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ABSTRACT

Purpose: to detect the mechanisms for shoulder pain and in-
jury during forehand overhead stroke using the questionnaire
and 2D video analysis. Methods and Materials: Participants
were 48 university badminton players (aged 18-22) with national
tournament level who had no current shoulder injuries. A ques-
tionnaire investigation and a forehand overhead clear test were
performed. The angle of arm slot at the moment of hit was calcu-
lated from 2D videos analysis using Image J software. Data were
compared between badminton players with shoulder problems
and those without. Results: There were 6 badminton players
reported a history of shoulder injury that all of them were offen-
sive players. 11 badminton players (8 offensive players and 3
defensive players) reported present shoulder pain that offensive
players showed 7.33 times more likely to sustain present shoul-
der pain than defensive players (OR = 7.33, 95%CI: 1.55-34.70,
p = 0.007; Fisher’'s Exact test: p = 0.012). Moreover, offensive
players with present shoulder pain had significantly greater score
of VAS (visual analog scale) than defensive players (74.0 mm %
14.2 mm vs 44.6 mm = 24.4 mm, p = 0.04). Significant differenc-
es of arm slot angle were found among badminton players with
shoulder pain free, history of shoulder injury and present shoul-
der pain (35.740 + 4.85° vs 42.90° + 11.89 o vs 37.81° £ 6.40°, F
= 3.27, p = 0.047). Conclusion: Offensive badminton players are
more likely to suffer from shoulder injury and strong intensity of
shoulder pain. Greater arm slot angle of hit phase might be the
mechanism leading to shoulder problems in badminton players.
For improving shoulder re-injury prevention and rehabilitation
protocols, our findings should be taken into consideration by
physiotherapists, physicians and coaches.
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Shoulder pain and injury are common in
badminton players mostly caused by forehand
overhead stroke. Badminton forehand overhead
stroke is recognized as the fundamental and the
most typical skill requiring joint coordination and
balance ability to perform body core mass
shifting, trunk rotation and upper limb rotation
simultaneously 2. Improper (poor or
inexperienced) forehand overhead motions
producing abnormal biomechanics that not only
negatively affect overhead motion performance,
but also lead to injuries B4. Conventionally,
forehand overhead stroke is divided into four
phases, that is, preparation, acceleration, hit,
and follow-through (Fig. 1A).

The the preparation
approximately three quarters of one second to

phase of takes
perform the motions as following: (1) moving the
center of gravity followed by the dominant side
leg step in a posterior and slightly lateral
direction, (2) the shoulder is extended and
adducted and the wrist is extended leading to the
racket-head to point upward, (3) pointing the
nondominant hand toward the shuttlecock to
sustain the balance posture. Acceleration is a
highly dynamic phase consisting of a backswing
and a forward swing. Two factors of the
acceleration phase dominate the effects of hit: (1)
adequate performance of the backswing forward
swing which need players perform weight shift,
trunk rotation, racket-head backswing, shoulder
adduction and forearm rotation smoothly and
simultaneously, (2) the length of the kinematic
chain at the moment of hitting the shuttlecock.
From preparation to hit, upper limb muscles,
such as biceps brachii, triceps brachii, extensor
carpi radialis and flexor carpi ulnaris, were
activated. At a constant time before the phase of
hit, the peak electromyographic amplitude
appears in the triceps brachii, extensor carpi
radialis, flexor carpi ulnaris and trapezius Bl

After the hit, players perform the follow-through
phase to dissipate excess momentum by
crossing the racket to the contralateral side while
swing the rear foot to the front foot 2671,

Poor overhead motion techniques are regarded

as mechanisms to increase injury risk in
overhead motion sports. A study of tennis
revealed that compared with tennis players
without shoulder injury history, tennis players
with shoulder injury history had significantly less
the end of
acceleration during serve 8. Studies of baseball

showed that baseball pitchers with greater arm

humeral abduction angle at

slot angle at the instant of ball release, or
improper trunk rotation sequence might be
vulnerable to shoulder injuries 191,

As for badminton players, our previous studies
showed that training hours of per day, decreased
trunk rotation and weak balance ability were risk
factors for shoulder pain ['121. Although previous
badminton studies adopted biomechanics to
examine forehand overhead stroke motion
[5.13.141 'no studies on the association of forehand
overhead stroke motion phases and shoulder
pain and injury were found. Additionally, video
analysis has high reliability to evaluate sports
motor skills, including phases of overhead
motion 5181 however, such studies of
badminton were scarce.

