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Abstract 

Present article explains a biokinematic analysis of young table tennis players to 

quantify movement patterns during key strokes and footwork. By identifying 

biomechanical inefficiencies linked to both performance limitations and common 

overuse injuries, the research provides a data-driven framework for optimizing 

technique and implementing targeted injury prevention strategies in youth training. 
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Introduction 

Table tennis is characterized by explosive, asymmetrical, and highly coordinated 

movements performed at extreme speeds. For young athletes (defined in most 

studies as pre-pubertal to late adolescents, ages 8–18), the development of efficient 

technique is intertwined with periods of rapid physical growth, making 

biomechanical analysis particularly crucial. Biokinematics—the study of human 

motion using the principles of mechanics—provides an objective framework to 

quantify technique, identify inefficiencies, and establish normative data for 

developing athletes. This review synthesizes current literature on how biokinematic 

analysis is applied to young table tennis players to enhance performance and 

mitigate injury risks, highlighting methodologies, key findings, and research gaps. 

  

METHODOLOGIES AND DISCUSSION  

The literature reveals an evolution in methodologies, from 2D qualitative analysis 

to sophisticated 3D quantitative systems. 

3D Motion Capture (MOCAP): Considered the gold standard. Marker-based 

systems (e.g., Vicon, Qualisys) are prevalent in laboratory studies for analyzing 
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stroke kinematics (Iino, 2018; Malagoli Lanzoni et al., 2014). Research focuses on 

joint angles, angular velocities, and temporal sequences of the kinetic chain during 

forehand loops, backhand drives, and serves. 

Inertial Measurement Units (IMUs): Emerging as a practical tool for on-court 

analysis. Studies by Wang et al. (2020) demonstrate their validity in measuring 

trunk rotation and racket kinematics in ecological training environments, offering 

insights into movement variability across repeated trials. 

High-Speed Videography: Used extensively to analyze the instant of ball-racket 

contact, wrist actions, and footwork initiation. Frames-per-second (fps) rates of 

200+ are standard, with some studies employing 1000+ fps for impact analysis 

(Fuchs et al., 2018). 

Force Plates and Pressure Mapping: Used to quantify ground reaction forces 

(GRFs) during strokes and footwork. Research indicates that skilled youth players 

generate higher vertical GRF and exhibit more rapid force development in the legs 

prior to stroke initiation (Qian et al., 2016). 

A consistent finding across studies is the importance of proximal-to-distal 

sequencing. Efficient strokes utilize leg drive, trunk rotation, and forward 

translation, transferring energy to the distal arm and racket. 

Forehand Topspin (Loop): Iino and Kojima (2011) found that higher-level 

adolescent players exhibited significantly greater trunk axial rotation and forward 

tilt, with a delayed peak angular velocity from the pelvis to the upper torso, then to 

the racket. Inefficient young players often "arm" the ball, exhibiting premature 

shoulder and elbow action with minimal lower body involvement. 

Backhand Techniques: The two-handed backhand, common among youth, shows a 

more symmetrical kinetic chain. Research by Zhang et al. (2019) notes that optimal 

performance involves coordinated elbow extension and trunk rotation, with the 

non-dominant arm playing a crucial stabilizing and power-modulating role often 

underdeveloped in juniors. 

The Serve: Biokinematic analysis of serves highlights the need for segmental 

dissociation. Effective serves separate trunk coil from uncoil and integrate precise 

wrist pronation/supination at impact—a skill that develops with maturation and 

targeted training (Fuchs et al., 2018). 

Agility and recovery are central to table tennis. Studies using foot-pressure systems 

show that elite youth players maintain a lower and more stable center of mass 
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(CoM) during rallies, enabling quicker directional changes (Qian et al., 2016). 

"Crossover" steps are common but can compromise stability if overused; 

biokinematic analysis helps coaches promote optimal step patterns (e.g., sidestep 

for short distances, cross-step for wide balls) based on objective displacement and 

time-to-initiation data. 

The repetitive, asymmetric nature of table tennis predisposes young athletes to 

overuse injuries, which biokinematics can help predict and prevent. 

Shoulder Pathologies: Excessive glenohumeral internal rotation and scapular 

dyskinesia (poor shoulder blade control) during the follow-through of powerful 

forehands are linked to impingement risks in adolescent players. Malagoli Lanzoni 

et al. (2014) emphasize the role of biokinematic analysis in identifying 

"hyperangulation" or "late cocking" positions that stress the rotator cuff. 

Elbow and Wrist Injuries: Lateral epicondylitis ("tennis elbow") can occur in table 

tennis, often associated with technical flaws in the backhand. Studies correlate late, 

forceful wrist extension in the backhand stroke with high tensile loads on the 

extensor tendons. Kinematic feedback can promote earlier wrist set and a more 

integrated stroke. 

Spinal Loads: The extreme lumbar lateral flexion and rotation observed in some 

wide forehand shots, especially during growth spurts, raise concerns about disc and 

pars interarticularis stress. Biokinematic screening can identify players who rely 

excessively on spinal mobility rather than hip rotation and footwork to reach the 

ball. 

A critical sub-theme in the literature is the effect of growth on technique. During 

the adolescent growth spurt (peak height velocity - PHV), players experience 

changes in limb length, mass distribution, and coordination—a phenomenon often 

termed "adolescent awkwardness." 

Longitudinal studies are sparse but suggest that technical efficiency, as measured 

by kinetic chain sequencing metrics, can temporarily deteriorate during PHV. 

This period is identified as a potential "window of vulnerability" for injury, as 

previously mastered movement patterns must be recalibrated to a new body 

schema. Biokinematic monitoring during this phase is posited as essential for 

guiding safe technical adaptation (Le Mansec et al., 2018). 
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Despite advancements, significant gaps remain: 

Longitudinal Data: A severe lack of long-term biokinematic studies tracking 

players from childhood through adolescence. This limits understanding of natural 

technical progression and the long-term impact of interventions. 

Injury Causation Studies: Most research is correlational. Prospective studies 

linking specific kinematic variables to subsequent injury incidence in youth table 

tennis are needed. 

Psychological and Perceptual Integration: Literature rarely connects biomechanical 

data with perceptual-cognitive factors (e.g., anticipation). How does decision-

making latency influence movement kinematics? 

Cost-Effective Tools: Research into validating and applying low-cost, accessible 

technologies (e.g., smartphone apps, markerless video analysis) for widespread 

youth coaching is in its infancy. 

Female Athletes: The majority of biomechanical studies focus on male players. 

Distinct research on female youth athletes, considering different anthropometrics 

and injury risks, is warranted. 

 

CONCLUSION 

Biokinematic analysis has moved from a purely research-oriented tool to an applied 

science with direct implications for youth table tennis development. 

The literature robustly demonstrates that it can objectively differentiate skill levels, 

identify inefficient and injurious movement patterns, and guide technical pedagogy. 

Key tenets include the primacy of the kinetic chain, the importance of dynamic 

postural control, and the need to adapt training to maturational changes. Future 

research must prioritize longitudinal designs, injury prediction models, and the 

integration of biomechanics with other disciplines (motor learning, psychology) to 

develop a truly holistic model for optimizing performance and safeguarding the 

health of young table tennis players. 
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