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Abstract.	 [Purpose]	The	purpose	of	this	study	was	to	determine	the	effects	of	functional	electrical	stimulation	
on	muscle	tone	and	stiffness	in	stroke	patients.	[Subjects	and	Methods]	Ten	patients	who	had	suffered	from	stroke	
were	recruited.	The	intervention	was	functional	electrical	stimulation	on	ankle	dorsiflexor	muscle	(tibialis	anterior).	
The	duration	of	functional	electrical	stimulation	was	30	minutes,	5	times	a	week	for	6	weeks.	The	Myoton	was	
used	a	measure	the	muscle	tone	and	stiffness	of	the	gastrocnemius	muscle	(medial	and	lateral	part)	on	paretic	side.	
[Results]	In	the	assessment	of	muscle	tone,	medial	and	lateral	part	of	gastrocnemius	muscle	showed	differences	
before	and	after	the	experiment.	Muscle	stiffness	of	medial	gastrocnemius	muscle	showed	differences,	and	lateral	
gastrocnemius	muscle	showed	differences	before	and	after	the	experiment.	The	changes	were	greater	in	stiffness	
scores	than	muscle	tone.	[Conclusion]	These	results	suggest	that	FES	on	ankle	dorsiflexor	muscle	had	a	positive	
effect	on	muscle	tone	and	stiffness	of	stroke	patients.
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INTRODUCTION

Muscle	tone	is	defined	as	the	resistance	of	muscle	being	passively	lengthened1).	Abnormal	muscle	tone	occurs	in	disorders	
of	central	nervous	system	and	can	affect	up	to	two-thirds	of	patients	with	stroke2).	Especially,	it	is	a	common	motor	disorder	
following	stroke,	which	may	require	rehabilitation3).	A	hypertonus	state	leads	to	involuntary	muscle	contractions	that	inter-
fere	with	the	normal	movements	of	the	arms	and	legs,	restrict	the	range	of	motion	of	joints,	and	lower	extremity	the	functions	
of	daily	living,	thereby	restricting	the	functional	recovery	of	patients4).

Yan	and	Hui-Chan	reported	that	functional	electrical	stimulation	(FES)	may	be	able	to	normalize	muscle	tone	in	affected	
ankle	plantar	flexors5).	FES	is	a	popular	post-stroke	gait	rehabilitation	intervention.	FES	is	typically	delivered	to	ankle	dor-
siflexors	to	correct	foot	drop	during	the	swing	phase6).	FES	is	applied	on	the	tibialis	anterior	muscle	to	enhance	coordination	
capability	during	the	gait	cycle,	and	to	increase	the	range	of	motion	of	the	ankle	joint	and	walking	speed,	thus	improving	
gait	quality7).	FES	appears	to	enhance	balance	control	during	walking	and,	thus,	effectively	management	foot	drop	in	stroke	
patients8).	Cho	et	al.	reported	that	treadmill	training	while	FES	was	applied	to	the	gluteus	medius	and	tibialis	anterior	muscles	
increased	lower	limb	muscle	strength	and	improved	balance	and	gait9).	Most	previous	studies	assessed	muscle	strength	and	
gait	ability.	However,	few	studies	have	assessed	muscle	tone	and	stiffness.	Therefore,	we	investigated	the	influence	of	FES	
on	muscle	tone	and	stiffness	in	stroke	patients.

Stroke	survivors	show	significantly	higher	resistance	torque	and	joint	stiffness10).	Muscle	stiffness,	which	is	defined	as	a	
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change	in	passive	tension	per	unit	change	in	length,	is	an	indication	of	a	muscle’s	passive	resistance	to	elongation11).	Ankle	
stiffness	 is	 associated	with	 difficulty	walking	 due	 to	 an	 asymmetric	 posture	 and	 a	 loss	 of	 balance	 and	motor	 control12).	
Limited	ankle	joint	dorsiflexion	is	caused	by	calf	muscle	(gastrocnemius	and	soleus	muscles)	stiffness	and	soft	contracture13).	
Owing	to	an	increase	of	muscle	tension	in	the	gastrocnemius	muscle,	stroke	patients	cannot	actively	control	dorsiflexion,	and	
foot drop tends to occur14).

In	this	study,	we	hypothesized	that	FES	applied	to	the	ankle	dorsiflexor	(tibialis	anterior)	may	reduce	muscle	tone	and	
stiffness	of	the	gastrocnemis	muscle	(medial	and	lateral	part)	in	stroke	patients.

