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Characteristic of Illusory Hyperextension Kinesthesia by Vibrating Tendon and

by Moving Upper Arm

Tatsuya Tomota*!, Shigeru Wesugi*2 and Yoshiyuki Miwa™2

Abstract - To develop an interaction system to create new motor sensation that is not limited to
range of joint motion, authors focused attention on illusory kinesthesia created by tendon
vibration. Therefore, authors developed an experimental system which created illusory
hyperextension kinesthesia of an upper arm by vibrating the biceps brachii muscle, and by
moving the upper arm toward extending direction with variable speed and from / to a target
position. Experiment results indicated that an initial position of a vibrated arm, number of times
to move the arm, and moving velocity of the arm had an influence on enhancing illusory

hyperextension kinesthesia.
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Fig.1 Illusory kinesthesia by tendon vibration

(a) Extension illusion, (b)Pinocchio illusion
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range of joint motion
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Fig.5 Diagram of illusory hyperextension kinesthesia

experimental system
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Fig.6 Result of only vibratory stimulation condition
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(a) Experiment on initial position of a vibrated arm,
(b) Experiment on the number of times to move a vibrated arm,
(c) Experiment on moving velocity of a vibrated arm

EBIZBO T, IREHIEE 52 TO DR 7D
DT, INFOBEEE (5[deg/s]), KM B B &
(40[deg]) & —EE LTz, oD EBRLFEMEIC, EBRPIX
BN TWVA LT TWALE EIOMEIC—K T 55512,
EERE RBEBEOL =% A FCRERSE 5 I
L, A H— VB IESHEAEFT 3 |l TL-.

B, B 1(NR T/ N FEE) T B a2 O
TiE, ERBIAEEHITIRERG AT 5L, 5 FPRHIFRE
L7-#%12, BEhEE 1[deg/s] (321 DSAMES), 2[deg/s]
(F1DOSEMT), S[deg/s] (R 1DSMES) T EfinE-
FTAKEIARDETHBENSE . ERPITEKC LT/
OB T DI, EERE FBREEOL
N—% P CEEESE LI RL, A ¥ — L%
IXSAT 3 [ElEfTL 7. IREI A 5 2 T DHIRERTAS
ST LR DOT, INFOBEIEE 40[deg] T E
LT,

PLEDEBRSGM (1 OFM: 2—8) &, EERTE
BHHEEOL N—Z[AHRSE LR — = 7 DO E KA I



RKEB-E#-=8:  LHA~ORIRBRIBMBER LS BMHRETORE

12, FAIRREEIZIB W T BN EZALICHES, EE)
ERRBIBEHEDOL N —D LA TRE T D 1 &%
Mz T 8 SRz W TEREIT-T-.

KR OFEBRIE T %I, R T HEEEET O
% 5 BBECEHME 57—, EESERICEE TS
H %R, IOITITm i REOEEERE DA A— %A
FTANTHIK IR RL, & EBRGAT O I3 B 72
KEE 52T,

22 REREER
22.1 FAERIKEEICH 1T 5 EBIIEDRIR
G 1 OFEBREATV, BEIHO/NFO [ LB
R B O A O I KR ZED ¥ LAE (R 5% 5
BLIZEZA, K—2.0%7.5[deg] Tdho7z-.
222 THOMEAGE BT S EBRER
RO E ICRE D 3 SREO FEERFE R A F LD
%, RSB T R BB AKTEIRBRIC R BN L TR
0, ZOLEO/NFLEBE A RBIBEO A LS, 372
b, BED LEIXT—7 L B2 TE-TCITHEL
2EFIZH Db 5T, ZO LKL TV o)
LU Co, HERTE KRB CRLIZAEOREZT
BLB RIS DA A& R HCHER LT, 7eds, 3
FHEOZNLORERLE, SERBEAEL TORWERE
L7l ONFLIEB) R R B O A B 7578 0[deg]) &
DT t BERFITRIT AT HY TH 72 (0[deg]

(4(7)=9.71), 20[deg] (t(7)=6.63), 40[sec] (t(7)=6.11),

WPNS A EKUE 1[%] THEENZLNT).

