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ABSTRACT

Background: Badminton involves repetitive unilateral overhead movements, rapid
changes of direction, and explosive actions that may contribute to side-to-side
differences in functional movement patterns.

Objectives: This study aimed to describe functional movement patterns and
bilateral asymmetry among badminton athletes at the Malang Regional Training
Center using the Functional Movement Screen (FMS).

Methods: This cross-sectional study involved 16 sub-elite badminton athletes aged
15-20 years selected through purposive sampling. Functional movement was
assessed using the seven-component FMS. Total scores were classified as high
(£14), moderate (15-17), or low (18-21) injury risk. Bilateral asymmetry was
identified from differences between right- and left-side scores in five bilateral FMS
components. Data were analyzed descriptively using means, standard deviations,
frequencies, and percentages.

Results: Most athletes (62.5%, n = 10) were classified as having moderate injury
risk, while 18.75% (n = 3) were classified as high risk and 18.75% (n = 3) as low
risk. Shoulder Mobility showed the highest prevalence of bilateral asymmetry
(100%, n = 16), followed by the In-Line Lunge and Rotary Stability (62.5%, n =
10 each), Hurdle Step (50.0%, n = 8), and Active Straight Leg Raise (43.75%, n =
7).

Conclusions: Bilateral functional movement asymmetry was common among
badminton athletes, particularly in shoulder mobility, while most athletes were
classified within the moderate injury-risk category. These findings support
functional movement screening to identify movement limitations and inform
individualized corrective exercise strategies.

Keywords: badminton, bilateral asymmetry, functional movement, Functional Movement Screen,
movement screening.
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INTRODUCTION

Physical activity involves various body structures, such as muscles, ligaments, and
joints. The body can move optimally when supported by adequate strength, elasticity,
and tissue mobility. However, increased mobility without corresponding stability can
increase the risk of injury. Sports injuries remain a major challenge in athlete
development, particularly in high-intensity sports such as badminton, as they can
impair performance, disrupt training programs, prolong recovery periods, and
adversely affect long-term athletic development (Sudirman et al., 2021). Injuries can
result from both internal and external factors (Bahr & Krosshaug, 2005). One
important internal factor is muscle imbalance, which is associated with the athlete's
physiological and biomechanical characteristics. Muscle imbalance can impair
movement efficiency, disrupt force distribution throughout the body, and increase
the risk of injury.

This issue is particularly relevant in badminton because the sport involves rapid
changes in direction, jumping, and repetitive movements performed predominantly
on the dominant side of the body (Efendi & Rochmania, 2019). Although a certain
degree of asymmetry is naturally present in humans, excessive asymmetry may
reduce physical performance and increase the risk of injury (Wiriawan et al., 2024).
In addition, muscle weakness has been identified as a factor contributing to injuries
in young athletes (Ribeiro & Costa, 2006). Uneven loading of joints and soft tissues
caused by imbalances between agonist and antagonist muscles may lead to acute or
chronic injuries. Shoulder and lower-extremity injuries, including anterior cruciate
ligament (ACL) injuries caused by single-leg landings, are among the most common
injuries experienced by badminton athletes (Efendi & Rochmania, 2019; Zein &
Sudarko, 2020).

This study selected badminton players affiliated with the Malang Regional
Training Center (Puslatkab) as the research sample. The primary factors in selecting
this sample were the high intensity of their daily training routines and their
participation in various regional and national championships. Since the athletes at
the Malang Regional Training Center (Puslatkab) are currently in a performance-
enhancement phase, conducting a biomechanical study at this stage is crucial for
assessing injury risk. The FMS consists of seven functional movements that assess
balance, mobility, stability, and neuromuscular control, thereby identifying
movement limitations and compensations that are not apparent during routine
exercise. The FMS also places the body in specific positions to reveal stability and
mobility deficits that can lead to inefficient movement patterns (Cook et al., 2006).
Although injury prediction based on FMS scores is not always accurate when used
as the sole indicator, the FMS remains relevant as a screening tool for assessing
movement quality and asymmetry associated with injury risk (Dorrel et al., 2018).
Research by Triplett et al. (2021) also indicates that athletes with asymmetry in their
FMS scores tend to have a higher risk of musculoskeletal injury compared to athletes
without such asymmetry. Therefore, the FMS is useful as a basis for designing more
specific corrective exercises, particularly to improve mobility and stability, reduce
imbalances between the dominant and non-dominant sides, and monitor the athlete's
profile.

