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Abstract: Background: Female badminton players have a higher risk of anterior cruciate 

ligament (ACL) injury in landing maneuvers compared to males. Gender differences in 

neuromuscular control may be a potential risk factor for the increased incidence of ACL injury 

in female badminton players. Study design: Controlled laboratory study. Methods: Sixteen 

badminton players (8 male, 8 female) participated in a badminton single-leg landing task in 

which lower limb kinematics, ground reaction forces, and lower limb muscle activity were 

measured using a marker-based motion capture system, force plates, and electromyography 

(EMG). An analysis of variance (ANOVA) was used to analyze gender differences in leg 

kinematic data, mean normalized leg muscle activation (MVC%), and muscle co-contraction 

during the impact phase after landing. Results: During the impact phase of the badminton 

landing task (100 ms after initial contact), the knee valgus angle at the moment of initial contact 

(IC) and posterior peak ground reaction force (GRF) was greater in females than in males (6.27 

± 2.54 vs 1.84 ± 3.28) and (6.16 ± 2.83 vs 0.88 ± 2.59). Knee flexion angle and ankle 

plantarflexion angle were less in females than in males at the moment of peak posterior GRF 

(16.71 ± 4.20 vs 23.90 ± 5.04) and (−28.34 ± 5.60 vs −37.05 ± 7.17). During the post-landing 

impact phase, compared to male badminton players, females exhibited greater rectus femoris 

(51.85 ± 15.68 vs 19.73 ± 6.63) medial hamstring (44.88 ± 19.07 vs 20.54 ± 10.16), medial 

gastrocnemius (66.23 ± 21.42 vs 38.21 ± 15.16) lateral gastrocnemius (79.43 ± 22.54 vs 46.53 

± 13.17) muscle activity. In addition, males exhibited a higher co-contraction ratio of the medial 

and lateral gastrocnemius compared to female athletes (1.44 ± 0.46 vs 0.99 ± 0.24). Conclusion: 

There were significant gender differences in neuromuscular control (muscle activity patterns, 

movement patterns) between badminton players during the impact phase of the badminton 

single-leg landing task. These findings highlight the need for gender-specific training programs 

to address neuromuscular differences and reduce ACL injury risk in badminton players. 
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1. Introduction 

Badminton is gaining popularity as an over-the-net confrontational racquet-

swinging sport and is attracting many female athletes to participate in it [1]. Despite 

this popularity, there is less research on badminton-related injuries. Due to the nature 

of badminton, there are fewer contact injuries and badminton injuries occur mainly in 

non-contact movements such as jumping, landing, and changing directions [2]. Lower 
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extremity injuries are the most common injuries in badminton. ACL injuries are 

considered one of the most serious lower extremity injuries, accounting for 

approximately 26% of all knee injuries [2]. Previous studies have shown that female 

athletes have a higher incidence of ACL injuries, about 2–6 times higher than males 

[3,4]. Like other sports, high ACL injury rates also plague female badminton players 

[2,5]. In a Japanese study on ACL injuries in junior and senior high school athletes 

over a decade, it was noted that the incidence of ACL was higher in females than in 

males (1.36:0.48), with the incidence of ACL injuries in female junior and senior high 

school badminton players being 4.2 and 4.8 times higher than in males, respectively 

[5]. Therefore, it is crucial to understand why female badminton players have a high 

risk of ACL injuries to prevent such injuries. 

Due to the higher incidence of ACL injuries in female athletes, researchers have 

extensively explored the gender differences in factors that may contribute to ACL 

injuries, with most proposing a variety of factors, including hormonal and menstrual 

cycles, as well as anatomical, genetic, and neuromuscular control differences between 

male and female athletes [6,7]. Because the preceding items are more difficult to 

modify whereas neuromuscular control factors can be altered through their active 

activities, they have recently received increasing and widespread attention [7]. 

Understanding the kinematic and neuromuscular differences in specific movements 

may help explain the gender differences in ACL risk rates. Previous studies have 

shown a preference for a quadriceps-dominated landing pattern in women compared 

to men during landing tasks [8,9], and when women contract their quadriceps, they 

pull the knee joint to produce extension, which may be related to the fact that females 

have always been observed to use a more extended landing position [10]. The 

quadriceps is often considered the antagonist muscle of the ACL. The quadriceps are 

attached to the proximal tibia via the patellar ligament, and at low flexion angles, 

quadriceps contraction increases the anterior displacement of the tibia relative to the 

femur causing increased stress and strain on the ACL. Ebben et al. [11] found in a 

study of side-cutting tasks that males exhibited greater medial and lateral hamstring 

activation than females. In contrast to the greater medial hamstring activation in 

females in the landing task study by de Britto et al. [12]. This may be because it is at 

greater than 30 degrees that co-activation of the hamstrings can affect ACL protection, 

with the hamstrings acting as a synergist for the ACL at this time, and contraction to 

generate backward shear can help counteract the anterior shear forces that put the ACL 

at increased risk of injury, whereas, at smaller knee flexion angles (less than 22 

degrees), hamstring activity may be detrimental to the protection of the ACL [13]. 

Numerous studies have shown that the gastrocnemius muscle is the primary provider 

of anterior tibial shear forces and is associated with increased ACL loading. Beaulieu 

et al. [14] and Landry et al. [15] in a study of male and female elite soccer players 

performing unintended cutting landings showed that females exhibited greater 

gastrocnemius muscle activity compared to males. In addition, muscle co-activation is 

closely related to knee stability and poor co-activation patterns that cause the knee in 

abnormal postures may be associated with high ACL injuries in females [8,16]. 

