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Abstract

Objectives. Knee injuries are prevalent among professional tennis players and have a significant impact on their
athletic performance and longevity. This study aimed to evaluate the dynamic and postural balance differences
between injured and healthy professional tennis players, reflecting the broader implications of knee injuries on player

stability and performance.

Materials and methods. A total of 80 professional tennis players, comprising 40 individuals in the knee injury group
(IG) and 40 individuals in the non-injury group (NIG), were selected to participate in this cross-sectional study.
Participants’ postural sway was assessed under various conditions, including standing on different surfaces with open
and closed eyes using a Wii Balance Board. The Y-Balance Test was performed to evaluate the player’s dynamic balance.
An Independent t-test was used to examine the difference in postural sway and dynamic balance between the two groups.
Results. The results of this study indicated that players with knee injuries showed significantly worse performance in
both dynamic balance (p < 0.05 for non-dominant legs) and postural sway (significant differences in mean velocity
on foam surfaces with eyes open and closed, p < 0.001). These findings suggest that knee injuries contribute to
substantial deficits in balance control, which could affect overall athletic performance and injury risk.

Conclusion. The study underscores the necessity of incorporating targeted balance and proprioceptive training into
rehabilitation programs for tennis players recovering from knee injuries. By improving balance, these interventions
can enhance neuromuscular control, reduce reinjury risk, and support better overall performance in high-stakes
environments. Future research should focus on refining balance training programs to maximize recovery outcomes

and minimize injury impacts.

Keywords: tennis players, balance, knee injury, health risk, postural sway.

Introduction

Tennisis classified as an intermittent sport, distinguished
by repeating high-intensity challenges, such as accelerations
and decelerations, throughout competitive matches that
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typically last 90 minutes (Fernandez-Fernandez et al,
2018). The musculoskeletal system of the lower limbs can
experience significant stress due to the repetitive lateral,
start/stop, and turning movements performed by tennis
players. These movements involve fast anterior or posterior
transitions, followed by forceful strokes (Manske & Paterno,
2018). Racquet sports may also encompass abrupt, lateral
motions, resulting in substantial valgus and rotatory forces
on the knee joint (Prieske et al., 2014). Due to the execution
of this faster agility movement, lower limb injuries are
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prevalent among tennis players due to the recurrent loadings
experienced during matches, which may last up to five hours
(Okholm Kryger et al., 2015).

29% of tennis injuries are attributed to knee injuries
(O’Connor et al., 2020). Research has demonstrated that the
knee is the most frequently injured area among male profes-
sional players and the third most frequently injured area
among female professional players during the 2011-2016
Australian Open Grand Slam (Gescheit et al., 2017). The
most prevalent injuries among junior tennis players include
ankle sprains, lower back pain, and knee problems (Gescheit
etal, 2019). In terms of gender, it was observed that female
players exhibited a higher prevalence of Anterior cruciate
ligament (ACL) injuries than their male counterparts (Kai-
ser etal., 2021). Previous studies have demonstrated a poten-
tial association between ACL injury and an increased likeli-
hood of knee reinjury, resulting in prolonged disability and
a greater risk of early onset of osteoarthritis (de Sire et al.,
2021). Individuals who had previously experienced a knee
injury within the joint showed imbalances in their ability to
maintain stability for up to 3-10 years after the injury. This
was characterized by a more consistent centre of pressure
(COP) and an increase in the extent of movement during
periods of quiet standing on one leg (Baltich et al., 2015).

Tennis involves swift and multidirectional movements,
such as sudden decelerations and pivoting (Fernandez-Fer-
nandez et al., 2018). These physical and technical needs ne-
cessitate sufficient balance levels, which are crucial in achiev-
ing success in tennis (Malliou et al., 2010a). Dynamic balance,
an essential component in the sport of tennis, pertains to the
intrinsic tendency of the human body to spontaneously adjust
its body position to sustain a state of relative stability during
movement or when exposed to external stimuli (Novak et al.,
2023). Such balance enhances drill performance and reduces
the likelihood of sustaining injuries in the lower extremi-
ties (Caballero et al., 2021). In this context, previous studies
compared the dynamic balance and postural balance between
novice and professional tennis players in various conditions,
such as eyes open (EO) and eyes closed (EC) (Srihi et al,,
2022). Another study was conducted to evaluate the bal-
anced performance of young tennis players before and after
training sessions (Malliou et al., 2010b). Subsequently, prior
research has also included comparisons of postural control
across several athletic groups, including volleyball, basketball,
and gymnastics (Galli et al., 2017). Prior research has also in-
vestigated the correlation between balance and performance
among tennis players across various age groups and skill lev-
els (Caballero et al., 2021) and the effect of leg preference and
dominance on postural balance among tennis players (Kozinc
& Sarabon, 2021). Nevertheless, there needs to be more data
about the impact of knee injuries on balance and postural
control in professional tennis players. Hence, this study com-
pares the dynamic balance and postural sway among profes-
sional tennis players with and without knee injury.

