V2B ThHoTz, B E U TRE M5
5, )M 25. 2 1% (21-27 %) AWV,
E{EMEATIZ B ARG LOF & Fizx LT
2-angle goniometer:M110 (Penny&Giles)
ZHHWNWTITo 7z, MEHEBIX flexion-
extension motion (FEM) . radial-ulnar
deviation (RUD). HEAEFENEL L TEF
EifE, MROBRE L, &2 OBHAE., A
HEEIZ DWW THET L7, Goniometer marker
I35 3 FREENB I OEEEE LICRE
L7, BIEEETA Mo/ —L2FICAEDYE
T 60 El/min & L7z, 7Y w7 ALK
200Hz (2T 20 BV ELBE L, BIET —
Zo 6—15 EERFMHEEL LTHWE, /b
7B EE % 2-ch analog—amp ( AD
Instruments Japan) (ZCHENE L7-#. Power
lab ATV AT ML T — Z T 21T 2 72,

(HEEm~DOEE)

K FITTBITHIY ., EdHRE

(RA BF) D NMEFEEZ R KRIRICELE L.
WRNERERELED bOTIERL, 5
BRRIREED bOTIE L, EREE:E
2ICHER L, Ex B3O QUL - ADL 1) k73
B THEZ EERHALAEEZETWD,

C. HrtiER

FEM R BASI A BT R (RABE 12. 2°, X
ARE¥ 50. 6°) R/ (RAFE 0. 3° KT HREE 9.4°)
RIE (RABf 4.1°, XTHREE 16.2°) THV A
BEZ Lo TERTLTW:, AEEIIER
BFRATHEREZRD Y, BEAKRE RAH
16. 7°/sec, XIHBEE 61.1°/sec) . REAEE
(RA B 15.8%sec, xIHREE 76.4%sec) Tho
7= &,

RUD I\ 3347 2 BEE A BE I B8 (RARE 9. 5°,

*TRREE 31.5°) . RJE (RA Bf 5.8°, xIMRE
36.4°) ICBWTHEBEELROLDN, ARE
REFMIZETEREZRO-AEEETR
Hizmolz (& 2),

A& AEREBIETIE, SRBIZBWTEE
En-FEESOMBERIIELAL, AE,
FAEE & HERICHIR I LTV, EFH
E I BRBIC RV C R & FICE B
& LCHEEBNBE SN, RAERT
IXFEREIE B IR & dv, EENIERIRT
Hot= (1), £, RO TIZ, R
HTREZFESOHBTED LA ONTZD
IR L, RABECIHERROBEHPBE S
7= (®2),

fipe = 7
= [AH0 FEM Bh{EfRAT
A, normal subjects (n=5)
palmer flodon domal fledion radiat deviation wlnar deviation
ROM  (mean = SD} 62,6 % 103 3o = S RN ] 162z 20
Velogity (mean 2 Sy 3902 = 932 W93 o 084 oLl 136 Ted=ll7

B, RA patients (n=22)

ROM  (mcan = SD} 1246

Velocity (mean 2 SD} 331 = 299

*® 2
ZEBASH RUD BU/EMRAT

A, normal subjects (n=5)

fra orsal fleni
ROM  {mean 2 SID 287 5 24
Velocite fmean = 5D I8 2 26.3
B. RA patients (=22}
7 Hlexia adiid do o
ROM  {mean = 83} 4 =

Velocy (mean = SD} 2132123 A7 o107 233127




. pamarflexion

i i
radial deviation : E ulnar d 2viation

dorsiflexion

1 EBEFEWEOBIEMRAT
(F . xBBEE, 22 5%, R : Larsen grade IV, 42 %)

__pamarflexion

~... " ulnar deviation

2 30 40

radial

30
dorsiflexion

2 OB EMRT
(55 . %THEEE, 22 %%, 7% : Larsen grade IV, 42 %)

D. &£

AT D AIENREE L, BENRED
HIp b9 FEOYEMEREDO T A0 ER
NAHZENREE ZINTWDA, KRFEX
Y FEIEID FEM, RUD & % 1T radial-ulnar
Jrm o ATEMEE 1T palmar—dorsal JA &
B U TR BT D 2 TR S T,
FRES O WHRAEENIZIX dorsiflexion &
radial deviation, palmar flexion & ulnar
deviation #>572% dart throw motion &
ELENTWBHA 89 radial-ulnar J5H
DEEFHPESEEFEESND Z EITL > Tdart
throw motion 23R S5 Z &Id, RAICE
WTFEHEEN RN OHRTLIERO
1 D¢EZ DN, EBEHAEREDEKT
IXREET DR VEBOEELZ TR L TEY
IO EIIFHEEESH ORI EET S
EEZ DI,

