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摘  要 

目的：羽球是一個很好的強身運動，但是不正確的揮拍動作可能會造成運動傷害。本研究旨在探討

進行羽球正手殺球動作時，於引拍期、揮拍期、擊球期及餘後期，各手臂肢段運動及應力進行分析，

以用來評估運動傷害風險。方法：本研究結合了機構運動學、生物學以及動力學原理，建構出羽球

的揮拍路徑以及手臂運動的動力分析模型。並以 4 種運動路徑來說明本動力模型的可行性：第一種

為正確的羽球殺球路徑、第二種為殺完球急於救球之路徑；其餘兩種為一般人殺球時較易犯之路徑。

從上述的四種路徑來進行運動分析並探討不同殺球路徑所產生之應力及肌力大小對於手臂及動力

鏈之影響。結果：本研究發現，第二種路徑對肱骨應力及肱二頭肌肌力將較容易產生運動傷害風險，

而第三種路徑則對於前臂、手腕應力和肱三頭肌、屈腕肌群、伸腕肌肌群力產生較大運動傷害風險，

最後第四種路徑在前臂骨、手腕應力及肱二頭肌、肱三頭肌肌力有較高的運動傷害風險。結論：本

研究建構了手臂的生物力學模型並可模擬及預測運動傷害風險，因此可做為訓練與教學的參考。 

 

關鍵字：羽球殺球、運動學、機構、動力學、動態模擬 

 

Introduction

The global popularity of badminton and the 

intensity of competition among badminton players have 

increased considerably in recent years. Because 

badminton players typically invest great effort in training 

to enhance performance, they must take care to avoid 

sport injuries during training sessions. Such avoidance is 

facilitated by the ability to predict whether the swinging 

motions used when playing badminton injure the arms, 

which information also serves as a useful teaching and 

training reference.  

Numerous scholars have provided valuable insights 

into badminton smash techniques. For example, Tsai, 

Huang, and Ji (1997), after recording 3D kinematics data 

with a high-speed camera, reported that both the center 

of gravity applied during a stroke shot (the stroke point) 

and the angular velocity of the elbow and wrist increase 

as shuttlecock velocity increases. Tsai, Huang, and 

Chang (2004), in an analysis of the amount of motion 

carried out by badminton athletes in forehand and 

backhand shot sports, showed that the speed and hitting 

height of a forehand shot is higher than that of a 

backhand shot, with the following velocity relation: wrist 

> elbow > shoulder. On the other hand, a subsequent 

electromyography (EMG) study analyzing EMG 

responses in the lower extremities (i.e., the hip and knee 

muscles) during a badminton kill smash, revealed 

considerable response in the quadriceps (Tsai, Pan, 

Huang, & Chang, 2006). These authors therefore 

recommended enhancement of quadriceps training to 

increase kill smash performance. Performance is also 

improved by understanding the dynamic behavior of the 

badminton racket and capturing experimental strokes in 

badminton dynamic model manipulation (Kwan, 

Andersen, Zee, & John, 2008). Hence, Kwan et al. 
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(2008), using a concentric muscle strength test at various 

velocities on the muscle groups of male badminton 

players’ upper extremities, identified the relation 

between muscle strength before and after a smash shot. 

Lin, Chen, Wu, Chen, and Lin (2008), in a comparison of 

skilled and unskilled badminton players, further showed 

that the muscle strength in the wrist and elbow area is 

significantly related to badminton smash performance. 

Likewise, a statistical analysis by Wan and Rambely 

(2008) of the badminton racket’s impact on various parts 

of the upper arm demonstrated that the wrist is the most 

influential part for increasing the impact of racket speed. 

In another study using an infrared high-speed camera, 

Wang, Huang, and Liao (2008) showed that during the 

stroking phase, and swinging phase, the stroking phase 

showed greater muscle activation than swinging phase in 

the biceps brachii, deltoid anterior, triceps brachii, 

musculus flexor carpi ulnaris, and extensor carpi. 

