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ik e AR—= BB CHEHIEOEMAMEX FET 572012, HEFRIEELEHE2H->Twh,
ZIITH LT DR S - K& S LRI OA & Bt 2 A ICHERRE 9712, A XEITELZ ZAT L TV 5,
DURE O E BAARIEAG, BAES, FE 25 OROGEIBEIEHR & EBR S OO T ¥ — L OBE I IERATHHL T
BB SN THESINS (B LT Gandevia, 1996) . HAED K & & R UL DA & B4R (S THTEME A5 % i &
LT &h, Head and Holmes (1911—1912) 1% - TH/K; (body schema) X IHEhzz, —F, &1k
MR E#HL SN D2 KA 2 — (body image) LFrL T\ 5,

FHMFH OB 2 IRBFEIE FE OB OES)§EE % £ U 5 (Goodwin et al., 1972), ik, FREyH
WX > T OFFGEATHE L, M2sMELZ2E ) ICHEEL, FEPEM LX) 2E8E2 40 %, [
ez, LB HEMOBRZIREI S5 L, BoE L7z X ) BB E A RET 5, JO, TPTHSOR TN
TWaE, HOMBIZES> THO ORIV 2O X)) 2 (K 4 48) # &5+ % (Lackner, 1988),
ZOEHE, GEAA=VEAELRDLDOTER L, LABREHFROANN R TH, HAMRERIZL > T
BB SNb, 2F 0, BEA A - VIZEEHERE W —OBRTIR AL, BRIERERZUHE IO
THY, BEREOEBHIEICETIOL)ICHICHEHTINDE LS L,

L7235 T, BfkA A=V Oul BT 287058127 EH 34 &, Gross and Melzack (1978) DHF5E %
D, S IEEAETL N TEEMNZ A LEERICR Y, SR EERNICES 72, ZORE, O EFEBIZIEH
LTV ABREASH 7 EIHE D KRR ORI E > TR 2 L3 L. 72, Biphids 2 Ee CuElr L <XJ
BalED L, BHREIERD L OMBE L R b & 2HIZKKZEL, ZOLEAEKE B & L7z (M-
zack and Bromage, 1973). XJBId—fkAIEIBRY A& & B8 ETRM L, DB CINGT O L8 L 722588%
ErtwbhbinTwa (Ramachandran and Hirstein, 1998), L7 L, ZIEOLEBOMENIIZEENZ D OD
ATHY (BFe LT Giummarra et a., 2007), +o%E8LA % S Twin,

—77, BRI IR BERAE, VA R, NIRRT I EE N A, Z LT, JRPTRRIESE X
BN/ NS REARAE 2 BT L, RBRICKBEABRMEL B S5, 2 LTEBEICE > TIkT 2 &, 5
KA RERAEDIRE L, R L ERASFRCE L2 < R, S 5ICEDTE T o THO C/NMEEERITGHE A 25
ka5 (FHFbEL LT Kedd, 1975), 512, BAMMORE SOMBEIREICHS L, MEAEOMEIEN
EETIOZELED S B HEAAREDEBR LTS EvwbhTwas?)s (Caford and Tweedale, 1991 ; Pagueron
et al., 2003), MEFORMATSFHEIN TN 5,

L7225oC, #7HICE 2 LEORBMEICTIRE TFEOBBAEOMENIED L HITELL, LOEXRMMREL
ZOZALICE G- LT b 2% it Lo RIIZEIEFORMEAEOMEN T 7EL IR % B QLSBT L TE
b5 ExAH L, BIENMAE O MR KRR BHAEDORBIGIS LTI 5 2 L it § 5, 20, MUK
DR AR OEHRIE HEHOBEICHW S5, ZORILEEFIHO 720 ICKEL£ %4 LEH SN TVWDL I L%
BHERIZEER T %0 S 512, AUIEOREUIBE ) < FOREE TV 2 HV, T L FEOEEIAEDMELE
b ERILTAHZETH D,
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2) FHez

Fig.1 Experimental setup. Subjects were comfortable seated with hand held in a manipulandum
that rotated in the flexion—-extension plane about the wrist. During the main part of the study,
the right forearm, hand and apparatus were covered so that they could not be seen by the
subject. A wide cuff was positioned on the upper arm and connected to a regulated pressure
source so that the cuffs could be simultaneously inflated to 300 mmHg in less than1s.

