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Abstract.	 [Purpose]	This	study	aimed	to	investigate	the	effects	of	mirror	neuron	system-based	self-observation	
training	 on	 lower	 limb	muscle	 activity	 and	 dynamic	 balance	 in	 patients	with	 chronic	 stroke.	 [Participants	 and	
Methods]	Twenty	patients	with	chronic	stroke	were	randomly	assigned	to	a	self-observation	training	group	(n=10)	
or	a	control	group	(n=10).	Both	groups	followed	a	routine	30-minute	exercise	therapy	regimen	five	days	a	week	for	
four	weeks.	The	self-observation	training	group	additionally	watched	video	clips	of	their	balance	and	functional	
gait	 training	and	performed	physical	 training	 twice	over	a	10-minute	 time	span.	Each	self-observation	 training	
session	was	performed	for	30	minutes,	 three	 times	a	week	for	 four	weeks.	Muscle	activity	was	evaluated	using	
surface	electromyography;	dynamic	balance	was	evaluated	using	timed	up	and	go	and	10-meterwalk	tests.	[Re-
sults]	Within-group	comparisons	showed	significant	differences	in	muscular	activities	of	the	rectus	femoris,	biceps	
femoris,	tibialis	anterior,	and	gastrocnemius	and	dynamic	balance.	Comparing	between	groups,	the	muscle	activity	
of	the	rectus	femoris,	biceps	femoris,	tibialis	anterior,	and	gastrocnemius	and	dynamic	balance	were	significantly	
different	between	experimental	and	control	groups.	 [Conclusion]	Self-observation	 training	 improved	 lower	 limb	
muscle	activity	and	dynamic	balance	in	patients	with	chronic	stroke.
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INTRODUCTION

Stroke	refers	to	a	group	of	diseases	and	incidents	caused	by	a	cerebrovascular	disorder	where	in	the	blood	supply	in	the	
brain	is	disrupted	by	a	rupture	or	blockage	of	the	cerebral	vasculature1).	Although	functional	deficits	vary	by	the	site	and	se-
verity	of	the	stroke,	these	patients	exhibit	weakened	muscle	contractions,	reduced	motor	unit	activation	during	contractions,	
and	a	loss	of	the	ability	to	control	muscular	activity	in	a	timely	manner2).	Specifically,	limited	lower	limb	movement	increases	
the	risk	of	fall	and	adversely	affects	balance	and	ambulation3).	Recently,	multiple	studies	have	investigated	the	effects	of	
cranial	nerve	plasticity	on	functional	recovery	after	stroke,	and	interventions	based	on	the	mirror-neuron	system	have	been	
proposed	as	beneficial	alternatives	in	stroke	rehabilitation4).	One	of	these	interventions,	called	self-observation,	significantly	
improves	motor	skill	acquisition5).	Self-observation	involves	recording	and	watching	one’s	own	activity	and	adjusting	one’s	
motions	based	on	the	video6).	While	watching	their	own	movements,	the	patients	could	visualize	and	appropriately	alter	their	
previously inappropriate actions7).	Identifying	and	adjusting	motion	errors	is	critical	for	improving	motor	functions8).	Exist-
ing	observation	training	programs	focus	on	physical	training	from	the	perspective	of	a	third	person9,	10).	Studies	comparing	
the	physical	functions	during	self-observation	training	are	lacking.	Therefore,	this	study	aimed	to	investigate	the	effects	of	
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self-observation	training	on	muscle	activity	and	dynamic	balance	in	patients	with	chronic	stroke.	The	goal	was	to	ultimately	
provide	clinical	evidence	and	foundational	data	by	administering	a	self-observation	training	program	to	patients	and	compar-
ing	their	results	with	those	of	the	control	group.

