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Development and clinical application of a quantitative evaluation method for
motor imagery ability of hemiplegic upper limb after stroke
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We developed the bimanual circle-line coordination task (BCT) as a
guantitative method to measure the motor imagery ability of the upper limb in stroke patients. The
results of clinical application of the BCT showed that motor imagery ability increased the frequency

of daily use of the paralytic side of the upper limb in stroke patients with moderate to mild upper
limb motor deficits and was directly related to the quality of movement during the use of the
paralytic side. The longitudinal case study suggested that as the sense of agency, which is
considered to be the basis of motor imagery ability, was recovered, the frequency of use of the
upper limb in daily life increased and the upper limb motor paralysis improved. On the other hand, a
cross-sectional study showed that the sense of agency on the non-paralyzed side decreased in some
stroke patients.



B X C—19, F—19—-1, Z2—19 (Gth)

1. WFZEBRAR S WD 5

(1) E#) A A — T8I, MR %O BEGEBIES 2 LTI SN, BATEIC L > TEDR)
RBBRES N, —EDEFHRILSMEIC 2> T D,

(2) HH)A A =T OFHMIZ OV TIE, ORI 2 E#IHIICHE X 5 The Kinesthetic and Visual
Imagery Questionnaire (KVIQ) 23S, UANE YT —v 3 VERICBW TR L AN D
nTnsd, LnL, EBEGMET D RREND, [MADNSAL T ANRET D AlREEN+05 %
bhd, WRIT, HEA A — V& ERIICHE 2 D FHIEOBRIE R RD B s,

2. WHEOBRM

(1) AT, HEBA A —VRE) O EREAIFHM & L Cili F i EERRE  (bimanual circle-line
coordination task: BCT) i )&725 FIREDNZMRGET 5, BARMIZIE, BCT T S AL 72 BRI B o
TEE)A A —URET) &GEEMERE /R & ONT B AETE T O RRERI_E o HBE & OBREZE S,

(2) HEEhA A —TVRES) O & 7 5 EE) ERE & GEENEE, 72 & QNSRRI oo AR D B
1% 2 REWT I D> OREWTHIICHE 2. B

3. WD L
(1) B 1 B Iizeh RS 314 & Lz, BCTIZIIZ 7Ly MRIPC 2L, ZO5E
1T unimanual-line (U-L) : FERREUHI O A CTEARZ 1 < §&0F, bimanual circle-line (B-CL) : FE#k
LA "C IR 2 1 & BRI C ) 2 15 < S&ftF,  imagery circle-line (I-CL) : FEBRELA] T ELHR 2 £ & ik
BAICHERHI <A A—T%IT9 354 (K1) TITW, £ 23y b, T ACHEML
oo fiNT-EREZTLEL, TOWME | AZ IO L, ZOELERET DD
ovalization index (OI = [X 7 — % OEHER2E/Y 7 — 2 OEHER2E] x100) 2% H L7,
TEEN PR O FFIZ 13 Fugl-Meyer Motor Assessment (FMA), H % 4E1E C O FHAEE 121X Motor
Activity Log (MAL) @ Amountof Use (AOU), EfEDEIZIE MAL @ Quality of Movemen (QOM)
Wz,

" A8 ¥ OWEE, U-L condition ; FEIRHLA 1T
WA i < U8, B-CL condition ; FERRIEM L%
AR & S DR LR & < B, 1-CL
condition ; JRRAE{ e CTLH &l % S HRAE L
ERECRI &< A A— V2T ) L Br {Rskire

(1) U-L condition (2) B-CL condition

o — Z D, f)so TEIE U-L ok, 131

B

200 800

700 70 CL o#ulr. I-CL @ ovalization index 7> U-L @

€00 600
3 £ N Ny .
& Ea ovalization index % J§fi L 72 6% Image OI (i)
g 300 g 300
S ) ~ A A—VHET) EER LI,

00 oo

kT \o CEE . B - e
Short (mm) Short (mm)

