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Abstract 
Table tennis athletes are required to execute appropriate footwork 
moving to the best position to hit the ball, while the chasse-step 
and one-step are typically employed in table tennis. This study 
aims to examine the difference in joint angles, joint moments, 
joint contact forces, and activation of lower limb muscles during 
the stance of chasse-step and one-step. Eighteen male table tennis 
athletes volunteered to perform topspin forehand with chasse-step 
and one-step. An eight-camera motion capture system and instru-
mented force plate were used to record makers’ trajectories and 
ground reaction force, which was then used to calculate the kine-
matics and kinetics with Inverse Kinematics and Inverse Dynam-
ics in OpenSim. Surface electromyography signals were meas-
ured to validate the musculoskeletal OpenSim modeling. Hip 
flexion angle and moment increased in the backward swing phase 
during the stance of one-step. Knee extension of the chasse-step 
increased more during the forward swing phase. Hip contact force 
increased in the anterior-posterior direction of one-step and the 
chasse-step in the medial-lateral direction. Key findings suggest 
that the chasse-step may increase the quality of footwork perfor-
mance and prepare the next step but shows higher injury risk in 
knee joints. While the one-step may have faster performance for 
scoring and high injury risk in hip joint. The information may 
provide implications for athletes and coaches to improve athletic 
performance and develop specific footwork training schemes to 
prevent potential injuries. 
 
Key words: Table Tennis, Footwork; OpenSim, EMG, Musculo-
skeletal Modelling. 

 
 
Introduction 
 
Table tennis is a complex racket sport involving movement 
coordination, power management, and balance control to 
produce athletic performance (Nikolakakis et al., 2020). To 
improve athletic abilities, table tennis athletes are required 
to master set-up, footwork, stroke, and several key tech-
nical skills. Fuchs et al., (2018) emphasized the signifi-
cance of footwork in table tennis and mentioned that foot-
work analysis involved tracking and examining the ath-
letes’ body movements toward the ball during the rally. 
During each movement, table tennis athletes should be ca-
pable to employ the proper footwork to reach a suitable po-
sition before stroke (Malagoli Lanzoni et al., 2010). Basic 
table tennis footwork includes one-step, chasse-step, slide-
step, cross-step, and pivot-step (Lam et al., 2019; Malagoli 

Lanzoni, 2020). Among the notational match analysis, 
Malagoli  Lanzoni et al., (2014) suggested  that Asian ath- 
letes showed quicker footwork performance compared to 
Europeans.  Malagoli Lanzoni, (2020) compared male and 
female table tennis athletes' competitions and found that 
males preferred one-step and pivot-step over females. 
Knowledge of footwork biomechanics would be of great 
interest and practical significance for table tennis athletes, 
coaches, and biomechanical researchers. 

Table tennis movement is associated with lower 
limb coordination patterns from the widely reported kine-
matic characteristics. He et al., (2021) demonstrated that 
elite athletes showed a larger angular changing rate of an-
kle dorsiflexion and range of motion, as well as plantar-
flexion, than medium-level athletes. During the forehand 
topspin loop, higher-level athletes had greater hip exten-
sion and internal rotation, as well as reduced internal rota-
tion of the ankle and knee joint in the forward phase (Wang 
et al., 2018). Higher-level athletes exhibited reduced fore-
foot plantarflexion and abduction during the cross-step end 
phase (Shao et al., 2020). Our previous study about sex dif-
ferences in chasse-step exhibited that the flexion angles of 
the hip and knee joints in males were larger throughout the 
movement phase, and the internal rotation angle of the hip 
joint was  significant during the forward swing phase 
(Yang et al., 2021; 2022). Understanding lower limb bio-
mechanics related to footwork could provide valuable in-
sights for improving movement techniques and developing 
effective training programs. 

