Y

HUMAN MOVEMENT (ISSN 1899-1955)
2024; 25(3): 86-95

Upper limb movement control strategy of top-tier elite male badminton
players when smashing for different distances

. © Wroclaw University of Health and Sport Sciences
original paper

DOI: https://doi.org/10.5114/hm/193207

TENGFEI DONG!, YOUNGSUK KIM, JUNGSUK SEO?, DONG MOON KIM?3,
SUKWON KIM'®

! Department of Physical Education, Jeonbuk National University, Jeonju, South Korea
? Department of Physical Education, Wonkwang University, Iksan, South Korea
® Department of Society of Sports and Leisure Studies, Wonkwang University, [ksan, South Korea

ABSTRACT

Purpose. Mastering the skill of smashing in a game can be quite challenging. Unfortunately, it’s not always easy to control
the distance of the smash. The present study investigated the impact of different smashing distances on muscle activation
patterns and kinematics of the upper limbs.

Methods. Ten collegiate athletes from a top-ranked team in Korea participated in the present study with a mean age, weight,
and height of 21 * 1 years, 71.9 + 9.1 kg, and 1.78 + 2.24 m, respectively. Three valid data points for each subject at three
different distances were analyzed using a one-way analysis of variance (ANOVA).

Results. The results demonstrated that with increasing smashing distance, the internal rotation angle of the elbow and
wrist joints decreased, while the angular velocity of flexion and internal rotation of the shoulder, elbow, and wrist joints
increased. Muscle activation increased for all muscles except the biceps brachii (BICLO) with increasing distance. The greatest
changes in activation levels were observed in the anterior deltoid (DELTA), extensor carpi radialis (ECR), and flexor carpi
ulnaris (FCU).

Conclusions. During tasks with different smashing distances, muscle activation in the upper limbs (except the biceps)
increased with increasing distances. Additionally, the internal rotation angle of the upper limbs decreased with increased
distances, while the angular velocity of flexion and internal rotation of the shoulder, elbow, and wrist joints increased.
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Introduction

Badminton boasts immense popularity worldwide,
with an estimated 200 million participants, making it
the second most popular sport globally, following foot-
ball [1]. In Asia, badminton surpasses even football
in terms of popularity [2].

Mastering the smash is an essential skill in bad-
minton, as it serves as the primary scoring technique
for athletes [3], especially in doubles matches, where
successful smashes can not only directly translate to
points but also boost team morale [4]. However, as
player training intensifies and defensive capabilities
improve, single smashes become less effective. To over-
come this challenge, athletes employ smashes from vari-
ous distances to exploit the opponent’s weaknesses
and score directly or indirectly [4].

Precisely controlling the landing point of a smash
during badminton gameplay remains a significant
challenge for athletes. The fast pace inherent to com-
petitive matches further complicates this task, as ad-
justments mid-swing often lead to increased stroke
errors. Existing research on smash accuracy primar-
ily focuses on the upper extremity segments, includ-
ing the shoulder, elbow, and wrist [5, 6]. This emphasis
aligns with previous studies demonstrating that upper
limb muscle activity exhibits the most significant con-
tribution during the smash compared to other body
regions [7]. Accordingly, experiments investigating
upper limb mechanics across various smashing dis-
tances are warranted to gain a deeper understanding
of the mechanics governing effective smashing, par-
ticularly regarding improved landing point control.
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In recent years, several studies have shed light on
the biomechanics of the smash in badminton. Wrist
muscle activation is now understood to be crucial for
accuracy, as evidenced by research showing a posi-
tive correlation between smashing accuracy and wrist
muscle power [7]. Additionally, shoulder joint internal
rotation acceleration is a significant factor influenc-
ing the speed of badminton [5]. Furthermore, studies
comparing badminton techniques such as high balls,
drop shots, and smashes consistently highlight the im-
portance of the racket’s head speed, which is signifi-
cantly correlated with the angular velocity of the upper
limb joints [8, 9]. Similarly, research by Salim et al. [3]
demonstrated a strong correlation between shoulder
internal rotation velocity and elbow extension angular
velocity with smashing speed. Examining muscle ac-
tivation patterns through EMG analysis, Tsai et al. [10]
found significant differences in wrist joint muscula-
ture between smashes and drop shots. Sakurai and Oht-
suki’s [7] work on upper limb muscles concerning ac-
curacy revealed a significant role for distal muscles
(wrist flexors and extensors). Additionally, the biceps
displayed activation during the preparatory phase, while
the triceps played a crucial role at contact [7]. Finally,
a cross-sectional study identified a significant corre-
lation between upper extremity explosive power and
speed of acquisition [11].

