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Kinematic analysis of scapular movements
during flat first serve depending on tape application
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Abstract This study aimed to identify the difference of scapular movements between tennis players with
and without shoulder impingement syndrome(SIS) and to verify the effect of kinesiology taping applied
to scapular. A total of 15 players were categorized in SIS group(n=7) and control(CON) group(n=8). The
scapular movements evaluated using 3-dimensional motion analysis in the 5 events of the flat first serve
before and after the application of taping. The male of SIS group(-7.31+1.19° and -5.28+1.08°,
respectively) had tilted scapular more anteriorly compared to CON group(-0.98+5.38° and -0.44+3.52°,
respectively) at the maximally humeral external rotation and the impact(Z=-2.309, p=.021 and Z=-2.309,
p=.021, respectively). The scapular(-8.11+2.57°) of female in SIS group tilted more anteriorly than that
of CON(-0.97+3.31°) group at the maximally humeral external rotation(Z=-2.121, p=.034). But the

scapular movements had no statistical differences between before and after the application of taping.
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HUArE A AAZRoZ 71 Q7] e A2 BE
T SHUE, e Axx FEHNE= I wA(match)ol
gk AIZEAIREO] glo] 2 ATt AA wiR]7} X7
T gH1,2]. o]2 <l HuA ALEoAs 4tk
(aerobic) &8 ¥ F4tA(anaerobic) 530] 275+
o], o|e} A cheFetal ERSt AE R A(stroke)2F A B
(serve) 7]&o] &7 Q5HTH1]. olt olf& HYA
Ao o8 W =(overhead) Ax= F5 449
U2 ol BE(shoulder joint)oll ZARE{overuse)
O F olgt "HE-A &Al(repetitive trauma)©] &3] WY
Q1] AAl, YA AeEo] Atk Axx E4S
EA43 AP Ao A= 1000417 mi=] Fold 0.04-3.0
9] Am= gAfo] WAsk=Y], o] F 31-67%= SHA
(lower extremity)°l|4] /4(acute) 2.2 TASI= 4,
20-49%= A} A(upper extremity)°ll4 ¥Hd(chronic)
o= AT Bustylon, E3] ojlEhdolA w2
N g HRltky AForTti,2l.

HUAel 2 oHFE Ax2 FEO 0 Eomy
(glenohumeral joint)9] 3Y W3} £+ oj7fw] &5
dyskinesis)?t Z2  oAf-7IETA
(scapulo- thoracic articulation)®] H&-S |4317]
I 5h=dI[3], ol WP o7 Y TAE= L%
QF A7 AP oY @A = =7ho] H= FEo
TH4-6]. 13}, ool (shoulder girdle)2] AJ<st
2 ST ol (scapula)?] H- 1L2SHH o7 ]
HAAQ A9 59EY  FZHsubacromial
space)= A & AMBE F& SF(shoulder
impingement syndrome)¥} Z2 FARS fEsicta
g £ glom 3], =PAset EEHASFE o= §t
APATFNAE o7 FFol AUs A5 HFe} o7
ol A E(inferior border) Ate]9] A7 E+= B9
e} Qi W 7kx]o] Azt 1¥A] 2 Aol A
of B B2 2R HustqirH7 8], ERL, oj7f 257
SN(scapular dyskinesis)& 7} AFE2 187] &2 A
ol vlaf st SAlZZ(lower trapezius)¥ FEUL
(serratus anterior)?] ZZAT7} TAE0] oj7H 9]
WE71EA(anterior tilpe] F7H=0] USE FRIsHA
t}Ho,10].

