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Abstract.	 [Purpose]	To	clarify	the	influence	of	nonspecific	low	back	pain	(NSLBP)	on	force	fluctuation	and	the	
myoelectric	data	of	back	muscles	during	isometric	trunk	extension	at	low	to	high	force	levels.	[Subjects]	Fourteen	
male	subjects	with	NSLBP	and	14	healthy	male	control	subjects	participated	in	this	study.	[Methods]	All	partici-
pants	extended	their	trunk	isometrically	maintaining	10	levels	of	target	force	[2,	5,	10,	15,	20,	30,	50,	70,	80	and	
90%	of	maximal	voluntary	contraction	(MVC)	in	a	random	order]	for	about	4	seconds	with	visual	feedback.	A	force	
transducer	and	tri-axis	force	sensor	were	positioned	at	the	7th	thoracic	vertebra	to	measure	force	output	and	the	
direction	of	force.	Myoelectric	activities	of	the	back	muscles	(longissimus	thoracis,	L2	level;	multifidus,	S1	level)	
were	recorded	by	surface	electromyography.	[Results]	Force	output	of	NSLBP	subjects	fluctuated	more	than	that	of	
healthy	subjects	at	30%	and	50%MVC.	Higher	median	power	frequency	in	the	multifidus	was	observed	in	NSLBP	
subjects	at	moderate	 to	high	force	 levels.	 [Conclusion]	These	results	show	that	 the	properties	of	 force	output	 in	
NSLBP	subjects	differ	from	those	in	healthy	subjects,	suggesting	that	the	assessment	of	force	fluctuation	of	back	
muscles	at	moderate	force	levels	is	a	useful	index	for	evaluating	and	discriminating	NSLBP.
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INTRODUCTION

Low	back	pain	(LBP)	is	one	of	the	most	prevalent	condi-
tions	 afflicting	 people	 today,	 and	most	 people	 experience	
LBP	at	 some	point	 in	 their	 lives.	The	 lifetime	prevalence	
of	LBP	is	reported	to	be	as	high	as	84%,	and	best	estimates	
suggest	 that	 the	prevalence	of	chronic	LBP	is	about	23%,	
with	11–12%	of	the	population	being	disabled	by	it1).	More	
than	85%	of	patients	who	present	to	primary	care	have	low	
back	 pain	 that	 cannot	 reliably	 be	 attributed	 to	 a	 specific	
disease	 or	 spinal	 abnormality;	 this	 condition	 is	 called	
nonspecific	 low	 back	 pain	 (NSLBP)2–4).	 Studies	 of	 the	
causes	of	LBP	and	strategies	 for	 its	prevention	have	been	
important	themes	in	recent	times.	Despite	many	research-
ers’	 efforts,	 there	 remain	 a	 large	 number	 of	 unanswered	
questions	 and	disagreements	 about	which	 risk	 factors	 are	
the	most	influential.	Previous	studies	of	individual	factors	
have	 reported	 that	previous	experience	of	LBP	and	aging	
are	high	risk	factors5,	6),	as	well	as	an	association	between	
genetic	factors	and	LBP7,	8).	Gender,	obesity,	and	smoking	

are	 reported	 to	have	a	weak	association	with	LBP9–11).	 In	
studies	of	biomedical	factors,	prolonged	bending	and	twist-
ing12,	13),	poor	fitness	and	muscle	 strength	are	 reported	as	
risk	factors14,	15).	Recent	studies	of	the	association	between	
muscular	structure	and	LBP	have	established	a	general	con-
sensus	that	muscles	play	an	important	role	in	LBP16–19).

In	the	modern	lifestyle,	people	spend	much	time	sitting.	
A	Dutch	population-based	study	reported	that	a	sedentary	
lifestyle	 posed	 a	 higher	 risk	 of	 chronic	 NSLBP	 because	
of	 low	activity	 levels20).	Actually,	 activity	 levels	 of	 trunk	
muscles	in	sitting	postures	and	spinal	pelvic	movement	in	
sitting	is	very	low	(less	than	15%	maximal	voluntary	con-
traction;	MVC)	as	previously	reported	by	Miura	et	al21, 22).	
Moreover	 it	 has	 been	 reported	 that	muscle	 activity	 levels	
of	the	trunk	extensors	in	daily	living	is	20−30%MVC23).	If	
LBP	is	associated	with	low	to	moderate	levels	of	muscle	ac-
tivity,	the	study	of	muscle	properties	at	these	activity	levels	
is	required.

As	for	the	properties	of	back	muscles,	many	surface	elec-
tromyography	(EMG)	studies	have	demonstrated	differenc-
es	in	activation	patterns17),	and	asymmetrical	activation24) 
between	 LBP	 subjects	 and	 healthy	 controls.	 Especially,	
power	spectrum	analysis	has	been	increasingly	used	for	the	
purpose	of	diagnosis	and	assessment	of	fatigability	of	LBP	
patients.	Median	frequency	changes	with	fatigue	have	also	
been	 used	 to	 discriminate	 between	 healthy	 subjects	 and	
people	with	LBP25–28).	In	these	studies,	initial	median	fre-
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quency	(IMF)	was	used,	which	has	been	demonstrated	as	
being	satisfactorily	reliable29).	Patients	with	LBP	had	higher	
IMF	at	 the	L5	site	at	80%MVC30),	 and	at	 the	L4/5	site	at	
66.6%MVC27)	 than	healthy	subjects;	however,	 the	IMF	of	
patients	with	LBP	during	 low	to	moderate	 force	output	 is	
unclear.	The	fact	that	the	IMF	of	patients	with	LBP	is	dif-
ferent	from	healthy	subjects	indicates	that	the	motor	control	
of	patients	with	low	back	pain	is	also	different	from	that	of	
healthy	subjects.

