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Abstract
Background: The	effectiveness	and	long-	term	outcomes	of	spinal	cord	stimula-
tion	(SCS)	are	not	fully	established,	especially	considering	that	data	from	patients	
who	withdrew	from	the	trial	are	rarely	analysed,	which	may	lead	to	overestima-
tion	of	SCS	efficacy.	We	evaluated	short-		and	long-	term	effects	of	SCS	on	chronic	
pain	and	perceived	health,	beyond	natural	variability	in	these	outcomes.
Methods: In	a	prospective	design,	176	chronic	pain	patients	referred	to	SCS	were	
evaluated	five	times	(baseline;	retest	~6	weeks	later;	post-	SCS	trial;	8	and	28	weeks	
post-	permanent	implantation).	Patients	whose	SCS	trial	failed	(Temp	group)	were	
followed	up	and	compared	to	those	who	underwent	permanent	SCS	(Perm	group).
Results: Analyses	revealed	a	non-	linear	(U-	shaped)	 trend	significantly	different	be-
tween	the	two	groups.	In	the	Perm	group,	a	significant	improvement	occurred	post-	SCS	
implantation	in	pain	severity,	pain	interference,	health-	related	quality	of	life	and	self-	
rated	health,	which	was	followed	by	gradual	worsening	and	return	to	baseline	values	at	
end	of	follow-	up.	In	the	Temp	group,	only	minor	changes	occurred	in	these	outcomes	
over	time.	On	average,	baseline	and	end	of	follow-	up	values	in	the	Perm	and	Temp	
groups	were	similar:	~40%	in	each	group	exhibited	an	increase	in	pain	severity	over	time	
and	38%	and	33%,	respectively,	exhibited	reductions	in	pain	severity	over	time.
Conclusions: Since	the	greatest	improvement	in	the	outcome	measures	occurred	
from	baseline	to	post-	SCS	trial	(T1–	T3)	followed	by	a	gradual	decline	in	the	effect,	
it	appears	that	SCS	may	not	be	effective	for	the	majority	of	chronic	pain	patients.
Significance: This	longitudinal	study	evaluated	short	and	long	term	effects	of	spinal	
cord	stimulation	(SCS)	on	chronic	pain	outcome	measures,	beyond	their	natural	vari-
ation	in	time.	Despite	significant	short	term	improvements,	by	the	end	of	the	seven	
months'	follow-	up,	the	outcomes	in	the	treatment	group	(people	who	received	the	
permanent	implantation)	were	similar	to	those	of	the	control	group	(people	whose	
SCS	trial	failed	and	did	not	continue	to	permanent	implantation)	suggesting	SCS	may	
not	be	cost-	effective	for	chronic	pain	patients.
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1 	 | 	 INTRODUCTION

In	 recent	 years,	 conventional	 spinal	 cord	 stimulation	
(SCS),	 a	 minimally	 invasive	 and	 non-	pharmacological	
treatment,	has	been	recommended	for	pain	management	
when	 other	 treatments	 failed	 to	 yield	 a	 satisfactory	 out-
come	(e.g.,	Geurts	et	al., 2017;	Harmsen	et	al., 2021)	par-
ticularly	 for	 patients	 with	 neuropathic	 pain,	 failed	 back	
syndrome,	 complex	 regional	 pain	 syndrome	 and	 angina	
pectoris	(Brinzeu	et	al., 2019;	de	Vos	et	al., 2014;	Kumar	
et	al., 2008;	Rigoard	et	al., 2019;	Simpson	et	al., 2009;	Taylor	
et	al., 2014;	Tsigaridas	et	al., 2015;	Visnjevac	et	al., 2017).	
In	 most	 instances,	 the	 ‘conventional’	 or	 ‘paresthesia-	
based’	 SCS	 was	 evaluated,	 wherein	 permanently	 im-
planted	percutaneous	cylindrical	 leads	are	placed	 in	 the	
epidural	space.