X1 BCTiEEOMEEE

(2) B 2 A RITMNAE T FREERE 104 & Lz, £
=X FICKFECERENTZZ =Ty NI U &I2ED
X9z, U7 Ly b ETKEERZSRITRKR DT
(M2), ZOB, R 7 41— K Xv 7L LTh—YL

MERINT, I—YNLOEIXIZ, ASDOUTILEA
LOENBMEN TV DA (B EESSMN) &,
FHNCFEER Lo EET N KB S N TV DA (s
EENR) ARE Lo, *8UE, A OEBEOE S :
g & ) — YV )VEE O RFZER) 72— BMEIC RSN T, —_———————
— VLS DS L AR D &5 5 A R LT Rl
DT % = L AR b,

2 BRI
4. WFERE
(1) FBR 1 : Ol fElE, UL 2% L C BCL BLWICL TH EZRBEMAZ7E® 7=, BCL & ICL DIC
FAEEENAOLNT, BCL 25\ I ICL @ OI fiin & UL @ OI fl % Jk% L 7= Image OI fEIZ35 1>
T#, BCL & ICL ORIICHEBZENRLNR -T2, @I, AT EREICBNTY, &
A A—VHENZALTWDZ ERHLMNI 5T,
FMA & AOU DfEZAWT Y T AKX =R LTEfER, 2 2DV T AR — (7 T AKX —1:10 4,



JTAR=2 21 4) T bBRE, ZDoh, 7T AX—2DHFMA £ AOU & 5\ QOM
WCABEZRMAENSG DN, 7T AX 20T =2 VTN O 2iTo72 25, N7 LD
%A Tl Image Ol & FMA OfHIZ
DL, NS OMICH BB R E T, Image O & AOU H 5\ & QOM DFIZH E 7 AHES,

Z LT, AOU %% QOM & FMA Df#IC

A
AOU
0.58** 0.81**
Image Ol > FMA
052* — 0.04
B
QoM
0.59** 0.81**
Image Ol > FMA
0.52* — 0.04

B3 BT ORGSR

**p<0.01,"p<0.05

BB HLZ2Y, AOU H 5\ % QOM Z i/ &+

BN HER S (3) D,

A 72 L o84 Tid Image O & FMA OBICHE
A AL O, AOU &5k QOM Z i X
5 L HERMENRL oz, —J5, AOU #ENET v
(A) TiE, Image OI & AOU DORICHEZRHHH,
AOU & FMA ORICH BB Z RO -, )7, QOM
7L (B) IZBWTH Image OI & QOM DRIZA
E72HIBE, QOM & FMA ORICHERIMBEZR DT,
AOU/QOM %4 L7- Image OI & FMA ORHEZIF
X, 72~ 7 v TEEKE (95%CD »HAEERIE
DRNRERTZ LRIz,

(2) KB 2 ¢ (R Rl S AR R B T, A EE 2 B OB ST L TLE SR
BfREE T2 2 LR anic, £z, BIRENZ L1, ZORRRITIERMEIIZ I T 2#EE) ©

bRRICBIE S,

8
7
16 *
=3
®'5 .
&, K
@ T
2 . [
% 2 o% oke
1 ’—l‘—‘ i
0 !

iz B

A

REENE

BCEMEH
fthE W R G

E BEEHEH
BB
* Casel

* Case2
* Cased

[ 6 . s * Cased
g5 i * CaseS
% 3 . * Cases
23 o T° . T * Case?
=, . iy 1 2 * Case8
e 3 ) = - * Case9

i . I * Casel0

o .

FREERR SFRRERE

B

WEE Sl AN AR EE T, fMEEBR ISRV TH BICHRIRE (MFEEB) O — ¥ v % B 53 OES) & )

LicZ EmEniz (A, F7s,

Z ORIRIBIIIEIRBLE T A RAT LT L XTI BEShT (B).
3 HENO B REICBIT DRSUG

(3) EBR 2 (2B LT RO hin Stk T — Z ORI A FTRETH - 72 2 4 DR B % 515
|2, BN AR & MRS % IR E RS 5 0 BRI S WD TREBTICIRGEE L7-, #F OfE R, JEBkEEN
T WRPE T H F CRRML 2 T & QU DM ZE R RS TR IR A R Ao T — T, T
EaAH LB CHERE A TE CORWINATBE TIX, BE%R 4 8 H ChEEEZ B0
HEE SR L CLE O RUREZRD T, FEBREN LI, ZoMREE, EEREESEE L
A& ATE CRRERY 2 I E R IS U L 7zRes ciE Lz Y,

