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Abstract

Research Objectives: Core strength training is widely applied in various sports, playing a critical role in en-
hancing athletic performance and preventing sports injuries. Badminton, as a physically demanding, net-based
sport with extended match durations, imposes high technical and competitive demands on athletes, while also
posing risks of sports injuries due to its high-intensity nature.Research Methods: The study employed methods
such as literature review and logical analysis.Research Results and Conclusions: Existing domestic and inter-
national research primarily focuses on two aspects of core strength training in badminton: improving the qual-
ity of athletes’ technical movements and preventing sports injuries. However, systematic analysis is lacking in
areas such as the specific core muscle groups corresponding to fundamental badminton techniques, the types
of injuries sustained, and their relationship to core muscles. This study systematically describes the core mus-
cle groups involved in basic badminton technical movements and identifies common injury sites and types in
badminton. Additionally, it provides valuable insights into how core strength training can enhance the quality
of technical movements in badminton athletes and offers practical strategies for preventing specific injuries by

strengthening targeted core muscle groups.
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1 Introduction

Core strength training originated from core stability training, which was initially applied to spinal stability .
Subsequently, it was widely adopted in sports rehabilitation in Western countries. After adjustments to certain
training methods, core stability training evolved into core strength training and was integrated into the train-
ing regimens of competitive athletes. Since then, core strength training has become an essential component
of athletic training. Badminton, as a non-contact sport, places high demands on athletes’ reaction speed and
movement speed. During matches and training, athletes are required to perform prolonged movements and
jumps while maintaining coordination between the upper and lower limbs. The core, as the central region of
the body, enhances badminton players’ stability, coordination, and explosiveness, thereby reducing physical
exertion during high-intensity competitions and preventing sports injuries. Therefore, core strength training

holds significant importance in badminton. When engaging in core strength training, badminton players should
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start with simple bodyweight exercises. As their core strength improves, they can progress to more complex
equipment-based training. Subsequently, players can tailor their training to the characteristics of badminton
techniques and the involved core muscles, using comprehensive core strength training to enhance techni-
cal proficiency.Although previous studies have emphasized the importance of core strength in badminton,
particularly its role in delaying fatigue and preventing injuries, they have not elaborated on the relationship
between badminton techniques, core muscles, and common badminton-related injuries. This paper briefly
describes the characteristics of core strength and core muscles, links them to fundamental badminton tech-
niques, and explores how core strength training can enhance technical performance. Finally, it discusses the

role of core strength training in preventing badminton-related injuries.

2 Characteristics and Significance of Core Strength Training

The core is located in the central region of the human body and primarily includes the muscles of the
lumbopelvic-hip complex. This area comprises dozens of muscle groups, with 33 pairs + 1 individual mus-
cles originating or inserting in the core region. The core can be vividly conceptualized as a box, with the
anterior side composed of the abdominal muscles, the posterior side made up of the paraspinal and gluteal
muscles, the diaphragm forming the top, the oblique abdominal muscles on the sides, and the pelvic floor
and hip joint muscles at the bottom. The core region is crucial for maintaining body balance and ensuring
the safety of the spine and vital organs during movement. Core strength, which originates from the continu-
ous contraction of the muscles or muscle groups in the core, enables the coordination of force transmission
between the upper and lower limbs, minimizes energy dissipation within the trunk, and maintains body
balance during both static and dynamic tasks. Therefore, core strength can be regarded as the body’s kinetic

chain, responsible for facilitating the transfer of torque and force between the upper and lower limbs.