The Functional Movement Screen (FMS) was selected because it provides a
practical assessment of fundamental movement quality by examining mobility,
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stability, and movement control across a series of standardized tasks (Cook et al.,
2006). Several FMS components are assessed bilaterally, allowing side-to-side
differences in movement performance to be identified. Such differences may provide
useful information regarding functional movement asymmetry; however, they
should not be interpreted as direct measures of muscular strength imbalance because
the FMS does not quantify muscle force or neuromuscular activation. Therefore, in
badminton athletes, the FMS may be useful as an initial screening tool for identifying
movement limitations and bilateral asymmetries that warrant further assessment.

Although the Functional Movement Screen (FMS) has been widely used to assess
movement quality and injury risk across various sports, evidence on its application
in badminton athletes remains limited. This is particularly relevant for athletes
involved in intensive training programs, such as those at the Malang Regional
Training Center (Puslatkab), who are in a critical phase of athletic development.
Therefore, this study aimed to describe functional movement patterns and bilateral
asymmetry among badminton athletes at the Malang Regional Training Center using
the Functional Movement Screen. The findings are expected to provide empirical
information on functional movement patterns and to support the development of
appropriate injury-prevention strategies for badminton athletes.

METHODS

Study Design and Participants

This study employed a quantitative, descriptive, cross-sectional design with an
observational approach to evaluate functional movement profiles, injury risk, and
bilateral movement asymmetry among badminton athletes (Zein & Sudarko, 2020).

The participants in this study were 16 sub-elite badminton athletes aged 15-20
years who were members of the Malang Regional Training Center (Puslatkab).
Participants were selected using a purposive sampling technique based on
predetermined inclusion and exclusion criteria. The inclusion criteria consisted of
athletes who actively participated in regular training sessions, agreed to participate
in the study, and completed all assessment procedures. The exclusion criteria
included athletes who had experienced severe musculoskeletal injuries within the
previous six months, reported pain during the assessment, or were unable to complete
the Functional Movement Screen (FMS) protocol.

Ethical approval statement

Ethical approval for this study was obtained from the Research Ethics Committee
of Universitas Negeri Malang under Ethical Exemption Number
02.09.01/UN32.14.2.8/L.T/2025. The study was declared ethically appropriate in
accordance with the seven WHO 2011 standards and the 2016 CIOMS Guidelines.
Written informed consent was obtained from all participants before data collection

Research Instrument

Functional movement quality was assessed using the Functional Movement
Screen (FMS), which consists of seven movement patterns scored on a scale ranging
from 0 to 3, where 3 indicates correct movement execution, 2 indicates movement
completion with compensation, 1 indicates an inability to complete the movement,
and 0 indicates pain during movement (Cook et al., 2006). For bilateral tests, the

Zahro' & Pritama; Phys. Educ. Sport. Stud. Res. 2026; 5(2); 196-207. doi: 10.56003/pessr.v5i2.756 198/207


https://doi.org/10.56003/pessr.v5i2.756

right and left sides were scored separately, and the lower score was used to determine
the final score for each movement.

The total FMS score was used to classify injury risk. Scores of 14 or lower were
classified as high risk, scores of 15-17 as moderate risk, and scores of 18-21 as low
risk. Bilateral functional movement asymmetry was identified based on differences
between right- and left-side scores in the Hurdle Step, In-Line Lunge, Shoulder
Mobility, Active Straight Leg Raise, and Rotary Stability tests. The validity and
reliability of the FMS have been demonstrated in previous studies, supporting its use
for assessing functional movement patterns and identifying movement-related risk
factors (Cook et al., 2006).