Kinetics of the lower limb may affect athletic per-
formance and injury risk. Lower limbs, as the origin of en-
ergy, could transfer the optimal activation of each segment 
in the lower limb upward through the kinetic chain to im-
prove stroke quality (Elliott, 2006). Taking tennis sport as 
an example of the kinetic chain, Ben Kibler (1995) studied 
tennis biomechanics and calculated that more than 50 per-
cent of the total force was generated through the lower 
limbs, including lower leg, hip, and torso. In the whole ki-
netic chain of the tennis serve, the lower limb and core pro-
vide a stable foundation, and the coordinated movements 
generate the most effective force production to hit the ball 
(Saini et al., 2020). While exploring tennis-related injuries, 
significant stress on joints and the spine were similarly ob-
served in table tennis. In addition, due to the large number 
of muscle impulses required for execution in the case of 

Research article 



Chasse-step and one-step footwork in table tennisa 
 

 

 

454 

techniques in tennis, the situation was similar to table ten-
nis (Mocanu et al., 2020). Quantifying kinetic and muscle 
activation characteristics could provide biomechanical in-
sights to help table tennis athletes and coaches optimize  
footwork strategies. 

Previous table tennis-related studies mainly focused 
on kinematic analysis, but little information was reported 
about joint contact forces and muscle activations of table 
tennis footwork, which may affect performance and inju-
ries (Iino, 2018; He et al., 2022; Yang et al., 2022). Thus, 
this study aims to investigate the joint kinematics, joint ki-
netics, joint contact forces, and muscle activations between 
table tennis chasse-step and one-step footwork. It is hy-
pothesized that two different footwork would show signif-
icant differences in several biomechanical characteristics 
of the lower limb. The information would assist table ten-
nis coaches and athletes in understanding the biomechani-
cal mechanisms of footwork performance and developing 
training schemes to prevent potential injuries. 
 
Methods 
 
Participants 
Eighteen elite Chinese male table tennis athletes (National 
Level I) volunteered to join this study (Table 1). All partic-
ipants had no history of lower limb pain or disorders within 
the past two years and were free from injury for at least six 
months before this study. All participants held the racket 
with the right hand employed for a match or competition, 
defined as dominant side. All participants were informed 
of the benefits and risks of the study before signing con-
sent. This research was approved by the Human Ethics 

Committee from the research institute at Ningbo Univer-
sity (RAGH20211009). 
 

Experimental Procedures 
An eight-camera motion capture Vicon system (Oxford 
Metrics Ltd., Oxford, UK) was used to capture the 
marker trajectories with a frequency of 200Hz. An in-
ground instrumented force plate (AMTI, Watertown, MA, 
US) was utilized to record the ground reaction force with a 
frequency of 1000 Hz. A 52-marker set (diameter: 14 mm) 
was used for all participants during the experiment. The 
markers were attached to the left and right upper and lower 
limb, which locations included: the shoulder, distal joint of 
humerus, radius and ulna, the proximal joint of the second 
and fifth phalanx, iliac spine, condyle, malleolus, first and 
fifth metatarsal heads, distal joint of the first and second 
toe, as well as tracking clusters attached to the elbow, wrist, 
thigh, shank, and heel (Figure 1i). 

Surface electromyography (EMG) signals were rec-
orded via an EMG system (Delsys, Boston, MA, United 
States) for muscle activities. Surface electrodes were at-
tached to the lower limb (Figure 1_ii), including the rectus 
femoris (RF), bicep femoris lateral (BF), vastus lateralis 
(VL), vastus medialis (VM), tibia anterior (TA), gas-
trocnemius medial (GM), gastrocnemius lateral (GL). All 
participants were required to jog for 15 mins on the tread-
mill. After a warm-up and experimental environment fa-
miliarization, the electrodes were attached to the corre-
sponding muscles' skin surface (belly), which was wiped 
with alcohol to reduce impedance (Wang et al., 2018). To 
obtain the maximal value of the muscle activity, the ath-
letes performed two maximum voluntary contractions 
(MVC) tests with isometric contractions. 

            
                        Table 1. Participants’ anthropometric information (Mean ± SD). 