Core strength training enhances athletic qualities such as speed, agility, coordination, and endurance by
strengthening the sagittal, frontal, and transverse plane muscles of the core region. The training methods
primarily include bodyweight exercises and equipment-based training. Core strength training is character-
ized by its emphasis on multi-joint, multi-dimensional movements and muscle recruitment, with the core
area of the body as the main focal point, preparing the body for various sports activities. The significance of
core strength training lies in enhancing bodily stability and preventing sports injuries. First, balance train-
ing is often based on the strengthening of core muscle tissues to maintain balance during movement. For
instance, rapid changes in movement can cause shifts in the body's center of gravity. To avoid losing bal-
ance and falling, the core muscles, such as the transversus abdominis, multifidus, rectus abdominis, gluteus
maximus, psoas major, and diaphragm, need to be re-engaged. These muscle groups can be strengthened
through core strength training exercises like single-leg standing on a balance ball, side plank, single-leg
dumbbell squat, and half squat on a balance ball. Therefore, core strength training provides an essential
foundation for stabilizing the connection between the upper and lower limbs of the body. Second, and most
importantly, core strength training helps prevent injuries to the joints and muscles of athletes during compe-

titions or training.
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3 Badminton and Injuries
3.1 Characteristics of Badminton

Badminton is one of the most popular sports in the world, with an estimated 200 to 300 million follow-
ers. It originated in Japan and was formalized in the United Kingdom 20  21. As a racket sport played by
either two or four players, badminton is characterized by its fast actions, short duration, and high intensity.
The inclusion of badminton as an Olympic event in 1992 significantly increased participation in the sport
22. The sport comprises five events: men’s singles, women’s singles, men’s doubles, women’s doubles, and
mixed doubles. Badminton tournaments typically involve 3 to 4 matches over a period of 4 to 5 days, with
competitive matches lasting from 40 minutes to 1 hour. Therefore, each event demands a high level of tech-
nical and tactical proficiency as well as physical fitness from the athletes. Players are required to perform
rapid, high-intensity, and short-duration repetitive movements within an 80-square-meter court, including
quick directional changes, jumping, lunging forward, rapid arm movements, and swift transitions between
the forecourt and backcourt. These characteristics highlight the significant physical demands placed on ath-

letes during intense badminton matches.
3.2 Technical Movements in Badminton and Core Muscles

The application of technical movements by athletes plays a crucial role in the outcome of badminton
matches. Core strength training can effectively enhance the competitive level of badminton players by
strengthening the core muscles. Therefore, this paper summarizes the common technical movements in bad-

minton and the corresponding core muscles as follows (Table 1):

Table 1 The fundamental technical movements in badminton and their corresponding core muscle groups.

Technical Movement Corresponding Core Muscles

External oblique, diaphragm, gluteus maximus, rectus femoris, tensor fasciae

latae, biceps femoris (long head), internal oblique, rectus abdominis, erector spi-

Smash
nae, transversus abdominis, psoas major, quadratus lumborum, latissimus dorsi,
pectineus, gracilis, sartorius
al External oblique, diaphragm, gluteus maximus, rectus femoris, internal oblique,
ear
rectus abdominis, erector spinae, transversus abdominis, latissimus dorsi.
External oblique, Diaphragm, Gluteus maximus, Rectus femoris, Internal
Dro Sh oblique, Rectus abdominis, Erector spinae, Transversus abdominis, Latissimus
rop Shot

dorsi.
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External oblique, internal oblique, transversus abdominis, rectus abdominis,
) biceps femoris (long head), pectineus, sartorius, gracilis, latissimus dorsi, tensor
Net Lift fasciae latae, diaphragm, psoas major, quadratus lumborum, long head of the
adductor, semitendinosus, semimembranosus, rectus femoris, gluteus maximus.
Crosscourt net shot
Net spin
Net push

