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A trial of post-pitching scapular position measurement by the 3-D

digitization method
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fliL, ShEBIETSZ & RFFEEELZ P
LI2DICEETHILEEZ L.

B WG AL E %2 3l 2 o T, FIZAKR—
VEETHWSNS B DI, (1) B CTH IE#ER
&Ry NI HEE A e U CRiE - 50 % 35
%75, (2) 8 Hg Pl & % IE Hrk (R 22k )
LOMOEEE T — T XY =" % F2Y Tl
& LT EHEE - Tl X OvhE - Nikz
M3 % 1, (3) 8 BB K BE & fRkat <l
& LC Bl e - 8 e & B¢l 5 2 5, (4)
JFEHRB=AE TAD 2 mICEREN 2 HbE, ShE

R e S\ R N o P R e B e ) e e
2R RERR SR B R A R B e o) B
BOHARUNEY) T3 g YR

BARERR XK — VEFRE

Jola) & Rk b U CHibE - B & ARl 5 % s
BdHb, INHOFEE, ERECHEYICHET
EHLIENOLAR—VHGTEIREAHTD
57 Lal, Ihookme LT, (1) EE
TAT ) 72 DI AN E IS TE HE A7 & R
HIENMEIELTL & 9 i sh, 22J8 Hi
22D B H)OFEE LR - BEOZLE R L
W Z &, (2) 135 Ha 3oz L 7235 6 1 R R
WCWIEDAELTHBY, 2ok REREEOHE
HEALE TSROV &Y () BXIW (4)
VI E 22 [ o 2RI F 72 I R AR TR SRRl e
L7E HEE DR (07) & 25720, kR
PEMEOBIMICELA SRR T VI &Y iR
TWhb.

—7, AR=VBETII R ERBEE TR
% — MW 70 T8 g AL E o P )7 EREK 3 kot
{7l %2 1 (Electromagnetic tracking system) A%
HbH. TORHEEHCTEIKE%ORE BEAED
i % 47 - 72 Pellegrini 5% 12X % &, 60 Bk
KRICEHEMEIZILZDDI1X845% Th
D, ZOHT 24 Wi S ICOMBEBNE DS 2 h o 72
OV 46% FAEL Tz HmE L5, F7,
Oyama 521%, BFERR NNV —KR— 74 Eididic

Vol.25No. 1, 2017. 7



R’ E

FREZEETAHEENEVIET (overhead ath-
letes) DJF & ALE O Z L L 728528, F)
EFMOEHEIEITAREICHNE, [iEL Twi
EHELTWD, ToXHIz, B3 RThiiE
WEFEITIN T TAR=YETOE HEEOM
PHIZHWHNTWE A, EoRE, B X OIEMH
HIEE R IZ 2 T 2 R8T 28 HEEIc oW T
EHEHEL TWRWnizo, EBEOFBEMEE O
AP RKEVERET 228G A EINS. B
AN, AEEROE PR ICERIERS T ¥ 2 TRE
L 72771k & B 3 on il e v & Bk L 70
FTNCL B E, FITEWTE ORI - RIETHEE
DENKE L, ZOHPHIZ I~31" TH o 72 & iy
INTW5.
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NTWLHE H5VIEERRETITOLTVS
HEOELLGIZHBET§RNE HDBHFET 5.
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O THRAMED 3 RITEEZHE L, By
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B ((d), (e), () 12X DR SN L) D%
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Hlcid, BHE((b) & (o) ZRESEMANZ PL) 12
9 B8 ((a) & () ZREEMRNZ V) Lo
Y fEEE L, KalE((b) & (¢) Z#SEMHNY
V) EEET HM% 0 & Lz, EHNERIE,
THEEE A, SMEEIE, Wigr A, FiEEE,
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4 L7EEE - THEEOZEL (FREHERH 150°)

c BIEIEPRIEZETRT.

- EFEEEIE, THEEZEE L TAEL .
« ERIRTE (L Steel DIREZEML . T P<0.05

0°, 30°, 60°, 90°, 120°, 150" % 4 OF )8 H g i
EEAHIL7.

5. ¥EtLiE

ATV 7 b 1% SPSS Statistics Ver.18 (IBM #k:
B) %M L7, 3D 7YV A4 Pk AEHE
AL DM BB OBGEIC DWW TIX, Mg S
P (ICC2.1), 95% X (95%CI) & & UllE
DOfFEHERGE (SEM) 25 L7z, SEM IZDLTF O
XL YRD7-.