There	is	another	view	of	motor	control	in	muscle	func-
tion,	 which	 focuses	 on	 force	 fluctuation.	 It	 has	 been	 re-
ported	 that	 force	output	during	static	contractions	are	not	
constant	but	fluctuate	around	a	mean	value,	and	 the	stan-
dard	deviation	(SD)	of	force	increases	as	the	target	force	in-
creases31,	32).	Force	fluctuation	is	a	natural	characteristic	of	
human motor control33),	and	is	mainly	influenced	by	the	ex-
citation	and	discharge	behavior	of	the	motoneuron	pool34).	
Increased	force	fluctuation	has	been	associated	with	muscle	
fatigue35),	 aging36),	musculoskeletal	 disorders	 and	pain37).	
Force	fluctuations	 are	 known	 to	 depend	on	muscle	 archi-
tecture	and	on	the	level	of	the	exerted	force34).	With	regard	
to	back	muscles,	only	a	few	studies	have	been	conducted.	
These	studies	showed	that	fatigue	increases	force	fluctua-
tion,	but	 the	force	 levels	 investigated	are	unclear38).	How-
ever,	there	have	been	no	studies	of	the	influence	back	mus-
cles	have	on	force	fluctuation	 in	LBP	subjects.	Therefore,	
the	 aim	 of	 the	 current	 study	was	 to	 clarify	 the	 influence	
of	NSLBP	on	force	fluctuation	and	the	myoelectric	data	of	
back	muscles	during	isometric	trunk	extension	from	low	to	
high	force	levels.

SUBJECTS AND METHODS

Fourteen	male	subjects	with	NSLBP	and	14	healthy	male	
control	subjects	participated	in	this	study.	The	criteria	for	
NSLBP	subjects	were	defined	in	accordance	with	a	previ-
ous	study	with	some	modifications27).	Subjects	with	NSLBP	
had	a	history	of	at	least	two	episodes	in	the	previous	year	
severe	enough	to	prevent	their	performance	of	activities	of	
daily	 living	 (ADL),	 and	 at	 least	 one	 episode	 in	 the	 last	 3	
months.	Pain	levels	were	set	at	a	minimum	of	3	out	of	10	
on	a	visual	analogue	scale.	Healthy	subjects	had	no	history	
of	 LBP	 in	 the	 last	 5	years.	None	 of	 the	 subjects	 had	 any	
structural	disorder	in	the	lumbar	region.	The	characteristics	
of	the	subjects	are	shown	in	Table	1.	There	were	no	statisti-
cal	differences	 in	age,	height,	body	weight	or	BMI	 (body	
mass	 index)	 between	 the	 NSLBP	 group	 and	 the	 healthy	
control	group.	The	purpose	and	methods	of	this	study	were	
explained	to	all	the	participants	who	read	and	signed	an	in-
formed	consent	revealing	all	the	details	of	the	study	proto-
col,	which	were	 approved	by	 the	 ethics	 committee	 of	 the	
School	of	Health	and	Sports	Science,	Juntendo	University	
(No.	24-14).

During	force	measurements,	subjects	were	positioned	in	
a	custom-designed	setup	designed	to	allow	isometric	trunk	
extensions	to	be	performed	prone,	with	the	pelvis	stabilized	
with	belts	 to	avoid	movement.	Trunk	extension	 force	was	
measured	with	a	force	transducer	(TU-BR;	TEAC,	Tokyo,	
Japan)	that	was	adjusted	to	make	contact	with	the	midline	

of	each	subject	at	the	T7	level.	The	force	output	was	low-
pass	filtered	at	1	kHz	and	recorded	at	a	sampling	frequency	
of	2	kHz.

