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WHEMEIZFERR T & v, T TR E O EIREICHE T 2 M52 <, & Sl mljE
BB B OMEREICES T 2089 2085 b 2w, 22T, Kifgeci, /@5 M%
16 Z % v, BB OSER 72 ZWNEEICH L, ZhZh oz il#d % 80 Hz DIk
Bl a5z, WEEH NI B 28 BEE O EIREREIE U 52 0eT Lz, 8 B EEH
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BB R Z R VW H G OA RO E % I HEH AN — 3 S & 5 lBra 17, BEFofE & H
Joi > 1 O ff BE RS & FEAM L 72, A liE B S WIS R E o TEIC X9, AIEE & g
WXL HEBEIAREMEE AR EZE N L. vy F Y Z7OHEE R D
BREOMBIZEHEH 5 BRERE L. S oE WEm~EHIRE 525 E, HSO
Wi, T7%bbiEMEPERL Y SNIESRICH S E WA MESEEIAE U2 —J, WiEH~IE
Bl E 5 25 L, HOOBE, T2bbLIEMENERLD DIERIANIDH 5 & v ) (LESEEH
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HLWMTHOWMESVEETH 5.
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KES B2V, SRWpiHEE, EENHEEEIC X 2 AR AR A
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5. WHREIHRMEOMICHAEL, MERIBIC X

DELAE L, TR a BEIKEAME L TR
ML CHMNMED D, BRNIEFEEZ R LT
ARz Y, PURE - BT oA R A U
5. DURE - BAER O E AL W #GsE D B 55 5 2 &
&, IR CIREIEE W CE T AU - B0
LR R OMETHOL N ENTWBEY, RE)
OS2 WA TH ), BRI IRB 2
A5 EBAEABOG L, 1 aBEREHHMED B )
mE A, WX, &0 bIF 80 ~ 100 Hz FEEE Dk
BT 2 B AAR E W EATREN TV RS,
C D X9 T H R OIREYRIEUL VUL - B O & &
HREEE, R E Z T 2888 H 72000
RN L) ReEE2E LTI oz L3,
SRS - BAFT OB EREICE S35 2 L 2R
T E ENTnW BT,

JE BAFI AR W 2402 X 0 W Bk A <2 5] e i A
BT 2 & 723, TiE, T8I O & & AR
Wiz a2k s LRI BOL T O ICHER SIS
O, BEHIEBEGEEOHE CHE SN TBY, £
OWFZHZ X 0 [\l )5 2 B4 5 T8 B o i kg 2
FEANEZ LRI HERR T X v, I E TR
WiZdth O ERE T A2 L, &5
e B A5 B E O E IR 53 5 5 &9 O
HH v, F2T, AFEROBZ, HEEHEEOMN
Fhsk A BT A IRENHEZ 52, e B B
JR B O E R RS E L APPSR TH I L
ThHb. 2F 0, fEFEIREDRGER IS BEE o
BEEEICFGLTWAENEIPORFTHS. L
PR CALE R B A Ui, mlEEs B
MO EEEICHEGTAHI L ERTIENTE S,
EHIZZHZ L, R KRR BETOME
BHEREOGELZ RS AN LR E R 5.

W R 7 &E

1. %

G, MR R, H BRI BOBEN 7 <,
LAFE2MEFLTREERABEI6HTHL (F
EHE 219 7%). TRTOPEBRE ITAIEEDOB T % &
CCER T2 HH L, IR~ OWIIOREE 157
X, AWFFEIZHRFIK 22 A3 o B i R Sk B i A 2

KOREEZ T EM L7z (BRKF D 5 B
IRABR#EAZ RS F5 1 2015-115).
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2. )8 B E R