7IHIA&2A] o] (kinesiology taping)& <&4
A 4L AstAY A=Es] flsf &3] AMgEE W

Zol(scapular
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oIl 85 % 7leHHo] o|FAA(resting
position)ol|A12] oj7fw x| & 2]} TRo| S
Aog BHUE9[16,17], ol& ERIsH] flsf o7/HE
1 Sl= f7o] Bt vbA (markers)E 7|50 R
St o] &3] ARSE|LL QIrH18]. 1=uh Matsui
et al.[18] TS &4s] 0] RS ol o7fw9] =
LA E(medial border) #FA Y= AA| o7 <t
A2 922 87mm] AolE Hol= Z0& B
1!, Karduna et al.[1912 2 120° o1 5|4 =
W oj7feie}l wi 919] npA X7 45| STtk A
O & Husle= 5 ol AoA o] B2 v =
oj7H o] AU FRIst= o= F3Et &= qltkar
AFEHAH18]. of2et EAHE sty s 3719
2037 o]F0jZ E2F w4 FF(acromial marker
cluster, AMC)E AH85}0] of7fe] 2Z]91S ERlsk=H],
oj2fgt viA= SRR ALt ZHAZIE AFE B
& FS(good) oISl AoE RS, of7fn 2
70l dol AMC BE 9] vbA ARG AIRFSHITH20].

1.2 |79 =25

BlUA &AM AB(serve)= 7P B2 olHA]7}
[FEE SRR HUA X 5t Pol= & AER
39 45-60%F AMAsk= Ao® HuHICHIL HE
4 22 Wl FFE Sl= B¢ o7y
(scapular= HE2E(glenoid fossa)T}t T e
(humeral head)?] #EH LA =g FAFA7]IL ol 7w
ZF¥ Z8o] &g(force-coupling)S THE0] HFAHS
AZsh=s 5 71582R 588 9TE o= AeE &
27 glEd21], o] $&7&A(anterior tilting)Z}
Y (protraction) 5% Z2 Yx]oJA(malposition)
oNTd & ST 22 o B85 Rt
= 9ol 7= Hc}3,21]. wEhA] B dAFoAE o
F HUA A4S giate gz ZAE(flat first serve)
B¢ oEE FE S5 550 =E oifw 22
9] ZJolg EAsta, o7y UL 2Esk= A
22 Ho|g A& w2 o7y S HIE vl

_1014



HU2 SHMEA F[HAISZA| EOJE HEX ME OIS 2S5 24

327

2.1 ¢CHY
KefgtaolA &3 321 AE Hya A F &
=4 1 5% U(subacromion) ®= {EH £4
(greater tuberosity)?] 55©°] Qi Neer & ZAAL
Hawkins-Kennedy & 7;.4/\}, Empty can #AF 9
painful arc A 5 270 ol3] AN FE4aAS
HRl A% 798 o & 557 AUCIHCE &
AL, 550 glal BE olghy AN 2448
HQl A 8-S 2YHCON)OZE 75t 2 o
9 e Axle RSy YR RE &
Sl u}o;_,_ % AR & A7 A3 9 Hg
o disf FESH APE 52 F ALHoR Fofgirt=
AH %«Vﬂ% Zgetoint. AR QA
EAL Table 13 Zth

i) mlo

-~

Table 1. Participants’ demographic characteristics

Age Height Weight Career

Gender | Growp | (rs) | (om) (ko) (yrs)
SIS | 2200 | 17925 | 7450 10.75

Vale ®=3) | 115 | +1117 | 1685 170
(n=8) CON | 2125 | 18175 | 7475 13.00
(n=b) +1.50 +5.67 +4.57 +2.70

SIS | 2125 | 16300 | 6400 10.50

Fomale | =4 | 095 | 840 336 191
(=7) CON | 2166 | 16366 | 54.00 10.66
(=3) | 152 | 404 2,64 152

SIS: shoulder impingement syndrome, CON: control

2.2 3XHHE O XY Kt=ad EA

F&(trunk)¥ f1Z(humerus) % oj7fEo] FtE
HEAREA O] A& (trajectories)e FHTILAL HolA 7t
H2H7+, Qualisys AB, SWE) 10t]2} 2| H]t] 7}
2HOqus 2c, Qualisys AB, SWE) 1ti7F 28 Qualisys
Motion capture system(Qualisys AB, Sweden)& A}
8oto] BT AIPERE YAE AR #iXs, 7t
vtz e AEH A== Qualisys Track Manager
2.15(Qualisys AB, Sweden)E ARg3sto] =3It