SEM (Standard Error of Measurement)

=SD (d) x (1-ICC)"*

*SD (d) 3 Ase 0 e il 7 > R HE A 7=

BERHI % O F A E O Iz oW T, JH
BAE (MR, HEE) ZCEE% W H &M
ZRE L, EBIVE R AR, BN E 5 BT E
721% Friedman #E % 58 IS i 4 C 906 L
7o, HHBEMEEL LT, T X MY v 7 OYER
Dunnett DIE, 7 ¥ /85 2 M v 72 4L
Steel DME %2 F2Hi L 72, A HEAKHEIZX 5% Kiif & L
7z.
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1. REEEOHKERED MO—IL

5% 8 LOPEREUIEHD 60 ERTH 0, Fexk
BOEBEMZIT-720 DT Wi h o 7z, s kE#E CF
¥y + ) 13 110358 [km/h], A LS54 ~
¥ CP¥ = BEHER 2) 13 264 +64 [191] (% 44%) T
Ho7.

2. DTV RAAY KL IEREMBRE

DiEBEEREM

5 mGE - F 5l E o S ICC(2.1), 95%Cl,
SEM %, 0.95,0.99-0.75,068 ['] TH -7z (LLF,
Rk 0 ICC(2.1), 95%CI, SEM DJIHIZZEFL
$5). HhiE - WiERE, 099,099-092,0.16 [*], i
i - PRI, 0.95,0.99-0.73,0.3(°], #hiz - iz,
0.89, 0.97-0.82, 2.23[mm], % I - Fifilix, 0.97, 0.99-
084,022 [] ThH-o7-.

3. BEEOERENENEIL

PRERTT & el LT, RERE S O B 13 E
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. BIEREL Steel DREZEML 7. *P<0.05
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grini 5% 138 BfiAME & it om 5 %2 17 hb e T
FHEMEZIELTWS. AT, HBEM
DDA EITOE TS ELME L. £
OB, X RH H SV HHET 2 # T I e %],
FITEICERE L7274 bR— FOFRRMEE TR L
7o LRiA—33 5 & O IS BT 2 RS A 4
o770 ThsH (B, /). ZoOWs, LK
ZEHEHCHME A LT 25X bEHE
O EHNEAVNS S BEANKREL %27 720,
DFENIDOWTIEIFZE T H2LENH LA, EH L
Bi) XL OEEINIWT LI Tnwb I L
M0, AWFZECENG L 728 B 7 mo_ER%
FICE D EHEMEZINEST S HETHHET S
CLIFMRETHAHLEE T

3D FVIA I L BEREMENEOE
BEEICOWTE, #R2TRLA LD IZICC
(2.1), 95% fBHEXH, WEOFHERIE T OfH

12 BARERR R K — VEFRES

EERRLTWA I END, WEiRAE% /RS
MR D ENTELZDOTREVIEEZ T
DEOEZEFZT, 3DTFVF A4 F =&
% Bk O HEALE I E ORFBIC OV TELRET
A e NEMERNT : (Laser-optical digitalization
method) Z V272 Andel 5% OF5ETIX, B
Ji #1200 T OB B o % E A -01° (0.1° D Hi
i) THY, GREE ERE 3 KoohE N ek %
L L 72 Scibek &' OFERTIX, T8 BIHEIEHh 120°
WKWBWTHEMAFCHE L 2EHE o RED
20.06°, M 3 KITHLE M E i THE L 7 i
1273 TH o7z, THITH LT, AWIFETIZF LB
BEFIE I 120° DA 1X —5.29° (5.29° DHifH) TH
D, AR TIEBREI/ NSV (FIEAKE ) 5
ReBol. —H, 3D TFIVIAF—ETHEL:
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fiE7s 22.8°, ##MEH06° ThHo7=DITR L, A%
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£1 DTV MY KL DBRHFHROBREMUE