Proper forehand overhead stroke techniques
and coaching approaches are important for
coaches and badminton players to decrease the
joint loading and possibly prevent and
rehabilitate upper limb injuries and pain. The
purpose of this study was to detect the
mechanisms for shoulder pain and injury during
forehand overhead stroke using the
questionnaire asking the characteristics and the
type of player (offensive/defensive) and 2D
video analysis.
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Methods
Participants

52 university badminton players (26 males and
26 females) belonging to Kanto University
Badminton Association were recruited from
August 2018 to March 2019. This study was
approved by Ethical Committee of the Graduate
School of Arts and Sciences, the University of
Tokyo, Japan (Notification Number 602-2 July 26,
2018). All the design complied with the
declaration of Helsinki. Informed consent forms
written by all the participants have been obtained.

Questionnaire and badminton test

A self-reported questionnaire asked for baseline
consisting of gender, age, height, weight,
dominant hand, years of badminton experienced
playing, training hours of per day, training days
of per week, warm-up, injury/pain histories
related to badminton, types of players (offensive
players or defensive players), and playing
categories (single, double or both).

A forehand overhead clear test was performed
after warm-up to examine the arm slot angle
(angle of the arm relative to the ground at the
instant of hit a shuttlecock) (Fig. 1B) and was
recorded using a high speed digital video
camera with 240 frame per second slow motion
model (FDR-AX700, Sony, Japan). 2D video
analysis of overhead motion has been
demonstrated high reliability using Image J
software for two-dimensional joint and segment
angles analysis ['®l, The arm slot angle was
digitized using Image J software. The instant of
hit was identified as the first frame in which the
shuttlecock contacted the racket. The arm slot
angle was calculated by a research assistant
who did not have playing/coaching badminton
experience, but was trained to measure the
angle. The high speed digital video camera was
placed in the middle area of the court to enable

the forehand overhead stroke to be recorded.
The bubble level of tripod and the grid on the
camera video display were used to ensure that
the camera was level. A badminton racket with a
higher tension of 28 Ib was used. The
shuttlecocks with an international speed metric
of 3/77 were selected. Due to the requirement of
the reproducible serve for forehand overhead
clear test, the serve was performed by the same
badminton players. Three trials for forehand
the
participants using maximal power. Mean arm slot

overhead clear were performed by
angle of three trials of forehand overhead stroke
was used to analyze. After forehand overhead
clear test, all the participants were asked
immediately “Do you have any shoulder pain
during the forehand overhead stroke?”. If “yes”,
the participants were also asked “Please record
the location of shoulder pain (anterior, outside or
posterior), and mark pain intensity in the visual
analog scale (VAS)” and “Which phases of
forehand overhead stroke motor  skill
(preparation, acceleration, hit and follow-through)

caused your shoulder pain?”

