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ABSTRACT

Background: Functional training enhances young athletes’ physical performance by developing multi-joint and multiplanar
movement patterns and may reduce injury risk. However, its effects on adolescent table tennis players remain insufficiently
investigated. This study compared the effects of an eight-week functional training program with traditional and routine training
on physical performance parameters.

Methods: Thirty male adolescent table tennis players aged 14-16 years were randomly assigned to the Functional Training
Group (n = 10), Traditional Training Group (n = 10), or Control Group performing routine training (n = 10). Flexibility, agility,
speed, vertical jump, Functional Movement Screen (FMS), and static and dynamic balance were assessed at pre-test, mid-test,
and post-test. Data were analyzed using repeated-measures ANOVA and descriptive statistics. Bonferroni-corrected post hoc
tests were used to identify significant differences, while effect sizes were reported using Cohen’s d and n2.

Results: The Functional Training Group demonstrated significant improvements in flexibility, agility, vertical jump height, FMS
scores, static and dynamic balance, and speed. The Traditional Training Group showed moderate improvements, whereas the
Control Group exhibited minimal changes. Overall, functional training was more effective than traditional and routine training
in improving physical performance.

Conclusion: Eight weeks of functional training significantly improved multiple physical performance parameters in adolescent
table tennis players. Incorporating functional exercises into training programs may enhance athletic performance, reduce
movement asymmetries, and potentially minimize injury risk. Future research should investigate the long-term effects of
functional training across different age groups and competitive levels.
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Amag: Fonksiyonel antrenman, cok eklemli ve gok duizlemli hareket kaliplarini gelistirerek geng sporcularin fiziksel performansini
artirmakta ve yaralanma riskini azaltabilmektedir. Bununla birlikte, fonksiyonel antrenmanin adélesan masa tenisi sporculari
Uzerindeki etkileri yeterince arastirilmamistir. Bu galismada, sekiz haftalik fonksiyonel antrenman programinin fiziksel
performans parametreleri tizerindeki etkilerinin geleneksel ve rutin antrenmanlarla karsilastirilmasi amaglanmistir.

Yontem: Yaglari 14-16 arasinda degisen 30 erkek addlesan masa tenisi sporcusu; Fonksiyonel Antrenman Grubu (n = 10),
Geleneksel Antrenman Grubu (n = 10) ve rutin antrenmanlarini stirdiiren Kontrol Grubu (n = 10) olmak Ulzere rastgele tg gruba
ayrilmistir. Esneklik, ceviklik, stirat, dikey sigrama, Fonksiyonel Hareket Taramasi (FMS) ile statik ve dinamik denge performanslari
On test, ara test ve son test olgtimleriyle degerlendirilmistir. Verilerin analizinde tekrarli 6lgimler varyans analizi ve tanimlayici
istatistikler kullanilmigtir. Anlamli farkhiliklarin belirlenmesinde Bonferroni duzeltmeli post hoc testler uygulanmis; etki
biiyiiklikleri Cohen’in d ve n? degerleriyle raporlanmistir.

Bulgular: Fonksiyonel Antrenman Grubunda esneklik, geviklik, dikey sigrama yuksekligi, FMS puanlari, statik ve dinamik denge
ile surat performansinda anlamli gelismeler belirlenmistir. Geleneksel Antrenman Grubunda orta diizeyde gelismeler gozlenirken
Kontrol Grubunda degisimler sinirl kalmistir. Genel olarak fonksiyonel antrenmanin fiziksel performansin gelistiriimesinde
geleneksel ve rutin antrenmanlardan daha etkili oldugu belirlenmistir.

Sonug: Sekiz haftalik fonksiyonel antrenman, adélesan masa tenisi sporcularinin goklu fiziksel performans parametrelerinde
anlamli gelismeler saglamistir. Fonksiyonel egzersizlerin antrenman programlarina dahil edilmesi, sportif performansi artirabilir,
hareket asimetrilerini azaltabilir ve yaralanma riskinin en aza indirilmesine katki saglayabilir. Gelecekteki arastirmalarda,
fonksiyonel antrenmanin farkli yas ve miisabaka diizeylerindeki uzun dénemli etkileri incelenmelidir.

