective push-off mechanics.32 However, the 
present study revealed that as cutting angles increase, the 
contribution of the ankle joint decreased. This reduction 
likely reflects a compensatory strategy prioritizing stability 
over propulsion under higher mechanical demands. Such 
a trade-off has important implications for return-to-sport 
protocols. Restoring efficient ankle kinetics is not only es
sential for regaining high-performance capabilities but also 
for minimizing compensatory loading at the knee and hip, 
which may elevate injury risk.33 

MUSCLE ACTIVITY 

The present study demonstrated that cutting angle signif
icantly affected activation of the RA and EO muscles, but 
not the ES (Table 4). This pattern suggests that, during the 
braking phase, the trunk was primarily stabilized through 
flexion and rotation rather than extension. These results 
contrast with those of Mornieux et al., who reported no sig
nificant differences in trunk muscle activity between 30° 
and 60° cutting tasks.25 The difference might result from 
methodological variations; Mornieux et al. examined recre
ational athletes and evaluated trunk activity by a co-con
traction ratio of both RA and EO muscles, potentially dis
torting directional effects. 
Greater trunk flexion is thought to aid in positioning the 

COM over the base of support, thereby increasing down
ward momentum and potentially attenuating GRF at im
pact.27 Additionally, an interaction between cutting angle 
and leg dominance was observed in this study, reflecting 
underlying neuromuscular asymmetries, as all participants 
were right-leg dominant. Supporting this, Mornieux et al. 
also noted increased co-contraction of trunk rotators in the 
direction opposite to movement prior to executing a 60° 
COD, highlighting the anticipatory role of trunk muscles in 
controlling rotational momentum.25 

During cutting with the DL, the contralateral (left) EO 
muscle exhibited greater activation than the ipsilateral 
(right) EO. This pattern coincided with trunk kinematic 
data at peak vGRF, which showed that cutting with the 
DL involved more trunk rotation toward the intended cut
ting angle; in contrast, cutting with the NDL involved more 
trunk rotation toward the stance limb. This suggests that 

athletes may attempt to stabilize the trunk in a more neu
tral position during the braking phase, with the EO con
tracting eccentrically to control trunk rotation. These find
ings are consistent with prior research that showed 
significant differences in trunk rotational power in asym
metrical sports such as golf, tennis, and ice hockey, where 
trunk dominance and rotational patterns are sport-spe
cific.34 Although the current findings align with previous 
work showing sport-specific differences in trunk rotational 
strategies in asymmetrical sports such as golf, tennis, and 
ice hockey, the present study did not examine differences 
between sports. Variation in sport-specific training loads, 
positional demands, and movement patterns may have con
tributed to individual differences in trunk and lower-limb 
mechanics. Because the study was not powered to detect 
between-sport effects, this remains a potential source of 
variability and an important avenue for future research. 
Concerning lower limb muscle activity, no significant 

differences were observed between limbs, except for the 
Gmed. The NDL demonstrated significantly higher Gmed 
activation than the DL. As the Gmed is critical for accelerat
ing the COM toward the cutting angle by generating medi
ally directed GRFs,35 this increased activity may represent a 
compensatory effort to stabilize the hip. Interestingly, this 
activation occurred despite lower hip abductor NJMs, in
dicating neuromuscular compensation. This pattern aligns 
with a previous study that identified higher Gmed activity 
in NDL as a strategy to maintain hip and pelvic stability 
when mechanical output or strength is weaker on that 
side.36 

The findings of the current study emphasize the role of 
proximal neuromuscular control in injury risk reduction. 
Differences in trunk rotation, ankle external rotation, and 
gluteus medius activation showed that clinician should fo
cus on limb-specific neuromuscular training, particularly 
for the NDL. This can be accomplished through exercises 
including hip abductor strengthening, single-leg lateral 
hop and stabilization, and single-leg deceleration. Further
more, gradually familiarizing athletes to sharper cutting 
angles (30°, 60°, and 90°) may facilitate the adaptation 
to higher mechanical demands while reducing reliance on 
compensatory trunk strategies. 

LIMITATIONS AND FUTURE DIRECTIONS 

The current study used a planned cutting task that may not 
accurately represent the unexpected movement demands 
typical of competitive sports environments, where most 
ACL injuries happen.37 To accurately replicate game-like 
conditions, future research should integrate reactive cut
ting protocols with external stimuli. Variations in approach 
speed may have contributed to the observed kinematic, ki
netic, and neuromuscular responses. Future study should 
incorporate approach velocity as a covariate or independent 
variable to better understand its interaction with cutting 
angle and limb dominance. Moreover, the participants were 
male collegiate athletes, which restricts the generalizability 
of findings to female athletes, who demonstrate higher ACL 
injury incidence.38 Future research should investigate po
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tential sex-specific differences in neuromuscular control 
strategies during cutting maneuvers. 

CONCLUSION 

The results of the current study provide evidence that cut
ting angle has a significant influence on lower limb bio
mechanics, and that limb dominance introduces subtle yet 
significant differences in trunk and ankle mechanics and 
muscle activation. These distinctions may increase ACL in
jury risk when unaddressed in training. Targeted limb-spe
cific neuromuscular interventions are recommended to 
mitigate asymmetrical loading and enhance movement ef
ficiency in athletes during high-demand multidirectional 
tasks. 
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