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ABSTRACT

Background. This study aims to analyze the movement of backhand and forehand smash stroke techniques in
badminton in three dimensions using a kinematics approach. Objectives. The obtained results were analyzed using a
descriptive and quantitative approach. Methods. Furthermore, 24 male badminton players from the university student
activity unit with an average age of 19.4 + 1.6 years, height of 1.73 + 0.12 m, and weight of 62.8 + 3.7 kg participated
in this study. The study was conducted using 3 Panasonic Handycams, a calibration set, 3D Frame DIAZ IV motion
analysis software, and a speed radar gun. Results. The data normalization from the kinematics values of the shoulder,
elbow, and wrist joint motion was calculated using the inverse dynamics method. In addition, a one-way ANOVA test
was used to identify differences in the kinematics of motion between two different groups. The obtained results showed
that the speed of the shuttlecock during the forehand smash was greater than that during the backhand smash. In the
maximal shoulder external rotation phase, two variables were identified to have the best results during the forehand
smash, i.e., the velocity of shoulder external rotation and wrist palmar flexion. Conclusion. The velocity of shoulder
internal rotation, elbow extension, and forearm supination in the maximum angular velocity phase was higher when
making a forehand smash.
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INTRODUCTION

According to Kuntze (1), stroke techniques are
categorized into three types depending on the
position of the racket. They include underarm,
sidearm, and overhead strokes. The most
frequently used attack technique is the overhead
smash stroke technique (2). Similarly, there are
two types of smash technique skills, i.e., forehand
and backhand smash. These are powerful attack
techniques, which are used to dominate the
opponents and get as many points as possible;
these techniques are used 39.8% of the time (3).
Furthermore, smash is a fast stroke, which relies
on the strength, velocity, and flexion of the wrist
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with the shuttlecock swooping down towards the
opponent's field area (4).

The average number of smashes executed in
one match in the men's single category was 69
strokes, while for the women's singles category it
was 51 strokes in All England Championship
2015 (5). The world record for smash speed is
held by Fu Haifeng. This medalist paired with Cai
Yun, which achieved the shuttlecock speed of 332
km/h at the June 2005 Sudirman Cup
championship (6). Fu Haifeng and Cai Yun are
Chinese professional men's doubles badminton
players. They were men's doubles world
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champions in 2006, 2009, 2010, and 2011. The
shuttlecock speed exceeds that of other racket
sports and reaches 493 km/h. This speed was
achieved by a Chinese player Tan Boon Heong
while testing a new racket product (Yonex
ArcSaber Z-Slash) in 2017 (7). Meanwhile, the
fastest backhand smash was achieved by Taufik
Hidayat, an Indonesian player who won a gold
medal at the 2004 Athens Olympics; he achieved
the shuttlecock speed of 206 km/h (5).

Backhand smash is an overhead stroke which
uses the rear racket head. When performing this
stroke, the body is positioned with its back to the
net, and the wrist joint flexion motion is
prioritized and directed to swoop backward (8).
This occurs because the transfer of body weight
to the pedestal is the same as the position of the
hand while holding the racket. The upper
extremity rapidly rotates when the shuttlecock
moves to the front of the player. Sequentially, it
continues with the rotation of the hip, shoulder,
and elbow joints (9). The same is performed with
a forehand smash; the shuttlecock needs to be hit
at the highest possible position. Furthermore, a
flexible and strong wrist flexion motion is
essential for producing a hard and targeted stroke
(10). The application of motion mechanics
principles is essential for producing a smash that
provides maximum strength, speed, and accuracy
to stop the opponent's movements and generate
points (11).

Owing to the lack of backhand smashes,
different studies tried to analyze almost the same
motion patterns to add broader insights on tennis
sports such as serve, smash, backhand, and
forehand drive techniques. According to Abian-
Vicen (12), a one-handed backhand drive is
supported not only by the velocity of trunk
rotation. It is determined by the amount of
momentum and force movement generated from
the shoulder and wrist joints. This drive involves
the motion of body segments such as the legs,
hips, trunk, upper arms, forearms, and hands (13).
The velocity of maximal shoulder external
rotation and the backswing of the upper arm are
the main factors in generating a greater force
when making a backhand drive (14).

