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Non-contact anterior cruciate ligament (ACL) injury can occur in many
sports. It is interrelated with gender, anatomy, biomechanics, and neuromuscular control. Taekwondo athletes have a higher incidence of ACL injury than athletes from other sports. Objective: This study aimed to determine the biomechanical gender differences and mechanism of taekwondo
athletes with ACL injury. Methods: A total of 28 taekwondo athletes (aged
14–19 years) were randomly selected and grouped by gender. Feet high
floor, one foot high floor, and single leg squat were analyzed by a Vicon
motion analysis system and Kistler 3D force platform for action. The knee
joint angle and ground force were evaluated. Results: Results demonstrated biomechanical differences in knee joint between male and female
athletes. Conclusion: ACL injury in taekwondo female athletes indicated
the biomechanical mechanism of the knee joint, and it can be prevented by
neuromuscular control training.
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1. Introduction

N

on-contact anterior cruciate ligament (ACL) injury is usually caused by abnormal stress of the
ACL due to its own action without an external
force. Approximately 80% of ACL injuries are caused
by non-contact events[1,2]. Epidemiological studies have
shown that female athletes have 2~8 times the incidence
of injuries than male athletes[3–5]. No gender difference in
ACL injury before puberty has been reported, and the incidence is small. Many differences in anatomy, endocrine
control, and neuromuscular control exist between males
and females during puberty (14~19 years old), which may
be the factors leading to gender differences in injury[6–9].

Among many factors, anatomy, endocrine, joint relaxation, and genetic factors are inherent in the human body,
whereas biomechanical factors and neuromuscular control
can be changed through intervention.
ACL injuries happen occasionally in various sports,
so strengthening the risk factor assessment study of ACL
injuries is important to prevent injuries[10,11]. In our work,
we found that ACL injury is a common injury in taekwondo. Among the 26 members of the provincial taekwondo
team, 7 athletes, 6 females, and 1 male reported ACL
injuries in the past 2 years, among which 6 cases were
non-contact ACL injuries. Taekwondo mainly involves
attacking and defending the lower limbs. A single leg
is required for scoring moves, such as a cross kick or a
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downward split. In taekwondo, the striking leg moves into
rapid knee extension while supporting the leg with rotation and forward and backward movement. For example,
the uncoordinated contraction of the quadriceps and hamstrings can cause a sudden increase in ACL stress, leading
to injury. This study assessed the risk of ACL injury by
analyzing the biomechanical risk factors of lower limbs
and neuromuscular control factors of taekwondo athletes.

2. Research Methods
2.1 Research Objects
This study involved 13 male and 15 female taekwondo
team members, aged between 14 and 19 years. The differences in age, height, weight, and sports years between
men and women were determined.
Table 1. Comparison of height, weight, age, and sports
years of male and female athletes
Age

Height (cm) Weight (kg)

Sports year

Male (n=13)

16.2±2.7

178±6.8

68.6±9.5

6.3±3.1

Female (n=15)

16.5±2.9

175±5.6

65.7±7.3

5.9±2.9

No significant difference in height and weight was
found between males and females. All athletes had no history of ACL injury or serious knee injury (e.g., meniscus
injury, collateral ligament injury, and traumatic synovitis).

2.2 Experimental Methods

biomechanical indexes of lower limbs of male and female
athletes in special movements differ.

2.3 Data Processing
A pelvic coordinate system, thigh coordinate system, and
leg coordinate system were established based on the coordinates of marker points. The pelvic coordinate system is
determined by the right anterior superior iliac spine point,
the left anterior superior iliac spine point and the midpoint
of the posterior superior iliac spine. On the basis of the research data of Bell et al. and the pelvic coordinate system,
the center coordinate of hip joint rotation was calculated.
The thigh coordinate system is determined by the medial
femoral condyle point, the lateral femoral condyle point,
and the hip joint center point. The center of rotation of the
knee was the midpoint of the medial and lateral condyles
of the femur. The leg coordinate system was determined
by the outside malleolus point, the inside malleolus point,
and the knee joint center point. Knee joint angle was
defined as the Euler angle between the thigh coordinate
system and the calf. The first rotation around the x axis
was used to obtain the flexion angle (negative angle of
flexion); the second rotation around the y axis was used
to obtain the adduction and abduction angle (positive angle for adduction and negative angle for abduction); and
the third rotation around the z axis was used to obtain the
internal and external rotation (positive angle of internal
rotation and negative angle for external rotation).

