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12 Jan 2025
27 Feb 2025 : Background: Asymmetry may be associated with non-contact anterior cruciate ligament
18 Apr 2025 * (ACL) injuries among female athletes. The study aimed to assess the lower extremities and
01 May 2025 :  trunk asymmetries during single-leg landing in preadolescent female soccer players, providing

insight into the underlying neuromechanically factors that may increase injury risk during critical
developmental stages.

Methods: A total of 36 preadolescent female soccer players (10-12 years old) voluntarily
participated in the study. The kinematics of the trunk and lower limbs were analyzed using a
three-dimensional motion capture system. Peak joint angles were obtained at the time interval
between initial contact and peak knee flexion during single-leg drop landing. A paired t-test
was used to compare kinematic variables between limbs, and symmetry was calculated with a
normalized symmetry index.

Results: Landing on the dominant limb significantly exhibited larger peak hip angles in the
frontal plane (p=0.00, d =0.94), larger peak trunk lateral flexion (p=0.00, d=-0.46), larger peak
trunk flexion angles (p=0.00, d=0.46), and smaller peak knee rotation angles (p=0.01, d=-0.44)
than on the contralateral limb. Also, the highest asymmetry value based on the normalized
symmetry index was observed for peak knee rotation.

Conclusion: Preadolescent female soccer players displayed greater hip and trunk angles in

Keywords: :  the frontal plane during single-leg drop landing on the dominant side. These increased angles
Symmetry, Kinematic, - may lead to greater loads at the knee joint and indicate greater risks for ACL injuries on that
Anterior cruciate ligament . side. Coaches should emphasize interventions targeting symmetrical movement patterns and
(ACL), Preadolescence, . neuromuscular activation, particularly focusing on core stability and hip abductor engagement,
Soccer players ©oto mitigate injury risk in this vulnerable population.
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Introduction

nterior cruciate ligament (ACL) tears are
known as one of the most devastating in-
juries in sports, such as soccer, basketball,
and volleyball; they result from both con-
tact and non-contact situations and affect
athletes’ skill and life quality [1]. Most of
these injuries occur with improper neuro-
muscular control during jumping and landing tasks [2].
Read et al. found that single-leg countermovement jump
peak landing force asymmetry is the main risk factor for
lower extremity injury [3]. Regarding kinetic and kine-
matic variables during jump landing tasks, limb asym-
metry has been applied as a screening method and as a
focus in rehabilitation after injury [4]. The asymmetry
phenomenon may contribute to a non-contact ACL in-
jury among female athletes [5]. Siebers et al. compared
three symmetry indices for hip, knee, and ankle flexion
angles during walking, ascending, and descending stairs,
and reported that there was acceptable agreement be-
tween the three indices [6]. The proposed methods are
beneficial for further symmetry analysis, as they take
into account within-subject differences between sides
and are not affected by the mitigating effects of averag-
ing. One of these methods for symmetry analysis, vali-
dated by Gouwanda and Senanayake, is the normalized
symmetry index (SI ) [7]. Some studies have exam-
ined asymmetry of the lower limbs in bilateral landing
tasks, including forward jump, stop-jump, and double-
leg landings [5, 8]. Niu et al. reported that the dominant
leg in healthy adults may be at greater risk of injury than
the contralateral leg because of asymmetry in muscle
activation and ground reaction force during double-leg
landing [9]. In another study, the dominant lower ex-
tremity exhibited significantly lower knee flexion and
hip flexion at initial contact and greater knee external
rotation and hip external rotation at peak vertical ground
reaction force compared to non-dominant leg, which has
been associated with injury [8]. However, during single-
leg landings, female soccer players demonstrated small-
er range of motion for the knee and hip joints and larger
medial and lateral center of pressure displacements in
the non-dominant leg compared to the dominant leg, in-
dicating that the non-dominant limb could be more sus-
ceptible to injury [10].