H & ETEEEICB VT, RABETITRRICF
Bgi oM EEB OFIR P EHTH o7, RA
DRBPEITTHZ LITXY dart throw
FE&h, TORFR, HEBHE
EAHIR &N D & FRAS OB EITERR L
Y ARET DB - HREZIET SR
HEEZONEY,

FHHSOBEZEETDICHIZD RA F
S CITBER A mOEERHIR M < HER T
B, BRAMOEENIX T M E
BLEZOND, FHEOEEESZEE
45 & NTEBEIIT non—constrained type 23
EE LW, DOBEOCEELHIRT S
semi—constrained type =° . internal
ligament #4259 5 model 72 E3F A &
Exbnbd, EEFREHICRTII>EERS
MO R EMEIL, BB AEEEIZB VT joint
angle [T EFEIE T 25 B (-15-40 &) |

motion D&



OB T 35 E (20-15 ) THY,
EEESHOFRE CIIRRABRISLET
1372 < BEEFRETNLEN 30 EO R ENRES
& stability DEERFRALE X,
ARFFETIEL, RAEGIOFEEZL&E L L
TEHEl LTV B 72, RASEGIDEITIZHED
BBICB LTI A DA Z E N TERD ST,
LaxL., FEAEI OREMER IS OG5
#%E 25 T, RAREDHETT L FREEENE
DE L OMRBEEBET D Z LITFERFICE
EThY, SBBRHEERTWTFETH
Do

E. f&m

FRIGI D 3 WITHIEMEIZI VT, RAFEA
BEICBWTIIERBEHOEEIC X 5#
REMIRR A ERATH Y . ALEEHRRE I
THRANEEESOHET 1 >OEERRTF &
EZzbhi,

F. BFFEFER
1. FCER
1. Yayama T, Kobayashi S, Kokubo Y,
Inukai T, Mizukami Y, Kubota M,
Ishikawa J, Baba H, Minami A: Motion
analysis of the wrist joints in
patients with rheumatoid arthritis.

Mod Rheumatol (in submission) .

2. FERER

1. FEILESE. MR R, NAREER. K
RRE, ARBHE, BBAR. =R
BB B&Y v~ T 5 FHEE
BiEDH#. %35EIEkEY v~ FH
EiRrgess, ERI84ET A, &R,

2.

e, BHEABL. MR R, KA
e, K ERE. ARBRE. =R
B: BEY veFicBT A FEESO
B EMAT RIS, FEHUEIREARD U
< F RS R R, FRISFLLA,
5

G. MM EHEOHEE « BERN
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[EAFBRERRBRMGE (RET LAX—RETH - I8REITREE)

SR RERE S
BRI Y~ F I OE B ARAT
SHEMFZEE M e ENREEZEESAET AR
MR HE L BOE  ENREEERH BRI AR FE

mHE EA ENREEFRREERIS AR EREEER

FREE : BEHIY~F (RA)9 T 11 FICT DM E MER)NZ 3132 in vivo movement
study 4TV G EEL L7~ Biiceps . Brachioradialis. Triceps medial head, Triceps lateral
head DEEFHBHZREL, %I-EMG ZHHUT, 3 BN EE FHZ THHE HOZEBIF O A
RN T ENGEE DR O EEENT L7z, %I-EMG 1% RA B TRIBBEELD SV MEER R
Uiz, B0 i Tl Brachioradialis & Triceps lateral head 123V T, RA BETHEEILHW
EER U, BB DR BIDLEETIE, RA BT Brachioradialis 2% Triceps medial head &
Y. %7~ Triceps lateral head 7 Triceps medial head XV B BIZEWMEERUTZ, MEE DL
FEARATIZ RO T, SR CITE d EHIC AR F RIS ESE L, BRI R TR
FAMEFE RIS 8 Fl, W s BEHN A T MR E AL, JE IR T M
EHERZRTFIN 3 FlTholz, RABEOIEE AT —EDBER DR o7, I
EFEDERNT T, MEICE BRETFR DD o7, SERW B OFHE - B 551X
RA BE OB FECHASIOARAREEZEEMNICFHE T 502 THARFEESZ 2D,

