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Abstract

Purpose: The purpose of this study was to investigate the possibility of modified swing to prevent shoulder injury by
analyzing differences in the muscle activation patterns of upper limb by the swing method in wheelchair badminton players.
Research design, data, and methodology: 10 wheelchair badminton players participated in the experiment as subjects
and performed 10 high clears and 10 smashes in both traditional and modified swing methods toward a shuttlecock hung
at the height of racket impact point. For each trial, activation patterns of biceps brachii, triceps brachii, anterior deltoid, and
posterior deltoid were measured from the upper limb participating in the swing from which the duration, peak, and root
mean square (RMS) of electromyography (EMG) activities from swing initiation to shuttle impact were calculated. The
maximum swing velocity of the smash and the distance of the high clear were also measured with both methods to compare
differences in the swing velocity and shuttle hit distance. Results: Differences in the EMG peak and RMS of the anterior
deltoid by swing methods were shown to differ by the skill type, being higher in the traditional swing method than the
modified during only the high clear. The EMG peak and RMS, and the duration of the posterior deltoid were higher and
longer with the traditional swing method than the modified during both the smash and high clear. The intensities of the
biceps brachii and triceps brachii activities measured during the smash and high clear were higher in the traditional swing
method than the modified, and the biceps brachii and triceps activity durations during the high clear were shorter in the
modified swing method than the traditional. The maximum swing velocity of the smash was faster with the traditional
swing method than the modified, while the distance of the high clear did not differ significantly. Conclusions: These results
suggest that the modified swing can be an effective performance method for preventing shoulder injuries without undue
loss of impact power in wheelchair badminton players by reducing excessive loads imposed on the shoulder and allowing
the optimal use of the elbow extension.
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2 2SN CHFahlstrom & Soderman, 2007; Fahlstrom et al., 2006). O|2{gt O EE52 7|&4F, 2L, Fo|d &4
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Me MEQ| USIX|Ho R S&3| O|F5stX| 2ot HEfOA 2|E A2 A=A &0, ZOHo2 AEZ30]| &OjsH=
EE, ES el ottt N = LML LIS Z MOl SEE 5= UCHBernard et al, 2004; Burnham et al, 1993;

Mohd Jamali et al.,, 2022).

gxojel %2 E3t ZE LJ0AQ 0|50 £atste M2 M52 #X|2= IjHo| YNl g2 0/& =
o, Mool ZHOM & I EHHSH A2 REE 5= ULCE HHERIEO| 7|&5 § X[ M&TH 252 273}
= A2 8lo|Z2|0{et AO4A|O|H, O{7Lt BEEX|, e &50 £otE|= Mgt 25tE 023t 7|&S2| =3 IHH oA
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ol 282 nY BEXQl =270| Z29| LOILHX| AU Z, &H O J-’F%%
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9|3H ZA¥EH, O AN 2EE2 70l EF0 2 Qlot 0| &42 E467| 28l &X o M
LMot LHZ 3| Mg 22 7|A ElCHBernard et al, 2004; Burnham et al., 1993).

FE0AM BEE= o2t 28 £42 o0 ateot R Rt =M O A9
2= QUCE o7l LTIt &S . |
= (subscapularis)df F &t Zt2(deltoid anterior)?! Z\EE H QIC}H(Freitas et al., 2019). 22| FH| 1M7H 0| A
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2IC(glenohumeral ligaments)2Q| &42 Of7|& Qo o7l Me|E Seet 4= QCHAkbar et al,
2015; Mohd Jamali et al., 2022).
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2. 2 =0 S| 25EE XHA|(ZHE I|3): 510[F2|0{QF ADfA| A St AY JHAXEoE2LH ¢

AI"”?} | SHE Mot O|F2o &F, Mgt M4FZo HF M 42, 2|1 3 o242 &F29| XX
A T F0O| 28EE ZE(ZHE HANED): 0|22/} ADHA] AY SOt A JHAIX|HS 2R H

HE Al’é.* TR E-E At O|F 2o BF, At MEZo| HE M AZE J2|0 2 4242 259 HEMad

ALl M52 A AN 7| REYEE HHsotE|on, 4 2SYHE HastE M-S0 dis HESYE
d ZUAE, HH) x 2 7| FE(GI0IE2(0, ADHA)S| O|fIZAEM S HAISIYICE & B0 42 EE0| F9|T
20l AI2HES S Rl o "ol 2 =FEE CHE W7t X|H =FF At0|2] X1o[of CHet 2M S HASIRCH, 2
£ XNEE2MO ROATFEL 5%=E HHSHRALT
2.4.2. Smash Velocity and High Clear Distance

