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Abstract

Background. It is known that all sports require dynamic balance and more specifically towards contact sports such as
basketball which puts players through array of perturbation and collision during the game. The purpose of this study
was to find out the effectiveness of six-week balance training with perturbation in enhancing dynamic balance of

basketball players.

Materials and methods. The study participants were ten basketball players who volunteered and were randomly
distributed into an Experimental Group (N=5) and a Control Group (N=5). The Experimental Group received

a six weeks balance training intervention with perturbation for a total of 18 sessions, while Control Group kept
regular training. The Y-balance test was used in pre-test and post-test to measure dynamic balance of both groups.
Independent sample t-test was used for the analysis of results.

Results. The study findings revealed that the Experimental Group improved significantly in dynamic balance at
p=0.000 after having undergone the 18 sessions of intervention with perturbation, while there was no significant

improvement in the Control Group.

Conclusions. This study concluded that the six-week balance training with perturbation is effective in enhancing
dynamic balance control in basketball players. This intervention can be modified or integrated into a neuromuscular
training program to further improve dynamic balance of basketball players, hence, may help in reducing injury risk.
This intervention also can be suggested as a training regime for other contact sports that require excellent balance

control.
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Introduction

It is known that all sports requires dynamic balance and
more specifically towards contact sports such as basketball
which puts players through array of perturbation and
collision during the game. Basketball continues to increase
in popularity at all levels of play, from recreational to
professional (Caine et al., 1996) and remains immensely
popular, not just in the United States, but throughout the
world (Cantwell, 2004). The basketball game place packed
emphasize on the speed and power of athletes (Starkey,
2000). As stated by Meeuwisse (Meeuwisse et al., 2003),
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games were responsible for the majority of injuries causing
more than seven sessions of time loss, resulting in a rate of
severe injury 3.69 times greater than that of during practices.
Hence, it can be foreseen that the frequency of injury during
game was two times higher than during practices (9.9 versus
4.3 injuries per 1000 athlete-exposures) (Dick et al., 2007),
According to Ferretti and colleagues (Ferretti et al., 1992)
the frequency of injuries during a game is much higher than
during a practice. It can be attributed to the high level of
competition and the amount of effort that the players put into
the game. They also noted that the increased risk of getting
injured is caused by the high intensity of the competition.
In games, fewer players generally participate, but the
activity is usually at a very high level of intensity. This high
intensity physical effort and its associated fatigue, combined
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with a more unpredictable, competitive environment, may
predispose game participants to acute injury compared with
practice participants. As such, injuries during games were
more likely to be due to player contact or other contact than
were injuries occurring during practice (Starkey, 2000).

It is noted that unpredictable physical contact and
perturbation isafactor to acute injuries when players are fatigue
during intense games, also, they loss focus and their ability to
maintain dynamic balance to resist the perturbation. Hence,
this is when the injuries incidence rate increase. Furthermore,
referring to Yde and Nielsen (1990), contact with other player
was the main reason for time loss injuries; followed by non-
contact injuries. As stated by Dick et al. (2007), half of the
game injuries were coupled with player contact whereas nearly
one fifth of game injuries were from contact with the floor.

Lee and Lee (2018) in their study indicated that great
frequency of ankle and knee injuries in contact-sports among
Malaysian athletes. A probable cause for the susceptibility of the
ankle to be injured was its close proximity to the contact surface
(e.g. equipment and opponent’s body), which is the focus of
activity in the contact-sports. They also found that the lower
extremities (65.5%) were the common location for injuries
in contact-sports. These findings were also similar with other
studies (Choo et al., 2018; Lee et al., 2017). The researchers were
also asserted that the lower extremities (51.1%) appear to be the
most frequent site for the injuries as well (Choo et al., 2018).
Injuries to the lower extremities especially knee and ankle
regions were exposed to injuries at any time when the athletes
with poor balance control required to run, turn, change of
direction, and jump during weight bearing sporting activities.
Consequently, they proposed that lack of balance control
perhaps a contributory factor for lower extremity injuries
(Choo et al., 2018; Lee et al., 2017). According to Cumps et al.
(2007), rate of injury for player with poor balance was two to
seven times compared with rate of injury for player with good
balance. Poor balance ability has been significantly associated
with an increased risk of ankle injury in a number of sports.