EMG	activity	 of	 the	 back	muscles	was	measured	with	
pairs	 of	 self-adhesive	 disposable	 Ag/AgCl	 disc	 surface	
electrodes	 (Blue	 Sensor,	 N-00-S;	 Ambu,	 Denmark)	 that	
were	attached	to	the	skin.	These	electrodes	were	placed	at	
an	inter-electrode	distance	of	20	mm,	parallel	to	the	follow-
ing	muscles	on	the	left	side:	longissimus	thoracis	(2–3	cm	
lateral	to	the	L2	spinous	process);	and	the	lumbar	multifidus	
(S1	level,	parallel	to	a	line	connecting	the	posterior	superior	
iliac	spine	and	L1–L2	interspinous	space).	The	placement	of	
the	electrodes	varied	slightly	according	to	the	shape	of	the	
subjects’	 bodies.	A	ground	 electrode	was	placed	over	 the	
left	iliac	crest.	The	electrodes	were	taped	securely	to	avoid	
excessive	movement	 of	 the	 leads.	Before	 electrode	 place-
ment,	 the	 skin	was	shaved	and	abraded	with	fine	sandpa-
per	to	reduce	skin	impedance	to	below	5	kΩ.	Surface	EMG	
signals	were	recorded	at	a	sampling	frequency	of	2,000	Hz	
using	 a	 Noraxon	 MyoSystem	 1200	 (Noraxon	 USA	 Inc.,	
Scottsdale,	 AZ,	 USA).	 The	 EMG	 system	 bandwidth	 was	
10–1,000	Hz,	the	common	mode	rejection	ratio	was	greater	
than	100	dB	at	60	Hz,	and	the	differential	input	impedance	
was	greater	than	10	MΩ.	All	raw	myoelectric	signals	were	
amplified	with	a	gain	of	1,000.	Data	were	collected	and	pro-
cessed	using	MyoResearch	XP	Ver.1.07	computer	software	
(Noraxon	USA	Inc.,	Scottsdale,	AZ,	USA).	First,	 the	 raw	
surface	EMG	data	were	visually	checked	for	electrocardiac	
artifacts,	and	when	artifacts	were	observed,	they	were	re-
moved	using	a	program	in	MyoResearch39).	EMG	charac-
teristics	such	as	 the	root	mean	square	(RMS)	and	median	
power	frequency	(MdPF)	were	extracted	for	each	muscle.	
Fast	Fourier	Transforms	(FFT)	utilizing	the	Hanning	win-
dow	were	used	to	calculate	MdPF.

Subjects	performed	isometric	contractions	with	the	back	
muscles	 so	 that	 the	 trunk	 exerted	 an	 extension	 force	 to	
match	a	series	of	ten	target	forces.	To	determine	the	target	
forces,	each	subject	first	performed	two	or	more	MVCs	until	
the	peak	force	of	at	least	two	of	the	MVCs	were	within	5%	
of	each	other.	The	peak	force	exerted	during	an	acceptable	
MVC	trial	was	taken	as	the	MVC	force.	The	target	forces	
were	performed	in	a	random	order	with	three	trials	at	each	
of	2,	5,	10,	15,	20,	30,	50,	70,	80	and	90%	of	MVC	force.	
Before	beginning	the	series,	subjects	adequately	practiced	
the	task	at	each	target	force;	however,	practice	was	not	per-
formed	at	70,	80	and	90%	of	MVC	in	order	to	avoid	fatigue.	
Subjects	were	instructed	to	increase	trunk	extension	force	
within	2	seconds	to	match	the	target,	indicated	on	a	visual	

Table 1.		Characteristics	of	subjects

Healthy 
(n=14)

NSLBP 
(n=14)

Age	(year) 21.6±2.3	 21.1±1.1	
Height	(cm) 173.8±5.3	 172.2±5.5	
Weight	(kg) 65.5±5.6	 62.2±4.4	
BMI 21.7±2.0	 21.0±1.9	
NSLBP:	nonspecific	low	back	pain,	BMI:	body	mass	index
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display	positioned	50	cm	away	from	the	face,	and	 to	hold	
that	force	as	steadily	as	possible	for	4	seconds,	in	each	ex-
tension	at	50%	or	less	of	target	force	(Experiment	1).	In	ex-
tensions	at	70%	or	more	of	target	force,	subjects	increased	
the	 trunk	 extension	 force	 within	 1	 second	 and	 held	 that	
force	for	2	seconds	or	as	close	as	possible	to	2	seconds.	For	
visual	feedback,	a	horizontal	line	was	placed	on	a	computer	
monitor	to	indicate	the	target	force	for	each	trial.	The	gain	
of	the	force	display	was	adjusted	so	that	the	target-force	line	
was	always	at	the	same	location	on	the	monitor.	Moreover,	
subjects	were	instructed	to	maintain	a	constant	direction	of	
trunk	extension,	which	was	monitored	by	examiners	on	a	
three-axis	 force	sensor.	Adequate	 rest	was	given	between	
trials	to	minimize	fatigue.	The	rest	lasted	a	minimum	of	30	
seconds,	or	until	 the	 subject	 felt	 fully	 recovered	 from	 the	
previous	 trial,	with	 considerably	 longer	 rest	 periods	 after	
high-force	contractions.

At	the	end	of	these	trials,	subjects	were	asked	to	perform	
30	isometric	trunk	extensions	with	visual	feedback	at	a	tar-
get	force	of	30%MVC	(Experiment	2).	The	task	consisted	
of	repeated	12	seconds	cycles	subdivided	into	1	second	of	
progressive	rise	to	reach	the	target	force,	5	seconds	to	sus-
tain	this	force	level	as	steadily	as	possible,	and	6	seconds	of	
rest.	The	task	lasted	6	minutes	(30	cycles).

For	 each	 submaximal	 contraction,	 the	 absolute	 mean	
forces,	the	standard	deviation	(SD)	of	the	force	and	the	coef-
ficient	of	variation	(CV)	of	force	(SD/mean	force×100)	were	
assessed	in	a	time	window	of	2	seconds	(in	trials	at	70%,	
80%	and	90%MVC,	the	time	window	was	1	second),	which	
was	determined	as	 the	period	when	the	CV	was	smallest.	
Then,	RMS	and	MdPF	of	EMG	were	calculated	in	the	same	
time	window.	The	RMS	value	was	normalized	to	%MVC.