Prior research has established a clear connection
between upper limb mechanics and smash effective-
ness in badminton [6]. While existing studies have
explored various aspects of smashing, a critical gap re-
mains in our understanding of optimally controlling
upper limb movements for efficient and accurate
smashes across different distances. Furthermore, re-
search on the biomechanics of smashing at varying
distances is limited. Relying solely on repetitive prac-
tice to improve control at different distances can lead
to overuse injuries [12]. Therefore, this study aims to
investigate the impact of varying smash distances on
arm motions and muscle activation patterns. We hy-
pothesize that increased smash distance will result in
changes in upper limb muscle activation, joint angles,
and angular velocities. By analyzing these biomechani-
cal factors during smashes performed from different
distances, we hope to provide data-driven training rec-
ommendations for athletes, ultimately reducing errors
and the risk of injuries associated with prolonged, un-
controlled practice. Additionally, this research can equip
coaches with scientifically sound training methods to
optimize athletes’ technical performance, enhance their
competitive edge, and maximize their full potential.

Material and methods
Subjects

Ten collegiate athletes with a competitive badmin-
ton background were recruited for this study (mean
age: 21 = 1 years, weight: 71.9 = 9.1 kg, height: 1.78 +
2.24 m). All participants met the following inclusion
criteria: (1) no history of surgery or injuries to the trunk
or upper extremities, (2) no pain or discomfort in the
upper limbs prior to testing, and (3) participation in
badminton training four or more times per week. The
participants were recruited from a local university and
had a history of competing in national-level badminton
championships.

Equipment and materials

Twelve infrared cameras (OptiTrack, Natural Point,
Inc., Corvallis, OR, USA) operating at 120Hz captured
kinematic data. A total of 61 reflective markers (57 on
the body and 4 on the racket) were attached to the par-
ticipant’s skin alongside six EMG sensors (Trigon, Avan-
ti Sensor, Delays, USA). The software (OptiTrack, Nat-
ural Point, Inc., Corvallis, OR, USA) synchronized the
kinematic data (collected at 120Hz) with the EMG
data (collected at 1200Hz). The EMG sensors were
placed on the following muscles: anterior deltoid (DEL-
TA), medial deltoid (DELTL), triceps brachii (TRIL),
biceps brachii (BICLO), extensor carpi radialis (ECR),
and flexor carpi ulnaris (FCU). All EMG reference stan-
dards adhered to the guidelines established by Bar-
bero et al. [13]. The sensors were secured with tape to
minimize external influences [14]. Prior to data col-
lection, all participants underwent a series of maximum
voluntary isometric contractions (MVCs) to determine
their baseline muscle strength. Each MVC involved ex-
erting a maximal force for five seconds in a specific
posture, mimicking the target muscle action during
a smash. For the anterior and medial deltoid, partici-
pants sat with their dominant arm hanging freely at
their side, elbow flexed at 90 degrees, and shoulder
slightly abducted. They then pushed maximally for-
ward and backward within the plane parallel to their
torso. To assess the biceps and triceps, subjects sat with
their upper arm secured and wrists facing forward.
Starting with a 90-degree elbow bend, they performed
maximal elbow flexion and extension for five seconds
each, with the tester stabilizing their forearm. Finally,
wrist flexion and extension MVCs were obtained by
having participants position their forearms on the stand
with their hands extended outward, palms facing in-
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ward, and in a fist. They then exerted maximal force
in flexion and extension directions for five seconds
each, as described in the literature [13]. An automated
service machine (SPT6000, SPTLOOKER, Guangzhou,
China) was subsequently used to deliver shuttlecocks
to designated areas during the experiment.

Experimental procedure

Each subject would first warm up for 10 minutes
before the experiment, after which the researcher would
reposition the tee according to the subject’s hitting
habits to ensure that the badminton balls landed in
roughly the same location and that the subject was able
to hit the ball in a way that was comfortable for the sub-
jects. By reading the previous studies [15, 16] and ob-
serving the motion model in motive, we divided the

swing into four phases. We attached reflective markers
to the badminton ball to ensure that it could be cap-
tured by the camera during its flight and at the moment
of striking the ball by looking at it in motive (Figure 1).
After all subjects confirmed their test movements, the
formal experiment began. Participants were provided
explicit instructions to position themselves within
a specified area and engage in striking a shuttlecock
propelled from a serving apparatus strategically situ-
ated on the opposing court. Employing a stable snap
motion, subjects executed shuttlecock hits at different
distances [17, 18]. The laboratory supplied both the test
balls and rackets to ensure uniformity and to minimize
potential disruptions from extraneous variables. De-
tailed depiction of the court configuration is presented
in Figure 2.