Generally sensorimotor or balance training programs
are prescribed to improve balance ability. According to
Teichmann et al. (2018), when sensorimotor or balance
training has been incorporated into rehabilitation programs
which canimprove staticand dynamicbalancein both athletic
and non-athletic populations. However, these rehabilitative
exercises often represent relatively slow perturbations to
human sensorimotor function (>350 ms), while empirical
observations suggest that injuries occur in a time span of
between 17 and 50 milliseconds after initial ground contact.

Fitzgerald et al. (2000) studied on efficacy of
perturbation training in non-operative anterior cruciate
ligament rehabilitation programs for physically active
individuals. A group of subjects were received standard
rehabilitation program and other group received the
standard program augmented with a balance training with
perturbation. Although both the standard program and the
balance training with perturbation may allow individuals to
return to high-level physical activity, the balance training
with perturbation appears to reduce the risk of continued
episodes of giving way of knee during athletic participation,
and it allows individuals to maintain their functional status
for longer periods.

Yom et al. (2014) conducted a study based on lateral in-
flight perturbation during drop landings. They determined

that lateral in-flight perturbations affect both frontal
plane and sagittal plane lower-extremity biomechanics.
Developmentally, these outcomes indicated that the athletes
characteristically adjust their mechanics to land carefully
after a semi-anticipated frontal plane perturbation, such as
a push or a bump sideways by an opponent while in the
air. Generally, the ability to generate sufficient, eccentric
extensor and adductor moments about the lower extremity
joints is of primary importance. Consequently, these
researchers has demonstrated the importance of developing
a proper dynamic balance and landing mechanics are crucial
in reducing the risk of being in abnormal or excessive
movement of biomechanics at the lower extremities. As a
result, the reduced moment in hip abduction and adduction
can decrease the shearing force and loading on the soft tissue
causing less strain and hence reduce the likelihood of getting
injured during in-flight lateral perturbation during games.
Therefore, this study was conducted to determine the
effectiveness of six weeks balance training with perturbation
in improving dynamic balance of university basketball
players. The researcher is hoping that if this intervention is
effective in improving dynamic balance, study finding may
be beneficial and referred to basketball coaches and players
to include this intervention into basketball training regime.
With improved dynamic balance ability, it may reduce the
risk of lower extremities injuries among basketball players.

Materials and methods

Study Design

This study used an experimental design to investigate the
effectiveness of six weeks balance training with perturbation
on dynamic balance among university basketball players.
All ten eligible subjects who satisfied the inclusion norms
were randomly allocated to either Experimental Group (EG)
or Control Group (CG) by drawing an envelope indicating
either EG or CG in order to eliminate bias.

Sampling Method

Purposive sampling method was utilized to recruit
eligible subjects. The population in this study are Sultan
Idris Education University Basketball players’ age ranging
from 20 to 25 years old. There were total of 60 Basketball
club members with ten state representatives or advanced
level players and ten intermediate or high school team
representatives previously and five players with three years’
experience and training and competing for UPSI Hystrix
Basketball club. Besides the above mentioned basketball club
members, there were non-club members i.e. recreational
basketball players also volunteered in this study. The eligible
subjects were screened using self-reported questionnaire.
After the screening process, ten basketball players who
fulfilled the inclusion criteria were recruited in this study as
study subjects.

Inclusion and Exclusion Criteria

The subjects must be free from any lower extremities
injuries and possess normal musculoskeletal functions
in all joints within six months of participation. These
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volunteers must have at least two years’ experience in playing
basketball. Subjects were included only if their vestibular
and neurological functions were normal. University
basketball players who had injuries within six months prior
to this study and had impaired vestibular and neurological
functions were excluded because these impaired functions
would affect balance control.