Definition of injury and pain

For keeping consistency in the definitions and
enabling data across studies to be compared,
the definitions of sports injury published by IOC
(International Olympic Committee) ['"l were used
to make the judgement criteria in this study. An
injury was defined as any physical complaint
sustained during badminton match or training
causing one or more of the three judgement
criteria as follows: (1) have to stop the current
badminton match or training immediately, (2)
cannot presence in subsequent badminton
match or training, and (3) require medical
attention irrespective of the potential absence
from match or training. Pain was defined as any
physical painful complaint or discomfort with
sustained badminton capacity. Participants with
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lacking data were excluded.
Statistical methods

SPSS and R software were adopted for
statistical analysis. Shapiro-Wilk test was used
to examine normality of baseline data. One-way
analysis of variance (ANOVA) followed by
Bonferroni test was used for statistical analysis
on groups (pain free group, injury group and
present pain group). Comparisons of the
prevalence of shoulder pain between categorial
variables were analyzed using x? test and
Fisher’s exact test. Mann-Whitney U-test was
used to detect present shoulder pain intensities
between different player types. Comparisons of
the differences between offensive and defensive
players
analyzed using independent samples t-tests and

without shoulder problems were
Mann-Whitney U-test. For statistical analysis,

the level of significance was set as below 0.05.
Results

After excluding lacking data (n = 4), 48
participants of 24 males and 24 females were
included in this study. All the participants’
dominant sides were right sides. Among all the
participants, 22 participants were offensive
players while the rest of the 26 participants were
defensive players. 31 participants without any
shoulder pain were divided into pain free group,
while 6 participants with shoulder
experience were divided into injury group and 11
participants with present shoulder pain were
divided into present pain group. The results of
baseline parameters are shown in Table 1 and 2.
Table 1 shows that 6 injured players were all
offensive players. Using X° test and Fisher’s
exact test for categorical variables analysis, we
found that the participants with history of
shoulder pain showed 13.846 times more likely
to sustain present shoulder pain (OR = 13.846,
95%Cl: 1.572-121.985, p = 0.005, Fisher’s Exact

injury

test: p = 0.006) than those without. Moreover,
compared with defensive players, offensive
players showed 7.3 times more likely to sustain
present shoulder pain (OR = 7.333, 95%CI:
1.550-34.695, p = 0.007; Fisher’s Exact test: p =
0.012). VAS score of present shoulder pain
analyzed by Mann-Whitney U-test in offensive
players was stronger than defensive players
(74.0 mm £ 14.2 mm vs 44.6 mm = 24.4 mm, p
= 0.04). Additionally, among the 11 players with
present shoulder pain, 3 players reported the
phase of acceleration causing pain, 7 players
reported hit and 1 player reported hit and follow-
through. 5 cases located in outside shoulder, 2
cases in posterior shoulder and 4 cases in
anterior shoulder.

For the three groups analyzed by one-way
ANOVA, there were no significant differences of
age, height, weight, BMI, years of badminton
experience, training hours of per day, days of per
week and total training hours of per week among
pain free, injury and present pain groups (Table
2). For arm slot angle analyzed by one-way
ANOVA, significant differences were found
among the three groups (pain free vs injury vs
present pain: 35.74° + 4.85° vs 42.90° £ 11.89°
vs 37.81° £ 6.40° F = 3.27, p = 0.047). With
Post-hoc analysis using Bonferroni test,
significant differences were found in arm slot
angle between pain free group and injury group
(p = 0.046). Additionally, data of badminton
players without shoulder problems broken down
by type of player (9 offensive players and 22
defensive players) were also analyzed (Table 3).
There were significant differences of age, weight
and BMI between offensive and defensive
players while no other significant differences
were found. Offensive players showed a
tendency to significantly greater arm slot angle
compared with defensive players (offensive
players vs defensive players: 38.19° £ 4.18° vs
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34.74° £ 4.83°, p = 0.07).
Discussion

To the best of our knowledge, this is the first
study to identify the mechanisms of forehand
overhead motion with shoulder pain and injury in
badminton players. In this study, some vital and
special findings were found: (1) type of offensive

badminton players was a risk factor of shoulder
pain and injury, (2) offensive badminton players
showed significantly stronger shoulder pain than
defensive badminton players, and (3) greater
arm slot angle of the phase of the hit might be
the mechanism of shoulder pain and injury in
elite university badminton players with national
tournament level.

Table 1. Characteristics of all the badminton players.

