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Mertoro sKypHaty € 03HaHOMICHHS IHPOKO] ay)mTopu KOPHCTYBaYiB i3 Cy4aCHUMH TCHICHIIISIMU PO3BHTKY Ha-
YKH Y rany31 OXOPOHH 3/10pOB s, (1)131/111}101 KyJIBTypH i copty. PosrisimaroTbesi TeOpeTHYHI, MeTOI[OJ'IOHLIHl Ta
NpPaKTHYHI aCTMEKTH MiJrOTOBKMA CHOPTCMEHIB, HOBITHI pO3POOKH y HampsiMi 30€pekeHHS 30pPOB’ sl JIIOAWHH, HOBa-
TOPCHKi MiAXOOM A0 PO3BUTKY cdepH (iTHecy 1 pekpearii, (pi3MUHOrO BUXOBaHHS Pi3HUX TPyN HaceleHHs, Gpiznud-
Hoi Tepamii, eproTeparii.

Y HaykoBOMY KypHaJi OAaHO OKpeMi MOJI0KEeHHs pO3BUTKY (i3W4HOI Teparii, eproTeparii, pekpeaii, ¢piznd-
HOTO BUXOBaHHS, 03/I0pPOBUMX TEXHOJOTiH Pi3HUX TpyN HaceneHHs. OxapaKkTepu30BaHO CydacHi METOIH Ta 3aCO0U
BiJTHOBJICHHS 3JIOPOB’sI, 0COOJMBOCTI MPOBEICHHS IIarHOCTUYHUX Ta PeadimiTaiiHuX 3aX0/1iB, €(hEKTUBHICTh STKUX
MIATBEPDKYEThCS TIEIArOriYHUMH, TICHUXOJOTIYHUMH, peadlIiTalliiHUMUA Ta MEIUKO-010JIOTIYHUMH JTOCIIPKSHHS-
MH.

In the scientific journal are presented some provisions for the development of physiotherapy, ergotherapy, rec-
reation, physical education, health technologies of different population groups. Modern methods and means of
health restoration are characterized, features of carrying out diagnostic and rehabilitation measures, the effective-
ness of which is confirmed by pedagogical, psychological, rehabilitation and medical-biological researches.
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Abstracts

Introduction. The objective of the study was to identify the relationship between Functional Movement
Screening (FMS) scores and tennis-specific performance indicators, including dynamic balance, agility, and serve
accuracy, among young competitive male tennis players.

Materials and Methods. Thirty young competitive male tennis players (mean age 21.34 + 2.11 years) from the
Institute Gymkhana Tennis Club, Indian Institute of Technology Madras (IIT Madras), Chennai, India, participated
in the study. Functional movement quality was assessed using the Functional Movement Screen (FMS), while
dynamic balance, agility, and serve accuracy were evaluated using the Y-Balance Test, T-Test, and tennis serve
accuracy test, respectively. Pearson’s product-moment correlation analysis was used to determine the associations
between FMS scores and tennis-specific performance indicators, while multiple linear regression analysis was
performed to examine the predictive contribution of FMS scores. Data were analysed using IBM SPSS Statistics
Version 20, with statistical significance set at p < 0.05.

Results. The participants demonstrated a mean FMS score of 15.87 + 2.26, Y-Balance composite score of 93.52
+ 4.67%, agility time of 9.71 £ 0.63 s, and serve accuracy of 76.43 + 8.71%. FMS scores showed a significant
positive correlation with dynamic balance (r = 0.612, p < 0.001) and serve accuracy (r = 0.487, p < 0.001), while a
significant negative correlation was observed with agility time (r = —0.574, p < 0.001). The regression analysis
demonstrated that FMS scores significantly predicted dynamic balance (p = 0.612, R* = 0.374, p < 0.001),
accounting for 37.4% of the variance. FMS scores also significantly predicted agility performance (f = —0.574, R?
= 0.329, p < 0.001), explaining 32.9% of the variance in agility time. Furthermore, FMS scores significantly
predicted serve accuracy (p = 0.487, R = 0.237, p < 0.001), accounting for 23.7% of its variance. The correlation
effect sizes were large for the relationships between FMS and dynamic balance (r = 0.612) and FMS and agility (r
=—0.574), while the association between FMS and serve accuracy was moderate (r = 0.487).

