Journal of the Korea Convergence Society ISSN 2233-4890 / eISSN 2713-6353
Vol. 11. No. 6, pp. 393-400, 2020 https://doi.org/10.15207/JKCS.2020.11.6.393

HLUA M2 O SS2t SHME SH2 AL

MUk

=11 - =2%
USY XIYE
'HIAZRYUSNY AZZUATY HAADY

AL
SRS ASIRISE L na

|'0

Analysis shoulder pain of tennis players and
the movement of the scapula in flat serve
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Abstract This study used a three-dimensional motion analysis system for 15 elite tennis players (male
8, female7) to identify the relevance of scapula movement to shoulder pain. During the flat serve, the
angular velocity and joint moment of scapula anterior/posterior tilt, downward/upward rotation,
internal/external rotation were calculated and this was compared between groups. As a result, the
maximum angular velocity for the anterior and posterior tilt tended to be higher in control group(CG)
than in the shoulder pain group(SPG), and the maximum angular velocity for internal and external
rotation in all phases except the follow-through phase was higher than that of CG. The maximum
moment for the anterior and posterior tilt in the late coking phase was statistically significantly higher
than that of SPG, the joint moment for the downward and upward rotation of the coking phase was
statistically significantly lower than that of CG, and the moment for the internal and external rotation,

the SPG was found to be lower than that of CG in the whole phases.
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1. M2

BUs AB= dEHQ] Wt F2ZHoverhead
activities) 22 A HE $£95}= ZoF BRGE LX =2 &
ol A¥E(shoulder complex)oll & AIA1H s}t
(physical load)7t 251, AAH Fol= o7 B4
I B35S TYAF= F83 YRR 4HA ot =
YA FEA A4S 1,000 Al &5 Al 5 9%F 3
29 Ax = £ EE=T, o]F 20749 %7t A3A
(upper extremity)ol] YAJFITIY HEI 9o, 1
ZF ATd &9 Rlert 7P Erhal I3 SiTHlL

HUA MA4Eo] A8 585 58807 3517] 9
A= ATE] QFEA (stability) @ 7154 (mobility)
o] =", QT 7HEs S FHSRA £ & A%, A
e B4 7hsAdol S7HETH2l &9, wEe i
(glenohumeral joint) ZHY|S]A (external rotation),
=B A (horizontal abduction)o] H= 7] =
“(late cocking) A4 AWEY] FZ)lo] AE&H0]
A Zstd SN (rotator  cuff)oll  71AIA  wRE
(mechanical friction)& YIAIZ 5= o, K&
TH3ARI o B E 559 $9 QIR Hugn
ATH3, 4] B2 AN = eHE 58 3
st A4E9 4444 (dominant arm) &2 #3},
ALZY BAHES 2 U(scapular dyskinesis), A%
Z9] 57 24 Au(dynamic control), AN &
58 Fa TEHEY UsId ARt
(glenohumeral internal rotation deficits, GIRD),
HEER] 3 A 2 4729 AR 52 o B
4 B35S do7l= F88%108 By QiH5]. o]
% AT AAHIE A¥E FESTT (shoulder
impingement syndrome), A¥d &4 (shoulder
instability) 3 Z2 AFEY Ao (shoulder
disorders)2t A@/do] Wi¢- =2 A0 E BT QX
T AT AL 7ls Aol disiAe oJ4s] =
AE 3 AEY A7 Aede T 55l
ol S AL =A JEOE Holglt}5].

