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Abstract.	 [Purpose]	The	purpose	of	this	study	was	to	identify	the	effects	of	visual	field	condition	on	electromy-
ography	of	the	lower	extremities	during	arm	reaching	in	healthy	adults,	and	to	compare	differences	in	electromy-
ography	of	the	lower	extremities	between	young	and	old	adults	according	to	visual	fields	condition.	[Subjects	and	
Methods] Twenty-nine young persons in their 20s and 19 elderly persons in their 60s, a total of 48 persons, partici-
pated	in	this	study.	Prior	to	participation	in	the	study,	each	subject	signed	an	informed	consent	form	to	comply	with	
ethics	guidelines	dictated	by	the	ethics	committee	for	research	at	Silla	University,	Korea.	We	collected	the	muscle	
activation	data	for	both	of	tibialis	anterior	and	gastrocnemius	muscle	during	reaching	by	subjects	using	electro-
myography.	Data	analysis	with	SPSS	for	Window	Version	20.0	was	performed	using	repeated	one-way	analysis	of	
variance	according	to	visual	fields	and	age.	[Results]	There	were	no	significantly	differences	between	subjects	in	
their	20s	and	60s	to	visual	field	conditions	except	for	left	tibialis	anterior	muscle	activation	during	left-side	reach-
ing.	Left	tibialis	anterior	muscle	activation	in	subjects	in	their	60s	was	higher	than	in	subjects	in	their	20s	during	
left-side	reaching.	[Conclusion]	We	determined	that	tibialis	anterior	muscle	activation	in	subjects	in	their	60s	was	
higher	than	in	subjects	in	their	20s.	We	suggest	that	visual	field	conditions	are	the	important	factor	for	physical	
therapy	interventions	to	improve	balance	and	priority	of	intervention	.
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INTRODUCTION

Postural	 control	 is	 a	 system	 that	 uses	 visual,	 somato-
sensory,	 and	 vestibular	 input	 to	 understand	 the	 positions	
and	motions	of	the	body	in	space	and	integrate	them	at	the	
level	of	the	central	nervous	system1).	Visual	sensation	is	a	
process	in	which	the	central	nervous	system	integrates	vi-
sual	 information	 from	 the	 retina	 and	makes	 a	decision	 to	
transform	 the	 basic	 data	 into	 cognitive	 concepts	with	 the	
objective	 of	 reacting	 to	 the	 environment;	 it	 develops	 into	
oculomotor	control,	a	visual	field,	visual	concentration,	and	
visual search and passes through shape recognition and vi-
sual	memory	to	complete	the	upper	level	of	visual	cognition	
and	 induce	mutual	 collaboration2).	 In	 balance	 control,	 vi-
sual	information	provides	information	on	distance	and	state	
according	to	changes	in	the	surrounding	environment,	and	
the	position	and	situation	of	the	body	are	analyzed	to	con-
trol	 the	extent	of	movement.	 In	addition	 to	vestibular	and	

proprioceptive senses, it helps to control one’s posture in a 
given situation3).

The	dominant	eye	provides	information	on	what	objects	
are	near.	Regarding	the	relation	between	sight	and	the	dom-
inant	 eye,	 near	 sight	 is	 more	 correlated	 with	 preferential	
looking	than	long-range	sight	in	the	case	of	relaxed	conver-
gence,	which	is	affected	by	a	near	point	of	convergence4).	
Ibi5)	found	that	the	dominant	eye	looking	at	near	and	distant	
objects	alternatively	needed	a	shorter	time	for	response	and	
accommodation.

The	 nondominant	 eye	 affects	 postural	 control	 to	 mai-
intain	 balance,	 and	 the	 aged	 show	 a	 decreased	 ability	 to	
maintain	 their	 balance	 via	 postural	 control	 depending	 on	
whether	they	were	looking	with	their	dominant	or	nondomi-
nant eye6, 7).