In	 statistical	 analysis	 for	Experiment	 1,	 two-factor,	 re-
peated-measures	 analysis	 of	 variance	 (RM-ANOVA)	was	
used	to	compare	the	NSLBP	and	the	healthy	control	group	
(between-subject	factor)	at	each	of	the	ten	target	force	lev-
els	(repeated-measures	factor)	for	SD,	CV,	RMS	and	MdPF.	
Post	 hoc	 tests,	 including	 the	 Bonferroni	 test	 and	 the	 un-
paired	 t-test,	 were	 conducted	 as	 appropriate.	 Regression	
analysis	was	also	performed	on	the	MdPF	of	the	multifidus	

muscle	using	the	least-squares	method.	For	Experiment	2,	
two-factor	RM-ANOVA	was	used	to	compare	the	NSLBP	
and	the	healthy	control	group	(between-subject	factor)	dur-
ing	 the	30	 trials	 (repeated-measures	 factor)	 for	CV,	RMS	
and	 MdPF.	 Statistical	 analysis	 was	 performed	 using	 Dr.	
SPSS	II	for	Windows	(version	11.0.1	J;	SPSS,	Inc.,	Chicago,	
IL).	P	values	less	than	0.05	were	considered	significant.	All	
results	are	reported	as	mean	±	standard	error	of	the	mean	
(SE)	except	for	the	force	at	MVC.

RESULTS

The	results	of	Experiment	1	were	as	follows.	Maximal	
voluntary	contraction	force	output	in	the	NSLBP	group	was	
606.4±68.8	N	(mean	±	SD)	and	575.8±101.8	N	in	the	healthy	
group.	MVC	force	output	per	weight	was	9.3±1.1	N/kg	 in	
the	NSLBP	group,	9.2±1.4	N/kg	 in	 the	healthy	group.	No	
significant	differences	between	the	groups	were	observed.

There	was	a	main	effect	of	target	force	in	the	RM-ANO-
VA	of	 the	SD	of	 force	 indicating	 a	 general	 increase	with	
higher	 target	 force	(Table	2,	F9,	234=78.796,	p<0.0001).	As	
for	SD	of	force,	there	was	neither	a	significant	main	effect	of	
group	nor	an	interaction	between	group	and	target	force	(F1, 

26=0.787,	 p=0.383;	F9,	 234=0.367,	 p=0.727).	Regarding	CV	
of	force,	there	was	a	main	effect	of	target	force	indicating	a	
general	decrease	with	higher	target	force	up	to	30%MVC,	
and	a	leveling	off	from	30%	to	90%MVC	in	general	(Table	
2,	F9,	234=52.351,	p<0.0001).	Moreover,	there	was	a	main	ef-
fect	of	group	indicating	a	significant	difference	between	the	
NSLBP	and	 the	healthy	group	 (F1,	26=4.698,	p<0.05),	 and	
the	post	hoc	test	showed	that	CV	of	the	NSLBP	group	was	
significantly	higher	 than	 that	of	 the	healthy	group	at	30%	
and	50%MVC	(p<0.05	and	p<0.01,	respectively).	There	was	
no	 significant	 interaction	 between	 group	 and	 target	 force	
(F9,	234=0.490,	p=0.770).

There	 was	 a	 main	 effect	 of	 target	 force	 in	 the	 RM-
ANOVA	of	 the	RMS	of	both	muscles	 (longissimus	 thora-
cis	 and	 multifidus)	 indicating	 a	 monotonic	 increase	 with	
higher	 target	force	(Table	3,	F9,	234=351.285,	p<0.0001;	F9, 

234=469.307,	p<0.0001).	As	for	RMS,	there	were	no	signifi-

Table 2.	Standard	deviation	and	coefficient	of	variation	of	force	of	healthy	and	nonspecific	low	back	pain	subjects

Target	force 
(%MVC) 2 5 10 15 20 30 50 70 80 90

SD of 
force

Healthy
mean 0.29	 0.50	 0.70	 0.97	 1.03	 1.23	 2.40	 3.06	 3.82	 4.97	
(SE) (0.02) (0.04) (0.06) (0.06) (0.08) (0.12) (0.16) (0.33) (0.36) (0.63) # ****

NSLBP
mean 0.29	 0.49	 0.73	 0.95	 1.20	 1.64	 2.96	 3.03	 4.25	 5.30	
(SE) (0.03) (0.04) (0.07) (0.11) (0.16) (0.20) (0.23) (0.36) (0.50) (0.70)

CV	of	
force 
(%)

Healthy
mean 2.34	 1.62	 1.15	 1.04	 0.86	 0.68 0.80	 0.72	 0.81	 0.94	
(SE) (0.17) (0.11) (0.09) (0.05) (0.07) (0.06) * (0.04) ** (0.07) (0.07) (0.11) # ****