Anahtar Kelimeler: Fonksiyonel Antrenman, Addlesan Sporcular, Masa Tenisi, Fiziksel Performans
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Functional movement refers to the efficient execution
of fundamental movement patterns involving appropriate
mobility, stability, balance, coordination, and symmetry
(Cook et al.,, 2014). Functional movement capacity is
considered a significant indicator of individuals'
physiological functions and forms a foundation for lifelong
participation in sports activities with minimal risk of injury
(O'Brien et al., 2022). In this context, a strong correlation
has been shown between functional movement capacity
and sports injuries. As noted by Patel and Nelson (2000)

and Boden et al. (2000), approximately 80% of
documented sports injuries in the literature are
musculoskeletal in nature, and these injuries are

predominantly caused by intrinsic risk factors. Among
these intrinsic factors, functional movement disorders
developing due to dynamic postural instability stand out
(Bonazza et al., 2017). Early diagnosis and improvement of
functional movement disorders through targeted training
programs are crucial for enhancing athletic performance
and reducing the risk of injury.

Functional Movement Screen (FMS) was developed to
assess core movement patterns, including asymmetry,
dysfunction, and pain, and to identify potential risk factors
(Cook et al.,, 2006). This assessment tool has been
validated and found to be reliable. Studies have shown
that a low FMS score is associated with suboptimal
movement capacity and an increased risk of injury; the risk
of injury is significantly increased, particularly in
individuals scoring <14 (Bonazza et al., 2017). Additionally,
individuals with higher FMS scores have been shown to
exhibit superior dynamic balance and motor performance
(Scudamore et al., 2019).

In recent vyears, interest in functional training
approaches to enhance athletic performance has steadily
increased. Functional training is defined as a training
model that aims to improve intermuscular coordination
and neuromuscular control by incorporating multi joint,
multi plane, and movement patterns specific to daily life
or sport (Boyle, 2004; De Vreede et al., 2005; Doigo & King
2008). This training approach differs from traditional
resistance training methods in that it includes
acceleration, deceleration, and balance components, and
therefore serves as a viable strategy to enhance sport
specific performance (National Academy of Sports
Medicine, 2001; Boyle, 2016). A significant number of
studies have demonstrated the effectiveness of functional
training in improving physical fitness and performance
metrics across a variety of demographic groups, from
sedentary individuals to elite athletes (Weiss et al., 2010;
Baron et al., 2020; Yildiz et al., 2019; Duncan & Stanley
2012). However, it is noteworthy that studies examining
the effects of functional training practices specific to
adolescent athletes, particularly in table tennis, on
performance components are limited in the literature.
This underscores the need for a scientifically based
evaluation of sport and age specific training
methodologies.
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Table tennis, a part of the Olympic program, is
characterized by high-speed, short-duration, high-
intensity movements that rely on both aerobic and
anaerobic energy systems (Zagatto et al., 2010; Pradas et
al.,, 2021; Faber et al., 2014). Due to the nature of the
sport, athletes need to possess high levels of physical and
motor skills, including speed, agility, balance, strength,
reaction time, and coordination (Faber et al.,, 2017;
Picabea et al., 2021; de Mello Leite et al., 2017). Athletes’
pursuit of improved physical performance may be
influenced by factors such as body image, competitive
pressure, social comparison, and expectations of rapid
physical development, while some performance-
enhancement practices may also entail substantial
physiological, psychological, and long-term health risks
(Solak & Akgul, 2026; Solak, 2026). In this context, the
increasing speed and physical demands of table tennis
further underscore the need for holistic, safe, and
appropriately structured training approaches to enhance
athletic performance.

The aim of this study was to examine the effects of a
functional training program on flexibility, agility, vertical
jump performance, functional movement capacity, static
and dynamic balance, and speed in adolescent table
tennis players. Although functional training has been
investigated in different athletic populations, evidence
specific to adolescent table tennis players remains limited.
Therefore, this study compared the changes observed
over time in a functional training group with those in
traditional training and control groups.

It was hypothesized that functional training would lead
to greater improvements in the assessed physical
performance parameters than traditional training and
routine table tennis training.

