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Abstract.	 [Purpose]	Previous	 studies	have	 reported	on	motor	deficits	 in	 the	 ipsilateral	upper	 limbs	 (UL)	of	a	
damaged	brain	hemisphere	in	motor	tasks.	However,	little	is	known	about	sensory	deficits	on	the	ipsilateral	side.	
Therefore,	we	investigated	whether	both	motor	and	sensory	function	of	the	ipsilateral	UL	are	affected	in	patients	
with	stroke.	[Subjects	and	Methods]	Fifty	patients	with	unilateral	stroke	and	40	age-	and	sex-	matched	normal	sub-
jects	participated	in	this	study.	Subjects	were	evaluated	on	performance	of	a	tracking	task	for	motor	function,	and	
by	the	joint	reposition	test	for	integrity	of	proprioceptive	sense	in	the	ipsilateral	UL.	[Result]	The	comparison	of	the	
stroke	group	and	the	control	group	showed	significant	differences	in	performance	of	the	tracking	task	and	the	joint	
reposition	test.	The	accuracy	index	for	the	tracking	task	showed	significant	correlation	with	the	error	score	for	the	
joint	reposition	test	in	the	stroke	group.	[Conclusion]	These	results	suggest	that	the	ipsilateral	UL	of	stroke	patients	
has	impairment	in	sensory	function	which	is	related	to	proprioceptive	sense,	along	with	motor	deficits.	Therefore,	
we	think	that	the	difficulty	stroke	patients	experience	with	motor	tasks	for	the	ipsilateral	UL	is	induced	by	dimin-
ished	integrity	of	sensorimotor	function	due	to	both	sensory	and	motor	deficits.
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INTRODUCTION

Deficits	of	motor	and	sensory	functions	after	stroke	on	
the	side	contralateral	to	the	damaged	hemisphere	are	often	
evident1),	whereas	the	ipsilateral	side	may	be	primarily	re-
garded	as	normal	or	unaffected.	However,	there	is	increas-
ing	evidence	of	the	presence	of	subtle	motor	deficits	in	mo-
tor	performance	on	the	ipsilateral	side	as	well2,	3).	Ipsilateral	
motor	deficits	emerge	during	 the	acute	phase	and	demon-
strate	chronic	persistence3–5);	the	reasons	for	ipsilateral	mo-
tor	deficits	are	still	unclear.	Clinical	assessment	tools	may	
not	 be	 sufficient	 for	 differentiating	 ipsilateral	motor	 defi-
cits;	however,	deficits	in	dexterous	motor	and	coordination	
function	on	the	ipsilateral	side	have	been	identified	in	labo-
ratory	testing2,	6–8).

Earlier	 studies	 of	 ipsilateral	 motor	 deficits	 focused	 on	
motor	 weakness9,	 10).	 However,	 kinematic	 deficits	 in	 the	
ipsilateral	 upper	 limb	 in	 performance	 of	 various	 specific	
motor	 tasks	 requiring	dexterity	and	coordination,	 such	as	
a	tracking	task,	a	goal-direction	movement,	and	a	tapping	
task,	have	been	found	in	recent	studies2,	6,	8,	11).	On	the	ba-
sis	of	these	observations,	several	possible	mechanisms	for	
ipsilateral	motor	deficits	have	been	suggested,	such	as	dis-

rupted	counterbalance	of	each	hemisphere,	dysfunction	of	
the	uncrossed	corticospinal	 track,	or	 the	different	roles	of	
both	sides	in	hemispheric	functions6,	7,	11–15).

As	mentioned	above,	patients	with	brain	damage	suffer	
from	ipsilateral	motor	deficits	in	performance	of	the	ipsilat-
eral	upper	limb.	Until	now,	most	studies	of	ipsilateral	defi-
cits	in	stroke	patients	have	concentrated	on	the	motor,	rather	
than	sensory	deficits.	Little	is	known	about	sensory	deficits	
on	the	ipsilateral	side	after	stroke.	Therefore,	the	purpose	of	
the	current	study	was	to	investigate	the	presence	of	motor	
and	sensory	deficits	in	the	ipsilateral	upper	limb,	and	to	ex-
amine	the	correlation	between	the	two	variables	in	patients	
with	stroke	using	a	tracking	and	reposition	sense	test.