Research on the dynamic behavior of a badminton swing 

and its purpose has also indicated that a player with 

higher skills has significant influence on swing speed 

(Maxine, Michael, Ching, Wen, & John, 2010). In fact, 

Rueda, Cui, and Gilchrist (2011) used this finite element 

to simulate various impacts on the helmet, demonstrating 

that in a reaction strike position, the greatest impact is 

during angular acceleration. They also found that 

changes in angular acceleration are directly reflected in 

stress. Wang, Xue, Young, Pan, and Tsai (2012) then it 

was found that singles backhand, doubles backhand, 

singles forehand serve are the lofty goals of the fastest 

ball. 

Recent badminton studies have typically employed 

EMG and/or high-speed cameras as analytic tools, rarely 

adopting mechanical methods to simulate an arm 

performing badminton smash motions. Hence, this 

current study first develops a biomechanics model of the 

relevant arm motions and then, by simulating various 

smash motion paths to predict the stress on bones and 

using a spring to simulate the muscle strength, identifies 

different curves for the upper extremities. By doing so, it 

generates valuable information on such factors as muscle 

strength and stress. Both the study findings and the 

dynamic model developed can serve as a useful reference 

for predicting sport injuries, enhancing athletic 

competitiveness, and improving badminton training and 

teaching. 

 

Methods 

Participants 

In this study, we use Solid Works to build a model 

arm consisting of a titanium-based scapula, humerus, 

ulna and radius, and wrist. The arm model used in our 

analysis is made of titanium material and references 

titanium’s mechanical properties for biomedical uses 

(Duchemin et al., 2008; Elias, Lima, Valiev, & Meyers, 

2008), all based on mechanical, anatomical, and dynamic 

concepts. Table 1 shows how the mechanical properties 

are adapted for application to the model materials. Figure 

1(a) outlines the model, and Table 1 summarizes the 

mechanical properties of the titanium material. In line 

with the kinetic chain and muscle contact point concepts, 

four springs represent the following muscles: biceps 

brachii (connection from the tuberosity above the glenoid 

cavity to the area around the biceps aponeurosis), triceps 

brachii (connection from the tuberosity of the scapula to 

the olecranon of the ulna), extensor carpi (connection 

from the lateral condyle of the humerus to the 

metacarpus), and flexor carpi ulnaris (connection from 

the medial condyle of the humerus to the area around the 

palmar aponeurosis). This model illustrated in Fig. 1(b) 

can simulate the forces applied in the arm muscles as the 

arm performs different motions and identify the point at 

which force is applied for each motion. 

 

Procedures 

In this study, the badminton motion path simulation 

is based on a 22 year-old male badminton player with a 

height of 173 cm and a weight of 70 kg. The point data 

for the actions of a real Group A player are captured by 

an OWL digital motion capture system (from Motion 

Analysis) using a speed camera whose frequency is set to 

200 Hz /sec ( Fig. 2). Based on the formula below, these 

point data are used to calculate the rotation angle of the 

joints, when the angle is set in the simulation process. 

The path of the badminton player’s smash is simulated 

by attaching reflective balls to the athlete’s shoulder, 
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elbow, and wrist joints, which form a kinematic chain. 

SolidWorks software is then used to analyze the motion 

tracks of these joints and make the following calculations: 

joint angle、translational velocity (mm/s)、translational 

acceleration (mm/s^2)、stress(N/mm^2). 

Because an arm motion is a spatial movement, the 

initial positions of the three joints can be expressed as 

1 1 1 1
i

i i i

T

J J J JP x y z                      (1) 

where i =1~3. Because the joints are ball joints, 

simulating the arm movement requires that the rotation 

angles of the respective joints for the X, Y, and Z axes be 

determined by a coordinated transformation matrix: 

 

1 0 0

( , ) 0 cos sin

0 sin cos

i i i

i i

Rot X   

 

 
 

 
 
                (2) 

 

cos 0 sin

( , ) 0 1 0

sin 0 cos

i i

i

i i

Rot Y

 



 

 
 


 
                (3) 

 

cos sin 0

( , ) sin cos 0

0 0 1

i i

i i iRot Z

 

  

 
 


 
                (4) 
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Based on Eq. (6), the rotation angles (Cardan angle) 

of the three axes of each joint can be determined using 

various motion path designs. 