INHO/NFLEE R REAE DA 222 F0
TR E AR 2 ORE R A B 8(a)ll, SEE DRI
B 9~% B A DR T T AR HER 224X 8(b)IC
R

8(a)DFA FEFEITI T, FIMIALEDS 20 [deg] DS
PRI, 0[deg) DSAEITHIL T 5[%]| DA BEAKYETHEZE
NABIT ((7)=2.59, p<0.05). F7=, [X 8(b)D L@
EORERNGY, WIHINLE DS 20[deg] DEH1E 0[deg] D
FHIZKLT % OAEBEKETHEEZDNALIL
(t(7)=7.51, p<0.01), E£7=, 40[deg]D5ME1Z 0[deg] DS
IR LT 1[%OABKETHEENALNT
(t(7)=4.24, p<0.01) .
223 OB EEEICET 2 EBER

FREOBEEIELICEE TS 3 KO EBREERE T
%, RFEBRE THRICB O TY, EBEidACEIRRE IR B
LTEY, ZOLEITRE W= Elio@Ehxl L CoER)
ERFZBE CRLIEAEO RIS THHBMESER
D%, /INFLETER T RBIERE DA EAELL T
SAERICHER LTz, 728, 3 /EDZNLORERLE, 8
ENEAEL TN EIRELE N FLERN R T R
BIMRE DA EZEDS O[deg]) SO TD t BERERITIR

\RTHEY TH-7= (1 7 (1(7)=5.19), 2 [B] (4(7)=7.72),

& WHRFEA B WHRHEB A RBREC @ WRED
O WHFE O WHEF A WHHEG O #WhEH

@ 80 [ * * 1p<0.05 >k 3k :p<0.01
- I ]
T |
woeo | :
& 50 | | |
#SE 40 I I
£ 30 | R :
B2 E 1 fren e
W 10 | H% ! Y
Hr I
0 20 40
HGIE [deg]
[ sk %k
(b) 5 * % '
-YU4
gl
S 3
5
ﬁﬁ‘Z
1
0 20 40

FEAGLE [deg]
X8 LEED#MILEICEY HRBMER (TIELRERE)
(@) NFERBEBOAEE, DEREDRS
Fig.8 Result of a condition on an initial position of a vibrated arm
(a) Difference between splint angle and rotating lever angle,

(b) Subjective intensity of the illusion
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Table 2 Coefficient of correlation between illusory

hyperextension angle and subjective intensity of the illusion
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and subjective intensity of the illusion

- EowALE (BB E) (CBL i, BEILe
FAEEHEL T, BB T2 7 ANl i RS R D h B
MELLOD, BEIENIDKEVIFIEA B ITEEN
HELHDITTIEAR DT,

« EREE @I R BIL T, 1 BIOADRMAL T
L CRIER AN 7 8 R S5 DO Zh s R 5%
DD, ZDOEENPIEMTHIEEFRICEENELD
DT T 2D oT.

£3 AAVDFEED

Table 3 Summary of comments

BiEgmh s EH (EH2)

"FEIHSA TS SOITRLL.

B\ B 0 TUNSE LR HLT-.

BN DLTOBUTLSEZ DT 5.

WD ZEEE L, BT SEE D2EFED
BELELE \
B FITISEATUOKRELA T 5.

BIAT AT, BETVKEENT S

BEEMN g RH (K3 ~8)

BEFASREDEFESH, BNETRERLS.
BiH Bl TIXH 4540\ TR E TS 27 K31 T-.

SESAENESH, BEAEL. (FHT8)

BRI ENKENEIN, BEAEOTLY. (F#5,6)
‘MOEERE, HEDEE BRI ST S.

'\(<(=m;g;: :—::;/_i‘z? ‘
Tt

BERE A PERFE B
%%ﬁ\\s [ e ek egas - - 7
;LQJ? www Wt 55
////3 \%‘W’S.\—
2
PR C HERF D

M12 BOBHERBEDAA—DASZE
Fig.12 Illustrations of illusory hyperextension kinesthesia of

a vibrated arm

s FA @S EICELTE, SRoLtoh T
BHIBVEEED A, BOEEOSELE, @
PR DR NEEICHREST.

PLEORRARSEZ DE, FRIIZK 2 TRLIZED
RTAT T RFERTD LT, thBESho /NS nl B
P> D 2 W EN I L > Thi R R 2D 52
ERATRETHAZEMD, VAT LD/ NS LA D AT &
DI CTED. 20 LT, WMOEEDEIRENS T 71
W XD IR B 7 5~ D2 R, R B &
B G ~OUAHT 08 fih i i, SOICITRENE & O
IRIEEOFIEEL TREL T 5L T, B ~ DR B H]
O AFHCER A ATREZR RIS C& b LB bnb.

— 5, AEIOERTIXHRET IBEISEHD A
OB EETICE B L2720, |G micBiises
Ptr, SOV it o 5 I OEESE R A A TS
LG OV TH S EEMELITOLENHD.

e WG B ORI IEICOWTE KL, 84
HOBFEMEIZONWTELE TS,

O EENSE R AL N— OB BN &L L CEBT AN
EIZBWTE, AEBRTIIOLFREE DI R IT5iH



BERN—FvILITITAER

RS DOMLICEB LD, ZOHFEOBRELLT,
F OB AL OGN AT RERZEDRHIT BND. £
DIGE, Lotz Eandhx L, I —EHIE5HL)

WL N —Z AT BB W TR AL B ETTLED.