Reaching	 is	 very	 important	 in	 performing	motions	 for	
daily	 living,	 and	 normal	 people	 reaching	 use	 their	 trunk	
to	stabilize	their	posture	and	to	perform	the	motion	of	the	
upper	 limbs	 effectively	 when	 the	 target	 object	 is	 within	
reach8).	Reaching	 increases	postural	demand	and	requires	
the	action	of	the	muscles	of	the	lower	limbs	and	the	trunk	
to	 prevent	 instability9).	 Functional	 reach	 comprises	 for-
ward	movement	of	the	trunk,	slight	extension	of	the	ankles,	
and	contraction	of	 the	 tibialis	 anterior	 and	gastrocnemius	
muscles10).	 St-Onge	 and	 Feldman11) indicated that electri-
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cal	activity	of	muscles	correlates	with	their	direction,	size,	
and	 speed	 of	movement.	 They	 suggested	 that	 in	 addition	
to	examining	balance,	electromyography	(EMG)	could	be	
used	in	patients	suspected	of	having	a	balance	disorder	to	
measure	 muscular	 activation	 for	 measurement	 muscular	
strength	and	body	movements	to	determining	the	degree	of	
disorder	and	rehabilitation.

Studies	 on	 the	 effects	 of	 variations	 in	 visual	 range	 on	
balance	control	have	been	conducted	in	many	ways.	Most	of	
the	studies	have	looked	at	the	differences	between	the	dom-
inant	 and	 nondominant	 eyes	 and	 on	maintenance	 of	 bal-
ance,	but	no	research	has	been	conducted	through	dynamic	
tasks.	While	this	study	examines	muscle	activation	in	lower	
extremities	through	functional	reaching	as	a	dynamic	task	
for	controlling	 the	body,	no	 research	has	analyzed	 the	ef-
fects	of	vision	and	age	on	variations	in	the	muscles	of	the	
lower	extremities.	This	study	aims	to	examine	the	effects	of	
reaching	on	muscle	activation	in	the	lower	extremities	ac-
cording	to	variations	in	the	visual	range—both	eyes,	domi-
nant	 eye,	or	nondominant	 eye—and	determine	 the	differ-
ences	in	muscle	activation	in	the	lower	extremities	by	age	
using	participants	in	their	20s	and	60s.

SUBJECTS AND METHODS

This study was conducted with 48 persons—29 in their 
20s	(14	males	and	15	females)	and	19	in	their	60s	(8	males	
and	 11	 females)—who	 agreed	 to	 participate	 in	 the	 study	
after	 receiving	an	explanation	of	 the	 study.	The	 right	 eye	
was	dominant	in	28	participants,	and	the	left	eye	was	domi-
nant	in	20;	none	of	them:	had	received	medication	or	treat-
ment	for	any	ophthalmologic	disease	within	the	previous	6	
months,	had	congenital	deformities	or	serious	internal,	sur-
gical,	or	neurological	diseases	of	 the	 limbs,	or	had	abnor-
mal	balance	abilities.	All	participants	signed	consent	forms	
after	the	study	procedure	was	explained	to	them	in	detail.	
The	study	conformed	to	the	declaration	of	Helsinki	and	was	
approved	by	the	ethics	committee	for	research	at	Silla	Uni-
versity,	Korea.	The	participants’	general	characteristics	are	
shown	in	Table	1.

To	attach	electrodes	to	the	tibialis	anterior	and	gastroc-
nemius	 muscles,	 hair	 was	 removed	 from	 the	 skin	 above	
them	for	measurement,	which	was	then	cleaned	with	ster-
ilized	 cotton.	An	 electrode	was	used	 to	 perforem	 surface	
EMG.	The	mean	of	 3	 root	mean	 squares	 (RMSs)	 in	 total	
was	estimated	for	3	seconds	of	resting	time	and	5	seconds	
of	measuring	time12).

The	participants	were	asked	 to	stand	comfortably	with	
their legs shoulder-width apart and with their shoulder 
joints	raised	90	degrees.	A	pole	was	placed	at	the	point	5	cm	
from	the	third	metacarpal	finger	joint	at	45	degrees	between	
the	right	and	left	arms13, 14).

The	experimental	procedure	was	as	follows.
First,	measurement	was	performed	by	asking	the	partici-

pants	to	look	at	the	pole	to	the	left	with	both	eyes	open.
Second,	 measurement	 was	 performed	 by	 covering	 the	

participants’	nondominant	eye	and	asking	them	to	look	to	
the	left	with	the	dominant	eye	and	stretch	their	left	arm	and	
to	look	to	the	right	and	stretch	their	right	arm.