The current literature has not reached a consensus re-
garding which side presents higher kinematic risk for
ACL injuries. Rossler et al. confirmed this view by fol-
lowing football players aged 7 to 12 over two seasons
in the Czech Republic and Switzerland. The characteris-
tics of injuries in child soccer players are different from
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those in soccer players of other age groups. For example,
60-90% of sports injuries in children are in the lower ex-
tremities [11]. Given that preadolescent girls are still de-
veloping their optimal movement pattern and that inter-
limb symmetry is important in sport injury prevention,
assessing kinematical differences between limbs (direct-
ly and using a symmetry index) may provide valuable
insights into injuries in this population. Therefore, the
purpose of this study was to investigate asymmetry of
lower extremities and trunk kinematics during single-leg
landing in preadolescent female soccer players.

Methods

Thirty-six preadolescent female soccer players (mean
age: 11.2+1.1 years, height: 1484454 cm, weight:
40.943.5 kg) voluntarily participated in the study. In-
clusion criteria were healthy participants aged 10 to
12 years, who played football two times per week for
at least six months. Exclusion criteria included history
of lower extremity and trunk injuries, ACL injuries or
surgery within the past 6 months, and impaired balance.
All testing procedures were explained to the participants,
and the consent of a parent or guardian was obtained.

Kinematic data were collected at 200 Hz with an
8-camera motion capture system (Qualisys; Goteborg,
Sweden) positioned around a calibrated test area. A to-
tal of 45 markers were placed on the spinous process of
C7 and T10, shoulders, scapula inferior angles, sacrum,
anterior and posterior superior iliac spines, iliac crests,
greater trochanters, lateral and medial knee epicondyles,
lateral and medial malleoli, the first and fifth metatarsal
heads, and heels. Four clusters composed of 4 markers
each were placed on the thigh and shank (Figure 1) [12].
After warming up on a stationary bicycle for 5 minutes,
participants were familiarized with the testing procedure
by practicing the task three times prior to recording. Par-
ticipants were instructed to stand on their non-dominant
leg with arms crossed in front of their chest and then
drop from a 30-cm high box, landing on the ground with
the dominant leg [12]. The same protocol was adopted
for the non-dominant landing trials. Three successful tri-
als of the single-leg drop landing were collected for each
limb with a 30-s rest between trials. A successful trial
was considered when participants maintained their bal-
ance for at least 3 seconds after landing. The dominant
leg was defined as the leg predominantly used to kick a
ball [13].
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Figure 1. Single-leg drop landing task

The analyzed landing phase was defined as the interval
between the initial contact and peak knee flexion. Ini-
tial contact was defined as the moment when markers on
the metatarsal heads reached their lowest position. The
peak trunk, hip, and knee angles in the sagittal, frontal,
and transversal planes during the landing phase were ex-
tracted. The position of three-dimensional markers was
digitized using Qualisys Track Manager (version 2.2,
Qualisys AB, Gothenburg, Sweden), and subsequently
analyzed using Visual 3D (C Motion, USA). Data were
filtered with a fourth-order zero-lag Butterworth 12 Hz
low-pass filter before calculating the dependent vari-
ables. Joint angles were calculated using an X-Y-Z Car-
dan rotation sequence corresponding to the anteropos-
terior, mediolateral, and vertical axes, respectively [14].
The positive angles indicate knee flexion, knee adduc-
tion, knee internal rotation, hip flexion, hip adduction,
hip internal rotation, trunk flexion, lateral trunk flexion,
and trunk rotation toward the contralateral leg.

The Mean+SD were estimated for kinematical vari-
ables. The Shapiro-Wilk test indicated a normal distribu-
tion of the data. Therefore, paired t-tests were used to
compare lower limbs and trunk kinematic variables dur-
ing landing between dominant and non-dominant limbs,
using SPSS software, version 25 (SPSS, Inc., Chicago,
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IL, USA). The statistical significance was set at P<0.05.
In addition, In addition, the effect size was estimated
with Cohen’s d and interpreted as follows: d>0.20 small,
d>0.50 medium, and d>0.80 large [15]. For each subject,
the normalized symmetry index (SI ) was also used
to analyze the symmetry of the trunk and lower extremi-
ties between the dominant and non-dominant legs by
calculating Xnorm for both dominant and non-dominant
limbs (Equation 1) [7]. D refers to the dominant limb,
while N denotes the non-dominant limb.