A, BE ATERE AFEATE B4 2574
g, -?JJ*JX](dommant arm), ¥8 So| x3kE ¥R
Mol s WSS &, o] A B4 sl =A

2-598+3](International Society of Biomechanics,
ISB)7} 9t Z2EE(22]3} Rogowski et al.[23]9]
A7E EWE 11719 YHAE 722 (thorax) T}
/Aol FaFstal o, oj7i g9 (acromion) &
o= %9 1 FHAMC) FAMEAE &6kt
[24]. =3t AHE &7hE ERIst7] 9J5] AH4lo] ARES
= A =] 3749 ‘ﬂ”\}”}ﬂé 261 Fole
HEAL Hlo| IS BAFSHITH23

AR A A 1087 %43;} FH-5(warm-up)&
3 &, 123]9] ERAEE 5T £ JEE WSS,
o|% I3t EAAE F 7P £57t HiE 33]9] AB
of disl +=HE ArE EAol ARgsHlTH23]. 7|UAlE
27 "ol & Folr &2 WO R 33]9] AJFet
EAAM B0 3t AEE S

i

2.3 7|UIAIZ2X] HIO[H
2 dFolAes oy &
A 24 99 & 2-in
(5cm) beige tape(MSSM
Kino Soft Inc, Seoul,
South Korea)E ARE-35}o]
Lewis et al.[25]7} AIQtst
glojg whHog mE A
WA RAIE of7fwof
283 AkFig. 1 D). %
A ATRARE SHro)7 9

Fig. 1. Kinesiology Taping
= oAl sElE 2A ¥
TS A% A gt o g
H&(depression)steE W3 & 1¥HA] S8EH 12

F(retraction) E

HAy 712 o] Ho|Zg S 7}AE7](spinous
process)OlA] A& E 5cm ol A4 Fuet
BYsHA FASIAaL, of7f# ZHAl(scapular spine)9]
S Aol A EE 1287 S 7S 7HA] A o=
Blo|ZE &3} rH25]. Hlo|ZE .88 u, mHo]
FEol 717 F=E H L5, EHo|X HE Foj=
ApEoA Holy 88 o 2SPd FAE s5H2
2 A Y=E WS

2.4 Xtade| U 2A

EWAEE 5719 oHIER FEste] Zb o]HIEo] A
oj7fE YXE ERlstet; A47t AEE ol 3= |
A &2 &7HE1), & F#FHcocking phase)?
75% AAE2), A=EH(humerus)’t Hd 7IEEH
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(external rotation)°| H& A-(E3), YHE =7HES),
PWE ol giFlo] 7P 2 Eol7t Hi= XH(E5). o]
e A= A5 HE3](I1SB)2] dirof| wet o7
9] BEHIHA|AH(Segment Coordinate System,
SCS)& Bt 7159 (thorax)d] EERHAIAE]
(SCS)ell w3l 3719] H(axis) 2= Eofsto] Zt Fof thsh
o} &(+)/ 9&(-) EH(downward/upward rotation),
H&(+)/LE(-) 71 &U(posterior/anterior tilt), SE&(+)/
71&(-) €9 (internal /external rotation)2& % 2|5}
R[22], 33] EHAMBY] BHgtS 47 AREsioith
nE 247 A& SPSS 21.0 for window &
Z]]EE:LEQ—O- o|-gsto] Hota} o] mE A3 A
IAISHaL, 11 ATt FEEE TSR] g 2L
ZRl=]o](p(.05) HESAFHS AHEote] 4519
T oJHIEoA of7fe ol gt Hezt XpolE &
171 Yol T-9EY U AZ(Mann-Whitney U test)
AAEIA, FIHAIEEA] Holg A8 g Fdf
o7y X9 HIE gRIsty| 5 d5E 2 &9
HZ(Wilcoxon signed rank test)y2 AA|SFHct ZE
7149 foeE2 0=.052 HA5FATt