2.2.1 Landing Biomechanics Test Method

2.4 Statistical Analysis

Given that most of the ACL injuries of taekwondo athletes
occur when the supporting leg jumps to the ground or
moves forward and backward, the kinematics changes in
the arrangement of the hip, knee, and ankle joints of the
lower limbs when landing at a high place should be tested
to monitor the risk of knee ACL injuries. Foreign studies have confirmed that internal rotation of the hip joint
and valgus and rotation of the knee joint are risk factors
of ACL injury when landing at a height. The high peak
of ground reaction force and the lack of effective buffer
are also known risk factors. Through the biomechanical
test of landing on high ground, we explored whether any
difference exists between male and female taekwondo
athletes. The landing on high ground movements we designed included landing on two feet, landing on one foot,
and squatting on one leg. We hypothesized that there is
a clear difference in the biomechanical performance of
the lower limbs when male and female athletes land on
high ground; there is a difference in ground cushioning
between male and female athletes when they land; and the

Mixed ANOVA was conducted to determine the influence
of gender, movement, and before and after training on
biomechanical indexes of lower limbs. The dependent
variables of ANOVA included the impact peaks of the
front, back, up, and down directions of the ground reaction force at the first peak moment of the ground reaction
force after the feet touched the ground, as well as the knee
valgus angle and knee flexion angle. The significance of
statistical analysis was defined as a type of error probability not greater than 0.05, and all statistical analysis were
performed in SPSS16.0 software.
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2.5 Results
As reported by domestic and foreign research, in the
process of landing foot touchdown within 30~100 ms,
buckle valgus knee joint, and stretching angle is too large,
a lack of buffer is an ACL injury main biomechanical
factors, studies the ground directly to the eversion of the
knee joint angle as an ACL injury risk factors predicted.
Thus, this research adopted the vertical ground reaction
DOI: https://doi.org/10.30564/jams.v3i3.1908
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force, ground level backward reaction force, angle of knee
flexion, and knee valgus angle as a measure of athletes’
ground movement. The single first step was squatting on
the ground, so only the knee joint angle was measured.
The measurement index was the value when the ground
reaction force was the maximum during landing. The
average angle of the knee joint of the left and right lower
extremities upon landing of both feet was determined. The
ratio of ground force to body weight was standardized.
As shown in Table 2, there is a significant difference
between men and women in the vertical reaction force
of the ground and the knee flexion angle when landing
on both feet. The knee flexion angle has obvious gender
difference, and women are smaller than men. There is no
significant difference in horizontal backward force and
knee valgus angle.
In the one-foot landing movement, the vertical reaction
force of the female athlete on the ground is greater than
that of the male, and there are obvious differences. There
was no significant difference in knee flexion angle and
ground level backward force. There is no significant difference between men and women in knee valgus angle.
When squatting on one leg, no significant difference
was observed between the flexion angle and eversion angle of the knee.

3. Discussion
In foreign studies, the main research is on the mechanism
of ACL injury in football, basketball, handball, rugby,
skiing, etc. The applied movements include landing, lateral cutting, sudden stop, and takeoff [12–15]. The present
study mainly analyzed the biomechanics of the knee joint
during the landing process, including landing on both
feet, landing on one foot, and squatting on one leg. These
movements were related to the technical characteristics of
taekwondo.
We adopted several indicators that have been proven in
foreign countries to predict non-contact ACL injury with

