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ABSTRACT

Introduction: Footwork is one of the training contents that table tennis players and coaches focus on. This study
aimed to gain a thorough understanding of the muscle activity of the table tennis footwork and creating a mus-
culoskeletal model to investigate the muscle forces, joint kinematic, and joint kinetic characteristics of the foot-
work during topspin forehand stroke. Methods: Six male table tennis athletes (height: 171.98 ± 4.97 cm; weight:
68.77 ± 7.86 kg; experience: 10.67 ± 1.86 years; age: 22.50 ± 1.64 years) performed chasse step and one-step foot-
work to return the ball from the coach by topspin forehand stroke. The kinematics, kinetics, and muscle activity of
the lower limb were recorded by the motion capture, force platform, and Electromyography (EMG) system. Sta-
tistical parametric mapping (SPM) analysis was used to investigate any difference between the chasse step and
one-step footwork during the stroke. Results and Conclusion: The muscle force of the biceps femoris long head
(p < 0.001), lateral gastrocnemius (p < 0.001), vastus lateralis (p < 0.001), vastus medial (p < 0.001), rectus femoris
(p < 0.001), and tibia anterior (p < 0.001) of the chasse step were significantly greater than the one-step footwork
during the early stroke phase (stance). At the end of the stroke phase (push-off), the muscle force of the biceps
femoris long head (p < 0.001), medial gastrocnemius (p < 0.001), lateral gastrocnemius (p < 0.001), rectus femoris
(p < 0.001), and tibias anterior (p < 0.001) in the chasse step footwork was significantly greater than the one-step
footwork. The muscle force of the ankle plantar flexor and valgus muscle groups in the one-step was significantly
greater than in the chasse step. Besides, the moment and angle of hip flexion (p = 0.001) and axial rotation
(p = 0.009) were significantly greater for the chasse step than the one-step footwork, as well as the ankle plantar-
flexion angle (p < 0.001) and moment (p < 0.001) of the one-step footwork were significantly higher than the
chasse step footwork. The results of this study can be applied to movement control and injury prevention in table
tennis footwork.

KEYWORDS

Table tennis; footwork; musculoskeletal model; muscle force; topspin forehand

This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

DOI: 10.32604/mcb.2022.027285

ARTICLE

echT PressScience

mailto:sundong@nbu.edu.cn
mailto:guyaodong@nbu.edu.cn
https://www.techscience.com/journal/MCB
http://dx.doi.org/10.32604/mcb.2022.027285
https://www.techscience.com/
https://www.techscience.com/doi/10.32604/mcb.2022.027285


1 Introduction

Table tennis is a highly competitive racket sport, as one of the most popular racket sports attract a large
number of players worldwide [1,2]. Technical-tactical skills were recognized as the most important element
in enhancing the performance of athletes in table tennis [3,4]. And the performance requirements of the
players and the intensity and speed of the movements have been enhanced due to changes in rules and
equipment in table tennis [5]. As a result, further obtaining biomechanical information about athletes’
bodies through modern technology and revealing the internal mechanisms of joints and muscles during
movement is significant for athletes and coaches.

Sports biomechanics is the quantitative study and analysis of the mechanics of professional athletes in
general sports [6]. A large number of studies have been reported on the progress of biomechanical research in
table tennis [2,4,7]. Bańkosz et al. [8] investigated the kinematics information of topspin backhand between
Chinese and Polish female table tennis athletes and they investigated the different playing styles of the
group’s study and coaching system. He et al. [2] compared the kinematic information of topspin forehand
between different level table tennis athletes, they investigated the key difference that the ankle joint
played. MalagoliLanzoni et al. [9] investigated the kinematics information of table tennis rackets during
topspin forehand strokes. The same research team compared the kinematics of table tennis players using
the long line and cross-court topspin forehand loop. They mentioned a significantly larger flexion of the
right knee at the moment of maximum racket velocity during the long line [10]. These studies have shed
some light on the mechanisms underlying the topspin forehand stroke technique in table tennis from a
kinematic perspective. In addition, several studies have revealed the intrinsic influence of kinetics on
table tennis topspin stroke techniques. Lino et al. [11] reported the significance of mechanical energy
generation and transfer to the speed of the racket during the topspin forehand between the different level
athletes. The same research team investigated the effects of racket mass and stroke speed on the kinetics
of the upper limb and trunk in table tennis backhand topspin stroke [12]. These authors’ studies reveal the
mechanisms of energy production and transfer during topspin ball-striking movement and the effect on
racket speed. And provide theoretical guidance for the optimization of stroke skills, especially topspin
forehand stroke. Meanwhile, these studies have provided strong evidence that biomechanical research is
of great importance for the optimization and development of table tennis.