ABE 9] & AU(shoulder rhythm)2 T A ST

lo

¢

Table 1. General Characteristics of Subjects

A(glenohumeral joint)lA9 A¢t=(humerus)?+ A
AE(scapula)d 45 71480 FAUH FE
(sternoclavicle joint)¥ ZA&}#E(acromioclavicle
joint)oll Al HEA(clavicle)®t AZ(scapula)?] 435 &
7182 A9, = FEolA A= (scapula)d] 7|11
g7 5 3L E0] EFHog {140 = Zgsto] &
AYgict. ofZjgl olg= 7AE9] 22 U(shoulder rhythm)
2 700 AAA Ftxo] whe} vl theFetar, AE 34
PE deEo] FZol= Ak(angle)?t H(plane)oll o
2k webA @ F4(acute) F2 THY
(chronic) &4 =&F03le AE] Hgk 32
AL wf¢ Fasit & 4 qieHo, 71

wEbA] & AFollal= A WA S AE(fla first serve)
2 Al o 552 T45ks DRE HUA A5ES
A0 2 International Society of Biomechanics(ISB)
9] A1 ARFE £56ha A3EE--dol SAETA
(acromial maker cluster)& A& AH 52 3
st 5% AffE(scapula)?] 2 UZ B3t ol
273 Bl nEAsto 2 oS /50l OE A%
= 24U AolE FEstarAt sHirh

Moq
e

2.1 SCh
£ 479 e ok BeE dus 455 3 4
¥ B3 W 2 R ghstel A

analogue scale, VAS)E &-85f AHsI¥ o 3 o4
9] B5°l 1 /hY ol A&E A+ES AT el of
TMEZHHshoulder pain group, SPG)L.2 X354
I, AT ATEAEH R EA4S aEste] tix
A control group, CG)& A4t < 14 oy
A, A5 4 FFY e 52 2544 Ado] AU
718t AATH S Hol= A= dAtolA ALsktt
AT IRt B2 Table 13 2t

Sex (n, %)

Dominant arm(n, %)

Group Vale Formale Agelyrs.) Career(yrs.) Height(cm) Weight(kg) Right Lot
SPG(n=7) 3(42.9) 4(57.1) 21.20+1.38 10.71£1.60 170.14+10.93 63.57£6.90 5(71.4) 2(28.6)
CG(n=8) 5(62.5) 3(37.5) 21.751.03 11.75+2.49 174.50+12.24 71.25+£10.33 7(87.5) 1(12.5)

SPG: shoulder pain group, CG: control group



BLIA M40l O S5 BUME SXeo| 7#7E 2Ny 24 395

Back view

Front view

Fig. 1. Marker Setting

= ZANE T2 A AEE 99X 9 FZ
= Sl H4A 7HEHQualisys
7+, SWE) 10thE ARESHaL 52HEA Apret 949
5713Hsyno)E Haf BlH 27HH|2HQualisys 2C, SWE)
IHE 85tk A 7H= 10dE AE 54 9
A FAHoRE E8A HA6IHe™ 2 m X 5m X 3 m
9] I+ FHEste] o] BE 2FE 4= JEE HjX|
st AAHHEA(Global Coordination System)E
A5 9Jste] NLT(Non-Linear Transformation)
walog 3y FFEE AFosilth. dAERaw
data)= QTM(Qualisys Track Manager) 2.15 271
AE B9l okt
HE AR ARRAQITEA 84, &5
738, %944 (dominant arm), ¥ )& 2 F,
AGEY] 2AUS R 4= SI=E ARKE International
Society of Biomechanics(ISB)9] #1st T2 EEF(S,
9% 7122 Aol BA ¥4, 795k 11709] 12.7mm
A mAE FH(thorax)® 9/3/44A19] F&sklth

Event 2

Event 1

Phase 1
Fig. 2. Define of Event & Phase

Phase 2

Event 3

(Fig. 1 #F1). F7HEoz APRFE  7FA(scapular
spinae, SS9l  AHRZTERHC  ERAEYHA

(acromial maker cluster)& APATLE F=x ARk
of B&stgom(10, 111, ZHAE(flat first serve)Q]
Al 9 ZERIE S8l B4R (non-dominant arm)
o] A=3Fl(acromion)o] F7H0 2 WAIAS
FaFsloich E3F AW E(impact) AlEE EIsk7] 98]
2l Y (frame)oll 4719 ¥HAF WA V1R R}
FrH12]. A2 587 FH% (warm-up)S A
Algt 7, F 123]9] EHABEE NPT 4= Q=& WSSt
k. o]F 7P JTHQl 33519 AJF37t EAA B gt
tlolElE $=3sto] B0 ARSIt SHABE Al
Sk Bt £Rlo] 58& 100% U3 4= J=E 8%
steict.