Third,	measurement	was	performed	by	covering	the	par-
ticipants’	dominant	eye	and	asking	them	to	look	to	the	left	
with	the	nondominant	eye	and	stretch	their	left	arm	and	to	
look	to	the	right	and	stretch	their	right	arm.

The	ankle	strategy	was	selected	in	pursuit	of	consisten-
cy,	 and	 rotational	movement	was	 restricted	 in	 pelvic	 and	
shoulder	joints	to	prevent	compensation.

A	Keypoint®	EMG	system	manufactured	by	Medtron-
ic	 was	 used	 to	 collect	 surface	 electromyography	 data.	
The	 sampling	 rate	 of	 elctromyographic	 signals	was	 set	 at	
1000	Hz,	the	frequency	bandwidth	was	set	20–450	Hz,	and	
the	notch	filter	was	set	at	50	Hz.

The	most	widely	used	kinesis	test	to	determine	the	domi-
nant	 eye	 is	 the	 hole-in-the-card	method,	 called	 an	 ocular	
dominant	eye	or	eye	dominance	test15).	The	dominant	eye	
test	for	this	study	used	a	card	with	a	hole	1.5	cm	in	diameter	
in	the	middle	of	an	A4	sheet	(210	mm	in	width	and	299	mm	
in	length).	The	subject	was	asked	to	hold	the	card	at	eye	lev-
el	with	both	hands	and	look	at	an	object	5	m	ahead	through	
the	hole.	In	this	test,	the	tester	covers	each	of	the	subject’s	
eyes	alternatively	and	considers	the	eye	focused	on	the	ob-
ject	to	be	the	dominant	eye.

Repeated	 measures	 ANOVA	 was	 performed	 to	 deter-
mine	the	relation	between	age	and	visual	field	conditions.	
In	this	study,	the	significance	level	was	set	to	α=0.05.	The	
commercial	statistical	program	SPSS	version	20.0	for	Win-
dows	was	used	for	statistical	treatment	of	data.

RESULTS

Correlation between visual field conditions and age in 
the left tibialis anterior muscle during reaching (Table 2)

During	the	task	of	reaching	with	the	left	arm,	there	was	
significant	correlation	between	age	and	visual	field	condi-
tions	in	the	left	tibialis	anterior	muscle	(p<0.05).	There	was	
a	significant	difference	in	the	visual	fields	of	participants	in	
their	20s	(p<0.05),	but	there	was	no	significant	difference	in	
the	visual	fields	of	participants	in	their	60s.

During	 the	 task	 of	 reaching	 with	 the	 right	 arm,	 there	
was	no	significant	correlation	between	age	and	visual	field	
conditions	in	the	left	tibialis	anterior	muscle.	There	was	no	
significant	difference	in	the	visual	fields	of	participants	in	
their	20s,	but	there	was	a	significant	difference	in	the	visual	
fields	of	participants	in	their	60s	(p<0.05).

Table 1.		General	characteristics	of	subjects	(n=48)

20s 60s
Mean±SD Mean±SD

Sex	(male/female) 14/15 8/11
Age	(year) 26.1±3.4 62.5±3.2
Weight	(kg) 59.0±11.4 64.6±10.7
Height	(cm) 169.0±6.9 163.4±7.7
Left	dominant	eye 16 12
Right	dominant	eye 13 7
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Correlation between visual field condition and age in the 
right tibialis anterior muscle during reaching (Table 3)

During	the	task	of	reaching	with	the	left	arm,	there	was	
no	significant	correlation	between	age	and	visual	field	con-
dition	in	the	right	tibialis	anterior	muscle.	There	was	no	sig-
nificant	difference	in	visual	field	condition	in	participants	
in	their	20s	and	their	60s.

During	the	task	of	reaching	with	the	right	arm,	there	was	
no	significant	correlation	between	age	and	visual	field	con-
dition	in	the	right	tibialis	anterior	muscle.	There	was	a	sig-
nificant	difference	in	visual	field	condition	in	participants	
in	their	20s	(p<0.05),	but	there	was	no	significant	difference	
in	visual	field	condition	in	participants	in	their	60s.