(1] ADHA| S5 HEH AT HHE A2 WAOZ ATjA

MEX AYD HEE AY

[2]. BFOIZ2[0f AZ|:
2 =0 E A0fA] &

FOF=FE 2 5%=E ™SI

3. Results
3.1. EMG Durations of Muscles

3.1.1. Biceps Brachii

Lot SO BHE Aol M) S
= 0| 22|0f ko] 0|5 742

(¢, ]

oo

AR O| =29 ZHE 7|7 EMOME 2 TA[A1,9)=21.08, p<.01]2] F=ID Fo|st HO = LIEFStCl<Figure
3>, A2 2O Futof ozt M= AT A, o2t 0|$—22 THE 7|12t2 TE A U0 HPE A 20N
2 A= LIERICHp<.01). 23 2L} 7|& FEO| 42E-E([A1,9)=0.65, p>.05]2 F2ISIX| %UCE
3.1.2. Triceps Brachii

et dF 01| thet 2HE 712t 240 ME 28 =U[R1,9=1836, p<.01]2| F 217} ROIgt A2 LIEFRLCY,
2 ZHO| Fautof st AtRAE 24 o2 o529 WL 7|2 HE A ZHRD HH AY ZHOM B2
A2 LIEHEEH(p<.01). SHA|EF 7|2 R FRIHA19)=061, p>.05]= F2ISHA| RUCL 2 =L} 7|5 FHO
HBEE[A1,9)=6.27, p<.05] YAl FOISHA LIEIGCD, Ol A =79 X0|7t 7|& || wat HetX| AL 7|&
FEO XHo|7F A =0 et F2tE = UAS S 2|0|StCt<Figure 4>. 7| REYEE A3 =4 ALO|Q] XIO|E AtZ

2.5
2
)
2
S 1.5 B
-
: \.
% .\
4 1 —
E -a-Traditional
0.5
-8-Modified
0
High clear Smash

Figure 3: EMG duration of long head of the biceps
brachii by swing condition and technique type

A5 21, S0l 0 ME HEH 2 =UEC BYE 2 UM 2TE 7|2H0] B2 A2 LiEtR
(p<.01), 20HAI0ME TEH 2 =du HYE A = ALO|2] XHO|7F GiACHp>.05). 28 ZUHEE 7|8 /Y

2.5
-B-Traditional
2
o -e-Modified
§1s
=1
Jud
=
T e —
Y] ———
2 *~—
w
0.5
0
High clear Smash

Figure 4: EMG duration of long head of the triceps
brachii by swing condition and technique type
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0|2 XO|E A= AT et 21, WEH £ =AU M= ot0|S2[0{ L ADHAIOML] 2T E 7|2H0] #2 N2 LiE
52 Lh(p<.05), HAEE A =AM = SHO|Z2|0f2F 2O§A| ArO[L] XtO[ 7} BLRAEH(p>.05).

3.1.3. Anterior Deltoid
M Atzt3ol AN E 7|7Hof O3t EAOME J|E SE[R1,9)=47.77, p<. 001]9| ZFr ot
<Figure 5>. 7|& 9| Fa 1toj| CHS !

A
O = LIEFRCHp<.001). 2% ZAHM 7|8 Rl 82 EE[A1,9)=0.76, p>.05]2 F2IStX| RURUALCH.

3.1.4. Posterior Deltoid
& Atzbzio] AME 7|ZHo)| CH @ =A[A1,9)=10.11, p<.05]11t 7|& FHIA1,9)=1
7 qolot Adez '—fEk'—*Ef 2 U9 FaMo| tiet AlRdS 41}, & o429 231k 7|
28 =AM B2 A2 2 LHEHRTHp<.05). 7|8 72 F=1t0f tiet A= HS0|
L 7|2to] Sto| 22| o rt ﬁUH [OM B2 Ao Z LIEFGCHp<.01). 24 24D 7|5 |89
p<.05] HA| FOSHA LIEHGCD, Ol= A3 & ALO|2] Xj0[7} 7|& | [[fEf HEtX| AL 7| RE
7t 28 =0 mat HEHE = ASES 20[otCh<Figure 6>. 7|2 FEEE A3 = At0[Q] XIO|E A
SIO|22|0{0Me TEX 2 JHECH HAE A ZANML 2L 7[7H0] B2 A2 E LIEM2LE(p<.01), 204A
23 &2 MO|ol 2HE 7|7F XtO[7t RRUCHp>.05). 28 ZRALHE 7|& |} AL0|2| Xt0|& At=A St Zt
20| M= StO| 2 2|0 ECF ADfA|O| ML 2= 7|7H0] B2 A2 2 LIEH2L(p<.01), HAEE A3 =0
2| 0{ Qb AO§A] AFO|2| X}O|ZF S RALCH p>.05).
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Figure 5: EMG duration of anterior deltoid Figure 6: EMG duration of posterior deltoid by
by swing condition and technique type swing condition and technique type

3.2. EMG Peaks of Muscles

3.2.1. Biceps Brachii
o2t O|F20f tiet 2/ T30 st 240M= 23 #AI[R1,9)=0.66, p>.05]2t 2& FH[A1,9)=2.26, p>.05]2
FR7L ROSHA| G2 AL LIEtH o, A3 =AM 7|s FH &2 HE[A1,9)=2.17, p>.05] Al FISHK| G

.