ARFEBRTIL, 5[deg/s]aitk DMENEBN CTHILIZIZEA
ERFHIAL INAELHZ L7, IBIEFRE TH D L& Fhl
DA 72 FERNSHIWT L7223, RERITSER A AL T
WA EITIT LD O CTENONTWVA R AL T
WA HBEMEL D, AREBRTIL, hENEREZIT-> VR
VVIREE T EEE T O A LA T L TWoH720, K
AL DEBITIEL A ETRNEE Z DAL, B RS
DEFEIE A F 7 AZOWTHETHINE, Z2HLT-B
TEMEIZ DN TH A BIRFIL TRILER DD,

BT, IAREATANT L DRI O 7
FZ, HROBIFEMEIZONWTEZRT 5. £ 2 OERE
axMZEBE, TR -> T L, TN T
oy, TEATIZIEA TV L, TR T, BTV
<., Iz kihiis. .., THIRASRW R E Tl
Sz RELRIRENT=IDNIT, R R OB G %,
EROOT 5LV AT, BN S ROEhX
ELTHRESNDRFEN AL, Fe, K 12 DAT AL
IZ8DE, AT ICRBSITORNEE DR
TELT, BlxX, MEEE PO #2350 T
TR HIBEERZ DL DA 23720, I REE AT 2MB O
HENTEA THIBE S ATICBEN L 720§ 5K B A
ST &5, F .. 2 [xa—r . Kigw. .|
LWV IO, HEE R BRIERE A IEIREL CEINT 5L
T, W RS ICB S EBM R ERERBLLOET
HRAL AL,

YL EDINNT, REBRTITo7- @M BT DR B
EIZBWT, R L, HAHWITE IR 328
GaRBLT-FEAH-T2b 00, FEBLER R MR
DOIRIED, FSIZENDAH O HETRETWDHEN)
REEOREIZOWTIEMLTLLRBAIN TR
7.

THUT=SE R OB IEVENT, BB AN (R ST A K
BLTWDExIE, TR Tx— TFz2— +F
2=, TO%h—], (b, T2 — 1D, WO SZE
ERAA DL CWEBRICER T 5B 2005, Bb
FTRLCLE) LRROBXOSHE L, HECITEIVZ
7T, HOTHIEEA L FRL QW o SR 20 F
FRILIZBDTHY, HrE BT T OBLFNED
NS ERLTWVDHEE ZDILD. SHITIE, ZOXH74k
RED XTI, DRSO RITRE AN LB W
TELWEBNRAELTCWDEL TSN, TOLIRE
oo, SR OBLEMEORREZ M CX 5 rTRErEN
borLEbins.

ZFD—JT, & 3 OO ERLT L, BVTODIK
O 2 DK AR VDA RIR T EIIL,

3G Vol.14,No.3, 2009

W EEWVIFE S IR I3, O E IXE)
NI —TEIRRETHDHEVI R &, — T _ERpiidfif
JRUBHT TODINTE T D E, (& SIEB) O A3
SEEL CLEI RSN EL DI LGS Nz, D2 e
1%, X 1L(C)DBFRIC LN, EBIOALE D
B I7NHINNC 7272 O IOEBNSE R L L T O mEIL5S
U0, BEDEREZOLDITAT TN ETd L
—ZENUFT T2 EOBIRMNAEL, ZOREREL THl
FHOMBNMEL 2o TR T 5B 2005,

T7eob, FEHFHIZREMR RO, FiRDFTH)
WA AT R IZR> TAIH L, Oz
A TCLEIEHA S @M R DIET LD I, o
JEFESC, EBAEEL TR TLEILIRBIGTHD
LB Z LS.

4 BhHYIc

AHFFETIE, SERBLREIE T 2B R I
ORIV R A RBR ST DI ENTEARREICERL,
WP 72 IR OB ZIZHIFI ST, FLWIERIORR
RN 28R OBRICERHTsZ Lz Liz. 22T,
R BRI LD IR BN . L thEEE A L A S D
ZET, bR REE O AT S HZ LA ATRE R
FEER AT LEFEL, BBt R R 2D 55
Az OWTCHREZITo72. EELZ Bz E3 o
WIMINLE, BB, A X DR AT -7
AR, Ehizth BB TN E S RE DT,
B Znwal, 2L CiBhEB O E R BN L
WCBW R R 2D DL RENT. A%,
i - JE Ol F A B FEICEERE R A A ST HH,
ITICH AT 301, BT OB E AR BT
B DFIEIZ DN THERT 5.