(A1)

A
OTHER - N

IR

o sEF "o

SECOND FOURTH EIGHTH
Week

—e—AOU --QOM

(A2)

FMA-UE

MAL (AOU and QOM)
°3888883

°

SECOND FOURTH EIGHTH
Week

%] 4

RBR
canwbOOu®

°

MAL (AOU and QOM)
“ N e s

(81)

SECOND

—
SECOND

R L

FOURTH

Week

FOURTH

Week

EIGHTH

(82)

.............................

—e—AOU -<-QOM —e—FMA-UE

{
[
}
{

VEIGHrTNV

7

0

83

cang

5

UE

FMA.

BE AT, 4B CTOTHER &MHIcBIT2HE
RARIE (FEEB OB — Vv E B 5y OIEH) &)
W) ZRDic—7F, BE B TIEAETOHATERR
BERDNoT-, BE A ORFEIL, MAL OfE
23 (AR ATE CIRM %13 & A EIERICHE )

L7z 81l H CRIgptFa T,

B A - B OERE & B EE S RE R
Al X A2 3B E ADFEREZ/RL, Bl & B2 3BE BoORE =T,



4) FRROEBREREZE LD L, PEENORED FEBEELA L WD MEFEEICE
WU, JEEIA A — VREII R B o B AR IR T B AEE 2 Bk S8, O o
DOEWEDEIZEBMNIBR L CWD Z ENWR D, £, MRy —AA 2T 4 —I2X - T,
TEE A A — VRSO L EZ LN T DEE ERENRIET S N T, BEAERTO B
OEFRSEENE R L, ERGEBFRE NG ET D Z R SN2, — T, FBRA O E, WM
RS O I IIERRBE O EB EAREME T L TWA Z & bR SNz, oD RS, —
WOBFZEIZ L > A S -,

<5l F3Cik>

1) Morioka S, Osumi M, Nishi Y, Ishigaki T, Ishibashi R, Sakauchi T, Takamura Y, Nobusako S. Motor-
imagery ability and function of hemiplegic upper limb in stroke patients. Ann Clin Transl Neurol.
2019 Feb 17;6(3):596-604. doi: 10.1002/acn3.739. PMID: 30911582; PMCID: PMC6414480.

2) Miyawaki Y, Otani T, Morioka S. Agency judgments in post-stroke patients with sensorimotor deficits.
PLoS One. 2020 Mar 18;15(3):¢0230603. doi: 10.1371/journal.pone.0230603. PMID: 32187207,
PMCID: PMC7080267.

3) Miyawaki Y, Otani T, Morioka S. Dynamic Relationship between Sense of Agency and Post-Stroke
Sensorimotor Deficits: A Longitudinal Case Study. Brain Sci. 2020 May 15;10(5):294. doi:
10.3390/brainscil 0050294. PMID: 32429071; PMCID: PMC7288005.



11 11 6 8

Mizuta N, Hasui N, Nakatani T, Takamura Y, Fujii S, Tsutsumi M, Taguchi J, Morioka S. 10

Walking characteristics including mild motor paralysis and slow walking speed in post-stroke 2020

patients.

Sci Rep 11819
DOl

10.1038/s41598-020-68905-3.

Miyawaki Y, Morioka S. 82

Confusion within feedback control between cognitive and sensorimotor agency cues in self-other 2020

attribution.

Atten Percept Psychophys 3957-3972
DOl

10.3758/s13414-020-02129-5.

Miyawaki Y, Otani T, Morioka S. 10

Dynamic Relationship between Sense of Agency and Post-Stroke Sensorimotor Deficits: A 2020

Longitudinal Case Study.

Brain Sci. 294
DOl

10.3390/brainsci10050294.