In badminton, the smash technique consists of four sequential movements: side-stepping, racquet prepa-
ration, jumping, and racquet swing. First, during the side-stepping and racquet preparation phase, the player
must perform rightward trunk rotation and downward trunk flexion to generate power. Rightward trunk
rotation primarily involves the external oblique, diaphragm, gluteus maximus, and rectus femoris, with co-
ordinated movement between the legs and shoulders, resulting in a backward lean. Downward trunk flexion
primarily involves the gluteus maximus, tensor fasciae latae, diaphragm, biceps femoris (long head), and
rectus femoris, with coordinated movement in the back, resulting in elbow depression. Second, during the
jumping and racquet swing phase, the player must perform backward racquet preparation and forward trunk
flexion. Backward racquet preparation primarily involves the external oblique, internal oblique, rectus ab-
dominis, gluteus maximus, and erector spinae, resulting in shoulder elevation, with coordinated movement
between the waist and hips. Forward trunk flexion primarily involves the transversus abdominis, psoas ma-
jor, quadratus lumborum, latissimus dorsi, iliacus, pectineus, gracilis, and sartorius, resulting in trunk curl-

ing, shoulder elevation, and elbow extension (see Figure 1).

In badminton, the clear shares nearly identical technical movements and core muscle engagement with
the smash. However, high-level players execute the clear without a jumping motion. Instead, they rely on
a sideways racket preparation and swing to complete the shot. During the sideways preparation, the body
rotates to the right while swinging upward. This rightward rotation primarily engages the external oblique,
diaphragm, gluteus maximus, and rectus femoris, supported by leg strength and manifested as a backward
lean. The upward swing involves the internal oblique, rectus abdominis, and erector spinae, coordinated
with shoulder extension to propel the racket forward. The forward swing requires trunk flexion, driven by
the transversus abdominis and latissimus dorsi, supported by leg strength and back coordination (see Figure
2a-c).

The drop shot in badminton activates the same core muscle groups as the clear. The key difference lies in
the wrist rotation and adjustments to the racket face angle, which alter the shuttlecock’s trajectory height

and landing point (see Figure 2d-f).

In badminton, the net lift is composed of two sequential actions: first, lunging forward with the right leg
while flexing the torso diagonally to the right, engaging core muscles including the external oblique, inter-
nal oblique, transversus abdominis, rectus abdominis, biceps femoris (long head), pectineus, sartorius, and
gracilis, with wrist abduction and leg stabilization, followed by the racket swing phase where the body leans

forward, activating core muscles such as the latissimus dorsi, tensor fasciae latae, diaphragm, psoas major,
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quadratus lumborum, adductor longus, semitendinosus, semimembranosus, biceps femoris (long head),
rectus femoris, and gluteus maximus, supported by pelvic stability and shoulder coordination, manifested
through wrist adduction and arm extension (see Figure 3). Meanwhile, crosscourt net shots, net spins, and
net pushes involve minimal core muscle engagement due to their limited range of motion, relying primarily
on precise arm, wrist, and finger control; during crosscourt net shot drills, players maintain an upright upper
body with a staggered stance, directing the shuttle to the opponent’s opposite corner using muscles like the
brachioradialis, flexor carpi radialis, and palmaris longus during racket extension, and the extensor pollicis
longus, extensor digitorum, flexor carpi radialis, extensor carpi radialis longus, and flexor digitorum profun-

dus during impact.

Figure I The technique for executing a badminton smash involves several sequential motions:

(a) leaning sideways and rotating the body to the right, (b) gripping the racket and pushing off with both
feet to jump, (c) stretching the abdominal muscles, and (d) performing a forward bend and crunch before

executing the smash.
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Figure 2 The technique for executing a badminton high clear (a-c) and drop shot (d-f) involves several

sequential motions:

(a) leaning sideways to position the racket, while shifting the body weight onto the right leg, (b) swinging
the racket upwards and rotating the body forward, and (c) swinging the racket while leaning forward, (d)
leaning sideways to position the racket, while shifting the body weight onto the right leg, (e) swinging the

racket upwards and rotating the body forward, and (f) swinging the racket, while rotating the wrist to

change the racket face.

Figure 3 The technique for executing a badminton net shot involves several sequential motions:
(a) stepping forward to the right with a lunge, while abducting the wrist

(b) swinging the racket, leaning forward, and adducting the wrist.

