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Abstract.	 [Purpose]	The	purpose	of	this	study	was	to	assess	the	effects	of	flexi-bar	exercises	and	non-flexi-bar	
exercises	on	 trunk	muscle	 activity	 in	different	postures	 in	healthy	adults.	 [Subjects]	Twenty	healthy	 right-hand	
dominant	adults	(10	males	and	10	females)	were	selected	for	this	study.	None	of	the	participants	had	experienced	
any	orthopedic	problems	in	the	spine	or	in	the	upper	and	lower	extremities	in	the	previous	six	months.	[Methods]	
The	subjects	were	instructed	to	adopt	three	exercise	postures:	posture	1,	quadruped;	posture	2,	side-bridge;	and	
posture	3,	standing.	Surface	electromyography	of	selected	trunk	muscles	was	normalized	to	maximum	voluntary	
isometric	contraction.	[Results]	The	external	oblique,	internal	oblique,	and	erector	spinae	muscle	activity	showed	
significant	 differences	 between	 flexi-bar	 exercises	 and	 non-flexi-bar	 exercises.	 [Conclusion]	 The	 results	 of	 this	
study	suggest	that	flexi-bar	exercises	are	useful	in	the	activation	of	trunk	muscles.
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INTRODUCTION

The	spine	forms	the	center	of	the	human	body	and	pro-
vides	 passive	 stability	 through	 bones	 and	 ligament	 tissues	
and	 active	 stability	 through	muscles1).	 In	 particular,	 trunk	
muscle	activity	precedes	movement	of	the	upper	and	lower	
extremities	in	the	human	body2).	Impaired	and	delayed	trunk	
muscle	activity	leads	to	unstable	upper	and	lower	extremity	
movement3).	Instability	of	the	lumbar	vertebrae	is	one	of	the	
primary	causes	of	low	back	pain4).

The	muscles	 that	 provide	 active	 trunk	 stability	 are	 cat-
egorized	into	global	and	local	muscles.	The	global	muscles	
are	 relatively	 large,	 superficial	 muscles	 that	 surround	 the	
abdomen	and	 lumbar	vertebrae.	They	generate	 torque,	and	
their	 function	 is	 to	 control	 the	 overall	 trunk	 stability.	The	
local	muscles	are	the	intrinsic	muscles	located	in	deep	areas	
of	the	abdomen	and	lumbar	vertebrae,	and	their	function	is	to	
control	fine	spinal	adjustments	and	stability	between	spinal	
segments5).	Well-controlled	cooperation	between	the	global	
and	local	muscles	contributes	to	spinal	stability6, 7).

Spinal	stability	is	also	closely	related	to	co-contraction	of	
the	trunk	muscles,	which	is	needed	to	maintain	appropriate	
spinal	 stability	 in	 order	 to	 alleviate	 and	 prevent	 low	 back	
pain8).	In	an	effort	to	ascertain	how	to	maintain	such	spinal	

stability,	a	number	of	trunk	stabilization	exercises	have	been	
employed	and	researched	clinically	in	various	studies9–11).

When	vibration	stimulation	is	applied	to	muscles,	it	cre-
ates	 strong	 proprioceptive	 stimulation,	which	 significantly	
affects	movement	perception	in	not	only	healthy	people	but	
also	 in	patients	with	a	variety	of	neurological	disorders12).	
Whole	body	vibration	exercise	provides	strong	sensory	stim-
ulation	that	can	activate	the	muscle	spindles	and	strengthen	
the	proprioceptive	senses,	thereby	strengthening	the	muscles	
that	are	essential	for	postural	stability13).

As	movement	 limitations	 during	 daily	 activities	 due	 to	
trunk	muscle	problems	are	common,	there	are	several	ongo-
ing	 studies	on	 trunk	muscles	 activities	 and	 exercise	meth-
ods.	Effective	exercise	tools	have	also	been	developed	and	
executed	 in	relation	 to	 trunk	muscle	activation.	This	study	
investigates	 the	 use	 of	 vibration	 and	 is	 based	 on	 previous	
studies	 in	which	 vibration	 greatly	 increased	muscle	 activ-
ity.	However,	few	studies	have	been	conducted	on	vibration	
exercises	that	are	effective	only	in	a	particular	region	of	the	
body.	This	study	aimed	to	determine	whether	flexi-bar	and	
non-flexi-bar	exercises,	exerting	different	vibration	strengths	
on	the	shoulder	joints,	are	effective	in	trunk	muscle	activa-
tion	in	different	postures.