SUBJECTS AND METHODS

Fifty	hemiparetic	stroke	patients	(25	patients	with	right	
brain	injury	and	25	patients	with	left	brain	injury)	referred	
to	a	local	rehabilitation	hospital	were	consecutively	recruit-
ed	in	 the	order	of	 their	registration.	The	inclusion	criteria	
were;	 first	 ever	 stroke	 confirmed	 by	medical	 history	 and	
brain	MRI;	right	handed	individual	verified	by	the	Edinburg	
Handedness	Inventory;	no	symptoms	of	unilateral	neglect	
or	hemianopsia;	no	cognitive	problem	(Mini-Mental	State	
Examination>24	 points);	 no	 apraxic	 behavior	 (ideomotor	
apraxia	score	developed	by	Ambosoni	et	al.	(>11	points)16); 
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and	no	musculoskeletal	dysfunction	in	the	unaffected	upper	
limb.	We	recruited	40	sex-	and	age-matched	normal	control	
subjects.	To	control	the	known	effects	of	hand	asymmetry,	
the	 accuracy	 and	 proprioceptive	 tests	were	 performed	 by	
the	20	control	subjects	using	their	dominant	right	hand,	and	
the	remaining	subjects	used	their	non-dominant	left	hand.	
All	 subjects	 gave	 their	written	 informed	 consent	 prior	 to	
participation,	and	this	study	was	approved	by	the	local	eth-
ics	committee.

Tracking	and	 joint	position	sense	 tests	were	conducted	
for	 the	hand	 ipsilateral	 to	 the	damaged	hemisphere	of	 the	
patients,	and	with	the	corresponding	hand	of	the	same	side	
of	the	control	subjects.	All	subjects	were	seated	in	front	of	
a	table,	with	the	forearm	comfortably	supported	and	the	el-
bow	flexed	at	90°.	A	plastic	frame	with	an	embedded	po-
tentiometer	was	used	to	measure	the	accuracy	of	movement	
and	proprioceptive	sense	in	the	metacarpophalangeal	(MP)	
joints.	The	potentiometer	detected	flexion/extension	motion	
of	the	MP	joint,	and	transmitted	the	analog	signal	to	a	com-
puter	with	analog-to-digital	data	acquisition	software,	that	
sampled	the	signal	at	a	frequency	of	200	Hz.

In	the	tracking	task,	the	subject	was	instructed	to	track	
the	 red	 target	 sine	wave	 displayed	 for	 15	 seconds	 on	 the	
computer	 screen	 as	 accurately	 as	 possible.	 The	 response	
sine	 wave	made	 by	 the	 subject	 was	 displayed	 as	 a	 black	
solid	line,	which	tracked	up	as	the	MP	joint	was	extended,	
and	 tracked	 down	 as	 the	MP	 joint	was	 flexed.	 The	 three	
trials	were	performed	consecutively	with	30s	rest	between	
trials.	Accuracy	of	the	motor	performance	was	analyzed	by	
an	accuracy	index	(AI),	which	was	normalized	to	the	range	
of	motion	of	 the	MP	 joint	of	each	 individual	 subject,	 and	
takes	into	account	the	differences	between	subjects	in	the	
excursion	of	the	target	and	response	waves17).

	 AI	=	100(P	−	E)/P

Where	E	is	the	root	mean	square	(RMS)	error	between	
the	 target	 line	 and	 the	 response	 line,	 and	P	 is	 the	 size	 of	
the	subject’s	 target	pattern,	calculated	as	 the	RMS	differ-
ence	between	 the	 sine	wave	and	 the	midline	dividing	 the	
upper	and	lower	phases	of	the	sine	wave.	The	degree	of	P	is	
determined	by	the	scale	of	the	vertical	axis	of	the	range	of	
subject’s	MP	joint	motion.