NSLBP
mean 2.51	 1.69	 1.26	 1.12	 1.04	 0.94	 1.05	 0.76	 0.95	 1.04	 ¶ *

(SE) (0.15) (0.10) (0.10) (0.13) (0.11) (0.08) (0.07) (0.07) (0.10) (0.12)
*p<0.05,	**p<0.01,	****p<0.0001
MVC:	maximal	voluntary	contraction,	NSLBP:	nonspecific	low	back	pain,	SD:	standard	deviation,	CV:	coefficient	of	variation,	SE:	
standard	error	of	the	mean
#	indicates	a	significant	main	effect	of	target	force
¶	indicates	a	significant	main	effect	of	group
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cant	main	effects	of	group	in	either	the	longissimus	thoracis	
or	multifidus	(F1,	26=0.647,	p=0.429;	F1,	26=1.908,	p=0.179),	
and	 there	were	 no	 significant	 interactions	 between	 group	
and	target	force	in	both	muscles	(F9,	234=1.632,	p=0.169;	F9, 

234=1.198,	p=0.316).
Regarding	MdPF,	there	was	a	main	effect	of	target	force	

indicating	a	stable	value	up	to	30%MVC	and	a	modest	de-
crease	from	30%	to	90%MVC	in	the	longissimus	thoracis	
muscle	(Table	3,	F9,	234=11.266,	p<0.0001).	There	was	nei-
ther	 a	 significant	main	 effect	 of	 group	 nor	 an	 interaction	
between	group	and	target	force	in	the	longissimus	thoracis	
muscle	 (F1,	26=0.003,	p=0.954;	F9,	234=1.397,	p=0.239).	On	
the	other	hand,	there	was	a	main	effect	of	target	force	in	the	
RM-ANOVA	of	the	MdPF	of	multifidus	muscle	indicating	
a	 stable	 value	 up	 to	 50%MVC	 and	 a	 decrease	 from	 50%	
to	90%MVC	(Table	3,	F9,	234=25.226,	p<0.0001).	Moreover,	
there	was	a	significant	group	×	 target	 force	 interaction	 in	
the	 MdPF	 of	 multifidus	 muscle	 (F9,	 234=5.997,	 p<0.001).	
A	post	hoc	test	showed	a	simple	main	effect	that	MdPF	of	
the	NSLBP	group	was	significantly	higher	than	that	of	the	
healthy	group	at	70%,	80%	and	90%MVC	(p<0.05).	There	
was	no	significant	main	effect	of	group	in	the	MdPF	of	mul-
tifidus	 (F1,	26=1.095,	 p=0.305).	Regression	 analysis	 by	 the	
least	squares	method	of	the	MdPF	of	the	multifidus	muscle	
and	 the	 target	 force	 revealed	 that	 MdPF	 decreased	 after	
50%MVC	of	the	target	force	in	the	NSLBP	group	(r=0.269,	
p<0.05)	and	after	30%MVC	in	the	healthy	group	(r=0.529,	
p<0.001).

The	results	of	Experiment	2	were	as	follows.	Regarding	
CV,	there	was	a	significant	main	effect	of	group,	but	neither	

a	significant	main	effect	of	trial	number	nor	an	interaction	
between	group	and	trial	number	was	observed	(F1,	26=8.190,	
p<0.01;	 F29,	 754=1.036,	 p=0.415;	 F29,	 754=0.520,	 p=0.883).	
There	 were	 neither	 significant	 main	 effects	 (group,	 trial	
number)	nor	interactions	(group	×	trial	number)	in	the	RM-
ANOVA	analysis	of	the	RMS	of	both	muscles	(longissimus	
thoracis:	F1,	26=0.139,	p=0.712;	F29,	754=1.049,	p=0.398;	F29, 

754=0.896;	multifidus:	F1,	26=0.898,	p=0.352,	F29,	754=1.104,	
p=0.398,	F29,	754=0.716,	p=0.659).	There	was	a	main	effect	
of	trial	number	in	the	RM-ANOVA	analysis	of	the	MdPF	of	
longissimus	 thoracis	muscle	 indicating	a	modest	decrease	
up	 to	 5	 trials	 and	 leveling	 off	 after	 that	 (F29,	 754=5.906,	
p<0.0001).	The	same	main	effect	of	 trial	number	was	ob-
served	 for	 the	 multifidus	 up	 to	 4	 trials	 (F29,	 754=10.934,	
p<0.0001).	 There	was	 neither	 a	 significant	main	 effect	 of	
group	nor	 an	 interaction	between	group	and	 trial	number	
for	 the	MdPF	 of	 either	 muscle	 (longissimus	 thoracis:	 F1, 

26=0.031,	p=0.862;	multifidus:	F1,	26=0.082,	p=0.777).

DISCUSSION

The	current	 study	assessed	 the	back	muscle	properties	
of	NSLBP	subjects	 in	detail	 focusing	on	 force	fluctuation	
during	isometric	trunk	extension,	and	EMG	characteristics	
such	as	RMS	and	MdPF.	Our	present	results	show	a	differ-
ence	between	NSLBP	and	healthy	subjects	in	force	fluctua-
tions	at	moderate	target	forces	and	in	MdPF	changes	at	high	
target	forces.

No	significant	difference	in	MVC	force	output	was	ob-
served	between	the	NSLBP	group	and	the	healthy	control.	