Data Collection

Data collection was conducted through structured observation and direct
measurement during a single testing session. Before the assessment, all participants
completed a standardized warm-up lasting approximately 10 minutes. Each FMS
movement was performed three times, with short rest periods provided between
movements to minimize the potential effects of fatigue.

The assessments were conducted by a five-member research team. Two trained
evaluators independently observed and scored the participants' movement patterns,
after which any differences in scoring were discussed to reach a consensus on the
final score. Simultaneously, three team members recorded the movements from the
frontal, posterior, and lateral views to facilitate subsequent review and improve
scoring accuracy. The final scores were subsequently reviewed and discussed with a
licensed physical therapist to enhance consistency in the assessment process. Formal
inter-rater reliability analysis was not performed.

Data Analysis

Descriptive statistical analysis was performed using Microsoft Excel 2019
(Microsoft Corporation, Redmond, WA, USA). The data were analyzed to
determine functional movement profiles, injury risk levels, and indicators of bilateral
movement asymmetry among badminton athletes. The results were presented as
means, standard deviations, frequencies, and percentages.

RESULTS

This study involved 16 badminton athletes aged 15-20 from the Malang Regional
Training Center (Puslatkab). Functional movement patterns were evaluated using the
Functional Movement Screen (FMS) to describe total FMS score profiles and
bilateral functional movement asymmetry. According to Table 1, the participants had
a mean age of 15.81 + 1.26 years, a mean height of 162.75 + 9.84 cm, a mean body
weight 0of 55.44 *+ 6.57 kg, and a mean body mass index (BMI) 0f 20.94 + 1.54 kg/m?2.

Table 2 shows that the majority of badminton athletes (62.5%, n = 10) were
classified as having a moderate injury risk based on their total FMS scores.
Meanwhile, three athletes (18.75%) were classified as high risk and three athletes
(18.75%) as low risk. These findings indicate that most athletes exhibited FMS scores
within the moderate-risk category, while a smaller proportion demonstrated either
higher or lower risk profiles. Overall, the distribution suggests that functional
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movement limitations were relatively common among the athletes and may warrant
further assessment and targeted preventive interventions.

Table 1. Description of Research Subjects

Mean * Standard Deviation

Characteristics (n = 16)
Age (years) 15.81 £ 1.26
Height (cm) 162.75 £ 9.84
Weight (kg) 55.44 + 6.57
BMI (kg/m?) 20.94+1.54

Table 2. Distribution of Injury Risk Categories Among Badminton Athletes at the Malang
Regional Training Center (Puslatkab) Based on FMS Scores

Injury Risk Category Number of Athletes Percentage (%)
High Risk (<14) 3 18.75%
Moderate Risk (15 — 17) 10 62.5%
Low Risk (18 — 21) 3 18.75%
Total 16 100%
Table 3. Distribution of Athletes with Differences Between Right- and Left-Side Scores for
Each FMS Movement
Number of Athletes 0
FMS Movement with Differences Between Both Sides Percentage (%)
Hurdle Step 8 50%
In-Line Lunge 10 62.5%
Shoulder Mobility 16 100%
Active Straight Leg Raise 7 43.75%
Rotary Stability 10 62.5%

Table 3 shows that bilateral asymmetry was observed across all five FMS
movements assessed. Shoulder Mobility demonstrated the highest prevalence of
asymmetry, with all 16 athletes (100%) exhibiting differences between the right and
left sides. This was followed by the In-Line Lunge and Rotary Stability, each showing
asymmetry in 10 athletes (62.5%), and the Hurdle Step in eight athletes (50.0%). The
lowest prevalence of asymmetry was observed in the Active Straight Leg Raise,
affecting seven athletes (43.75%). Overall, these findings indicate that bilateral
movement asymmetry was common among the badminton athletes, particularly in
shoulder mobility, suggesting side-to-side differences in functional movement
patterns that may warrant further assessment and targeted corrective interventions.

