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Abstract.	 [Purpose]	The	aim	of	this	study	was	to	investigate	the	effect	of	the	magnetic	field	therapy	on	the	motor	
unit	action	potentials	from	the	muscles	of	the	sole	of	the	foot	and	balance	of	healthy	subjects.	[Subjects]	Twenty-
four	volunteer	students	from	Yeditepe	University	Department	of	Physical	Therapy	and	Rehabilitation	participated	
in	this	study.	[Method]	The	feet	region	received	60-Gauss	intensity	pulsed	magnetic	field	therapy	for	20	minutes	
using	a	30-cm	solenoid	electrode.	Motor	unit	action	potentials	of	the	muscles	of	the	sole	were	evaluated	in	both	
the	dominant	and	non-dominant	legs	before	and	after	the	application	of	magnetic	field	therapy.	One	leg	standing	
balance	tests	under	the	eyes	open	and	eyes	closed	conditions	in	the	static	and	dynamic	forms	were	also	evaluated	
in	both	the	dominant	and	non-dominant	legs	before	and	after	the	application	of	magnetic	field	therapy.	[Results]	
Motor	unit	action	potential	values	and	balance	 tests	 results	showed	statistically	significant	 improvements	 in	 the	
post-treatment	period	in	comparison	to	the	pre-treatment	observations.	A	strongly	significant	positive	correlation	
was	found	between	the	motor	unit	action	potentials	and	eyes	open	static	balance	on	the	non-dominant	side.	[Conclu-
sions]	Magnetic	field	therapy	improves	the	activities	of	muscles	and	balance	of	healthy	subjects.
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INTRODUCTION

Magnetic therapy is one of the safest and most effective 
modalities	 and	 is	widely	used	due	 to	 its	 rejuvenating	and	
healing	effects.	It	is	applied	with	low	frequency	(0–100	Hz)	
and	 low	 intensity	 (5–100	 Gauss)	 in	 the	 form	 of	 static	 or	
pulsed	magnetic	fields	with	the	aim	of	activating	the	natu-
ral	 electromagnetic	 impulses	 of	 the	 human	 body1).	 Physi-
ological	effects	of	magnetic	therapy	include:	increased	per-
meability	of	plasmatic	membranes,	increased	enzyme	and	
cytochrome	activity,	improved	blood	circulation,	increased	
immunity	defenses,	effects	on	metabolism,	effects	on	cel-
lular	reproduction,	effects	on	the	regeneration	of	tissue,	and	
stimulation	of	 osteogenesis.	 In	 addition	 to	 pain	 relief,	 re-
duction	in	swelling,	induction	of	more	restful	sleep,	stress	
relief	and	anti-infective	properties	are	observed1,	2).	Alter-
ing	radical	dependent	biochemical	processes,	or	lipid	mem-
branes,	and	exerting	forces	on	cell	intermediates	or	charged	
particles	such	as	electrolytes	are	mechanisms	that	may	alter	
the	firing	rate	of	neurons,	change	the	rate	of	enzyme-me-
diated	reactions,	affect	calcium	channels,	or	increase	local	
blood	circulation3, 4).	Many	researchers	have	demonstrated	
that	 thousands	 of	 patients	 have	 been	 successfully	 treated	
by	 experienced	 health	 professionals	 using	magnetic	 ther-
apy1,	 5,	 6).	 In	 normal	 physiological	 conditions,	 tissue	with	

more	healthy	activity,	better	blood	circulation	and	intersti-
tial	fluid	microcirculation,	will	enhance	the	mechanorecep-
tors	in	providing	adequate	proprioceptive	and	sensory	input	
from	 the	 plantar	 region	 of	 the	 foot.	 In	 the	 standing	 posi-
tion,	 the	 plantar	 region	 is	 the	 first	 region	 in	 contact	with	
the	ground,	and	it	plays	an	important	role	in	informing	the	
central	nervous	system	by	means	of	pressure	and	proprio-
ceptive	 information.	For	 load	balancing	 the	motor	 system	
creates	motor	responses	according	to	the	mechanical	 load	
perceived	by	the	foot7, 8). We designed this research to in-
vestigate	the	immediate	effect	of	the	magnetic	field	therapy	
applied	to	the	feet	region	on	the	motor	unit	action	potentials	
(MUAPs)	from	the	muscles	of	the	sole	of	the	foot	and	bal-
ance	of	healthy	subjects.