Research Procedure

A total of ten subjects were randomly assigned into
two groups i.e. Experimental Group and Control Group.
The subjects in Experimental Group were undergone six
weeks of balance training with perturbation while Control
Group remained their normal training routine without any
intervention. A written informed consent was distributed
and subjects were required to fully understand the research
procedures before participating in the study. They were
allowed to withdraw in anytime without any reason given.
The balance training with perturbation intervention
consisted of 31 training variations. The experimental group
was trained three sessions per week for six weeks with a total
of 18 sessions. The control group remained their normal
training without any additional intervention. Before starting
the balance training with perturbation intervention (pre-test)
and after balance training with perturbation intervention
(post-test), all subjects were required to undergo Y-balance
test for dynamic balance pre-test and post-test measures. The
subjects in control group were also undergone pre and post-
test procedures. Every subject from experimental group and
control group was given one practice trial for familiarization
of testing protocols. During the testing sessions, all subjects
performed two trials and the average score was recorded for
data analysis to avoid measurement error that may influence
study results.

Balance Training with Perturbation Intervention

In this study, the experimental group was undergone
the balance training with perturbation intervention
while maintaining their normal training routine. Each
intervention session lasted about 30 to 45 minutes. Warming
up and cooling down sessions were involved before and
after the training sessions. The balance training with
perturbation intervention were designed to alter or modify
vestibular input, and proprioception input to enhance
sensorimotor integration in Central Nervous System (CNS).
Proprioception input was modified with varies stances i.e.
a) tandem stance, b) split squat stance, c) single leg stance,
d) bilateral jumping and landing, e) single leg jumping and
landing. Apart from progression in varies stances, vestibular
input was challenged with various unexpected disturbance
i.e. perturbation. Types of perturbation were differentiate by
a) numbers, b) speed and c) predictability (i.e. constant or
random). The intervention variations were progressed with
the combination of various stances and types of perturbation
on basis of simple and less challenging to complex and more
challenging (Table 1). All training variations were progressed
gradually as to challenge the vestibular and proprioception
inputs which are important factors in improving dynamic
balance to enhance the sensitivity of sensorimotor integration
in CNS.
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Table 1. Combination of Training Variations

Visual

Vestibular Proprioception
Eyes Types of perturbation Stance
condition P P
numbers Tandem
b. speed Split squat
c. predictability Single leg
Open -constant Bilateral jumping and landing
-random Single jumping and landing

Research Measurement Instrument

The Y-Balance Test was utilized in this study as it is
considered a useful tool in detecting injury susceptible
subjects Gonell et al. (2015). Besides that, it has proven
excellent levels of inter-rater test-retest reliability as
reported in a study conducted by Lee and Ong (2012). The
study revealed excellent test-retest reliability using Intraclass
Correlation Coeflicients i.e. 0.98, 0.98, and 0.99 on anterior,
posteromedial, and posterolateral directions respectively.

The Y-Balance Test required subjects to balance on
one leg while concurrently reaching as far as possible
with the other leg in three different directions i.e. anterior,
posterolateral and posteromedial (Figure 1). This test is used
to measure the subject’s strength, stability and balance in
various directions. The subjects did a practice trial before
testing sessions started. The subjects repeated the test with
same leg for two successful reaches. After completed two
successful reaches, they repeated this process with the other
leg. Once subjects completed two successful reaches with
each leg, they progressed to next test directions.

Fig. 1. Y- Balance Test

Statistical Analysis

Dynamic balance measures using Y-Balance Test were
recorded and analyzed using independent sample t-test and
paired sample t-test in Statistical Package for Social Science
version 22. Independent sample t-test was used to compare
the difference in dependent variable between Experimental
Group and Control Group. The paired sample t-test was used
to compare the difference on dynamic balance before and
after intervention within Experimental Group to determine
the effectiveness of balance training with perturbation
intervention. The level of significance was predetermined
at p<0.05.
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The study was conducted in accordance with the ethical
principles of the Helsinki Declaration for human research
and was approved by the Research Ethics Committee of the
Universiti Pendidikan Sultan Idris.

Results

The demographic data of both Experimental Group
and Control Group are similar in age, height and weight
indicating that they were recruited from homogeneous
group. The descriptive characteristics for these ten subjects
in this study were shown in Table 2.