FBR 1 CIREBFIAATI00MH & EFRF O TR EFEMHE I CMEEEm s CEESh (K1), JEll
7 & ARIEAL D FEBRIZH £ O HIAT o 720 FEBr, #E#H O LRI 7 7 (300mmHg) % iz, Hofii s
FREP L 5D ETEEMR T (K405 H) o O TTHBEOL T OEENITEE L7z, #EE PR OIRE
T, KO H—¥IZ X A2, von Frey test (North Coast Medical, Inc., Morgan Hill, CA : USA) 2 &
LA OMMET X bR, FE, BT, IBOMAIC L 2MEMEIRIEEHIZBVWT3 - 55DHT
b7z, 2O, Fos, FEOEMLE, HOEMEBICERE 1em LT O Z R — V> T 72, filtid
BATIIINSD 3EiTE 7 > & LI il T, EZITn/zh 2 W ICIIBE TE R 72, von Frey test b
3fEfixFAarEovon Frey 745 XY N TT U F AN, HMHETEL2E) PEHRBEICOETEZ S
iz, WHMACTIBREP R CHRBEOTFE LR 2EHI L 7 ¥ ¥ LIXHA, W o7& e B 2 IE
TEZSETz,

RIZ, WERFERIAOT LB 2 A CTRE N EHIRL, BHEHIE  FORRETVEHWTLRDOIR LT
HOMEAEOMELE EFTHELL COEFLVOREBEAED DI HHEME 2, FEOTHIEIIH
HIIATGTH o7z, LI2BoT, ETVOFHICHEDKRA V¥ =2 W), HEBEEIZORS 5 —%H
WTTFEOHEDHMBELL R L2, 2D, 7Y% V751 T (Kodak 10X optical zoom, Easy share DX 6490,
Tokyo, Japan) 12X > TFDOEFNVOEEME E 1T 72,
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FEoOEBMREEZES 72012, Zimmer 4 (Dover, OH, USA) @ ikIfiLy A5 24 (ATS—750, # 7 11 #ipH
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# 71£300mmHg F THIE L7z S OIRIL Y A 7 2 G U OSVEFFAl 2 47 9 B DU O ik % — B 121k % 72
DIFEHTLLD0TH Y, EBRENOLRE SRERHR Y 712X > TH 7 IR L, T TORIEIEARIENER
D<A rza7aty ¥ —|12L > THBHI#H S TWnA,

RS PIP, thTREIRIET MP, "B, TH) fHoh, BEEAEZIEZY 7 b7 =7 Gimp (GNU Image Ma
nipulation Program, freeware) %MW TEHAIL 720 £ 7NV OIRIZ TR THEMRE SN72A%, B OWE I
RIEDATIT > 720 BIZIE, EF)V EO DIP ORI IZRIGDIEHES, DIP, PIP D 3 S5 7% 5L Ak
L7z FEOAE TR P FEFROMBEIEMEL L, gig3Edofm, sif3EOmmE 2% L,
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7 7RI Ol SRR T 5 £ TIR HN72A, FOME L IHEIEET 2RI 10X > TRz
0, 2850 H 5435255 Lize L72h > T, 77— % 13405 5 54 AL L T L 72,

R8I B O AR ZAL ORI 00T E 4 (BIET) X RER#EE, AR OMHROSHE 3 (FRERAL) X RE#EE,
FRHOWROGIIE 2 (BRI X BB O “EROGHGIT &2 v/, E512, 2 (E, BE) X 2
(B, K X BRSO =R SEGHT 21T 0720 FRIED D o 72FI121E Tukey D HSD OffEll & - C, %
EIEB AT - 720

Im. # =X

0 13 min 39 min

Fig.2 Changes in perceived joint angles using the wooden hand under the extension condition. A
participant showed the perceived line of the knuckle of the index and the metacarpal base by
moving pointer (thick straight lines) mounted in the wrist. Numbers showed passing times after
the inflation of the culff.

3R SR BT B XL BIET A BE D AR ZEAL O FIME & ARHER 2T b % o ST OFE R, BIE (p<0.001)
LEERIFGE (p<0.001) ICEMREI AL NIz, LEILEMEOME, FHHEHIIMOME LY b K& LM
T ENTZe 4 DOBIETAREOMELACIZ 8 & b > THEA 2 SRl ~Zb L7: (K23 H) . $1g,
A S 72 DIP, PIP, MP 37 7 %1057 7 52545 £ TRHIIHA L7z,

41 3TE S BT 2 KB D BAET 3 L D AR ZAL DO FIME L FERAE TS % o AT OFER, B (p<0.001)
EHpHREE (p<0.001) IZERRDVA LN, ZEILBIEOK R, THMEIIMOREH L) RS HMEIC
MESNTe 4 DOBEAEEOMEALIZ R RRGE I > TR 2 S MR AL L7, 5512, M st
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Fig.3 Group data for the change in perceived joint angles of a phantom hand under the extension

condition.
Joint—Flexion—2v e Wrist
220 | —m—MP
r —&—PIP
200 --a--DIP
180 -
)
3
—~ 160 7
o
&
< 140
4
£
S 120 -
100 -
80 \ \ \ \

-10 0 10 20 30 40 20

Time (min)

Fig.4 Group data for the change in perceived joint angles of a phantom hand under the flexion
condition.
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Fig.5 Group data for the changing time in von Frey test and the time to abolition of sensation
elicited by touching by cotton under both the extension (A and C) and flexion (B and D) condi-
tions.
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Fig.6 Group data for the time to abolition of pain elicited by firm pinching of the skin under both
the extension and flexion conditions.
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DIP, PIP, MP 7 7410554 52545 F TN L 72,