1 winding up 2 cocking

3 acceleration

4 deceleration

Figure 1. There are four stages of the badminton swing: winding up, cocking, acceleration, and deceleration [15].
This paper studies and discusses the acceleration stage, also referred to as the contact stage

Figure 2. The ball was sent to a square area near the left bottom corner of 50 cm x 50 cm, 80 cm away from the left
bottom line and 30 cm away from the left sideline. The subject stood in a square area 80 cm x 80 cm behind the landing
point. The ball needed to be hit into three connected rectangular areas of 100 cm x 100 cm and labelled 1/2/3,
respectively. To make players fixed hitting positions, automatic service machines were used when serving
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Analysis and processing

EMG data was sampled at 1200 Hz and subse-
quently filtered using a 10-400 Hz bandpass filter.
The root mean square (RMS) with a 10 ms window was
applied to smooth the EMG signals [19]. The average
RMS amplitudes were calculated for the three trials
and normalized by the maximum MVC values. Kine-
matic data processing involved the calculation of joint
angles and angular velocities using Visual3D software.
Positive and negative values were determined using
a trunk-centred coordinate system (Y - forward/back-
ward, X - left/right, Z — up/down). Trunk flexion/ex-
tension was defined as positive/negative, respectively,
and adduction/abduction followed the same convention.
Similarly, the inner/outer racket spin was assigned
positive/negative values. Synchronization between kine-
matic and EMG data was achieved by visually iden-
tifying specific moments based on changes in joint
angles and muscle activity patterns. The badminton
forehand swing was segmented into four distinct stages
(preparation, lead-in, impact, and follow-through) based
on characteristic movement patterns [20]. Consider-
ing the relatively standardized swing patterns and joint
trajectories observed across participants, the moment
of impact was defined as the instant when the wrist
joint reached the zero point on the X-axis. This study
focused solely on the point of racket-shuttlecock contact
at varying distances. Joint parameters (X and Z-axis)
atimpact were calculated using Visual3D. Subse-
quently, one-way analysis of variance (ANOVA) was
conducted using SPSS 23.0 to assess the influence of

100 *
—
80+ *
| |
60

Normalised EMG (%)

distances on muscle activation (shoulder, elbow, and
wrist), joint angular velocities, and joint angles at impact.
The significance level was set at a p-value < 0.05.

Results

As illustrated in Figure 3, all investigated muscles
exhibited low to moderate activity levels (3.1%-59.9%
EMGMAX) during smashes performed at varying dis-
tances. Notably, the BICLO, TRIL, DELTA, DELTL,
ECR, and FCU displayed their highest activation lev-
els (5.2-59.9% EMGMAX) when smashing from the
farthest distance. The TRIL, ECR, and FCU specifi-
cally demonstrated the ability to achieve moderate ac-
tivity levels (30.4%-59.9% EMGMAX) across all dis-
tances, with particularly pronounced activity observed
during far smashes. The results revealed a gradual in-
crease in activation levels for the BICLO, TRIL, DELTA,
DELTL, ECR, and FCU with increasing smash dis-
tances. Conversely, the BICLO, DELTL, and DELTA
exhibited lower activity levels across all distances at
impact (3.1%-33.7% EMGMAX). Interestingly, three
muscles (not specified) displayed moderate activity
(40.6%-59.9% EMGMAX), while the FCU reached its
peak activity level (59.9% EMGMAX) at the moment
of impact. Notably, the biceps displayed minimal ac-
tivity throughout all three smash distances (3.1%-
5.2% EMGMAX). Statistical analyses revealed sig-
nificant differences (p < 0.05) in the activation levels
of the DELTA between close and far smashes, as well
as between close and intermediate distances. Addi-
tionally, significant differences were observed between

BICLO DELTL DELTA

MUSCLE

Jamh W[ : i [

*k *k
I 1 I |
*k
1
| mE Close distances
=3 Middle distances
3 Far diatances
ECR FCU

BICLO - biceps brachii, DELTL — medial deltoid tract, DELTA — anterior deltoid tract, TRIL — triceps brachii, ECR — extensor carpi radialis,

FCU - flexor carpi ulnar muscle
*p <0.05, ** p<0.005

Figure 3. The average percentage values of the normalized EMG from the upper limb muscles during smashes at
different distances and measured at the moment of the stroke
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the ECR and FCU during close and far smashes (p <
0.005), with the ECR also exhibiting significant differ-
ences between close and intermediate distance smashes
(p < 0.005). There were no significant differences de-
tected regarding the activation levels of other muscles
across the various smash distances.