2.3 XzEd

EHAE 522 5719 52 o|HE(event)E AAT}
o] 47119] F#7Hphases) o2 FHESFICHIL 27 3t
(cocking phase)2 &°] <4 EojR= AlF(Event
1, ED¥E §ol sl J4Z(humerus)o] HHE <
3] (maximally externally rotated, MER)?] &= A]
Z(Bvent 3, B3), & ISB recommendations[8]°f w}ek
¥ (thorax)9] SCSell thgt F=2] SCS7F Al <13]
A =HYZ b 7R Ao, o] #7k& 7] 27
TFHearly cocking phase)® &7] F7 FZHlate
cocking phase) 2719] #7to.2 MEs}st9ct. 27 T+
ZHcocking phase)®] 75% Al&(Event 2, E2)& %7]
327, YA 25% AR (Event 3, E3)& 7] ZHOE
Aottt T3t 7K ZHacceleration phase):
MER «7H7E AHE Al (Event 4, EA)7HAIZ <5t

Event 4

Event 5

Phase 3 Phase 4
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¥, T2 229 F7Hfollow-through phase)2
HE A o]% 2plo] & 23e] 7Hg Wokl= AlF(Event
5, E5)7HX &2 Ast9ithFig. 2 #1). QTMS &85}
Aojz XY F5AEA RFEE Visual3D(C-motion,
USAYE &8st opitde Z&xe =ZHE
(Moment) HQ1& ARSIt =43 BRAF vFA Y] 914

A7 Y A= (Raw) HlolEl= AU (Lowpass filter)
15 Hz2 #g3lo] 1o|2E #|A319rh

dlojel= SPSS 21.0 for
o|&3te] 7l BAE AHESH
7+ o|HEo] whet 7@4% oA Fd/2 4 4%
T 9 HHE gt TIF It Aol & ERIst] sl =1
HE t-H4 (independent t-test)= AA|SI} BE
749 9 @=.05% AAs}3drt.

ANZ O
T

3. g7z

3.1 &k Xi0| 2XM

Table 204 Bi H}9} ZHo] 178 Ak 7} QFz/=]
% 7129 Hf Z&% FJol2 Aek 7t vl A3 AT}

P19 SPG Hd Z4% (1165 + 23.7 °/sec)?} CG

(143.0 £ 96.7 °/seq)®t} & =& HOo=Z eptA|qt
BAACE Fo3t Zol= UL (=-0.75, p=.47), P2
9] SPG o Z&:= (198.6 + 75.2 °/sec)2t CG 4
T (205.2 £ 90.8 °/sec) ESF BEAA o2 805t X}o]
= UBEA] 4H(=-0.15, p=.88). P3| SPG o} zt
&% (-11.2 + 194.6 °/sec)’} CG (-58.0 + 96.8
°/sec)Bt} B L7 Ao UedA BAFHCE {9
gk Apol= UERHA] L(=0.60, p=.55), P4 ETt
SPG Hd| &5 (570.6 + 167.0 °/sec)7} CG (775.7
+ 2785 °/sec) it} o F AOZ YEPFAT 5A
0= [OIsHA] AU (=-1.68, p=.11). & Z&& &
o|Z H|wEAS A1} P19 SPG HAa &% (-106.8
+ 52.0 °/sec)7} CG (-83.3 + 54.7 °/sec)®Et} ¢ H}

Table 2. Analysis of shoulder joint angular velocity differences between groups (Unit: °/sec)