Correlation between visual field condition and age in the 
left gastrocnemius muscle during reaching (Table 4)

During	the	task	of	reaching	with	the	left	arm,	there	was	
no	significant	correlation	between	age	and	visual	field	con-
dition	in	the	left	gastrocnemius	muscle.	There	was	no	sig-
nificant	difference	in	visual	field	condition	in	participants	
in	their	20s	and	60s.

During	the	task	of	reaching	with	the	right	arm,	there	was	
no	significant	correlation	between	age	and	visual	field	con-
dition	in	the	left	gastrocnemius	muscle.	There	was	no	sig-
nificant	difference	in	visual	field	condition	in	participants	
in	their	20s	and	60s.

Correlation between visual field condition and age in the 
right gastrocnemius muscle during reaching (Table 5)

During	the	task	of	reaching	with	the	left	arm,	there	was	
no	significant	correlation	between	age	and	visual	field	con-
dition	in	the	right	gastrocnemius	muscle.	There	was	no	sig-

nificant	difference	in	visual	field	condition	in	participants	
in	their	20s	and	60s.

During	the	task	of	reaching	with	the	right	arm,	there	was	
no	significant	correlation	between	age	and	visual	field	con-
dition	in	the	right	gastrocnemius	muscle.	There	was	a	sig-
nificant	difference	in	visual	field	condition	in	participants	
in	their	20s	(p<0.05),	but	there	was	no	significant	difference	
in	visual	field	condition	in	participants	in	their	60s.

DISCUSSION

Visual	 sensation	 and	 proprioceptive	 senses	 are	 very	
closely	correlated	with	maintaining	posture	and	balance16).	
Yelnik	et	al.17)	 showed	 that	space	perception	ability	could	
affect	postural	balance	control.	Without	visual	information,	
maintaining	 initial	posture	 is	 improved	by	co-contraction	
of	 the	 tibialis	 anterior	 and	 gastrocnemius	muscles;	 there-
fore,	variation	in	the	range	of	vision	dramatically	changes	
the	 strategy	 to	 maintain	 postural	 stability18).	 This	 result	
suggests	that	otolith	or	somatosensory	information	should	
cause	 a	 muscular	 response,	 and	 electrical	 activation	 of	
muscles	 including	 the	 tibialis	 anterior	 and	 gastrocnemius	
muscles	 is	 correlated	with	 the	 slow	 shift	 in	 the	 center	 of	
gravity and the head19).	Dominance	of	 the	hands	and	 feet	
as	a	kinetic	function	of	the	cerebrum	is	functionally	over-
lapped	on	both	sides	or	fails	to	be	expressed	dually.	How-
ever,	dominance	of	the	eyes	is	dually	expressed	as	a	sensory	
function	expressed	in	the	both	occipital	lobe	cortex	of	the	
cerebrum.	One	can	consciously	use	one	hand;	in	contrast,	
one	unconsciously	uses	both	eyes20).

This	study	examined	variations	in	activation	of	the	tibi-
alis	anterior	and	gastrocnemius	muscles	when	performing	
the	 task	of	 reaching	by	age	according	 to	variations	 in	 the	

Table 2.	Correlation	between	visual	field	condition	and	age	in	the	left	tibialis	anterior	muscle	when	
performing	the	task	of	reaching			 	 	 	 (unit:	%MVCRMS)

Muscle Reaching Visual	field
20s 60s Between  

groupMean±SD Mean±SD

Left	Tibialis	
anterior

Left 
reaching

Both eyes 6.3±3.6 11.471±7.1
*Dominant	eye 7.3±3.8 13.972±8.7

Nondominant	eye 8.2±3.8* 16.172±9.9

Right 
reaching

Both eyes 5.5±3.4 8.00±4.8*
Dominant	eye 6.0±4.0 7.86±4.6
Nondominant	eye 6.1±3.7 7.99±4.4

Table 3.	Correlation	between	visual	field	condition	and	age	in	the	right	tibialis	anterior	muscle	when	
performing	the	task	of	reaching			 	 	 	 (unit:	%MVCRMS)

Muscle Reaching Visual	field 20s 
Mean±SD

60s 
Mean±SD

Between 
group

Right	Tibialis	
anterior

Left 
reaching

Both eyes 4.8±2.3 9.3±7.2
Dominant	eye 5.1±2.3 9.9±8.0
Nondominant	eye 5.2±2.4 9.7±8.6