DISCUSSION

The present study revealed two main findings regarding functional movement
patterns among badminton athletes at the Malang Regional Training Center. First,
most athletes were classified within the moderate injury-risk category based on the
predefined FMS score classification, with 10 of 16 athletes (62.5%) scoring between
15 and 17, while three athletes (18.75%) were classified as high risk and three
(18.75%) as low risk. Second, bilateral movement asymmetries were evident across
the five bilateral FMS components. Shoulder Mobility showed the highest prevalence
of asymmetry, occurring in all athletes (100%), followed by the In-Line Lunge and
Rotary Stability (62.5% each), Hurdle Step (50.0%), and Active Straight Leg Raise
(43.75%). Collectively, these findings indicate that side-to-side differences in
functional movement were common in this group, with upper-extremity asymmetry
being particularly prominent.
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The predominance of athletes within the moderate-risk category indicates the
presence of functional movement limitations that may warrant further assessment.
The FMS was developed to identify limitations and asymmetries in fundamental
movement patterns involving mobility, stability, and neuromuscular control (Cook
et al., 2006). Previous badminton-specific studies have similarly demonstrated that
functional movement characteristics assessed using the FMS can be responsive to
training. For example, Zhao et al. (2021) reported improvements in total FMS score
and specific components, including the In-Line Lunge and Rotary Stability,
following integrative neuromuscular training in female badminton players. Similarly,
functional training has been reported to improve movement quality and reduce side-
to-side differences in FMS components among young badminton players (Chen,
2023). These findings suggest that the functional movement limitations identified in
the present sample are potentially modifiable characteristics rather than fixed deficits.
Nevertheless, the injury-risk classifications should be interpreted cautiously. The
present study did not prospectively record injury incidence, and FMS-derived
classifications therefore represent screening-based profiles rather than direct
estimates of future injury probability.

The most prominent finding was the 100% prevalence of asymmetry in the
Shoulder Mobility test. This finding is particularly relevant to the biomechanical
characteristics of badminton, which requires frequent unilateral overhead strokes.
During badminton play, overhead actions account for a substantial proportion of
strokes and repeatedly expose the shoulder complex to combinations of internal and
external rotation under considerable mechanical loading (Fernandez-Fernandez et
al., 2019). Consequently, repeated exposure to these asymmetric demands may
promote sport-specific adaptations between the dominant and non-dominant
shoulders. This interpretation is supported by Couppé et al. (2014), who examined
adolescent national-level badminton players and found significantly lower total
rotational range of motion (TROM) in the dominant shoulder than in the non-
dominant shoulder in both male and female players. More specifically, their data
showed lower dominant-side internal rotation in male athletes and side-to-side
differences in external rotation among female athletes.

Further badminton-specific evidence supports this interpretation. Fernandez-
Fernandez et al. (2019) found significant baseline side-to-side differences in shoulder
rotational profiles among elite junior badminton players, characterized by greater
external rotation on the dominant side and greater internal rotation and total arc of
motion on the non-dominant side. The prevalence of side-to-side differences reached
35.4% for internal rotation, 22.5% for external rotation, and 77.4% for total arc of
motion. The same study demonstrated that two competitive badminton matches
performed on the same day produced additional changes in shoulder ROM and
strength, indicating that shoulder function may also respond acutely to competitive
loading. Taken together, these findings provide a plausible explanation for the high
prevalence of Shoulder Mobility asymmetry observed in the present study: repeated
unilateral overhead loading over training and competition may contribute to
systematic dominant-to-nondominant adaptations in shoulder function.