Although previous studies have evaluated sex differences in neuromuscular control, 

however, there are contradictions between the results of these previous studies on sex 

differences in neuromuscular control due to factors such as different sports, different 
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training received by the participants, and different types of tasks [16]. Therefore, for 

badminton players, sex differences in neuromuscular control for specific badminton 

functional tasks that lead to ACL injury need further exploration. 

As different forms of landing in different sports (side cutting landing in football, 

drop landing in skiing, jump landing after a block or kill in volleyball) lead to different 

risk factors for ACL injuries [17–19], ACL injuries in badminton players mainly occur 

in the single-leg landing manoeuvre after a backhand side overhead stroke. Our 

previous study showed that there are gender differences in muscle pre-activation and 

kinematics in badminton players during the pre-landing preparation phase [20], 

however knee stability requires a combination of pre-landing muscle pre-activation 

and post-landing reflexive muscle activation to prevent injury [21]. In order to 

investigate the reasons for the higher risk of injury in females compared to male 

badminton players in a single-leg landing task, we investigated gender differences in 

neuromuscular control patterns during the post-impact phase of landing. The aim of 

our study was to initially investigate gender differences in muscle activity during the 

impact phase of a high-risk single-leg landing task in badminton players and to 

combine this with kinematic data analyses to better help badminton coaches, athletes, 

and rehabilitators to understand potential risk mechanisms that may contribute to the 

high prevalence of non-contact ACL injuries in females. We hypothesised that 1, 

badminton players would exhibit greater rectus femoris, medial hamstring and 

gastrocnemius muscle activity during the early impact phase of the single-leg landing 

task compared to males; 2, there would be gender differences in the co-activation of 

lower limb muscles during the landing impact phase of the single-leg landing task; and 

3, there would be gender differences in the movement patterns of badminton players 

during the single-leg landing. 

2. Methods 

2.1. Participants 

16 badminton players participated in this study, including 8 males and 8 females. 

The females were 21.50 (±2.45) years old, 1.67 (±0.05) m tall, and 59.50 (±5.71) kg 

in weight, while the males were 20.63 (±0.92) years old, 1.78 (±0.03) m tall and 71.63 

(±9.97) kg in mass, Years of training were 11.88(±3.18) for females and10.38(±1.69 

for males), none of the subjects included had a history of injury. The following 

inclusion criteria were met by all participants recruited by Jeonbuk University: (1) no 

significant motor limitations or muscle weakness resulting from observation and brief 

assessment by an experienced physiotherapist; (2) no lower limb pain before testing; 

and (3) at least four times a week, participants had to participate in organized training. 

For standardized testing, badminton players with the right hand as the dominant hand 

were selected as the study participants. Before participating in the study, all 

Participants were informed of the trial procedures and read and signed an informed 

consent form. 

2.2. Prepare for testing 

We used 13 infrared cameras (OptiTrack, LEYARD, Buffalo Grove, IL, USA) to 
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collect trial data to capture kinematic data from each participant. These cameras had a 

sampling rate of 120 Hz. Whole-body kinematic data were tracked using 57 marker 

points throughout the body, with the reflex markers located at anatomical locations as 

shown in Figure 1 [22].  

 
Figure 1. Anatomical position of the reflex marker (N = 57). “L” and “R” represent 

the left and right sides. 

The ground reaction force data were collected at 1200 Hz using an OR6-6-2000 

force platform (AMTI Inc., Newton, Maryland, USA). The maximum delay time was 

6 ms. 

The EMG collection system (Trigno Avanti Sensor, Delsys, USA) was selected 

as the EMG data acquisition device. For the EMG signal acquisition, we used a Trigno 

Avanti sensor (Delsys, Natick, MA, USA; 3.7 cm × 2.7 cm). All EMG sensors (Trigno 

Avanti Sensor) had a common-mode rejection ratio of 80 dB and were synchronized 

with kinematic and kinetic data by recording software (OptiTrack, LEYARD, USA) 

and EMG was sampled at 1200 Hz.  

The electrodes were positioned on the surface of gluteus maximus (GMAX), 

gluteus medius (GMED), rectus femoris (RF), medial semitendinosus (MH), lateral 

biceps femoris (LH), medial gastrocnemius (MG), and lateral gastrocnemius (LG) 

muscles, and the methodology for the maximal voluntary isometric (MVIC) test is 

referenced from our previous study [20]. 

Use Fengcai’s badminton server SPT6000 (SPTLOOKER, China) to send the 

shuttlecock to the designated area in the same state. Participants wear uniform shorts, 

individual socks, and shoes, and use uniform rackets. 

2.3. Test procedure  

The design of the laboratory, concerning our previous research [23], is shown in 

Figure 2. 
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Figure 2. Laboratory setup, the position of the force plate (FP), and the badminton 

serve machine. 
Note: The badminton serving machine sends the shuttlecock from area A to area B, with a size of 50 cm 
× 50 cm. The red arrows indicate the trajectory of the shuttlecock. The participant steps backward from 
the starting point in a leftward direction, then jumps off their right foot, performs an overhead strike, lands 
on the force plate with their left foot, and quickly returns to the starting position. Area C is the landing 

point of the shuttlecock after it is struck. (This figure was generated by the author through Adobe 
Photoshop software). 

