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Abstract.	 [Purpose]	This	study	investigated	whether	a	shoulder	reaching	exercise	was	beneficial	for	restoring	the	
standing	balance	of	patients	with	hemiplegia	after	stroke.	[Subjects	and	Methods]	There	were	13	subjects	in	the	ex-
perimental	group	(EG)	and	14	subjects	in	the	control	group	(CG),	all	with	hemiplegia	following	stroke.	The	shoulder	
reaching	exercise	intervention	was	performed	by	the	EG	and	conventional	physical	therapy	was	administered	to	the	
CG	for	30	minutes,	3	times	a	week	for	4	weeks.	Virtual	reality	(RM,	BioRescue	−AP	1153,	France)	was	used	as	an	
assessment	tool.	All	data	were	analyzed	using	SPSS	version	18	(Statistical	Package	for	the	Social	Science).	[Results]	
After	the	intervention,	the	EG	showed	significant	differences	in	the	distances	moved	in	the	anteroposterior	and	me-
diolateral	directions.	The	length	and	velocity	were	reduced	after	the	intervention	in	both	the	EG	and	the	CG.	There	
were	significant	differences	in	the	distances	moved	in	the	north,	south	and	west	directions	between	the	groups.	The	
sway	path	lengths	of	the	subjects	in	the	Romberg	test	were	reduced	under	both	the	eyes	open	and	closed	conditions	
in	the	EG.	There	was	no	significant	variation	in	sway	velocity	in	the	EG	and	the	CG.	[Conclusion]	The	shoulder	
reaching	exercise	had	beneficial	effects	on	the	distances	moved	in	the	anteroposterior	and	mediolateral	directions.
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INTRODUCTION

An	impaired	shoulder	complex	is	a	common	problem	for	patients	with	hemiplegia,	because	muscles	in	the	affected	arm	
tend	to	be	weakened.	Shoulder	subluxation	and	pain,	secondary	impairments	of	the	upper	motor	neuron	lesion,	influence	
a	variety	of	the	upper	limb	functions1).	The	most	distal	regions	often	have	severe	hemiparesis	in	the	upper	extremity.	Even	
though	proximal	muscles	and	joints	are	the	least	affected,	intended	movement	with	precise	proximal	segment	control	is	slow,	
awkward	and	uncoordinated.	Interventions	for	hemiplegic	patients	focus	not	on	gross	motor	skills	of	the	proximal	limbs,	
but	on	the	fine	motor	skills	of	the	distal	limbs,	even	though	scapular	movement	is	generally	impaired2).	Scapular	orientation	
of	the	affected	arm	can	be	changed	due	to	muscle	weakness	in	the	arm,	and	generally,	subjects	with	this	problem	can	not	
preserve	their	anatomical	characteristics	or	raise	the	arm	properly.	Increased	motor	dysfunction	in	the	upper	extremities	is	
related	to	weakness	of	the	scapular	stabilizers	and	affects	independent	daily	living3).	In	addition,	the	postural	alignment	of	
the	patients	with	hemiplegia	after	stroke	can	be	altered	in	standing	compared	to	subjects	without	neurological	problems.	
Postural	alignment	is	the	relationship	of	the	center	of	gravity	to	the	body	parts.	A	complex	process	of	controlled	mobility	
and	skilled	activity	is	needed	for	postural	stability,	which	is	a	fundamental	prerequisite	for	advanced	motor	control4).	The	
main	goal	for	patients	after	stroke	is	to	gain	the	ability	to	stand	and	walk	by	themselves.	Because	standing	and	walking	need	
complex	mechanisms	of	postural	control,	postural	control	deficits	have	been	treated	with	diverse	strategies5).	Therefore,	this	
study	examined	a	new	intervention,	which	is	performed	with	an	active	scapular	movement	in	a	proper	scapular	setting	for	
regaining	overall	postural	control	in	standing.
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SUBJECTS AND METHODS

This	study	was	conducted	from	June	to	July,	2015	with	27	post-stroke	patients	who	were	hospitalized	in	D	rehabilitation	
hospital	in	Daejeon	city,	South	Korea.	The	subjects	were	randomly	divided	into	2	groups:	the	experimental	group	(EG,	n=14),	
and	the	control	group	(CG,	n=13).	The	demographics	and	clinical	characteristics	of	the	participants	are	shown	in	Table 1.