Materials and Methods

Study Design

A cross-sectional observational study compared
dynamic balance and postural sway in professional tennis
players with and without knee injuries.

Sampling Size

A pilot study estimated the sample size required to
compare dynamic balance and postural sway between
professional tennis players with and without knee injuries.
First, the investigators recruited a small sample of
participants (n = 10) in each group. Second, both dynamic
balance and postural sway were measured and recorded.
Third, the mean and standard deviation were measured for
each variable within each group. Further, these statistics were
used to estimate the pooled standard deviation and the effect
size (difference in means divided by the pooled standard
deviation). Finally, using G*Power software, these estimates
will be used in a sample size formula to determine the sample
size for the main study. Considering these parameters, the
authors aimed to have 40 samples in each group.

Participants

80 male professional tennis players aged between 18 and
35 who participated in at least two national and state-level
competitions were recruited for this cross-sectional study.
The subjects were divided into an injured group (IG = 40) and
a non-injured group (NIG = 40). The participants in the IG
had a history of sports-related intra-articular knee injuries,
which included grade 1 ligament and meniscus injury, three
months ago, which kept them away from participating in the
game. The subjects were excluded if they had any history of
surgery or fractures in the lower limb, vestibular disorders,
or other neurological impairments. Basic demographic data
like playing experience, frequency of training, and training
duration of the subjects were collected.

Ethical Approval:

The University Research and Ethical Committee
approved all study procedures under the reference number
INTI-IU/FHLS-RC/BPHTI/1NY12023/021. To obtain their
informed consent, participants were fully informed about
the study’s objectives, potential risks, and benefits. They
were also reminded that they could withdraw from the study
anytime.

Outcome Measure

Dynamic Balance

The Y-Balance test (YBT) equipment (FMSTM, USA)
was utilized to conduct a dynamic balance test. It is a reliable
test to assess the dynamic neuromuscular test (Plisky et al.,
2021). To do the test, individuals must position their hands on
the hips and extend their reach by exerting force on the board
using the reaching limb in the anterior, posteromedial, and
posterolateral directions. Subsequently, they should return
to the initial starting position. The measurement of reach
distance was conducted within a range of 0.5 cm from the
nearest edge of the reach indicator. The test was performed for
both dominant and non-dominant lower extremities. Before
the actual test trials, all individuals engaged in three practice
trials on each leg in each of the three orientations. The reach
distances of the YBT were converted to leg length (%) by
measuring the length from the participants’ right anterior
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superior iliac spine to the right medial malleolus while lying
down. The greatest composite score was determined using
the following formula:

Composite score = [(sum of the 3 distances)/(length of
lower limb x 3)] x 100

Postural Sway

The Wii Balance Board (WBB) is a widely accessible,
cost-effective technology for measuring standing body sway
kinematics (Rohof et al., 2020). The WBB (Sensing Future
Technologies, Coimbra, Portugal) was connected to a laptop
computer running a customized Microsoft Windows 11
operating system to establish a Bluetooth connection and
connect to the WBB. The data from the force platform were
sampled at 100 Hz. It has two dual-channel analog-to-
digital converters (ADCs) to sample the four load cells in
each platform corner. Postural sway was analyzed through
Physiosensing Balance Software® v.21.5.0.0. Sensing Future,
Coimbra, Portugal. The participants were directed to
maintain an upright position on the WBB, with their heels
spaced 2 cm apart, a stance angle of 30 degrees, and their arms
hanging loosely at the sides of their bodies. We evaluated
the individuals’ postural stability in two different conditions
on a firm and foam surface: a) with their eyes open (EO)
and their gaze directed towards a black circle at a distance
of 2 meters for 60 seconds; b) with their eyes closed (EC),
for the same duration (Andreeva et al., 2021). Ellipse Area
(mm?), Mean of the Centre of Pressure (COP) trajectory in
anteroposterior and mediolateral direction(mm), and Mean
Velocity of COP (mm/s) parameters were recorded.

Results

Table 1 summarizes demographic data such as Age,
Body mass index (BMI), Playing experience, frequency of
training, and training duration.