Conclusions. Higher FMS scores were significantly associated with better dynamic balance, faster agility
performance, and greater serve accuracy among young competitive tennis players. FMS scores demonstrated
significant predictive relationships with all three performance indicators, with the strongest explanatory
contribution observed for dynamic balance and agility. Functional movement assessment may therefore be useful
as part of the regular physical evaluation and athlete development process in tennis. However, the cross-sectional
design does not permit causal inference, and longitudinal studies are required to determine whether improvements
in functional movement quality directly enhance tennis performance.

Keywords: dynamic balance, neuromuscular control, performance, serve accuracy, agility, tennis.
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Meta. MeTor0 AOCHTIKEHHS 0yJI0 BU3HAYMTH 3B'SI30K MK IMOKa3HHUKaMHU ()YHKI[IOHAJIBHOI'O CKPUHIHTY PYXiB
(FMS) Tta cienndigHUME U TEHICY TOKa3HUKaMU €(peKTHBHOCTI, BKIIIOUAIOYN JUHAMIYHUHN OanaHC, CIIPUTHICTD
Ta TOYHICTH MOJAYi, Cepes; MOJIOUX TEHICHCTiB-CIIOPTCMEHIB.

Marepiaau Ta MeToAu. Y JOCHTIKCHHI B3SUTH Y9acTh TPUALSTH MOJIOJINX TEHICHCTIB-CIIOPTCMEHIB (CepeHiit
Bik 21,34 £ 2,11 pokiB) 3 TteHicHoro kiayOy I[ucturyTy [>kmMxana IHIIHCBKOTO TEXHOJOTIYHOTO IHCTHTYTY
Magpaca (IIT Madras), Yennai, Ingis. SkicTe (QyHKIIOHATBHUX pPYXiB OLIHIOBAIM 32 JOINOMOTOIO
¢yHkuionanpHOro ckpuHiHry pyxiB (FMS), Tomi sk nuHamiyaumii OamaHC, CHPUTHICTH Ta TOYHICTH MOJadi
OIIIHIOBAJIA 3a JOMOMOroK0 Y-TecTy OamaHcy, T-TecTy Ta TecTy Ha TOYHICTH Mozadi B TeHici BimmoBimHo. s
BU3HAUEHHs 3B'A3KYy MK NoOKasHHKamMu FMS Tta crneumdiuHumu Ui TEHICY NOKa3HUKaMH e(pEeKTHBHOCTI
BUKOPUCTOBYBanu aHani3 xopensuii [lipcona 3a moOyTkoM MOMEHTIB, a Il BUBYECHHS! IPOTHOCTHYHOTO BHECKY
noka3zHukiB FMS mpoBoanimm MHOKWHHUH THIAHWA perpeciitanii aHami3. Jlani aHamizyBaiu 3a momomoroo IBM
SPSS Statistics Bepcii 20 3i CTATHCTHYHOIO 3HAYYIIICTIO, BCTAHOBJIEHOIO Ha piBHIi p < 0,05.

Pe3yabTaTu. YuacHUKH poAeMOHCTpYBanu cepenniit 6an FMS 15,87 + 2,26, cknagenuit 6an Y-Balance 93,52
+ 4,67%, vac cnputHocti 9,71 £ 0,63 ¢ Ta TouHicTh momaui 76,43 £ 8,71%. baiu FMS mnokazanu 3HauHy
MO3UTHBHY KOPEJAIito 3 nuHamMigyanM Oamancom (r = 0,612, p < 0,001) ta tounictio moxadi (r = 0,487, p < 0,001),
TOJIi SIK 3HAYHA HETraTHBHA KOPEJIisi crocTepiranacs 3 yacom crnpurtHocTi (r = —0,574, p < 0,001). Perpeciitanii
aHaJii3 mokasas, mo 0anu FMS 3nauyiie nependoavanu quHamivnuii 6ananc (fp = 0,612, R> = 0,374, p < 0,001), o
nosicHioe 37,4% aucnepcii. [Tokaznuku FMS Takox cyTrreBo nmepenbadanu cuputhicts (f = —0,574, R* = 0,329, p
< 0,001), mosicaroroun 32,9% nucnepcii yacy coputHocti. Kpim Toro, mokazHukun FMS cyTteBo mependauanu
tounicte moxavi (f = 0,487, R? = 0,237, p < 0,001), mo mnosicaroe 23,7% woro aucnepcii. Po3mipu edexrty
KOpeTsIii Oy 3HAaYHUMU 1151 3B's13KiB Mixk FMS Ta nunamiuanm 6amancom (r = 0,612) ta FMS Ta cpuTHicTio (T
=—0,574), Toni sk 3B's130K Mixk FMS Ta TouHicTIO Iofadi 6yB momipHuM (1 = 0,487).