PeERRT J5 Ba % 0° JA BagR 30° J5 g 60° JE B 90° | TR BIEE 120° J5 BE 150°
EAEE - FAERE ]| 901 (365) | 1441 (548) | 11.58 (8.83) 2749 (1007) | 4277 (9.63) | 5157 (106) 11
HihE - Wle (0] 4704 (365) | 4563 (351) | 51.23 (4.23) 5344 (745) | 5069 (6.85) | 4747 (8.33)
HEL - fRfE (0] —-24 (323) | —68 (413) |-294 (415)*1| 038 (845) |—529 (4.86) | —3.36 (3.7)
H4is - A [mm] 98.35 (6.3) 94.839 (8.99) [106.04 (7.64) 108.87 (9.85) |100.57 (9.3) 928 (86)
b T[] 2.27 (856) 4.34 (7.94) 405 (861) 1392 (1219) | 2061 (248) | 2041 (263)

FERIEL JE B 0° TR B 30° JE B 60° JE B 90° | TR BAf 120° JE B 150°
e - FAEGEP] | 954 (411) | 1265 (822) | 17.65 (6.09) 2741 (6.3) 3868 (447) | 4518 (5.36) T2
H4lE - WlE [°] 46.33 (4.83) | 4997 (5.96) | 56.74 (7.71) 56.14 (10.84) | 5201 (853) | 41.72 (6.81)
HfE - M (] -177 (4.34) |-347 (45) 059 (5.75) -281 (444) | -802 (5.05) | —2.88 (4.67)
H4iE - Wi [mm] 91.11 (543) | 94.93 (12.73) |109.32 (9.94) 102.04 (12.33) | 9647 (11.9) | 8892 (138)
k- T[] 207 (4.39) 574 (4.17) 828 (6.64) 12.38 (4.16) | 1889 (38) 2066 (4.51)

PeERIE 1 H

JA B 0°

JH Bg 30°

JH B 60°

JA BYET 90°

JH BT 120°

JH BT 150°

LJrmifE - TAmgE] | 1172 (436) | 2038 (7.11) | 17.87 (7.88) 3311 (5.23) | 4811 (445) 55.3 (3.85)
HiiE - AlE (0] 481 (5.75) | 51.06 (7.06) 539 (7.92) 54.28 (859) | 49.01 (11.93)| 488 (9.06)
HE - fefa (0] 0.07 (5.64) 122 (613) 236 (6.68)*2| —86 (458) | —-9.17 (545) | —521 (393)
HHiz - NiE [mm] 9559 (14.36) [103.71 (15.84) [100.79 (1448) |104.53 (14.85)| 988 (16.64) | 90.68 (13.75)
ZE bl ] 2.07 (6.28) 582 (6.71) 839 (641) 1531 (287) | 2267 (5.37) 208 (4.73)

FERfR 2 0

T8 B 0°

JF B 30°

J§ B 60°

JF B 90°

JE Bag 120°

JE B g 150°

LAmE - FAmEREF]T] 915 (393) | 1526 (3.18) 178 (5.12) 294 (5.3) 4511 (6.18) | 5274 (6.49)
Hite - Wle (0] 4624 (4.77) | 4863 (561) | 5491 (6.76) 56.99 (954) | 47.65 (9.14) | 42.97 (9.08)
HfE - M ) -177 (31) |-205 (313) 236 (375)*3 | =333 (397) | —6.89 (683) | —546 (3.87)
H4s - Wi [mm] 9266 (9.88) | 9817 (9.12) (10043 (9.58) 104.38 (12.31) | 94.09 (10.16) | 87.28 (13.69)
b T[] 555 (4.81) 763 (6.04) 838 (4.34) 14.68 (4.6) 2125 (859) | 2172 (5.06)
BBk 3 H JE B 0° JH B4 30° JB B 60° JE B 90° | TR BARN 120° JA B & 1507
i e - T mGEP ]| 1061 (4.26) | 1381 (5.61) | 17.16 (548) 2928 (396) | 4458 (589) | 51.39 (3.14)
H4lE - WlE [°] 4827 (4.95) | 50.75 (5.78) | 54.81 (5.38) 5486 (7.51) | 49.77 (6.97) 404 (7.0)
HPE - M| ] -158 (3.36) |-272 (348) 169 (2.88)*4 | —6.01 (355) | —6.36 (332) | —6.15 (3.0)
Hhiiz - WiE [mm] 92.31 (10.36) | 93.76 (10.01) [100.53 (10.24) |101.35 (11.56) | 92.86 (7.88) 82.7 (853)
Z b Nl ] 47 (5.36) 441 (58) 888 (257) 1551 (4.67) | 2126 (556) | 2259 (54)

S B AE (BER A 2R

- BJ7IAE - FOimlE ORBAST 150°) o T1 & T2, 3 X O - R OB 60°) d*1 &*2, *3,

n. (P<0.05)

