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Abstract.	 [Purpose]	This	 study	was	performed	 to	assess	 the	 influence	of	 applying	dual	pressure	biofeedback	
units	(DPBUs)	on	the	angle	of	pelvic	rotation	and	abdominal	muscle	activity	during	the	active	straight	leg	raise	
(ASLR).	[Subjects]	Seventeen	patients	with	low-back	pain	(LBP)	participated	in	this	study.	[Methods]	The	subjects	
were	asked	to	perform	an	active	straight	leg	raise	(ASLR)	without	a	PBU,	with	a	single	PBU,	and	with	DPBUs.	
The	angles	of	pelvic	rotation	were	measured	using	a	 three-dimensional	motion-analysis	system,	and	the	muscle	
activity	of	the	bilateral	internal	oblique	abdominis	(IO),	external	oblique	abdominis	(EO),	and	rectus	abdominis	
(RA)	was	recorded	using	surface	electromyography	(EMG).	One-way	repeated-measures	ANOVA	was	performed	
to	determine	the	rotation	angles	and	muscle	activity	under	the	three	conditions.	[Results]	The	EMG	activity	of	the	
ipsilateral	IO,	contralateral	EO,	and	bilateral	RA	was	greater	and	pelvic	rotation	was	lower	with	the	DPBUs	than	
with	no	PBU	or	a	single	PBU.	[Conclusion]	The	results	of	this	study	suggest	that	applying	DPBUs	during	ASLR	is	
effective	in	decreasing	unwanted	pelvic	rotation	and	increasing	abdominal	muscle	activity	in	women	with	chronic	
low	back	pain.
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INTRODUCTION

Low-back	pain	(LBP)	 is	experienced	by	approximately	
70–85%	of	all	people	during	 their	 lifetimes1), and 40% of 
patients	with	acute	LBP	experience	chronic	pain2). LBP is 
more	common	in	women	than	in	men	and	has	a	variety	of	
causes1),	including	impaired	movement	patterns,	abnormal	
alignment,	and	impaired	stabilization	of	the	lumbar	spine.	
To	prevent	these	problems,	muscle	activity	patterns	should	
be	corrected,	and	isometric	contraction	should	be	properly	
stabilized	during	movement	of	the	proximal	limbs3).

The	active	straight	 leg	raise	(ASLR)	is	frequently	used	
for	rehabilitation	in	patients	with	impaired	lumbar	and	pel-
vic	musculature	 as	well	 as	 for	 training	 of	 the	 abdominal	
muscles	 in	healthy	people4, 5).	 If	 the	 lumbopelvic	 and	hip	
regions	are	not	stabilized	while	raising	the	lower	extremity,	

the	pelvis	rotates,	and	the	lumbar	back	undergoes	excessive	
movement6).	Repeated	or	 sustained	pelvic	 rotation	during	
ASLR	or	activities	of	daily	living	may	produce	or	aggravate	
LBP7).	Many	researchers	have	recently	investigated	the	ma-
neuvers	 that	most	effectively	minimize	movements	of	 the	
lumbar	spine	and	control	rotation	of	the	pelvis	during	limb	
movement	such	as	that	during	ASLR8–10).

Pressure	biofeedback	units	(PBUs)	have	been	used	to	as-
sess	control	of	the	abdominal	muscles11, 12),	and	they	can	be	
used	to	indirectly	monitor	changes	in	abdominal	muscle	ac-
tivation13).	Oh	et	al.	reported	that	prone	hip	extension	with	
PBUs	resulted	in	increased	muscle	activation	and	reduced	
anterior	 pelvic	 tilt10).	 The	 use	 of	 PBUs	minimizes	 pelvic	
motion	because	it	provides	internal	stabilization	of	the	lum-
bopelvic	region	while	raising	the	leg	from	the	ground14).

In	 clinical	 practice,	 it	 is	 difficult	 to	 control	 transverse	
motion	such	as	rotation	when	applying	a	single	PBU	to	con-
trol	sagittal	plane	motion.	Comerford	and	Mottram	suggest-
ed	that	exercise	with	dual	PBUs	(DPBUs)	should	minimize	
pelvic	motion	more	effectively	during	lumbar	stabilization	
exercises	while	lying	down	than	a	single	PBU15).	However,	
no	study	has	examined	whether	the	use	of	DPBUs	increases	
activation	of	the	abdominal	muscles	and	properly	controls	
pelvic	rotation	more	effectively	than	a	single	PBU.	There-
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fore,	the	purpose	of	this	study	was	to	investigate	the	effects	
of	DPBU	application	during	ASLR.	We	hypothesized	that	
the	angle	of	pelvic	rotation	would	be	reduced	and	that	the	
EMG	activity	 of	 the	 abdominal	muscles	would	 be	 higher	
during	ASLR	with	DPBUs	than	with	a	single	PBU	or	with	
no PBU.