B A E s 2% (Yasuhisa Koki Bio Mechanics
Co., Ltd, X)) #H LICKEL, HBREOLEH
o mhehmofiE 2 llE Lz (Fig 1A). s
EB DRI ORGTE - TEBEEIT- 72, J5BEAEE
FHIZRE ETO 20088 Vv 2 iz 5. ThEhos
ANV, TL—MPREINTWA., Lk
ANVOT VL — | RICIEIEBEFLREL, T/ Av
DT L — b EIIIERE OGN O & Hili 2 i%E L
7z, AORBEEIEIT VX IR L, EBREEO
M hEEE I X% ERioB) & L RO & 25— T %
XA

ETNENDOT L — FOWRKIZIEe Y VEH»H D,
TU— My VHEROMILTRER L X9 ICH)
. BRBEOLMON EHiMAZRE L TOT L —
N OYA T, AHIEBE OB EES) 2 HE) LTz
i< K92 <. ATE B O ALE (& e 5 1 o £ B
T#EL. WHE60°% 30°, WhE30°% 60°, ke - #F
g 0° % 90°, #4he 30° % 120°, A4hE 60° %= 150° & 7z
HENICFREE L (Fig 1B). L TFTZhZho
TL—bovr VI, MEEZNL-OOT—%
1) —x v a—%— (E6H-CWZ6C, OMRON, LL#B)
ERHLARAR, 13V ZAH7-0)DOMEIXLITH 5.
ZNENDOT L — FOMEIL) TV A A THIER
W TR SN, BERFIZZN S O %2 I EEE
L7-.

TESNAND T L — b EI2DH D HERE DL DN
R o R VIZEER, AE D SFICHTT
RO TE - 72720, BERE I ERE &0 ThHb
ERERBLZEIETER Y (Fig 1A). T4bb,
HETIIHEESONEZMAZ L IETE . £
7o, BEEREIIMESR BRI OMEIIRD WD 2 LIET
ER/AN

3. HRE I E

R LE— % BURE) 7% 75 AF v 7 — A (50 mm
X 60 mm X 88 mm) ZHlARAR, REEjZIFAE S
A, RENZ 7 ~ 80 Hz T, MEHIIH T % IRE) DR
g X 1mm T& 5 (Yasuhisa Koki Bio Mechanics
Co., Ltd). AROFZETIE, IREVRITLEEE 2 BeE A F T
L, BRI ZHR.OE L2WEEHD L IEBir
& L7224 el LT, IRENHIS A Iz 72,

4. REBEROREHRHEOI T4 v a =y s

s DFENHICIZ Y 7Y b E—Ew) HEH
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90°

Upper panel

Lower panel

Fig. 1 Apparatus

. The device has upper and lower panels. Subject’s right arm was placed on a paddle on the lower

panel. A dummy arm was placed on a paddle on the upper panel. Subjects could not see their
right arm, but they could see the dummy arm. Subjects were asked to match the position of their
hidden right arm with that of the dummy arm while their right external or internal rotation

muscle was vibrated.

: The dummy arm was set at one of five angles (30°, 60°, 90°, 120°, 150°) in random order. When the

subject declared that the position of the right arm matched that of the dummy arm, the angle of
the right arm was measured. In this figure, the dummy arm was set at 30°. When the subject
declared a match with the right arm placed at 40°, the position error was considered to be 10°.

HHBY  ZoOWHDO, HREEO KIS, 7%
b H MR F 72 IRBIE0 3 5 KIS History-
dependent TH 5. JeA73 % WG A% D% DOk
SEDO RS2 ZILE R DL EVHIEETH L. UKD
XY FUITHETIE, avTF4 v a v s w2 2
ETHRED SR )y PL, RELLZTFT—%
PELENETY, ZhEFTITbhTE LMD~ Y F
YIMREDEL T, Yy ra—F2E#kLIzaY
TAvazyIrIPFHIh TS, RIFETIX, =
Joi SR & 72 A TRZE IS B v, BRVEENERT I8
. EmREOa YT v a v TR T,
— RO e E A B L ST T4 T
= U7, TR TORIUH & Z D% ok |,
[ AL T OmIGHE & Zo%onkg ], [ To
I L T OBROMRE ] BHLHY. avF4 v az
¥ T B OBRIED ROSTEZ, TR T O &
ZOHBoOMFE | T L, [HEHEA oMU E 2
DOBORKE | THWAT . [ TORMI & Z
DHBOMFE] TIX, FOMIZRBY.
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(1) WEfIEE Lewihs (2> hao—)v) o
VT4 vaZ vy