Event and Moment (Maximum & Minimum) SPG (n=7) CG (n=8) t o

) o Max 116.6 + 23.7 143.0 £ 96.7 -0.75 47
anterior/posterior tilt -

Min -106.8 + 52.0 -83.3 + b4.7 -0.83 A1

. Max 1567.6 £ 52.5 102.6 + 65.7 1.77 .09
P1 downward/upward rotation -

Min -1153 £ 71.3 -136.7 + 44.2 0.70 49

Max 91.1 £ 118.0 41.7 £ 49.8 1.02 .33
internal/external rotation -

Min -168.8 + 52.8 -250.2 + 125.0 1.67 12

. o Max 198.6 £ 75.2 205.2 + 90.8 -0.15 .88
anterior/posterior tilt -

Min -181.4 + 1425 -176.4 + 138.8 -0.06 .94

. Max 146.6 = 86.8 166.0 £ 103.0 -0.18 .85
P2 downward/upward rotation -

Min -459.6 + 241.2 -358.3 + 204.7 -0.88 .39

. . Max 64.8 £ 111.9 59.8 + 69.7 0.10 91
internal/external rotation -

Min -384.6 + 183.4 -480.5 + 106.0 1.26 22

) o Max -11.2 £+ 194.6 -58.0 + 96.8 0.60 .55
anterior/posterior tilt -

Min -443.8 + 222.0 -427.3 + 170.7 -0.16 87

. Max -38.4 + 168.6 7.4 +166.3 -0.52 .60
P3 downward/upward rotation -

Min -452.8 + 2249 -536.5 + 236.1 0.70 49

) . Max 1077.0 £ 370.7 850.2 + 509.5 0.97 .34
internal/external rotation -

Min -262.9 + 671.0 -32.0 £ 109.4 -0.96 .35

. o Max 570.6 + 170.0 775.7 £ 2785 -1.68 1
anterior/posterior tilt -

Min -254.0 + 80.2 -280.6 + 186.4 0.36 72

. Max 739.6 £ 352.2 1106.5 + 456.6 -1.72 .10
P4 downward/upward rotation -

Min -256.2 + 163.1 -257.2 + 255.6 0.01 .99

. . Max 1162.1 £ 292.7 1254.2 + 4856 -0.43 .67
internal/external rotation -

Min -347.8 £ 191.9 -165.5 + 277.5 -1.45 .16

Positive (+) values mean anterior tilt, downward rotation, internal rotation

Negative (=) values mean and posterior tilt, upward rotation, external rotation
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£ Z0= YEHARE AZH R {35k Zol= ¢l
(=-0.83, p=.41), P2¢} P39 SPG Hi &k (42
-181.4 + 142.5 °/sec, -443.8 + 222.0 °/sec)2} CG
9 4 &L (42 -176.4 + 138.8 °/sec, -427.3
* 170.7 °/seck= 8 o]zt VEhA] etet (2
7} =-0.06, p=.949F =-0.16, p=.87). P42] SPG XA
ZF&T (-254.0 + 80.2 °/sec)7t CG (-280.6 + 186.4
°/sec)Er} B ¥ Ao YA BAH SR {9
gt Zpol7t vehtA] ekttt (=0.36, p=.72).

