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SCIENTIFIC BACKGROUND AND OBJECTIVES
Scientific Background

As one of the most popular racket sports, table tennis is not only loved by people all over the world in
the field of public health but also receives widespread attention in the Olympic Games and competitive
competitions. With the redesign of the size and material of table tennis balls and the adjustment of
competition rules, the competitiveness of this sport has been further improved. After the size of the table
tennis ball was adjusted to 40+, due to the increase in volume, the rotation speed of the ball decreased,
which directly affected the development and application of the skills, tactics, and technology of this sport.
Affected by the current rules, this sport is becoming more and more suitable for players who are good at
forehand attack style or have more comprehensive skills. This makes table tennis players pay more
attention to the development of physical function and muscle strength than ever before, and expect to
enhance their aggression by increasing their hitting power to help score points. Therefore, in recent years,
the biomechanical mechanism of forehand topspin has received a lot of attention and research from a
large number of scholars. Due to the enhancement of competitiveness and the improvement of physical
function requirements, sports fatigue occurs more frequently during competition. Frequent exercise
fatigue leads to the occurrence of acute injuries. In addition to acute injuries, overuse of the body due to
extensive training and competition tasks among professional athletes has been proven to be a major injury
factor in racket sports. Acute injuries in table tennis and injuries caused by overuse often occur in the
lower limb joints, lower limb trunk, and shoulders, which greatly limits the sports life and performance
of elite athletes. The execution of tactics and the stable performance of technology are key factors for
athletes to win in competitions. In table tennis, a perfect stroke play is the basic condition for scoring,
which requires athletes to strengthen the movement control of the body and enhance the coordination
and stability of the body. The ability to maintain body balance is an external manifestation of an athlete's
body control and stability. The main thing that table tennis players need is to reach the designated area
in a very short time to complete the hitting task. Due to the continuous improvement of competition level
and changes in competition rules, the flight speed of the ball continues to increase, making players need
to complete the hitting task in a shorter time. This further results in athletes often needing to maintain
body balance and stability under extreme circumstances. However, this situation aggravates the
occurrence of acute injuries.

Table tennis is generally considered a low-injury risk sport, which has led to a large amount of past
research focusing on performance improvements. However, serious sports injuries are widespread among
top table tennis players. The prevention of sports injuries and the improvement of movement control are
also factors that cannot be ignored by athletes and coaches. Exploring the internal mechanical
mechanisms and injury mechanisms of table tennis topspin forehand and footwork from a biomechanical
perspective could provide useful information for sports medicine and motor control, and could also
provide a reference for table tennis footwear development and therapeutic equipment. The use of
musculoskeletal modeling has been prevalent in the past 10 years in the biomechanics field, because of

its ability to evaluate muscle and joint reaction forces during functional activities. In conclusion, this



study uses a series of different biomechanical experiments and computer simulations to import
experimental data into OpenSim to implement musculoskeletal simulation to explore the mechanical
characteristics and possible injury risks of the lower limb trunk and joints in table tennis topspin forehand
and footwork. The coach and athlete could acquire valuable information to optimize training strategy and
enhance motor control. Relevant researchers could quickly establish a basic understanding and

knowledge through this study.

Scientific Objectives
1% objective:
The first research objective: Based on subject-specific musculoskeletal modeling and simulations to

explore the injury risk and motor control strategy of table tennis footwork and guide the footwear design.

2" gbjective:
Explore the cryotherapy effect on balance recovery after fatigue to guide the cryotherapy equipment

design and applications.

3™ objective:
Reveal the intrinsic biomechanical mechanism of topspin forehand stroke, provide guidance for

optimization.



THESIS POINTS
1st Thesis point:

I provided the first hybrid model (Gait2392 musculoskeletal model in OpenSim together with a Novel
Pedar insole plantar pressure measurement system) for detecting lower extremities injury areas.

First, using experiments I could prove that the highest peak pressures appear in the medial-lateral rear
foot and the lateral forefoot during the backward phase if one-step movement is considered!. Concerning
the chasse-step, the most dangerous area for possible injury was found to be the toe during the forward

phase (as shown in Figure 1).
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Figure 1. Comparison of peak pressure of each plantar region during BP and FP. Note: The asterisk

(*) refers to significance with p < 0.05.

Second, the activation and the behavior of eight major muscles (as shown in Figure 2) were
characterized in the OpenSim model as a function of the stroke phase and validated by electromyography
measurements®. Based on these force characteristics one can deduce that at what percentage of the stroke
may the major muscles reach their maximum activity, which can be plausible for injury. These force
responses provide valuable information to sports coaches when strategies for muscle strengthening in

table tennis are considered.
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Figure 2. Comparison of lower extrimities muscle SEMG signals and activations from OpenSim

Optimization between the chasse step and one-step during stroke in table tennis.



Third, the joint stiffness of the lower limb during the landing stage was simulated and calculated? (as
shown in Figure 3), which could investigate the intrinsic mechanical mechanism during the landing

process, can report the possible areas where injury may occur.

—=— Knee
{—=— Ankle
—— Subtalar
|[—Hipx
——Hipy
Hip z

=
=
1

Stiffness (N-M-Kg!-Deg™)

=
in
1

b
'S
1

0.2 4
0.1 i =
:/\%- *
*
0.0 1
cs ' 0s
Footwork

Figure 3. Lower limb joint stiffness during the landing stage in the chasse step and one-step

footwork.
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2" Thesis point:

I have developed and produced portable cryotherapy equipment for the recovery of lower limb fatigue
in professional table tennis players'-2. As shown in Figure 4, I calculated and confirmed that 1) from the
24h post-intervention, the effect of cryotherapy on dynamic balance recovery was significantly better
than no cryotherapy; 2) Except for the COP maximum displacement on ML at the 72h post-intervention,
the cryotherapy had no positive effect on the recovery of static balance ability; 3) Cryotherapy has a
significant negative impact on the COP maximum displacement in ML and AP at the post-cryotherapy,
which may lead to the decline of static balance ability. Therefore, it was not recommended to use
cryotherapy for balance recovery if the competition was on the same day or within 24 hours. Cryotherapy

was recommended if the competition was on the next day or after the next day.

Figure 4. The biomechanics exploration flowchart of the cryotherapy effect on balance ability after

lower extremity fatigue.
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3" Thesis point:

As a first researcher in the field, I have given a complete kinematic and kinetic description of the

lumbar movement concerning cross-court and long-line topspin forehand using computational simulation

and experiments'.

In the kinematic data, I explored for the first time how the lumbar axial rotation, left lateral bending,
and flexion movement behaviors as a function of the stroke play phase. It is visible from the results that

the cross-court topspin forehand has slightly higher (cca.15%) values throughout the motion (as shown

in Figure 5).
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Figure 5. The simulation results of the lumbar angle and moment during cross-court and long-line

topspin forehand.



Besides the kinematic data, important findings can be deducted from the kinetic results as well. As
shown in Figure 6, the cross-court topspin forehand has a significant effect during lumber flexion (cca.14%
higher moment than during long-line topspin forehand) and lumbar left lateral bending (cca.16% higher
moment than during long-line topspin forehand). It can be assumed that this increased, and suddenly

appearing load on the spine can be the root of lower back pain in the long term.
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Figure 6. The Rom and peak moment comparison of lumbar movement between the CC and LL topspin

forehand. (Note: “*” indicates a significant difference between LL and CC.)
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