SUBJECTS AND METHODS

Twenty	 healthy	 right-hand	 dominant	 adults	 (10	 males	
and	10	 females)	were	 selected	 for	 this	 study.	None	of	 the	
participants	had	orthopedic	problems	in	the	spine	or	in	the	
upper	and	lower	extremities	in	the	previous	six	months.	The	
average	height	and	weight	of	the	subjects	were	168.4	cm	and	
63.3	kg	 respectively	while	 their	 average	 body	mass	 index	
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(BMI)	was	21.4	kg/m2.	All	subjects	understood	the	purpose	
of	 this	 study	 and	 provided	 written	 consent	 prior	 to	 their	
participation	in	accordance	with	the	ethical	standards	of	the	
Declaration	of	Helsinki.

The	 flexi-bar	 (Togu,	 Germany)	 used	 in	 this	 study	 was	
developed	 by	 Dr.	 Raçef	 in	 Germany	 in	 the	 late	 1990s	
and	 is	used	as	an	exercise	 tool	 for	 shoulder	 joints	and	 the	
whole	 body.	 It	 generates	 by	 creating	 270	 vibrations	 per	
minute	 (4.6	Hz).	 The	 flexi-bar	 specifications	 were	 as	 fol-
lows:	 length,	 weight,	 and	 thickness	 were	 153	cm,	 710	g,	
and	 9.5	mm,	 respectively.	 Flexi-bar	 exercises	 are	 physical	
responses	to	vibration,	which	requires	stability	in	the	trunk	
and	the	proximal	region	of	the	arms.	The	flexi-bar	strength	
can	be	controlled	by	changing	the	weight	or	thickness	of	the	
bar.	A	general	stretching	bar	was	used	as	the	non-flexi-bar,	
and	the	length	and	weight	of	the	non-flexi-bar	was	set	to	the	
same	values	as	those	of	the	flexi-bar.

To	measure	 the	 electromyography	 (EMG)	 signal	 of	 the	
selected	 muscles,	 an	 eight-channel	 wireless	 EMG	 device	
(WEMG-8,	Laxtha,	USA)	was	 used.	This	 equipment	 con-
sists	of	a	 transmitter	and	a	 receiver,	and	measures	data	by	
transmitting	and	receiving	frequencies	wirelessly.	Notebook	
computers	and	electrode	cables	were	also	used	as	auxiliary	
equipment.

A	practice	period	of	three	days	in	one	week	was	conducted	
to	familiarize	subjects	with	the	flexi-bar	exercise	prior	to	the	
experiment.	The	 flexi-bar	 exercise	was	 performed	with	 as	
little	trunk	movement	as	possible.	The	movement	direction	
of	the	bar	was	from	the	outside	to	the	inside	of	the	trunk	or	
vice	versa.	The	exercises	were	performed	by	the	subjects	in	
the	three	postures	described	below.	First,	for	the	quadruped	
posture,	 the	subject	performed	the	flexi-bar	exercise	in	the	
prone	position	with	the	knee	and	hip	flexed	to	90°,	and	the	
left	arm	supported	on	the	floor.	The	exercise	was	conducted	
while	the	arm	was	abducted	to	90°	in	the	anatomical	posi-
tion.	Second,	a	side-bridge	posture	was	adopted	as	follows:	
In	the	side-lying	posture,	the	knees	were	flexed	to	90°,	while	
the	hip	joints	maintained	180°	extension.	In	this	posture,	the	
flexi-bar	exercise	was	performed	with	the	left	arm	supported	
on	 the	floor	 in	 full	 extension.	Third,	 for	 the	 standing	pos-
ture,	 the	flexi-bar	exercise	was	performed	with	 the	subject	
standing	with	feet	about	shoulder	width	apart	and	the	arms	
abducted	 to	 90°	 in	 the	 anatomical	 position.	 The	 postures	
adopted	for	the	non-flexi-bar	exercise	were	the	same	as	those	
used	in	the	flexi-bar	exercise.

The	 surface	 electrode	 for	 the	 rectus	 abdominis	was	 at-
tached	to	the	middle	of	the	muscle	belly	between	the	umbili-
cus	and	the	pubic	bone,	while	the	external	oblique	electrode	
was	placed	15	cm	lateral	to	the	umbilicus.	The	electrode	for	
the	 internal	 oblique	was	 attached	 at	 the	midpoint	 between	
the	anterior	 superior	 iliac	spine	 (ASIS)	and	 the	symphysis	
pubis,	while	the	electrode	for	the	erector	spinae	was	placed	
2	cm	lateral	to	the	belly	at	the	height	of	the	first	lumbar	ver-
tebra.	The	reference	electrode	was	placed	on	the	inner	third	
of	the	clavicle	shaft.	To	minimize	error	due	to	electrode	skin	
impedance,	 the	 regions	 where	 the	 electrodes	 were	 placed	
were	shaved,	rubbed	lightly	four	times	using	fine	sandpaper,	
and	cleansed	with	alcohol.	EMG	values	were	measured	 in	
uV.	Any	noise	 caused	by	 cable	movement	was	minimized	
by	 arranging	 the	 cables	neatly	between	 the	 electrodes	 and	