T e 7 ol &/91% A A &= RolE
vl EA3t Ay P19] SPG FHd 4= (1576 +
52.5 °/sec)7} CG (102.6 + 65.7 °/sec)Er} T W=
Ao& YeHARE BAH SR {5t Zol7t YEhA|
AL (=1.77, p=.09), P29] SPG Hdf <%= (146.6
+ 86.8 °/sec)7t CG (156.0 + 103.0 °/sec)®Ert =7
Ao YA SAZCE {3t Zol7t YEhA|
2AUTH=-0.18, p=.85). P3| SPG o ZH&= (-38.4
+ 168.6 °/sec)= CG (7.4 £ 166.3 °/sec)Er} T H}
£ Ao=E UegAet SAHSE {93 o)zt et
A &} (=-0.52, p=.60), P4S] SPG o Z&T
(739.6 * 352.2 °/sec)7t CG (1106.5 * 456.6 °/sec)
R} o b9 Ao YA et BAHCR {o3t 2
ol ATH=-1.72, p=.10). H& ZHL AolE H|L
A5t A3 P19 SPG A ZA&E (1153 +
71.3°/sec)’t CG (-136.7 * 44.2 °/sec)Et}t =& A
0 YePgAITE EAF 02 §ol3t Ajol= YERA] o
%3 (=0.70, p=.49), P29] SPG H& &k (-459.6
+ 241.2 °/sec)7t CG Zt&E (-358.3 + 204.7 °/sec)
Hop wkes 208 YeARE SAH o2 o3t Zol7t
e A e9ktH(=-0.88, p=.39). P33} P49] SPG 4
& (42 -452.8 + 224.9 °/sec, -256.2 + 163.1
°/sec)?t CG Z&& (42 -536.5 + 236.1 °/sec,
-257.2 + 255.6 °/seck= BAHLZE 33t zjo|7} 1t
ERtR] kit (42 =0.70, p=.49, =0.01, p=.99).

T e 7 EMZE A A ZEE RolE
Hw BE4% A3 P19 SPG Hdf 4%k (911 +
118.0 °/sec)”t CG (41.7 + 49.8°/sec)®Rt} © W=
Ao& YeHARE BAH SR {3t Aol= YA
AR (~=1.02, p=.33), P29 SPG Hd Z&= (64.8
+ 111.9 °/sec)?t CG Z+E: (59.8 + 69.7 °/sec)=
FAACE |t Aol7b YEA] kTt (+=0.10,
p=91). P39 SPG H Z&E&= (10770 +
370.7°/sec)7t CG (850.2 * 509.5 °/sec)Er} T wWRE

AoF VEIGAIN BAHoRE |95t Aol YERLA|
A% (=097, p=34), P49l SPG FHU Z&-
(1162.1 £ 2927 °/sec)7t CG (1254.2 + 485.6
°/se)Btt =¥ Zo=2 UegA|ur BAHCE {ogt
ZJoli= eRA] kTt (=-0.43, p=.67). A4 &%
Aol & v WEASH A3} P19] SPG 4 I (-168.8
+ 52.8 °/sec)7} CG (-250.2 + 125.0 °/sec)irt}t -
Y Aoz YRR A2 oz (o5t Aol= e
A XA (=167, p=.12), P2°] SPG FHi Z&H:
(-384.6 + 183.4 °/sec)’} CG Zr&E (-480.51 +
106.01 °/sec)ETt =3 AoZ el A|q EAZHoZ
TRt Aol= ]ISl (=1.26, p=.22). P39] SPG &
&% (-262.9 £ 671.0 °/sec)7t CG (-32.0 £ 109.4
°/sec) Bt} B Z O UEPHAYE A H R [oJ5t
Aol= VERIA] 9k (.=-0.96, p=.35), P42] SPG
A Zr&EE (-347.8 £ 191.9 °/sec)”t CG (-165.5 +
277.5 °/sec)Er} M2 AOoE UEGA|u EAHoR
Fogt Zpol= VA 9Tt (=-1.45, p=.16).