A. BFEER

gV <F (L FRA) M O BEE 218
FErOEEMICMET 752 BEL TR
HEL RA FREONEHIZEBNC BT EE)
RN AT 2T,

B. g5k

a. X5

ft BRI RKFR  SMEDBEE AL FEFH
W BEOARR EELENRT T 4T &k
1141011 i G 61 5%) 2 FREEE LT, RABE
WX, 9 % 9 B (2 69 w5k, &4 Larsen 4738

GradelV) ThH-o7=, £FIAFE th i BiEE) T
EERRE R A TV,

NS> THRE 2B TS ER T
IZEESE, ERiE AARNURTEELRE, B
BREITEF AN/ —L2OFF{EBLLED
DI HoE T BEEAE F AL TO R BIER
OEEEHHERERLL, Bl 1 B &
Bz 1 rhEhnnd UREs %177,
EHENE 10 BITOME D% D 10 BRITEL.
RS E s EMERF DR E A ERE 3 BinEE
HELCERAEFOT e/ EE5E2EHL
7oo WX 2R, F—HEMTo7,



b. REFHEX

Biiceps . Brachioradialis , Triceps medial
head. Triceps lateral head ® 4 fFZXxtE2 L.
SRR MA ERRE PO EMRMERE 2 oo T
FRRRHED FEAT L FATIZ R IR AT BET LT,

c. 3EEILEER (K1)

3 EIEE R ACL01((BR) 7 a7y, #
i) %1 F FARBIEI Em DAL 3 cuDBEE D
B IS LT, INEREO®MIL, FEFAE
MWK, FEGRZMAREL,

d. 85xAER (K1)

BRAER SG110 (SAFAN TR, 3
H) Z B AR E LT,

1 c BRAER (BXRFED. MEEE
(BRED) ORIE £ 3 WInEERH

e. fEAT
T —FIRNTIX S R A R E AR T 05

LBIMUTAS® T (v A LTyt EE,

BA)ZHWTITV, 6/ TENLSRITE S
TORE R E dhIET RO 5 E(E 5 L3 INE
EREOELSEEEE L, REHEEZD
FENTIE. & fh D% RYEH KREEIMER O
ERSECRTAE BB RFOE S ED
THL%I-EMGERIEEEL . 2 TOHRE
DE/NT —F BB CIERIL LT, SEhinEE
S OYEDOWER T2 0B RR F B LU
K5 RO ORI, BRIt T5+5
m&— FHOmEESMMECEFTEZE L,
R BT AVER VX TR B R OO B R RE o B SN

KT O HFEFE 5 1B O Y E D 7 % Mann-
Whitney Du-testZ AWV THRE LT, &8
{2 BT D RERI D %] —EMGD R EDESE
— TR BESBOTERWTHREL, BRRE
1ZiE TukeyZ IV,

(fHEBE~DEE)
AW FEIIEMRFEZLNOMEEER
FEWDoE->TEMmINT,

C. "R

a. REHEX

T HREEE RA BEDRHBID %I-EMG Dk
a2 (& 2), RA BEIIRRRBEL DB HEXTHY
\ZFTE B &S K &< Biceps, Brachioradialis (Z
BT 100%9% B X DT H->T,

WIZE IR T, BI-EMG 2 5 IR
BEL RA BTHELE,
Triceps lateral head {Z38V T RA FEM I FREE
FObERICEVEEZRLZ (X 3),

Brachioradialis &

BR

™
K2 %I-EMG L—F—F%—1

R BREE A RABE. N 123 Biceps (BB).