high sensitivity, including ground vertical reaction force,
ground horizontal backward reaction force, knee flexion
angle, and knee eversion angle. Among these indicators,
the vertical ground reaction force represents the body’s
buffering ability during landing, and landing without
buffering will Increase knee stress and risk of injury. The
valgus angle of the knee joint is considered the most sensitive predictor of non-contact ACL injury. The simultaneous action of forward and rotating violence of the knee
joint when the knee joint is in the internal buckle of the
semi-flexion position can lead to an instant increase in
ACL stress, which will lead to ligament fracture.
In the landing process, the intercept time of the test
index is adopted from the time when the foot touches the
ground to the time when the maximum reaction force
reaches the ground. Foreign studies reported that non-contact ACL injury usually occurs in 30-100 ms when the
foot initially touches the ground after landing [16].
The ground reaction force and landing knee flexion
angle significantly differed between male and female athletes before the intervention. In women, ground vertical
reaction after the intervention was significantly lower than
that before training, and the knee flexion angle increased
before training. After training, the knee flexion angle
between male and female athletes showed no obvious
difference. Our research shows that male and female athletes have no significant difference in knee valgus angle
during landing. By contrast, most foreign studies believe
that the knee valgus angle of female athletes increases,
and there are significant differences between male and
female athletes. This difference may be related to our
research objects and sample size. Most foreign studies
tested non-professional college or high school athletes and
involved thousands of test samples [17–19]. Our test samples
were young elite athletes, whose training years were 4–6
years. After systematic strength training, our test samples
were only 30. However, the increased valgus angle of the
landing knee joint was mostly due to the weak strength of
the hip joint, the obvious development of height and bone

Table 2. Biomechanical index treatment of landing limbs before and after training for male and female athletes
Landing on both feet
Male
Vertical ground
reaction force
Ground level
backward reaction force
Angle of knee
flexion
Knee valgus
angle

Female

Landing with one foot
Male

Female

Squatting on one leg
Male

Female

4.35±0.64

6.48±0.87*

5.06±0.96

6.81±1.24
a

1.18±0.56

1.45±0.63

1.34±0.75

1.67±0.53

43.4±5.4

35.6±5.1*

14.2±3.1

13.8±4.7

89.4±10.4

81.4±8.1

7.5±1.5

8.4±2.4

9.7±2.1

8.6±1.6

13.7±3.7

13.2±4.7

* indicates a significant difference between male and female athletes (p<0.05).
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in adolescent females, and lack of muscle strength and
neural control. The vertical ground reaction force reflects
the cushioning ability of landing, which varies greatly
from individual to individual. When the knee flexes at
a small angle, the vertical ground reaction force is large
but decreases when the reaction force is strong. In this
respect, male and female athletes show some differences,
which may be related to the strength of the leg muscles.
No relevant study on landing on one foot has been conducted abroad, but we chose this index because taekwondo athletes move and jump on one leg in most cases. The
research results were similar to those of landing on two
feet, and significant differences were noted between male
and female athletes in the ground vertical response and
knee flexion angle.
Single-leg squats have been used in several studies to
clinically measure knee control of hip muscle function.
Athletes stand on one leg, place their hand on the hip,
squat as hard as they can, and stand up again without
losing their balance. Researchers stood in front of the
athletes and observed the position of the lower limbs and
knee joints during the squats. Three levels were suggested: 0 to 2.0 for good action, 1 for average completion, and
2 for poor performance. Level 0 exhibits no significant
pelvic tilt, no significant knee eversion, and no significant
outward or inward movement of the knee. Level 1 demonstrates a tilt of the pelvis, a slight valgus of the knee, and
a slight medial or lateral movement. Level 2 indicates significant lateral tilt of the pelvis, significant eversion of the
knee, and medial and lateral movement [20,21,23].
In non-contact ACL injuries, such as cutting step, rotation, acceleration, deceleration, or high landing, fatigue
can increase the incidence of injury [24–26]. Decreased knee
flexion angle, greater hip flexion angle, knee eversion, increased internal rotation of hip joint, internal and external
rotation of patella, and flat foot have been reported as the
mechanisms of ACL injury. Which effect occurs at the
time of injury or immediately after has long been under
debate in the field. The video analysis of ACL injuries
revealed that most ACL injuries occur within 30–100 ms
after landing [27]. Non-contact ACL injury occurs after the
foot touches the ground, with internal rotation and adduction of hip joint, strong contraction of quadriceps, and
knee flexion angle is less than 30 degrees. The eversion of
the knee is compensated for rotational displacement after
ACL injury.
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