Table 1. Demographic Data of the participants from both
study groups

Injured (n =40) Non-injured (n = 40)

Indexes
Mean + SD Mean + SD
Age 24.40 +4.99 22.85+5.46
BMI 22.36 £ 3.05 22.17 £2.21
Playing experience 17.25+£6.48 14.90 £ 8.94
Training days/week 3.80+0.88 4.00 £ 1.06
Training hours 2.35+0.66 2.60 £ 0.81

Body mass index (BMI), SD-Standard deviation

Discussion

The findings of this study reveal significant differences
in dynamic and postural balance between professional tennis
players with knee injuries and their healthy counterparts.
These results align with existing literature that underscores
the critical role of balance in athletic performance and injury
prevention.

Professional tennis players are exposed to repetitive
high-intensity movements, including rapid accelerations,

Table 2. Mean and standard deviation between the group
on a firm surface with eyes open and closed.

Indexes Group Mean+SD df t P

Eyes Open
Injured Group 476.52 +229.53

EA 78 1.788 0.78
Non-Injured Group 391.76 + 192.95
Injured Group 20.79 £ 13.55

AP 78 2.513 0.014
Non-Injured Group  13.90 £ 10.78
Injured Group 3.91+11.45

ML 78 0.144 0.886
Non-Injured Group ~ 4.33 +14.33
Injured Group 19.67 £7.70

MV 78 6.057 0.001*
Non-Injured Group  11.03 + 4.69

Eyes Closed
Injured Group 482.56 + 263.22

EA 78 0.395 0.694
Non-Injured Group 453.54 + 383.14
Injured Group 17.74 £ 1591

AP 78 1.283 0.203
Non-Injured Group 13.79 £ 11.26
Injured Group 2.27 +£14.97

ML 78 0.072 0.943
Non-Injured Group ~ 2.52 £ 15.70
Injured Group 23.75+£12.21

MV 78 5.492 0.001*
Non Injured Group  12.50 + 4.29

*EA = Ellipse Area (mm?); AP = Mean COPap displacement (AP)
(mm); ML = Mean COPml displacement (ML)(mm); MV = Mean
Velocity (mm/s); *p < 0.05

Table 3. Mean and standard deviation between the groups
on foam surfaces with eyes open and closed

Indexes Group Mean+SD df t P

Eyes Open

Injured Group 563.24 + 266.54
EA 78 1.815 0.073
Non-Injured Group 468.27 +196.16

Injured Group 16.40 + 13.85
AP 78 0.484 0.630
Non-Injured Group  17.76 £ 11.07
Injured Group 0.62+13.23 0.429 0.669
ML 78
Non-Injured Group  1.75 + 10.04
Injured Group 18.33 £7.121
MV 78 4.091 0.001*
Non-Injured Group  13.20 £ 3.49
Eyes Closed
Injured Group 737.07 + 368.06
EA . 78 0.630 0.531
Non-Injured Group 810.76 + 641.80
Injured Group 18.92 £ 8.13
AP 78 0.413 0.681
Non-Injured Group ~ 8.00 £ 11.52
Injured Group 1.75 + 16.90
ML 78 0.501 0.618
Non-Injured Group ~ 3.48 +13.79
Injured Group 21.10+7.93
MV 78 1.379 0.172
Non-Injured Group  18.03 £ 11.60

*EA = Ellipse Area (mm?); AP = Mean COPap displacement (AP)
(mm); ML = Mean COPml displacement (ML)(mm); MV: Mean
Velocity (mm/s); *p < 0.05
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Table 4. Y-Balance Test composite scores of Dominant Leg
and Non-Dominant Leg between injured and non-injured
groups

b . Injured Non-Injured
ynamic (N = 40) (N=40)  daf t p
Balance
Mean + SD Mean + SD
DL 98.98 +11.66 104.14+9.41 78 2.17 0.032*
NDL 101.66 £ 11.16  104.79 +11.68 78 1.234 0.021*

*DL = Dominant Leg; NDL = Non-Dominant Leg, *p < 0.05

decelerations, and multidirectional changes, which place
considerable stress on their lower limbs, particularly the
knee joint (Fernandez-Fernandez et al., 2018; Manske &
Paterno, 2018). These stresses significantly contribute to
the high incidence of knee injuries observed among these
athletes, as seen in previous studies that report knee injuries
as one of the most common injuries in tennis (O’Connor et
al,, 2020; Okholm Kryger et al., 2015). These high-intensity
movements can lead to dynamic knee valgus, a modifiable
injury risk factor (Wilczynski et al., 2021).