Table 3.	Root	mean	square	of	EMG	and	median	power	frequency	values	of	the	longissimus	thoracis	and	multifidus	of	healthy	and	
nonspecific	low	back	pain	subjects

Target	
force 

(%MVC)
2 5 10 15 20 30 50 70 80 90

RMS 
(%MVC)

Longissimus 
thoracis

Healthy
mean 18.1	 20.5	 23.6	 27.7	 29.9	 37.9	 55.1	 72.4	 85.3	 89.3	
(SE) (2.3) (2.8) (1.5) (2.4) (2.3) (3.0) (2.9) (3.7) (4.2) (3.3) # ****

NSLBP
mean 15.6	 18.5	 22.3	 25.2	 28.2	 35.3	 50.0	 69.6	 74.6	 93.8	
(SE) (2.1) (2.3) (2.9) (2.6) (3.3) (2.7) (3.5) (4.1) (4.1) (3.4)

Multifidus
Healthy

mean 20.4	 22.8	 27.6	 30.4	 33.6	 40.1	 56.4	 70.0	 81.1	 87.7	
(SE) (2.5) (2.8) (2.1) (2.2) (3.0) (2.9) (3.2) (2.9) (3.6) (3.2) # ****

NSLBP
mean 23.7	 25.8	 30.0	 33.1	 37.2	 44.6	 64.2	 78.5	 84.8	 97.1	
(SE) (2.3) (2.9) (2.9) (2.7) (3.2) (2.9) (3.3) (3.7) (2.6) (3.7)

MdPF 
(Hz)

Longissimus 
thoracis

Healthy
mean 75.9	 76.4	 77.2	 77.9	 76.6	 80.1	 73.9	 69.1	 68.3	 67.1	
(SE) (2.8) (2.7) (3.8) (3.1) (2.6) (2.8) (3.1) (3.4) (3.8) (3.5) # ****

NSLBP
mean 76.3	 74.7	 76.0	 76.3	 75.0	 75.6	 75.6	 73.0	 71.7	 65.9	
(SE) (3.1) (2.9) (3.7) (3.2) (3.2) (3.1) (3.5) (3.2) (3.0) (4.0)

Multifidus
Healthy

mean 126.6	 132.4	 132.0	 130.9	 134.3	 130.8	 122.8	 109.5	 107.0 103.8	
(SE) (5.7) (6.2) (5.3) (5.3) (5.0) (3.9) (4.8) (4.6) * (4.4) * (4.8) * # ****

NSLBP
mean 131.0	 131.2	 131.9	 132.6	 132.9	 135.1	 132.6	 127.2	 121.5	 119.4	 § ***

(SE) (4.2) (5.3) (4.2) (4.5) (4.5) (5.5) (4.8) (5.4) (4.9) (5.1)
*p<0.05,	***p<0.001,	****p<0.0001
MVC:	maximal	voluntary	contraction,	NSLBP:	nonspecific	low	back	pain,	RMS:	root	mean	square,	MdPF:	median	power	frequency,	
SE:	standard	error	of	the	mean
#	indicates	a	significant	main	effect	of	target	force
§	indicates	a	significant	interaction	between	group	and	target	force
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MVC	force	output	per	weight	was	also	the	same.	Previous	
studies	have	shown	that	LBP	patients	often	do	not	produce	
a	 “true”	MVC	 for	 fear	 of	 pain,	 resulting	 in	LBP	patients	
having	less	fatigable	back	muscles	than	healthy	control	sub-
jects	 in	 fatiguing	 protocols24,	 30,	 40).	 It	may	 be	 possible	 to	
compare	the	results	between	the	two	groups	in	the	present	
study,	because	the	NSLBP	subjects	exerted	MVC	force	at	
the	same	level	as	those	of	healthy	subjects,	probably	due	to	
the	fact	that	the	NSLBP	subjects	had	no	pain	while	partici-
pating	in	the	experiment.	It	should	also	be	possible	to	ad-
equately	compare	the	results	between	the	two	groups	since	
there	were	 no	 differences	 in	 the	 height,	 body	weight	 and	
BMI	of	the	two	groups	of	subjects.

The	SD	of	force	generally	increased	as	the	target	force	in-
creased.	This	result	is	in	agreement	with	previous	studies	of	
finger,	elbow,	knee	and	ankle	muscles41–43).	The	SD	of	force	
also	 generally	 increased	 as	 the	 RMS	 of	 EMG	 increased.	
This	 increase	 in	SD	with	higher	 target	 force	 is	 related	 to	
the	 orderly	 recruitment	 of	motor	 units.	When	muscle	 ac-
tivity	 increases,	 larger	motor	units	are	 recruited44),	which	
produce	larger	and	unfused	twitches,	causing	an	increase	in	
force	fluctuation45).