_|\1 Jl‘,L ru*

i

[¢]

nﬂo ro Lo o

1 SAE Al OO OFAE/ABEY £I0|
Table 2= 7} oHlE AJoIA 2] 74 &2A] Eo]
Y Ag A5 ek o] ol/91% £Y Aol 2
SR Fsfolch BE olME AEI thi B

Holy 28 A% At 1k Aol Holx] glojet.

a9

3.2 EME Al OS] FZ/AZIIZ2Y X0
Table 32 7} oHlE AJHoj|A 9] 7|YA &2 4] o]
7 ol 9] FZ/4E 719 RolE
H| WEASE Aafolot, GRpAL] F¢-, E30l4 Hlold
HE AT BF SISHTY] ojs(ZH2t -7.314£1.19°%
-9.9743.59°)7} CONHTHZIZ} -0.9845.38°2} -2.02+
5.7591rc} B SEEo=E 7]golA QI(ZHt 2=-2.309,
p=.0219} Z=-2.021, p=.043), E4olA= Hol g &
SISAwte] of7fwi(-5.28+1.08°)7F CONHTH-0.44+
35208t o gxoz 71&olA QlrH=-2.309,
p=.021). oJRpAIR0] H9- gt E30lA Hloy Hg H%
L5 SISHTS] o722} -8.1142.57°9} -5.68+1.63°)7}

CONFR (2 -0.97+3.31°9} 0.80+2.159=t} ¢
gE0Z 7oA URLZZ 7=-2.121, p=.034%}
7=-2.121, p=.034), E4ollX= Hol HE & SISH
9] of7f#(-4.83+2.55°)7F CONRTH(-1.73+0.14°)E
o o YEO=E 7|8olA UAUHI=-2.121, p=.034).

Table 2. The difference of scapular downward/upward
rotation depending on the application of
kinesiology taping

Gender|Event| Group Pre-taping | Post-taping Z (o
SIS(n=3) | -7.84+4.31 -7.91+4.76 |-0.365 (.715)
E1 |CON(n=5)| -5.94+2.26 -5.06+2.42 |-1.826 (.068)

Z(p |-0577 (564)|-0.577 (.564)

SIS(=3) | -4.10£7.36 | -3.93t7.29 |-0.365 (.715)

E2 |CON(h=5)| 4.34#378 | 3.91#331 |[-0.365 (715)
Z(p) |-1.443 (149) | -1.443 (.149)

SIS(=3) | 4.41#558 | 4.50£2.92 |-0.365 (715)

Male | E3 |CON(n=b)| 1.95¢7.52 | 2.56#5.84 |-0.365 (715)
Z(p |-0577 (564)|-0.577 (564)

SIS(=3) | 0.46£6.40 | 0.43+431 [-0.365 (715)

E4 |CON(h=5)| -1.54t7.12 | -1.51#6.58 | 0.001 (.999)

Z(p) |-0.577 (564)|-0.289 (.773)

SIS(n=3) | -7.49+65.66 | -7.03t6.92 |-0.365 (715)
E5 |CON(h=5)| -5.70¢7.13 | -6.03t6.54 |-1.095 (273)

Z(o |-0.289 (.773)|-0.289 (.773)

SIS(h=4) | 4.26£10.08 | 4.51£7.61 |-0.365 (.715)
E1 |CON(h=3)| -1.55¢453 | -0.75+4.37 |-1.604 (.109)

Z(p |-0.707 (.480) | -0.707 (.480)

SIS(h=4) | 3.23+11.07 | 4.25:8.48 |-0.365 (.715)
E2 [CON(h=3)| 521959 | 5.17+10.39 | 0.001 (.999)