Right 
reaching

Both eyes 5.6±3.0 10.3±5.2
Dominant	eye 6.9±4.3 12.7±6.8
Nondominant	eye 8.4±4.9* 15.3±8.1
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range	 of	 vision	 in	 both	 eyes,	 the	 dominant	 eye,	 and	 the	
nondominant	 eye.	 The	 results	 showed	 significant	 correla-
tion	 between	 age	 and	 variation	 in	 the	 range	 of	 vision	 for	
the	 left	 tibialis	 anterior	muscle	when	performing	 the	 task	
of	reaching	with	the	left	arm	and	that	participants	either	in	
their 20s or 60s had variations in the range of vision that 
affect	the	left	gastrocnemius	muscle	when	performing	the	
task	of	reaching	with	the	left	arm	and	the	right	gastrocne-
mius	muscle	when	performing	the	task	of	reaching	with	the	
right	arm.	Park	et	al.21)	assessed	the	effects	of	the	dominant	
and	nondominant	eyes	on	postural	control	in	a	standing	still	
position	among	general	people	aged	20–29	and	60–80	and	
measured	them	by	using	a	dynamic	posture	tester.	The	tes-
ter	graded	the	subjects	balance	based	on	the	degree	of	back-
ward	and	forward	movement:	the	higher	the	grad,	the	better	
the	subject’s	balance.	The	results	showed	that	there	was	no	
significant	difference	among	participants	 in	 their	20s	and	
that	the	dominant	eye	received	higher	balance	grades	than	
the	nondominant	eye	among	participants	in	their	60s	or	old-
er.	The	older	subjects	showed	serious	disorder	of	postural	
control	with	the	nondominant	eye.	This	study	confirmed	the	
findings	of	a	prior	study	showing	that	the	older	the	person,	
the	worse	 the	postural	control	with	 the	nondominant	eye.	
Park	et	al.21) found that participants aged 60 or older showed 
higher	activation	of	 the	gastrocnemius	muscle	with	a	 lon-
ger	section	than	the	tibialis	anterior	muscle	in	performing	
the	task	of	reaching	and	that	 the	longer	section	for	reach-
ing	 caused	 greater	 bodily	 unrest,	 as	 the	 tibialis	 anterior	
and	gastrocnemius	muscles	contribute	to	postural	control.	
While	 Park	 et	 al.21)	 examined	 static	 postural	 control,	 the	
present	study	investigated	the	ability	to	perform	the	task	of	
reaching.	It	was	thus	confirmed	that	there	were	significant	

differences	in	activation	of	the	gastrocnemius	muscle	with	
the	 nondominant	 eye	 in	 performing	 the	 task	 of	 reaching	
among	participants	either	in	their	20s	or	60s.

As	for	variation	by	age	between	participants	in	their	20s	
and	60s,	those	in	their	60s	showed	significantly	higher	ac-
tivation	for	the	right	and	left	tibialis	anterior	muscles	when	
performing	 the	 task	of	 reaching	with	 the	 left	arm	and	for	
the	right	tibialis	anterior	muscle	when	performing	the	task	
of	reaching	with	the	right	arm	with	both	eyes,	the	dominant	
eye,	and	the	nondominant	eye.	Faraldo-Garcia	et	al.6) divid-
ed	subjects	into	seven	groups	according	to	age	and	used	a	
static	posture	analyzer	and	a	SwayStar	unit(Balance	Inter-
national	Innovations,	Iseltwald,	Switzerland)	to	determine	
how	balance	was	affected	by	age	and	gender	according	to	
eye	opening	and	closing.	The	results	showed	that	vestibular	
contribution	began	to	increase	at	the	age	of	20,	reached	the	
maximum	in	the	30s,	and	decreased	gradually	until	the	60s,	
after	which	it	began	to	increase	again.	The	SwayStar	unit	
revealed	that	the	importance	of	visual	sensation	decreased	
in	people	in	their	40s	and	increased	again	in	the	aged	group.	
In	contrast,	it	was	reported	that	the	relative	importance	of	
vestibular	 information	 increased	 steadily,	 reaching	 the	
maximum	by	40	 to	 49	years	 of	 age	 and	 beginning	 to	 de-
crease	in	the	aged	group.	Swan	et	al.22)	divided	the	subjects	
into a young group aged 19 to 25 and an old group aged 60 
to	74	and	found	that	the	latter	could	improve	their	balance	
with	lower	scores	for	posture	unrest	by	applying	a	visual-
perceptual	 task	 for	 spatial	 memory.	 Prior	 research	 found	
that	the	role	of	visual	information	began	to	increase	due	to	
the	decline	of	the	vestibular	organs	due	to	aging	at	the	age	
of	60	or	older,	and	the	present	study	confirmed	that	higher	
muscle	activation	in	the	lower	extremities	of	participants	in	