Materials and Methods

Research Design

This study was designed as a prospective, three arm,
parallel group randomized controlled trial with repeated
pre test, mid test, and post test measurements and was
conducted in accordance with the CONSORT guidelines
(Moher et al., 2001). The study investigated the effects of
functional training on physical performance parametersin
adolescent table tennis players. Participants were
randomly assigned to one of three groups: Functional
Training Group, Traditional Training Group, or Control
Group. The intervention period lasted eight weeks. In
addition to their regular table tennis training, participants
in the functional and traditional training groups
completed their respective training programs, whereas
the control group continued only with routine club
training. Performance assessments were conducted
before the intervention, at week four, and after the eight
week training period. To minimize the influence of acute
fatigue, post test measurements were performed 24-48
hours after the final training session. This design enabled
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the evaluation of both time related changes and
differences among the training groups (Figure 1).

Research Group

The study was conducted in accordance with the
Declaration of Helsinki (2013 revision). Following ethical
approval, thirty male adolescent table tennis players aged
14-16 years were recruited from local clubs. Inclusion
criteria were regular participation in club training, no
serious musculoskeletal injury within the previous six
months, no chronic disease affecting performance, no
regular medication use, and right handedness.
Participants who failed to comply with the training
program or study protocol, experienced an injury during
the intervention period, or voluntarily withdrew were
excluded.

Following baseline assessments, 30 athletes were
randomly assigned to three groups: Functional Training
Group (n = 10), Traditional Training Group (n = 10), and
Control Group (n = 10). Participation was voluntary, and
no compensation was provided. Written informed
consent was obtained from all participants and their legal
guardians. Participant confidentiality was maintained, and
all data were used solely for scientific purposes.

Randomization

Participants were randomly assigned to the Functional
Training Group, Traditional Training Group, or Control
Group using a computer generated randomization
sequence. Randomization was performed after
completion of baseline assessments to ensure
comparability of baseline characteristics between groups.
Allocation concealment was ensured using sealed, opaque
envelopes prepared by a researcher not involved in
participant recruitment or outcome assessment. Group
assignments were disclosed to participants after baseline
measurements were completed. Due to the nature of the
training interventions, blinding of participants and
trainers was not feasible. However, outcome assessments
were conducted by researchers who were blinded to
group allocation to minimize assessment bias.

Training Procedure

The eight week supervised training program
implemented in this study was conducted at the table
tennis club facilities. Training sessions were meticulously
planned, taking into account the recommended
submaximal loading levels for adolescent athletes. These
sessions were methodically structured, integrating both
functional and traditional training approaches. At the
beginning of the study, an introduction and adaptation
process was implemented for athletes in the Functional
Training Group and the Traditional Training Group. In this
process, the training content, exercise techniques, and
loading principles to be applied to the athletes were
explained in detail. The 6 repetition maximum (6RM)
method was used to determine the training intensity for
each athlete, and adjustments were made to the training
loads according to these values. Rest intervals of 60

seconds between sets and 2 minutes between exercises
were provided throughout the training program. The
training programs for the three groups in the study
consisted of three main phases: a 10 minute warm up, a
45-50 minute main exercise section, and a 10 minute cool
down section.

Functional Training Group (FTG)

The program developed for the Functional Training
Group was designed considering the biomechanical and
kinetic chain requirements of table tennis. Training
sessions were conducted daily on non consecutive days
for eight weeks. The program aimed to achieve functional
balance between the dominant and non dominant sides
of the athletes, ensure effective use of the kinetic chain,
and improve multi plane movement skills. The training
regime included exercises targeting frequently used
movement patterns in table tennis, such as pushing,
pulling, squatting, turning, jumping, and rising from a
seated position. The program included various equipment
such as Bulgarian bags, kettlebells, dumbbells, medicine
balls, BOSU, and TRX. In addition, bodyweight exercises
such as push ups, sit ups, and jumps were integrated into
the program. To improve the athletes' balance and
proprioceptive abilities, exercises were performed in
environments requiring increased balance levels. In
addition to functional training, athletes in this group
continued with their usual club training.

Traditional Training Group (TTG)

The program designed for the Traditional Training
Group was based on the traditional resistance training
approach described by Weiss et al. (2010). The program
primarily consisted of exercises targeting single joint and
local muscle groups. The primary training section was
meticulously designed to include three sets of 10 to 12
repetitions, with adequate rest intervals between each
set. The training intervention was implemented three
days a week for an eight week period, and training loads
were determined using the 6RM test performed at the
beginning of the season. Athletes showing superior
performance improvement had their loads increased by 5-
10% weekly to exceed the target number of repetitions. In
addition to the traditional training program, athletes
continued their usual table tennis training within the club.