3.3 Injuries and types of badminton

Existing research has demonstrated that in competitive badminton, athletes experience an injury rate of
0.85 injuries per year, 1.6 to 2.9 injuries per 1,000 hours of match play, and 2 to 5 injuries per 1,000 ath-
letes. In a single competition, 1% to 5% of athletes sustain injuries. Among all badminton-related injuries,
lower limb injuries account for 58% to 76%, upper limb injuries account for 19% to 32%, and back inju-
ries account for 11% to 16%. Upper limb injuries primarily involve the wrist, elbow, and shoulder joints.
A study in Sweden found that 52% of players experienced shoulder pain during badminton activities, with
16% exhibiting chronic pain. Lower limb injuries mainly include knee joint, ankle joint, Achilles tendon,
and leg muscle strains. Due to the characteristics of badminton and individual differences in physical func-

tion, the causes and locations of injuries vary among athletes.

Upper limb injuries in badminton commonly involve the shoulder, elbow, and wrist. Shoulder injuries
include tendinitis, tenosynovitis, bursitis, and rotator cuff tears, often caused by improper technique in
overhead strokes, drop shots, and smashes, or by repetitive abduction, flexion, and external rotation during
matches.Elbow injuries, such as tennis elbow (lateral epicondylitis) and golfer’s elbow (medial epicondy-

litis), are common in beginners due to incorrect or overly tight gripping. Wrist injuries, including synovitis
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and ganglion cysts, are linked to actions like smashes, net play, and pushes. These result from the wrist’s
complex mechanics, where force transmission from the forearm to the fingers requires precise coordination.
Over-repetition of wrist-twisting movements in net play can lead to joint and muscle strain. Most arm and
wrist injuries stem from improper technique and excessive repetition. Lower back injuries, such as herni-

ated discs and lumbar strain (lumbago-fasciitis), are associated with the high-intensity nature of badminton.

In terms of lower limb injuries, knee injuries include collateral ligament, cruciate ligament, meniscus in-
juries, knee sprains, and patellar tendonitis. Repeated lunges on the same leg can destabilize athletes, reduce
knee load-bearing capacity, and increase anterior cruciate ligament (ACL) impact. Kimura et al. identified
two main causes of ACL injuries in badminton: first, during single-leg landings for overhead shots, the knee
opposite the racket-hand side is at risk, typically on the backhand side; second, the knee on the racket-hand
side is prone to injury during forehand side-stepping or backpedaling.Ankle injuries involve the anterior
talofibular and calcaneofibular ligaments of the lateral ankle, the deltoid ligament of the medial ankle, and
the transverse tibiofibular ligament. Inversion or eversion can cause surrounding ligament tears and frac-
tures, such as tibial spiral fractures or proximal fibula fractures. The most common in badminton are inver-
sion and eversion, leading to ligament tears and fractures.Achilles tendon injuries include tendinopathy and
rupture. Badminton places significant tensile stress on the Achilles tendon. Fahlstrom et al. investigated the
prevalence and characteristics of Achilles tendon pain in elite Swedish badminton players, finding that 32%
experienced pain over five years, with 17% having chronic pain. Causes are mainly linked to high-intensity
play. Athletes often report a sudden “cramping” sensation in the Achilles tendon seconds before injury, fol-
lowed by calf muscle contraction and tendon damage.Thigh muscle strains involve the hamstrings, rectus
femoris, gracilis, and adductor magnus. Adequate warm-up can prevent such injuries. In badminton, passive
lunges in the forecourt can strain the posterior hamstrings, while jumping smashes can strain the anterior

rectus femoris, gracilis, and adductor magnus.

4 Scientific Recommendations for Core Strength Training in Badminton

In badminton, core training emphasizes high repetitions, coordination enhancement, and sport-specificity.
Based on common badminton techniques, diverse core training methods and periodization are employed to

strengthen athletes’ core muscles, improve their badminton skills, and prevent sports-related injuries.