PARTICIPANTS AND METHODS

Twenty	patients	diagnosed	with	stroke-related	hemiplegia	due	to	stroke	were	enrolled.	The	inclusion	criteria	comprised	
comprehension	of	the	purpose	of	the	study	and	provision	of	consent	to	participate,	a	diagnosis	of	stroke	at	least	six	months	
prior	to	the	study,	and	patients	who	were	capable	of	walking	at	least	10	m	without	assistance.	The	participants	were	randomly	
divided	into	an	experimental	group	(n=10)	and	a	control	group	(n=10).	We	used	simple	randomization	and	sealed	envelopes	
with	sequential	numbers	for	allocation	concealment.	Patients	with	an	orthopedic	disease	in	the	lower	limb,	visual	impairment	
affecting	 study	participation,	 and	neurologic	diseases	other	 than	 stroke	 that	may	have	affected	 the	 study	were	 excluded.	
The	purpose	and	methods	of	 the	study	were	explained	 to	 the	participants,	and	written	 informed	consent	was	obtained	 in	
keeping	with	the	ethical	principles	of	the	Declaration	of	Helsinki.	The	mean	age,	weight,	height,	and	the	Korean	version	of	
the	mini-mental	status	examination	(MMSE-K)	score	of	the	experimental	group	were	67.6	±	6.3	years,	66.9	±	7.6	kg,	171.2	
±	5.8	cm,	and	a	26.9	±	2.4	score,	respectively.	The	mean	age,	weight,	height,	and	MMSE-K	score	of	the	control	group	were	
66.7	±	6.8	years,	65.7	±	9.6	kg,	173.3	±	6.5	cm,	and	a	27.8	±	2.9	score,	respectively	(Table	1).	Both	groups	underwent	general	
rehabilitation	training	for	30	minutes	a	day,	5	times	a	week,	for	4	weeks.	Additionally,	the	experimental	group	watched	a	
video	of	their	performance	after	walking	3	m	or	10	m,	walking	on	an	unstable	supporting	surface,	and	walking	away	from	
block	and	walking	over	block	tasks.	After	watching	the	video,	the	participants	performed	two	trials	of	physical	training	for	
10	minutes	each,	and	the	total	duration	of	the	intervention	was	30	minutes.	For	the	physical	training	after	watching	the	video,	
the	participants	performed	the	same	tasks	in	the	video	with	an	individual	trainer.	The	self-observation	program	lasted	30	
minutes	a	day,	3	times	a	week,	for	4	weeks.	Muscle	activity	was	measured	using	surface	electromyography	(EMG)	(EMG	
BTS300;	BTS	Company,	Milano,	Italy).	The	surface	EMG	electrodes	were	attached	to	the	rectus	femoris,	biceps	femoris,	
tibialis	anterior,	and	gastrocnemius,	representing	muscles	that	substantially	contribute	to	walking.	The	collected	EMG	signals	
were	normalized	to	percentage	of	reference	voluntary	contraction	(%RVC),	and	RVC	was	used.	The	root	mean	square	(RMS)	
was	computed	for	the	analysis.	To	measure	the	baseline	RVC	value,	the	participants	were	instructed	to	maintain	both	feet	
on	the	ground	for	support	as	a	preparatory	motion	for	walking,	for	five	seconds.	RVC	was	measured	from	the	mid-stance	
phase	to	the	terminal-stance	phase	three	times	before	and	after,	and	the	average	value	was	used	for	analysis.	The	%RVC	of	
the	collected	EMG	signals	were	computed	by	dividing	the	mean	RMS	by	the	baseline	RMS.	Collected	data	were	statistically	
processed	using	SPSS	22.0	(SPSS,	IBM,	USA)	for	Windows.	Participants’	overall	characters	were	evaluated	by	descriptive	
statistics.	The	paired	t-test	was	used	to	compare	groups	before	and	after	the	experiment.	The	independent	t-test	was	con-
ducted	to	assess	difference	in	the	degree	of	change	between	the	two	groups	before	and	after	the	experiment.	The	significance	
level	was	set	to	α=0.05.

RESULTS

The	changes	 in	 the	muscle	activities	and	dynamic	balance	are	shown	in	Table	2.	The	within-group	comparison	in	 the	
both	the	experimental	and	control	groups	showed	significant	differences	in	the	muscle	activities	of	the	rectus	femoris,	bi-
ceps	femoris,	tibialis	anterior,	gastrocnemius	and	dynamic	balance	(TUG,	10MWT)	(p<0.05).	In	a	comparison	between	the	
groups,	the	muscle	activities	of	the	rectus	femoris,	biceps	femoris,	tibialis	anterior,	and	gastrocnemius	and	dynamic	balance	
(TUG,	10MWT)	of	the	experimental	group	were	significantly	different	compared	to	the	control	group	(p<0.05).

DISCUSSION

The	purpose	of	this	research	was	to	determine	the	effect	of	self-action	observation	training	based	on	mirror	neuron	system	
on	muscle	activity	and	dynamic	balance	with	chronic	stroke	patients.	Both	experimental	group	and	control	group	showed	a	
significant	differences	in	muscle	activity	of	rectus	femoris,	biceps	femoris,	tibialis	anterior,	gastrocnemius	in	the	within	group	
comparison.	In	a	comparison	between	the	groups,	the	experimental	group	showed	significantly	higher	rectus	femoris,	biceps	
femoris,	tibialis	anterior,	and	gastrocnemius	muscle	activities	than	those	of	the	control	group.	In	a	previous	study,	compared	
with	the	muscle	activity	of	the	affected	lower	extremities	in	the	control	group,	the	muscle	activity	in	the	action	observation	
training	group	which	was	aimed	at	chronic	stroke	patients	with	affected	lower	extremities	 increased11), where as another 
study	reported	that	normal	men	who	watched	a	video	of	hand	gripping	motions	had	a	higher	level	of	hand	muscle	activity	
than those who did not watch the video12).	Additionally,	patients	that	experienced	stroke	who	underwent	motion	observation	
training	had	greater	 tibialis	 anterior	 and	gastrocnemius	muscle	 activities13).	A	previous	 study	 reported	 that	 patients	who	
underwent	mirror	therapy	after	stroke	showed	an	improvement	in	the	step	length	and	stride	length	compared	to	those	of	the	
control group14).	The	findings	of	this	study	are	in	line	with	those	of	previous	studies,	and	we	found	that	asymmetric	walking	
had	a	positive	effect	on	improvement	of	muscle	activity	by	increasing	the	supported	weight	on	the	affect	side.