Prior	to	the	evaluation,	three	practice	trials	were	provided	
after	one	demonstration,	using	sine	waves	which	were	dif-
ferent	from	the	sine	waves	used	in	the	actual	test	to	prevent	
a	learning	effect.	The	joint	position	sense	was	evaluated	on	
the	MP	 joint	 ipsilateral	 to	 the	damaged	brain	hemisphere	

of	 the	patients,	and	 the	 joint	on	 the	corresponding	side	of	
the	control	subjects.	In	addition,	the	same	experimental	ap-
paratus	and	environment	used	 for	 the	performance	of	 the	
tracking	 task	were	 used.	 The	 subjects	were	 instructed	 to	
actively	reproduce	the	position	of	the	MP	joint	which	was	
passively	positioned	by	the	examiner.	Three	different	pas-
sively-positioned	angles	were	randomly	presented,	in	terms	
of	50%,	70%,	and	90%	flexion	of	the	total	range	of	motion	
of	the	MP	joint.	The	mean	value	of	three	trials	of	the	joint	
reposition	 errors	 between	 the	 passively-positioned	 angles	
and	the	actively-positioned	angles	was	calculated.	The	sub-
jects	wore	a	blindfold	in	order	to	eliminate	visual	feedback.

The c2	test	was	performed	to	analyze	the	differences	in	
sex	distribution	between	the	patient	and	control	groups.	The	
independent	t-test	was	performed	to	determine	the	signifi-
cance	 of	 differences	 in	 age	 and	 accuracy	 of	 the	 tracking	
task/joint	 position	 sense.	 In	 addition,	 correlation	 between	
the	AI	and	joint	position	sense	was	investigated	using	Pear-
son’s	correlation	coefficient.	PAWS	18.0	(SPSS	Inc.,	Chica-
go,	IL,	USA)	was	used	for	the	statistical	analysis	of	all	data,	
and	statistical	significance	was	accepted	for	p	values	<	0.05.

RESULTS

Demographic	data	for	the	stroke	and	control	groups	are	
shown	in	Table	1.	No	significant	differences	were	observed	
between	the	two	groups	in	terms	of	distribution	of	sex	and	
age.	The	means±SD	of	 the	accuracy	 index	and	 reposition	
error	score	of	both	groups	are	shown	in	Table	2.	In	terms	of	
motor	function,	the	stroke	group	showed	a	lower	accuracy	
index	in	the	MP	joint	than	the	control	group.	A	higher	score	
of	reposition	errors	in	the	joint	reposition	test	in	relation	to	
sensory	 function	was	observed	 in	 the	 stroke	group,	 com-
pared	to	the	control	group.	The	results	of	the	statistical	anal-
ysis	 indicate	 that	both	measures	 in	 the	 stroke	group	were	
significantly	different	from	the	control	group	(p<0.05).	Ip-
silateral	sensory	deficits	showed	significant	correlation	with	
motor	deficits	(r=	−0.549)	(p<0.001)	(Table	2).

DISCUSSION

In	the	current	study,	we	attempted	to	assess	motor	func-
tion	using	a	tracking	task	for	visuomotor	coordination,	and	
proprioceptive	sense	using	a	joint	reposition	test	for	the	ip-
silateral	upper	limb.	Our	findings	reveal	a	lower	accuracy	
index	 in	 the	 tracking	 task,	 and	higher	 error	 scores	 in	 the	

Table 1.		Characteristics	of	each	group

      					Stroke	Group Control	Group
Sample	size 					50 					40
Age	(y) 					57.6±8.2 					62.3±6.3

Gender	(male/female) 					25/25 					22/18
Side	of	task	perfor-
mance		(right/left) 					25/25 					20/20

Time	post-stroke	(mo) 					22.6±12.5

Table 2.		Dependent	variables	in	each	group	and	correlation	
between	dependent	variables	in	the	stroke	group

      Stroke	Group Control	Group
      

   
Accuracy	
index 28.48±8.14 33.07±1.13 ٭0.000

Reposition	
error	(°)	 7.11±4.17 5.17±3.07 ٭0.016

      
Correlation	Coefficient

٭0.000
−0.549

Mean	±	SD
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joint	 reposition	 test	 in	 the	stroke	group,	compared	 to	sex-	
and	age-matched	normal	subjects.	In	addition,	there	was	a	
negative	correlation	between	the	motor	and	sensory	deficits,	
indicating	stroke	patients	would	have	difficulty	in	perform-
ing	complicated	motor	tasks	requiring	delicate	sensoriomo-
tor	 functions	 using	 pure	 integrity	 of	movement	 accuracy	
and	proprioceptive	sense.