7243 Brachioradialis (BR). 75 Triceps medial

head (TM)., T3 Triceps lateral head (TL) %

Y, RABECHXIBIIKRE WHEBEL R L,



140% * i r **']
120% BRRE
100% CRAR

-

BB BR T™M

TL * :p<0.05
B3 %I-EMG MBI D HE: Brachioradialis
(BR) & Triceps lateral head (TL) Z38\>
TRABEDHHBRBEL Y b FEILEVERZR LT,

SHICEEXRREEE RA BIZRBITOH B
D %I-EMG #Z L7, st BEED T
Biceps 25& Vv MEZ 7L Biceps & Triceps Medial
DOIICEBEZEZRDI, —7F RA BOF T
Brachioradialis & Triceps lateral head 23\ ME
# 7~ . Brachioradialis & Triceps medial head.
F7~ Triceps lateral head & Triceps medial head
DORIZENENERBENBDOONZ (K 4),

120° 120%
100+ 100%
80%
605 == i
405 —
20% H 1
0y .

140 140% !_*— _*—%
[

BooR ™ T BB BR M TL
i

B4 %I-EMG &BERRITOHER
%t BB B¢ T Biceps (BB) T, RA B TIZ
Brachioradialis (BR).
(TL) THEICEEEZT LR, (p<0.05)

Triceps lateral head

b. JNERE

Y 85 1) O NN T DTS R AR T
X 5 {3 Fx KB BALY DI K JE BT F T O MR
EEFEERL () FREAKSEE, ()

FENI A F EERL TS, XRREEDS
L, K 5—a IZRT 8 FliLE ik BsATRIZK
FHIRMEENEL, ZOH%IK T EINEE %
EUAEMERLEZ, K 5—bD 3 FliL/E i
PRI T RIEE DAL, FDOHBANK ST
MR E A UAEME R, — K 5—
ClTRT IO RABECONEER LT H
BEZLEA R E IC Lo THANKESERY
— EDERIIFED Hivieh ol
FIEE R OEBEESEETMERT
R 7e L AR B ZEITFE DR -7,

8
RN 1
R e
V\ ff\,« F
Yoo
R I (deg)
B5—a MEEARE XHREES S5
HRIF A DA E~BATT D,
!
5
G
" =
s
% =
x
ﬁ 0.3
8] 04

[E8h 5 (deg)

5—b MEELRE XTRET 3
ST DD NRITE~BITT D,
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i3
Vil
e
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)iza
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5]
TR R £ (deg)
K5—c MEEAE RARE
ZRRRERETRT,
D. £z

%I-EMG (22T RA BEMXEREELDD
Biceps. Triceps lateral head TE{EZRLIZZ
LI (D) B A DT e KEEE IUHE TV ML
W, (2) ERMERICIVHES B L.
(3) S NI DR FEAL DT DI BIEE
BB IR RNCINHE LT, 72 & D FTREED B
2 BID EAR SR T ROINEERFEIT
DUVT RA HET—EDHEMERIRD o722
X, RA o> BAETEEE OF2 B K0 ANE B i
TEDIE MR DS EBlp > TN AT REME DS B D, R
EEFEOBSEIRMERMTREEERHLDD
nipmsotoid, FHAE B D7 e — R EE
ZoD, SHFHAFIE B CRRDRFE
THORERHD,

RA JEFNZIT D E5 ORI, B
AT R, VAS 72 E i DEERET RLLDBEEIZ oW
TiX, S HREFEER- BT, REEETS,

fFEL RA MEE TR, [MEER
Wy D BBV 2 R E A B X LR E R
FIEL L TIT ol ZOfER. %I-EMG 1% RA
BEAE BBEL DG RERERRL, £ DML
Brachioradialis & Triceps lateral head {Z33v T

BB Thole, MEERE T OB RER
THEBEBRHEDDNR 2T, SEIAV
AT BRER D EHAL - AT T IEIE RA B DFHIEED
FriEPRIE DA B EM B ELOEERIC
FHET DO A THERRTIEEE RN,