Z(p |-0.354 (.742) | 0.001 (.999)

SIS(n=4) | 9.78+13.40 | 8.65+11.66 |-1.095 (.273)

Female| E3 |CON(n=3)| 3.78+7.20 4914759 [-1.604 (.109)
Z(p) |-0.707 (.480)|-0.354 (.724)

SIS(n=4) | 5.03+13.32 4.42+9.44 |-0.730 (.465)

E4 |CON(n=3)| 2.88#5.24 3.89#5.03 |-1.069 (.285)

Z(o |-0354 (.724) | -0.354 (.724)
SIS(h=4) | -1.56£13.09 | -3.49+12.64 |-1.826 (.068)
E5 |CON(h=3)| 2.60:7.19 0.001 (.999)
Z(p |-0.354 (.724)|-1.061 (.289)

Unit: degree (°). Values express as mean + standard deviation. Positive
(+) and negative (=) values mean downward and upward rotation,
respectively. SIS: shoulder impingement syndrome, CON: control, E1:
Ball release, E2: First 75% timing of the cocking phase,

E3: Maximally externally rotated humerothoracic joint, E4: Ball impact,
E5: Minimal height of the tennis racket

2.47+9.79
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Table 3. The difference of scapular posterior/anterior
titing depending on the application of
kinesiology taping

Post-taping Z (o
SIS(n=3) | -5.13t2.34 | -6.89+1.74 |-1.826 (.068)
E1 |CON(n=5)| -3.87#3.72 -4.30+3.00 |-0.730 (.465)
Z (o) | -0.577 (.564)|-1.443 (.149)
SIS(h=3) | -14.02+2.46 | -15.23+3.53 |-1.461 (.144)
E2 |CON(n=5)| -14.13+4.19 | -14.02+5.12 |-0.365 (.715)
Z(p) 0.001 (.999) |-0.289 (.773)
SIS(h=3) | -7.31£1.19 | -9.97+3.59 |-1.461 (.144)
Male | E3 |CON(n=5)| -0.98+5.38 | -2.025.75 |-1.461 (.144)
Z(o |-2.309 (.021)]-2.021 (.043)
SIS(h=3) | -3.76£1.14 | -5.28+1.08 |-1.461 (.144)
E4 |CON(n=5)| -0.07#3.95 | -0.44%3.52 |-0.730 (.465)
Z (P | -1.443 (149) | -2.309 (.021)
SIS(h=3) | 0.96+2.71 -0.31+2.43 |-1.095 (.273)
E5 |CON(n=5)| 2.67+3.81 -0.23t5.10 [-1.461 (.144)
Z(p |-0.577 (.564) | -0.289 (.773)
SIS(n=4) -3.35¢3.35 [-1.826 (.068)
E1 |CON(n=3)| -4.207.14 0.001 (.999)
Z(p | -0.707 (480)|-0.354 (.742)
SIS(n=4) -8.63+2.568 [-1.461 (.144)
E2 |CON(n=3)| -13.45+4.57 | -12.35+3.56 |-1.069 (.285)
Z(o |-1.061 (289)|-1.768 (.077)
SIS(n=4) | -8.11£2.57 -5.68+1.63 [-1.461 (.144)
Female| E3 |CON(n=3)| -0.97+3.31 0.80+2.15 | -1.069 (.285)
Z(p |-2.121 (034)|-2.121 (.034)
SIS(n=4) | -7.7845.26 -4.83t2.55 [-1.461 (.144)
E4 |CON(n=3)| -2.74+2.14 | -1.73t0.14 |-0.535 (.593)
Z(p |-1.061 (289) | -2.121 (.034)
SIS(h=4) | 0.8645.69
E5 |CON(n=3)| 0.4815.32

Z(p) | 0.001 (:.999) |-0.707 (.480)