WlfE, RIEE DISHEPL ML o 7z
PUEXD, 3D 7FY5 4=, tholsHain
ERED L LT, BN S FHli S 5 M6
W23 52 &, FBEMRMmIEE Mz riAas
b THEFEEZ M L3¢5 2 L2 ETH S
TENFETHY, IO ERBLENOHK
HBEOREREMEOEE T 5 2 & iE a5
ECTH LHF RSN
2. 3DTVRAY KL BDBRBBEOERE
AEBIEDH AN
3D 7YY A F—FEOR L, 1 Hkkipsk,

BARERR XK — VEFREE

4 HICHEAD

553 MMERiZE RS, BoE O FEYEIC X o THER X
N TR G 38 O B ARN IR % Heik & L 728 Hgr
BErHEHETEHICHS. kY, wElErE
W72 EORETH % IE BB 51k
WAL DZALIC X B BN D BN D%
0, FMEREICR G LB 2 R
ZERT B LBED T E DS I E R 0 12
bOLMNb., EHIWZ3IDTIIAF=EFETIE, Ml
EIHEI T B A< — 7 — I I A E T
HY, FARE~NOBUPHP LRV s, FRIZA
R=vBTHRGHEL RV EER T
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JEHg o e & S#aiciE, EISHEIED & ai
TR OWMPEIEEG- LBy, REXRERICL) S
NS OFHEBIOFAEDT B REE L, Wit
KFT2HIECLTREA v EX I X Y MiERE
BTN D LY LIRS TWA. FRig,
B WG ORBEAH 10" W8 L7 & TR KT 7
VT 7 YARERIKRT T2 LOHmED»D 5 &
I, RBZE BRI B O R E0TE B E b B
DAMEZRM S ELEELZERNTH L. FHHEIZ
9% T — ¥y ZkIdIE HE OREE NS,
P ORENEE T OBIGE) %2 WS & 28810 D
B EEINT VDD, FIZIEZ DX ) ik
A AR g LB 25T R BB IE S 7z 3-
D 7Y% A4 W —ikE o CERERICEHE T 5 2 &
HRE L UL, & SRR A AT B % W)
LTIt LIC0ohdneEr D,

A FDFRF

K7 TIE, 3D FY ¥ A F—ik L EREOFH
B & DFEHPAIS DWW TIIMEE L T 2.
72, BRI Mo R R BT B E
BAEOWEDAZIT, JHHEHDB & OYhE
Mo FRZ ERRC B 5 IE Fa Lo v TRk
DIEEPBE SN ENIZOVTIRAHTH S, X5
2, BEEIC OV THHMEL TRV Lhb,
BBk A U 7208 B R PR, o i 16 8 & T8 H g
ELEDOHEIZOVWTHOAPTH L. LoT, 5%
BEINSDHERGET A EDETH L EEZ
TW5,

E
AWFFEIL JSPS BHIFE: S 5E C (N0.25350775) DBk
372 0THS.

X ®

1) Sauers, E: Theories on throwing injuries diverge
from book of Jobe. Biomechanics 8: 61-66, 2001.

2) Oyama, S et al.: Asymmetric resting scapular pos-
ture in healthy overhead athletes. J Athl Train 43
(6): 565-570, 2008.

3) Laudner, KG et al.: Scapular dysfunction in throw-
ers with pathologic internal impingement. ] Orthop
Sports Phys Ther 36: 485-494, 2006.

4) Myers, ]JB et al.: Scapular position and orientation

in throwing athletes. Am J Sports Med 33: 263-271,

14 BARRKR AR —VEFR

10)

11)

12)

13)

14)

15)

16)

2005.

Michener, LA, McClure, PW, Karduna, AR: Ana-
tomical and biomechanical mechanisms of subac-
romial impingement syndrome. Clin Biomech 18:
369-379, 2003.

Host, HH: Scapular taping in the treatment of ante-
rior shoulder impingement. Phys Ther 75: 803-812,
1995.

Peterson, DE et al.: Investigation of the validity and
reliability of four objective techniques for measur-
ing forward shoulder posture. ] Orthop Sports
Physic Ther 25(1): 34-42, 1997.

Thomas, S] et al.: Internal rotation and scapular po-
sition differences: a comparison of collegiate and
high school baseball players. J] Athl Train 45(1): 44-
50, 2010.