3.2 THE X0| EA

Table 3914 Hi= uie} o] 708 ok 7F &/
H& 71&9 Hd ZRIE 2jolg vlwEAg A3t Pl
9] SPG FHd| BHE (35 + 2.1 Nm)7} CG 291 *
1.89 NmErth 2 2202 YepgAq BAZH o= o5t
Zpol= YERAA] QIET (=0.58, p=.56), P22 SPG 3]
ol ZHE (103 + 6.2 Nm)7} CG ZHE (104 + 4.8
Nm)e} §ARE 202 UeigA BAHo2w {olgt
2ol 7F ATt (=-0.06, p=.94). P39} SPG | ZHE
(-0.1 £ 1.5 Nm)7} CG 2.9 £ 3.1 Nm)&Et} 2+ #
o8 Uggow BAZCE {Fot Xolg yEiL
(=-2.33, p=.03), P49] SPG | HHE (3.2 + 2.6
Nm)7} CG ZHIE (3.3 + 1.6 Nm)2} EAZog §9
gk 2tolg YERA] A9k tH(=-0.04, p=.96). X4 =l
E Ajo]& vwE4St A} P19 SPG #H4 ZHE (0.1
+ 0.3 Nm)& CG (0.4 + 0.6 Nm)Eth 2 A& 14
o BAHOR [ogt Rfolg UERAIL (1=2.16,
p=.04), P29 SPG FA HHWIE (-6.7 + 6.7 Nm)7}
CG BHIE (-7.1 + 3.8 Nm)2} 5AZ o2 {olgt o]
L A9tk (=0.15, p=.87). P39 SPG 4 RHE
(-7.6 = 47 Nm)7} CG (-6.9 + 2.6 Nm)HEt} Z Ao
2 YUEHAT AR 59 Rlol= UEhA] oF
I (=-0.33, p=.74), P4°] SPG A HHE (-55
2.7 Nm)7} CG RHIE (-84 + 5.2 Nm) 2t} &2

l

wH ¥
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O =7 UeHAIRE AR [oJ5k ZJolE Ho|R] Aok
o} (=1.33, p=.20).

TP Ao 2F oleiZ/ 1% 3 FHof RHE XpolE
v @ 243 A3 P19] SPG o ZHE (0.0 + 04
Nm)E= CG EHE (0.0 + 1.2 Nm)¢ EAHo =z |9
gt o]zt YehtA] Q9K (=-0.01, p=.98), P29] SPG
g ZHWE (8.8 £ 6.0 Nm)7} CG RHIE (18.1 *
7.7 NmEtt 22 Aoz Yepton SAFoR {9
St 2fol& YERHT} (=-2.58, p=.02). P3 E3}t SPG 3|
o ZHE (100 £ 6.5 Nm)7} CG (19.1 + 7.9 Nm)E
o} 22 Fog Uy FAZHCE {olgt Aolg
ERFAL (1=-2.40, p=.03), P49 SPG Hd ZHIE (8.6
+ 5.7 Nm)7} CG BHE (105 + 5.1 Nm)=Et} 2R
Ao& YAt BAHCE {5t Zol= YA
23Ut (=-0.68, p=.05). 4 HHE Fol& H|W &4
3 A3 P19] SPG A4 HHE (-3.1 + 2.0 NmE
CG RHIE (-39 + 1.5 Nm)e} EAFCZ folst Zjo]
£ Ho|x] I (=0.86, p=.40), P2 SPG 4 =dl
E (4.5 + 1.9 Nm)7} CG9] RHE (-8.1 + 4.7 Nm)
R} 22 Ao R UEHATE BAH R F35t Aol=

YERA] 9kttt (=1.96, p=.08). P32] SPG 4 2l
E (-1.6 £ 5.0 Nm)7} CG (3.1 + 5.4 Nm)ET} 2>
Ao UegAT SAZCE {5t Aol YEhA|
AR (=-1.74, p=.10), P42] SPG 4 THIE (-4.8
+ 2.7 Nm)7} CG9] ZHIE (-6.0 + 3.9 Nm)2} 5413
o= [Tt ZolE YEA] A3ttt (=0.64, p=.53).