Unit: degree (°). Values express as mean + standard deviation. Positive
(+) and negative (-) values mean posterior and anterior tilt,
respectively. SIS: shoulder impingement syndrome, CON: control, E1:
Ball release, E2: First 75% timing of the cocking phase,

E3: Maximally externally rotated humerothoracic joint, E4: Ball impact,
E5: Minimal height of the tennis racket

Gender|Event| Group Pre-taping

-5.89+1.93

-4.015.01

-10.55+1.49

5.47+5.46 |-1.826 (.068)

-0.535 (.593)

1.50£3.40
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Table 4% 7} o[f1E AlelHe) 1HA&2A el
% 28 AF WAL olHe] /7S S Hol g v
WEA Arjolth, BE oMlE AHH P BE ¢
B A§ AT Y 7 Hol2 HolA) gskth

gul

Table 4. The difference of scapular internal/external
rotation depending on the application of
kinesiology taping

Gender|Event| Group Pre-taping | Post-taping Z(p)

SIS(n=3) | 8.29+2.68 8.74+3.34 | -1.461 (.144)

E1 |CON(n=5)| 7.2246.44 8.35+6.77 |-0.365 (.715)
Z(p |-0.289 (.773)|-0.289 (.773)

SIS(n=3) | -2.45+8.29 | -1.06+7.80 |-1.461 (.144)

E2 |CON(n=5)| 8.82+11.41 8.69£11.82 |-0.365 (.715)
Z(p |-1.443 (149) | -0.866 (.386)

SIS(n=3) | 21.07+7.40 | 19.63+7.81 |-0.730 (.465)

Male | E3 | CON(n=5)| 21.55#6.71 21.95£5.23 | 0.001 (.999)
Z 0.001 (.999) |-0.577 (.564)

SIS(n=3) | 16.97+5.18 | 15.83+5.36 |-1.095 (.273)

E4 |CON(n=5)| 13.90#5.38 | 13.73+5.40 |-0.365 (.715)
Z(p |-0.289 (.773) | -0.289 (.773)

SIS(n=3) | 19.31#5.24 | 18.63+2.71 |-0.365 (.715)

E5 |CON(n=5)| 15.24#5.09 | 15.68+6.56 |-0.365 (.715)
Z(p) | -1.155 (.248) | -0.866 (.386)

SIS(n=4) | 6.37410.48 6.30+8.79 | -1.095 (.273)

E1 |CON(h=3)| 4.21+2.11 3.86£0.28 | 0.001 (.999)
Z(p 0.001 (.999) | 0.001 (.999)

SIS(n=4) | -2.72¢5.88 | -2.45+552 |-0.365 (.715)

E2 |CON(n=3)| 3.18+12.97 | 2.51415.07 |-0.535 (.593)
Z(p) | -0.707 (.480) | -0.354 (.724)

SIS(n=4) | 8.39+6.74 8.80£3.50 | 0.001 (.999)

Female| E3 |CON(n=3)| 14.03+3.12 | 13.22+4.99 |-1.069 (.285)
Z (o) -1.414 (157) | -1.414 (157)

SIS(n=4) | 2.54%5.94 2.80+6.88 | 0.001 (.999)

E4 |CON(n=3)| 10.76%8.28 9.91+6.99 |-0.535 (.593)
Z () -1.768 (.077) | -1.414 (157)

SIS(n=4) | 16.79+5.00 | 17.77+¢6.20 |-0.730 (.465)

E5 [CON(n=3)| 18.95#8.72 | 17.09+6.44 |-1.069 (.285)
Z(p |-0.354 (.724) | -0.354 (.724)

Unit: degree (°). Values express as mean * standard deviation. Positive
(+) and negative (=) values mean internal and external rotation,
respectively. SIS: shoulder impingement syndrome, CON: control, E1:
Ball release, E2: First 75% timing of the cocking phase,

E3: Maximally externally rotated humerothoracic joint, E4: Ball impact,
E5: Minimal height of the tennis racket
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