F. BF7EsR
1. FXHEE

1. Takahashi J, Shono Y, Nakamura I,
Hirabayashi H, Kamimura M, Ebara S,
Kato H: Computer-assisted screw insertion
for cervical disorders in rheumatoid
arthritis. Bur Spine ] 6, 2006 (in press)

2. Yamazaki H, Kato H, Nakatsuchi Y,
Murakami N, Hata Y: Closed rupture of
the flexor tendons of the little finger
secondary to non—union of fractures of
the hook of the hamate. ] Hand Surg [Br]
31; 337-341, 2006

3. JUEEE, WIEZE, BRHE—, GFEEE
B, MB=EZ: BEEVY~F BRI RE
FeAZx 9% Ohshio EIEDFIRFREMK
#&. HFEE 23; 5142, 2006

4. PRHE—, BHFEE, BAREE, $hK
FfE, RIE— BEYY~FEICRT
% Ball in socket B\ T#§ MP BA&i D]
ARE ZHERRAFZE. HFRFE 23; S146,
2006

5. MEEs, WKZE, FrE—, Sk
B, ZiRAE: VU~F EROFHIGHR.
A #2235 80; S436, 2006

6. TAEZ., AR ETE, MBEE L TRERE
A AT ERGE, JBEZ: RA O JE dh
RENVEARAT. B ARNTESMERS 13; S50,
2006
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E. AR AR FEEA B Y~ T
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= KA E R, WIEEEA gy~ F i
OEBFENE 21 B A ABRARES
EpEeiiES Rk 184 10 A 19 A.
BRI

G. EAIBTEEREDHIRE - BEIRI
72l



EAFZEHRERREME RET VAKX —RETE - IRREEEE)

SR RREE

BAf ) v~F LA TRAEBRRIZ B4 DA 5E
—H LA TR OBRSE & ik A B O 3 IRTEBMET—

wmEmAaE Al E-

A mB ALEE KRR

FEHD

D F@BNAARG R

TH B FThHUeTaIHRASH

W « AEN FESER CTH I HITKES) (dart thrower motion) ZFHET D
ALFHEHO 22 F PV ESEHBBEORERD 3BE (M. INHBERAE LM
R, IPABEREAR) OATFHESEHERE L, 3KITEBMFT & RAFEESZ A
TiTolz, COBBIIBVWTHRITREGHZHER TE TWENIIAMREIE TLYZ
ELZERFREHNNFE SN2, BIFEEENIIFRE T CL9E L BRATOGEIZL L, K
E o T IRETE T, 0B, MRS BE L MMM STV,
HCOREENELTNDZ ERTRIN, BASEEBE TOEED Y A7 BREWV
EEZLN, AR TERBIZOEVEF T2 EMRENRE LE X LN,

BRI TITEE

A, BIFEEE
TNETHRAIT LY AR FEEED
(dart thrower motion, #®iFKiES), F

B EENOERE~DEE) 2bth

TALFEH LD LAOREZMA. &E

ERICIHZ 2 2 bDIZkd B, Hilcie

ANLFHESHORBEEZED TET, SEZD

FYArare T MIESOTER L7

EEmORERD 3BEOANTLFEEG L REF

BEERICHE A L. magnetic tracking device
(B—va v A¥—) 2L D 3WILEEF

Wr&aiTodz, A0 B ATFEEHE

¥tk O FEAEIEEB A3 dart thrower motion

EEAETE TSN, £ 3BEOERIH

TOEBEBY EFFHEED L LB L, KE

REBEOWELRFTLH L THD,

B. WFHE

Ba BT WA LIz L AT FEEIT
AEBEEERIRIZESIT., E5IEKRE
B THLOREBEREMETH S,
BEmOBRITARE L ARER LU EN
bzt g 2R E R & OBEBEEE T
b, AENZFREHEHLEZ 0N RT
& (dart thrower pl-ane) TOEE EE
B2 b7 O o OBEEITEE X T A5
%f L Caxial plane CIOE D EIFELZ DT 7=,
aVR—R Y MIBRE - FREAT L F
BHD 3 partsk V20, FREMAIIE I F
FEEHET TR ATLEZAEL, EEANZX
BEMIEICESTHARAT LABREFD, &
BEEICRET DFREMDD D HITHIGT
BIeE2, FEAFFE~AT Y 2 -k