Both	experimental	group	and	control	group	showed	a	significant	differences	in	dynamic	balance	in	the	within	group	com-
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parison.	In	a	comparison	between	the	two	groups,	the	experimental	group	showed	a	significantly	greater	TUG	and	10MWT	
(dynamic	balance	 indicators)	 than	 the	control	group.	A	previous	study	 reported	 that	patients	after	 stroke	who	underwent	
action	observation	training	showed	an	improvement	of	dynamic	balance	and	ambulatory	ability15).	In	another	study,	the	par-
ticipants	were	divided	into	a	self-observation	followed	by	physical	training	group,	a	physical	training	after	observing	healthy	
adults’	motions	group,	and	a	physical	training	without	observation	group.	The	three	groups	underwent	balance	training	on	a	
horizontal	surface,	and	the	results	showed	that	the	self-observation	group	showed	a	significant	improvement	of	balance16).	
The	 results	of	 the	present	 study	were	 consistent	with	 those	of	 the	 abovementioned	prior	 study,	 self-observation	 training	
improves	the	asymmetric	gait	pattern.	In	addition,	it	was	found	that	moving	the	center	of	gravity	from	the	non-affected	side	
slightly	toward	the	affected	side	contributes	to	improving	dynamic	balance.	This	research	has	a	limitation	with	respect	to	
generalization	on	the	findings	to	all	stroke	patients,	since	it	was	conducted	in	a	small	group.	In	addition,	follow-up	was	not	
performed,	so	the	duration	of	the	effect	is	unknown.	Further	study	is	needed	with	a	larger	number	of	patients	for	a	longer	
time	period	of	follow-up.
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Table 1.	General	characteristics	of	the	study	participants

Experimetal	group	(n=10) Control	Group	(n=10)
Gender	(male/female) 4/6 5/5
Age	(years) 	67.6	±	6.3a 	66.7	±	6.8
Weight	(kg) 	66.9	±	7.6 65.7	±	9.6
Height	(cm) 171.2	±	5.8 173.3	±	6.5
MMSE-K	(scores) 	26.9	±	2.4 	27.8	±	2.9
aMean	±	SD.
MMSE-K:	Korean	Mini-Mental	Status	Examination.

Table 2.	Comparison	of	the	muscle	activity	and	dynamic	balance	results	between	the	experimental	and	control	groups

Experimental	group	(N=10) Control	group	(N=10)
Pre Post Post-Pre Pre Post Post-Pre

RF	(%RVC) 112.7	±	9.2 a 134.6	±	8.9* 22.0	±	2.9# 	112.7	±	4.6 126.8	±	5.4* 	14.1	±	2.3
BF	(%RVC) 111.9	±	7.1 137.1	±	11.2* 25.2	±	8.7# 	109.3	±	5.5 121.8	±	5.4* 12.5	±	2.6
TA	(%RVC) 120.8	±	8.6 145.3	±	7.6* 24.5	±	2.9# 	125.2	±	9.9 132.5	±	9.8* 7.3	±	1.4
G	(%RVC) 121.9	±	4.3 140.5	±	5.6* 18.6	±	2.2# 	129.4	±	11.1 136.0	±	11.3* 6.6	±	2.6
TUG	(sec) 19.3	±	1.3 17.8	±	1.1* −1.6	±	0.4# 18.4	±	0.9 17.9	±	1.1* −0.6	±	0.2
10MWT	(sec) 29.5	±	1.1 27.1	±	1.1* −1.6	±	0.4# 28.6	±	1.5 28.1	±	1.6* −0.6	±	0.3
aMean	±	SD.
RF:	Rectus	Femoris;	BF:	Biceps	Femoris;	TA:	Tibialis	Anterior;	G:	Gastrocnemius;	TUG:	Timed	Up	and	Go;	10MWT:	
10	M	Walk	Test.
*p<0.05:	significant	difference	within	group,	#	p<0.05:	significant	difference	between	groups.
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