IREPHIFZ N 2 e WA, Fidhisko st %
KTFEE2Z 2B L, WHEWDE 2134 e o
[MHEA. TOMIGEE ZDBROMEE] L wvw) s 47
DAYF4Yan vy T RiTo 7.

NTER O W #h8ED OS2 KT S nwEA1I
&, HFREEOMEIZ160Ta YTt vyam vy I
To7z (G, Jmih, Ahiz 0o, IN-BI&E i 90°).
160° CIXNBEM (MR & 72 B, ZDOALE THBE)
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O 3HHNIIIT 5 L HITHRR Lz DRI H
I 22 KA T 0 50% LU E 2 MR 5 X 9 12H/R
L7

—J5, AVER DR SRR T S & 554
2, GEBEOMEIX200Ca YT va sy T E
To72 (St JEih, A4z 0, I BIEIE i 90°).
20°CIIAMIER ARRAL & 72 5.
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(2) BRI EITH)HEOaA YT a =y s
EFito (1) T, WiEM 7z Emovin
M R TOMIGH & Z0HROME | 2w 3
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N5, Zoid (2) TiE, WA TORIEE Z
DOHOMAE |, 37 bEAE B OMEIXNE - 4+
e 0° (90°) T, WHERs, AR ONEE COMm D
aVF4 v any T EiTo 7 (AL, Jiih, Ab
% 0°, JRFBIEIE M 90°). mAIS, WHES ISR
WZHRPLT 5 X 9 12 3HRIE S &, ZDko 3R
B EHEL X HIIR L RIS, AMES T B
I VT4 vamy I riTor.
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SECALE, B EE il 90°12 T B & AV iE S &
FHll 2479 . ZoOBofBOAE & BEFOMED
AEDRAEZRD 7.

o7V — MIEBRFERE L, BEEFOFEIL
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oty F 23R BT G) Ol EORZRIC
BT HBASTTTAF v 7 —AZBLI LA
O, IRENHEEEE O 24 v F 2 AN Rl 3B
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Litsk L7z, ETOFL— bOMAENIARYKIZ—FHL
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MIcHh b e, HMEIIAFATERLZL TS
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7o, Bz, BEFOMEN 30O L &, WHEEN
IR BEEOMED 40°THEN R LIz LK U728
&, FOLEO#EEIT+10°L %5 (Fig 1B).
BT RE SN 7L — F ML 5 BR (307,
60°, 90°, 120°, 150°), ~ v F v ZFEEBBRO4G
B B DAL E 1 2 BERE (20°, 160°), IRBHHIEIE 3
TR (N BERs, AViems, IEDEMZL) &%0, 5
X 2 X 3TIMHEDO~ Yy F ¥ TEENDH L. T
TOR Y F U ZEELZT v ¥ LG IERTITV, R
BB~y T 785 o7z, 2%, &bk
BEIX 150 Mo~y F v FEfErir o7z, K~ v F
v TEIWES 5 ORREDFEE KD, T OWERE
BT D, Oy F U IEEOREL L.