LFEREAT LAOBEREE L FERIC LT,
BIEIE L=gIEE TV (FEMFIBEImE)
TOX MBRE IR BN TSR O R
AEVNELERED, FCBEEEREER
OEFRRE. BEMAREESHEOERIC
AOEIARLE L, AWREM (RAD o
i EARREA (BAD Lo/ hs<F5Z
& CEEBIERNIC & bR VAN E b
(B4 BEERAEULASZ & 28/ LT,
SHIZIPMHEEESE S L TERBIZHAZEWY
FETDH (BESE. RE2BE) b0 (B
RIB¥MEA) CERIBERER2ICHR LK
Lo (BRESEEWEE) O 2 2%ERL
e (1), Bl bl GO 1k, fE5
A 14E) ZEEHEAL TR L, ABIEI90
FEJE RN, BRI PN S AL CE EARIZK
P TEE LT, 8 3TFEEREICRA
L ARBERZE L CHEE L V—FBEEL
Too BEG - RUUFARMERE, BA - RAF
RIEFED 4 DICESER T, FREEHEY
EENE B L, T HEE UTFEERER
RERZXE, EEHFREZYHE, T6L, EAL
FrkZiE LT 3RTEELZREL, F
RIS B EERED S IRTTER AR LT
EEsAEZRELL (K2) . ALFEH
R & SRICR A BB E OFRAEEIC &
5 3FEEONLTFEE A, IFAE
[(BRJEER, 2] AR THE
L7z, BEILTARITRE TOETIEL
7z BEIE T 2WITRE TOERNERS T
ETNBENEI, SHIZENENOTEE)

T OFREENER OFEIZ DV TRET L7,

C. TR
BT RETOEHPFRENLTHENE
HAMERETT A OEYEEE H R & XV E

HTRETDE, WThOBEETHER
B & R ORITRE CTOEEB N HFHRINT
Wiz (® 3, 4), BHRAETE BT D &4EM
2 (Implant No.1) TIXEERERFOERE
MREL, JPHE TR ¥AEE (Implant
No.2) . 522 # A (Implant No.3) & HE
FETORBERNPRKEL, HIZERTORE
BBERN DT, EERER ;R OX
s b OB BIXF RN &R TEBAT
2S-TOE . Im— plant No.123-60F . No.2
M-TOEE, No.33-66ETH Y, No. 2HEH#L
BIERCThol, FREMNOEE CTITE
iR A596 . Implant No. 123102/, No. 2
D110, No. 38112ETh -7z, JIHET
HERERORBERENKED 27,
EEFEEAE (AFEq) IEFEIER
Bl : 50, implant No.1:44/F  No.2 : 52
E. No.3:48E L IZSAA/ETH-T=, &
JEVXEHART : 73BE. implant No. 1 : 63JE,
No.2 : BTEE, No.3:48FETH V., BHEEIX
W ORBEE THEEMET LT,
B4 EE 72 b ZEhE B o Bl R E
AR - 36FF, implant No. 1 : 49, No.2:
3.0, No.3:3.5FETholz, FEAETIE
WRAREEEHNBZ > TWNBZE, T
WHZINA R TIE T L 0 i< BEEEE 2
HENTVWDHI EEBKRLTWE,
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FRASII TR P REHE. BEFRESO
2BfEA L, EEE., BRIEXLIZER
S OBHEEENFERE oD 1EFHOA
TR TERTAZ LICHENREL R, 4
EWFHOALFESH THRITRETOE
¥ JEES) (dart thrower motion) Z2SEEH
INTW=, Lo LA EE R CHEEE
R REDPSTZZ LIZEYTRERICE LR
WRBBIE CTOREBRABEEENEL TS
TEeERAELE, —F., IIHEEREESE TIX
HEEBORBEARKESFEEIN TN RY
JERE OBERILEHRAT L IZIERETH o 72,
F - EREEENIS-3.5E LI NTEY .,

EMRBICEE L, X VEEL-FEEEEHN
FEINTWALEEZX LN,
E.