Although	 the	 number	 of	 randomized	 controlled	 tri-
als	(RCTs)	is	continuously	growing,	current	evidence	for	
conventional	SCS	is	limited	and	large-	scale,	well-	designed	
studies	are	needed	to	evaluate	effectiveness	and	long-	term	
outcomes	(e.g.,	Duarte	et	al., 2020;	Geurts	et	al., 2017).	A	
recent	 systematic	 review	 of	 34	 eligible	 RCTs	 of	 SCS	 for	
chronic	pain	(McNicol	et	al., 2021)	has	noted	three	major	
limitations:	 (1)	 relatively	 small	 samples	 (median	 of	 38	
participants);	 (2)	 relatively	 short	 follow-	up	 (median	 of	
12	weeks,	 although	 it	 ranged	 between	 0	 and	 208	weeks)	
and,	(3)	the	majority	of	the	studies	were	sponsored	by	the	
devices'	 manufacturers,	 a	 potential	 bias	 towards	 higher	
likelihood	of	positive	outcomes	(North	&	Shipley, 2018).	
The	authors	also	raised	a	concern	that	in	some	instances,	
the	samples	 included	patients	who	did	not	 fulfil	 the	cri-
teria	 for	 chronic	 pain	 (pain	 lasting	 3	months	 or	 more).	
Furthermore,	many	studies	analysed	data	only	 from	 the	
participants	who	completed	 the	entire	 trial;	 lack	of	data	
from	participants	who	withdrew	from	the	trial	may	artifi-
cially	increase	the	likelihood	of	SCS	efficacy.	Thus,	addi-
tional	studies	and	RCTs	that	can	address	these	limitations	
are	called	for.

Importantly,	SCS	is	an	expensive	treatment	relative	to	
pharmacological	and	physical	 interventions,	with	poten-
tial	complications	such	as:	infections	(2.5%–	14%	of	cases),	
pain	around	the	implantation	region	(5%–	10%),	 lead	mi-
gration	 (1.4%–	22%)	 and	 spinal	 cord	 injury	 (about	 2%)	
due	to	dural	puncture,	epidural	haematoma	and/or	blunt	
trauma	(Eldabe	et	al., 2020;	Kumar	et	al., 2008;	Mekhail	
et	al., 2011;	Taccola	et	al., 2020).	The	rather	high	cost	of	SCS	
thus	necessitates	careful	evaluation	of	its	long-	term	effec-
tiveness	not	only	in	large	cohorts	but	also	considering	the	
natural	variation	 in	 the	chronic	pain	outcomes.	Chronic	
pain	severity	often	fluctuates	over	time	and	spontaneous	
increases	or	decreases	can	occur	 regardless	of	any	 treat-
ment	utilization	(Gibson	et	al., 2005;	Serrano	et	al., 2017).	
It	 is	 therefore	 immensely	 important	 to	 evaluate	 chronic	

pain	and	other	SCS	outcomes	beyond	their	natural	vari-
ance	over	time,	which	would	indicate	a	real	clinical	differ-
ence,	and	which	to	the	best	of	our	knowledge	has	not	been	
attempted	previously.

Our	 aim	 was	 therefore	 to	 investigate	 the	 short-		 and	
long-	term	effects	of	conventional	SCS	on	chronic	pain	and	
health	perceptions.	Specifically,	we	assessed	the	trajectory	
of	the	outcome	measures	among	patients	who	underwent	
permanent	 SCS	 implantation	 following	 the	 trial	 SCS	 in	
comparison	to	that	among	patients	whose	SCS	trial	failed	
but	 who	 remained	 in	 the	 study.	 Clinically	 significant	
changes	in	the	outcome	measures	were	assessed	based	on	
test–	retest	evaluation	and	the	calculation	of	cutoff	values	
prior	to	the	trial.	The	study	was	not	industry	sponsored.

2 	 | 	 METHODS

2.1	 |	 Study population

The	 sample	 included	 176	 patients	 (69	 women	 and	 107	
men)	 who	 suffered	 from	 chronic	 pain	 (defined	 as	 pain	
lasting	 >6	months)	 due	 to	 a	 multitude	 of	 origins	 as	 fol-
lows:	peripheral	neuropathic	pain	(63	out	of	the	176	pa-
tients,	35.8%),	 failed	back	surgery	syndrome	(64,	36.4%),	
lower	back	pain	 (24,	13.6%),	complex	regional	pain	syn-
drome	 (18,	10.2%)	and	headaches	or	other	 types	of	pain	
(7,	4%).	All	the	patients	were	referred	to	SCS	for	the	first	
time,	and	were	at	the	age	21	and	over,	with	no	language	
barriers.	 Patients	 were	 excluded	 from	 the	 study	 if	 they	
were	 using	 other	 ongoing	 neuromodulatory	 treatments,	
started	a	new	treatment	in	the	3	weeks	prior	to	enrolment,	
suffered	from	an	acute	or	a	terminal	disease,	had	chronic	
pain	due	to	malignancy,	were	pregnant,	had	systemic	in-
fection,	suffered	from	any	damage	to	the	spinal	cord	and/
or	abnormal	condition	as	evident	by	CT	or	MRI	scan	that	
could	 interfere	 with	 implantation,	 had	 wounds	 or	 scars	
in	 the	tested	body	regions,	or	had	psychiatric	diagnoses.	
Patients	were	also	excluded	if	 they	were	participating	in	
other	concurrent	clinical	trials	or	other	studies.