< v T v T EIERMGR O S B O A7 E 1 20° &
160°CTdH 575, NTIZDH 72 o TIZMH O3 %
ML7z B, BRFIRE SN L — b
OIS BB (30°, 60°, 90°, 120°, 150°), &
ByRIEOE 3R (EER, AVBERS, IRBIRIELZ L)
L), 5 X 3T EEO~y F v ZEifEL LT
AT L 7=

6. Ak

#ElY 7 b (IBM SPSS Statistics, H 4 IBM,
Hal) 2w, < DRLOD D IoRLE GG IS
X BN &4T o 72, BEEEFME (30°, 60°, 90°,
120°, 150°) & H=\hRIE (Phefms, ~Viess, HREhi
W L) EWIHIEBREND 2 ERZHEL, FhE
FRIRBE O HAEHOF HIZD
W, AHEKUES% THE L7, Mauchly ®ERIAIM:
DREDPAEDOYE 1, Huynh-Feldt fililE %475 7-.
F 72, HEEETAEICBT 50RO R D B
L, #&tv 7 b (Prism, GraphPad, San Diego, USA)
2H, K DVELDOD DL —ICERES G B X O
72— ¥ — DL EIEWE 1T - 7.

& X

RN R & L7z 15 Mo~y F v Z#fEic L %
MEZRT (Fig 2). 30°I2BWT, REHIMZ 5
APy F U I EiTo 7208, TOEMEIE33 £
09° (¥ +jEueieE) Lo/, 2, BT
MEEDS30° DYt FiE BIET O A EE A 3.3°4 g 7 1)
ZHbHEEZETOT L= MiEDR—HLTWw5S &
EL72enw) e ThbhH ZHZEiF, avhu—
WOIRBETD 33 FEDRENDH H Z L 2 HRT



B A
15 ® External rotaion muscle vibration
} O Internal rotation muscle vibration
A No vibration
10 { Angle effect < 0.001
—~ Vibration effect < 0.001
T: } Angle x Vibration < 0.001
o
£ 5 {
o [
£ 0 1 I i
RN LARN e
= b { .
-5 % %
-10-
0 30 60 90 120 150
Dummy arm position (°)
Fig. 2 Pooled data for the group (z =16). A two-way

ANOVA revealed a significant interaction
between the angle effect and the vibration
effect (P<0.001). The angle effect and the
vibration effect were also significant (P <
0.001). Tukey multiple-comparison post hoc
tests showed significant differences (* P < 0.05,
**P< 001, ***P<0.001). Values are means *
standard error of the mean.

L. FABRICHEBRTAEN 3000 L &, JLHERICIRE)
HE G5 25 L, MEIKELSRD, 129 £ 14°
otz TN, AEBEEOMED 129 AV e
M (42 429°) I2HBI2b2hb 5T, HEEIE
—HLTWVWBER L2 LR D,. —J, WIERIC
WEIHI 2 5 2 2 A 041340 £ 11°TH D
IWEPRIB A 52 2WE (v ho—)v) @33 %
09° L IZIZFBDEAETH 72, — T, BETFODH
L7L—FOMENI0°ZH 5 L X%, W
2w EORE (=17 £ 09°) &AM EEm~
DOIRBFN I E G- 2 726 0% (=01 = 09°) 12
ZEAEEN -T2 LA L, WHEGIZIRBYHITL
BHZIEAEDOMAEI-59 1228450, HEH
HiOMEEN S NIEHIANCH B2 b0 0b b, B
BEE—HLTVB EEL .
INSDOTF—F % ZITELE ST CRRAT L7z &
A, ERETHLEBEFAENE (P <0001)
B X OIREH TR (P < 0001), WEDORHEAEH
(P<0001), WFNDBHETH o7z, HETFMEE
BREL B AHIZON, BEIIMVE R (75 A1)
POWEER N (A4 F 2 MH) Zb L7z R
wHVBERI NG 2 T2 L BRI NG- 2 7oA & e
% &, ARG 2 72856 O J AR AV NS
KREwo7z, HREBELHEAR»S, IR EZ 5 2
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WA OWER, BRFAEIKESA-oTHE
(LD N EHTRIBENS.
ZINZENOBETAEIIBNT, HEE — ol
SN CIRIT L7z, 3 RTOBBRTAEICBWT,
MEICHEBE BB AEZRD (§XTP<0001).
el T2 —F—OLHEIBMEIT X HHMILKT
&, BEBTMEN30°L 600D & &, MG~
i (@) 13, WEm~oREHE (O) BX»
IRENFILA 2 W (A) IR LT, AhhEh T~
DEBGMERRESE (TTP<0001). L
ML, 30°& 60°Tlx, WhEm~OIREFIFE (O) &
IREPRIB DS 2 W56 (A) DFREICH B R 2% RO
o7z 90° 120°CTlE, WENOBERIC b4
BhEERD —J, 150°TIE, fMofiET A
FELIXRR Y, HEEH~ORBRI (@) & IRE)H
WA (A) OBREICEELREZRORPo
7. LaL, Zd15002BWT, WHEM~OIRE)H]
B (O) LAVERm~OIRBHIE (@) O (P<001),
WHER~OIRBFITL (O) & IRBIF AR W IH
(A) O (P<005), ThEFhIChEAEZRDT.