The significant differences in dynamic balance observed
between the injured and non-injured groups suggest that knee
injuries can substantially impair an athlete’s ability to maintain
stability during movement. Dynamic balance, crucial for per-
formance in sports involving rapid and unpredictable move-
ments, such as tennis, is significantly affected by knee injuries
(Caballero et al., 2021; Novak et al., 2023). The Y-Balance Test
(YBT) results from this study corroborate findings from other
research indicating that lower limb injuries negatively impact
dynamic balance, highlighting the need for targeted rehabili-
tation protocols (Huang et al., 2023; Plisky et al., 2021).

Furthermore, the impaired postural sway in injured
players, as evidenced by significant differences in COP mean
displacement and velocity on both firm and foam surfaces,
reflects the long-term impact of knee injuries on postural
control. Previous research has demonstrated that individuals
with knee injuries exhibit persistent balance impairments,
which can extend several years post-injury, affecting their
overall postural stability and increasing the risk of reinjury
(Baltich et al., 2015; Harry-Leite et al., 2022). Proprioceptive
exercises have been shown to improve knee position
sense and balance, suggesting their potential inclusion in
rehabilitation programs (Harry-Leite et al., 2022).

The study’s findings emphasize the importance of
incorporating balance training into rehabilitation programs
for injured tennis players. Balance training has been shown
to improve neuromuscular control and reduce the likelihood
of further injuries, enhancing overall athletic performance
(Malliou et al., 2010b; Prieske et al., 2014). Rehabilitation
strategies focusing on dynamic and static balance can help
mitigate the effects of knee injuries and support recovery
(Caballero et al., 2021; Galli et al., 2017).

Fatigue also plays a critical role in athletes’ dynamic
balance. Studies have shown that fatigue can significantly
decrease the range of motion and joint torque, reducing
balance and increasing the risk of injuries (Huang et al.,
2023). This highlights the need for balance training programs
that also consider the effects of fatigue on performance and
injury prevention.

Limitations

This study is subject to several limitations that must be
acknowledged. First, the exclusive focus on male participants
limits the generalizability of the findings to female athletes,
who may exhibit different biomechanical responses and
rehabilitation needs. Additionally, the study’s cross-sectional
nature restricts our ability to infer causal relationships
between knee injuries and balance impairments. Moreover,
focusing solely on knee injuries may overlook the impact
of other common injuries in tennis on balance metrics.
Lastly, the lack of control over environmental variables such
as playing surface and testing conditions could influence
the outcomes, limiting the study’s external validity. Once
published, these findings will be added to the existing
content at the end of this article.

Recommendations

Future research should address the limitations noted
in this study to enhance the applicability and relevance of
the findings. Including male and female athletes in the study
would help broaden the understanding of gender-specific
responses to knee injuries and rehabilitation. Employing a
longitudinal design would allow for observing changes over
time and establishing causal links between knee injuries
and balance outcomes. Expanding the focus beyond knee
injuries to include other common injuries could provide a
more comprehensive insight into the balance needs of tennis
players. Utilizing more advanced biomechanical testing that
closely mimics actual tennis play would likely yield results
more applicable to real-world scenarios. Furthermore,
standardizing environmental and testing conditions across
studies would help ensure the consistency and reliability of
the results, making them more helpful in developing targeted
interventions and rehabilitation programs. These suggestions
will be considered for inclusion in future updates to this article.

Conclusion

In conclusion, the significant differences in dynamic
and postural balance between injured and healthy
professional tennis players highlight the critical impact of
knee injuries on these athletes. Integrating comprehensive
balance training into rehabilitation protocols is essential
for improving postural control, reducing reinjury risk, and
optimizing performance. Future research should explore the
components of effective balance training programs and their
long-term benefits for injured athletes.
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*disiorepaneBTryHMII Konemx Benkara [TagmaBarti

ABTOpCchKMil BKIa: A — nu3aiis gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip komrtis

Pedepar. Crarts: 6 ., 4 Tabn., 23 mKeperna.

Merta gocnimxenns. TpaBMi KOTIHHOTO Cyr/106a € IOMMPEHOI0 ITPOo6/1eMOIo ceper; TpodeciiiHMX TeHICUCTIB | MalOTh 3HAYHMIT
BIUIMB Ha piBeHb iXHbOI CHOPTUBHOI Pe3yIbTATMBHOCTI Ta TPUBAIOCTI CIOPTUBHOI Kap epu. MeToI0 I[bOro ZOCTifKeHHA Oy/Ia
OLIiHKa BiffMiHHOCTeI! Y AMHAMIYHiil Ta HOCTypaIbHill pIBHOBa3i MXK TPaBMOBAHVMMI Ta 30POBUMI IIPOdECiiHIMY TeHicHCTaM,
110 Bigo6pakae OiIbII IIVPOKi HACIAKY TPaBM KOJIIHOTO CYI/I06a Ha IIOKa3HUKY CTabi/IbHOCTI Ta pe3y/IbTaTUBHOCTI IPaBIIiB.