BucnoBku. Bumi nokaszaukun FMS Oyim cyTTeBO MOB's3aHi 3 KpalluM JTUHAMIYHAM OalaHCOM, HIBHIIIUMH
MOKAa3HUKaMHU CIIPUTHOCTI Ta OUIBIIOI TOYHICTIO MOJAYi Cepell MOJIOMUX TEHICHUCTiB-criopTcMeHiB. [lokasHuku
FMS mnpopeMoHCTpyBanu 3HaYHY MPOTHOCTUYHY B3aEMO3B'SI30K 3 yCiMa TpbOMa MOKa3HUKAMHU MPOTyKTUBHOCTI,
NPUYOMY HAHCHIIBHIIIHMN MOSCHIOBANBHUI BHECOK CIIOCTEpIraBcs AJsl AWHAMIYHOTO OajaHCy Ta COpUTHOCTI. Tomy
OlliHKa (PYHKIIOHAIFHUX PYXiB MOXe OyTH KOPHCHOIO SIK YacTWHA PEryisipHOi (i3MyHOI OI[HKH Ta TPOLECY
PO3BUTKY CIIOPTCMEHIB y TeHici. OJHak, TOMEpeYHWid AW3aifH HE O3BOJISE POOWTH MPUYWHHO-HACIIIKOBI
BHCHOBKH, 1 HEOOXiHI MO3I0BXKHI JOCITIKEHHSI, 100 BU3HAYUTH, YH MOKpAIIeHHS (YHKI[IOHAIBHOI SKOCTI PyXiB
Oe3mocepeIHbO MiABUIIYE PE3YJIbTATHBHICTD y TEHiCI.

KarwouoBi cioBa: nuHamiuHWii OanaHc, HEHPOM'S30BHI KOHTPOJIb, NPOMYKTHUBHICTh, TOYHICTH TIOJAdi,
CIIPUTHICTB, TEHIC.

1. Introduction

Tennis can be defined as a high intensity
intermittent sport involving frequent accelerations,
decelerations, sudden changes of direction, multi-
directional movements, and explosive strokes
during the match. Competence in tennis is highly
dependent on proper integration of technical skills,
tactics, physiology, and neuromuscular abilities of
the player [29; 32]. Recent studies have attempted
to find the physical determinants of tennis
performance and ways of reducing the injury risk
[3; 11]. Functional movement is one of the
components which has attracted much attention
recently due to the effects it has on the athletic
performance and injury risk of an athlete.
Functional movement includes coordination of
mobility, stability, balance, and neuromuscular
control in performing the basic movements
effectively [17; 22]. Deficiencies in functional
movement result in alteration in biomechanics,
lower athletic performance, and increase the risk of
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injuries [8]. The Functional Movement Screen
(FMS) is one of the commonly used tools for
evaluating the level of movement competency of
an athlete based on seven basic movements. The
results of FMS give information about movement
asymmetry, mobility and stability problems which
can affect the athletic performance of the
individual [9; 28]. There are numerous studies
confirming the relationship between FMS scores
and physical performance such as balance, agility,
sprint speed, and power in athletes involved in
various types of sports. Nevertheless, there is still
lack of data about the relationship between the
functional movement quality and tennis-specific
performance indicators among tennis players,
especially in India [23; 26]. Athletic performance
in tennis involves good dynamic balance, agility,
and accurate serve. Proper movements help to
achieve effective transfer of forces in the kinetic
chain and can improve  tennis-specific
performance. Knowledge about the connection
between the functional movement quality and
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performance outcomes can help coaches and other
experts design more specific training programs and
prevent injuries [10; 30; 31].