T2 e 2 AE/MEE S Hd RHE XolE
Hlw B3 A} P19] SPG ) RHE (40 + 42
Nm)= CG FHdl ZHE (4.6 + 3.1 Nm)2} EAZo=g
o3tk &olE YA 9k (=-0.30, p=.76), P29
SPG ZHo ZHIE (10.7 + 7.3 Nm)7} CG Fdj ZHE
(16.6 £ 7.3 Nm)Ett 22 Z o= e Avt 54
o7 {7t Aol= YAt (=-1.56, p=.14). P3 &3t
SPG ol HE (0.9 + 4.4 Nm)7} CG (3.3 + 4.6
Nm)Et} 22 Z o2 YetgAgt FAH R 2ol
EFA] QISEY (=-1.02, p=.32), P4 E3F SPG o &
HWE (3.6 + 3.4 Nm)7} CG F =HE (5.1 + 2.9
Nm)Et 22 202 UepdAgt BAZI 2lol= gl
AoZ Yestth (=-0.92, p=37). & THIE Zol&
Hlw BE4%F A3 P19 SPG #H4 BHIE (0.0 £ 0.5

Table 3. Analysis of shoulder joint moment differences between groups (Unit: Nm)

Event and Moment (Maximum & Minimum) SPG (n=7) CG (n=8) t o

) o Max 35+ 21 29+19 0.58 .56
anterior/posterior tilt -

Min 0.1+03 -04 £ 0.6 2.16 .04*

. Max -00 £ 04 0.0+ 1.2 -0.01 .98
P1 downward/upward rotation -

Min -31+20 -39+ 15 0.86 40

) . Max 40+ 42 46 + 3.1 -0.30 .76
internal/external rotation -

Min 00+ 05 0.0 £ 0.5 0.69 49

. o Max 103 £ 6.2 104 = 4.8 -0.06 .94
anterior/posterior tilt -

Min -6.7 £ 6.7 -7.1 £ 38 0.15 .87

. Max 88 % 6.0 181+ 7.7 -2.58 .02%
P2 downward/upward rotation -

Min -45 + 1.9 -81+47 1.96 .08

. . Max 10.7 £ 7.3 166 + 7.3 -1.56 14
internal/external rotation -

Min -6.8 + 142 -53 £ 145 -0.20 .84

) o Max -01+15 29+ 31 -2.33 .03*
anterior/posterior tilt -

Min -76 47 -69 £ 2.6 -0.33 74

. Max 100 £ 65 191 +79 -2.40 .03*
P3 downward/upward rotation -

Min -16 £ 5.0 31+54 -1.74 10

. . Max 09 +44 33+46 -1.02 .32
internal/external rotation -

Min -163 +79 -20.3 + 11.2 0.78 44

) o Max 321+26 33+16 -0.04 .96
anterior/posterior tilt -

Min -55 + 2.7 -84 £52 1.33 .20

. Max 8657 105 £ 5.1 -0.68 .05
P4 downward/upward rotation -

Min -48 + 2.7 -6.0 £ 3.9 0.64 .53

. . Max 3634 51+29 -0.92 37
internal/external rotation -

Min =50+ 23 -8.1 £5.0 1.52 15

Positive (+) values mean anterior tilt, downward rotation, internal rotation

Negative (=) values mean and posterior tilt, upward rotation, external rotation
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Nm):= CG 4 BHE (0.0 + 0.5 Nm) EAZos
gt Aolg UEHALRI (=0.69, p=.49), P29
SPG & HHE (-6.8 + 142 Nm)7} CG 4 ZHE
(-5.3 + 145 Nm) Kt} & Ao2 YepdA|gk 543
S {o3t AolE YEA] AUt (=-0.20, p=.84).
P39] SPG 4 HHE (-16.3 + 7.9 Nm)7} CG H&
BHIE(-203 + 11.2 Nm)Eoh 22 Aoz YepgAqt
BAFCE {3t Zpol= UEREA] AT (<0.78,
p=44), P49] SPG 4 HHWE (-5.0 + 2.3 Nm)7}
CG 4 2HE (-8.1 + 50 Nm)9 EA 2oz {ol3t
2polg UetliA] sttt (=1.52, p=.15).