[

w

2.2. Triceps Brachii
A

Ao M=ol ANME T3 EM0ME A% ZH[A1,9)=8.66, p<.05]2t 7|& RE[A1,9)=5.17, p<.05]2 FZI7} &
O|8k OB LIEIGtCh<Figure 7>. A% HHAlo| Z=ZII0| Ch3H AISAZS A}, A AEZo 2ME I3 HEM A
Y UEC HHE 2 ZAHNM O R A2 2 LIEETCHp<.05). 7|8 /2 Fa 0| Cist Atz HE ZAuf, o2 o
F2o| ZWE O3 &= St0|Z 20 E} ADHA0|M O &2 A2E LIEHETHp<.05). 23 TN 7|2 o 4%

[A1,9)=3.61, p>.05]2 F2|StA| UULE
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Figure 7: EMG peak of long head of the triceps Figure 8: EM_C_; peak of ante_rior deltoid by swing
brachii by swing condition and technique type condition and technique type

3.2.3. Anterior Deltoid
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3.2.4. Posterior Deltoid
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Figure 9: EMG peak of posterior deltoid by swing Figure 10: EMG root mean square of long head of the
condition and technique type triceps brachii by swing condition and technique type

3.3. EMG Root Mean Squares of Muscles

3.3.1. Biceps Brachii
or ZU[R1,9)=0.76, p>.05]2t 7| & Y| =R IHA1,9)=2.15,
p>.05]7t ROSHA| &2 A= LEHon, 28 U1 7| R 4228[A1,9)=1.92, p>.05] GA| 72
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3.3.2. Triceps Brachii

get AF2o| 2XME HAENSZO Chet 2MoM = A% 2A[A1,9)=6.16, p<.05]2| TR I} Fo|ot HOE LIE}
StCh<Figure 10>. 2@ X710 F=2 0| CHD AARAZT A1, A2t #4520 2XE iS22 88 23 2HE
Cf A E A ZHOAM O 22 Ao =2 LIEFRCHp<.05). 2 24U 7= R 42 2E&[A1,9)=3.35 p>.05]2 &+
O|SHA| RRULE
3.3.3. Anterior Deltoid

™ HAZo 2HE HHENS20 Chet 240 s A ZA[A1,9)=11.50, p<.01]12 T2} Folot HO = LIEtLE
C A ZAHQ| a0 CHot AAZ AT 21t M 420 28 HANS22 UM A ZUEC HAHEE AY =
HOIM O &2 Ao = LIEHRCHp<.05). 23 241 7= RS 43 2HE[A1,9)=5.87, p<.05] GA| F2|5kA LtEFRE
O, 0|= &3 = AtO|e| Xto|7t 7|& SO et EEX|IALE 7|= F8ol Xto|7F A3 4o et EHafE = U
22 2Q|0|$tCl<Figure 11>. 7|& REYER A3 T ALO|Q| XIO|E A2 A BT Z1t, 510|22[00AM= HEXH AYE
HELC BHYE A2 AN 2N BRMESS0| O 22 AR LIEISOLEH(p<.01), 20(AI0A = A = ALO]
9| Xt0|7t ARUACHp>.05). 2 ZHEE 7|5 R AO|Q] XIO|E A2 ST Zut MEX AJEAN HYE AY =
A EF0N 7|8 2 AMfO|e] 2N E ERMESS XH0|7F S UTHp>.05).

3.3.4. Posterior Deltoid

>

T 420 2L FoME20o et 2= 28 Z[R1,9)=5.68, p<.05]2| FEitT FoIot A= LIEL
Ct<Figure 12>. &2 =0 FR 10| Lot A= 4T 21, = 429 2H: EoNacS2 Hed 28 =dErt ¥
HE 28 UM O B2 A2 2 UERRTHp<.05). 28 U 7|5 RYQ| 42 EE[A1,9)=2.23, p>.05]2 723t
X| gstct

0.4 0.4
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S 02 £ 02 -
2 g
0.1 . 0.1
o ]
High clear Smash High clear Smash
Figure 11: EMG root mean square of anterior deltoid Figure 12: EMG root mean square of posterior deltoid by
by swing condition and technique type swing condition and technique type

3.4. Smash Velocity and High Clear Distance

3.4.1. Smash Velocity
A0HAl S2= A ZUO| M) FOo XA0|E EALM([1=379, p<.01], HAE A4 ZHEL MEH 23 A0

M Qol8tH W2 4O 2 LIEHGC<Figure 13>.