Age(years) Height(cm) Weight(kg) Training Experience (years) Leg Length(cm) 
21 ± 1.36 1.76 ± 0.06 73.0 ± 2.8 15.0 ± 1.20 100.00 ± 8.58 

 
 

 
 

Figure 1. The anatomical landmarks of the marker-set (i); Attachment of Mus-
cle EMG locations in the lower limb (ii).  
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Experimental tests were conducted in a motion cap-
ture lab facilitated with eight Vicon cameras and an in-
ground AMTI force plate. All participants held the same 
table tennis racket and wore the same table tennis shoes. 
After a 15-minute classical multi-ball training with chasse-
step and one-step, all athletes were asked to hit the ball with 
two different footwork, including two shots in chasse-step 
and one shot in one-step. For all topspin forehand serves 
by the coach, each participant, using a chasse-step from the 
first (Figure 2ia) and final impact zones (Figure 2ib), and 
one-step from the final impact zone separately, hit the ball 
onto the diagonal court, which was the target zone (Figure 
2_i_c). The table tennis ball employed for this study was 
the same as that used in most competitions, with the brand 
information (D40+, Double Happiness Sports Company, 
Shanghai, China). The smoothness of motion and quality 
of strokes were judged by the professional coach who 
served the ball during the experiment. Data of marker tra-
jectories and ground reaction force from one static and four 
successful trials, including lower limb EMG signals, were 
synchronously collected during the foot landing on the 
force plate, which is the last shot in the final impact zone. 
 
Data processing and musculoskeletal modeling 
This study mainly analyzed the stance landing on the force 
plate of chasse-step and one-step. As per the arm move-
ment, the stance was divided into the backward swing 
phase (BP) and forward swing phase (FP), as previously 
validated in our recent study (Yang et al., 2021). After 
standardization, participants entered the BP (Figure 2_ii_b) 
when landing on the force plate with footwork, about 30% 
of the whole stance was the end of BP (Figure 2_iv_c), fol-
lowed by the FP (Figure 2_ii_d), and 60% of the stance was 

the end of FP (Figure 2_ii_e), and then returned to the 
ready position (Figure 2_ii_a). 

This study employed a previously validated Open-
Sim Musculoskeletal model (v4.2) for data processing as 
per the established pipelines (Hamner and Delp, 2013; Seth 
et al., 2011). The model was firstly scaled following the 
static markers position of each participant to achieve an an-
thropometric-match athlete-specific model. To reduce the 
error, the Inverse Kinematics (IK) with weighted markers 
was taken to calculate the joint angles. The joint angles 
were then used in an Inverse Dynamic (ID) algorithm to 
compute the joint moments. The Static Optimization algo-
rithm analyzed the muscle activation and muscle forces. 
The muscle activation was compared against the EMG 
muscle activities to validate the musculoskeletal modeling 
in this study. The computed muscle forces during the foot-
work stance started to end with the platform's force for 
muscular contribution analysis. 

The surface EMG signals were filtered by bandpass 
(10 - 500Hz, FTT filter) with root mean square (RMS). By 
the two maximum voluntary contractions (MVC) tests, the 
highest value of the EMG envelope was retained as the ref-
erence. The same method was used to determine the EMG 
peak amplitude for chasse-step and one-step. The EMG 
amplitude was averaged for each muscle, followed by the 
footwork test. 

As in Equation 1, the root mean square (RMS) cal-
culation algorithm was used for MVC and table tennis foot-
work trials in the Delsys EMG work Analysis software (S 
represents window length (points), and f(s) represents data 
in the window) (Klyne et al., 2012). 

  

  RMS ൌ ሺ
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௦
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భ
మ            (1) 

 
 

 
 

Figure 2. Experimental setup (i) of chasse-step and one-step; (ii) the division of stance, a - the ready 
position (RP), b - the backward swing phase (BP), c - the end of BP, d - the forward swing phase (FP), 
and e - the end of FP.  
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Model simulated activation was reported on a scale from 
zero to one from Opensim, with zero representing non-ac-
tivation and one representing maximum activation 
(Hamner et al., 2010; Hamner and Delp, 2013; Rajagopal 
et al., 2016). As Equation 2, EMG signals activities of two 
different footwork were normalized to a zero-one scale 
(Schmid et al., 2010). 