In table tennis competitions, athletes have to play good strategies to win the match [13]. Footwork is one
of the core skills that table tennis players need to master. Athletes have to return to the ready position for the
next movement during the match. Good footwork plays an important role in balancing dynamic stability and
agility [7]. Biomechanical research on footwork in table tennis has received a lot of attention in recent years.
Yang et al. [14] compared the kinematics information of the chasse step between male and female athletes.
The range of motion and joint angle of the knee is significantly greater in male athletes than in female athletes
in the movement of topspin stroke using the chasse step. He et al. [15] compared the plantar kinetics
characteristics between the one-step and chasse step footwork during topspin stroke based on the one-
dimensional statistical parameter mapping (SPM 1d), they reported that in addition to using cushioning
strategies to reduce the load on the dominant leg during landing, athletes can also achieve greater weight
transfer by enhancing plantarflexion. These scholarly studies reveal the mechanisms underlying the
kinematic characteristics of joints, ground reaction forces, and plantar kinetic information in the forehand
topspin movement with the chasse step, one-step, and cross-step footwork. However, due to experimental
conditions and technical limitations, previous biomechanical studies on footwork techniques have focused
less on muscle activity, such as information on the muscle forces of the athlete when performing different
footwork.

The application of technological innovation tools plays an important role in investigating biomechanical
evidence [16,17]. The study of muscle force information enables further understanding of the mechanisms
and functions inherent in motor tasks, as well as providing diagnostic and therapeutic tools for sports injuries
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and rehabilitation in the field of clinical medicine [18]. Such as the example of gait pattern in cerebral palsy
treatment and the recovery process for injured athletes [19]. The musculoskeletal model consists of bones
connected by joints, to which the muscles are attached, forcing the joints to move [20–22].
Musculoskeletal models used in conjunction with non-invasive measurement methods allow the strength
of individual muscles to be obtained for several motor tasks [19]. The use of the OpenSim modeling
environment to construct musculoskeletal models to explore the biomechanical characteristics of
movement has been widely used [20,23]. However, to our knowledge, there is very limited research
related to the use of creating musculoskeletal models to explore muscle force information for table tennis
footwork. To gain a thorough understanding of the muscle activity information of the table tennis
footwork technique and to further reveal its intrinsic mechanisms and functions, this study aimed to
create a musculoskeletal model using OpenSim software to investigate the muscle forces, joint kinematic,
and joint kinetic characteristics between the chasse step and one-step during topspin forehand stroke. The
study can provide the guidelines to be applied to movement control and injury prevention in table tennis
footwork. It was hypothesized that the different footwork would exhibit distinct muscle force, joint
kinematics, and joint kinetics character.

2 Materials & Methods

2.1 Participant
Six male national-level table tennis athletes (height: 171.98 ± 4.97 cm; weight: 68.77 ± 7.86 kg;

experience: 10.67 ± 1.86 years; age: 22.50 ± 1.64 years) from Ningbo University were recruited to
participate in this study. All subjects were free from any neuromuscular injury within 6 months, while all
subjects were right-handed. Before the start of the formal experiment, all subjects were fully informed of
the purpose, process, and requirements of the study, and all subjects provided informed consent. The
Ethics Committee of Ningbo University approved this study (RAGH202108223005.7).

2.2 Experimental Protocol and Equipment
This experiment was carried out in the biomechanics laboratory of the Ningbo University Research

Academy of Grand Health. An eight-camera Vicon motion capture system (Oxford Metrics, Ltd., Oxford,
UK) was used with a force platform (Kistler, Switzerland) to record the kinematics and kinetics data of
subjects during movement. The kinematics and kinetics information was captured at 200 and 1000 Hz,
respectively. Besides, an electromyography (EMG) system (Delsys, Boston, MA, USA) was used to
record the muscle activity at 1000 Hz. Muscle force and activation of five muscles of the right leg were
recorded in this study (Medial gastrocnemius, Lateral gastrocnemius, Semitendinosus, Rectus femoris,
and Tibialis anterior). The mid-point of each muscle was select for attaching the EMG electrodes shown
in Fig. 1. The Gait2392 model was selected to complete the musculoskeletal modeling in the OpenSim
(Stanford University, Stanford, CA, USA), with the thirty-nine reflective markers (12.5 mm in diameter)
placement shown in Fig. 1.