 

Figure 1 Arm Model Design (a) Arm structure；(b) Arm muscles. 

 

Figure 2 Path setting procedure 

(a) 3D coordinate system orientation and calibration (the T-shaped 

stick shown in the left-hand image can be used for orientation; the 

right-hand figure shows the three dimensions photographed after 

orientation); (b) orientation of the reflective point (badminton racket: 

the reflective point is placed at the point of center of gravity for 

orientation; left and right arms: orientation for the three joints – 

shoulder, elbow, and wrist ); (c) Group A player’s racket swing action; 

(d) procedure for point catch up and point data capture (i.e., continuing 

to catch the reflective points not captured earlier in a follow-up 

procedure and exporting the point data). 

                 (a)  1 

 2 

                  (b) 3 

 4 

                 (c) 5 

  6 

         (d) 7 

 8 
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Results 

Four motion paths are used for the simulation: 

accurate motions (Path 1), a smash recovery following a 

successful smash shot (Path 2), and two error motions 

(Paths 3 and 4). However, simulating the paths requires 

that motion curves be developed for the three arm joints 

(J1, J2, and J3) (Fig. 1(b)) As already explained, because 

the joints are ball joints, angles must be determined for 

the X, Y, and Z rotation axes of each joint. The Path 1 

kinematics parameters curves for J1, J2, and J3 are 

shown in Fig. 3(a), while Fig. 3(b) illustrates the 

trajectory of the badminton racket center.  

The smash motion is divided into four phases: 

preparing, swinging, stroking, and follow-up, represented 

as a, b, c, and d in Fig. 3(c), which illustrates the isolated 

motion of each phase. The first 0.5 s of the motion is the 

preparing phase, between 0.5 and 1.6 s is the swinging 

phase, from 1.6 to 1.66 s is the stroking phase, and from 

1.66 to 1.8 s is the follow-up phase. 

Figure 4(a) displays the Path 2 kinematics 

parameters curves, while Fig. 4(b) depicts the motion 

trajectory. In contrast to Path 1, Path 2 manifests the 

rapid motion of returning the racket to its initial position 

to prepare for the next stroke immediately after a smash 

shot. The difference between Path 1 and Path 2 is shown 

in Fig. 4(c). Path 3 reflects an error motion typical of 

badminton: the forearm and wrist preparing for a smash 

shot before the upper arm is not straightened. The curves, 

trajectory, and swing and stroke motion used in this path 

are graphed in Figures 4(d) to 4(f). The third common 

error motion, represented by Path 4, occurs when the 

player’s arm extends outward before a smash shot but 

fails to maintain a position parallel to the shoulder. The 

kinematics parameters curves and trajectory for this path, 

as well as the decomposition of the motions for Path 4, 

are shown in Fig. 4(g) to 4(i).  

 

 

 

Figure 3 Accurate path design (Path 1) 

(a) Accurate path (Path 1) kinematics parameters curves；(b) Accurate 

path (Path 1) motion locus ； (c) accurate path (Path 1) swing 

movement (a: preparing phase b: swing phase c: stroking phase d: 

follow-up phase) 
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Figure 4 Path 2 to 4 design  

(a) Path 2 kinematics parameters curves；(b) Path 2 motion locus；(c) 

Accurate path (Path 1) and Path 2 movement points of difference (Red 

circle of dissimilarity)；(d) Path 3 kinematics parameters curves；(e) 

Path 3 motion locus；(f) Accurate path (Path 1) and Path 3 movement 

points of difference (Red circle of dissimilarity)；(g) Path 4 kinematics 

parameters curves；(h) Path 4 motion locus；(i) Accurate path (Path 1) 

and Path 4 movement points of difference (Red circle of dissimilarity). 