Control Group (CG)

Athletes in the control group participated in the
routine table tennis training program implemented by the
club for the eight week study period. The program
consisted of three parts: a 10 minute warm up, a 30
minute main section incorporating table tennis specific
techniques and multi ball drills, and a 10 minute cool
down phase. Training intensity was maintained between
60-100% of the athletes' performance levels. Athletes in
the control group did not participate in any additional
training program during the study period and were
regularly monitored by their coaches.
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Measurement Methods

The primary outcome of this randomized controlled
trial was functional movement capacity, assessed using a
Functional Movement Screen (FMS) total score.
Secondary outcomes encompassed a range of physical
assessments including flexibility (assessed by the sit and
reach test), agility (measured by the T-test), speed
(determined by the sprint test), wvertical jump
performance (assessed by the counter movement jump),
static balance (assessed by the single leg stance test), and
dynamic balance (measured by the Y-Balance Test).
Assessment of all outcome measures occurred in three
distinct phases: at baseline (pre-test), at week four (mid-
test), and after completion of the eight week intervention
(post-test). All measurements were performed under
standardized conditions to assess the physical
performance characteristics of adolescent table tennis
players. To mitigate the effects of acute fatigue, post test
assessments were conducted 24 to 48 hours after the last
training session. It is important to note that all tests were
performed in a controlled environment, using the same
equipment, and under the supervision of the same
researchers. Participants completed a standard warm up
protocol before commencing the tests. This protocol
consisted of five minutes of light jogging followed by five
minutes of dynamic stretching exercises. Sufficient rest
intervals were implemented between tests to minimize
the potential effects of fatigue.

Flexibility Measurement

The flexibility performance of the subjects was
assessed using the sit and reach test. Athletes were placed
on a test bench in a seated position with their feet bare,
knees straight, and soles of their feet touching the
measurement bench. Participants were instructed to
extend their arms as far as possible. The test was
administered twice, and the highest measurement value
was recorded in centimeters (Sirin and Erdogan, 2025).

Agility Measurement

Agility performance was assessed using an agility test
designed to reflect the directional change requirements
specific to table tennis. Athletes attempted to complete
the designated course in the shortest possible time. The
duration of each attempt was recorded with a stopwatch,
and two attempts were made. The optimal time was used
in the subsequent analysis (Paul et al., 2016).

Speed Measurement

The speed performance of the subjects was assessed
by administering a 10 meter sprint test. Athletes started
the race from the starting line and ran the designated
distance at maximum speed. An electronic or manual
timekeeping system was used during the experimental
procedure. Each athlete was given two attempts, and
sufficient rest time was allowed between each attempt.
The athlete's best time was recorded in seconds (Skala et
al., 2025).
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Vertical Jump Measurement

Participants' lower extremity explosive power
performance was assessed using a vertical jump test.
Athletes performed a double footed jump with their
hands on their hips. The test was administered twice, and
the maximum jump value in centimeters was included in
the analysis (Geanta et al., 2025).

Functional Movement Screen (FMS)

The subjects' functional movement capacity was
assessed using the Functional Movement Screen (FMS)
test. The assessment consisted of seven subtests: deep
squat, obstacle step, straight line lunge, shoulder mobility,
active straight leg raise, trunk stability push up, and
rotational stability. Each subtest was given a score
between 0 and 3, and the total FMS score was determined
by summing all subtest scores, which corresponds to a
maximum of 21 points. Measurements were performed
by a researcher certified in FMS application (Khuyagbaatar
et al., 2025).

Static and Dynamic Balance Measurement

Static and dynamic balance performance was assessed
separately for the right and left feet. Balance
measurements were obtained by having athletes balance
barefoot and on their non dominant foot. The duration of
the test and the balance loss criteria were determined
according to standard procedures. Each experiment was
conducted twice, and the highest value was used in the
analyses (Lu, 2023).