Subjects were asked to wear tights and match table tennis shoes during the experiment and to use
uniform rackets with the DHC Hurricane 3 and Butterfly Tenergy 05 Max rubber sheets, as well as
uniform table tennis balls to complete the test on a professional table tennis table.

2.3 Procedure
At first, subjects completed 10 min of running and 5 min of static stretching at an adaptive speed in the

playground. Secondly, the selected muscle surface skin was cleaned to avoid affecting the accuracy of EMG
data (the skin surface of the selected muscle is first shaved with a razor, and then the skin is cleaned with an
alcohol swab), and then the maximal voluntary contraction (MVC) collection of all muscles was completed.
Subjects were required to stand on the force platform to finish the static coordinates collection. Before the
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formal test, subjects were allowed to complete five test tasks as a way of helping them quickly familiarize
themselves with the laboratory environment.

As shown in Fig. 2A, the process of “a–i” was performed in the chasse step footwork, and the process of
“j–n” was performed in the one-step footwork. In the chasse step footwork, the “a” shows the ready position.
The “a–b” and “e–g” show the backward phase of the first stroke process and second stroke process,
respectively. The “b–d” and “g–i” show the forward phase of the first stroke process and second stroke
process, respectively. In the one-step footwork, the “j” shows the ready position, the “j–l” shows the
backward phase, as well as the “l–n” shows the forward phase.

In the formal test, the coach was asked to shoot the ball with normal served to the first impact zone
(25 cm * 30 cm) and final impact zone (25 cm * 30 cm), respectively. Subjects were asked to perform
topspin forehand by the one-step and chasse step footwork to stroke the ball from the coach to the target
area (25 cm * 30 cm), as shown in Fig. 2B. The length and width of the impact zone and target area are
set concerning previous studies [13]. Subjects were asked to complete three successful strokes by chasse
step footwork, then complete three successful strokes by one-step footwork. The motion capture system,
EMG system, and force platform were connected by electrical signals to achieve the multi-parameter
synchronous acquisition of the data of EMG, kinetic, and kinematic. The motion smoothness was judged
by the subjects themselves, as well as the quality and effect of the ball play were supervised by a
qualified table tennis coach. Experimental operators can also evaluate the validity of data collection based
on data performance.

2.4 Data Processing
The surface electromyography (EMG) signals recorded in the experiment were converted into activation

through RMS processing (0 indicates no activation and 1 indicates full activation), then it was compared with
the activation obtained by the OpenSim optimization algorithm. A 4th-order band-pass filter between 10 and

Figure 1: Illustration of the placement of the reflective markers and EMG electrodes on three sides. The
reflective markers were shown as the red point, and the EMG electrodes were shown as the blue rectangle
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500 Hz was applied to the EMG data before it was full-wave-rectified, as well as a 10 Hz low-pass filter was
used to smooth data.

Fig. 3 showed the data process. Kinematics and ground reaction force (GRF) data of chasse step and
one-step footwork during stroke were acquired and identified by the Vicon Nexus 1.8.6 software. The
data was exported into a c3d. format file by the Vicon Nexus software, then performs coordinate system
conversion, low-pass filtering, data extraction, and format conversion for kinematics and ground reaction
force data by MATLAB R2019a (The MathWorks, Natick, MA, USA).

Figure 2: (A) Illustration of chasse step and one step footwork. (B) Illustration of experiment process of a
table tennis stroke
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In MATLAB R2019a, perform the following steps: (1) converted the coordinate system of the
kinematics and GRF data to the subsequent simulations coordinate system. (2) Use the 6 and 30 Hz
fourth-order zero-phase lag Butterworth low-pass filters to filter the marker trajectory and the GRF. (3)
The kinematics and GRF data of chasse step and one-step footwork during stroke were extracted and
converted to the trc. and mot. formats required by the OpenSim simulation software.

In OpenSim, perform the following steps: (1) Import the statics model and obtain the anthropometric
model of subjects by the scale tool. Identify the starting and ending point of muscle, as well as ensure the
moment arms consistent with the subjects’ limb length [20,24]. (2) Calculate the kinematics data of the
one-step and chasse step footwork during a stroke by the inverse kinematics tool (IK) and created a
motion file (mot). Then, import the markers and GRF files by the inverse dynamics tool and calculate the
joint moment of the subjects. (3) Smoothing the kinematics data by the residual reduction algorithm to
improve the preciseness of the dynamic data to be consistent with the kinematics and kinetics data
measured in the experimental. (4) Calculate the muscle activation and the muscle force by the computed
muscle control (CMC) with the smoothed kinematics data calculated in the last step [20,25].