 

Figures 5 to 7 graph the kinematics and stress 

analyses of the four motion paths for the humerus, 

forearm (ulna and radius), and wrist (carpal bones). The 

analysis data indicating the maximum difference by 

seconds is compared in a list. The organized information 

is shown in Table 2, Table 3 and Table 4.  

 
Table 1 Material properties. 

 Density 
Poisson 

ratio 

Modulus 

of 

elasticity 

Tensile 

Strength 

Yield 

strength 

Titanium 

alloy 
4.43 

kg·m3 
0.342 113.8 GPa 993 MPa 924 MPa 
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  (d) 1 

 2 

                     (e) 1 

 2 

  (f) 1 

 2 

(g) 1 

 2 

                        (h)  1 

 2 

 (i) 1 

 2 
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Table 2 Comparison chart of two paths of the humerus’s wing movement showing the differences between kinematics and stress 

 path1 path2 path3 path4 Difference 

Trans. Vel.(mm/s) 33657.91 33831.44 33557.21 31357.81 2473.63 

Trans. Acc.(mm/s2) 2686311.93 2739128.34 2686211.84 2231474.29 507654.05 

Stress (N/mm2) 5.51 6.60 5.76 5.91 1.09 

Note: The maximum stress difference of 1.66 seconds is a useful point for comparing the two paths of the humerus’s swing, which can be taken as the 

stroking phase.  

 
Table 3 Comparison chart of two paths of the ulna and radius’s wing movement showing the differences between kinematics and stress 

 path1 path2 path3 path4 Difference 

Trans. Vel.(mm/s) 39517.06 40690.76 53683.03 36626.13 17056.90 

Trans. Acc.(mm/s2) 2590708.23 2979827.92 6078419.07 2461113.13 3617305.94 

Stress(N/mm2) 3.66 3.81 5.32 5.50 1.84 

Note: The maximum stress difference of 1.66 seconds is a useful point for comparing the two paths of the ulna and radius’s swing, which can be 

taken as the stroking phase. 

 
Table 4 Comparison chart of two paths of the wrist’s wing movement showing the differences between kinematics and stress 

 path1 path2 path3 path4 Difference 

Trans. Vel. (mm/s) 37909.25 37977.48 60311.40 35991.75 24319.65 

Trans. Acc. (mm/s2) 2684983.99 3074355.73 6042825.33 2534208.30 3508617.03 

Stress (N/mm2) 125.22 125.87 185.13 170.45 59.91 

Note: The maximum stress difference of 1.66 seconds is a useful point for comparing the two paths of the wrist’s swing, which can be taken as the 

stroking phase 

 
Table 5 Comparison chart form four paths of muscle strength. 

muscle 
(mm/s) 

(mm/s^2) 
path1 path2 path3 path4 difference 

Biceps brachii 
Trans. Vel. 

Trans. Acc. 

19506.77 

2500367.56 

19467.04 

2487296.18 

22155.25 

3971551.07 

19302.42 

2486632.89 

2852.83 

1484918.18 

Triceps brachii 
Trans. Vel. 
Trans. Acc. 

1127.68 
154859.08 

1132.30 
157837.67 

1130.48 
154912.15 

1258.04 
127764.31 

130.36  
2978.59 

flexor carpi ulnaris 
Trans. Vel. 

Trans. Acc. 

28298.50 

2557094.76 

28301.65 

2557110.76 

26834.23 

2465539.36 

28300.40 

2557104.77 

1467.42 

91571.40 

extensor carpi radialis 
Trans. Vel. 
Trans. Acc. 