 

AEMG ൌ
௧௥௜௔௟ ோெௌ ௔௠௣௟௜௧௨ௗ௘ ௩௔௟௨௘

ெ௏஼ ோெௌ ௔௠௣௟௜௧௨ௗ௘ ௩௔௟௨௘
        (2) 

 

Statistical analysis 
The statistical analysis included the joint kinematics, joint 
moments, and joint contact forces of the right lower limb. 
The normality of data (Shapiro-Wilk test) was checked be-
fore statistical analysis. Independent sample t-tests were 
taken for each dependent variable between the chasse-step 
and one-step. 

The open-source Statistical Parametric Mapping 1D 
package (SPM 1D) was utilized for statistical analysis. All 
extracted data were analyzed in MATLAB R2019a (The 
MathWorks, MA, United States), with a significance 
threshold 0.05. 
 
Results 
 
Hip joint 
As outlined in Figure 3i, hip joint angles between the 
chasse-step and one-step showed significant differences in 
the three-dimensional planes. At the hip joint during one-
step, flexion increased at 0% - 5% (p = 0.045) and 59%-
60% (p = 0.049) (Figure 3ia), while abduction increased 
from 15% to 50% (p < 0.001) (Figure 3ib). In addition, in-
ternal rotation increased at 20%-25% (p = 0.0045) (Figure 
3ic). 

Figure 3ii shows the comparison of hip joint mo-
ments between the chasse-step and the one-step. Chasse-
step increased more extension moment at 6% - 10% (p = 

0.020) and more flexion moment at 62% - 68% (p = 
0.0014), 85% - 95% (p < 0.001), 98% - 100% (p = 0.042) 
than one-step (Figure 3iia). Adduction moment increased 
at 50% - 60% (p < 0.001) and 78% - 83% (p = 0.001) during 
the stance of one-step (Figure 3iib). Increased external ro-
tation moment of one-step was observed across stance at 
55 - 62% (p = 0.007) and 78%-81% (p = 0.033) (Figure 
3iic). 

Hip joint contact forces were reported in Figure 3iii. 
The contact force of the hip joint increased in the ant-post 
direction at 15% - 35% (p < 0.001) and 53% - 85% (p < 
0.001) during one-step (Figure 3iiia). In the med-lat direc-
tion, the contact force of the chasse-step increased across 
stance at 0 - 2% (p = 0.049), 8% - 12% (p = 0.004), and 
20% - 28% (p < 0.001), while one-step increased at 57% - 
63% (p < 0.001) (Figure 3iiib). Furthermore, the contact 
force of the hip joint increased in the sup-inf direction at 
35% - 48% (p < 0.001) during the stance of the chasse-step 
and 55% - 75% (p < 0.001) during the stance of the one-
step (Figure 3iiic). 
 
Knee joint 
Figure 4 shows the comparison of knee joint angles be-
tween the chasse-step and the one-step. The knee joint an-
gle of one-step increased flexion from 40% to 85% (p < 
0.001) and from 99% to 100% (p = 0.049) (Figure 4a). 
However, there were no significant differences observed in 
knee joint angles in the frontal and transverse planes, re-
spectively  
(Figure 4b, 4c). 

As shown in Figure S1 of supplementary, the exten-
sion moment increased at 12% - 25% (p < 0.001) of the 
chasse-step, 40% - 75% (p < 0.001) of the one-step (Figure 
S1_a). Adduction moment increased at 55% - 63% (p = 
0.002) during one-step (Figure S1b). During chasse-step, 
the knee external rotation moment increased more at 28% 
- 35% (p < 0.001) than one-step (Figure S1c). 