The	CV	of	force	generally	decreased	as	the	target	force	
rose	to	30%MVC,	and	leveled	off	at	higher	than	50%MVC.	
This	result	is	almost	the	same	as	those	reported	in	previous	
studies	of	finger,	elbow,	knee	and	ankle	muscles38,	41,	46,	47).	
At	low	target	forces,	few	motor	units	are	active,	so	any	re-
cruitment	or	change	in	the	discharge	rates	of	the	active	units	
causes	higher	fluctuations.	As	the	target	force	increases,	the	
relative	increment	of	each	motor	unit	recruitment	declines	
and	the	fluctuations	reach	a	plateau	as	the	force	level	further	
increases46).	CV	values	in	the	present	study	were	generally	
lower	than	those	reported	in	previous	studies.	This	may	be	
because	the	data	analyzed	in	this	study	was	sampled	from	
the	steadiest	portion	of	the	data	collected	in	each	of	three	
trials.	Comparing	the	NSLBP	and	the	healthy	group,	there	
was	no	difference	in	the	SD	of	force,	but	there	was	a	differ-
ence	in	the	CV	of	force	at	30%	and	50%MVC.	Since	the	CV	
of	force	is	a	normalized	measure	of	force	output	fluctuation,	
it	 is	sensitive	to	motor	unit	recruitment	and	discharge	be-
havior41,	46).	Previous	studies	have	reported	that	experimen-
tal	muscle	pain	increased	force	fluctuation	during	isometric	
contractions	of	 the	elbow,	knee	and	ankle	muscles	at	2.5,	
20,	50	and	70%MVC	force,	with	no	changes	in	the	overall	
force	level47,	48).	The	higher	CV	of	the	NSLBP	group	at	30%	
and	50%MVC	in	this	study	indicates	changes	in	the	motor	
unit	population,	and	the	influence	of	a	history	of	low	back	
pain	on	motor	control.

One	might	question	whether	a	higher	CV	of	force	in	the	
NSLBP	group	at	30%	and	50%MVC	was	due	to	the	influ-
ence	of	fatigue.	However,	this	was	disproved	by	the	results	
of	Experiment	2,	in	which	no	change	was	observed	in	the	
level	of	CV	during	30	trials	at	30%MVC	target	force	in	both	
groups.	Also,	the	CV	of	the	healthy	group	was	always	con-
sistently	lower	than	that	of	the	NSLBP	group,	which	indi-
cates	that	the	higher	CV	of	NSLBP	at	30%MVC	is	not	due	
to	fatigue.	Moreover,	EMG	values	such	as	RMS	and	MdPF	
showed	 no	 influence	 of	 fatigue,	 for	 example	 increasing	
RMS	or	 decreasing	MdPF49,	 50).	A	 previous	 study	 report-

ed	that	healthy	male	subjects	could	repeat	isometric	trunk	
extension	at	40%MVC	of	 force	more	 than	50	 times,	with	
8-second	cycles	(1.5	seconds	of	progressive	rise	to	reach	the	
target	 force,	5	 seconds	 to	 sustain	 this	 force	 level,	 and	1.5	
seconds	of	rest)51).	In	Experiment	1	of	this	study,	subjects	
rested	 sufficiently	 between	 trials	 so	 they	 should	 not	 have	
been	 tired.	Therefore,	 the	 data	 collected	 in	Experiment	 1	
is	unlikely	to	have	been	influenced	by	fatigue.	We	propose	
that	the	same	would	be	true	at	50%MVC,	however	this	was	
not	confirmed	by	experimental	investigation.

Regarding	 the	EMG	data,	first,	 the	RMS	of	both	mus-
cles	in	both	groups	almost	linearly	increased	as	the	level	of	
force	 increased,	 suggesting	 that	EMG	data	were	properly	
collected.	Second,	MdPF	was	higher	in	the	multifidus	of	the	
NSLBP	group	at	high	force	levels	than	in	the	healthy	group,	
as	reported	in	previous	studies27,	30).	It	is	unclear	how	these	
EMG	data	relate	to	basic	muscle	physiology,	but	there	are	
three	possible	explanations:	1.	Previous	studies	have	report-
ed	that	there	are	differences	in	muscle	fiber	types	between	
LBP	patients	and	healthy	subjects.	Mannion	AF	et	al.	dem-
onstrated	that	the	lumbar	paraspinal	muscle	of	LBP	patients	
is	made	 up	 of	more	 type	 IIB	 fibers,	 which	 are	 relatively	
larger	than	type	I	fibers,	compared	to	normal	controls52,	53).	
Motor	units	 in	muscles	made	up	of	type	I	fibers	show	the	
characteristics	of	firing	in	a	more	orderly	manner	and	are	
able	to	discharge	at	longer	inter-spike	intervals,	while	mo-
tor	 units	 in	muscle	made	 up	 of	 type	 II	muscle	 fibers	 fire	
at	shorter	intervals54).	The	differences	of	muscle	fiber	type	
between	the	two	groups	might	cause	MdPF	differences;	2.	
The	synchronization	of	motor	unit	firing	might	be	another	
explanation.	At	high	force	levels,	motor	unit	firing	is	more	
in-phase	and	 the	motor	units	are	more	synchronized	with	
each other55,	56),	resulting	in	a	decrease	in	MdPF.	The	motor	
unit	firing	patterns	of	 the	multifidus	of	 the	NSLBP	group	
would	most	likely	be	less	synchronized;	3.	One	more	pos-
sible	explanation	may	be	the	low-pass	filter	effect	of	body	
skin	and	subcutaneous	 tissues57).	As	 the	 level	of	 force	 in-
creases,	large	and	deeper	motor	units	with	higher	conduc-
tion	velocities	are	recruited,	which	are	attenuated	by	these	
tissues.	 The	 deep	 fibers	 of	 the	 multifidus	 in	 the	 NSLBP	
group	might	 be	 relatively	 less	 activated	 than	 those	 in	 the	
healthy	group,	a	hypothesis	that	seems	to	be	supported	by	
previous	research.	The	multifidus	muscle	has	been	shown	
to	make	a	major	contribution	to	the	control	and	segmental	
stabilization	of	 the	 lumbar	 spine58)	 and	 is	 associated	with	
LBP59).	Previous	research	shows	that	the	fatigue	rate	of	this	
muscle	is	greater	in	LBP	patients	than	in	healthy	subjects60), 
and	 that	 select	 atrophy	of	 this	muscle	 can	be	observed	 in	
LBP	patients61).