SUBJECTS AND METHODS

Twenty-four	 volunteer	 students	 (12	 females	 and	 12	
males)	 from	Yeditepe	 University	 Department	 of	 Physical	
Therapy	and	Rehabilitation	participated	in	this	study.	Sub-
jects	who	had	consumed	alcohol,	or	who	had	plantar	ulcers,	
visual	or	hearing	impairment,	or	peripheral	vascular,	neu-
rological	or	rheumatological	diseases	were	not	included	in	
this	study.	 Informed	consent	was	received	from	each	par-
ticipant.	MUAPs	 from	 the	muscles	of	 the	 sole	of	 the	 foot	
were	recorded	using	the	surface	EMG	of	the	Chattanooga	
Intelect	 Advanced	 System	 through	 two	 adhesive	 active	
electrodes	 placed	 on	 the	 foot	 plantar	 area.	One	 electrode	
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was	placed	on	the	head	of	the	metatarsals	and	the	other	on	
the	heel,	with	the	reference	electrode	placed	parallel	to	them	
with	full	contact.	These	locations	for	the	active	electrodes	
were	chosen	because,	when	standing	on	 the	 foot,	 the	 foot	
touches	the	ground	mainly	at	the	calcaneus	and	the	heads	of	
the	metatarsals.	The	values	were	automatically	recorded	in	
microvolts	for	10	seconds	by	the	System	while	the	subjects	
stood	on	one	leg	without	swinging	of	the	foot.

Static	 balance	 (SB)	 was	 measured	 using	 the	 one-leg	
standing	 test	 on	 a	 stable	 platform	 with	 both	 eyes	 open	
(EOSB)	and	closed	(ECSB).	The	dynamic	balance	(DB)	was	
measured	 using	 trampoline	with	 both	 eyes	 open	 (EODB)	
and	 closed	 (ECDB).	 The	 subjects	 were	 told	 to	 maintain	
their	 balance	 for	 60	 seconds	with	 their	 eyes	 open	 and	30	
seconds	with	eyes	closed.	Measurement	was	stopped	when	
the	 stance	 foot	 shifted	 in	 any	way	or	 the	 non-stance	 foot	
touched	the	ground.	The	maximum	time	of	the	balance	po-
sition was recorded in seconds using a chronometer7, 9).	The	
sole	was	cleaned	and	dried	before	the	tests	and	recordings	
which	were	performed	on	both	the	dominant	and	non-dom-
inant	 sides.	Each	subject	 rested	 for	20	minutes	before	 the	
pre-treatment	measurements.

All	MUAP	recordings	and	balance	tests	were	performed	
before	and	immediatly	after	the	application	of	the	magnetic	
field	 therapy	which	was	 administered	 using	 a	 BTL-4000	
device.	The	subjects	lay	in	the	supine	position	and	insert-
ed	their	feet	region	into	a	30-cm	solenoid	electrode	for	20	
minutes.	Magnetic	pulsed	current	with	exponential	shape,	
20	ms	pulse	duration,	20	ms	pause	duration,	1	repeat,	and	
60	Gauss	intensity	was	used.

Data	were	analyzed	using	SPSS	v	16.	The	arithmetical	
mean	and	standard	deviation	were	calculated	to	summarize	
the	descriptive	data.	The	paired	t	test	was	used	to	compare	
the	 pre-treatment	 and	 post-treatment	 values.	 Pearson’s	
correlation	coefficient	was	used	 to	 assess	 the	correlations	
among	 the	five	outcome	measures.	Statistical	 significance	
was	accepted	for	p<0.05.

RESULTS

The	 personal	 characteristics	 of	 subjects	 are	 given	 in	
Table	1.	Their	mean	age	was	20.71	±	1.12	years,	their	mean	
weight	was	65.7	±	14.53	kilograms,	and	their	mean	height	
was	170.46	±	4.79	centimeters.