Genevois (15) have reported that in the
advanced player group, the maximum speed of
the racket is obtained from the strength of the
upper arm force. Meanwhile, in the novice
group, the maximum speed is obtained from the
motion of the wrist and elbow. During the one-

handed backhand drive, the velocity of hip
rotation significantly contributes to that of the
other upper limb joints (16). Meanwhile,
forehand smash requires harmonious
coordination of body motions from the strength
generated by the trunk, shoulders, arms, and
wrists (17). To produce an effective smash, the
biomechanics principles should be implemented
in the phase of motion sequences. These include
the preparation phase, backswing, forward
swing, racket impact with the shuttlecock, and
follow-through motion phase (18). Nesbit (19)
indicated the importance of wrist flexion,
forearm pronation, and upper arm rotation. In
addition, the "Kinetic chain movement" principle
will produce an effective and efficient smash.
The study by (20) reported that these joints and
segments affected one another during the
movement. When one is in motion, it creates a
chain of events that affects the movement of
neighboring joints and segments. Furthermore,
the optimal performance in conducting a
forehand smash depends on the motion of body
segments that work in a harmonious motion
chain sequence (12).

Based on the above mentioned background
explanation, this study aims to analyze the
movement of backhand and forehand smash
techniques in badminton in three dimensions
using the motion kinematics approach.

MATERIALS AND METHODS

Method and Design. The method used is a
descriptive and quantitative approach. The
descriptive method aims to systematically and
accurately describe facts about certain parameters
that are the center of attention.

Participants. The sample used in this study
included 24 male badminton players with
excellent skills who joined the university student
activity unit; their average age was 19.4 + 1.6
years, height of 1.73 £ 0.12 m, and weight of 62.8
+ 3.7 kg. Furthermore, purposive sampling was
used; all participants provided their written
consent on a form that was previously given to
them; in addition, the participants confirmed that
they were not injured. Before the test, they
received technical explanations related to the
implementation of procedures in a comprehensive
manner. The data collection test was conducted in
the badminton field sports hall building, Faculty
of Sports and Health Education, Indonesia
University of Education.
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Figure 1. Schematic Diagram of the Setup Used to Collect the Data

Instruments. The instruments used were three
video cameras (Panasonic Handycam HC-V100
Full HD, Japan), a three-dimensional calibration,
a 3D motion analysis software (Frame DIAZ 1V,
Japan), one set of manual markers, a shuttlecock
shooting machine (Plypower 143, Indonesia), and
a radar speed gun (Bushnell Speed gun 101911,
Italy).

Procedures. Before the test, the participants
warmed up for approximately 15 min. To be more
comfortable and quickly adapt, the warm-up was
followed by performing overhead backhand and
forehand  smashes using  their  racket.
Subsequently, all participants were asked to
execute 8 forehand and 8 backhand smash strokes
to determine the mean velocity value in km/h.

Figure 1 shows the schematic diagram of field
data collection. The ball speed was measured
using a radar speed gun with a shutter speed of
250 Hz. It was placed near the net at the distance
of 45 cm outside the field line. In addition, video
camera 1 was placed on the right side of the field
at the distance of 2.5 m perpendicular to the

position where the subject was standing. Video
camera 2 was positioned behind the field line
parallel to the subject area at the distance of 3 m
from the player's position. Video camera 3 was
placed above the position where the subject was
standing in a perpendicular position parallel to the
subject area. The three video cameras were set by
the users according to the needs of the study
characteristics. The camera settings used were as
follows: frame rate of 250 Hz, shuttle speed of
250 s, and exposure time of 1/1200 s. The
calibration and data processing analyzed in three
dimensions were conducted using the direct linear
transformation structure method developed by
Aziz Abdel (21).