Pain free Injury Present pain
(n=31) (n=16) (n=11)
Gender
Male 16 5
Female 15 6
Type of player
Offensive players 9 8
Defensive players 22 3
Playing categories
Single 14 5
Double 14 5
Both 3 1
History of shoulder pain
Yes 13 10
No 18 1
VAS score (mm)
Offensive players - 74.0 £ 14.2*
Defensive players - 446 +24.4

*p-value < 0.05, between offensive players and defensive players with present pain.

<«—Hit

Acceleration

Preparation,

Follow-through

Figure 1-A: phases of forehand overhead stroke, B: arm slot angle.
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Figure 2-Box plot shows median value, 1.5 IQR (interquartile range) and the distribution for
the arm slot angles of all the participants.
angles. *p (ANOVA), between pain free, injury and present pain groups tp (Bonferroni test), between
pain free and injury groups.

Black spots represent the distribution of arm slot

Table 2. Baseline parameters of all the badminton players broken down by shoulder pain and
injury.

Pain free Injury Present pain F p-value

(n=31) (n=6) (n=11)
Age, yr 19.58 + 1.15 20.67 £ 0.52 19.82 + 1.54 2.08 0.137
Height, cm 165.56 + 7.29 168.50 £ 7.87  164.35 + 8.28 0.59 0.559
Weight, kg 60.32+£7.10 62.50 + 5.24 59.95 + 8.80 0.26 0.770
BMI 21.97 + 1.64 22.05+1.75 22.08 + 1.57 0.22 0.978
Years 10.90 + 2.55 12.17 £ 0.75 11.09 + 3.48 0.57 0.571
Days, weekly 5.23 +0.56 5.33+0.52 5.09 £ 0.80 0.33 0.718
Hours, daily 3.33+0.50 3.33+0.52 3.23+0.52 0.19 0.829
Total hours, weekly 17.36 + 2.76 17.67 +2.25 16.36 + 3.23 0.61 0.546

BMI: body mass index (calculated by height and weight).
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Table 3. Baseline parameters of two types of badminton players without shoulder problems.

Offensive players Defensive players p-value

(n=9) (n=22)
Age, yr 18.89 + 1.27 19.86 + 0.99 0.017*
Height, cm 167.78 £ 5.89 164.65+7.73 0.286
Weight, kg 64.67 £ 7.48 58.55 + 6.26 0.027**
BMI 22.92 £ 1.79 21.58 £ 1.44 0.035**
Years 10.00 + 3.28 11.27 £ 2.16 0.263
Days, weekly 544 +0.73 5.14 £ 0.47 0.121
Hours, daily 3.30 £ 0.59 3.35+0.47 0.712
Total hours, weekly 17.87 £ 3.57 1715+ 2.43 0.559
Arm slot angle, ° 38.19+4.18 34.74+4 .83 0.07

BMI: body mass index (calculated by height and weight). *

players.

Shoulder pain not only affects overhead motion
performance negatively, but disturbs activity of
daily living in overhead motion sports athletes
[9.18-20 Previous studies have studied shoulder
pain in recreational and world-class badminton
players, however, no risk factors were found
(18,191 Although type of player has been studied
in the previous studies, no significant differences
of incidence of shoulder pain were found
between offensive badminton players and
defensive badminton players. In this study,
offensive badminton players showed
significantly higher incidence of shoulder pain
compared with defensive badminton players
which is inconsistent with the previous studies.
Badminton players required medical attention
were categorized as shoulder injury group in this
study whereas the previous studies categorized
50% badminton players with shoulder pain
required medical attention as shoulder pain
group. The differences of the definition of injuries
and pain between our studies and the previous
studies which might interpret the differences. In
addition, a previous study of shoulder pain in
Japanese badminton players demonstrated a
history of shoulder pain to be a risk factor for

*p-value < 0.05, between offensive players and defensive

recurrent shoulder pain 2'. In this study, we
found that badminton players with a history of
shoulder pain showed significantly higher risk of
recurrent shoulder pain that consistent with the
previous study.