The	patients	were	recruited	on	a	voluntary	basis	from	
the	units	for	pain	treatment	of	two	major	general	hospi-
tals	 in	 central	 Israel:	 Tel-	Aviv	 Sourasky	 Medical	 Center	
and	Sheba	Medical	Center.	The	physicians	in	each	centre	
made	a	preliminary	screening	of	eligibility	of	patients	re-
ferred	to	SCS	in	order	to	verify	whether	the	patients	had	
any	contraindications	for	SCS,	whether	the	patients	fully	
understood	 the	procedure	and	were	 interested	 in	 it,	and	
in	 order	 to	 learn	 whether	 there	 is	 any	 need	 for	 psycho-
logical	evaluation.	Afterwards,	the	physicians	approached	
these	patients	at	their	scheduled	visit	to	the	clinic,	intro-
duced	the	study	to	them,	and	provided	information	about	
the	study.	Patients	who	requested	additional	information	
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were	provided	with	a	phone	number	they	could	contact.	
Eligible	 patients	 who	 agreed	 to	 participate	 in	 the	 study	
signed	an	informed	consent	form	and	were	set	a	date	for	
the	first	evaluation	session	at	their	convenient	time.	The	
study	 was	 approved	 by	 the	 Institutional	 Review	 Boards	
of	 the	Tel	 Aviv	 Sourasky	 Medical	 Center	 and	 the	 Sheba	
Medical	Center.

2.2	 |	 Study design

Figure  1	 describes	 the	 timeline	 of	 the	 study.	 Data	 were	
collected	 in	each	unit,	 in	 five	waves:	 (T1)	At	referral	 for	
SCS	 implantation	 (baseline	 evaluation);	 (T2)	 several	
weeks	 later,	 still	 before	 the	 trial	 SCS	 implantation	 (me-
dian	6.0	weeks,	 interquartile	range,	IQR = 2.6–	8.9).	This	
evaluation	was	performed	in	order	to	determine	whether	
the	 outcome	 measures	 were	 stable	 across	 time	 prior	 to	
the	 intervention,	 and	 for	 the	 purpose	 of	 determining	 if	
a	 clinically	 significant	 change	 had	 occurred	 in	 the	 out-
come	 measures	 due	 to	 the	 intervention.	 Patients	 whose	
trial	 implantation	 was	 scheduled	 a	 week	 or	 more	 after	
the	 baseline	 (T1)	 evaluation	 were	 asked	 to	 take	 part	 in	
T2	(n = 49,	43%	of	the	baseline	sample);	(T3)	a	few	days	
after	the	trial	(temporary)	SCS	implantation.	This	evalu-
ation	was	performed	in	order	to	assess	the	acute	effect	of	
SCS	on	the	outcome	measures.	The	questionnaire	at	this	
time	 point	 was	 shorter	 and	 did	 not	 include	 the	 McGill	
Pain	Questionnaire;	(T4)	about	2 months	after	implanta-
tion	 of	 a	 permanent	 SCS	 electrode.	 This	 evaluation	 was	
performed	in	order	to	assess	the	short-	term	effect	of	SCS	
on	the	outcome	measures;	(T5)	about	7	months	after	the	
permanent	implantation.	This	evaluation	was	performed	
in	order	to	assess	the	longer	term	effect	of	SCS	on	the	out-
come	measures.	Participants	who	did	not	proceed	to	the	
permanent	implantation	completed	the	T4	and	T5	evalua-
tions	at	the	estimated	time	they	would	have	reached	these	
waves,	 had	 they	 undergone	 the	 permanent	 procedure.	