Analysis of joint angles revealed no significant dif-
ferences (F = 0.346, p > 0.05; F = 0.310, p > 0.05) in
the shoulder joint (sagittal and horizontal planes) or
elbow joint (sagittal plane) during badminton swings
(Table 1). However, a significant difference (F = 4.84,
p < 0.05) was observed in the elbow joint angle on the
horizontal plane. Post-hoc comparisons indicated that
the internal rotation angle of the elbow joint decreased
with increasing smash distances. Furthermore, mul-
tiple comparisons revealed significant differences (p <
0.001) between all three distances, with the most sig-
nificant difference observed between close and far dis-
tances. Wrist joint angle analysis at impact revealed
a significant difference on the sagittal plane (F = 10.88,
p < 0.001). Post-hoc comparisons demonstrated that
the wrist joint extension angle increased with increas-
ing smash distances. Multiple comparisons indicated
statistically significant differences in joint angles be-

tween close and intermediate distances, and between
close and far distances (p < 0.001). However, no sig-
nificant difference was observed between intermedi-
ate and far distances (p > 0.05). Wrist joint angle on
the horizontal plane also exhibited a significant dif-
ference (F = 9.17, p < 0.001). Post-hoc comparisons re-
vealed a decrease in the internal rotation angle of the
wrist with increasing distances. All three distances
showed statistically significant differences when using
post-hoc tests (p < 0.005).

Analysis of upper limb angular velocities revealed
significant differences (F = 26.3, p < 0.001) in the shoul-
der joint’s sagittal plane flexion across various smash
distances. Post-hoc comparisons indicated a progres-
sive increase in flexion angular velocity with increasing
distances. All three distances displayed statistically
significant differences (p < 0.001) from each other.
Similarly, the shoulder joint’s horizontal plane inter-
nal rotation velocity exhibited significant differences
between distances (F = 4.51, p < 0.05). Post-hoc analy-
sis revealed a trend of increasing internal rotation ve-
locity with increasing distances. However, a significant
difference in internal rotation velocity was only observed
between close and far smashes (p < 0.005) at impact.

Table 1. Comparison of kinematic parameters of different upper limbs and the angle of the upper limb joints
at the moment of the stroke

Distance N Mean SD F Multiple comparisons
A 28 105.05 3.21
Shoulder X-axis B 26 102.07 3.32 0.364
C 24 101.90 3.46
A 28 16.80 1.53
Shoulder Z-axis B 26 16.30 1.59 0.310
C 24 15.06 1.66
A 28 16.80 1.53
Elbow X-axis B 26 16.31 1.59 0.310
C 24 15.06 1.66
A 28 34.62 0.78
Elbow Z-axis B 26 33.57 0.82 4.84* A>B>C
C 24 31.71 0.85
A 28 -5.99 1.03
Wrist X-axis B 26 -10.01 1.17 10.88*** A>B,C
C 24 -13.05 1.12
A 28 66.14 1.48
Wrist Z-axis B 26 61.74 1.53 9.17*** A>B>C
C 24 56.83 1.60

X - sagittal plane, Y - frontal plane, Z - horizontal plane

A - close distances, B — intermediate distances, C — far distances, flexion [+]/extension [-]

*p < 0.05, ** p < 0.005, *** p < 0.001
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Table 2. Angular velocity of upper limb joints at the moment of the stroke

Distance N Mean SD F Multiple comparisons

A 28 1048.15 33.54

Shoulder X-axis B 26 1209.733 34.81 26.30*** A<B<C
C 24 1406.23 36.23
A 28 28.71 41.84

Shoulder Z-axis B 26 64.94 43.42 4.51* A<CB
C 24 156.12 45.19
A 28 -290.64 27.13

Elbow X-axis B 26 -399.93 28.15 18.462%** A<B<C
C 24 -591.619 29.30
A 28 62.93 11.94

Elbow Z-axis B 26 53.13 12.39 0.47
C 24 70.46 12.89
A 28 413.56 24.88

Wrist X-axis B 26 494.47 25.83 6.69** A<B<C
C 24 545.49 26.88
A 28 169.04 25.76

Wrist Z-axis B 26 175.62 26.73 3.79* A<CB
C 24 264.12 27.83

X - sagittal plane, Y - frontal plane, Z - horizontal plane

A - close distances, B — intermediate distances, C — far distances, flexion [+]/extension [-],