27520.34 
2446305.20 

27530.54 
2446383.15 

27383.87 
2459182.52 

27526.22 
2446352.33 

146.67  
12877.32 

Note: The maximum muscle strength difference of 1.65 seconds is a useful point for comparing the four paths, which can be taken as the stroking 

phase. 

 

Figure 5 illustrates the kinematics analysis for the 

humerus, which during the follow-up phase of Path 2 is 

affected by a sudden halt and pulling motion that first 

increases its translational velocity and then decreases it 

instantaneously (Fig. 5(a)). Following the halt-pull 

motion, the translational acceleration of the humerus in 

Path 2 is lower than in Paths 1, 3, and 4 (Fig. 5(b) and 

5(c)). According to the stress analysis (Fig. 5(d) and 5(e)), 

the stress exerted on the humerus during the follow-up 

phase of Path 2 is the greatest. There is also a greater 

stress difference stage in Path 2, a stress variation 

illustrated by the stress diagram for each second given in 
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Fig. 5(f) and 5(g). Additionally, we know from Table II 

that Path 3 is affected by the rapid rotation of the forearm, 

leading to a rise in the values of translational velocity 

and translational acceleration. However, the humerus has 

less collision with the forearm in this action, therefore 

the stress is lower. 

Figures6(b) and 6(d) show the changes in 

translational velocity and translational acceleration 

during the stroke phase in Path 3, which are maximal 

because the forearm is extended at an angle during the 

smash shot, Nonetheless, the translational velocity and 

translational acceleration in Path 3 fluctuate more than 

those in Path 1. Moreover, the stress analysis graphed in 

Fig. 6(e) and 6(f) indicates that maximal stress is applied 

during the stroke phase of Path 3. Likewise, in Path 4, 

the arm is extended at an angle during the smash shot, 

exerting maximal stress which resulted in a squeeze 

between bones caused by collision as it increases the 

injury risk to the forearm. Here, there is a greater stress 

difference stage in Path 3, a stress variation on the ulna 

and radius captured by the stress diagram for each 

second shown in Fig. 6(g) and 6(h). 

As regards the swinging and stroke phases of Path 4, 

the translational velocity and translational acceleration 

curves (Fig.7(a) to 7(d)) fluctuate considerably compared 

with those of Path 1, indicating that the carpus is 

indirectly affected when the smash shot is performed 

with the arm extended at an angle. The stress analysis 

(Fig. 7(e) and 7(f)) further shows that stress increases 

during the stroke phase of Path 3 and the swinging and 

stroke phase of Path 4, Thereby increasing the sports 

injury risk to the carpus. This increase is related to the 

rapid rotational speed and the arm’s being extended at an 

angle to perform the smash shot. Once again, there is a 

greater stress difference stage in Path 3, a stress variation 

on the carpal bones captured by the stress diagram for 

each second given in Fig. 7(g) and 7(h).  

Muscle analysis 

This study uses the translational velocity and 

translational acceleration of a spring to predict changes 

in muscle strength and evaluate the muscle’s responses 

along different paths. From these paths, we can identify 

both the time point at which the muscle strength response 

is strongest and the translational velocity and 

translational acceleration values at different points in 

time. To simulate the curve of the muscle strength 

change, we designate the straightened spring as the 

positive value and the compressed spring as the negative 

value (Fig. 8(a) to 8(d)), thereby producing a movement 

curve for both the concentric and eccentric contractions 

of muscle strength. A useful avenue for future research 

would thus be to set different spring parameters specific 

to different experimental objects to more precisely 

predict the strength of human muscles. Table V presents 

a comparison of the analytic data, indicating the 

maximum difference by seconds. 

Analyzing muscle strength through translational 

acceleration and translational velocity by the action of 

arms from swing to smash, we know that the four paths 

(Path 1, Path 2, Path 3 and Path 4) at the duration from 

the end of swing to stroke are affected by the rapid 

rotation of the arm, resulting in an instant rise in 

translational velocity and translational acceleration 

values, where the value of 1.66 seconds was the highest 

point predicted from timeline curve.  