£ %

AHFZETIE, TR B QS IER ~IRB 2 5 2 %
L, TIADOBELRLEL. 2%, HIOE M
TabbLHASORONEPHEE T HEEETLD b
ST NCALIE S 212 b 6, BT HD
DREA—FHLTVHEELTLT). Bw#frs
&, RO EFH~RBR#HE 525 &, B0
BEASEREOME L D bANFELMICH 2 EEL L L
VT ETHAH. —J5, JH B O N BER;~IRE R %
Hz%E, 60°, 90°, 120°, 150°Tix, <A FADik
AL, TNEHDOBONVESHE L 58
BT L0 QNS MET S22 b56T, B
BFLHTOBA—HL TR EELETLEY). D
$0, FESONEH~RERIHZ G2 5L, BT
DA FERDOLE X ) bIMELICH B LEL L &
W) ZETHDH. JHBEONTER~IRERIE 2 52
TDI°DTyF 7 TH, HHEf~IREHH % 5
272 (129 £ 14°) [Zl~xiid, WEEf~IRE)
iz G 2 7286 (40 £ 1.1°) 1%, <A F AT
o, INHLORKRETLDDLE, JEREEAED~
OIREYAIHILIRE B AR L 0 S NBESICH % &
WO WE R 2 AT S, JH BEINES A~ Ok
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BfIILE B A ERE X D A ICH D L)
MERERE 2L SEL. ZoREIE, aliEmRE
AE BE O BRI HF G T EREEING,

PREY I & H 7oA E T TR T, A O MUK
MEDO< v F ¥ TN E {AfTbhTwb. =T
b, WSOz 3 R, MEZiES
I A IRE R N 2, A R R Ak
Nl ) 70 AV L = QR oY -1 £ RO -3 1 i
SN MRS 5 X ) iR AT I EB I Y,
L, IREIHEE 52 S Nz B T BE AN 72 A
LMBLAZERLLZEICES. %), IREHHIEK
IREYHAASZ T 72 s L2 &9 BRI L, Z
WIS 2 B OMESELELSEE. —F
R EEA A~ OIRBRIEIL, FBEEAYEMT 5 X D
R AGIERITY. AW CEBES O/ ET~
DIFEBRIE 2T 5 7275, T X o TR D%k
LRI AN =1 R Al = 3 s 25 = (IS B o (B 8
X oT, BHEEHOIEHIMESNZEE, $T4hb
HIF B ONEE S ANOML Bl L e E2 D
N5, 20720, BHESOMNE, Tabbisds
i DAL AT O E X ) B AR SALE S S
WZH20b 5T, WEEHHANOMESEEI»MD S Z
ET, BB —F LKL, T A0EENE
L7zt #z2 605, [FARCEBEESONIEH~OIRE)
I X > T, HESHOWIEGLH b MESh
7l RE, b B IEBEOE T TN O E
SEENE U2 ERZOND. D720, BWOED
BT OME XD b NHERTICALE T 5120 »hb
59, AEHIANOMESEEAMD S 2 LT, B
FIE—H L ERE, YA FRAOBRENELEE
ZAoh5.