Xnorm D—Xnorm N

ey —
1 SI” crm { XD} 0.5 Xnorm D+ Xnorm N} x 100

X Xn—Xmin
norm —

Amax—Xmin

We found that the dominant leg exhibited significantly
greater adduction compared to the non-dominant leg,
with a large effect size (p=0.00, d=0.94). During land-
ing with the dominant limb, knee external rotation was
observed, while during non-dominant limb landing,
knee internal rotation was found (p=0.01, d=-0.44). Ad-
ditionally, the subjects exhibited larger peak trunk lateral
flexion toward the ipsilateral side (p=0.00, d=-0.46) and
trunk flexion angles (p=0.00, d=0.46) during landing on
the dominant side compared to the non-dominant side,
with a small effect size (Table 1).
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Table 1. Comparison of the dominant and non-dominant leg during single-leg drop landing

o "
MeantSD paired t-test SSAI:‘::::‘;:T“CE
Variables (°) alre(p)- es d
Dominant Leg Non-dominant Leg Lower Upper
Abd (-)/Abd (+) -3.3+4.46 -2.23+2.53 -1.24(0.22) -2.81 0.67 0.2
Peak knee (°) Flex (+)/Ext () 32.74¢9.12 31.5+9.35 0.80 (0.42) -1.81 421 0.13
0-2.67
Int R (+)/ ExtR () -0.61+7.13 2.69+5.8 (0.01)° -5.8 -0.79 -0.44
Abd (-)/Add (+) 6.14+4.51 62+4.69 5.67 (0.0)" 434 9.19 0.94
Peak hip (°) Flex (-)/Ext (+) -15.74+10.39 13.47+7.79 -1.81(0.07) 481 26 0.3
Int R (+)/ExtR (-) 15.32+10.08 15.97+9.14 -0.31(0.75) -4.83 3.53 -0.05
Ip Lat Flex (-)/Cont Lat Flex (+) -12.2+4.87 9.29+4.57 -2.87 (0.0)" -5.02 -0.78 -0.46
Peak trunk (°) Flex (+)/Ext (-) 18.95+8.26 16.48+10.19 2.80(0.0) 0.68 4.25 0.46
Ip R (-)/Cont R (+) -9.86%7.75 -9.56+4.95 -0.17 (0.85) -3.78 3.17 -0.02
“Significance at P<0.05, “‘Cohen effect size. Orthopedic Science

Abbreviations: Abd: Abduction; Add: Adduction; Flex: Flexion; Ext: Extension; Int R: Internal rotation; Ext R: External rotation;

Ip Lat: Ipsilateral; Cont: Contralateral.

On average, most symmetry indices were close to zero.
However, the highest asymmetry values were found for
knee rotation angles (25.25%, Figures 2, 3, and 4). Other
symmetry values ranged from -0.61% to 8.41%.

Discussion

The purpose of the study was to assess kinematic asym-
metry of the lower extremities and trunk during single-
leg drop landing in preadolescent female soccer players.
We found that knee kinematic data were similar between
the dominant and non-dominant legs; the only signifi-
cant difference was in the peak knee rotation angle. The
participants showed greater external rotation angles dur-
ing landing on the dominant leg than on the contralateral
leg. Chun et al. also described a significantly more inter-
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Figure 2. Symmetry index for peak knee kinematics

knee flexion

nally rotated knee in the non-dominant limb compared
with the dominant one during drop vertical jump, which
was accompanied by hip external rotation and valgus
knee alignment [16]. Insufficient knee flexion during
landing can also increase ligament strain, indicating the
importance of neuromuscular control in avoiding risky
movement pattern associated with ACL injuries [17].
However, in our study, the larger knee abduction angles
in the dominant leg compared to non-dominant leg were
not significant.