Data Analysis

Statistical analyses were performed using SPSS 26
software (IBM Corp., Armonk, NY, USA). Data are
presented as mean + standard deviation (SD). The
Shapiro—Wilk and Levene tests were used to assess
normality and homogeneity of variance, respectively. A
two way repeated measures ANOVA was conducted to
examine the effects of group, time, and Group x Time
interactions. When significant differences were identified,
Bonferroni adjusted post hoc tests were applied. Effect
sizes were calculated using partial eta squared (n?) for
ANOVA results and Cohen’s d for pairwise comparisons
and interpreted as small, moderate, and large according
to established thresholds. Statistical significance was set
at p < 0.05. Figures illustrating changes over time and
differences between groups were generated using
GraphPad Prism 9 (GraphPad Software, San Diego, CA,
USA).

Research Ethics

This study was approved by the Karabik University
Non Interventional Clinical Research Ethics Committee
(Decision  No:  E-77192459-050.99-381871;  Date:
2024/1955). Written informed consent was obtained from
all participants and their legal guardians prior to
participation. This study was retrospectively registered at
ClinicalTrials.gov. (NCT07384806)
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Figure 1. Experimental design

Table 1. Structure and Content of the Training Programs

Sets x
Grou Duration Frequenc e Rest Intervals  Training Content
P 9 v Repetitions g

Functional exercises using Bulgarian bags,
60 s between & & &

Functional 3 sessions/week . dumbbells, kettlebells, medicine balls, BOSU,
e 3x10forall sets; 2 min . . .
Training 8 weeks  (non- . and TRX; body-weight exercises targeting core
. exercises between - L
Group consecutive) exercises stability, balance, coordination, neuromuscular
control, and upper/lower extremity strength.
" . 60 s between Conventional strength and conditioning
Traditional 3 sessions/week . . . . i
- 3 x10forall sets; 2 min exercises, free-weight resistance training,
Training 8 weeks  (non- . . . .
. exercises between moderate-intensity endurance exercises, and
Group consecutive) ) . o . .
exercises table tennis-specific technical drills.
. Technical and tactical table tennis practice,
Control . Not Routine club . . . . p
8 weeks 3 sessions/week . o including multi-ball (multi-feed) drills; no
Group applicable training

additional intervention.

Table 2. General Structure of the Training Session

Session Phase Duration Description

Warm-up 10-15 min Dynamic and static stretching and low-intensity mobility exercises
Main session 40-50 min Group-specific training content

Cool-down ~10 min Low-intensity exercises and stretching
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Table 3. Measurement Procedures and Physical Performance Tests Applied in the Study

Measurement Tool Outcome Measurement .. .
Parameter Test Name . . . Test Administration
/ Equipment Variable Unit
- . . Maximal h Best val f two trial
Flexibility Sit-and-Reach Test Sit-and-reach box aX|.ma reac cm estvalue of two frials
distance was recorded
Combletion One familiarization trial
Agility T-Test Stopwatch, cones tirr)ne s followed by two test
trials
. C t t . Highest j |
Vertical Jump ountermovemen Jump mat Jump height cm ghest JUmp va uej was
Jump Test used for analysis
. . Scored according to
Functional Functional Movement Standard FMS kit Total FMS Score (0-21) standardized FMS
Movement Screen (FMS) score o
criteria
D i . . .
ynamic Y-Balance Test (Right . Reach Normalized to limb
Balance Leg) Y-Balance kit distance cm length
(Right) & &
Dynamic Y-Balance Test (Left Y-Balance kit Reach om Normalized to limb
Balance (Left) Leg) distance length
. . Postural swa .
Static Balance Single-Leg Stance Test Balance platform dt?ratio:l v S Mean value of two trials
Stopwatch, Best performance was
Speed 10-m Sprint Test photocell timing Sprint time s P
recorded
system
Results

Table 4. Descriptive Statistics Values for Table Tennis Players Participating in the Research

L
Group n (y;:zc:s) H(iiril)\t Body{lz\gl;!ight (kz?nnl\’) Sl:g;ts Le:ggth Lateralization
(years) (cm)
CG (Control Group) 10 lz'.z(;i 142"92?? * 52.50 + 2.65 lzéii 4('3;); 711'.3;56i 90.19+1.48
TE (Traditional Group) 10 12"2724" 16:':2 54604523 1%"68521 > fgf 73;'.3:;1' 91.05 +2.49
e T R