The participants engaged in a 10-min warm-up exercise (including jogging and 

swinging), followed by a single-leg landing test after performing a backhand side 

overhead stroke, which is considered to have the highest incidence of ACL injuries. A 

badminton coach with approximately 10 years of competitive playing experience 

demonstrated the footwork and overhead stroke task to each participant. Starting from 

the initial position, the participants simulated a backhand side step towards the left 

rear of the court, performed an overhead stroke, landed on the force plate with their 

left leg, and quickly returned to the starting position. The participants hit the 

shuttlecock to the back side of the opposite court in their usual manner. Participants 

were allowed to perform several exercises, followed by three to five consecutive trials. 

3. Data processing and analysis 

The kinematic data were processed by Visual 3D (C-Motion, Inc., Germantown, 

MD, USA). The pelvis was defined relative to the global (laboratory) coordinate 

system and assigned six (three translational and three rotational) degrees of freedom. 

The pelvis, thighs, and calves were defined with the positive y-axis pointing anterior, 

the positive x-axis pointing medial, and the positive z-axis pointing superior. The hip 

joint angle is defined as the angle between the thigh and the pelvis, the knee joint angle 

is defined as the angle between the lower leg and the thigh, and the ankle joint angle 

is defined as the angle between the foot and the lower leg. The motion of the hip and 

knee joints is defined as flexion/extension around the X-axis (medial-lateral axis) in 

the sagittal plane, adduction/abduction around the Y-axis (anterior-posterior axis) in 

the coronal plane, and internal/external rotation around the Z-axis (vertical axis) in the 

horizontal plane. The motion of the ankle joint is defined as 

dorsiflexion/plantarflexion around the X-axis (medial-lateral axis) in the sagittal plane, 



Molecular & Cellular Biomechanics 2025, 22(1), 1086.  

6 

inversion/eversion around the Y-axis (anterior-posterior axis) in the coronal plane, and 

abduction/adduction around the Z-axis (vertical axis) in the horizontal plane, with the 

direction determined by the right-hand screw rule. By assigning positive and negative 

signs, the directions of hip and knee joints are unified as positive for flexion, negative 

for extension, positive for adduction, negative for abduction, positive for internal 

rotation, and negative for external rotation. It should be noted that in ankle joint angles, 

the angle of 90 degrees between the foot and the sagittal plane of the lower leg is 

defined as 0 degrees in anatomical standing, dorsiflexion (positive) represents upward 

movement, plantarflexion (negative) represents downward movement, inversion 

(positive) represents inward movement, eversion (negative) represents outward 

movement, abduction is positive, and adduction is negative. 

The first frame when the force plate data began to increase was defined as the 

moment of initial contact and we analyzed muscle activity within 100 milliseconds(ms) 

of initial contact, in addition, we processed and analyzed kinematic data from the 

moment of initial contact and the moment of peak posterior ground reaction force as 

these data were considered important for the analysis of ACL injury. 

The EMG activity data were analyzed by the software accompanying the EMG 

collection system (Trigno Avanti Sensor, Delsys, USA) with a band-pass filter of 10-

400Hz, using a The EMG signals were corrected and smoothed using root mean square 

(RMS) with a 20 ms window. The mean RMS amplitude was calculated for each 

muscle over three trials and then normalized according to the normalized RMS of the 

MVIC. The duration of co-contraction was calculated as the activity time of a pre-

defined muscle pair (from the last muscle in the pair to start activation and the first 

muscle in the pair to stop activation) [24] and expressed as a percentage of IC to 100 

ms after the IC phase. Calculation of the ratio of muscle activity (IEMG) between the 

two groups of muscle co-contraction periods during the post-landing impact phase 

[25,26]. Four co-contraction indices were calculated: 1) co-contraction of hamstrings 

and quadriceps (H/Q); 2) co-contraction of gastrocnemius/quadriceps (GAS/Q); 3) co-

contraction of medial and lateral hamstrings(M/LHAM); and 4) co-contraction of 

medial gastrocnemius and lateral gastrocnemius(M/LGAS).  

A one-way ANOVA was used to test for statistical differences between male and 

female badminton player groups. The outcome variables were as follows: normalized 

electromyographic activity (MVC%) of the lower limb muscles; co-contraction index 

of the lower limb muscles; and hip-knee-ankle joint angle. Statistical analyses were 

performed using SPSS 26.0 software (SPSS for Windows, Chicago, IL, USA) with a 

significance level of p < 0.05. 

4. Results 

The mean and standard deviation of lower limb muscle activity during the post-

landing impact phase of a single leg landing task after a backhand side overhead stroke 

in badminton, as shown in Figure 3. 
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Figure 3. Badminton single-leg landing task, mean and standard deviation of lower 

limb muscle activity during the post-landing impact phase.  
* Represents statistically significant differences. 

In the badminton single-leg landing task, the standardized medial hamstring 

muscle activity values were 44.88 ± 19.07 in female badminton players and 20.54 ± 

10.16 in males early in the post-landing impact phase. The medial hamstring activity 

was 24.34% higher in female badminton players than in males, with a highly 

significant difference between female and male badminton players (p < 0.05). The 

standardized medial gastrocnemius muscle activity value was 66.23 ± 21.42 in female 

badminton players and 38.21 ± 15.16 in males. The activity of the medial 

gastrocnemius muscle was 28.02% higher in female badminton players than in males 

and there was a significant difference between female and male badminton players (p 

< 0.05). The standardized muscle activity value of lateral gastrocnemius was 79.43 ± 

22.54 in female badminton players and 46.53 ± 13.17 in males. The activity of lateral 

gastrocnemius was 32.90% higher in female badminton players than in males and there 

was a highly significant difference between female and male badminton players (p < 

0.01). The standardized rectus femoris muscle activity values were 51.85 ± 15.68 in 

female badminton players and 19.73 ± 6.63 in males. The rectus femoris muscle 

activity was 32.12% higher in female badminton players than in males and there was 

a highly significant difference between female and male badminton players (p < 0.05). 