SUBJECTS AND METHODS

Seventeen	 women	 with	 LBP	 were	 recruited	 for	 this	
study.	The	 subjects	were	34.65	±	10.3	years	of	 age	 (mean	
±	SD)	and	had	a	body	weight	of	54.24	±	5.9	kg,	height	of	
161.94	±	4.4	cm,	and	Korean	Oswestry	Disability	Index	of	
30.94	±	5.8%.	Subjects	were	excluded	if	they	had	undergone	
lumbar	surgery;	had	a	serious	neurological	disease,	scolio-
sis	or	kyphosis;	had	orthopedic	damage;	had	lower	extremi-
ty	pain	or	injury	during	the	last	6	months;	or	were	pregnant.	
All	subjects	provided	written	informed	consent	before	par-
ticipation.	This	study	was	approved	by	the	Inje	University	
Faculty	of	Health	Science	Human	Ethics	Committee.

The	 electromyographic	 (EMG)	 activity	 of	 the	 bilateral	
internal	oblique	abdominis	(IO),	external	oblique	abdomi-
nis	(EO),	and	rectus	abdominis	(RA)	was	measured	using	
a	Trigno	Wireless	EMG	System	(Delsys	Inc.,	Boston,	MA,	
USA).	 The	 electrode	 sites	 were	 located	 bilaterally	 paral-
lel	 to	 the	muscle	fibers	>2	cm	 lateral	 to	 the	umbilicus	 for	
the	RA,	2	cm	 inferior	and	medial	 to	 the	anterior	 superior	
iliac	spine	for	the	IO,	and	12	to	15	cm	lateral	to	the	umbili-
cus,	directly	above	the	anterior	superior	iliac	spine,	for	the	
EO16).	The	electrode	sites	were	cleaned	and	swabbed	with	
alcohol	before	the	electrodes	were	placed	to	minimize	skin	
impedance.	The	EMG	data	were	sampled	at	2,000	Hz,	and	
a	bandwidth	of	20–450	Hz	was	used.	The	EMG	signal	for	
each	muscle	was	analyzed	using	the	root	mean	square.	For	
normalization,	 the	 maximal	 voluntary	 isometric	 contrac-
tion	(MVIC)	was	calculated	for	each	muscle	and	measured	
using	 the	 manual	 muscle	 testing	 positions	 described	 by	
Kendall	et	al17).

To	 measure	 the	 rotation	 angle	 of	 the	 pelvis,	 a	 three-
dimensional	 ultrasonic	 motion	 analysis	 system	 was	 used	
(CMS-HS;	zebris	Medical	GmbH,	Isny,	Germany).	Active	
triplet	markers	were	attached	at	the	iliac	crest	and	the	femo-
ral	head	of	the	raised	leg.	The	subjects	performed	the	ASLR	
without	 a	PBU,	with	 a	 single	PBU,	and	with	DPBUs.	For	
the	ASLR	with	no	PBU,	the	subjects	lay	in	the	supine	posi-
tion	and	actively	 raised	 the	dominant	 leg	 (the	 right	 leg	 in	
all	subjects)	without	bending	the	knee.	The	leg	was	raised	

until	 the	 ankle	 joint	 contacted	 a	 target	 bar	 placed	 20	cm	
above	 the	 table	 for	5	 s.	For	 the	ASLR	with	 a	 single	PBU	
(Stabilizer;	Chattanooga	Group,	Inc.,	Hixson,	TN,	USA),	a	
pressure	bladder	was	placed	between	the	therapeutic	table	
and	the	lumbar	spine.	In	the	ASLR	with	DPBUs,	two	joined	
biofeedback	units	were	placed	under	the	center	of	the	back	
at	the	L3	level	and	connected	along	the	spine.	The	exercises	
were	performed	three	times	with	a	5-min	rest	between	ex-
ercises18).	During	the	ASLR,	the	subjects	were	asked	to	sus-
tain	a	pressure	of	40	mmHg	on	the	PBU	(or	DPBUs)	based	
on	a	visual	analog	gauge.	Changes	in	pressure	less	than	±5	
mmHg	were	acceptable	for	data	collection15).