Az E(scapular)?] 3192 A A(serratus anterior)
S Z2 A7 EZTSE(scapulothoracic muscles)
$5Z 38A0E ¥ 4 QxEE EWEY(moment
arm)2 A&ttt s X(infraspinatus)°] Az oz
FstALY &&of mE(fatigue)7t ¥4 2 AS, A4S
9] F& 71 &U(posterior tilt)o] ATt HIIs)
1[13, 14], AHAFY] HUA E A B 842 53
= B¢ ZA dAlAN AFEe 7 79T v
3] A (external rotation)e] FtiZ Yepdtiy B )
FoH, olfgt F2&2 JZ(humerus)9] Hdf 314
(maximal external rotation)< {siAetl EAEIL
ATHOL 20129 HAZSHY FH[5HEA IV E A5
50| T F AT Ax= Aol gk S Aol A
T ATE &2 57674(16.8%ZE 7Y w2 o] 74
58071(17.0%)2 Zol7t gl A= A T4 o]
E2 A0= Yeyth §9], 47| F eH9= 4] &t
EHOoE Uehi=s HEE, 9 59 AX2E B 5
of H|s] &Afo] WY ksl Wi =2 ZoE B
= oH15) E3 A=Y FE VY Aud 7
v 2225 X(hosterior impingement syndrome)
o) 7 85ttty B EQth 2 dAoAEs F
& EF JUWE &7t AfFEo] FELE VoA
TZ EAdhe A4 SPGY] AFZe] CGHELt o ¢
%02 7l&olA ¥F, FF 7Y Al &= SPG
R} CG7F R ZAo2 Uepgow, 7] 37 719
) HHELT FAZHORE |sHA SPGET CG7F &
Ao& et

B9 AR B3 59 A 71 eI AR 9%

H

o 3,

2

ot

3] A (upward rotation)d ¥& 7] &%(anterior tilt)o]
HPYRITEIL B SIS (8], BES AR FTtoA = A
E7F 92 FA(internal rotation)¥} offE 3|H
(downward rotation)¥} & 7]-&%U(posterior tilt)°]
ARty Atk 2 AtolAe 32 EASHE ¢
2t SPGO] AZrEo| CGH o vpgEos IHI 3
B T} 71 oA B A7Eo] kEe s 3
Axe AL AT 4= Uk FELAZL 7S A
QIFt BE AT IOl A QHE, HPEE 31 F i
L= SPG7F CGHTE B2 AR Uehgtow, ozl
Ex BT AT #3014 SPG7F CGEY 22 A

A
sl % gk

5. 28 A MY

£ AFoME HUA A4E9] o8-S f5ol o=t
ABeL 2 oWs|= F& Al = (scapula)®] =]
d zpolE FRleh] Yol APE AFES o= §
% A& ARgste] A WA S0 AE(flat first
serve) 54 Yok B¢ AAZY AF/HEK VI
A(anterior/posterior  til)T o}fEZ/YE A
(downward/upward rotation) % QF&/upZZ 351H
(internal/external rotation) o ¥ 4 Z&Eet
HHES AFE5to] ol Jd 1t Blw £4 sielth 1
A, FE/FE 71Ul digt A &= Adeel
ABZHHSPOEL 2 JHCG)O| BlE
Holow, 29 AR JIhE Aot HE oA
A&/ ML A Hd 44xrt SPGZE CGRE #lE
Aog eyttt 37] 37 A1lA 9 dE/FHE 71
9 o ®HE7} SPGEEF CG7F o IA YEhgl &
AROR FOgt Aol Brh I7] 7719 Y& /ol
Z ][ i ZHE E35F SPG7F CGEUF 2 YEht
WA BARCE {3t Aol Hrh 4E/HEE 3
A RHEE nE FHox CG7t SPGELT & Ao=Z
HERT o]2f3t Ai= HyA ABEet fARE W=
TAOIA o] Bl wet AE |Y Al g
Stal ol o7 55 YIE e ALEH oA A
429 IS 1T B_AES Agtetn ATE &3
ol tgt 7Enkd 5 7IEAERE &80l 7te Ao
2 Aztg

e
2
>
[>
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