the	 EMG	 system.	 The	 EMG	 signals	 were	 observed	 using	
a	computer	connected	 to	 the	EMG	system.	This	was	done	
by	 setting	 a	 channel	 that	 corresponded	 to	 each	 connected	
muscle	via	a	corresponding	cable.	The	sampling	rate	for	the	
signals	collected	through	the	electrodes	was	set	to	1,024	Hz.	
For	the	EMG	analysis,	a	band-pass	filter	of	10–450	Hz	was	
applied	 and,	notch	filters	were	used	 at	 the	60	Hz,	120	Hz,	
and	 180	Hz	 intervals	 to	 prevent	 them	 from	 affecting	 the	
frequencies	set	by	the	band-pass	filter.	The	first	and	last	data	
obtained	within	the	first	and	last	two	seconds,	respectively,	
from	the	surface	EMG	signals	were	removed	from	the	analy-
sis,	and	the	data	were	then	processed	and	analyzed	using	root	
mean	square	(RMS).

To	 standardize	 the	 action	 potential	 of	 each	muscle,	 the	
maximal	voluntary	isometric	contraction	(MVIC)	was	used.	
MVIC	 measurement	 positions	 were	 adopted	 based	 on	 a	
previous	study14).	Each	position	was	held	for	7	seconds	 to	
reduce	measurement	variation	at	the	start	and	end	points	of	
the	exercise.	The	activity	of	the	muscles	was	measured	for	5	
seconds,	excluding	the	first	and	last	second.

An	 independent	 sample	 t-test	was	 used	 to	 compare	 the	
subjects’	muscle	activities	when	using	the	two	different	bars.	
The	statistical	significance	level	(α)	was	set	at	0.05,	and	the	
collected	data	were	analyzed	with	the	commercial	statistics	
program,	SPSS	Windows	Version	18.0.

RESULTS

There	 was	 a	 significant	 difference	 between	 muscle	
activities	 of	 the	 internal	 oblique	 in	 the	 exercises	 carried	
out	 using	 the	 two	 different	 bars	 in	 the	 quadruped	 posture	
(p<0.05).	 There	 was	 a	 significant	 difference	 between	 the	
muscle	activities	of	the	internal	oblique	and	erector	spinae	in	
the	exercises	using	the	two	different	bars	in	the	side-bridge	
posture	(p<0.05).	There	was	a	significant	difference	between	
muscle	activities	of	the	internal	and	external	oblique	in	the	
exercises	using	the	two	different	bars	in	the	standing	posture	
(p<0.05)	(Table	1).

DISCUSSION

This	study	aimed	to	determine	whether	flexi-bar	exercises	
using	vibration	was	effective	in	stimulating	trunk	muscle	ac-
tivities	during	various	trunk	muscle	strengthening	exercises,	
with	the	subjects	in	different	postures.	The	objective	of	the	
investigation	 was	 to	 obtain	 information	 on	 new	 exercise	
programs	 and	 their	 various	 benefits.	To	 achieve	 this	 goal,	
three	 postures-quadrupeds,	 side-bridge,	 and	 standing	were	
selected.	The	subject	performed	flexi-bar	and	non-flexi-bar	
exercises,	 and	 muscle	 activities	 in	 the	 rectus	 abdominis,	
external	and	internal	oblique,	and	erector	spinae	were	com-
pared	during	the	exercises	using	surface	electrodes.

First,	 there	was	a	significant	difference	between	muscle	
activities	 of	 the	 internal	 oblique	 in	 the	 quadruped	 posture	
(p<0.05),	whereas	the	other	muscles	showed	no	significant	
difference	 (p>0.05).	 Second,	 there	 was	 a	 significant	 dif-
ference	 between	 muscle	 activities	 of	 the	 external	 oblique	
and	 the	erector	 spinae	 in	 the	side-bridge	posture	 (p<0.05),	
whereas	the	other	muscles	showed	no	significant	difference	
(p>0.05).	Third,	there	was	a	significant	difference	between	
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muscle	activities	of	the	external	and	internal	oblique	in	the	
standing	posture	(p<0.05),	whereas	the	rectus	abdominis	and	
erector	spinae	showed	no	significant	difference	(p>0.05).