Improper overhead motion producing abnormal
kinetic chain has been demonstrated to be the
mechanism of shoulder pain and injury in
previous overhead motion sports studies. A
previous studies of baseball revealed that
pitchers with arm slot angle = 70° at the instant
of ball release showed greater shoulder external
rotation that may increase the risk of shoulder
labral injury "% A review study of overhead
motion sports revealed that insufficient
coordination in shoulder elevation tasks were
mechanisms of shoulder injuries in baseball
pitchers, cricket bowlers, handball players,
volleyball players, football quarterbacks and
other overhead motion sports players [22,
Another previous study of tennis demonstrated
that tennis players with a history of shoulder
problems showed less humeral abduction which
means greater arm slot angle, than those without
at the end of the acceleration phase during serve
Bl In this study, our results were similar to the
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previous studies that the participants with
shoulder problem showed significantly greater
arm slot angle.

Similar to throwing motion, badminton forehand
overhead motion, referred to as a kinetic chain,
requires multi-limb coordination to perform body
core mass shift, trunk rotation and upper limb
rotation simultaneously. The complex mechanics
of the overhead motion could generate tensile
stress on the shoulder [23-2% Undeniably, in
badminton playing, numerous repetitions of
overhead motion performing, such as clear and
smash, increase the risk of shoulder problems.
Health skilled badminton players showed a more
constant time from peak electromyographic
amplitude to hit. Immediately after hit, the
electromyographic activity of flexor carpi radialis
and triceps brachii decreased in health skillful
badminton players while badminton players with
immature motions showed continued
electromyographic activity after hit 1. Deficits in
kinetic chain of overhead motion causing
abnormal electromyographic activity could alter
stress in shoulder joint, ultimately result in
shoulder pain and injury as a consequence.
Moreover, the more arm slot angle near the
instant of ball release the pitchers perform, the
more elbow flexion torque occurs that the torque
places on shoulder joint, which can lead to
superior labrum anterior to posterior (SLAP)
lesions "%, In addition, the offensive badminton
players without shoulder problems in this study
tended towards significantly greater arm slot
angle than the defensive badminton players (p =
0.07). We speculate that badminton players in
our studies changed the phase of hit with greater
arm slot angle, compensating for deficits in
energy translation, to perform overhead stroke,
which resulted in abnormal electromyographic
activity in altering the tensile stress on shoulder
joint. These findings support our results that type

of offensive badminton players and badminton
players with greater arm slot angle showed more
risk of shoulder pain and injury, and interpret why
badminton players with a history of shoulder pain
which may be caused by improper overhead
motion, showed greater risk of recurrent
shoulder pain.

It is not an easy task to correct overhead motion
in high level badminton players who are
accustomed to their greater arm slot angle and
the timing at the instant of performing forehand
overhead stroke. A promising badminton motor
skills acquirement method, named "task analysis
teaching method" 291, is recommended to be
implement for improper phases correction.
Additionally, balance control is fundamental to
the execution of smooth and coordinated
that

displacement of body segments or the entire

neuromuscular action involves
body @728 The execution of smooth and
coordinated neuromuscular action is vital for
badminton overhead motion performance which
could be improved by balance training. Plus,
weaker balance ability is a risk factor for
shoulder pain ", The advanced exercise
program and plyometric trainings on balance
improved balance ability 2930 which might be

implemented in badminton.

Some limitations should be considered in this
study. Firstly, this study is a cross-sectional study.
Although greater arm slot angle was speculated
to be the mechanism of shoulder pain and injury,
a prospective study is supposed to verify the
cause-and-effect. Secondly, 2D video analysis
has high reliability of overhead motion, however,
the kinematic during forehand overhead stroke
in badminton players with shoulder problems
could not be studied for identifying deficits in
energy transfer. In future, a motion capture
technology, named “Video Motion Capture
System from the Part Confidence Maps of Multi-
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Camera Images by Spatiotemporal Filtering
Using the Human Skeletal Model (VMocap)’
which could be used in large measurement field
B is supposed to be used to detect the
mechanisms of badminton injuries and pain in
badminton training and matches.