2. Purpose of the study

The purpose of the current study was to find the
relationship  between Functional Movement
Screening (FMS) scores and tennis-specific
performance indicators in young competitive male
tennis players.

3. Materials and Methods

A cross-sectional correlation study design was
used for the analysis of the relationship between
functional movement quality and tennis-specific
performance indicators.

Participants. Thirty male tennis players from the
Institute Gymkhana Tennis Club, Indian Institute
of Technology Madras (IIT Madras), Chennai,
India, voluntarily participated in this study. The
participants were aged between 18 and 25 years
and had a minimum of three years of competitive
tennis playing experience. Eligible participants
were male tennis players who practiced tennis
regularly at least four times per week, had at least
three years of consistent playing experience, and
had no history of musculoskeletal injury during the
previous three months. Participants were excluded
if they had any current musculoskeletal injury or
pain affecting sports performance, had undergone
any surgical procedure within the last six months,
had neurological, vestibular, or balance disorders,
or were involved in any rehabilitation program
during the testing period. Before participation, all
subjects were informed about the purpose and
procedures of the study and provided written
informed consent.

Procedure. The testing procedures were
conducted over two consecutive days at the
Institute  Gymkhana Tennis Facility, Indian
Institute of Technology Madras (IIT Madras).
Participants were instructed to refrain from any
strenuous physical activity for 24 hours prior to
testing. On the first day, demographic and
anthropometric data, including age, height, body
mass, and playing experience, were recorded,
followed by the assessment of functional
movement quality using the Functional Movement
Screen (FMS) [2; 20]. The FMS consists of seven
movement patterns: deep squat, hurdle step, inline
lunge, shoulder mobility, active straight leg raises,
trunk stability push-up, and rotary stability. Each
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movement was scored on a scale of 0-3 according
to the standard FMS protocol, yielding a maximum
composite score of 21, and all assessments were
performed by an FMS-certified practitioner.
Dynamic balance was evaluated using the Y-
Balance Test Kit, in which participants performed
maximal reach distances in the anterior,
posteromedial, and posterolateral directions while
maintaining a single-leg stance. Three successful
trials in each direction were recorded, and a
composite reach score was calculated following
the standardized protocol [5]. Agility performance
was assessed using the T-Test, with electronic
timing gates used to record completion time.
Participants completed three trials with a three-
minute recovery interval between attempts, and the
fastest time was used for analysis [24]. Serve
accuracy was evaluated using a tennis serve
accuracy test, in which participants performed 20
serves directed toward designated target zones in
both the deuce and ad courts. Each serve landing
within the target zone was awarded one point, and
the total score was considered the measure of serve
accuracy [16]. All performance assessments were
conducted following a standardized 15-minute
warm-up consisting of light jogging, dynamic
stretching, and tennis-specific movement drills.

Statistical Analysis. The results of this study
were processed using IBM SPSS Statistics version
20. The descriptive statistics were calculated and
reported as mean =+ standard deviation (SD). The
data normality was tested via Shapiro-Wilk test.
Correlations between the functional movement
screening scores and performance indicators
related to tennis sport were analyzed using
Pearson’s product-moment correlation coefficient.
Multiple linear regression analysis was used to
evaluate the influence of FMS scores on the
parameters of dynamic balance, agility, and serve
accuracy in tennis. Coefficient of determination
(R?) was calculated for each regression equation.
Statistical significance was set at p < 0.05; when
necessary, p-values were reported with three digits
precision.

4. Results and discussion

Participants of the study formed a rather
homogeneous group of young competitive tennis
players. The average age of athletes was 21.34
years, with an experience of about six years and
more than ten hours of training per week. Body
Mass Index (BMI) was equal to 22.64 kg/m?.
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Average score in the test of Functional
Movement Screen was 15.87 that reflects fairly
good quality of movement performance.
Participants had good dynamic balance
performance that is indicated by the mean Y-
Balance composite score equal to 93.52%. Mean
time for agility was 9.71 seconds and the average
score in serving accuracy was 76.43%.