HEE

AWFFED—ERIL, 2006 FFEF I E B4 GR
EEE 18700127) (Z&~>TiThir-.

SE Xk

[1] Kitaoka,A., Ashida,H.: A variant of the anomalous
motion illusion based upon contrast and visual latency;
Perception,Vol.36 (7) ,pp.1019-1035 (2007)

[2] VS.Z9~F x> FI7v :  MoFToOWME ; A)IEE
(1999)

[3] Georgeson,M.: Visual aftereffect: cortical neurons
change their tune; Curr.Biology, Vol.14, pp. 751-753
(2004)

[4] Morikawa, H., Kawai, T., Kubota, H., Nagashima, H.: A
study on the illusion caused by stereoscopic 3-D images
and tactile stimulus; Proceedings of Japan Ergonomics
Society, pp.80-81 (2002)



(6]

[10]

[11]

[12]

[13]

RA- L =& LR~OREBRBMEES LI BERETORYE

Dsselsteijn,W.A., de Kort, Y. A. W., Haans, A.: Is this my
hand 1 see before me? The Rubber Hand Illusion in
Reality, Virtual Reality, and Mixed Reality; Proceedings
of PRESENCE, pp.41-47 (2005)

PEBE R, RIS, WRAmE, ZiERms - 5T e
Y 2 RBUER 2 I L BEER R HWA
HAELEE TR, Vol. 49, No. 10, pp. 3542-3545 (2008)
AN, RIEZ, A, EEEER - LEGEB)NC IS T
53 27— VYIS ORE ; % 26 MIAAR
Ay NFERTFNHEE SRR 5, 313-04 (2008)
WARES, SemBESR oA T 4 7 & AR
RIGHKY e b 2 —~ UIFFHT (2006)
Goodwin,GM., Mccloskey,D.I., Matthews,P.B.C.: The
contribution of muscle afferents to kinesthesia shown by
vibration induced illusions of movement and by the
effects of paralyzing joint afferents; Brain, Vol.95,
Issue.4, pp.705-748 (1972)

Burke,D., Lofstedt,L., Wallin,G:: The responses of
human muscle spindle endings to vibration of non-
contracting muscles; J Physiol (Lond), Vol.261,
pp.673-693 (1976)

Naito,E: Sensing Limb Movements in the Motor Cortex :
How Humans Sense Limb Movement; The
Neuroscientist, Vol.10, pp.73-82 (2004)

Lackner, J.R.: Some proprioceptive influences on the
perceptual representation of body shape and orientation;
Brain 111, pp.281-297 (1988)

Naito,E, Ehrsson,H.H, Geyer,S, Zilles,K, Roland,P.E.:
Illusory Arm Movements Activate Cortical Motor Areas :
A Position Emission Tomography Study; The Journal of
Neuroscience, pp.6134-6144 (1999)

Cordo, P.J., Gurfinkel, V.S., Brumagne, S., Flores-Vieira,
C.: Effect of slow, small movement on the vibration-
envoked kinesthetic illusion; Brain
Research, Vol.167, pp.324- 334 (2005)

(2009 £ 1 A 10 B%=f1)

Experimental

RKH Et

§

¥ %

=& ez

E=g vy

AR 19 4 LA B R 22 B TSl 122
. R, RIRZEANGEHE TR ERR &
Beb o LR e LR Y. BIEIC=E
%. BENETE OWFFEICIEF.

(E=8)

SRR 11 AR RFG R BEEE TR
BHELRREE T, KABARAR (), &RT
ERFHOMIEAT, FAREE KRR L)
FERT, FARFEMERLFEA VAT 4
T o— hBOF, GEEM. PR 19 4 XV RRE:
BIEER T A TR B Talan. 7
A 20 AE LY AR, ML (T%). A
AUEFTx—RA, JFOala=r—3a
Ve T U )Yl EOMRICHESR. THR
VUE e N e
X7 x— A4 [EEE, ACM 72 EDEH.

Ea—<2rA

AT 51 4R B R R e T2 irge
MEIRET. FRTEIF, M, B
ZHRRC, BEAFN 61 AR [A) KB T AR i 1.
BHEER, Rk 19F LD, FAKFAIEE TS
ERR AR LR R, BEICED. T
L. Ho TR, Al AT A, HEY
DA a=kr—ay, REOERICHESE
AAHER S Y - u—, ETERBE?PSR,
ta—~vu A&7 x=—A%% IEEE,
ACM 72 Y DB