Table 2. Demographic Data of Experimental Group and
Control Group

Experimental Group (n=6) Control Group (n=6)

Variables (1£SD) (£SD)
Age (years) 224+1.34 23.6 +0.894
Height (cm) 169.8 £ 5.58 170.6 £ 5.72
Weight (kg) 64.0 + 14.17 67.6+ 11.41

Table 3 and Figure 2 portrayed the result of comparison
between Experimental Group and Control Group for
dynamic balance on absolute reach before the intervention.
The pre-test value of dynamic balance on absolute reach
between Experimental Group (79.44 + 3.94 cm) and
Control Group (78.66 + 9.43 cm) revealed that there was
no significant difference, indicating both groups were in
homogeneous group (p = 0.869) before the balance training
with perturbation intervention. After Experimental Group
undergone 18 sessions of balance training with perturbation
intervention, the result indicated there was significant
difference for dynamic balance on absolute reach (p =
0.000*) between the Experimental Group (88.62 + 4.51 cm)
and Control Group (78.87 £ 9.05 cm).

Table 3. Pre-Test and Post-Test Between Experimental
Group and Control Group for Dynamic Balance on
Absolute Reach using Y-Balance Test Before and After
Intervention

Control Group Experimental Group

(p£SD) (p£SD)

Pre test 78.66 + 9.43 79.44 + 3.94 0.869
Post test 78.87 +9.05 88.62 + 4.51 0.000*
Dynamic Balance

100
C
3 50
s
0

Experimental Group Control Group

M Pre-test m Post-test

Fig. 2. The Mean of Experimental Group and Control Group
for Dynamic Balance on Absolute Reach in Centimetres using
Y-Balance Test Before and After Intervention
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For the result before and after intervention of
Experimental Group, after the 18 sessions of balance training
with perturbation intervention, the mean of dynamic
balance on absolute reach had increased from 79.44 cm to
88.62 cm (increased 9.18 cm). Study finding indicated that
there was a significant improvement in dynamic balance on
absolute reach (p = 0.000%) after intervention (Refer Table 4
and Figure 2).

Table 4. Pre-Test and Post-Test of Experimental Group for
Dynamic Balance on Absolute Reach using Y-Balance Test
Before and After Intervention

Pre test Post test
(p+SD) (p+SD)
Experimental Group ~ 79.44+3.94  88.62+4.51 0.000*

Discussion

The study finding indicated that the six weeks of balance
training with perturbation intervention was effective in
improving the dynamic balance of university basketball
players. The Experimental Group obtained improvement in
their dynamic balance after undergoing the balance training
with perturbation while Control Group did not indicate any
improvement because they only followed normal training
routine without undergone any intervention. Withal, the
dynamic balance improvement of Experimental Group was
due to the progression of perturbation variations on different
level of intensity to prevent plateauing. The progressively
designed variations has challenged the proprioceptive input
and vestibular input of the subjects by pushing on the subjects’
shoulder with and without their knowledge which resulted in
different forms of physiological stress that induced different
neural and muscular adaptation (Lesinski et al., 2016).

In consequences, this finding has demonstrated that
proprioception is an important factor in maintaining
dynamic balance and sensing the position of limbs in space
when vestibular and visual aspects of balance component
is altered as proposed from a previous study by Irrgang
et al. (1994), the vestibular system itself functions as an
important apparatus that assists in maintaining the body
upright against force of gravity. Whereas the visual aspects
provide input to assist in balance control by counteracting
the effect of head movement and the proprioception aspect
receive inputs from the joints and surrounding structures
and receptors to provide sensation of limbs in spaced. All
these units must function optimally or dynamic balance will
be affected after the postural perturbation.

This is in agreement with Lee and Lim (2020), as
they trained Wushu players on trampoline to alter their
proprioception. Their intervention were improved the
dynamic balance of the subjects because of the repeated
sensory feedback and continuous exposure to perturbation.
In addition to that, the subjects were continuously challenged
their postural changes and center of gravity trajectory while
using trampoline. These things provided more challenging
environment to proprioceptive input and vestibular input.
By the rebounding nature of trampoline the vestibular input
were also challenged and altered during perturbation.