CG (Group 1) : Control Group TE (Group 2): Traditional Group FE (Group 3): Functional Exercises Group

A total of thirty table tennis players were included in the study. Participants were divided into three groups: control
group (KG, n = 10), traditional training group (TE, n = 10), and functional training group (FE, n = 10). The groups exhibited
comparable characteristics in terms of age (14.90-15.20 years), height (149.2—-166.3 cm), body weight (52.1-54.6 kg),
and BMI (19.24-19.78 kg/m?). Participants had between four and five and a half years of sports experience, and leg
lengths (71.35—73.38 centimeters) and lateralization scores were homogeneous between the groups. These findings
demonstrate that the groups are comparable in terms of demographic, anthropometric, and training characteristics,
and provide a suitable basis for further analysis.
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Figure 2. Changes in flexibility and agility performance over time by group
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Figure 3. Changes in vertical jump and FMS performance over time by group

F =20188.71
_  p<0.001

- 60 np? = 0.999
©
—
S
2 404
o
[3+]
m
3)
‘= 204
©
c
>
(]
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Dynamic Balance Right

F = 43780.33
p <0.001
6071 np2=1.000
40—
20-
0_

CG TE FE

Figure 4. Changes in dynamic balance (left and right foot) performance over time by group
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Figure 5. Changes in static balance and speed performance over time according to groups.

Figure 2 shows the changes in flexibility and agility over time. Improvement was observed in all groups, but the
Functional Training Group showed the greatest gains in the mid and post tests (flexibility: p < 0.01, n? = 0.35; agility: p
<0.01, n? = 0.33). The traditional training group showed moderate improvement (flexibility: p = 0.04; agility: p = 0.05),
while the control group showed minimal change. These results indicate that the improvement in flexibility and agility
depends on the training method used.

Figure 3 shows the temporal changes in vertical jump and FMS scores. The functional training group showed
significantly greater improvements than the other groups (vertical jump: p <0.01, n? = 0.38; functional movement score:
p < 0.01, n? = 0.40), indicating increased lower extremity strength and improved functional movement quality. The
traditional training group showed moderate gains (vertical jump: p = 0.03; functional movement score: p = 0.04), while
the control group showed minimal changes.

Figure 4 shows the improvement in dynamic balance. The functional training group showed a significant
improvement in dynamic balance for both the right foot (p < 0.01, n? = 0.37) and the left foot (p < 0.01, n? = 0.36). The
traditional training group showed a modest improvement (p = 0.05 for both feet), while the control group showed
minimal improvement. Parallel improvements in dynamic balance between the right and left feet demonstrate the
systemic effect of functional training.

Figure 5 shows the changes in static balance and speed. The functional training group showed significant
improvements in static balance (p < 0.01, n? = 0.34) and speed (p < 0.01, n? = 0.32). Reaction time decreased, reflecting
the increase in speed performance. Traditional training showed moderate improvement in static balance (p = 0.04) and
small gains in speed (p = 0.06). Limited change was observed in the control group. These results indicate that static
balance and speed performance are significantly affected by the type of training.

Discussion positional adjustments, and controlled changes of
This study demonstrated that an eight-week direction required in table tennis. Bashir et al. (2024)
functional  training  program provided greater  similarly reported improvements in agility, flexibility, and

endurance following a functional training program in
young male field hockey players. Yildiz et al. (2019) also
found that functional training improved flexibility,

improvements in physical performance than traditional
and routine training in adolescent table tennis players.
These findings are discussed below in comparison with

previous studies and potential physiological mechanisms.
Although improvements were observed to varying
degrees across the groups, the overall pattern suggests
that functional training may provide additional benefits
when incorporated alongside regular table tennis
practice.

The improvements in flexibility and agility may be
related to the movement characteristics of the functional
training program. The exercises required participants to
perform movements in different planes, maintain postural
control, change direction, and coordinate several body
segments simultaneously. These demands partly
resemble the repeated Ilateral movements, rapid
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acceleration, agility, balance, and functional movement
scores in young tennis players. Although these studies
involved different sports, their findings support the view
that multi-joint and multi-directional exercises may
contribute to the development of movement qualities
relevant to racket sports. Nevertheless, the transfer of
these improvements to table tennis match performance
cannot be determined from the present results because
sport-specific movement efficiency was not directly
assessed.