The	criteria	for	inclusion	in	this	study	were:	post-stroke	patients	with	hemiplegia,	at	least	6	months	since	onset,	and	the	
ability	to	communicate	and	understand	the	instructions	being	given.	Patients	with	the	following	were	excluded:	peripheral	
neuropathy,	musculoskeletal	disease,	and	dementia.	All	subjects	signed	the	written	informed	consent	before	participating	in	
the	study.This	study	followed	the	ethical	principles	of	the	Declaration	of	Helsinki.	The	shoulder	stabilizing	exercise	interven-
tion	was	performed	by	the	EG,	and	conventional	physical	therapy	was	administered	to	the	CG	for	30	minutes,	3	times	a	week	
for	4	weeks.	The	procedure	of	the	intervention	was	as	follows:	1)	sit	on	a	chair,	2)	place	the	pelvis	and	the	spine	in	the	neutral	
position,	3)	put	the	less	affected	arm	on	a	support	table,	4)	unloading	of	the	affected	scapular	for	scapular	setting,	5)	lateral	
rotation	of	the	arm	with	the	elbow	flexed	at	about	90	degrees,	6)	reaching	out	with	the	arm	in	different	directions	moving	the	
scapula	out	as	far	as	possible.	Virtual	reality	(RM,	BioRescue	−AP	1153,	France)	was	used	as	an	assessment	tool.	All	data	
were	analyzed	using	SPSS	version	18	(Statistical	Package	for	the	Social	Science).	The	χ2	test	was	used	to	examine	differences	
in	the	general	characteristics	of	the	subjects.	The	Kolmogorov-Smirnov	test	showed	the	data	had	a	normal	distribution	in	this	
study,	therefore	the	paired	t-test	was	used	to	test	the	significance	of	intra-group	differences,	and	the	independent	t-test	was	
used	to	test	the	significance	of	inter-group	differences.	All	data	are	presented	as	the	mean	with	standard	deviation	(SD).	The	
level	of	significance	was	p=0.05	in	all	statistical	tests.

RESULTS

After	the	intervention,	there	were	significant	differences	in	the	distances	moved	in	the	anteroposterior	and	mediolateral	
directions	in	the	EG.	The	length	and	velocity	of	movement	were	reduced	after	the	intervention	in	the	EG	and	CG.	There	were	
significant	differences	in	the	distances	moved	in	the	anteroposterior	and	mediolateral	directions	between	the	two	groups.	The	
results	of	the	length,	velocity	and	distance	are	shown	in	Table 2.	The	sway	path	lengths	of	the	subjects	in	the	Romberg	test	

Table 1.		General	characteristics	(N=27)

EG CG

Gender
Male 7 7
Female 7 6

Lesion
Infarction 11 10
Hemorrhage 3 3

Age	(years) 62.3	±	8.6a 69.9	±	8.9a

Onset	(months) 22.7	±	11.9 37.7	±	36.6

Paretic side
Right 4 8
Left 10 5

amean	±	SD,	SD:	standard	deviation,	EG:	experimental	group	(n=14),	CG:	control	group	
(n=13)

Table 2.		Values	of	stability	limit	at	pre-	and	post-	test	(N=27)

Length	(cm) Velocity	(cm/s) Distance	(cm)
Pre Post Pre Post Pre Post

East
EG 14.7	±	4.4a 12.8	±	7.6a 1.8	±	0.5 1.6	±	1.0 3.8	±	2.2 3.4	±	1.8
CG 15.8	±	5.9 15.9	±	4.4 2.0	±	0.7 2.0	±	0.6 5.0	±	2.1 3.8	±	2.0	b