 
 

 
 

Figure 3. The hip joint angles (ia - ic) during chasse-step and one-step with statistics (SPM{t}) from SPM1d. The 
SPM1d statistical information described with stance divided representation (id); The hip joint moments (iia - iic) 
during chasse-step and one-step with statistics (SPM{t}) from SPM1d; The hip contact forces (iiia – iiic) during 
chasse-step and one-step with statistics (SPM{t}) from SPM1d.  
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Knee contact forces were shown in Figure S2 dur-
ing the chasse-step and one-step. The contact force in-
creased in the ant-post-direction at 0 - 1% (p = 0.049) dur-
ing stance of chasse- step, but 45% - 75% (p < 0.001) dur-
ing stance of one-step (Figure S2a). The knee contact force 
increased during chasse-step stance at 8%-10% (p = 0.042) 
in the med-lat direction (Figure S2b). In the sup-inf direc-
tion, the contact force of chasse-step was increased across 
stance at 6% - 9% (p = 0.032) and 18% - 22% (p = 0.05). 
However, the contact force in the sup-inf direction of one-
step increased during 55% - 75% (p < 0.001) (Figure S2c). 
 
Ankle joint 
The ankle angles and moments were showed in Figure S3. 
One-step had more dorsiflexion than chasse-step at 45%-
68% (p = 0.002) (Figure S3_a) and showed more plantar-
flexion moment at 55% - 72% (p < 0.001) (Figure S3_b). 
As shown in Figure S4, ankle contact force of chasse-step 
increased at 2% - 6% (p = 0.025) in the ant-post direction 
and 2% - 4% (p = 0.026) in the med-inf direction. Addi-
tionally, ankle contact force increased at 57% - 72% (p < 

0.001) in the ant-post direction and 50% - 70% (p < 0.001) 
in the med-inf direction during stance of one-step (Figure 
S4_a, S4_b). The contact force of ankle joint increased at 
2% - 5% (p = 0.021) with chasse-step, and 58% - 73% (p < 
0.001) with one-step in the sup-inf direction (Figure S4_c). 
 
EMG 
The EMG signals from the experiments were converted to 
activation, from 0 (no activation) to 1 (full activation). Fig-
ure 5 presents seven lower limb muscles of the EMG am-
plitude calculated for the chasse-step (Figure 5a) and one-
step (Figure 5b). Most muscle activities were similar be-
tween OpenSim modelling and EMG signals. RF was mod-
erated to strongly activated during the stance of one-step. 
Both VM and VL EMG activity levels measured were 
smaller and statistically different between the two table 
tennis steps. BF and GL showed 60% activation with 
chasse-step and one-step. GM exhibited a greater level of 
activity during the chasse-step. The one-step EMG ampli-
tude of TA was measured to be greater than the chasse-
step. 

 
 

 

 
 

Figure 4. The knee joint angles (a-c) during chasse-step and one-step with statistics (SPM{t}) from SPM1d. 
 

 

 

 
 

Figure 5. Chasse-step (a) and One-step (b) muscle level of activity (rectus femoris (RF), bicep femo-
ris (BF), vastus lateralis (VL), vastus medialis (VM), tibia anterior (TA), gastrocnemius medial (GM), 
gastrocnemius lateral (GL)).  
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Discussion 
 
This study aimed to compare the kinematics and kinetics 
of the lower limb and discuss how muscle forces affect the 
dynamics of the lower extremity between chasse-step and 
one-step footwork in table tennis. The findings of this study 
supported the hypothesis that joint angles, moments, and 
contact forces differed significantly between different foot-
work in table tennis. Specifically, hip joint flexion angle 
and moment increased in the backward swing phase of one-
step. The knee joint extension angle increased during the 
forward swing phase in the chasse-step, but knee flexion 
angle increased in the one-step during the same swing 
phase. In the ant-post direction, hip joint contact force in 
one-step increased during the whole phase. In addition, the 
contact force of the hip joint increased during the chasse-
step in the med-lat direction. There are no significant re-
sults observed in the ankle joint, thus not discussed in the 
current section but reported in the Appendix. After the end 
of the forward swing movement based on the z-component 
of displacement (Bańkosz and Winiarski, 2017), it was 
found that athletes had movements from back to the ready 
position with angles and moments defining this phase as a 
follow-swing phase. 
 