Similar adaptations have also been reported in other racquet sports. Moreno-Pérez
et al. (2015) observed that professional tennis players demonstrated reduced internal
rotation and total rotational ROM and increased external rotation ROM in the
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dominant shoulder compared with the non-dominant shoulder. These dominant-to-
nondominant differences are consistent with adaptations frequently observed in
athletes exposed to repetitive unilateral overhead loading. Importantly, however,
side-to-side ROM asymmetry in the tennis players was not significantly different
between athletes with and without a history of shoulder pain (Moreno-Pérez et al.,
2015). Thus, the Shoulder Mobility asymmetry observed in the present study should
not automatically be interpreted as pathological impairment or evidence of future
shoulder injury. Moreover, because the FMS Shoulder Mobility test does not directly
quantify glenohumeral internal and external rotation, the present findings cannot
establish the specific anatomical or biomechanical source of the observed asymmetry.

Substantial asymmetry was also identified in the In-Line Lunge and Rotary
Stability components, each affecting 62.5% of the athletes, while asymmetry was
observed in the Hurdle Step and Active Straight Leg Raise in 50.0% and 43.75% of
the sample, respectively. These findings indicate that side-to-side differences in the
present athletes were not limited to the upper extremities but were also evident in
movement patterns involving lower-extremity mobility, trunk control, and
multisegmental coordination. Previous badminton-specific research has shown that
the In-Line Lunge and Rotary Stability components are responsive to neuromuscular
and functional training (Zhao et al., 2021; Chen, 2023), suggesting that these
movement characteristics may represent modifiable functional attributes.

A possible explanation for these asymmetries is the repetitive asymmetric loading
inherent in sport-specific movements. Badminton involves frequent multidirectional
lunges, rapid acceleration and deceleration, changes of direction, and repeated use of
preferred movement strategies, which may expose the two lower limbs to different
mechanical and neuromuscular demands. Evidence from other sports involving
substantial unilateral lower-extremity demands supports this interpretation. Sanjaya
et al. (2025) suggested that limb dominance, preferential use of one leg during
jumping and changing direction, uneven training loads, and insufficient unilateral
strengthening may contribute to inter-limb strength asymmetry in athletes. Similarly,
Dewi et al. (2025) reported inter-limb differences in eccentric hamstring strength
among sub-elite tackwondo athletes and noted that repeated preferential use of one
side, together with differences in training exposure and neuromuscular adaptation,
may contribute to asymmetrical lower-extremity characteristics. However, these
studies assessed muscular strength asymmetry rather than FMS movement
asymmetry. Therefore, they provide a plausible mechanistic context rather than
direct evidence explaining the present FMS findings.

Importantly, the lower-extremity asymmetries identified in the present study
should not be interpreted as direct evidence of muscular imbalance or weakness. The
FMS evaluates the quality and symmetry of movement patterns but does not directly
quantify muscle strength, joint kinetics, or neuromuscular activation. Consequently,
athletes presenting with asymmetry in the In-Line Lunge, Hurdle Step, or Rotary
Stability tests may warrant further assessment using more specific measures of
unilateral strength, dynamic balance, hip function, and lower-extremity
neuromuscular control. Such an approach would help determine whether the
observed movement asymmetry represents sport-specific adaptation or an underlying
functional deficit requiring targeted intervention.
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The asymmetry observed in the Hurdle Step (50.0%) and Active Straight Leg
Raise (43.75%) further indicates that side-to-side differences were not restricted to the
shoulder or to a single movement domain. Rather, the findings suggest a broader
pattern of individual variability in mobility and movement control across the athletes.
Importantly, not all asymmetry should necessarily be considered maladaptive. In a
unilateral sport such as badminton, some degree of functional asymmetry may
represent sport-specific adaptation to repeated technical and tactical demands.
Therefore, screening results should be interpreted at the individual athlete level and,
where necessary, followed by more specific assessments to distinguish potentially
relevant functional limitations from normal sport-related adaptations.