According	 to	 a	 previous	 study15),	 an	 external	 load	 that	
makes	 achieving	 a	 balance	 between	 upper	 and	 lower	 ex-
tremities	 challenging	 can	 accelerate	 trunk	muscle	 activity,	
which	in	turn,	contributes	to	trunk	stability.	As	revealed	in	
previous	studies,	the	present	study	showed	a	more	significant	
difference	between	muscle	activities	during	the	flexi-bar	ex-
ercise	than	during	the	non-flexi-bar	exercise.	This	is	because	
the	 flexi-bar	 exercise	 accelerated	 trunk	muscle	 activity	 by	
increasing	 external	 loads	while	 overcoming	 the	 vibrations	
exerted	from	the	inside	to	the	outside	of	the	body.

The	quadruped	posture	has	been	employed	in	many	pre-
vious	studies	to	investigate	trunk	stability.	It	has	been	found	
that	 in	 this	posture,	 the	 trunk	muscle	activities	 increase	as	
external	loads	on	the	upper	and	lower	extremities	increase16).	
In	the	present	study,	the	flex-bar	exercise	carried	out	in	the	
quadruped	posture	also	showed	a	significant	increase	in	the	
muscle	activity	of	the	internal	oblique.	This	was	because	the	
flexi-bar	exerted	more	external	loads	than	the	non-flexi-bar,	
thereby	showing	a	significant	difference	between	the	muscle	
activities	of	the	internal	oblique.

The	flexi-bar	exercise	in	the	side-bridge	posture	showed	
a	significant	difference	between	the	muscle	activities	of	the	
internal	oblique	and	erector	spinae.	Compared	to	the	quad-
ruped	posture,	the	side-bridge	posture	led	to	greater	muscle	
activity	in	the	erector	spinae	of	the	female	subjects	than	the	
male	subjects	during	the	flexi-bar	exercise.	This	was	because	
the	female	subjects	were	unable	to	accurately	control	lumbar	
lordosis,	resulting	in	a	significant	difference	in	terms	of	the	
erector	spinae.

The	 flexi-bar	 exercise	 in	 the	 standing	 posture	 showed	
a	 significant	 difference	 between	 muscle	 activities	 of	 the	
internal	and	external	oblique.	The	standing	posture	occupies	
a	 much	 narrower	 area	 of	 basal	 plane	 than	 the	 quadruped	
and	side-bridge	postures.	Thus,	in	the	standing	posture,	the	
subjects	had	to	maintain	the	trunk	in	a	narrower	basal	plane	
area,	thereby	creating	a	significant	difference	in	terms	of	the	
external	oblique	muscle	compared	to	other	postures.

This	 result	was	 due	 to	 the	 following	 reasons.	A	 highly	
efficient	 movement	 has	 been	 observed	 in	 the	 transversus	
abdominis,	and	internal	and	external	obliques	among	the	ab-
dominal	muscles,	whereas	a	relatively	inefficient	movement	
has	been	observed	in	the	rectus	abdominis17).	There	was	no	
significant	 difference	 found	 between	 the	muscle	 activities	

of	the	rectus	abdominis	during	isometric	right	and	left	axial	
trunk	rotation18).	In	addition,	right	and	left	rotations	and	trunk	
imbalance	are	controlled	by	the	internal	and	external	oblique	
or	the	transversus	abdominis	muscles,	which	run	obliquely	
or	 transversely,	 rather	 than	 by	 the	 muscles	 arranged	 in	 a	
longitudinal	 direction,	 such	 as	 the	 rectus	 abdominis19).	As	
such,	the	present	study	also	showed	no	significant	difference	
between	muscle	activities	of	the	rectus	abdominis	compared	
to	changes	in	muscle	activities	of	the	other	trunk	muscles.	In	
addition,	 it	 showed	 that	 the	flexi-bar	exercise	 significantly	
increased	 muscle	 activities	 of	 the	 internal	 oblique	 in	 the	
quadruped	posture,	internal	oblique	and	erector	spinae	in	the	
side-bridge	posture,	and	internal	and	external	oblique	in	the	
standing	posture.

The	 vibration	 characteristic	 of	 the	 flexi-bar	 creates	 a	
strong	 proprioceptive	 stimulation,	 which	 has	 a	 significant	
effect	 on	 the	 movement	 perceptions	 in	 not	 only	 healthy	
individuals	but	also	in	patients	with	a	variety	of	neurological	
disorders12).	 In	 summary,	 the	vibration	 resulted	 in	 the	cre-
ation	of	strong	external	loads	by	intense	stimulation	of	the	
muscle	proprioceptors,	thereby	increasing	the	trunk	muscle	
activities	during	the	exercise.

This	 study	 had	 a	 few	 limitations.	 The	 subjects	 were	
healthy	 adults	 in	 their	 20s,	 which	made	 generalization	 of	
the	results	to	the	general	population	difficult.	Furthermore,	
vibration	exercise	tool	for	clinical	research	will	be	needed	as	
to	whether	this	applies	also	to	patients.
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