Miyawaki Y, Otani T, Morioka S. 15

Agency judgments in post-stroke patients with sensorimotor deficits. 2020

PLoS One. €0230603
DOl

10.1371/journal .pone.0230603.




Miyawaki Y, Otani T, Morioka S. 15

Agency judgments in post-stroke patients with sensorimotor deficits. 2020

PLoS One PLoS One
DOl

10.1371/journal .pone.0230603

Miyawaki Y, Otani T, Morioka S. 10

Dynamic Relationship between Sense of Agency and Post-Stroke Sensorimotor Deficits: A 2020

Longitudinal Case Study.

Brain Sci E294
DOl

10.3390/brainsci10050294

Fuchigami T, Morioka S. 2019

Differences between the Influence of Observing One®"s Own Movements and Those of Others in 2019

Patients with Stroke.

Stroke Res Treat.

2019:3083248

DOl
10.1155/2019/3083248

Morioka S, Osumi M, Nishi Y, Ishigaki T, Ishibashi R, Sakauchi T, Takamura Y, Nobusako S. 6
Motor-imagery ability and function of hemiplegic upper limb in stroke patients. 2019
Ann Clin Transl Neurol. 596-604

DOl
10.1002/acn3.739.




Osumi M, Sumitani M, Otake Y, Morioka S. 110

Fear of movement modulates the feedforward motor control of the affected limb in complex 2018
regional pain syndrome (CRPS): A single-case study.

Med Hypotheses 114-119

DOl
10.1016/j .mehy.2017.12.002.

Ishigaki T, Imai R, Morioka S. 8

Association between unintentional interpersonal postural coordination produced by interpersonal 2017
light touch and the intensity of social relationship.

Front Psychol eCollection

DOl
10.3389/fpsyg.2017.01993.

Osumi M, Sumitani M, Morioka S 236

A “ matched” sensory reference can guide goal-directed movements of the affected hand in 2018
central post-stroke sensory ataxia

Exp Brain Res 1263-1262

DOl
10.1007/s00221-018-5214-6.

15 6 8

Miyawaki Y, Otani T, Morioka S

Inconsistency between agency judgment and motor control in post- stroke patients: Illusory self-attribution in explicit
agency.

13th International Society of Physical and Rehabilitation Medicine World Congress

2019




Miyawaki Y, Hayashida K, Morioka S

Cue integration strategy for self-other sensory attribution in motor control.

21st conference of the European Society for Cognitive Psychology.

2019

Hayashida K, Miyawaki Y, Nishi Y, Morioka S

Diffusion of responsibility and the outcomes on sense of agency.

21st conference of the European Society for Cognitive Psychology.

2019

Miyawaki Y, Shionaka Y, Morioka S

Top-down modulation of motor resonance through affective attitude toward a non-biological object.

society of neuroscience 2019

2019

Shionaka Y, Miyawaki Y, Morioka S

Influence of anti-social behavior in top-down modulation of motor resonance.

society of neuroscience 2019

2019




17

2019

54

2019

56

2019

70

2019




17

2019

35

2019

Morioka S

Rehabilitation Based on Cognitive Neuroscience Research -The Nature of Medical and Physical Therapy-

International workshop for physical therapy in Chulalongkorn University

2019

1)Morioka S, Osumi M, Ishibashi R, Sakauchi S.

The relationship between motor imagery ability and motor function, and frequency of body use in upper limb stroke
hemiplegia.

12th the International Society of Physical and Rehabilitation Medicine ISPRM World Congress.

2018




52

2017

Morioka S, Hayashida K, Nishi Y, Osumi M, Nobusako S

Sense of agency and motor performance are stronger when an individual is capable of motor prediction

Cognitive Neuroscience Society 24th Annual Meeting (Boston 2018)

2018

2020

380

2020

241




, , ) 2018

416

https://ww.kio.ac.jp/nrc/press_20200319
https://ww.kio.ac.jp/nrc/press_20200521
http://www.Kio.ac.jp/nrc/kio_nrc_press_20190219

http://www.Kio.ac.jp/nrc/