One-way	repeated-measures	analysis	of	variance	(ANO-
VA)	was	used	to	determine	the	main	effects	of	 the	ASLR	
on	each	muscle.	To	compare	the	three	different	conditions,	
a	post	hoc	test	with	Bonferroni’s	correction	was	performed.	
SPSS	ver.	18.0	(SPSS,	Inc.,	Chicago,	IL,	USA)	was	used	for	
all	analyses,	and	statistical	significance	was	set	at	p	<	0.05.

RESULTS

The	rotation	angle	of	the	pelvis	and	the	activity	level	of	
each	muscle	during	 the	ASLR	under	 the	 three	 conditions	
are	shown	in	Table	1.	According	to	the	post	hoc	analysis,	
the	rotation	angle	of	the	pelvis	was	significantly	lower	dur-
ing	ASLR	with	DPBUs	compared	with	a	single	PBU	(p	<	
0.007)	and	with	no	PBU	(p	<	0.000),	and	it	was	significantly	
lower	with	the	single	PBU	than	with	no	PBU	(p	<	0.034).	
Furthermore,	post	hoc	analysis	showed	that	the	EMG	activ-
ity	of	the	ipsilateral	RA	was	significantly	higher	with	DP-
BUs	than	with	one	PBU	(p	<	0.003)	and	with	no	PBU	(p	<	
0.002).	Additionally,	ipsilateral	IO	activity	was	significant-
ly	increased	in	the	ASLR	with	DPBUs	compared	with	that	
with	a	single	PBU	(p	<	0.049)	and	no	PBU	(p	<	0.004),	and	
the	contralateral	EO	activity	was	significantly	higher	in	the	
ASLR	with	DPBUs	than	with	no	PBU	(p	<	0.015)	(Table	2).

DISCUSSION

In	 this	 study,	 the	 angle	 of	 pelvic	 rotation	 was	 signifi-
cantly	lower	during	ASLR	with	DPBUs	(2.95°	±	2.03°)	than	
during	ASLR	with	a	single	PBU	(3.98°	±	1.85°)	and	with	no	
PBU	(4.70°	±	1.72°).	We	found	that	the	angles	of	pelvic	rota-
tion	during	the	ASLR	with	one	PBU	and	with	DPBUs	were	
also	 significantly	 lower	 than	 that	with	 no	 PBU.	Libenson	
et	al.	reported	that	internal	lumbopelvic	stabilization,	such	
as	 that	 during	 active	 abdominal	 bracing,	 reduced	 lumbar	

Table 1.	The	angle	of	pelvic	rotation	during	ASLR	without	PBU,	ASLR	with	PBU,	and	
ASLR	with	dual	PBUs	(DPBUs)

Pelvic	rotation
Mean	±	SD	(angle)

ASLR without PBU ASLR with PBU ASLR with DPBUs
4.70±1.72 3.98±1.85† 2.95±2.03	‡§

ASLR,	active	straight	leg	raising;	PBU,	pressure	biofeedback	unit;	DPBUs,	dual	pres-
sure	biofeedback	units.
†Significant	difference	between	ASLR	without	PBU	and	ASLR	with	PBU	(p<0.05).	 
‡	Significant	difference	between	ASLR	without	PBU	and	ASLR	with	DPBUs	(p<0.05).	
§	Significant	difference	between	ASLR	with	PBU	and	ASLR	with	DPBUs	(p<0.05).
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axial	rotation9).	Internal	stabilization	can	be	accomplished	
through	co-contraction	of	intrinsic	and	extrinsic	muscular	
stabilizers	of	the	trunk.	In	our	study,	as	the	subjects	raised	
their	 legs,	 they	 tried	 to	 sustain	 a	 pressure	 of	 40	 mmHg	
based	on	visual	analog	scales	on	both	sides	using	the	DP-
BUs,	which	served	to	facilitate	lumbopelvic	stabilization	by	
proper	contraction	of	the	abdominal	muscles.	When	using	
a	PBU	for	 lumbar	stabilization	exercises	 such	as	abdomi-
nal	 bracing,	 a	 drawing-in	maneuver	 and	 pelvic	 backward	
tilt	are	needed	 to	confirm	that	 the	abdominal	muscles	are	
optimally	active14).	The	angle	of	pelvic	rotation	was	lower	
using	DPBUs	than	it	was	using	a	single	PBU.	Like	the	pelvic	
rotatory	control	method	in	which	subjects	lightly	touch	both	
hands	 on	 their	 anterior	 superior	 iliac	 spine6), the DPBU 
method	also	maintains	pressure	on	the	PBUs	under	both	the	
right	and	left	sides	of	the	pelvis.	Our	study	suggests	that	the	
use	of	DPBUs	during	ASLR	 facilitates	 control	 of	 lumbo-
pelvic	axial	rotation	in	the	transverse	plane.	Therefore,	our	
research	results	suggest	that	to	avoid	excessive	lumbopelvic	
motion,	DPBUs	 rather	 than	 a	 single	 PBU	 should	 be	 used	
during	ASLR.