Data Analysis. This study used the SPSS
version 22.0 software (SPSS Inc., Chicago, IL),
where the average and standard deviation were
calculated as initial data for further calculations of
normality, homogeneity, and hypothesis tests. To
test the hypothesis, a one-way analysis of
variance approach was used. This analysis
allowed to calculate the level of difference
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between backhand and forehand overhead
smashes with significant differences of 0.05. The
three-dimensional coordinate data of the signs
affixed to each part of the player's joints were
adjusted using the Butterworth low-pass filter
method approach. This procedure was performed
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with a cut-off frequency of 15 Hz and used the
residual analysis technique (22).

Kinematics Parameters. To obtain the
kinematic parameters of an overhead smash
motion, a model was developed based on the
anatomical principles of the body (Figure 2).
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Figure 2. Kinematic Parameters of the Upper Limb Joints (Source: Rusdiana, 2020)



Initially, the shoulder joint performs 3
movements, i.e., internal-external rotation (A),
abduction—adduction (B), and horizontal abduction—
adduction (C). The elbow joint performs 2
movements, i.e., flexion—extension (D) and forearm
pronation-supination (E). The wrist joint performs 2
movements, i.e., palmar—dorsiflexion (F) and radial—
ulnar flexion (G). The next movements are upper
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torso rotation and pelvis rotation (H), trunk tilt
forward and trunk tilt backward (1), as well as trunk
tilt left and right sideways (J).

RESULTS
Table 1 shows the data on the difference in ball

speed and changes in the kinematics of motion
during backhand and forehand smashes.

Table 1. Kinematic Parameters of the Maximal Shoulder External Rotation

Kinematic Parameter Analysis RS Ru A P-Value
Means + SD Means + SD
Shuttlecock velocity (km/h) 112 +5.7 158 £ 3.5 0.035*
Shoulder external rotation (deg) —122 £3.5 —169+4.2 0.048*
Shoulder abduction (deg) 101+1.2 106+ 1.4 1.433
Shoulder horizontal adduction (deg) 7+0.83 9 +0.96 1.248
Elbow flexion (deg) 94+11 102+1.3 0.983
Radio—ulnar pronation (deg) 7+11 12+1.3 1.778
Wrist palmar flexion (deg) -23+2.1 —47+£2.4 0.037*
Trunk tilt backward (deg) 21,3 85 24+3.1 1.942
Trunk tilt sideways left (deg) 19+14 21+16 1.572
*Significant differences at the 0.05 level
Table 2. Kinematic Analysis Parameters of the Maximum Angular Velocity
. . . Backhand Forehand

Kinematic Parameter Analysis Means « SD Means + SD P-Value
Shoulder internal rotation (deg/s) 1623 £ 3.5 2111 +4.2 0.042*
Upper torso rotation (deg/s) 761+1.2 782+14 1.252
Pelvis rotation (deg/s) 421+0.8 429+0.9 1.566
Elbow extension (deg/s) 523+1.1 995+ 1.3 0.035*
Forearm Supination (deg/s) 642+ 1.1 494+ 13 0.024*
Wrist dorsi flexion (deg/s) 793+2.1 855+2.4 0.983
Trunk tilt forward (deg/s) 185+ 3.5 199 +3.1 1.482

*Significant differences at the 0.05 level

Table 1 shows significant differences in three
variables of the nine kinematic parameters
analyzed in the maximal shoulder external
rotation phase. These include shuttlecock velocity
(P = 0.035), shoulder external rotation (P
0.048), and wrist palmar flexion (P = 0.037).
These results show that the three variables for the
forehand smash have greater values than those for
the backhand smash.

Table 2 shows significant differences in three
variables of the seven kinematic parameters
analyzed in the maximum angular velocity phase
during the forehand smash. These include the
speed of the shoulder internal rotation (p = 0.042),
elbow extension (p 0.035), and forearm
supination (p = 0.024). These results show that the
three variables for the forehand smash have
greater values than those for the backhand smash.