The improvement of dynamic balance in Experimental
Group is also due to the improved ability to maintain



Lee, A.C,, Sankaravel, M., & Chen, Z.X. (2023). The Effectiveness of Six Weeks Balance Training With Perturbation Intervention on
Enhancing Dynamic Balance of Basketball Player

dynamic balance in response to the balance disrupting
force by perturbation or external forces, since the human
body is not statically stable even during quiet double-limb
stance, the Central Nervous System is constantly making
adjustments to keep the center of mass over the base of
support (Han et al., 2009). In previous studies, it is suggested
that the Central Nervous System utilizes a “throw and catch”
pattern to generate joint torques on opposite sides of the joint
to maintain balance while standing. Henceforth, subjects
were required to maintain dynamic balance while resisting
against the balance disturbing force caused by the tension
in the elastic tubing perturbation which will impose an
accentuated neural training effect that can improve dynamic
balance ability (Loram & Lakie, 2002).

Meanwhile, the manipulation of proprioceptive input
and vestibular input through 31 combinations of variations is
believed to be able to enhance the sensitivity of sensorimotor
integration. Rapid sensorimotor integration from Central
Nervous System indicating one has excellent dynamicbalance
ability. As stated by Piegaro, A (Piegaro, 2003), a four weeks
balance training program is effective in improving dynamic
balance significantly. Consequently, this explained that six
weeks of balance training with perturbation is sufficient in
inducing significant improvement in the dynamic balance of
the experimental group in this study.

Furthermore, Cumps and colleagues (Cumps et al.,2007)
reported that an improvement in balance ability is essential
in reducing injury risk of basketball athletes. Therefore, when
the experimental group displayed significant improvement
in dynamic balance, it is a precursor in reduction of injury
risk during game contacts.

Implications of Study

Study finding may help to explain the importance of
dynamic balance on basketball players and other contact
sports that required good dynamic balance control to reduce
the risk of sustained lower extremities injuries. Therefore,
it is suggested that this balance training program with
perturbation can be considered to implement as one part
of training regime for contact sports, hoping to improve
dynamic balance of the players.

Conclusion and Recommendations

Dynamic balance ability is inversely proportional to risk
of sustained lower limb injury and is important in improving
sports performance in athletes especially basketball players.
The six weeks balance training with perturbation revealed
significantimprovement in dynamic balance of Experimental
Group. Hence, this intervention is essential for basketball
players to improve their dynamic balance. It is suggested
that this intervention could be modified or integrated into
a training program to further improve dynamic balance of
basketball players and other contact sports, indirectly, it may
help in reducing risk of injury.

Imminent research may include larger sample size
and longer intervention period. Stance variations and base
of support may change to foam mats, tilt boards, seesaw
apparatus such as tilting platforms and movable platforms to
provide more difficult and challenging proprioceptive input
and vestibular input. Intervention variations may design
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by considering the level of subject population and sports
specific in order to challenge dynamic balance ability.
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EQEKTUBHICTDb LLECTUTUXKHEBUX TPEHYBAHb HA 3BEPEXKEHHA
PIBHOBAI'N 3 IHTEPBEHLI,II7IH!(IM 11 30OBHIWHIM MOPYLWWEHHAM
Y NOKPALLEHHI ANHAMIYHOI PIBHOBAI'Y BACKETBOJICTIB

Ait Yy JTi'ABCPE, Moxancynmap Cankapasen' 5P, Ui Croen Yen?ABPE

"YuiBepcuret ocBitu imeni Cynrana Ingpica
“LlenTp ¢isiorepanii DBC
ABTOpPCHKMIT BKTAJ;: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip komtis

Pedepar. Crartst: 7 c., 4 Tabm., 2 puc., 22 mxepena.

IcTopisa muranna. Bigomo, 110 BCi BuaM criopTy BMMaraloTb JMHAMiyHOI piBHOBaryu, a 0COOMMBO KOHTAKTHI BUAM CIIOPTY,
TaKi sk 6acKkeTOOI, KM 3MYIIY€e TPaBIIiB IIPOXOANTH L[y HM3KY HOPYIIEeHb PiBHOBATY Ta 3ITKHEHb IIPOTATOM I'py. MeTOI0 11b0ro
mocmimKeHHA 6yno 3’AcyBaTy eeKTUBHICTD IIECTUTIDKHEBMX TPEHYBaHb Ha 30epeXXeHHs PiBHOBAry B yMOBax ii 30BHILIHBOTO
HOpYIICHHA B IOKpAalljeHHi [HaMi4HOI piBHOBaryu 6acKeTOOMICTIB.