SUBJECTS AND METHODS

This	study	was	conducted	in	D	rehabilitation	hospital	(Seoul,	South	Korea).	The	study	included	10	individuals	who	were	
diagnosed	with	stroke	more	than	6	months	previously.	Included	subjects	had	no	orthopedic	diseases,	and	scored	more	than	
24	points	on	the	mini-mental	state	examination—Korean	version	(MMSK-K).	We	explained	the	purpose	and	methods	of	
this	study	to	the	subjects,	and	only	those	who	consented	to	participate	were	included	in	the	study.	The	study	protocol	was	
approved	by	the	local	ethics	committee	of	Namseoul	University	(1041479-201603-HR-005).

FES	was	applied	to	the	dorsiflexor	on	the	paretic	side	with	the	patient	in	a	sitting	position.	Microstim	(Medel	GmbH,	Ger-
man)	was	used	to	provide	FES.	To	enhance	ankle	dorsiflexion,	the	active	electrode	was	attached	to	the	origin	of	the	tibialis	
anterior	muscle.	The	reference	electrode	was	attached	at	the	insertion	point	of	the	tibialis	anterior	muscle.	The	stimulation	
intensity	was	increased	until	visible	maximal	contraction.	The	FES	device	was	programmed	for	bipolar	placement	at	a	pulse	
rate	of	35	Hz,	a	pulse	duration	of	8	sec,	and	an	off-pulse	duration	of	11	sec.	The	pulse	amplitude	was	250	μV15).	FES	was	
applied	for	30	minutes	5	times	a	week	for	6	weeks.

A Myoton®PRO	(MyotonAS,	Estonia)	was	used	to	measure	muscle	tone	and	stiffness.	Before	measurement,	the	highest	
point	of	the	muscle	belly	of	the	medial	and	lateral	gastrocnemius	muscles	were	marked	with	a	skin	marker.	Muscle	tone	and	
stiffness	were	measured	with	the	measurement	device	positioned	vertically	on	the	skin	marker	while	the	patient	was	relaxed	
and	in	a	prone	position.	All	measurements	were	made	twice,	and	the	averages	measurements	were	used	for	data	analysis.

RESULTS

Table	1	shows	the	general	characteristics	of	the	subjects.	This	study	assessed	the	effect	of	FES	on	muscle	tone	and	stiffness	
in	stroke	patients.	The	results	are	presented	in	Table	2.	The	muscle	tone	of	the	medial	gastrocnemius	muscle	on	the	affected	
side	showed	a	significant	change	a	1.20	Hz	decrease	from	15.44	Hz	to	14.24	Hz	(p<0.05).	The	muscle	tone	of	the	lateral	
gastrocnemius	muscle	on	 the	affected	 side	 showed	a	 significant	 change	an	0.86	Hz	decrease	 from	14.29	Hz	 to	13.43	Hz	
(p<0.05).	The	muscle	stiffness	of	the	medial	gastrocnemius	muscle	on	the	affected	side	showed	a	significant	change	a	16.30	
N/m	decrease	from	268.50	N/m	to	252.30	N/m	(p<0.01).	The	muscle	stiffness	of	the	lateral	gastrocnemius	muscle	on	the	
affected	side	showed	a	significant	change	a	14.3	N/m	decrease	from	271.90	N/m	to	257.60	N/m	(p=0.01).

Table 1.		General	characteristics	of	subjects

Gender Male=6/Female=4	
Age	(years) 57.5	±	7.8
Weight	(kg) 70.8	±	5.2
Height	(cm) 166.4	±	6.8
Post-stroke	duration	(months) 57.5	±	7.8
Paretic side Left=5/Right=5
K-MMSE 29.3	±	1.1
Mean	±	SD
K-MMSE:	Korean	version	of	Mini-Mental	State	Examination

Table 2.		Muscle	tone	and	stiffness	of	gastrocnemius	muscle	on	affected	side

Muscle
Muscle	tone	(Hz) Stiffness	(N/m)

Before After Before After
Medial gastrocnemius 15.4	±	1.9 14.2	±	1.7* 268.5	±	21.0 252.2	±	21.1**
Lateral gastrocnemius 14.2	±	1.1 13.4	±	1.5* 271.9	±	29.0 257.6	±	26.5*
Mean	±	SD
*p<0.05,	**p<0.01
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DISCUSSION