Conclusions

Offensive badminton players are more likely to
suffer from shoulder injury and strong intensity of
shoulder pain. Greater arm slot angle of hit
phase might be the mechanism leading to
shoulder problems in badminton players.

Acknowledgement:

Badminton World Federation (BWF) s
acknowledged for the partial financial support
provided. We really appreciate BWF in
conducting research. We
gratefully acknowledgement Kanto University
Badminton Association, Senshu University and
Waseda University for that collaborated with us
on data collection.

sports  science

Conflict of Interest
The authors declare no conflict of interest.
Reference

[1]. Lo D, Stark K. Sports performance series: the
Strength &
Conditioning Journal. 1991;13(4):6-15.

badminton overhead shot.

[2]. Grice T. Badminton: steps to success. Human
Kinetics. 2008. p.18-48.

[3]. Olsen SJ, Fleisig GS, Dun S, Loftice J, Andrews
JR. Risk factors for shoulder and elbow injuries
baseball American

in adolescent pitchers.

Journal of Sports Medicine. 2006;34:905-12.

[4]. Jayanthi N, Esser S. Racket sports. Current
Sports Medicine Reports. 2013;12:329-36.

[5]. Sakurai S, Ohtsuki T. Muscle activity and
accuracy of performance of the smash stroke in
badminton with reference to skill and practice.
Journal of Sports Sciences. 2000;18:901-14.

(6].

[7].

[8].

9.

[10].

[11].

[12].

[13].

[14].

Brahms BV. Badminton Handbook: Training,
Tactics, Competition. Meyer Verlag; 2014. p.41-
3, p.101-2.

Zhang Z, Li S, Wan B, et al. The influence of X-
factor (trunk rotation) and experience on the
quality of the badminton forehand smash.
Journal of Human Kinetics. 2016;53:9-22.

Gillet B, Begon M, Diger M, Berger-Vachon C,
Rogowski I. Alterations in scapulothoracic and
humerothoracic kinematics during the tennis
serve in adolescent players with a history of
Biomechanics.

shoulder problems.

2021;20(2):165-77.

Sports

Oyama S, Yu B, Blackburn JT, Padua DA, Li L,
Myers JB. Improper trunk rotation sequence is
associated with increased maximal shoulder
external rotation angle and shoulder joint force
in high school baseball pitchers. American
Journal of Sports Medicine. 2014;42:2089-94.

Escamilla RF, Slowik JS, Diffendaffer AZ, Fleisig
GS. Differences among overhand, 3-quarter,
and sidearm pitching biomechanics in
professional baseball players. Journal of Applied

Biomechanics. 2018;34(5):377-85.
Zhou X, Imai K, Liu XX, Watanabe E.

Epidemiology and pain in elementary school-
aged players: a survey of Japanese badminton
players participating in the national tournament.
Scientific Reports. 2021;11(1):1-9.

Zhou X, Imai K, Liu XX. Characteristics and risk
factors of badminton injuries/pain in Japanese
university badminton players. Japanese Journal
of Orthopaedic Sports Medicine. 2022;42(1):40-
47.

Ramasamy Y, Usman J, Sundar V, Towler H,
King M. Kinetic and kinematic determinants of
shuttlecock speed in the forehand jump smash
performed by elite male Malaysian badminton

players. Sports Biomechanics. 2021;1-16.

Barnamehei H, Tabatabai GF, Safar CA,

IISMR:https://escipub.com/internal-journal-of-sports-medicine-and-rehabilitation/ 9



[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

Xiao Zhou et al., IJISMR, 2022; 5:25

Pouladian M. Upper limb neuromuscular
activities and synergies comparison between
elite and nonelite athletics in badminton
overhead forehand smash. Applied Bionics and

Biomechanics. 2018;2018:6067807.