The gender differences in lower limb muscle co-activation during the post-

landing impact phase in the single-leg landing task in badminton are shown in Figure 

4. In the single-leg landing task, during the post-landing impact phase, the co-

activation ratio of the medial and lateral gastrocnemius muscles was 0.99 ± 0.24 in 

female badminton players and 1.44 ± 0.46 in male badminton players, which was 0.45 

higher in males than in females, and there was a significant gender difference (p < 

0.05). 

The gender differences in the lower limb kinematic data of male and female 

badminton players at the moment of initial contact of the badminton landing task are 

shown in Table 1. 

At the moment of initial contact during the post-landing impact phase of the 

single-leg landing task in badminton, the knee valgus angle differed significantly 

between males and females, being 6.27 ± 2.54 in females and 1.84 ± 3.28 in males (p 

< 0.05). Other than that, there were no significant gender differences between the other 

joint angles. Another point worth noting is that although there was no significant 
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gender difference in the ankle adduction angle at the moment of initial contact, female 

badminton players had 8.6 degrees more adduction angle than males. 

 
Figure 4. Badminton single-leg landing task, mean and standard deviation of lower 

limb muscle co-contraction activity ratio during the post-landing impact phase.  

* Represents statistically significant differences. 

Table 1. Means and standard deviations (degrees) of hip-knee-ankle joint angles at 

the moment of initial contact in the badminton single-leg landing task. 

Variables Male Female p Value 

Hip    

Flexion(+)/extension(−) 10.86 ± 7.96 10.02 ± 8.61 0.8423 

Abduction(+)/adduction(−) 36.33 ± 4.25 39.88 ± 5.84 0.1864 

External(+)/internal rotation(−) 15.56 ± 5.59 17.43 ± 5.52 0.5446 

Knee    

Flexion(+)/extension(−) 18.92 ± 6.93 17.47 ± 6.56 0.6751 

Valgus(+)/varus(−) 1.84 ± 3.28 6.27 ± 2.54 0.0091* 

External(+)/internal rotation(−) −4.42 ± 4.51 −0.61 ± 3.42 0.0915 

Ankle    

Dorsiflexion(+)/plantar flexion(−) −42.81 ± 8.80 −35.81 ± 6.91 0.0985 

Eversion(+)/inversion(−) 0.14 ± 3.49 −0.40 ± 4.41 0.8168 

Abduction(+)/adduction(−) 17.39 ± 3.38 25.99 ± 10.71 0.0835 

* Represents statistically significant differences. 

The mean and standard deviation (in degrees) of the hip-knee-ankle joint angles 

at the peak moment after GRF in the badminton single-leg landing task are shown in 

Table 2. 

During the post-landing impact phase of the single-leg landing task in badminton, 

the mean angle of flexion was 7 degrees smaller in females than in males at the 

moment of posterior peak GRF, and there was a significant difference between males 

and females (p < 0.05). At the moment of posterior peak GRF, the mean knee valgus 

angle was 5 degrees greater in females than in males, with a highly significant 

difference between males and females (p < 0.05). In addition, the mean ankle 

plantarflexion angle was 9 degrees greater in males than in females at the moment of 

posterior peak GRF, with a significant difference between males and females (p < 0.05). 

It is also worth noting that although there was no significant gender difference in ankle 

adduction angle, the adduction angle of female badminton players at the moment of 
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posterior peak GRF was 6 degrees greater than that of males. 

Table 2. Means and standard deviations (degrees) of hip-knee-ankle joint angles at 

the moment of posterior peak GRF in the single-leg landing task in badminton. 

 Male Female p Value 

Hip    

Flexion(+)/extension(−) 15.27 ± 5.36 18.25 ± 3.93 0.2846 

Abduction(+)/adduction(−) 36.25 ± 4.57 39.83 ± 5.56 0.1810 

Internal(+)/external rotation(−) 15.31 ± 4.81 14.87 ± 6.11 0.8824 

Knee    

Flexion(+)/extension(−) 23.90 ± 5.04 16.71 ± 4.20 0.0229* 

Valgus(+)/varus(−) 0.88 ± 2.59 6.16 ± 2.83 0.0024* 

Internal(+)/external rotation(−) −4.60 ± 4.29 0.12 ± 4.36 0.0730 

Ankle    

Dorsiflexion(+)/plantar flexion(−) −37.05 ± 7.17 −28.34 ± 5.60 0.0250* 

Eversion(+)/ Inversion(−) 1.17 ± 3.39 0.19 ± 4.76 0.6835 

Adduction(+)/abduction(−) 18.47 ± 4.01 24.89 ± 7.78 0.0608 

* Represents the presence of significant differences. 

5. Discussion 

The experimental results supported our hypothesis, confirming significant gender 

differences in lower limb neuromuscular control among badminton players during 

single-leg landing. Females displayed smaller knee flexion and ankle plantarflexion, 

larger knee valgus landing patterns, larger rectus femoris, medial hamstrings, and 

gastrocnemius muscle activity patterns compared to males. They also exhibited 

smaller co-activation patterns of medial and lateral gastrocnemius muscles during the 

landing impact phase. 