DISCUSSION

The obtained results showed a significant
difference in the maximum speed of the
shuttlecock produced during the forehand smash

compared to that during the backhand smash.
Other studies showed a positive contribution
between shuttlecock speed and wrist angular
velocity when making backhand and forehand
smashes. Meanwhile, the sequence pattern of
upper limb joint rotation at the beginning of the
backswing phase up to the moment of impact is
similar in the two smash techniques. The shoulder
joint rotation velocity was higher than that of the
elbow joint. The wrist flexion angular velocity
was smaller than the elbow angular velocity.
These results are consistent with those of
Creveaux (23), where the upper limb motion
sequence starts with the rotation of the shoulder,
elbow, and wrist joints during backhand drives in
tennis. According to Rota (24), the major
contribution to racket speed is obtained from the
forearm supination rotation motion. (25) have
stated that the combination of shoulder internal
rotation and forearm supination provides
approximately a 53% support for the shuttlecock
speed during an overhead forehand smash. This
result is related to the backhand smash technique.



This result shows that forearm supination and
upper arm lateral rotation provide the maximum
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bearing capacity to the speed of the racket swing
before the impact occurs (26).

Figure 3. Contribution of Shoulder Maximal External Rotation When the Racket is Swinging Backward (Source: Gordon)

t=9.93 s

@7

Figure 4. Elbow Flexion—-Extension Movement (Source: Gordon) (27)

A series of motion patterns in overhead forehand
and backhand smashes require linear and circular
velocity as well as an acceleration of the body
movement, shuttlecock, and racket swing. There are
few studies on badminton that explain the
movements of forehand and backhand overhead
smash stroke techniques. However, the study by
Gordon (27) analyzed the contribution of upper
limb joint rotation velocity during the tennis serve.
It has been stated that the backward maximal
shoulder external rotation is the initial momentum,

which produces a larger forward shoulder internal
rotation force (28). This movement results in a
greater racket speed, as shown in Figure 3.
Furthermore, the joint velocity during elbow
extension is significantly higher, especially
during the forehand smash. This result is
consistent with the one in the study conducted by
Reid (29) on the tennis serve. It has been reported
that elbow joint provides positive support for
racket speed. During the elbow extension motion,



the faster the elbow rotates, the higher is the
produced force on the motion of the upper arm
and racket. This occurs before the impact on the
shuttlecock, as shown in Figure 4. Furthermore,
the elbow extension motion contributes
approximately 30% to the racket speed (6).
Another joint rotation that affects racket speed is
the arm velocity during the radio—ulnar pronation
motion (27). This movement pattern is especially
present in the group of players with high technical
skills. Meanwhile, novices usually do not perform
this motion. Therefore, it is not surprising that
professional players produce shuttlecock speeds
that are much greater than those of amateurs.

CONCLUSION

From the obtained results, it is concluded that
the shuttlecock speed during the forehand smash
is greater than that during the backhand smash.
During maximal shoulder external rotation, the
forehand smash has a significant difference in
three variables including shuttlecock velocity,
shoulder external rotation, and wrist palmar
flexion. Furthermore, shoulder internal rotation,
elbow extension, and forearm supination at
maximum angular velocity were higher when
performing a forehand smash. The shoulder
internal rotation and elbow joint velocity as well
as forearm supination significantly contribute to
the shuttlecock speed when performing the two-
stroke techniques.
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APPLICABLE REMARKS

e The smash is a shot hit with power and speed
down to your opponent's court. The average
number of smashes executed in one match in
the men's single category was 69 strokes,
while for the women's singles category it was
51 strokes in All England Championship 2015.

e The technique to perform the badminton
backhand and forehand smashes is very
different from tennis or squash. In badminton,
the backhand and forehand stroke can be used
to perform powerful shots such as a tennis
serve to get points.

o Before hitting the backhand smash, make sure
that your arm is close to your body so as to get
a better swing while hitting the shuttlecock.
Use your non-racket arm to help you balance.

e The follow-through phase is an important
movement. Complete the swing action all the
way through. Use your non-racket arm to
maintain balance as you may lose balance
while performing this stroke.
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