As shown in the Fig. 8(b) and 8(c) , the muscle 

strength analysis of the biceps brachii can be conducted, 

which shows that the force exerted during the swing and 

stroke phase in Path 3 leads to a rise in translational 

velocity and translational acceleration values because the 

stroke is performed before the arm is straightened. Thus 

from the prediction in Path 3, we know that the risk to 

the injury in biceps brachii is rising when muscles are 

used during the phase from swing to stroke. 

As shown in Fig. 8(e) and 8(f), the muscle strength 

analysis of the triceps brachii can be conducted which 

shows muscle strength increases in Path 2 where the arm 

movements are too rapid during the swing and stroke 

phase as to predict an increasing risk in injury and a 

sharp change in the translational velocity and 

translational acceleration value curves. 

Figures 8(h) to 8(l) show a comparison of the 

musculus flexor carpi ulnaris and musculus extensor 

carpi in which excessive tensile force is generated during 

the swing and stroke phase in Path 4 when the arm is 

extended at an overdone angle before the smash shot. 
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Figure 5 Kinematics and stress analysis of the humerus   

(a) Translational velocity of humerus；(b) Translational acceleration of 

humerus；(c) Translational acceleration of humerus 1.5~1.8(s)；(d) 

Stress of humerus；(e) Stress of humerus 1.5~1.8(s)；(f) Path 2 1.69 ~ 

1.73 seconds of the motion diagram；(g) Path 2 1.69 ~ 1.73 seconds 

humerus stress diagram. 
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Figure 6 Kinematics and stress analysis of the ulna and radius 

(a) Translational velocity of ulna and radius；(b) Translational velocity 

of ulna and radius 1.5~1.8(s)；(c) Translational acceleration of ulna 

and radius；(d) Translational acceleration of ulna and radius 1.5~1.8(s)；

(e) Stress of ulna and radius；(f) Stress of ulna and radius 1.5~1.8(s)；

(g) Path 3 1.65 ~ 1.69 seconds of the motion diagram；(h) Path 3 1.65 

~ 1.69 seconds ulna and radius stress diagram. 

 

 

 

 

 

 

 

 

Figure 7 Kinematics and stress analysis of the carpus bone 

(a) Translational velocity of carpus bone；(b) Translational velocity of 

carpus bone 1.5~1.8(s)； (c) Translational acceleration of carpus bone；

(d) Translational acceleration of carpus bone 1.5~1.8(s)；(e) Stress of 

carpus bone；(f) Stress of carpus bone 1.5~1.8(s)；(g) Path 4 1.63 ~ 

1.67 seconds of the motion diagram；(h) Path 4 1.63 ~ 1.67 seconds 

carpus bone stress diagram. 
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Figure 8 Muscle strength forecast analysis 

(a) Translational displacement of Biceps brachii；(b) Translational 

velocity of Biceps brachii；(c) Translational acceleration of Biceps 

brachii；(d) Translational displacement of Triceps brachii； (e) 

Translational velocity of Triceps brachii；(f) Translational acceleration 

of Triceps brachii；(g) Translational displacement of Musculus flexor 

carpi ulnaris；(h) Translational velocity of Musculus flexor carpi 

ulnaris；(i) Translational acceleration of Musculus flexor carpi ulnaris；

(j) Translational displacement of Musculus extensor carpi radialis；(k) 

Translational velocity of Musculus extensor carpi radialis；(l) 

Translational acceleration of Musculus extensor carpi radialis. 
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Discussion 

With sports competition growing ever fiercer, it is 

becoming critical to examine badminton smash 

techniques in order to improve badminton performance 

and ensure a brighter future for the sport. To this end, 

this study used high-speed cameras to assess the 

implications of four types of forehand smash paths 

possible in badminton: the correct badminton smash path 

used by professional badminton players, the smash path 

that typically causes injury in professional badminton 

players, and two types of smash paths in which 

non-professional badminton players are likely to make 

mistakes. The movement of the arm, changes in muscle 

strength, and changes in stress on the bones in each path 

were simulated by a kinetic analysis model of the arm 

based on all four smash paths and a combination of 

kinematic and biomechanical principles. The results of 

the corresponding analyses can be summarized as 

follows: 