North
EG 16.0	±	6.5 12.2	±	5.9b 2.0	±	0.8 1.5	±	0.7	b 2.6	±	1.1 1.8	±	1.2	b

CG 16.0	±	7.9 13.8	±	6.1b 2.0	±	1.0 1.7	±	0.8	b 3.5	±	1.7 3.2	±	1.5	c

South
EG 14.3	±	6.7 12.9	±	6.1 1.8	±	0.8 1.6	±	0.8 2.0	±	1.0 1.3	±	0.8	b

CG 15.8	±	7.1 13.7	±	4.5 2.0	±	0.9 1.7	±	0.6	b 2.1	±	0.8 1.9	±	0.7	c

West
EG 15.8	±	6.5 14.9	±	9.5 2.0	±	0.8 1.9	±	1.2 3.7	±	1.6 2.4	±	1.6	b

CG 16.1	±	5.4 14.3	±	6.0 2.0	±	0.7 1.8	±	0.8 4.6	±	1.9 4.1	±	1.5	c
amean	±	SD;	SD:	standard	deviation;	bp<0.05	within	a	group;	cp<0.05	between	groups;	EG:	experimental	group	(n=14);	CG:	control	
group	(n=13)
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were	reduced	under	both	the	eyes	open	(EO)	and	eyes	closed	(EC)	conditions	in	the	EG.	There	was	no	significant	variation	
in	sway	velocity	of	the	EG	and	CG.	The	results	of	the	Romberg	test	are	shown	in	Table 3.

DISCUSSION

The	upward	rotation	angle	of	the	scapula	in	resting,	measured	in	a	previous	study,	reflected	the	strength	of	the	trapezius,	
serratus	anterior,	and	supraspinatus,	and	activation	of	these	muslces	makes	the	scapula	elevate	and	rotate	upward6).	Abductors	
and	external	rotators	are	more	important	than	internal	rotators	for	providing	stability	to	the	shoulder	joint,	and	manual	resis-
tance	exercises	should	be	applied	for	strengthening	these	muscles	rahter	than	other	types	of	exercise7).	Resistance	exercises	
tend	to	re-educate	the	stability	and	tone	the	muscles	around	the	scapula	for	better	postural	alignment	and	may	influence	the	
recruitment,	firing	rate	and	synchrony	of	the	motor	neurons8,	9).	Scapular	muscle	strength	is	necessary	to	increase	the	postural	
stability	of	 the	proximal	 trunk	and	shoulder	complex.	Moreover,	 it	was	demonstrated	 in	a	previous	study	 that	 the	spinal	
alignment	showed	better	improvement	after	scapular	muscle	strengthening	exercise.	Spinal	lateral	deviation	is	negatively	
correlated	with	the	peak	force	of	the	external	rotators	in	the	shoulder	complex4).	A	previous	case	study	reported	that	global	
postural	re-education	exercises	for	muscles	in	the	scapular	and	pelvic	girdles	had	greater	influence	on	scapular	position	and	
lateral	deviation	of	the	spine,	and	this	was	attributed	to	better	spinal	alignment.	In	addition,	the	rotator	cuff	muscles	were	
influenced	not	only	by	scapular	alignment	but	also	by	core	stability,	even	though	these	muscles	are	not	attached	to	the	rib	
cage	or	spinal	column10).	In	this	study,	as	in	a	previous	study,	which	reported	there	was	better	core	stability	after	shoulder	
strengthening	exercises,	the	EG	were	able	to	move	the	center	of	gravity	(COG)	directly	moved	in	the	anteroposterior	and	
mediolateral	directions.	Although	the	velocity	of	the	movements	was	reduced,	this	can	be	explained	by	the	subjects	trying	
to	specifically	control	their	COG	within	their	base	of	support.	The	reduced	distances	to	each	terminal	point	in	all	directions	
support	this	explanation	for	the	EG.	Moreover,	the	Romberg	test	also	showed	reduced	sway	path	lengths,	both	with	EO	and	
EC,	 in	 the	EG.	Therefore,	 the	 shoulder	 stabilizing	exercise	 influenced	balance	 through	activation	of	muslces	around	 the	
shoulder	and	trunk.
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Table 3.		Values	of	the	Romberg	test	at	pre-	and	post-test	(N=27)

	Length	(cm) Velocity	(cm/s)
EO EC EO EC

EG CG EG CG EG CG EG CG
Pre 22.2	±	6.2a 7.8	±	2.1a 43.5	±	12.1 15.8	±	4.2 0.4	±	0.1 0.2	±	0.0	 0.8	±	0.2 0.2	±	0.1b 
Post 15.0	±	4.2 16.2	±	4.3 29.5	±	8.2 17.0	±	4.5 0.3	±	0.1 0.3	±	0.1 0.5	±	0.1 0.3	±	0.1	
amean	±	SD;	SD:	standard	deviation;	bp<0.05	between	groups;	EG:	experimental	group	(n=14);	CG:	control	group	(n=13);	EO:	
eyes	open;	EC:	eyes	closed
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