In the present study, the examination of the hip kine-
matic variables revealed a large hip adduction angle in
the dominant limb and a small peak hip abduction angle
in the non-dominant limb during landing. It has been

knee internal
rotation
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Figure 3. Symmetry index for peak hip kinematics

noted that when the knee is in maximum flexion, a hip
adduction angle greater than 5° could increase the risk
of an ACL injury [18]. Imwalle et al. reported that in-
creases in hip adduction were accompanied by increases
in knee abduction, which were significant predictors of
knee valgus alignment [19]. However, excessive hip in-
ternal rotation angle has been associated with dynamic
knee valgus and an increased risk of ACL injury [20].
Wild et al. found significantly lower hamstring-to-quad-
riceps ratios, reduced hip abduction moments, greater
knee abduction alignment, and similar muscle activation
patterns during the landing phase of a horizontal land-
ing movement in the lower hamstring strength group.
The authors concluded that the latter appear to have a
decreased capacity to control lower limb frontal plane
alignment, potentially increasing the risk of ACL in-
jury [21]. Another study found that the FIFA 11+ Kids
program, which includes exercises targeting the gluteal
muscles, may have been effective in reducing hip inter-
nal rotation angle. This means that the specific exercises
included in the program may help improve hip stabil-
ity and control, thereby reducing the risk of dynamic
knee valgus and ACL injury [22].

hip flexion

hip internal
rotation
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The current study showed that there were higher peak
ipsilateral trunk flexion angles when individuals landed
on the dominant side than on the non-dominant side. An
increased lateral trunk obliquity has been tentatively ex-
plained by poor neuromuscular control of the trunk and
suggested as a possible predictor mechanism of ACL in-
jury in preadolescent female athletes [23]. According to
avideo analysis study, ACL injuries in female basketball
players were more likely to occur with larger trunk ipsi-
lateral flexion angles [2]. The current results indicate a
slightly larger peak trunk flexion angle during dominant
leg landing compared with non-dominant leg landing.
Some studies have reported that greater trunk flexion re-
duces the risk of ACL injury compared with landing in
an upright position, due to increased hip and knee angles
and decreased activity of the quadriceps femoris [24].

Our results showed significant differences in landing kine-
matics for certain joints when the movement is performed
with the dominant or non-dominant sides. These asymme-
tries may result in excessive loading of one side and con-
tribute to the occurrence of injuries, such as patellofemoral
pain and ACL ruptures. To mitigate these risks, prevention

SI{%)
[y

o o

—A

]

-20 A
-30 -

trunk lateral
flexion
Figure 4. Symmetry index for peak trunk kinematics

trunk flexion

- -

trunk rotation
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protocols should be applied to athletes who display these
asymmetries. For example, neuromuscular training can
significantly improve hip and core muscle strength and the
inter-limbs asymmetry in female players [25]. Some limita-
tions of the present study are that we only examined preado-
lescent female soccer players while performing single-leg
landing at a single moment in time. To better understand
the asymmetries between dominant and non-dominant legs,
future studies should consider evaluating other populations,
different tasks, and before and after a prevention protocol.

The present study found that preadolescent female
soccer players exhibited significantly larger hip adduc-
tion, knee external rotation, trunk lateral flexion toward
the ipsilateral side, and trunk flexion when landing on
dominant limb compared to non-dominant limb. Some
of these angles have been associated with an increased
risk of knee injury. Since preadolescent female athletes
are still developing their neuromuscular control and may
be more prone to using improper landing techniques,
coaches should emphasize the importance of symmetry
in movement patterns and equal weight distribution.

Clinicians should prioritize screening the dominant
limb because young female athletes often exhibit riskier
landing patterns on their preferred side, requiring thera-
py programs that emphasize movement symmetry and
balanced weight distribution to protect the knee joints.
These interventions must specifically focus on strength-
ening the core and hip abductors to prevent compensato-
ry trunk movements, which are critical markers of injury.
By identifying and correcting these suboptimal mechan-
ics during preadolescence, practitioners can effectively
bridge the neuromuscular gap before growth spurts fur-
ther escalate the risk of serious ligament injuries.
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