Our study revealed a gender-biased movement pattern in the lower limbs of 

badminton players during a high-risk single-leg landing task. Specifically, females had 

smaller knee flexion angles at the moment of posterior peak GRF, which is considered 

a risk factor for ACL injury [27]. Video analysis of non-contact ACL injuries has 

shown a more extended knee landing position, associated with smaller knee flexion 

angles [28]. Smaller knee flexion angles have been associated with larger ACL 

elevation angles, leading to greater strain on the ACL [29]. Studies have consistently 

demonstrated that smaller knee angles during various landing, jumping, and lateral 

cutting tasks result in higher ground reaction forces and quadriceps loading forces [30]. 

Moreover, smaller knee angles are linked to increased anterior tibial shear forces and 

are predicted to increase ACL loading during single-leg landing tasks [31]. Therefore, 

it is widely accepted that small knee flexion angles during landings are detrimental to 

ACL injury prevention. 

Furthermore, our study found that female badminton players exhibited greater 

knee valgus angles at both initial contact and posterior peak GRF moments. This aligns 

with previous research showing that large valgus angles are associated with ACL 

injuries [8,32]. Observations of ACL injury videos, cadaver studies, and prospective 

studies on athletes have consistently shown that large knee valgus angles predict a 
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higher risk of ACL injury. Additionally, a study specifically focusing on female 

badminton players revealed greater knee valgus angles during high-risk landing tasks 

compared to low-risk single-leg landing tasks [33]. This substantial body of evidence 

supports the belief that large valgus angles increase the risk of ACL injury in females. 

Additionally, female badminton players exhibited smaller ankle plantar flexion angles 

at the moment of peak GRF. Previous studies have indicated that a too-small 

plantarflexion angle is associated with inadequate absorption of ground reaction forces 

by the gastrocnemius muscle during landing. This can result in impact forces directly 

affecting the knee joint, potentially increasing the risk of ACL injury [27]. However, 

our findings differ slightly from previous studies [32,34], which may be attributed to 

the inclusion of a shuttlecock in our experimental design. Previous research has shown 

that the presence or absence of a ball can influence the biomechanical patterns of the 

lower limb [10,35]. Furthermore, while there was no significant gender difference in 

ankle adduction angle, females had a greater adduction angle than males at both initial 

contact and peak GRF. This difference may be related to variability in flexibility 

between males and females but may not directly impact ACL injury risk [36]. 

During the impact phase, female badminton players exhibited greater rectus 

femoris muscle activity compared to males, consistent with previous findings [37,38]. 

Increased rectus femoris activation is associated with a higher risk of ACL injury. The 

contraction of the rectus femoris muscle, connected to the anterior aspect of the 

proximal tibia through the patellar ligament, increases stress on the ACL when the 

knee joint angle is smaller [31]. Studies have shown that rectus femoris activation 

contributes to ACL loading and proximal tibial anterior shear force. In our study, both 

males and females exhibited smaller knee flexion angles at the moment of posterior 

peak GRF, with females having greater knee extension force arms. This, combined 

with the greater activation of the rectus femoris in females, may have resulted in a 

higher ACL load and increased ACL injury risk in females. 

Female badminton players also displayed greater medial hamstring activity than 

males during the post-landing impact phase, consistent with previous studies [12]. The 

reasons for this increased activity may be attributed to gender differences in factors 

such as knee valgus angles, trunk frontal plane position asymmetry, or medial-lateral 

muscle balance. While the hamstrings play a role in providing posterior tibial forces 

and are generally considered beneficial in ACL protection, isolated hamstring 

contractions have minimal effect on ACL forces. The effectiveness of hamstring 

quadriceps co-contraction in protecting the ACL is limited to knee flexion angles 

greater than 22–30 degrees [13]. In our study, despite greater hamstring activity in 

females, the landing angle for females was typically less than 20 degrees. Therefore, 

the large activity of the medial hamstrings at the moment of posterior peak GRF may 

provide limited protection for the ACL. 

During the post-landing impact phase, female badminton players exhibited 

greater activity in the medial and lateral gastrocnemius muscles compared to males. 

Previous studies have reported this gender difference in neuromuscular control during 

landing tasks [14]. The contraction of the gastrocnemius muscle has been associated 

with injury risk factors in the anterior cruciate ligament (ACL) based on models and 

in vivo studies [39]. The gastrocnemius was found to contribute significantly to peak 

tibial anterior shear force, which can increase ACL stress [39]. Activation of the 
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gastrocnemius has been shown to increase tibial anterior displacement, potentially 

acting as an antagonist to the ACL [40]. This association may be due to the 

gastrocnemius’ location and its ability to generate compressive forces, leading to 

increased anterior shear forces and displacement of the tibia. On the other hand, some 

arguments suggest that gastrocnemius activity plays a protective role in the ACL [41]. 

Studies have shown that increased gastrocnemius muscle strength is associated with a 

decrease in stress on the tibial anterior shear or ACL. The variability in co-contraction 

of the medial and lateral gastrocnemius muscles was also observed, with females 

showing a smaller ratio of co-activation compared to males. The co-contraction of 

these muscles helps to balance varus and valgus moments, maintaining frontal plane 

stability. The greater co-contraction ratio in males may assist in preventing greater 

valgus loads and angles, contributing to knee stability and potentially reducing the risk 

of ACL injuries [42]. 