Marepianu ta MeTogu. Y ZOCTifKEHHI Opanu y4acTh AecaTh 6ackeTOOMCTIB, sKi JOOpOBIIBHO mOropumcs ta 6ynu Bu-
HaJKOBUM YMHOM PO3IOJi/TIeH] Ha eKclepuMeHTanbHy rpyny (N=5) ta koHTponpHy rpymy (N=5). ExcriepuMeHTanbHa rpyma
OTpUMyBaJIa iHTepBeHLiHI 3axoy y $GOpMi IIeCTUTVIKHEBIX TPEHYBaHb Ha 30epeXXeHHs piBHOBAry B yMOBaXx ii 30BHILIHBOTO
MIOpPYLIeHHA NPOTATOM 3aranaoM 18 3aHATH, a KOHTPOJIbHA TPyIIa IPOJOBXYBajla 3BMYaliHi TpeHyBaHHA. [l/11 BUMiploBaHHA T10-
KasHMKIB IMHaMi4HOI piBHOBArM IIifj Yac MONepeSHbOTO Ta MifICYMKOBOIO TECTYBAaHHA B 000X IPYIIaxX BUKOPUCTOBYBA/IM TECT HA
36epe)xeHHs piBHOBAry Ha 6asi mijmorosoi mwiardopmu y popmi nitepu Y. Iy aHami3y pe3ynbTaTiB BUKOPUCTOBYBAIN t-KpUTepii
CrpIofieHTa [I/1s1 He3a/IeXXHUX BUOIPOK.

PesynpraTu. 3a pesyabraraMu TOCTiKEHHs OY/I0 BCTAHOB/ICHO, 1[0 IIOKa3HMKM AMHAMIYHOI PIBHOBArM B eKCIEPUMEHTAIb-
HiVl TPy Mic/A NPOXOIKeHHA 18 3aHATh Y paMKax iHTepBEeHLIIHMX 3aXO0/iB i3 30BHIIIHIM IOPYIIEHHAM PiBHOBAary CTaTUCTUYHO
3HAYYILO IOKPAIMIKCA 3a PiBHA H0ocTOBipHOCTI p=0,000, TOAI AK y KOHTPO/IbHII IPYIi CTATUCTUYIHO 3HAYYLIOrO MOKPALIeHHs
He CriocTepiranocs.
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BucHoOBKM. 3a pesyabTaTaMi LbOTO JOCTIIKEHHs 3p06/IeHO BICHOBOK, IO IIECTUTIDKHEBI TPeHYBaHHA Ha 30epe>KeHHs
piBHOBary B yMOBaX il 30BHIIIHBOrO MOPYLIEHHA € e(peKTUBHUMM /IS HOKPAIIeHH:A KOHTPOJIIO AMHAMIYHOI PiBHOBAru B 6acker-
6omicris. 1i iHTepBeHIiiHI 3aX0/1 MO>KHA 3MiHIOBaTY ab0 iHTErpyBaT O IPOrpaMi HEPBOBO-M A30BUX TPEHYBaHb i3 METOIO
HO/ja/IBIIIOTO OKPAIIeHHs AMHAMIYHOI piBHOBaru 6ackeTOOMCTIB, OTXKe, 3 il [JOIOMOT00 MOYKHA 3HU3UTHU PUSUKYU TPABMYBaHH:.
LIi inTepBeHLiliHi 3aX0y TaKOXX MOXKHA PEKOMEH/IyBaT! K PEXMM TPEHYBaHb I iHIIMX KOHTAKTHUX BUJIB CIOPTY, AKi BU-
MararxTb BiJMiHHOTO KOHTPOJIIO piBHOBAIu.

KirouoBi croBa: 6ackeT601, fuHaMiuHa piBHOBAra, 30BHIIIHE IIOPYLIEHHS, TPOMPIOLeIis.
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