*p < 0.05, ** p < 0.005, *** p < 0.001

The elbow joint’s sagittal plane flexion velocity also
significantly varied across distances (F = 18.462, p <
0.001). Post-hoc comparisons confirmed that elbow
flexion velocity increased with increasing distances,
with all three distances exhibiting statistically signifi-
cant differences in flexion velocity (p < 0.001) from
each other. Analysis of the wrist segment’s sagittal
plane revealed significant differences in angular ve-
locity across various distances (F = 6.69, p < 0.005).
Post-hoc comparisons indicated a progressive increase
in flexion velocity with increasing distances. Like the
elbow joint, all three distances displayed statistically
significant differences (p < 0.005) in angular velocity.
The wrist joint’s horizontal plane also exhibited signifi-
cant variations in angular velocity across distances
(F=3.97, p <0.05). Post-hoc analysis revealed a trend
of increasing internal rotation velocity with increasing
distances. However, a significant difference in angular
velocity was only detected between close and far dis-
tances (p < 0.05).

Discussion

Given that the arm holding the racket primarily
moves along the sagittal plane during the swing and

impact phases [21], the upper limb joints are engaged in
flexion/extension and internal/external rotation move-
ments during these stages [22]. Consequently, this study
focused on analyzing these specific joint motions.

This study investigated the influence of smash dis-
tance on upper limb muscle activation and joint kine-
matics. Three distinct smash distances (near, interme-
diate, and far) were employed to evaluate how the upper
limb adapts muscular and joint control strategies. Ex-
cept for the BICLO, all other investigated upper limb
muscles (DELTA, DELTL, TRIL, ECR, and FCU) exhib-
ited increased activation levels with increasing smash
distance during the stroke. Upper limb joint angle analy-
sisrevealed decreased internal rotation angles across
all joints (except the shoulder) at the moment of impact
with increasing smash distances. Conversely, the an-
gular velocity of all upper limb joints increased with
increasing distances.

A recent study [23] reported significant differences
between professional players and amateurs in internal
and external rotation torques of the shoulder, elbow, and
wrist joints during smashes. They observed greater
upper limb joint torques in professional players than
amateurs, with particularly pronounced increased ac-
tivation in the DELTA, TRIL, ECR, and FCU muscles.

91

Human Movement, Vol. 25, No 3, 2024



HUMAN MOVEMENT

T. Dong, Y. Kim, Seo J, Kim DM, Kim S, Badminton smashing control

Additionally, a study found that the activation levels
of the shoulder and elbow joint muscles during the ac-
celeration phase of the smash were significantly higher
in professional players compared to amateurs [19]. The
degree of muscle recruitment during the stroke has
been shown to influence badminton flight speed. Ra-
masamy et al. [24] reported a significant correlation
between badminton flight speed and the angular ve-
locity of the upper limb joints. A faster flight speed re-
sults in a longer drop for the shuttlecock at the same
initial launch angle. This aligns with the findings of
the present study, where muscle activation in the up-
per limb increased with increasing smash distances.
Similarly, Sakurai and Ohtsuki [7] identified muscles
as a key factor influencing smash control at varying
distances. Their findings support our hypothesis that
ECR and FCU are the primary muscles involved in
controlling the accuracy of the drop point during
smashes [7]. Distal muscles play a crucial role in pre-
cision control during badminton strokes, with higher
distal muscle activation leading to faster shuttlecock
speeds. The relative position of the body and the shut-
tlecock can influence the falling speed and trajectory
[2]. However, when the position and height of the shots
are fixed, adjustments to compensate for the previous
shot need to be made using the far side of the body.
This can lead to situations where the power generated
by distal muscles becomes more prominent. This ex-
plains why amateur players struggle to hit the desired
target consistently, as they lack the ability to coordinate
muscle and joint angles effectively. Sakurai and Oht-
suki [7] further reported that the FCU exhibits the
highest level of muscle activity during the stroke, as it
is the primary extensor muscle used to generate force
during the swing. Given the established correlation
between ball speed and racket head speed, longer dis-
tances necessitate greater swing and ball speeds [25].
Higher racket head speed requires greater joint angu-
lar velocity, which demands increased muscle activa-
tion due to the whipping motion characteristic of the
badminton smash [18]. Consequently, as the smash
distance increases, the power output of each muscle
gradually increases, ultimately leading to a higher over-
all power output. This enhanced power translates to
a faster swing speed, resulting in a longer drop for the
shuttlecock.