2.5 Statistical Analysis
For statistical parametric mapping (SPM) analysis, lower limb joint angle and moment, as well as the

muscle force of the chasse step and one-step footwork during stroke were extracted. All data of the stroke
phase was expended into a time series curve of 101 data points by a MATLAB custom script. The open-
source SPM1d paired samples t-test script was used to analyze the difference in joint angle, joint
moment, and muscle force between the chasse step and one-step footwork during stroke [20,26,27]. The
significance level was set at p < 0.05 in this study.

Figure 3: Flowchart of data processing
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3 Results

3.1 Model Validation
As shown in Fig. 4, the lower limb muscle EMG signals and activations from OpenSim optimization at

the chasse step and one-step footwork during stroke were compared. Including biceps femoris long head
(biceps femoris lh), lateral gastrocnemius, medial gastrocnemius, rectus femoris, semitendinosus, tibialis
anterior, vastus lateralis, and vastus medialis. According to Fig. 4, The lower lime muscle activation of
the chasse step and one-step footwork during stroke calculated by the musculoskeletal model was similar
to the surface EMG signal recorded in the experiment, which indicated that the OpenSim model data in
this study was relatively reliable.

3.2 Joint Angle and Moment
Fig. 5 showed the SPM analysis result of the lower limb joint angle of the chasse step and one-step

footwork during the stroke. Fig. 6 showed the SPM analysis result of a joint moment of the chasse step
and one-step footwork during the stroke. Fig. 7 showed the SPM analysis result of muscle force of
the chasse step and the one-step footwork during the stroke. The ankle plantarflexion joint angle and
moment of one-step footwork were significantly higher than chasse step footwork in the 50.51%–87.75%
(p < 0.001), 55.75%–87.00% (p < 0.001) stroke phase, respectively. The subtalar joint valgus angle and
moment of in the one-step footwork were significantly higher than the chasse step footwork in the
18.5%–100% (p < 0.001) and 56.71%–86.47% stroke phase (p < 0.001), respectively. The knee flexion
angle and moment of the one-step footwork were significantly higher than the chasse step footwork in the
42.83%–100% (p < 0.001), and 48.57%–87.21% stroke phase (p < 0.001), respectively. However, the
knee flexion angle and moment in 8.61%–30.19% (p = 0.008) and 2.82%–40.97% (p < 0.001) stroke
phase of the chasse step were significantly higher than the one-step footwork. Besides, the hip flexion
angle in the 16.55%–49.23% stroke phase (p = 0.001) and the hip extension moment in the 32.63%–

58.37% stroke phase (p < 0.001) are significantly greater in the chasse step than the one-step footwork.
The chasse step footwork shows a significantly higher angle of hip abduction in the 59.77%–69.80%
stroke phase (p = 0.009). The chasse step footwork hip external rotation angle in 48.20%–73.85%,
93.05%–100% stroke phase and moment in 58.84%–77.88%, 86.87%–100% stroke phase was
significantly higher than the one-step footwork, respectively.

Figure 4: Comparison of lower limb muscle EMG signals and activations from OpenSim Optimization
between the chasse step and one step during stroke in table tennis
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Figure 5: Illustration of the result between the chasse step and one step showing the statistical parametric
mapping outputs for the lower limb joint angle during the stroke phase. Grey-shaded areas indicate that there
are significant differences (p < 0.05) between the chasse step and one step
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Figure 6: Illustration of the result between the chasse step and one step showing the statistical parametric
mapping outputs for the lower limb joint moment during the stroke phase. Grey-shaded areas indicate that
there are significant differences (p < 0.05) between the chasse step and one step
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3.3 Muscle Force
The muscle force of the biceps femoris in the chasse step footwork was significantly greater than the

one-step footwork in the 24.42%–50.87% (p < 0.001) and 88.04%–100% (p < 0.001) stroke phase. The

Figure 7: Illustration of the results between the chasse step and one step showing the statistical parametric
mapping outputs for the lower limb muscle force during the stroke phase. Grey-shaded areas indicate that
there are significant differences (p < 0.05) between the chasse step and one step
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muscle force of the lateral gastrocnemius in the chasse step footwork in 9.52%–47.54% (p < 0.001) and
86.89%–99.68% (p < 0.001) stroke phase as well as medial gastrocnemius muscle force in 28.55%–