These	patients	served	as	a	comparison	group	to	those	who	
underwent	 the	 permanent	 implantation	 (the	 groups	 are	
hereafter	 labelled	 Temp	 and	 Perm	 respectively).	 Overall	
retention	rates	were	69%,	73%	and	66%,	for	T3,	T4	and	T5	
respectively.	 Participants	 who	 missed	 a	 wave	 for	 some	
reason	 were	 not	 excluded	 from	 the	 study,	 they	 were	 in-
vited	to	take	part	in	the	next	wave.	Retention	rates	were	
similar	in	the	Temp	and	Perm	groups	up	to	and	including	
T4.	At	T5,	they	were	higher	in	the	Perm	group	(78%	of	the	
group	compared	with	46%	in	the	Temp	group).	If	patients	
were	 unable	 to	 complete	 the	 questionnaire	 during	 their	
evaluation	visit	to	the	pain	unit,	they	were	provided	with	
the	option	to	return	the	questionnaires	by	mail	with	a	re-
turn	envelope.

2.3	 |	 The recruitment and participation 
flow chart

Figure  2	 presents	 the	 flow	 of	 participants	 through	 the		
stages	 of	 the	 study	 (modified	 from	 the	 CONSORT	
[Consolidated	 Standards	 of	 Reporting	 Trials]	 diagram).	
During	the	recruitment	period,	from	February	2010	until	
October	2014,	418	patients	with	chronic	pain	were	referred	
to	SCS.	Of	these	patients,	75	were	excluded	from	the	study	
(30	due	to	language	barriers,	28	due	to	health	problems,	9	
due	to	change	of	referral	decision	by	the	physician	and	8	
for	technical	reasons),	120	refused	to	participate	and	223	
took	part	in	the	study	(65%	of	eligible	patients).	Of	the	223	
participants,	47	eventually	did	not	undergo	SCS	(25	of	their	
own	choice,	11	because	of	a	medical	problem	 that	arose	
after	they	were	referred	to	SCS,	9	because	their	procedure	
was	not	approved	by	their	healthcare	service	and	two	for	
unknown	reasons),	 leaving	a	 final	sample	of	176	partici-
pants	who	underwent	a	trial	SCS	implantation.	Of	these,	
113	(64%)	went	on	to	the	permanent	implantation	(‘Perm’	
group).	Sixty-	three	patients	(36%)	underwent	only	the	trial	
(temporary)	SCS	and	as	it	was	deemed	unsuccessful,	they	

F I G U R E  1  The	experimental	
protocol;	longitudinal	evaluation	times
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did	not	proceed	with	 the	 treatment	but	remained	 in	 the	
study	as	a	comparison	group	(‘Temp’	group).	Sample	size	
calculation	 conducted	 with	 G*Power	 (Faul	 et	 al.,  2007)	
showed	that	for	detecting	a	medium-	sized	effect	(d = 0.5)	
when	comparing	the	permanent	SCS	group	and	the	trial	
only	group,	 in	a	one-	tailed	test	under	 the	assumption	of	
a	ratio	of	2	to	1	in	the	size	of	the	groups,	a	total	sample	of	
156	patients	(in	groups	of	n = 104	and	n = 52,	for	the	Perm	
and	Temp	respectively),	would	be	required	to	reach	power	
>0.90	(for	power	of	0.80	a	total	N = 114	would	suffice).

2.4	 |	 The SCS intervention

Trial	 and	 permanent	 implantation	 included	 spinal	 cord	
stimulator	devices	of	three	companies:	Medtronic,	Abbott	
and	 Boston	 Scientific.	 All	 the	 patients	 underwent	 the	
‘conventional’	or	‘paresthesia-	based’	SCS	procedure.	The	

participants	underwent	a	percutaneous	 tubular	 lead	 im-
plantation	 trial	 under	 sedation.	 According	 to	 each	 pa-
tient's	 painful	 region,	 the	 electrodes	 were	 introduced	 in	
the	 epidural	 space	 based	 on	 anatomical	 landmarks	 and	
their	final	position	as	well	as	the	fine	tuning	was	paresthe-
sia	based,	so	that	the	pain	area	was	to	be	coved	in	order	to	
achieve	optimal	pain	relief.	In	patients	in	which	the	pain	
was	felt	 in	a	single	 limb	or	 in	a	restricted	area,	one	lead	
was	 placed	 and	 in	 patients	 in	 which	 the	 pain	 was	 bilat-
eral	we	placed	 two	 leads	accordingly.	The	patients	were	
instructed	 to	 activate	 the	 stimulator	 for	 a	 7-	day	 period	
defined	as	 the	 ‘SCS	 test	 trial’.	The	patients	were	 trained	
in	 and	 allowed	 to	 change	 the	 SCS	 program	 (there	 were	
3–	5	options)	which	meant	changing	 the	amplitude	and/
or	 frequency	 (this	was	also	encouraged	during	 the	post-	
implantation	 period).	 Patients	 who	 responded	 positively	
to	 the	 test	 trial	were	 then	scheduled	 for	 implantation	of	
a	 permanent,	 non-	rechargeable	 pulse	 generator.	 The	