The entire training cycle consists of three phases, with core training methods adjusted according to the
athletes’ technical progression. The objective is to develop the core muscles of the abdomen, lower back,
and hip region across different training stages, ensuring a foundation for advanced technical development.
During the initial training phase, the focus is on mastering basic badminton techniques. Athletes can per-
form core exercises without equipment, such as planks, leg raises, side planks, glute bridges, dead bugs,
bird-dogs, supine alternating leg lifts, and supine jump squats. These exercises progress from the upper
limbs to the lower limbs and then to lateral movements. This phase lasts for 5 weeks, with 3 sessions per
week, each lasting 25 minutes. The goal is to help athletes understand the proper force generation sequence
for basic strokes like clears and smashes, avoid excessive body movements, and ensure consistency in tech-

niques such as clears and drop shots.
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During the mid-phase of training, incorporating sports equipment into core strength exercises has proven
effective. For instance, Ma et al. implemented an 8-week core strength training program for tennis athletes,
including equipment-based exercises such as V-sit ups, bicycle crunches, straight-leg crunches, long-arm
crunches, and hanging leg raises, conducted four times weekly for 30-40 minutes per session. Each session
involved 15 repetitions of equipment-based exercises and 30-second bodyweight drills, repeated for 3—5
sets, with 90-second rest intervals between cycles and 2—3 minutes between sets. Post-training assessments
revealed significant improvements in the athletes’ performance levels . Given that badminton and tennis
belong to the same sport category and share similar biomechanical structures ], tennis-inspired core training
methods can be adapted for badminton. Specifically, after completing 15 repetitions of equipment-based
exercises, the bodyweight training methods from the initial training phase (e.g., planks, side bridges) can be
integrated as 30-second drills to enhance mid-phase technical proficiency in badminton players. This cross-
disciplinary approach not only facilitates resource sharing (e.g., equipment, protocols) but also underscores
the strategic value of complementary training advantages between the two sports, fostering collaborative

innovation in future sport-specific conditioning programs.

In the late training phase, as athletes’ overall technical proficiency and physical capabilities have
been progressively refined, and their on-court movements predominantly rely on side steps, crossover
steps, and lunge steps, it becomes critical to enhance reactive capabilities in scenarios such as passive
net lifts, smash recoveries, diving saves, and midcourt directional changes, while preventing
sports injuries common during advanced training. To address this, core strength training should
prioritize badminton-specific adaptations. For instance, Liu Lancai et al. designed a 12-indicator specialized
training program for badminton players, focusing on racket swing speed, basic endurance, core strength,
and agility, comprehensively outlining the essential sport-specific competencies. Core strength was notably
developed through 1-minute hanging leg raise exercises . Similarly, Jeong et al. conducted a 10-week
core strength training trial with 48 participants, combining bodyweight exercises, equipment-based drills,
and sport-specific conditioning. The program significantly strengthened hip and leg muscles, effectively
reducing the risk of anterior cruciate ligament (ACL) injuries [46]. Therefore, during the late training
phase, integrating speed endurance with sport-specific footwork and core strength with sport-specific
movements is recommended. Training methodologies should emphasize comprehensiveness (e.g., multi-
planar drills), systematic progression (phased intensity adjustments), and scientific rigor (biomechanical

alignment) to optimize technical execution and injury prevention in elite badminton athletes.

5 Conclusion

In summary, there is a significant correlation between basic badminton techniques and the core muscle
group. Core strength training, progressing from simple to complex, can enhance athletes’ physical balance
and facilitate the learning of badminton techniques, effectively improving competitive performance. Addi-
tionally, core strength training adjusts the body, reducing the risk of sports injuries caused by unskilled or
uncoordinated muscle movements. Thus, it can prevent badminton-related injuries by strengthening the core

muscles. Future core strength training in badminton should align with the sport’s characteristics and laws.
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It should combine traditional strength exercises with common badminton techniques and typical sports
injuries for comprehensive, systematic, and scientific training. This ensures athletes’ safety while enabling

higher - level technical performance.
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