Previous research by Li et al. [2] demonstrated that
variations in the relative position between the body and
the shuttlecock can impact the trajectory and speed
of the shuttlecock’s descent. In other words, different
shoulder joint angles can influence the landing loca-
tion of the shuttlecock. However, in the present study, no
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significant differences in shoulder joint angles were
observed. This may be attributed to the controlled na-
ture of the experiment, where both the badminton flight
path and player position were standardized. Conse-
quently, the shoulder joint angle did not exhibit signifi-
cant variations during the smash execution. In con-
trast, the internal rotation angle of the elbow joint and
the flexion and internal rotation angles of the wrist
joint decreased with increasing smash distances. This
suggests that variations in joint angles may influence
the angle of contact between the racket and the shut-
tlecock. A larger internal rotation angle will likely re-
sult in a steeper badminton drop trajectory [26]. These
findings also suggest that professional athletes can
achieve the desired effect by coordinating power gen-
eration across multiple joints, which aligns generally
with the results reported in the literature [3]. Therefore,
as the smash distance decreases, the internal rotation
angles of the elbow and wrist are likely to increase.

Analysis of joint angular velocities revealed signifi-
cant increases in shoulder joint flexion, elbow joint
extension, and wrist internal rotation with increasing
smash distances. These findings provide compelling
evidence that variations in smash distance influence
joint angular velocities. Athletes can manipulate racket
head speed by increasing joint angular velocity and
joint torque [27]. This observation aligns with the
study’s hypothesis that varying hitting distances lead
to distinct joint angular velocities, which subsequently
impact racket head velocity. The flight speed of a bad-
minton shuttlecock significantly attenuates over time
due to air resistance [28]. As a result, the shuttlecock
travels faster at the beginning of'its trajectory, particu-
larly at higher launch positions where the attenuation
effect is less pronounced. To achieve a longer smash
distance, a greater initial shuttlecock speed is neces-
sary. Consequently, the angular velocity of each joint
must increase proportionally. The wrist joint, located
at the distal end of the kinetic chain, plays a crucial
role in the whipping action and is essential for shuttle-
cock control [29]. Professional players exhibit greater
wrist involvement compared to amateurs, particularly
in terms of precision control, which translates to en-
hanced control over the shuttlecock’s falling speed
and accuracy [30].

The findings of this study offer valuable insights for
badminton coaches and athletes to improve their un-
derstanding of upper body mechanics during smashes.
This knowledge can be directly applied in coaching
and training to optimize swing power muscle recruit-
ment based on specific smash requirements. By doing
so, athletes can minimize unnecessary energy expen-
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diture and reduce technical errors (turnovers) during
gameplay. Furthermore, these results can contribute to
advancements in clinical medicine by providing a
deeper understanding of the causes and mechanisms
underlying upper limb badminton injuries. Research
suggests that many badminton players experience shoul-
der and wrist injuries to varying degrees. During high-
intensity competitions, these injuries often stem from
postural deviations and insufficient strength during
rapid movements [31].

The current study design possesses limitations that
warrant consideration. The experiment was conducted
in a controlled environment, potentially limiting the
generalizability of the findings to real-world game set-
tings experienced by higher-level athletes. Additionally,
the enclosed environment might have compromised air
circulation, potentially influencing the players’ percep-
tion of shuttlecock speed. Furthermore, the non-profes-
sional badminton attire may not have accurately repli-
cated the conditions encountered during actual matches.
While the participating athletes possessed a background
in badminton training, the absence of left-handed play-
ers restricted the scope of the study’s observations. To
enrich the experimental data, future investigations
aim to include amateur, left-handed, and female play-
ers. By incorporating these diverse groups and com-
paring smash mechanics across varying distances, we
can broaden the study’s scope and facilitate more com-
prehensive discussions. However, it is important to ac-
knowledge that the current findings may not directly
apply to female, left-handed, or amateur badminton
players.

Conclusions

This study revealed that upper limb muscle activa-
tion and joint angular velocity increase with increasing
smash distances. However, joint internal rotation an-
gles decrease as the distance increases. Based on these
findings, we recommend that for close-range smashes,
players attempt to internally rotate their wrists to in-
crease the internal rotation angle while maintaining
a stable shoulder joint angle at impact. Conversely, for
long-range smashes, players should strive to maintain
a straighter wrist and arm position to maximize power
transfer.
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