The	results	are	shown	in	Table	2.	There	were	statistically	
significant	 differences	 between	 the	 pre-treatment	 and	 the	
post-treatment	values	of	the	MUAPs,	EOSB,	ECSB,	EODB,	
and	ECDB	for	both	the	dominant	(p<0.05,	p<0.01,	p<0.001,	
p<0.01,	 p<0.001,	 respectively)	 and	 the	 non-dominant	
(p<0.01,	p<0.05,	p<0.01,	p<0.05,	p<0.001,	respectively)	feet.

There	was	a	strongly	significant	positive	correlation	be-
tween	 EOSB	 and	 EODB	 (r=0.600,	 p<	 0.01)	 and	 between	
ECSB	and	EODB	(r=0.551,	p<	0.01)	on	the	dominant	side.	
There	 was	 also	 a	 strongly	 significant	 positive	 correla-
tion	between	MUAPs	and	EOSB	(r=0.613,	p<	0.01)	and	a	
moderately	positive	correlation	between	EODB	and	EOSB	
(r=0.462,	p<	0.05)	on	the	non-dominant	side.

DISCUSSION

Magnetotherapy	 is	one	of	 the	basic	physiotherapy	pro-
cedures.	This	method	has	proved	 successful	 in	 some	dis-
eases	with	long-lasting	therapeutic	effects.	It	has	been	dem-
onstrated	 that	 this	method	may	be	used	 for	 the	 treatment	
of patients in the acute or chronic stages of diseases in the 
form	of	static	magnetic	field	or	pulsed	magnetotherapy.	It	
has	emerged	that	inserting	a	quadruple	magnet	capable	of	
sending	a	constant	magnetic	flow	into	a	plaster	cast	in	hand	
and	wrist	fractures	results	in	the	formation	of	bone	callus	in	
an	average	time	that	is	35%	shorter	than	the	normal	time1).	
Results	from	the	study	of	Kovács-Bálint	et	al.10), who inves-
tigated	the	effect	of	a	single	static	magnetic	field	exposure	
on	the	thermal	pain	threshold	of	15	young	healthy	human	
volunteers,	 indicate	 that	 the	 static	magnetic	field	 induced	
peripheral	neuronal	or	circulatory	mechanisms,	which	may	
have	been	involved	in	the	observed	thermal	pain	threshold	
increase	by	the	pain	fibre	adaptation	potential	to	higher	lev-
els.

Static	magnetic	field	therapy	significantly	improves	dis-
ability,	and	 reduces	 the	pain	of	patients	with	chronic	pel-
vic pain11).	According	to	Lepilin	et	al.12)	the	use	of	a	pulsed	
magnetic	field	leads	to	quicker	patient	recovery,	quicker	re-
duction	of	oedema	and	soft	tissue	inflammatory	infiltration,	
quicker	 relief	 from	 inflammatory	 reaction,	 and	 improve-
ment	 of	 tissue	 blood	 supply	 in	 the	 region	 of	 fractures	 in	

Table 1.		Age,	weight	and	height	of	the	study	
group	(n=24)

Mean	±	SD  
Age	(yrs) 20.71	±	1.12
Weight	(kg) 65.7	±	14.53
Height	(cm) 170.46	±	4.79

Table 2.		Differences	between	pre	and	post-treatment	measure-
ments	for	both	the	dominant	and	non-dominant	feet

 N     Pre-treatment							 	Post-treatment					
Dominant side
MUAPs 24 306.12	±	141.79 367.46	±	129.18*
EOSB 24 45.83	±	18.70 56.42	±	10.31**
ECSB 24 15.87	±	10.99 22.50	±	10.00***
EODB 24 41.29	±	19.79 50.54	±	17.23**
ECDB 24 4.21	±	2.08 7.96	±	3.58***

Non-Dominant	side
MUAPs 24 306.75	±	132.07 367.62	±	125.04**
EOSB 24 45.42	±	19.29 50.66	±	15.63*
ECSB 24 14.71	±	10.71 20.42	±	10.33**
EODB 24 36.58	±	23.53 45.04	±	20.88*
ECDB 24 4.08	±	3.09 7.46	±	5.72***