From	the	results	of	CV	of	force	we	expected	to	find	dif-
ferences	 between	 the	 groups	 in	 muscle	 activities	 at	 30%	
and	50%MVC	when	analyzing	the	EMG	values,	but	no	sig-
nificant	differences	were	detected	in	the	RMS	or	MdPF	of	
EMG	of	either	the	longissimus	thoracis	or	multifidus	mus-
cles	at	these	moderate	force	levels.	However,	the	three	pos-
sible	explanations	given	above	may	explain	the	differences	
in	MdPF	of	the	multifidus	at	high	forces.	Although	a	simi-
lar	trend	appeared	to	occur	at	moderate	forces,	the	results	
were	not	significant.	Regression	analysis	found	a	decrease	
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in	MdPF	of	 the	multifidus	 from	30%MVC	 in	 the	 healthy	
group,	while	 there	was	 a	 decrease	 from	50%MVC	 in	 the	
NSLBP	group,	 indicating	differences	 in	muscle	activation	
properties.	 These	 differences	 are	 highlighted	 by	 the	 fact	
that	the	CV	of	force	was	different	between	the	two	groups	
at	 these	same	moderate	force	levels,	a	result	which	seems	
to	be	associated	with	MdPF	differences	in	the	multifidus.

Although	 there	were	differences	 in	MdPF	between	 the	
two	 groups	 at	 high	 force	 levels,	 no	 differences	 were	 ob-
served	in	the	CV	of	force.	The	reason	for	this	result	seems	
to	be	 that	at	high	force	 levels	 the	recruitment	pattern	and	
synchronization	of	motor	unit	firing	caused	the	fluctuation	
of	 force	 to	 reach	 a	plateau,	making	 it	 difficult	 to	observe	
a	difference	between	 the	 two	groups	as	was	observed	 for	
MdPF.

Finally,	 we	 would	 like	 to	 consider	 the	 influence	 of	
NSLBP	on	EMG	and	 force	fluctuation,	 the	main	 purpose	
of	this	study.	Previous	studies	have	reported	that	there	are	
relatively	more	type	I	fibers	in	back	muscles62,	63).	However,	
the	 recruitment	 and	firing	 rate	 patterns	 of	motor	 units	 of	
back	muscles	are	unclear.	If	what	we	know	about	the	del-
toid	muscle,	which	has	almost	the	same	ratio	of	muscle	fiber	
composition62),	is	referred	to,	it	seems	that	the	recruitment	
and	 synchronization	 of	 motor	 units	 is	 a	 more	 important	
contractile	mechanism	than	firing	rate	modulation	in	back	
muscles64).	Again,	 it	 is	 possible	 that	 the	 properties	 of	 the	
multifidus	of	NSLBP,	observed	through	EMG,	indicate	rela-
tively	 few	 type	 I	 fibers,	 less	 synchronized	 activation	 pat-
terns,	and	less	activated	deep	fibers,	which	are	detected	at	
high	force	levels	but	are	difficult	to	detect	at	low	to	moder-
ate	 force	 levels.	However,	 the	CV	of	 force	detected	a	dif-
ference	between	NSLBP	and	healthy	subjects	at	moderate	
force	 levels,	which	 indicates	 the	 usefulness	 of	 the	CV	of	
force	in	the	assessment	of	NSLBP	patients,	because	NSLBP	
patients	cannot	perform	well	at	higher	levels	of	force,	and	
ADL	often	require	tasks	to	be	performed	at	moderate	levels	
of	muscle	power.

The	current	results	should	be	considered	in	light	of	the	
factor	 that	all	 subjects	were	young	men.	The	CV	of	 force	
has	been	shown	to	be	affected	by	aging36).	Therefore,	in	or-
der	to	limit	the	effects	of	this	variable,	the	subjects	recruited	
to	participate	in	this	study	were	of	a	similar	age.	In	the	case	
of	this	study,	this	age	group	happened	to	be	young	men	due	
to	 subject	 availability.	Although	 this	 limitation	 should	 be	
investigated	further	in	the	future,	we	believe	the	results	of	
this	study	are	meaningful.

In	 conclusion,	 the	 current	 study	 investigated	 the	 influ-
ence	 of	 NSLBP	 on	 force	 fluctuation	 and	 the	 myoelectric	
data	 of	 back	muscles	 during	 isometric	 trunk	 extension	 at	
low	to	high	force	 levels.	The	results	of	 this	study	demon-
strate	 that	NSLBP	increases	 force	fluctuation	at	moderate	
force	levels,	and	these	changes	are	accompanied	by	changes	
in	MdPF	of	the	multifidus	muscle.	We	suggest	that	the	as-
sessment	of	force	fluctuation	of	back	muscles,	especially	the	
multifidus,	at	moderate	force	levels	is	a	useful	index	for	the	
evaluation	and	discrimination	of	NSLBP.
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