One-step 
One-step in table tennis was usually employed when the 
opponent quickly played the ball and spent a shorter time 
going to the right position to stroke the ball (Malagoli 
Lanzoni et al., 2010). Increased hip flexion angle and mo-
ment in the backward swing phase and increased knee flex- 
ion angle in the forward swing phase were observed in one-
step, which may suggest that one-step may be used with 
insufficient time for stroke, so table tennis athletes em-
ployed the hip and surrounding muscles to stabilize the 
body for stroke return. A stable and strong lower limb 
foundation is crucial for precise whole-body movements in 
table tennis, which was highlighted that the movement of 
the hip joint played a crucial role in generating and trans-
ferring energy during table tennis (Qian et al., 2016). The 
hip provided dynamic stability for the whole kinetic chain 
in the process of table tennis movement (Gu et al., 2019; 
Wang et al., 2018). In addition, knee joint flexion in racket 
sports athletes is essential for maintaining precise stability 
(Lees, 2003). However, from the table tennis review of in-
juries, the high involvement of the hip and knee joints in 
table tennis made it a primary site of lower limb injury 
(Ferrandez et al., 2021; He et al., 2022). This key finding 
could be concluded that the one-step employed the hip and 
knee to keep stability, which may also hint at a higher in-
jury risk. 

As an open chain of motion, table tennis was de-
signed to accelerate the distal segment (Iino and Kojima, 
2011). The greater contact force in the ant-post direction of 
the hip joint may allow athletes to use the dominant hand 
for forwarding to hit the ball returning the opponent. Sim-
ilarly, an increase in the forward component of certain joint 
ranges of motion facilitated the impact-hitting force, which 
reported that the increased forward bending might improve 
the scoring rates (Bańkosz and Winiarski, 2018b). The gen-
eration of axial rotational torque in the pelvis on the        

dominant side was crucial for achieving high horizontal 
racket speed (Iino, 2018). The pelvis's backward tilting 
torque contributed to the acceleration of the racket speed 
generation, which may suggest that the one-step was typi-
cally employed to improve the faster performance for di-
rectly winning the point. 
 
Chasse-step 
The hip contact force in the med-lat direction increased 
during the chasse-step, which may infer that the chasse-
step used side direction movement moving to the appropri-
ate position for preparation for the next stroke. Malagoli 
Lanzoni et al. (2014) reported that the chasse-step was used 
to execute a wide range of defensive and offensive strokes 
through side movements via comparing different footwork. 
Zhou et al. (2021) noted that the medial and lateral ground 
reaction force of the chasse-step was significantly larger 
than the cross-step. In the comparison between the long 
chasse-step and the short chasse-step, the short chasse-step 
was more conducive to efficiently transitioning to the next 
phase (Yu et al., 2019). Thus, it might be summarized that 
the chasse-step among table tennis footwork is related to 
maintaining the next strokes. 

Chasse-step could cover a medium distance and 
play harder stroke return (Malagoli Lanzoni et al., 2010). 
The knee extension angle was significantly increased dur-
ing the forward swing phase in the chasse-step, which may 
be related to improving movement quality. Table tennis re-
quires athletes to maintain a semi-bent knee position at an 
angle of 90 degrees or more over an extended period 
(Rajabi et al., 2012). High-level table tennis athletes could 
utilize the knee joint more efficiently to facilitate upper 
limbs than low-level athletes (Bańkosz and Winiarski, 
2018a). By comparing the chasse-step between males and 
females, it was found that males with better stroke skills 
exhibited a greater range of motion in the knee joint during 
the forward swing phase but increased injury risk (Yang et 
al., 2021). Knowledge of the knee extension range in the 
dominant limb to perform better stroke might suggest that 
the chasse-step in table tennis could be stretched out to pro-
duce a stroke of high quality, but high loading profiles 
would be paid attention to reduce the risk of injury in the 
knee joint. 
 