From a practical perspective, the present findings support the use of FMS
primarily as an initial functional screening and monitoring tool rather than as a stand-
alone diagnostic or injury-prediction instrument. Athletes presenting with Shoulder
Mobility asymmetry may benefit from more specific assessment of glenohumeral
ROM, thoracic mobility, scapular control, and internal- and external-rotator
strength. This recommendation is particularly relevant because badminton-specific
research has demonstrated measurable dominant-to-nondominant differences in both
shoulder ROM and rotational strength (Couppé et al., 2014; Fernandez-Fernandez
et al., 2019). For athletes presenting with In-Line Lunge or Rotary Stability
asymmetry, subsequent assessment could focus on hip function, trunk control,
dynamic balance, and unilateral lower-extremity movement quality. Corrective or
conditioning interventions should then be individualized according to the deficits
confirmed through these additional assessments rather than prescribed solely on the
basis of FMS scores.

The available intervention evidence also suggests that these movement
characteristics may be modifiable through targeted training. Integrative
neuromuscular and functional training approaches have been associated with
improvements in FMS scores and selected movement patterns among badminton
players (Zhao et al., 2021; Chen, 2023). Accordingly, mobility exercises, trunk
stabilization, unilateral strength training, dynamic balance, and neuromuscular
control exercises may be incorporated where corresponding deficits are confirmed.
Periodic screening may subsequently be used to monitor changes in movement
quality across the training cycle. However, the primary objective should not
necessarily be to eliminate all asymmetry, because some side-to-side differences may
represent functional adaptations to the unilateral demands of badminton. Instead,
the emphasis should be placed on identifying substantial or clinically relevant
limitations and determining whether they coexist with pain, reduced ROM, strength
deficits, impaired performance, or previous injury.

Limitations of the study

Several limitations should be considered when interpreting the findings. First, the
relatively small sample of 16 athletes from a single regional training center limits the
generalizability of the results to other badminton populations, competitive levels, and
age groups. Second, the cross-sectional design prevents determination of whether the
observed movement asymmetries developed as a consequence of badminton
participation or preceded participation in the sport. Third, injury incidence was not
prospectively monitored; consequently, the present study cannot determine whether
athletes classified into different FMS risk categories subsequently experienced
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different injury rates. Fourth, FMS identifies observable movement limitations and
asymmetries but does not determine their underlying physiological or biomechanical
mechanisms. Direct measurements of shoulder and hip ROM, muscle strength, trunk
function, joint kinetics, and neuromuscular activation were not performed. Fifth,
although two trained evaluators reached consensus on the final FMS scores and
recordings from multiple views were used to support scoring, inter-rater reliability
was not quantified. This should be considered when interpreting the consistency of
the assessments. Finally, the use of purposive sampling may have introduced
selection bias and further limits the representativeness of the sample.

Future research should therefore include larger and more diverse samples of
badminton athletes, objective assessments of strength and joint ROM, and
prospective injury surveillance. Longitudinal studies are particularly needed to
determine whether specific FMS asymmetries or combinations of movement
limitations are associated with subsequent musculoskeletal injury or changes in
badminton performance. Combining functional screening with sport-specific
biomechanical, strength, and workload assessments may provide a more
comprehensive understanding of the clinical and performance relevance of bilateral
movement asymmetries in badminton athletes.

CONCLUSION

This study identified a high prevalence of bilateral functional movement
asymmetry among badminton athletes at the Malang Regional Training Center.
Shoulder Mobility demonstrated the highest prevalence of asymmetry, affecting all
athletes, followed by the In-Line Lunge and Rotary Stability, whereas most athletes
were classified within the moderate injury-risk category based on the predefined FMS
score classification. These findings indicate that side-to-side differences in functional
movement are common in this group, particularly in movement patterns involving
the shoulder. However, the observed asymmetries should not be interpreted as direct
evidence of muscular imbalance or future injury because the FMS is a functional
screening tool rather than a direct measure of muscle strength or a stand-alone
predictor of injury. Functional movement screening may therefore be useful for
identifying athletes who require further individualized assessment of mobility,
strength, stability, and neuromuscular control. Prospective studies incorporating
objective biomechanical and neuromuscular assessments and injury surveillance are
needed to determine the clinical and performance relevance of these asymmetries in
badminton athletes.
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