This	study	examined	the	influence	of	FES	training	on	muscle	tone	and	stiffness	in	stroke	patients.	Spasticity	frequently	
interferes	motor	function	in	stroke,	spinal	cord	injury,	and	cerebral	palsy	patients.	During	neurological	rehabilitation,	control	
of	spasticity	is	often	a	significant	problem16).	Spasticity	in	the	foot	of	stroke	patients	was	associated	with	difficulty	during	
walking	due	to	an	asymmetric	posture	and	a	loss	of	balance	and	motor	control13).	Deterioration	of	ankle	joint	motion,	such	as	
a	reduced	range	of	motion	and	tight	heel	cords	can	result	in	a	clumsy	gait	and	excessive	energy	expenditure17).	In	particular,	
the	ankle	plantar	flexor	muscles	play	an	important	role	during	gait6).	Spasticity	of	the	calf	muscles	disrupts	walking	in	stroke	
patients.	Therefore,	muscle	tone	and	stiffness	of	 the	ankle	plantar	flexor	are	a	critical	concern	during	treatment	of	stroke	
patients18).

FES	has	been	widely	used	to	treat	patients	with	central	nervous	system	lesions	in	order	to	improve	motor	control7).	FES	
increases	the	activity	of	the	cerebral	sensory-motor	cortex	in	stroke	patients	and	has	an	effect	on	functional	movement,	and	it	
has	a	positive	effect	on	motor	learning	and	improves	the	effectiveness	of	treatment19).	In	more	than	40	years	of	FES	research,	
principles	for	safe	stimulation	of	neuromuscular	tissue	have	been	established,	and	methods	for	modulating	the	strength	of	
electrically	induced	muscle	contractions	have	been	discovered20).

According	to	our	results,	both	muscle	tone	and	stiffness	of	the	gastrocnemius	muscle	significantly	decreased	after	6	weeks	
of	intervention.	The	changes	in	stiffness	were	greater	than	the	change	in	tone.	The	mechanical	properties	of	a	muscle	are	typi-
cally	expressed	as	stiffness,	which	is	related	to	the	amount,	type,	temperature,	and	organization	of	structures	such	as	muscle,	
elastin,	 proteoglycans	 and	water.	 Stroke	 patients	 showed	 higher	 resistance	 torque	 and	 joint	 stiffness10).	 In	 patients	with	
spasticity,	the	passive	mechanical	properties	of	muscle	are	to	some	extent	responsible	for	impaired	gait	patterns21).	Spasticity	
is	characterized	by	an	increase	in	muscle	tone,	with	accompanying	hyperactivity	in	muscle	stretch	reflexes,	abnormally	high	
velocity-dependent	resistance	to	passive	muscle	stretch,	and	lack	of	coordination22).	Therefore,	muscle	tone	and	stiffness	are	
associated	with	spasticity.

Burridge	et	al.	reported	that	spasticity	reduction	is	achievable	with	the	use	of	FES,	and	that	the	treatment	does	not	cause	
muscle	weakness	or	paralysis.	They	also	claimed	that	patient	quality	of	life	and	range	of	motion	are	improved	following	use	
of	an	FES	system23).	Yan	et	al.	reported	that	fifteen	sessions	of	FES,	greatly	reduced	muscle	spasticity	and	increased	ankle	
dorsiflexion	torque	in	survivors	of	acute	stroke.	They	also	revealed	that	FES	improved	motor	and	walking	ability	in	acute	
stroke	patients	and	that	more	subjects	were	able	to	return	to	home	following	the	procedure5).	These	results	are	consistent	with	
those	of	the	present	study,	which	show	that	FES	positively	influences	muscle	tone	and	stiffness.

Kesar	et	al.	suggested	that	FES	affects	the	control	of	gait	pattern	by	stimulating	specific	muscle	contraction	rather	than	by	
production of force6).	Furthermore,	Kim	et	al.	reported	that	stroke	patients’	gait	patterns	were	more	stable	after	8	weeks	of	
FES	intervention15).	This	means	that	FES	positively	affects	gait.

Bakhtiary	et	al.	reported	that	therapy	combining	electrical	stimulation	and	the	Bobath	inhibitory	technique	reduced	plantar	
flexor	spasticity	in	stroke	patients24).	Also,	Sabut	et	al.	showed	that	the	clinical	implementation	of	FES	together	with	a	con-
ventional	rehabilitation	program	may	reduce	spasticity,	improve	voluntary	joint	movement	and	muscle	strength,	and	improve	
functional	recovery	in	stroke	patients25).	Therefore,	additional	research	is	necessary	regarding	diverse	factors	affected	by	
FES.

This	study	included	a	limited	number	of	subjects	and	did	not	include	a	control	group.	Therefore,	further	studies	should	
be	performed	that	include	a	larger	number	of	subjects.	However,	this	study	may	suggest	only	the	potential	of	the	FES	can	
contribute	to	the	rehabilitation	of	stroke	patients.
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