Mousavi SH, Hijmans JM, Moeini F, et al. Validity
and reliability of a smartphone motion analysis
app for lower limb kinematics during treadmill
running. Physical Therapy in Sport. 2020;43:27-
35.

Oyama S, Sosa A, Campbell R, Correa A.
Reliability and validity of quantitative video
analysis of baseball pitching motion. Journal of
Applied Biomechanics. 2017;33(1):64-8.

Hainline, B, Derman W, Vernec A, et al
International Olympic Committee consensus
statement on pain management in elite athletes.
British
2017;51(17):1245-58.

Journal of  Sports  Medicine.

Fahlstrom M, Yeap JS, Alfredson H, Séderman
K. Shoulder pain—a common problem in world-
class badminton players. Scandinavian Journal
of Medicine & Science in Sports. 2006;16:168-
73.

Fahlstrdm M, Séderman K. Decreased shoulder
function and pain common in recreational
badminton players. Scandinavian Journal of
Medicine & Science in Sports. 2007;17(3):246-

51.

Pardiwala DN, Subbiah K, Rao N, Modi R.
Badminton injuries in elite athletes: A review of
epidemiology and biomechanics. Indian Journal
of Orthopaedics. 2020;54(3):237-45.

Warashina Y, Ogaki R, Sawai A, Shiraki H,
Miyakawa S. Risk factors for shoulder pain in
Japanese badminton players: a quantitative-
research survey. Journal of Sports Sciences.
2018;6:84-93.

Zaremski JL,

Mechanisms and

Wasser JG, Vincent HK.

treatments for shoulder

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

injuries in overhead throwing athletes. Current
Sports Medicine Reports. 2017;16(3):179-88.

Fortenbaugh D, Fleisig GS, Andrews JR.
Baseball pitching biomechanics in relation to
injury risk and performance. Sports health.
2009;1(4):314-20.

Oyama S. Baseball pitching kinematics, joint
loads, and injury prevention. Journal of Sport
and Health Science. 2012;1(2):80-91.

Scarborough DM, Linderman SE, Sanchez JE,
Berkson EM. Kinematic Sequence Classification
and the Relationship to Pitching Limb Torques.
Medicine & Science in Sports & Exercise.
2020;53(2):351-9.

Zhou X, Imai K, Ren Y. Teaching method using
task analysis to boost motor skill and badminton
overhead clear skill

forehand learning.

International Journal

Medicine. 2019;3:47-53.

of Sports Science &

Brachman A, Kamieniarz A, Michalska J,
Pawtowski M, Stomka KJ, Juras G. Balance
training programs in athletes—A systematic

review. Journal of Human Kinetics.

2017;58(1):45-64.

Rosario MG, Daniel H, Catie L, et al. Lower limb
muscle activity adjustment and lactate variation
in response to increased speed with proportional
resistance in young adults. International Journal
Rehabilitation,

of Sports Medicine and

2021;4:22.

Karadenizli ZI. The Effects of Plyometric
Education Trainings on Balance and Some
Psychomotor Characteristics of School Handball
Journal of Educational

Team. Universal

Research. 2016;4(10):2292-9.

Wilk KE, Yenchak AJ, Arrigo CA, Andrews JR.
The advanced throwers ten exercise program: a
new exercise series for enhanced dynamic
shoulder control in the overhead throwing

athlete.  Physician and  Sportsmedicine.

IISMR:https://escipub.com/internal-journal-of-sports-medicine-and-rehabilitation/ 10



Xiao Zhou et al., IJSMR, 2022; 5:25
2011;39(4):90-7. the wild. Image and Vision Computing.
[31]. Ohashi T, Ikegami Y, Nakamura Y. Synergetic 2020;104:104028.

reconstruction from 2d pose and 3d motion for

wide-space multi-person video motion capture in

IISMR:https://escipub.com/internal-journal-of-sports-medicine-and-rehabilitation/ 11