30012 B WTC, WHEH~OIRBHEZ 5 2728 &
DAL IRBFZ 5 2 2 WA TOREIITE A
FRILTh o7z, TDZ EIE, 300128V THHER
ANORFFILIZIT LA L EE L 2VWEEZONS.
o> F EEI R, 30° T O WNHER 3 D itb A 75 IKHE
(slack ZIREE) TH Y, MdiskD SOUCHED R B KW
RETH LY., 20720, RO KIGAH
<, WEPRIBIC X A ESERSE Lo/ b B X
5Nb. —J, 150°TONGEM 13 b B9k L 724K
(tense Z2IR[E) TH VY, HHisED KISV K D B
WIRRETH 5. 2070, IRBHIELA O KIS A
{, KREBMESREZELSELEELOND.
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DO i, HEMICHE Z 5. 30°TOHER I
tense Z2RRETH V), 150°Tid slack ZIRETH 5.
AVEER A~ OIRBYF I CTH U A ESE R AT 30° TR &

<, 150° Tl & A LR O NLd o 7ok HRIE, S e
3 tense 72 AREE 2 D 2> slack RARFE R DTN
LEEZOLND.

AR TIEE{E <y F Y ITORIICE—T VT4 ¥ 3
VT ERERLE. v F U FRBRTHAAELTD &
X, TONADIEFELRFHGZAT S 720121%, WhikhisE
OReHEEZa Y Pa—= L L TBL I EBLEE SR
B SRR & AR L v MR BIETH B
25, L O THHE S Twa B2, KiffgeT
&, REREA R WIEA ISR E 2 KT S ¢ 5
VT4 v ar T EiTolz 2, IREHECR
MitG B 2 mo A ADT Y ba—vE LCHEYT
HHEEZNLTHA.

AHWFFETIE,  [EIhE R AE L5505 5 2 il 3~ % =B
WEG 25, WFETMICBTSIE B OB K
BEPELAZ LWL E R, WEHEEDE M
O EKEICHEG T 5 EARB I 5%
JEEASC T 22 D JE 3 T OB RS O 2 B 5 2
LTV FPETHS.

#EE AMRIIHEAIR T AR — v BRI X %
B EZ 3725 0TH%.
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Abstract —— Signals coming from muscle spindles located in limb muscles are used to determine the
perceived limb position. We examined whether the sense of shoulder rotation position is altered by in-
creases in muscle spindle signals in the external rotation muscles and internal rotation muscles of the
shoulder in healthy, young male subjects (z = 16). To increase muscle spindle discharge, we applied 70-
80 Hz muscle vibration to those muscles in the right arm. Subjects were asked to match the position of
their unseen right arm to that of a visible dummy arm while either the external rotation muscles or the
internal rotation muscles were vibrated. Position sense illusions in the vibrated shoulder in this matching
task were compared between conditions in which the muscles were vibrated or not vibrated. The felt
position of the right shoulder was influenced by vibration of the external rotation muscles and the inter-
nal rotation muscles. When the external rotation muscles were vibrated, subjects felt their right shoul-
der to be more internally rotated than it was. Conversely, when the internal rotation muscles were vi-
brated, they felt their right shoulder to be more externally rotated than it was. In addition, the illusory
sensation of the shoulder internal rotation caused by vibration of the external rotation muscles was more
obvious when the shoulder was positioned in a more internally rotated position. However, the illusory
sensation of the shoulder external rotation caused by vibration of the internal rotation muscles was more
obvious when the shoulder was positioned in a less internally rotated position. To conclude, the present
study shows that signals coming from muscle spindles located in shoulder rotation muscles contribute to
the sense of shoulder position.

Key words: position sense, position sense illusion, shoulder, rotation muscles, rotator cuff
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