ERLUH LW AT FEES TITAEEN N
SEANZES TH ORI RETOEEE
EE) (dart thrower motion) NEE I
TW5Z EBREFHEEIC LD 3 RTES
FEATICCRER S iz, FREEOEREL LT
B L 0 IR AEAERES R~O R EE M
Nh7ed, FVRELTWD EEZ b,
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Numerical analysis of cooperative abduction muscle forces

in a human shoulder joint

Naomi Oizumi, MD,® Shigeru Tadano, PhD,? Youichi Narita, ME,® Naoki Suvenaga, MD,°
Norimasa wasaki, MD,? and Akio Minami, MD,® Sapporo, Japan

Because some shoulder muscles originate from a wide
area, the modeling of such muscles has been a signifi-
cant problem in a computer simulation. demon-
strated a new method of determining a vector for each
of the muscles originating from a wide area. A 3-di-
mensional musculoskeletal model of a human shoulder
was constructed from computed tomography data of a
normal volunteer. Numerical analysis of 11 muscle
forces and the joint reaction force during shoulder ab-
duction from 10° to 150° was performed from the
static equilibrium equations. An optimal origin point
for the vector of the muscle with a wide origin area
was determined in every analyzed position. Electro-
myography was carried out to validate the results of
the simulation, and a significant correlation with the
analyzed force was obtained in each muscle. The ana-
tomic biomechanical model with the new muscle mod-
eling method led to the results reflecting the actual
muscle activities in a living body. (J Shoulder Elbow
Surg 2006;15:331-338.)

T o evaluate activities of muscles surrounding a shoul-
der joint, electromyograéphx (EMG) has been widely
useJ for a long period.?814:13> However, EMG has
several disadvantages: it is invasive, it is difficult to
insert a needle into the proper position in some mus-
cles, and most importantly, it is unable to quantify
individual muscle forces. Cadaveric models have also
been used to simulate joint motions in various condi-
tions.'? However, it is difficult to reproduce 3-dimen-
sional motions of the scapula and Eumerus because
they have to be fixed on a device. Therefore, the
experimental analyses are often limited to the gleno-
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humeral joint, and muscles originating from the tho-
rax are excluded from the examination. For these
reasons, computer simulation has come to be a valu-
able method in the analysis of shoulder muscle
forces.> 71117

The combined motion of 3 joints (glenohumeral,
acromioclavicular, and sternoclavicular joints) allows
the shoulder joint fo have the widest range of motion
among all joints in the human body. Bony stability of
the glenohumeral joint is minimal so that soft tissues,
including ligaments, capsule, and muscles, that sur-
round the joint play an important role in stabilization.
Unlike other joints that have more bony stability, such
as the hip joint, shoulder joint muscles act during any
shoulder motion not only as a source of force but also
as a stabilizer. In fact, more than 20 muscles {and
their separate parts) act cooperatively during shoul-
der motion. Because of these anatomic features, it is
important to build an anatomically accurate geomet-
ric model for a precise computer simulation of shoul-
der muscles. Some of the shoulder muscles, such as
the deltoid, supraspinatus, infraspinatus, subscapu-
laris, and so on, originate from a wide area, and
modeling should be taken into consideration espe-
cially for these muscles. Modeling of muscles with a
wide area of origin has been a significant subject of
discussion, and various procedures were proposed in
previous muscle force analyses.* ' In this study, we
introduce a new modeling method for muscles with a
wide origin area using computed tomography (CT)
data of a shoulder joint in a normal vo?unteer. We
created a 3-dimensional biomechanical model for
analyzing muscle forces and validated the analyzed
forces by comparing them with the EMG values.

MATERIALS AND METHODS
Biomechanical model

CT data of a shoulder in a normal volunteer (23-year-old
man; body weight, 65 kg; length between shoulder and
wrist joint, 55 cm) were prepared to create a 3-dimensional
musculoskeletal model. The volunteer had neither a history
of trauma nor any symptoms in his shoulder. Informed
consent for participating in this study was obtained from the
volunteer. Axial CT images of the shoulder, elbow, and
forearm were scanned by a high-resolution helical scanner
(CT Highspeed Advantage; GE Medical System, Milwau-
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