3.4.2. High Clear Distance
5lo|22|0] AHEl= 28 T 0| & Xt0|E HO|X| RUATH=0.96, p>.05].
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R0 S FTHY = Js AU O RE HIT2EZM TEFQ AYE FAE JtsdE 52 = US AR
7|CHECt

F=dZAno| ZHM & M, A A2 AfAQ £z0& FFE O0/X|= AR LIEIRHSLL, 610|220 A2
A2lole &2 O|X|X| LUCE HEHE A A2 HEM A HHAl0f HIsl 7S] 2SEES UAAIZA2EMN oo
2otr|e 23515 £ = UL}, O Qg YWENR|o| &4 FEE = UCH AHE ADA SE= 23 A0
o2t getsien, M88 A8 ZH0ME 135km/hE LIEFRSLE BMEE A2 ZAHU M= 119km/hE ZAE( U
Olz{st Zite HYE A YAO| BT AlQ| YWE LIS ATPAIZL = USS AIALSIHX|T, SHO|2E|0 AHEZ|oM=
2 0| [H2 XHO|7F LIEILEX| SRte Bz A HrAlap QIEETQIO A& FIHH QI A E LR E SO} HIZ0f 2l
HIERIE Z7I01N 7|20 AABHIEE EEA, AOfA|, 02|10 5t0|22|0{2] =AME LIEHCHLyu & Kim, 2003). HHH,
2N O] HIEQIE M=52 [ E LHO|AM 2| 0| S0l Mofo| LB 2 21 Aot ATAIE AFEE = Ue 7|27t £E5H0,
HE A7|o|A sto|Z2|0f, EEA, S0, Q2|1 ADHAIS] =ME 7|EES AHBdHE A2 R LIELRLCHde Oliveira &

de Almeida, 2020; Kwon & Kim, 2020). ZIHEO2 THOf HEBIEO] R AOjAILCH: Stol22lofo] AgO|
F7I20) B0 2 Y2 013 4 UC0E, HYE A WAL oot BEK BTl 242 Yts I 50

[SR=i=1 AM— i S o= T =
LI A O
X'g & ULk

5. Conclusion

Tl = W, & 4ol 2= o0 Rutkls nteEst 215 ZAAF|HAM BEX|Q MBS S| A8
UREE 5| 8st= HYHE A HA0| X0 HHEDIH M=52| O HeiE OYst=0 7|0fE &= UASS AlAFSICE
2o HHERIE M=52 H|Foiu CHE MAA S-40t gH 0] =E0|2ts 4o S48 X|HC) 2=
=Tt M0 HERIE M-S0 X|EXHS2 HIZojelt 3Ys A 7|HE F75HH, o|2{o IHAM o7 &
FH 2SS LESHA AH8StE WX E A S AT EMN O Ao 0| EE|0f ot HEE A HHAQ|
ZEA M 25 =20 &oste 4 AF2L 23229 B85S TATIKlE RULLE A0jAQ AJLKEQ}
StO|Z22(|0] &F OlaAHE|Q| dX dAaes LUK YUcoZ 2 7ol Auts MR A A0 YUWELLQ
XILHE &4 glo] 273 st offe| sl oo 7|0jste Bt el 2HE#O| E = ASS AAFSICH

2@ HrAlo] Byt 2lX|0of H{ERIE M=0| o7 &l oo 7|ofEe = AN HFOAM 2ot eHHstn A Ql
SHEHO| £|7| siM = Ch2 22 7t QRS2 na{e a7t UCH HIEDIHS| A2 ZHEHE FH|, #HA Y
QUWE 2|0 EEARZE O MESHE 5= UCE Mk HEE A0 5% ME IS 2Ot HANMSE motsty|
iME 28 ZHE Y AE2Q 2SESHHE ST EN 4 A8 Y 2SSFIHE F/HH2E 24
7t Lt 0|9t 0], M MEE HAEE A HH0| A0 HHEDIH M4=0| &X| 2SI EHO| O|X|= FF¥2
ool Eof met Hetd HeR J|tHE| B, MHE A EAl0] ofnf Halo| ool 7|ojg TS0 tist 2Ot =
H2 O|SHE QUshMe= CHYD Hofsa=2 M58 UL E Zoje Mo e A WAlo] 21 XH0|E d7e
L7t Lt
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