B 5 3RSt (A) RSt (B) o von Frey test 125\ TEMEZEL DR U 72 B o0 X fili & e (R 72
Thb, MEEIICBIT BEHEOMIEIL Y 7 IIHER1S. 9%, THOFNXL7.9%, HoZFni319. 75122 L Lk
Wize Tz, BMGEMHIIBY A HHEOMMEIE 7 7 IMERLT. 85, FHEOZNIE20.74, O Ziid22. 4551224t
LIGD 720 AT ORGSR, HAREBALO RN A SN2 (p<0.05), ZEILEHEICL S L, BELLOALL
BRI & 0 RO R, ZOBMEIE D 7 INERZREA 2 5 EM A~ Fx £ I EH L7z,

512 F s (C) LHgt (D) 0B 2MEATNAT 2 Ol & EEREZ R L7z, i#
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717 MR A & AL~ L 72,
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Fig.7 Changes in perceived joint angles of a phantom hand for two participants.
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AT U7 AR 2 RF LT 72085 1S, 37X COWBRE 3 AH A1 IS IEF 2 L8O &2 ME L7z,
BT, RIS X » TFROERELE LK, FOLRBOMEIIHED LD 5 LI OLH~ERINZL L2,

L2 L%DS, FREFHOBEBAEDOMEIL S 7MEERNOLSEIME L TEIL LS, TOxXH =X 41
R DI E H 22 TEIRA OB 2 REHEE T E Rt oE#)sE% 2 4 0 % (Goodwin et al., 1972)
A%, Kito et a. (2006) 13 & OREFIZ 15512 & FEBOIHCMEST 200 X 9 2iRAREE Ll L7z,
C O, REFIIC & o TEIR SN -F#iiED S OBEREERIIIRE SN TRV, BEREIIRAR R LT
BrlL7:0 L2 T, MASRODHEEREERZ ZELZWVICHERDLLT, MEFPER L2 EI2hbE, E512, &
DFRATRD RN IIRB NI P W BRE HY & OFEEE IR\ G 2 FEER L 720 HRAF L, BRAFRI R O & 35E1T 3 2 3 B 5
EDORMT0—80% 12 7% > 720 BiBRHE DA FOIEHHESFE 3 & OMEEE ORI R R L TV AR, £—X
TEBYTF O F IR F R LR A I 2 CEBY I O B4 % BRI 2 &, JE HEB) S5 R ORI TR O
BUAEVE AP O ZF U AT IICEINT 50 2N LT, BADEE L TCOFEMEOKRET I, B
O FAEEVED AAFZF AT L, MM OB E - 72,

IR FRAEN R ERICOER LT, 7 7IEER QLSRN OB, T8 TH OBEMfEOME
ZEEALCZEIL L, B 7 EIERT ORI MBI Lz E 26N b, 2F Y, & 7ENEROE AL
BRI AE T DM HE L CROEEEEREMAN%: S, L2L, D 7EICE> TREEOMH»S BIEH2S b
PRNBEEAEERIZ D 726 SN WA, BAFRIR L L TFEMH A5 OEEREROK TAMEGICE L <, FEEMH
O ORERFEAFERAAS IS 50 ZTORE, JHOFHIIMPELL ) ISR INILEZLND,

—J7, S — RIS CIERE OLS A L), BENICEHC EvwbhTwi, LirL, 2EBOXRIE
TR AT RE e R L SBE) 2 E U A L IE SN T VB, Bl 21, SO Iz X0l & 5 T 5 HHl,
FARDPBEIE D ) AR g L8 % L 2 FFPME SN T D (JBFie LT Giummarra et d., 2007), L
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A L ARG 9 P21 AR BEALAT B N B AR AN IR B R T SE B i Bh & (BRARIF2E (C) 21500544) 12
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Acute perceptual distortion of the human body image produced by the pressure-cuff ischaemia of the upper arm

INUI Nobuyuki® and MASUMOTO Junya**

(key words: phantom limb, large myelinated diameter nerve, von Frey test)

The authors examined effects of the joint position before the ischaemia on alternation of the joint an-
gle of a phantom limb. We further investigated which nerve fiber contributes to the aternation. While we
first blocked participants upper arm with cuff-inflation, we assessed changes in the perceived joint angles
as well as in sensory test. In the second block of their upper arm, we further assessed changes in the
perceived joint angles when the position of the hand was changed immediately before the inflation. These
experiments showed that whereas the proximal and distal interphalangeal, metacarpophalangeal and wrist
joints of the phantom limb steeply changed from extended position to flexed position at the start of ex-
tended position from 10 to 25 min after the start of the inflation, the four joints changed to the opposite
direction at the start of flexed position. These findings revealed that perceived joint angles of a phantom
hand were changed by the position of the hand immediately before the inflation. On the other hand, while
threshold of von Frey test in the thumb was changed until mean 16 min after the start of the inflation,
the touch sensation in the thumb was abolished until mean 19 min. From the results of two experiments,
acute perceptual distortions of joint angle thus corresponded with paralysis of the large myelinated diameter
nerve,

*School of Arts and Health Education, Naruto University of Education
**Graduate School of Education, Naruto University of Education
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