1. The humerus stress analysis results indicate that 

Path 2 had the highest stress in the follow-up phase, 

meaning that pulling back rapidly after a smash can 

increase the chance of humerus injury because it may be 

squeezed by the force of inertia. This finding is 

analogous to that of Arora, Shetty, Ravindra, and Kale 

(2015), who attributed shoulder pain, a common 

movement disorder in both non-professional and 

professional badminton players, to squeezing of the 

subacromial area and a lack of subacromial stability. 

Although the focus of the present study is on the 

humerus rather than the shoulder, it is important to 

recognize that the humerus and shoulder are connected to 

each other. Hence, both the present study and that of 

Arora et al. (2015) suggest a similar conclusion: sports 

injury is caused by squeezing. 

2. In the forearm movement analysis, during the 

stroking phase of Path 3, the instant elevation of the 

angular velocity curve and the angular acceleration curve 

was much greater than that of the other paths. In terms of 

stress, the instant fluctuation also reached maximum 

because the forearm was already engaged in the smash 

action before the arm was fully extended. This lack of 

full extension caused the arm to turn and the load to 

increase. This observation reflects an earlier analysis by 

Rueda et al. (2011), which identified a direct association 

between angular acceleration and stress, implying that 

once the arm load is increased, the risk of injuring the 

forearm also increases. Based on these findings, those 

authors next employed a finite element simulation to 

analyze the situation in which a helmet receives the 

impact. Their results suggest that changes in angular 

acceleration are directly reflected in stress. Hence, the 

findings and conclusions drawn in their study are similar 

to those reported here. In our simulation, during the 

period between the swing phase and the stroking phase in 

Path 4, the forearm had to incline outward to perform the 

smash action, which led to a smaller change in the 

angular velocity curve and the angular acceleration curve. 

Nonetheless, not only were these motions still not as 

stable as those of the regular path, but because of 

fluctuation, the stress fluctuation reached a maximum, 

which could increase the chance of forearm injury. 

3. Similarly, according to the wrist movement 

analysis, during the stroking phase of Path 3, the wrist 

was affected by the accelerated rotation of the forearm to 

which it is connected. As a result, the values of angular 

velocity and angular acceleration, as well as of 

fluctuation, were greater. For Path 4, during the period 

between the swing phase and the stroking phase, the ups 

and downs of the curve were also greater than those of 

the normal path, suggesting that the wrist – indirectly 

affected by having the arm inclined outward for smash – 

still produced shocks. During both these phases, the 

corresponding stress also increased substantially because 

of the rapid rotation and inclined angle associated with 

the smash movement. This increased risk of wrist sports 

injury from fast rotation and an inclined angle is 

reflected in Brutus and Chahidi’s (2004) report of a wrist 

injury in a teen professional badminton player that was 

caused by the fierce movement of extending and bending 

the wrist. In fact, our stress analysis results indicate that 

among the humerus, the forearm, and the carpal bones, 

these latter undergo the highest stress, meaning that the 

wrist is the joint most likely to be injured by an incorrect 

hitting movement. This finding is consistent with Wan et 

al., (2008), who statistically analyzed the association 
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between the speed of badminton racket’s head and the 

upper limb. Their data demonstrate that the wrist is the 

part most capable of increasing the effect of the racket’s 

speed.  