A recent study revealed that female badminton players exhibit a larger knee 

valgus angle compared to their male counterparts during the landing preparation phase 

of a single-leg landing task in badminton. This increased angle may heighten their 

susceptibility to anterior cruciate ligament (ACL) injuries [20]. Furthermore, the study 

observed that female athletes demonstrated heightened muscular activity in the gluteus 

maximus, rectus femoris, and medial gastrocnemius during the landing preparation, 

which could be linked to the larger knee valgus angle. Another investigation 

demonstrated that an 8-week neuromuscular training program successfully reduced 

the knee valgus angle and enhanced the co-activation patterns of specific lower limb 

muscles, This finding indicates that neuromuscular training might serve as an effective 

strategy to mitigate knee valgus by bolstering muscle co-activation, which could, in 

turn, lower the risk of ACL injuries. A separate study assessed the impact of integrated 

neuromuscular training (INT) on the prevention of sports injuries and enhancement of 

athletic performance among professional female badminton players, The findings 

indicated that an 8-week INT regimen was instrumental in ameliorating limb 

asymmetry [43], averting sports injuries, and elevating the performance levels of these 

athletes. Concurring with the previous study [44], another research concluded that 

integrated neuromuscular training was efficacious in alleviating limb asymmetry, 

preventing sports injuries, and augmenting the performance of female badminton 

players. Based on our findings, neuromuscular training programs targeting knee 

valgus reduction and promoting gastrocnemius co-contraction stability should be 

prioritized for female badminton players [44]. 

In summary, our study identified gender differences in neuromuscular control 

during the landing preparation phase of the badminton single-leg landing task. 

However, there are limitations in the data collection processes, including EMG and 

3D motion analysis, which can affect the results [45]. This study is among the first to 

examine sex-specific neuromuscular differences during a high-risk badminton-

specific movement, filling an important gap in the literature. Additionally, the study 

was conducted in a controlled laboratory setting, which may not fully replicate the 

ACL injury risk in actual matches. Future studies should explore larger, more diverse 

samples and evaluate the efficacy of targeted training interventions to address these 

neuromuscular differences. 
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6. Conclusion 

There were significant gender differences in neuromuscular control (muscle 

activity patterns, movement patterns) between badminton players during the impact 

phase of the badminton single-leg landing task. The neuromuscular control strategies 

exhibited by female badminton players may be inadequate for ACL protection and 

may be a potential risk factor for a high incidence of ACL injury. 

Author contributions: Conceptualization, YZ and TW; methodology, YZ, TW, SK 

and ZH; software, TW and YK; validation, SK and ZH; formal analysis, YZ, TW and 

YK; investigation, YZ, TW and YK; resource, SK; supervision, SK; visualization, SK 

and ZH; project administration, ZH; writing—original draft preparation, YZ, TW and 

YK; writing—review and editing, SK and ZH. All authors have read and agreed to the 

published version of the manuscript. 

Acknowledgments: We wish to thank both the research participants and assistants 

who made this project possible. 

Ethical approval: The study was conducted in accordance with the Declaration of 

Helsinki, and approved by the Institutional Review Board of Jeonbuk National 

University (JBNU2022-04-008-001). 

Conflict of interest: The authors declare no conflict of interest.  

References 

1. Cabello-Manrique D, Lorente JA, Padial-Ruz R, et al. Play Badminton Forever: A Systematic Review of Health Benefits. 

International Journal of Environmental Research and Public Health. 2022; 19(15): 9077. doi: 10.3390/ijerph19159077 

2. Kimura Y, Ishibashi Y, Tsuda E, et al. Mechanisms for anterior cruciate ligament injuries in badminton. British Journal of 

Sports Medicine. 2010; 44(15): 1124-1127. doi: 10.1136/bjsm.2010.074153 

3. Ryan J, Magnussen RA, Cox CL, et al. ACL Reconstruction: Do Outcomes Differ by Sex? Journal of Bone and Joint 

Surgery. 2014; 96(6): 507-512. doi: 10.2106/jbjs.m.00299 

4. Sutton KM, Bullock JM. Anterior Cruciate Ligament Rupture: Differences Between Males and Females. Journal of the 

American Academy of Orthopaedic Surgeons. 2012; 21(1): 41-50. doi: 10.5435/jaaos-21-01-41 

5. Takahashi S, Okuwaki T. Epidemiological survey of anterior cruciate ligament injury in Japanese junior high school and high 

school athletes: cross-sectional study. Research in Sports Medicine. 2017; 25(3): 266-276. doi: 

10.1080/15438627.2017.1314290 

6. Renstrom P, Ljungqvist A, Arendt E, et al. Non-contact ACL injuries in female athletes: an International Olympic Committee 

current concepts statement. British Journal of Sports Medicine. 2008; 42(6): 394-412. doi: 10.1136/bjsm.2008.048934 

7. Wilczyński B, Zorena K, Ślęzak D. Dynamic Knee Valgus in Single-Leg Movement Tasks. Potentially Modifiable Factors 

and Exercise Training Options. A Literature Review. International Journal of Environmental Research and Public Health. 