51.56% (p < 0.001) and 89.67%–100% (p < 0.001) stroke phase is significantly greater than one step.
The muscle force of the medial gastrocnemius and the lateral gastrocnemius of the one-step footwork was
significantly greater than the chasse step footwork in 63.75%–81.78% and 61.13%–82.29% stroke phase,
respectively. Lateral vastus muscle forces in the 8.67%–43.45% (p < 0.001) and medial vastus muscle
forces in the 8.40%–44.10% (p < 0.001) stroke phase in chasse step were significantly greater than the
one-step footwork. The rectus femoris muscle force in the 16.54%–34.49% (p < 0.001) and 87.14%–

100% (p < 0.001) stroke phase in the chasse step was significantly greater than one-step, but significantly
less than one-step footwork in the 44.14%–56.65% (p < 0.001) and 65.88%–80.87% (p < 0.001) stroke
phase. The semitendinosus muscle force in the chasse step was significantly greater than one-step
footwork during the 29.45%–52.01% (p < 0.001) stroke phase. The tibialis anterior muscle force in the
chasse step during 14.93%–39.56% (p < 0.001), 51.43%–65.58% (p < 0.001) and 88.74%–100%
(p < 0.001) stroke phase was significantly greater than one-step, but significantly less than one-step
footwork in the 71.24%–82.61% (p < 0.001) stroke phase.

4 Discussion

Chasse step and one-step footwork are highly repetitive movements in table tennis that helps athletes to
reach an appropriate position and area to execute topspin forehands [1,27–29]. This study uses an
individualized OpenSim musculoskeletal model to reveal the joint angle, joint moment, and muscle force
characteristics of the lower limb joints during a stroke with the chasse step and the one-step footwork,
which further investigate the internal mechanism of energy transfer and biomechanical in table tennis
footwork and the risk of possible sports injury. The key findings of this study were that the muscle force
of the biceps femoris long head, lateral gastrocnemius, vastus lateralis, vastus medial, rectus femoris, and
tibia anterior of the chasse step was significantly greater than the one-step footwork during the early
stroke phase (stance). At the end of the stroke phase (push-off), the muscle force of the biceps femoris
long head, medial gastrocnemius, lateral gastrocnemius, rectus femoris, and tibias anterior in the chasse
step footwork was significantly greater than the one-step footwork. The muscle force of the ankle plantar
flexor and valgus muscle groups in the one-step was significantly greater than in the chasse step. Besides,
the moment and angle of hip flexion and axial rotation were significantly greater for the chasse step than
the one-step footwork, as well as the ankle plantarflexion angle and moment of the one-step footwork
were significantly higher than the chasse step footwork. The results of this study were consistent with our
hypothesis that both footwork had significant differences in muscle strength, joint angles, and moments.
This study can provide theoretical guidance for motion control and injury prevention to table tennis
players and coaches.