MUAPs:	Motor	 unit	 action	 potentials	 (μV),	 EOSB:	Eyes	 open	
static	balance	(seconds),	ECSB:	Eyes	closed	static	balance	(sec-
onds),	 EODB:	 Eyes	 open	 dynamic	 balance	 (seconds),	 ECDB:	
Eyes	 closed	 dynamic	 balance	 (seconds).	 *:	 p<0.05,	 **p<0.01,	
***:	p<0.001
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patients	with	mandible	fractures.	Recent	advances	in	mag-
netotherapy	suggest	that	carefully	selected	pulsed	magnetic	
fields	might	be	helpful	in	the	treatment	of	Alzheimer’s	and	
Parkinson’s	 diseases,	 as	well	 as	 reflex	 sympathetic	 disor-
ders13).	The	effects	and	the	indications	of	the	magnetic	field	
therapy	 are	 well	 known	 and,	 as	 mentioned	 above,	 many	
studies have investigated its effects on different diseases, 
and	 especially	 on	 pain.	 For	 this	 reason,	we	 designed	 this	
research to differ from previous studies and invesitigated 
the	immediate	effects	of	magnetic	field	therapy	on	balance	
and	MUAPs	 of	 the	 sole	muscles	 of	 healthy	 subjects.	 The	
results	show	that	magnetic	field	therapy	has	significant	ef-
fects	on	eyes	open	and	eyes	closed	static	and	dynamic	bal-
ance.	This	may	have	been	an	effect	of	magnetotherapy	on	
the	sole	 region,	as	 the	plantar	 region	 is	 the	first	 region	 in	
contact	with	the	ground	and	plays	an	important	role	in	in-
forming	 the	central	nervous	 system	 through	pressure	and	
proprioceptive	information.	A	magnetic	field	may	alter	the	
firing	rate	of	neurons,	change	the	rate	of	enzyme-mediated	
reactions,	affect	calcium	channels,	increase	interstitial	fluid	
microcirculation,	 increase	 local	 blood	 circulation	 and/or	
provide	 adequate	 proprioceptive	 and	 sensory	 input	 from	
the	plantar	region	of	the	foot3, 4).	Altering	the	firing	rate	of	
neurons	may	be	one	of	the	reasons	why	the	MUAPs	showed	
a	significant	increase	after	the	treatment.	No	significant	dif-
ference	was	 observed	 between	 females	 and	males	 in	 this	
study.	The	greatest	effect	of	the	magnetic	field	therapy	was	
observed	 in	 the	ECDB	 test	 results	 for	 both	 the	 dominant	
and	 non-dominant	 legs.	Maintaining	 this	 type	 of	 balance	
requires	greater	neural	activity,	and	the	results	may	reflect	
the	effect	of	the	magnetic	field	on	the	activation	of	the	neu-
ral	system,	and	proprioceptive	and	sensory	inputs3,	4,	14,	15).	
Thomas	et	al.16)	showed	significant	improvements	in	normal	
standing	balance	and	center	of	pressure,	with	eyes	open	or	
eyes	closed,	by	a	specific	pulsed	200	μT	magnetic	field.	The	
magnetic	field,	central	nervous	system	and	proprioception	
interaction	are	important	factors.	The	positive	correlations	
between	balance	types	are	interesting	results,	despite	there	
being	few	studies	which	have	 investigated	the	direct	rela-
tionship	between	static	and	dynamic	balance	ability17).

A	strongly	significant	positive	correlation	was	also	found	
between	the	MUAPs	and	EOSB	on	the	non-dominant	side.	
Studies	 investigating	similar	relationships	are	also	sparse.	
We	expected	this	correlation	between	the	MUAPs	and	the	
other	types	of	the	balance,	but	the	sample	size,	which	con-
sisted	of	only	24	healthy	subjects,	may	have	influenced	the	
results.

In	conclusion,	magnetic	field	therapy	improves	the	activ-
ities	of	muscles	and	balance	of	healthy	subjects.	We	suggest	
further	 studies,	 especially	 on	 athletes	 to	 investigate	 their	
balance-related	performance,	or	on	the	physically	disabled	
persons	in	relation	to	their	balance	and	gait.
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