2020; 17(21): 8208. doi: 10.3390/ijerph17218208 

8. Ellenberger L, Casutt S, Fröhlich S, et al. Thigh muscle activation patterns and dynamic knee valgus at peak ground reaction 

force during drop jump landings: Reliability, youth competitive alpine skiing-specific reference values and relation to knee 

overuse complaints. Journal of Science and Medicine in Sport. 2021; 24(12): 1230-1234. doi: 10.1016/j.jsams.2021.06.006 

9. Marquez G, Alegre LM, Jaén D, et al. Sex differences in kinetic and neuromuscular control during jumping and landing. 

Journal of Musculoskeletal & Neuronal Interactions. 2017; 17(1): 409-416. 

10. Fedie R, Carlstedt K, Willson JD, et al. Effect of attending to a ball during a side-cut maneuver on lower extremity 

biomechanics in male and female athletes. Sports Biomechanics. 2010; 9(3): 165-177. doi: 10.1080/14763141.2010.502241 

11. Ebben WP, Fauth ML, Petushek EJ, et al. Gender-Based Analysis of Hamstring and Quadriceps Muscle Activation During 

Jump Landings and Cutting. Journal of Strength and Conditioning Research. 2010; 24(2): 408-415. doi: 



Molecular & Cellular Biomechanics 2025, 22(1), 1086.  

13 

10.1519/jsc.0b013e3181c509f4 

12. de Britto MA, Carpes FP, Koutras G, et al. Quadriceps and hamstrings prelanding myoelectric activity during landing from 

different heights among male and female athletes. Journal of Electromyography and Kinesiology. 2014; 24(4): 508-512. doi: 

10.1016/j.jelekin.2014.04.009 

13. Markolf KL, O’Neill G, Jackson SR, et al. Effects of Applied Quadriceps and Hamstrings Muscle Loads on Forces in the 

Anterior and Posterior Cruciate Ligaments. The American Journal of Sports Medicine. 2004; 32(5): 1144-1149. doi: 

10.1177/0363546503262198 

14. Beaulieu ML, Lamontagne M, Xu L. Lower limb muscle activity and kinematics of an unanticipated cutting manoeuvre: a 

gender comparison. Knee Surgery, Sports Traumatology, Arthroscopy. 2009; 17(8): 968-976. doi: 10.1007/s00167-009-0821-

1 

15. Landry SC, McKean KA, Hubley-Kozey CL, et al. Neuromuscular and Lower Limb Biomechanical Differences Exist 

between Male and Female Elite Adolescent Soccer Players during an Unanticipated Side-cut Maneuver. The American 

Journal of Sports Medicine. 2007; 35(11): 1888-1900. doi: 10.1177/0363546507300823 

16. Otsuki R, Del Bel MJ, Benoit DL. Sex differences in muscle activation patterns associated with anterior cruciate ligament 

injury during landing and cutting tasks: A systematic review. Journal of Electromyography and Kinesiology. 2021; 60: 

102583. doi: 10.1016/j.jelekin.2021.102583 

17. Waldén M, Hägglund M, Werner J, et al. The epidemiology of anterior cruciate ligament injury in football (soccer): a review 

of the literature from a gender-related perspective. Knee Surgery, Sports Traumatology, Arthroscopy. 2010; 19(1): 3-10. doi: 

10.1007/s00167-010-1172-7 

18. Färber S, Heinrich D, Werner I, et al. Is it possible to voluntarily increase hamstring muscle activation during landing from a 

snow jump in alpine skiing? - a pilot study. Journal of Sports Sciences. 2018; 37(2): 180-187. doi: 

10.1080/02640414.2018.1488423 

19. Xu D, Lu J, Baker JS, et al. Temporal kinematic and kinetics differences throughout different landing ways following 

volleyball spike shots. Proceedings of the Institution of Mechanical Engineers, Part P: Journal of Sports Engineering and 

Technology. 2021; 236(3): 200-208. doi: 10.1177/17543371211009485 

20. Hu Z, Zhang Y, Dong T, et al. Gender Differences in Neuromuscular Control during the Preparation Phase of Single-Leg 

Landing Task in Badminton. Journal of Clinical Medicine. 2023; 12(9): 3296. doi: 10.3390/jcm12093296 

21. Zazulak BT, Ponce PL, Straub SJ, et al. Gender Comparison of Hip Muscle Activity During Single-Leg Landing. Journal of 

Orthopaedic & Sports Physical Therapy. 2005; 35(5): 292-299. doi: 10.2519/jospt.2005.35.5.292 

22. Hu Z, Kim Y, Dong T, et al. Correlation between gluteus muscle activity and dynamic control of the knee joint in a single-leg 

landing task in badminton. International Journal of Performance Analysis in Sport. 2023; 23(6): 429-440. doi: 

10.1080/24748668.2023.2249760 

23. Hu Z, Kim Y, Zhang Y, et al. Correlation of Lower Limb Muscle Activity with Knee Joint Kinematics and Kinetics during 

Badminton Landing Tasks. International Journal of Environmental Research and Public Health. 2022; 19(24): 16587. doi: 

10.3390/ijerph192416587 

24. Hodges PW, van den Hoorn W, Wrigley TV, et al. Increased duration of co-contraction of medial knee muscles is associated 

with greater progression of knee osteoarthritis. Manual Therapy. 2016; 21: 151-158. doi: 10.1016/j.math.2015.07.004 

25. Bencke J, Zebis MK. The influence of gender on neuromuscular pre-activity during side-cutting. Journal of 

Electromyography and Kinesiology. 2011; 21(2): 371-375. doi: 10.1016/j.jelekin.2010.10.008 

26. Nagano Y, Ida H, Akai M, et al. Gender differences in knee kinematics and muscle activity during single limb drop landing. 