Vertical jump performance and FMS scores also
improved more noticeably in the functional training
group. The functional training program included
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squatting, jumping, pushing, pulling, rotating, and core
stability exercises. Repeated exposure to these movement
patterns may have supported lower-extremity force
production while also improving the control and
coordination required to perform fundamental
movements. Xiao et al. (2024) reported that functional
training improved FMS scores and tennis-specific physical
fitness in junior tennis players. Usgu et al. (2020) similarly
observed improvements in strength, flexibility, vertical
jump, and agility following functional training in
professional basketball players. Liu et al. (2025) suggested
that functional and traditional training approaches may
influence sprint performance through changes in
neuromuscular coordination and force production. These
findings are broadly consistent with the present results
and may be explained by the shared emphasis on multi-
joint  movement patterns, core stability, and
neuromuscular coordination across the training
programs. However, differences in participant age, sport,
training level, and intervention content should be
considered when interpreting these comparisons.
Previous research using related neuromuscular and
strength-based approaches may also help explain the
improvement in jump performance. Gonzalo-Skok et al.
(2022) reported improvements in jumping, sprinting, and
change-of-direction performance following direction-
specific training in junior basketball players. Hitendrabhai
and Sudhakar (2025) found that a program combining
multidirectional  plyometric  training  with  core
strengthening improved vertical jump, dynamic balance,
and agility in amateur tennis players. In addition, Mainer-
Pardos et al. (2024) observed improvements in jump and
sprint performance after a neuromuscular training
program in junior tennis players. Shu et al. (2025)
highlighted the relationship between bilateral force-
production characteristics and sprint and change-of-
direction performance in tennis players. Although the
training methods used in these studies were not identical
to the present protocol, they indicate that exercises
involving coordinated lower-extremity force production,
trunk control, and multi-directional movement may
contribute to improvements in explosive performance.
Dynamic balance improved for both limbs, with the
greatest changes observed in the functional training
group. Exercises performed with BOSU, TRX, medicine
balls, kettlebells, and body weight may have increased the
postural and proprioceptive demands placed on the
participants. Maintaining alignment during unstable or
multi-directional tasks requires continuous coordination
between sensory information and muscular responses.
This process may have contributed to the improvements
in dynamic balance, which may explain why the functional
training group demonstrated greater improvements than
the traditional training group. Similarly, Guo et al. (2024)
noted that balance and flexibility are important
components of physical preparation in adolescent tennis
players and may respond positively to appropriately
designed training programs. More specifically, Li et al.
(2025) found that unstable-surface balance training

improved lower-limb dynamic balance and stroke-related
outcomes in table tennis players. Sannicandro et al. (2014)
also reported that balance training reduced lower-limb
strength asymmetries in young tennis players. These
findings suggest that balance-oriented exercises may be
useful in sports involving frequent weight transfer and
rapid changes in body position.

The similar improvement observed in right- and left-
limb balance may also be relevant to table tennis, where
movements are often initiated from an asymmetrical
stance and repeated in preferred directions. The
functional training program was designed to involve both
dominant and non-dominant sides, which may have
encouraged more balanced use of the lower extremities.
However, the present study did not directly evaluate
interlimb asymmetry; therefore, it cannot be concluded
that functional training reduced asymmetry. Jain et al.
(2025) reported that proprioceptive training improved
grip strength, speed, and functional performance in tennis
players, suggesting that targeted proprioceptive exercises
may influence both movement control and sport-related
performance. Further studies using direct asymmetry
indices are needed to clarify whether bilateral functional
exercises produce comparable adaptations between limbs
in adolescent table tennis players.

Static balance and 10-m sprint performance also
showed more favourable changes in the functional
training group. Improvements in static balance may be
associated with the inclusion of core stability exercises
and tasks requiring controlled body positioning. Sameeha
et al. (2024) reported that integrative neuromuscular
training improved functional stability and muscular
endurance, while Barber-Westin et al. (2016) found
improvements in speed, agility, dynamic balance, and
core endurance following a neuromuscular training
program in junior tennis players. The sprint improvements
observed in the present study may reflect adaptations in
lower-extremity strength, coordination, and the ability to
produce force rapidly. However, because the study
measured 10-m sprint time rather than reaction time, the
findings should be interpreted specifically as changes in
short-distance linear speed.