Marepianu Ta MeTOIM. 3arajIoM [I0 YYaCTi B IIbOMY IIOIIEpEYHOMY JOCTIKeHH] 6y10 Bifibpano 80 npodeciitHuX TeHiCUCTIB,
3 AKX 40 oci6 BxomIu 1o rpynu 3 TpaBMoo Koninuoro cyrnoba (TT) 140 oci6 — mo rpynu 3 BigcythicTio Tpasmu (BTT). 3a gono-
Moroio 6anancysanpHoi fowky Wii Balance Board orjinioBany nocrypanbHe KOMMBaHHSA YYaCHUKIB 38 PiSHUX YMOB, BKTIOYAI04N
IIOJIOKEHH:A CTOSAYM Ha Pi3HUX IOBEPXHAX 3 PO3IUIIOLIEHMMM Ta 3aIUTIOIEHMMY OUMMa. 3 MeTOIO OL[iHKM JVHAMiuHOI piBHOBaru
rpaBis npooauscs 6ananc-tect (Y-Balance Test). [yt nepeBipky pisHuLIi B IIOCTYpa/lIbHUX KONMMBAHHAX 1 AUHAMIUHII piBHOBa3i
MIDX /{BOMa IPyIIaMIi yIaCHUKIB 6yB 3aCTOCOBAHMII t-KpUTepiil /s He3aIeKHMX BUOIPOK.

PesynbraTu. Pesynbratu JOCIIPKeHH CBIAYaTh IPO CYTTEBO Tiplii ITIOKa3HMKY I'PaBLiB 3 TPaBMaMM KO/IIHHOTO Cyrn106a 5K y
IvHaMiuHii piBHOBa3i (p < 0,05 /14 HeJOMiHAHTHYX HIT), TaK i B IOCTYpa/JIbHOMY KONVMBaHHi (JJOCTOBipHi BifMiHHOCTI y cepenHil
MIBU/IKOCTI HA MiHOITACTOBUX MTOBEPXHSX 3 POSIUIIOIEHIMY Ta 3aIUIIOMIeHNMI 04nMa, p < 0,001). OtTpumani gaHi cBig4aTh Ipo
Te, 110 TPaBMM KOJIIHHOTO Cyr106a IpU3BOAATD 40 3HAYHUX [HOPYIIEHb KOHTPOJIIO PIBHOBArY, 110 MOYKe HETaTMBHO BIUIMBATHU Ha
ITOKA3HMKM 3aTaIbHOI CIIOPTUBHOI pe3y/IbTaTUBHOCTI Ta pU3UK OTPYMAHHSA TPABM.

BuicHOBOK. JIOCi/PKeHHS TiIKPeC/TI0e HeOOXiJHICTb BIIPOBA/KEHHS 1IIIECIIPIMOBAHNX Oa/IaHCYBAIbHUX Ta IPOIIPIOLen-
TUBHUX TPEHYBaHb IO MpOrpaM peabimiTaliil TeHICUCTIB, SAKi BifHOBIIOIOTbCSA IMIC/AA OTPUMAHHA TPAaBM KOJIHHOTO CyIaIo6a.
IIys1xoM mosiniueHHs piBHOBArY Taki iHTepBeHIii CIpMAITH IOCHIEHHIO HEPBOBO-M 5130BOI0 KOHTPOJIIO, 3HIDKYIOTb PU3MK I10-
BTOPHOTO TPaBMYBaHHA Ta 3a0€3MeYyI0Th Kpallli TOKa3HMKY 3aTa/IbHOI pe3y/IbTaTUBHOCTI B yMOBaX MiIBUIIIEHNX HaBaHTa)KEHb.
MaiibyTHi KOCII/PKEHHSI MAOTh Oy T 30CepeKeHi Ha BOCKOHA/IEHH] TPEHYBa/IbHIX [IPOTPaM 3 PO3BUTKY PIBHOBAIM 3 METOIO
MaKCHMisalil pe3y/nbTaTiB BiJHOB/IEHHSA Ta MiHiMi3allii HAC/TiKiB TpaBM.

KirouoBi croBa: TeHicucTy, piBHOBara, TpaBMa KOIHHOTO CYI/I00a, PUSHK /ISt 3[{OPOB 51, OCTYparbHe KOMBAHHSL.
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