Table 1
Demographic and training characteristics of the
participants
Variable Mean = SD
Age (years) 21.34 +2.11
Height (cm) 175.62 £ 6.24
Body Mass (kg) 69.81 +£7.35
BMI (kg/m?) 22.64 +1.84
Playing Experience (years) | 6.18+1.92
Weekly Training Hours 10.46 +£2.13
Table 2

Descriptive statistics for functional movement
quality and tennis-specific performance

Table 3

Pearson correlation coefficients between
functional movement screening scores and
tennis-specific performance indicators

Variable FMS Y-Balance Agility Serve
Accuracy
FMS 1.000 0.612%* -0.574%* 0.487**
Y-Balance 0.612%* 1.000 -0.551%* 0.429%*
Agility -0.574** -0.551** 1.000 -0.446%*
Serve 0.487** 0.429%* -0.446%* 1.000
Accuracy

Variable Mean £ | Minimum | Maximum

SD

FMS Score 15.87 £ 11 20
2.26

Y-Balance 93.52 + 82.4 101.2

Composite (%) 4.67

Agility  Time 9.71 + 8.58 11.03

(s) 0.63

Serve 76.43 + 55 92

Accuracy (%) 8.71

*p <0.01; **p <0.001

The analysis shows a statistically significant
positive correlation between FMS and Y-Balance
composite scores was revealed (r = 0.612, p <
0.001). Thus, the participants who had high FMS
scores performed better in dynamic balance. There
was a statistically significant negative correlation
between FMS and agility time (r = —0.574, p <
0.001) that means that high movement competency
was positively related to agility performance. FMS
score was also significantly correlated with the
serving accuracy (r = 0.487, p < 0.001). Dynamic
balance showed a statistically significant positive
correlation with serve accuracy (r = 0.429, p <
0.01) and agility time had a statistically significant
negative correlation with serve accuracy (r =
—0.446, p <0.01).

Figure 1. Correlation matrix heatmap of functional movement and tennis specific performance variables
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Table 4
Multiple Regression Analysis
Dependent Variable B SE t-value p-value R?
Dynamic Balance 0.612 0.084 7.31 <0.001 0.374
Agility Time -0.574 0.079 -7.04 <0.001 0.329
Serve Accuracy 0.487 0.093 5.26 <0.001 0.237
Table 5
Effect size interpretation for Cohen’s criteria
Relationship Correlation (r) Effect Size Interpretation
FMS vs Dynamic Balance 0.612 Large
FMS vs Agility -0.574 Large
FMS vs Serve Accuracy 0.487 Moderate
Dynamic Balance vs Serve Accuracy 0.429 Moderate
Agility vs Serve Accuracy -0.446 Moderate

Small = 0.10-0.29; Moderate = 0.30-0.49; Large > 0.50

In the regression analysis the FMS score was a
statistically ~significant predictor of dynamic
balance performance (B = 0.612, p < 0.001) and
accounted for 37.4% of the variance in Y-Balance
scores. In addition, the FMS score predicted agility
performance statistically significantly (B = —0.574,
p < 0.001) and accounted for 32.9% of the
variance in agility time. The FMS score was also a
predictor of serve accuracy (f = 0.487, p < 0.001)
and accounted for 23.7% of the variance.

Effect sizes showed that associations between
FMS scores and both dynamic balance
performance and agility performance were large,
thus stressing the significance of movement
competency in  performance improvement.
Associations concerning serve accuracy were
considered moderate, which meant that functional
movement competency was one of the important
components of serve technique; however, other
components might affect it as well, such as
technical and tactical skills and psychological
traits.

Discussion. This research aimed to explore the
connection  between  Functional ~Movement
Screening (FMS) scores and selected specific
performance parameters among young competitive
tennis players. It was shown that functional
movement  competency  was  significantly
associated with dynamic balance performance,
agility performance, and serve accuracy. The
largest association was noted between FMS scores
and dynamic balance performance. In tennis,
athletes should perform rapid multi-directional
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movements, execute strokes in difficult positions,
and recover fast between shots. The athletes who
display better mobility, stability, and movement
quality will most probably demonstrate better
balance ability, thus contributing to their court
movements and strokes. Thus, the positive
association shows the role of efficient movement
patterns in maintaining balance when performing
complex sport-specific actions. Similar results
were obtained in previous studies on athletes [1;
21].