The Knee. 2007; 14(3): 218-223. doi: 10.1016/j.knee.2006.11.008 

27. Larwa J, Stoy C, Chafetz RS, et al. Stiff Landings, Core Stability, and Dynamic Knee Valgus: A Systematic Review on 

Documented Anterior Cruciate Ligament Ruptures in Male and Female Athletes. International Journal of Environmental 

Research and Public Health. 2021; 18(7): 3826. doi: 10.3390/ijerph18073826 

28. Montgomery C, Blackburn J, Withers D, et al. Mechanisms of ACL injury in professional rugby union: a systematic video 

analysis of 36 cases. British Journal of Sports Medicine. 2016; 52(15): 994-1001. doi: 10.1136/bjsports-2016-096425 

29. Yu B, Garrett WE. Mechanisms of non-contact ACL injuries. British Journal of Sports Medicine. 2007; 41(suppl 1): i47-i51. 

doi: 10.1136/bjsm.2007.037192 

30. Podraza JT, White SC. Effect of knee flexion angle on ground reaction forces, knee moments and muscle co-contraction 

during an impact-like deceleration landing: Implications for the non-contact mechanism of ACL injury. The Knee. 2010; 



Molecular & Cellular Biomechanics 2025, 22(1), 1086.  

14 

17(4): 291-295. doi: 10.1016/j.knee.2010.02.013 

31. Englander ZA, Lau BC, Wittstein JR, et al. Patellar Tendon Orientation and Strain Are Predictors of ACL Strain In Vivo 

During a Single-Leg Jump. Orthopaedic Journal of Sports Medicine. 2021; 9(3). doi: 10.1177/2325967121991054 

32. Tseng HJ, Lo HL, Lin YC, et al. Analyze the Differential Rates of Anterior Cruciate Ligament Injuries Between Men and 

Women by Biomechanical Study of Single-Leg Landing in Badminton. Indian Journal of Orthopaedics. 2021; 55(S2): 409-

417. doi: 10.1007/s43465-021-00421-6 

33. Koga H, Nakamae A, Shima Y, et al. Mechanisms for Noncontact Anterior Cruciate Ligament Injuries. The American Journal 

of Sports Medicine. 2010; 38(11): 2218-2225. doi: 10.1177/0363546510373570 

34. Zhao X, Gu Y. Single leg landing movement differences between male and female badminton players after overhead stroke 

in the backhand-side court. Human Movement Science. 2019; 66: 142-148. doi: 10.1016/j.humov.2019.04.007 

35. Hung CL Hung MH, Chang CY, et al. Influences of Lateral Jump Smash Actions in Different Situations on the Lower 

Extremity Load of Badminton Players. J Sports Sci Med. 2020; 19(2): 264-270. 

36. Cejudo A. Lower Extremity Flexibility Profile in Basketball Players: Gender Differences and Injury Risk Identification. 

International Journal of Environmental Research and Public Health. 2021; 18(22): 11956. doi: 10.3390/ijerph182211956 

37. Hughes G, Dally N. Gender difference in lower limb muscle activity during landing and rapid change of direction. Science & 

Sports. 2015; 30(3): 163-168. doi: 10.1016/j.scispo.2015.02.009 

38. Dwyer MK, Boudreau SN, Mattacola CG, et al. Comparison of Lower Extremity Kinematics and Hip Muscle Activation 

During Rehabilitation Tasks Between Sexes. Journal of Athletic Training. 2010; 45(2): 181-190. doi: 10.4085/1062-6050-

45.2.181 

39. Navacchia A, Ueno R, Ford KR, et al. EMG-Informed Musculoskeletal Modeling to Estimate Realistic Knee Anterior Shear 

Force During Drop Vertical Jump in Female Athletes. Annals of Biomedical Engineering. 2019; 47(12): 2416-2430. doi: 

10.1007/s10439-019-02318-w 

40. Teng PSP, Leong KF, Yi Xian Phua P, et al. An exploratory study of the use of ultrasound in the measurement of anterior 

tibial translation under gastrocnemius muscle stimulation. Research in Sports Medicine. 2020; 29(2): 103-115. doi: 

10.1080/15438627.2020.1840378 

41. Ali N, Andersen MS, Rasmussen J, et al. The application of musculoskeletal modeling to investigate gender bias in non-

contact ACL injury rate during single-leg landings. Computer Methods in Biomechanics and Biomedical Engineering. 2013; 

17(14): 1602-1616. doi: 10.1080/10255842.2012.758718 

42. Besier TF, Lloyd DG, Ackland TR. Muscle Activation Strategies at the Knee during Running and Cutting Maneuvers. 

Medicine & Science in Sports & Exercise. 2003; 35(1): 119-127. doi: 10.1097/00005768-200301000-00019 

43. Ramezani F, Saki F, Tahayori B. Neuromuscular training improves muscle co‐activation and knee kinematics in female 

athletes with high risk of anterior cruciate ligament injury. European Journal of Sport Science. 2024; 24(1): 56-65. doi: 

10.1002/ejsc.12046 

44. Zhao W, Wang C, Bi Y, et al. Effect of Integrative Neuromuscular Training for Injury Prevention and Sports Performance of 

Female Badminton Players. Hsieh TH, ed. BioMed Research International. 2021; 2021(1). doi: 10.1155/2021/5555853 

45. Kollmitzer J, Ebenbichler GR, Kopf A. Reliability of surface electromyographic measurements. Clinical Neurophysiology. 

1999; 110(4): 725-734. 