Our	present	results	are	in	accordance	with	those	of	sev-
eral	previous	studies2,	8),	suggesting	the	presence	of	motor	
deficits	 in	 upper	 limbs	 ipsilateral	 to	 the	 damaged	 hemi-
sphere	in	the	visuomotor	tracking	task.	A	possible	mecha-
nism	for	the	motor	dysfunction	in	the	ipsilateral	hemisphere	
of	stroke	patients	has	been	suggested	by	previous	studies,	
which	 reported	 bilateral	 hemisphere	 activation	when	 nor-
mal	subjects	executed	a	unilateral	upper	limb	task18–21).	If	
functional	 integrity	of	both	the	right	and	left	brain	cortex	
is	 necessary	 for	 normal	motor	 control	 of	 the	 upper	 limb,	
it	 is	 expected	 that	 the	 ipsilateral	upper	 limb	would	be	af-
fected	after	stroke.	In	the	present	study,	ipsilateral	sensory	
deficits	related	to	proprioceptive	sense	were	also	observed.	
According	to	our	findings,	ipsilateral	sensory	deficits	may	
be	 connected	with	 bilateral	 hemisphere	 activation	 during	
performance	 of	motor	 tasks.	 The	 primary	 sensory	 cortex	
(S1)	 conveys	 efferent	 projection	 to	 the	 posterior	 parietal	
cortex	(Brodmann’s	area	5	and	7),	which	is	connected	bi-
laterally	 through	 the	 corpus	 callsosum.	 In	 particular,	 the	
posterior	 parietal	 cortex	 integrates	 information	 related	 to	
proprioceptive	input22).	Therefore,	as	suggested	by	our	re-
sults,	it	is	possible	that	disturbance	of	transcallosal	transfer	
after	unilateral	brain	damage	may	lead	to	ipsilateral	senso-
ry	deficits.	In	addition,	there	is	a	close	relationship	between	
sensory	and	motor	function,	because	the	posterior	parietal	
cortex	is	connected	with	the	frontal	motor	areas.	Thus,	the	
posterior	parietal	cortex	would	have	an	effect	on	the	initial	
movement	and	sensory	feedback	during	performance	of	a	
complex	motor	task22).	On	this	basis,	the	correlation	shown	
in	our	study	between	ipsilateral	motor	deficits	and	sensory	
deficits	can	be	explained.

These	findings	imply	that	interest	in	the	ipsilateral	side	
of	stroke	patients	should	focus	on	ipsilateral	sensory	defi-
cits	 as	well	 as	 ipsilateral	motor	 deficits.	Motor	 deficits	 of	
the	 ipsilateral	 limbs	 of	 individuals	with	 stroke	 have	 been	
reported	 in	many	studies;	besides,	our	 study	showed	sen-
sory	deficits	 related	 to	proprioceptive	 sense.	On	 the	basis	
of	these	results,	we	think	that	the	difficultly	stroke	patients	
experience	in	task	performance	using	the	ipsilateral	upper	
limb	may	be	affected	by	both	motor	and	sensory	deficits.	
Studies	on	recovery	of	motor	deficits	on	the	ipsilateral	side	
after	stroke	are	in	progress.	Jung	et	al.14) reported that motor 
deficits	in	the	ipsilateral	upper	limb	show	maximal	recovery	
within	one	month	after	onset	of	stroke,	but	the	deficits	do	
not	completely	recover.	Thus,	it	will	be	necessary	to	study	
the	recovery	of	ipsilateral	sensory	deficits	after	stroke	on-
set,	and	we	will	be	investigating	this.	We	acknowledge	that	
our	study	had	some	limitations,	 in	that	 the	effects	of	spe-
cific	lesion	location	and	the	extent	of	the	damage	were	not	
identified.	Therefore,	future	studies	will	be	required	in	or-
der	to	determine	more	detailed	mechanisms	of	other	move-
ment	and	sensory	deficits,	other	than	proprioceptive	sense,	

in	the	ipsilateral	upper	limb	of	patients	with	unilateral	brain	
injury.
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