A negative correlation was revealed between
FMS scores and agility performance; that is, the
athletes  demonstrating  better = movement
competency were characterized by shorter agility
test results because of more effective changes of
direction and movement transition. In particular, in
tennis agility involves not only speed of an athlete
but also his/her ability to regulate body position
while accelerating, decelerating, and reacting to
external stimuli. Mobility and stability limitations
can reduce the efficiency of force production and
absorption; therefore, movement -efficiency is
affected. Thus, the obtained results are consistent
with the theory which states that movement quality
significantly affects the fast directional changes
which occur in competitive tennis [1; 19].

It is necessary to mention another interesting
result — a positive correlation between FMS scores
and serve accuracy. Serve is considered a technical
ability of a player; however, serving efficiency
requires proper coordination of the whole kinetic
chain, which means the transfer of force through
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all links. Movement quality limitations can change
the pattern of interaction between legs, body, and
upper extremities; thus, ball control can be
affected. The moderate correlation revealed in this
study shows that movement competency affects
serving efficiency. Nevertheless, technical skills,
tactical thinking, perception, psychological state
and other factors probably influence the results of
serves. Therefore, movement quality should be
viewed as one of the factors that affect serve
efficiency [16; 27]. As for regression analysis, it
confirmed the practical importance of movement
competency in terms of variance explained.
Functional movement quality explained a large
part of variance in dynamic balance and agility
performance, which proves that movement-related
characteristics affect key physical abilities required
in tennis. The explained fraction of variance in
serve accuracy was smaller, but the relation
remained statistically significant [12; 13].
Moreover, the current effect-size analysis
proves the applied significance of the obtained
results. It was found that large effect sizes were
demonstrated in correlations between FMS score
and both dynamic balance and agility, which
means that these relations are not only statistically
significant but also have performance-related
meaning. In turn, the fact of moderate effect size in
the relation of serve accuracy shows a more
complicated interplay of physical and technical
performance factors [4; 15]. However, there are
several limitations of the conducted research that
should be considered. Firstly, a cross-sectional
research design does not allow making any
conclusions about causality of the relationship
between functional movement competency and
tennis performance. Though some significant
relations were found, it cannot be said that FMS
improvement  will result in performance
improvement. Secondly, the sample of this study
included only male athletes of one tennis club;
therefore, it is difficult to generalize the results to
female, other age, or different performance level
athletes. Thirdly, tennis performance includes
many variables, such as muscular strength, power,
reaction time, technical skills, and others; they
were not investigated in this study [7; 11; 18].
Further research could employ longitudinal and
experimental designs to establish the impact of
movement competency enhancements on tennis-
specific performance. The inclusion of women
athletes, juniors and elite-level players in such
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studies could help establish the significance of
movement quality in these populations. Finally,
the relationship between movement competency,
injury occurrence and development in tennis could
be an interesting topic for further research [6; 14;
25].

5. Conclusions

This study revealed significant relationships
between Functional Movement Screening (FMS)
and selected tennis-specific performance indices in
young competitive tennis players. Higher FMS
scores were associated with better dynamic
balance, faster agility and more accurate serve.
The functional movement competency was
identified as a significant predictor of performance
outcomes especially in balance and agility. It can
be concluded from the findings of the current study
that movement quality is an important physical
characteristic  affecting tennis  performance
success.  Assessing  functional =~ movement
competency patterns could be an important step in
identifying movement problems and ensuring
appropriate athlete preparations. Therefore, based
on the findings, it is suggested that assessments of
functional movement competency be included in
regular evaluations of tennis performance.
Addressing weaknesses in movement patterns
related to mobility, stability and control could lead
to improvements in physical competencies needed
for tennis. Nevertheless, taking into consideration
that there are other factors affecting competitive
success such as technical and tactical abilities,
movement screening could be one aspect of the
athlete development process.
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