Overall, the moment and angle of hip flexion and axial rotation were significantly greater for the chasse
step than for the one-step footwork, which is consistent with previous studies [7,28]. Compared to one-step
footwork, the chasse step requires a greater distance and is accompanied by a full-body weight transfer. Hip
flexion and axial rotation moments add to the racket’s maximum acceleration by the kinetic chain that
follows the proximal-to-distal segmental sequences [28,30,31], and the transfer of whole body weight
creates greater energy transfer, further enhancing the stroke impact. The ankle plantarflexion angle and
moment of the one-step footwork were significantly greater than those of the chasse step footwork, which
was inconsistent with previous studies [15,28], and the possible reason was that the difference in the
distance traveled in the one-step footwork and the difference in ball speed resulted in athlete adjustment
different motor control strategies of the lower limb. The muscle force of the biceps femoris lh, lateral
gastrocnemius, vastus lateralis, vastus medial, rectus femoris, and tibia anterior of the chasse step is
significantly greater than the one-step footwork during the early stroke phase (stance). At the end of the
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stroke phase (push-off), the muscle force of the biceps femoris lh, medial and lateral gastrocnemius, rectus
femoris, and tibias anterior in the chasse step footwork is significantly greater than the one-step footwork.
This may be because the chasse step footwork is to quickly reach the target area to complete the stroke
movement by transferring the weight of the whole body through the large movement of the full feet,
which results in a more powerful load on landing, so the lower limb muscles are required to provide
more powerful muscle force to maintain the stability of the joints and the quality of the movements, this
finding consistent with previous studies [13,15,32]. The large-scale transfer of whole-body weight leads
to a large-scale transfer in the center of gravity, so at the end of the stroke phase, the lower limb muscles
need to provide stronger muscle force to prepare for the next transfer in the center of gravity. A high-
quality hitting movement through continuous movement in all directions in a limited area, and the
stronger lower limb driving force provide the basis for this rapid and frequent change of directional
movement, which is consistent with previous research [33]. Besides, to perform a high-rotation, low-
height forehand topspin, the player must bend the knee strongly [34], suggesting important contributions
from knee flexor and extensor muscle groups such as the biceps femoris, vastus medialis, vastus lateralis,
rectus femoris. Racquet athletes rely more on the movement of the dominant leg [28]. This can lead to a
high muscle asymmetry degree in the extremities of racket athletes, and greater asymmetry of muscle can
disrupt the movement rhythm and increase the sports injury risk [28,35]. The greater knee flexion angle
and moment in the chasse step footwork during the early stroke phase (stance) means that is more
effective in joint rotation which promotes energy accumulation. Greater knee flexion allows athletes to
better utilize energy transfer throughout the kinematic chain to achieve a proper velocity of the racket
based on the proximal-to-distal segmental sequences [36]. And the agreed result has been reported in a
previous study [28]. Also, according to Fig. 6, the change in knee moment for the chasse step footwork
shows a faster rate of energy transfer, which may also explain the flexibility of the chasse step relative to
the one-step footwork. However, attention should also be paid to the risk of sports injuries caused by
excessive knee fatigue that may result from prolonged training with the chasse step footwork. The larger
loading magnitudes on the ankle and knee joint found in the chasse step and cross-step footwork during
the topspin forehand would predispose the table tennis athletes to overuse conditions such as jumper knee
[37] and ankle sprain injuries [38].

Combine Figs. 5–7 we can observe that the one-step footwork was significantly higher than the chasse
step footwork on the parameters of the joint angle and joint moment of plantar flexion and valgus, as well as
the muscle force of the plantar flexor and valgus muscle groups. It means that greater muscle force of the
medial and lateral gastrocnemius in the one-step footwork provides greater plantarflexion moments and
angles. This may explain why gastrocnemius muscle activity is higher when the heel take-off due to
plantar flexion during stroke [39,40]. Besides, the significantly higher knee flexion angle was observed in
one-step footwork, greater knee flexion and greater plantarflexion allow athletes to better utilize energy
transfer throughout the kinematic chain to achieve a proper velocity of racket based on the proximal-to-
distal segmental sequences [36].

However, there are a few limitations to this study. Firstly, joint forces were not examined in this study. In
future research, the joint contact forces of the knee and ankle joints during forehand topspin stroke need to be
detected and considered to accurately diagnose and prevent sports injuries. Secondly, this study did not detect
the racket velocity, upper limb movement, and the velocity of the ball shooted by the coach. In future
research, we will consider combining the racket movement with the biomechanical information of the
whole body joints and muscle force information to further explore the key information of table tennis
movement. Thirdly, there are only male participants in this research, so the result of this research hasn’t
considered the gender factor. Finlay, the sample size of this research has to be mentioned. There was a
total of six national-level players who joined this study, finding a large number of athletes of the same

232 MCB, 2022, vol.19, no.4



level was not easy. Due to the limitation of the sample size, the practical application of the results of this study
may require further support from future studies.

5 Conclusions

The lower limb muscle force, joint angle, and moment of table tennis footwork during topspin forehand
stroke were investigated based on the OpenSim musculoskeletal model and statistical parametric mapping
analysis. The results of this study can be applied to movement control and injury prevention in table
tennis footwork. Based on the results of this study, we recommend (1) strengthening the knee flexor and
extensor muscle groups, such as the rectus femoris, biceps femoris, vastus lateralis, vastus medialis,
medial gastrocnemius, and lateral gastrocnemius, to strengthen the chasse step footwork during landing to
create a stable backward phase, (2) strengthen the hip flexor/extensor muscles, brings a gain to the
racket’s maximum acceleration; (3) Strengthen the plantarflexor muscle groups, such as the medial
gastrocnemius and lateral gastrocnemius, thereby enhancing the power transfer of the one-step footwork
at the end stroke phase during topspin forehand; (4) Strengthen the muscle strength training of the non-
dominant legs of table tennis players to reduce the risk of sports injuries.
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