The	results	of	the	present	study	also	showed	that	EMG	
activity	of	the	right	IO	and	right	RA	was	significantly	high-
er	during	the	ASLR	when	DPBUs	were	used	than	when	a	
single	PBU	or	no	PBU	was	employed	 (p	<	0.05),	 and	 the	
activity	of	 the	 left	EO	during	the	ASLR	was	significantly	
greater	with	DPBUs	than	with	no	PBU.	In	our	study,	when	
the	extremity	was	raised	from	the	ground	while	using	DP-
BUs,	the	angle	of	axial	rotation	in	the	lumbopelvic	region	
would	be	expected	to	decrease	because	the	ipsilateral	IO	and	
contralateral	EO	muscles	showed	isometric	co-contraction.	
The	internal	and	external	oblique	muscles	show	co-contrac-
tion	during	flexion	and	rotation	of	the	trunk5). Furthermore, 
the	pelvic	control	method	during	 the	ASLR	increased	 the	
activity	of	all	abdominal	muscles	and	reduced	the	amount	
of	pelvic	rotation19)	in	a	study	conducted	in	healthy	adults.	
The	results	of	the	present	study	suggest	that	performing	this	

exercise	while	using	DPBUs	may	be	related	to	pelvic	rota-
tion,	not	the	strength	of	the	abdominal	muscles.

The	present	study	had	several	limitations.	First,	we	are	
unable	 to	generalize	 the	findings	 to	all	patients	with	LBP	
because	all	the	subjects	were	women	with	chronic	LBP,	and	
our	study	did	not	include	a	control	group	of	healthy	people.	
Second,	we	did	not	measure	the	pain	level	under	the	three	
conditions.	 Third,	 although	 we	 measured	 pelvic	 rotation	
angles,	 they	were	 not	measurements	 of	 the	 axial	 rotation	
of	the	pelvis	because	pelvic	rotation	is	defined	as	motion	in	
the	transverse	plane.	Finally,	we	did	not	measure	the	degree	
of	anterior	and	posterior	pelvic	tilt	during	the	ASLR.	Fur-
ther	study	is	required	to	assess	whether	DPBUs	can	control	
pelvic	motion	in	the	frontal	plane	during	ASLR	in	subjects	
with	LBP	as	well	as	anybody	else	using	DPBUs.
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Table 2.	EMG	activity	(%MVIC)	of	abdominal	muscles	during	
ASLR without PBU, ASLR with PBU, and ASLR with 
dual	PBUs	(DPBUs).

Muscles
Mean	±	SD	(%MVIC)

ASLR without 
PBU

ASLR with 
PBU

ASLR with 
DPBUs

RA
Lt. 12.6±6.3 13.9±6.9 16.6±7.6
Rt. 13.9±4.4 15.0±5.6 18.7±6.5‡§

IO
Lt. 19.8±11.0 23.2±16.8 26.5±19.1
Rt. 19.2±8.8 21.2±12.2 27.5±12.9‡§

EO
Lt. 22.3±14.0 22.7±15.4 27.8±15.2‡

Rt. 26.6±18.1 27.7±19.4 30.9±17.1
ASLR,	 active	 straight	 leg	 raising;	 PBU,	 pressure	 biofeedback	
unit;	DPBUs,	 dual	 pressure	 biofeedback	units;	RA,	 rectus	 ab-
dominis;	 IO,	 internal	oblique	abdominis;	EO,	external	oblique	
abdominis.
†Significant	difference	between	ASLR	without	PBU	and	ASLR	
with	PBU	(p<0.05).	‡	Significant	difference	between	ASLR	with-
out	PBU	and	ASLR	with	DPBUs	(p<0.05).	§	Significant	differ-
ence	between	ASLR	with	PBU	and	ASLR	with	DPBUs	(p<0.05).
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