EMG validation 
Recent table tennis muscle activity research was more 
about upper limbs (Meghdadi et al., 2019), strokes (Yoichi 
et al., 2022), and athletic levels (Wang et al., 2018). Few 
studies focused on analysing muscle activation and forces 
via musculoskeletal modelling of table tennis footwork (He 
et al., 2022). 

The muscle activations obtained during the chasse-
step and one-step from the static optimization  in OpenSim 
simulation were similar to the EMG activity from experi-
ments, indicating the reliability and validity of findings in 
this study (Hamner and Delp, 2013; Rajagopal et al., 2016). 
Considering the consistency of OpenSim musculoskeletal 
modeling (Delp et al., 1990, 2007; Seth et al., 2018) with 
the computed muscle control (CMC) and static optimiza-
tion (SO) algorithm, the muscle excitations and forces were 
estimated (Thelen et al., 2003) by considering muscle       
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activation (Zajac, 1989). The vastus lateralis, biceps femo-
ris, gastrocnemius medialis, tibialis anterior, and other 
lower limb muscles were simulated to match the EMG ac-
tivities, similar to running in a previous research (Hamner 
and Delp, 2013). Findings may indicate that the OpenSim 
model in this study could be utilized to understand the mus-
cular contribution in table tennis footwork. 
 
Limitations 
As a limitation of this study, the realistic scenarios might 
be difficult to duplicate considering the lab-based experi-
mental environment and there is no robot machine used to 
serve the ball, which may explain the differences between 
the OpenSim modeling and EMG signals. More infor-
mation about different muscle activation patterns, such as 
coordination (Kainz et al., 2024; Uhlrich et al., 2022), is 
needed to analyze and discuss different footwork. Further-
more, the upper extremity was not investigated in the mus-
culoskeletal biomechanical analysis of table tennis foot-
work, and future research shall consider the upper and 
lower extremities combined to understand the footwork 
drive for power generation.  
 
Conclusion 
 
The study investigated the lower extremity biomechanics 
of chasse-step and one-step footwork in elite table tennis 
athletes. The key findings may suggest that one-step is as-
sociated with faster performance for a direct score while 
chasse-step is associated with performing high-quality 
strokes and efficient preparation for the next phase. How-
ever, the chasse-step is associated with risk of knee injury 
while the one-step is related to the hip and knee joint. Fur-
ther, the OpenSim musculoskeletal modeling is reliable in 
table tennis footwork to verify the muscle activation 
against the EMG activities to understand muscular contri-
bution. The knowledge of biomechanical loading profiles 
and muscular contribution may assist coaches in develop-
ing evidence-based training schemes and provide theoreti-
cal references for the scientific training of elite table tennis 
athletes for injury prevention and footwork performance. 
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Key points 
 

 The current study reports the kinematic, kinetic, and muscle 
activation of lower limbs between chasse-step and one-step 
in table tennis. 

 Chasse-step may allow better preparation for the next phase, 
while one-step may allow quicker point scoring. Infor-
mation may suggest that two types of footwork are associ-
ated with increased injury risk in the hip and knee joints. 

 OpenSim musculoskeletal modelling is reliable in predict-
ing table tennis footwork muscle activities. 
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Appendix 
 

 

 
 

Figure S1. The knee joint moments (a-c) during chasse-step and one-step with statistics (SPM{t}) from SPM1d. 
 
 

 

 
 

Figure S2. The knee contact forces (a-c) during chasse-step and one-step with statistics (SPM{t}) from SPM1d. 
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Figure S3. The ankle joint angle (a) and ankle joint moment (b) during chasse-step and one-step with statistics 
(SPM{t}) from SPM1d. 
 

 
 

 
 

Figure S4. The ankle contact forces (a-c) during chasse-step and one-step with statistics (SPM{t}) from SPM1d. 