Table 5.	Correlation	between	visual	field	condition	and	age	in	the	right	gastrocnemius	muscle	when	per-
forming	the	task	of	reaching		 	 	 	 	 (unit:	%MVCRMS)

Muscle Reaching Visual	field
20s 60s Between 

groupMean±SD Mean±SD

Right	 
Gastrocnemius

Left 
reaching

Both eyes 31.3±20.9 23.0±13.1
Dominant	eye 36.9±26.0 24.9±13.4
Nondominant	eye 37.4±27.5 23.9±15.1

Right	 
reaching

Both eyes 43.9±23.4 40.9±18.2
Dominant	eye 57.8±26.6 53.1±18.7
Nondominant	eye 71.2±26.7** 66.0±19.4**

Table 4.	Correlation	between	visual	field	condition	and	age	in	the	left	gastrocnemius	muscle	when	per-
forming	the	task	of	reaching		 	 	 	 	 (unit:	%MVCRMS)

Muscle Reaching Visual	field
20s 60s Between 

groupMean±SD Mean±SD

Left	 
Gastrocnemius

Left 
reaching

Both eyes 43.8±21.0 35.4±16.2
Dominant	eye 59.2±29.8 46.7±15.8
Nondominant	eye 73.6±29.9** 58.2±17.0**

Right	 
reaching

Both eyes 34.0±21.1 20.7±13.2
Dominant	eye 35.7±23.1 21.3±15.3
Nondominant	eye 37.4±22.9 21.3±14.9
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their	sixties	was	due	 to	 lower	dependence	on	 the	vestibu-
lar	organs	and	the	greater	importance	of	visual	information	
with	aging.

The present study found that participants in their 20s 
showed	significantly	higher	activation	of	the	right	gastroc-
nemius	muscle	with	both	eyes,	 the	dominant	eye,	and	 the	
nondominant	eye	open	when	performing	the	task	of	reach-
ing	with	the	left	arm	and	significantly	higher	activation	of	
the	left	gastrocnemius	muscle	with	both	eyes	and	the	non-
dominant	eye	open	when	performing	 the	 task	of	reaching	
with	the	right	arm.

The	present	study	has	limitations	in	that	it	is	difficult	to	
make	 inferences	 from	 the	 results	 of	 the	 test	 implemented	
among	normal	persons	and	 that	only	 the	 task	of	 reaching	
was	performed	in	those	situations	that	could	occur	in	daily	
life.	In	consideration	of	these	limitations,	further	research	
needs	 to	 be	 conducted	 to	 complement	 the	 present	 study	
through	more	diverse	clinical	applications	and	employment	
of	diverse	methods	of	performing	a	task.

In	 this	 study,	we	 found	 that	 there	 is	no	correlation	be-
tween	variation	in	the	range	of	vision	and	age,	the	tibialis	
anterior	 and	 gastrocnemius	muscles	 are	 used	 to	maintain	
balance	according	to	variations	in	the	range	of	vision,	and	
the	gastrocnemius	muscle	usually	 shows	higher	 electrical	
activation	 than	 the	 tibialis	 anterior	muscle	 in	 performing	
the	task	of	reaching.	Muscles	for	maintaining	balance	show	
greater	 activation	 in	 task	performance	with	 the	nondomi-
nant eye, and older people have increased activation of the 
tibialis	 anterior	 muscle	 for	 postural	 control.	 Further	 re-
search	should	examine	muscle	activation	according	to	vari-
ations	in	the	range	of	vision	when	performing	more	diverse	
tasks	and	apply	them	to	hemiplegia	with	neglect	syndrome	
to	decide	on	the	dominant	eye,	which	will	be	useful	in	re-
habilitation.
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