Morais et al. (2024) showed that combining on-court
tennis training with high-intensity or repeated-sprint
training improved several physical performance outcomes
in young tennis players. Kwak et al. (2025) also reported
improvements in general and sport-specific physical
fitness following an eight-week training program in male
middle-school tennis players. In the present study,
functional training was performed in addition to regular
table tennis practice. These improvements may therefore
reflect the complementary role of general neuromuscular
and strength-related exercises rather than the
replacement of sport-specific training. Functional training
may be particularly useful when exercises are selected
according to the movement demands, maturity level, and
training experience of young athletes. However,
functional  training should be considered a
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complementary approach rather than a replacement for
sport-specific table tennis training.

From a practical perspective, the findings suggest that
coaches may consider incorporating functional exercises
into the physical preparation of adolescent table tennis
players. Exercises involving multi-directional movement,
trunk control, lower-extremity strength, balance, and
coordination may support several physical qualities within
the same training program. Nevertheless, the present
findings should be interpreted within the characteristics
of the study sample and intervention. The sample was
small, consisted only of male adolescent athletes, and was
followed for eight weeks. In addition, match performance
and injury incidence were not assessed. Therefore, the
results do not establish that functional training improves
competitive performance or reduces injury risk. Further
studies with larger samples, longer follow-up periods, and
table tennis-specific performance measures are needed to
determine the extent to which improvements in field tests
transfer to training and competition.

Conclusions

The present study demonstrated that functional
training elicited greater improvements in multiple
components of physical and functional performance in
adolescent table tennis players compared with traditional
training and control conditions. In particular, participants
in the functional training group exhibited notable gains in
flexibility, agility, vertical jump performance, functional
movement quality, dynamic and static balance, speed,
and reaction time. These findings indicate that a
structured functional training program may provide a
comprehensive stimulus for the development of
neuromuscular control, movement efficiency, balance,
and sport-related physical performance in adolescent
table tennis players.

From a practical perspective, integrating functional
training into routine table tennis training may represent
an effective strategy for simultaneously targeting several
performance-related capacities that are relevant to the
multidirectional and coordinative demands of the sport.
Nevertheless, the findings should be interpreted in light of
the relatively small sample size and the specific
characteristics of the study population. Future studies
involving larger samples, longer intervention periods, and
follow-up assessments are warranted to determine the
persistence of these adaptations and to further clarify the
contribution of functional training to long-term athletic
development in adolescent table tennis players.

Limitations

This study has several limitations. First, the small
sample size (n = 30) may limit the generalizability of the
findings. Second, since the study only included table
tennis players of similar age, the findings may not be
applicable to athletes of different ages or skill levels.
Third, the intervention lasted only eight weeks; longer

116

programs may produce greater performance differences.
Furthermore, performance measures were limited to
laboratory and field tests, excluding match performance
and psychological factors. Participants' autonomy in daily
activities was not controlled for, which may affect the
results. Finally, only two training programs were
implemented: one functional and one conventional.
Variations in intensity, frequency, or duration were not
examined. These limitations suggest that the findings are
most applicable to adolescent table tennis players of
similar age and experience levels. Further studies with
larger samples and longer durations are needed.

Recommendations

Future studies should consider the following:

Longer intervention durations: Functional training
programs exceeding eight weeks should be investigated to
determine whether performance gains are sustained over
time or become more pronounced.

Different experience levels: Programs should be
implemented for beginner, intermediate, and advanced
players to assess whether responses depend on prior skills
or training age.

Wider age ranges: Both younger and older
adolescents should be included to examine
developmental impacts on neuromuscular, balance, and
functional performance outcomes.

Sport specific performance metrics: It is necessary
to evaluate not only improvements in laboratory and field
tests but also match specific performance variables such
as reaction time, rally consistency, and technical
execution under fatigue.

Personalized functional training approaches:
Examining individualized protocols that take into account
asymmetry, injury history, and dominant limb differences
can further enhance effectiveness and provide practical
guidance to coaches.
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