Tucker, WS, Ingram, RL: Reliability and validity of
measuring scapular upward rotation using an elec-
trical inclinometer. Journal of J Electromyogr Kine-
siol 22(3): 419-423, 2012.

Johnson, MP, McClure, PW, Karduna, AR: New
method to assess scapular upward rotation in sub-
jects with shoulder pathology. J Orthop Sports
Phys Ther 31(2): 81-89, 2001.

Scibek, JS, Carcia, CR: Validation of a new method
for assessing scapular anterior-posterior tilt. Int J
Sports Phys Ther 9(5): 644-656, 2014.

Nijs, ] et al.: Clinical assessment of scapular posi-
tioning in patients with shoulder pain: state of the
art. ] Manipulative Physiol Ther 30(1): 69-75, 2007.
Borstad, JD: Resting position variables at the shoul-
der: evidence to support a posture-impairment as-
sociation. Phys Ther 86: 549-557, 2006.

Diveta, J, Walker, ML, Skibinski, B: Relationship be-
tween performance of selected scapular muscles
and scapular abduction in standing subjects. Phys
Ther 70: 470-479, 1990.

Pellegrini, A et al.: Motion analysis assessment of
alterations in the scapulo-humeral rhythm after
throwing in baseball pitchers. Musculoskelet Surg
97(Suppl 1): 9-13, 2013.

Lukasiewicz, AC et al.: Comparison of 3-dimen-
sional scapular position and orientation between
subjects with and without shoulder impingement. J

Orthop Sports Phys Ther 29(10): 584-586, 1999.

*Vol.25 No. 1,2017.



3D FUEA Y —HIC L BRBEOEREMEREDH A

17) McClure, PW et al.: Direct 3-dimensional measure- 21) Prinold, JA, Villette, CC, Bull, AM: The influence of
ment of scapular kinematics during dynamic move- extreme speeds on scapula kinematics and the im-
ments in vivo. ] Shoulder Elbow Surg 10(3): 269-277, portance of controlling the plane of elevation. Clin
2001. Biomech 28: 973-980, 2013.

18) Terhune, CE: How effective are geometric 22) de Groot, JH: The variability of shoulder motions
morphometric techniques for assessing functional recorded by means of palpation. Clin Biomech 12(7-
shape variation? An example from the great ape 8): 461-472, 1997.
temporomandibular joint. Anat Rec 296(8): 1264- 23) van Andel, C et al.: Recording scapular motion us-
1282, 2013. ing an acromion marker cluster. Gait and Posture

19) Smidt, GL, McQuade, K], Wei, SH: Evaluation of the 29(1): 123-128, 2009.
metrecom and its use in quantifying skeletal land- 24) Hsu, YH et al.: The effects of taping on scapular
mark locations. J Orthop Sports Phys Ther 16(4): kinematics and muscle performance in baseball
182-188, 1992. players with shoulder impingement syndrome. ]

20) Kebaetse, M, McClure, P, Pratt, NA: Thoracic posi- Electromyogr Kinesiol 19(6): 1092-1099, 2009.

tion effect on shoulder range of motion, strength,
and three-dimentional scapular kinematics. Arc (5Z4F 12016 £ 6 H 2 H, =¥ : 201647 H 28 1)
Phys Med Rehabil 80(8): 945-950, 1999.

A trial of post-pitching scapular position measurement by the 3-D
digitization method
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(Abstract) The purpose of this study was to clarify the utility of a 3-D digitization method in assessing the
scapular position after pitching. Eight male collegiate baseball players participated in this study. Three-
dimensional coordinates of the scapulae, sternum, and thoracic spinous processes were analyzed to determine the
following scapular orientation; 1) upward/downward rotation, 2) external/internal rotation, 3) anterior/posterior
tilting, 4) abduction/adduction, and 5) elevation/depression at 0°, 30°, 60°, 90°, 120°, and 150°shoulder flexion. The
scapular position was evaluated prior to pitching, just after pitching, as well as 1, 2, and 3 days after pitching. The
results indicate that the scapula is significantly rotated downward after 0 days with the shoulder at 150° flexion,
and that it is significantly tilted anteriorly after 1, 2 and 3 days at 60° shoulder flexion compared to before pitching.
These results suggest that the 3-D digitizer method may be a useful tool to analyze the effects of pitching on scap-
ula orientation.
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