4. In the muscle analysis, the risk of a biceps brachii 

sport injury was increased by an overly rapid movement 

and an overly inclined arm angle. For the triceps brachii, 

on the other hand, because the hitting motion took place 

before the arm was fully extended, the force pulling the 

triceps brachii was smaller. Nonetheless, when the elbow 

inclined outward during the hitting motion, muscle 

tension increased, which could in turn raise the 

likelihood of muscle strain. Smashing without a fully 

extended arm also caused too much tension in the flexor 

carpi ulnaris and extensor carpi radialis, which would 

also increase the risk of muscle strain. The effects of 

different smash movements on the upper limbs of 

excellent badminton players were examined by Tsai, 

Huang, Lin and Chang (2000) using biomechanical 

analysis. They found that formal wrist extensor training 

is necessary to reduce wrist extensor injury. Their 

conclusions on the risks involved in the badminton 

smash movement are thus similar to ours. Nonetheless, 

this present study found little or no difference between 

the paths in their effects on the flexor digitorum 

superficialis. 

 

Conclusions 

Based on the results, we draw the following 

conclusions about the three designs that represent faulty 

execution: 

(1) In Path 2, because of the excessively rapid 

halt-pull motion, the inertia exerted after the smash 

motion is unmitigated during the follow-up phase when 

the arm halts and pulls to prepare for the next move. As a 

result, the curves for the humerus motion and stress and 

the biceps brachii fluctuate considerably, which may 

increase the risk of sports injuries.  

(2) In Path 3, the arm is extended before the smash 

shot, an error that increases the motion velocity of the 

ulna, radius, and carpal bones, thereby increasing the 

variations in the motion and stress curve of the forearm 

(ulna and radius) and wrist (carpal bones) and the muscle 

strength curves of the triceps brachii, flexor carpi ulnaris, 

and extensor carpi. The motions used in Path 3, therefore, 

may also lead to sports injuries.  

(3) In Path 4, the arm is extended outward to 

perform the smash shot, which necessitates additional 

wrist muscle strength during the swinging and stroke 

phases. The result is substantial fluctuation in the motion 

and stress curves of the forearm (ulna and radius) and 

wrist (carpal bones) and the muscle strength curves of 

the biceps brachii and triceps brachii, meaning that the 

motions adopted in Path 4 can also easily cause sports 

injuries. 

(4) Comparing the three different error paths, we 

conclude that Path 3 is the most dangerous because the 

failure to completely straighten the arm and the incorrect 

posture can result in a squeezing phenomenon, leading 

potentially to enhanced stress and muscle strength and an 

increased risk of sports injuries. 

(5) The study also found that the error path 

badminton action produces high stress and easily leads to 

injury. Overall, therefore, the constructed model is not 

only able to predict the risks of injury, it can reduce such 

risk through the provision of guidelines to be used in 

badminton teaching and training. Moreover, although in 

this study, the analysis focuses only on the arm, in future 

the model will be extended to whole body assessment.  
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ABSTRACT 

 

Purpose：Badminton is an excellent sport for enhancing fitness; however, incorrect swinging 

motions may lead to sport injuries. In order to forecast the sport injury risk, this paper investigates 

the kinematic and stress variations on the arm during the various phases of a badminton forehand 

smash movement (i.e., the preparing, swinging, stroking, and following phases). Methods: Based 

on biological, kinematic, and dynamic concepts and principles, we develop a dynamic model of 

arm swing paths whose feasibility is assessed using four types of motion paths: a correctly 

positioned badminton smash (Path 1), a smash recovery following a successful smash shot (Path 2), 

and two error motions that commonly occur during smash shots (Paths 3 and 4). We then conduct a 

motion analysis of these four paths to determine the kinetic chain of the forehand smash and the 

influence that stress and muscle strength exertion have on badminton players’ arms. Results: We 

find that Path 2 easily induces sport injuries in the humerus and triceps brachii; Path 3 causes 

serious sport injuries in the forearm, wrist, biceps brachii; and Path 4 poses greater risk of injury to 

the forearm, wrist, musculus flexor carpi ulnaris, and musculus extensor carpi radialis. Conclusions: 

The proposed biomechanics model can therefore be used to predict post-motion exertion points, 

making it a useful reference tool for training and teaching. 
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