F I G U R E  2  Study	design	and	participant	flow
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median	duration	between	the	test	trial	and	the	permanent	
implantation	was	10.0	weeks	(IQR = 6.3–	15.0).	A	positive	
response	 to	 the	 test	 trial,	 that	 is	 satisfactory	 pain	 relief,	
was	determined	if	 the	patient	reported	at	 least	50%	pain	
relief,	 reduced	 analgesic	 intake	 and	 no	 adverse	 effects.	
These	patients	with	a	positive	response	were	then	sched-
uled	to	undergo	a	permanent	SCS	implantation.	The	pa-
tients	were	encouraged	to	return	to	the	outpatient	clinic	
if	 pain	 relief	 was	 not	 satisfactory	 for	 adjustment/repro-
gramming	which	was	done	by	the	technician	and	physi-
cian	as	needed.	The	patients	who	underwent	permanent	
implantation	as	well	as	those	who	did	not	have	a	positive	
response	 to	 the	 trial	 implantation	 were	 followed	 up	 at	
equivalent	times,	as	described	above.

2.5	 |	 Outcome measures

Sociodemographic	 information	 was	 collected	 at	 baseline	
with	 a	 structured	 questionnaire	 that	 included	 questions	
on	age,	family	status,	education	and	employment	status.

Chronic pain	was	diagnosed	prior	to	the	study	by	the	
pain	 experts.	 The	 type	 of	 chronic	 pain	 was	 diagnosed	
according	 to	 clinical	 examination	 and	 diagnostic	 tests	
as	 needed	 (e.g.,	 Electromyography,	 CT	 scans	 and	 nerve	
blocks).	In	the	study,	participants	were	questioned	about	
the	 duration,	 intensity,	 quality	 and	 location	 of	 the	 pain	
in	the	body.	Participants	also	completed	the	McGill	Pain	
Questionnaire	(MPQ),	which	enables	quantitative	evalu-
ation	 of	 the	 patients'	 pain	 (Melzack,  1975).	The	 quanti-
tative	 indices	 were	 as	 follows:	 (1)	 the	 pain	 rating	 index	
(PRI)—	the	total	values	assigned	to	the	words	chosen	from	
a	list	of	64	pain	descriptors;	and	(2)	the	number	of	words	
chosen	(NWC)	from	that	list.	Since	the	two	indices	were	
highly	correlated	we	used	the	PRI	for	subsequent	analy-
ses.	The	MPQ	included	a	body	chart	on	which	the	patient	
could	mark	the	location\s	of	their	pain.	In	order	to	calcu-
late	the	number	of	painful	body	regions,	the	body	was	di-
vided	into	the	following	regions:	feet,	shins,	knees,	thighs,	
buttocks,	groins,	lower	back,	abdomen,	waist,	upper	back,	
chest,	 hand,	 forearm,	 arm,	 shoulder,	 neck,	 head/face.	
Then	the	number	of	areas	with	chronic	pain	was	summed	
for	each	patient	(in	cases	of	bilateral	pain,	both	sides	were	
counted).	In	addition,	the	participants	were	asked	to	rate	
the	average,	highest	and	lowest	severity	of	their	chronic	
pain	in	the	last	2	weeks,	on	visual	analogue	scales	(VAS)	
that	consisted	of	10 cm	lines	with	endpoints	denoted	as	
‘no	pain’	and	‘worst	pain	imaginable’	(0	and	100	mm	re-
spectively).	The	ratings	were	calculated	by	measuring	the	
distance	in	mm	from	‘0’	to	the	patient's	mark	on	the	line.

Health- related quality of life	was	assessed	with	the	12-	
item	Short	Form	Health	Survey	(SF-	12;	Ware	et	al., 1994).	
This	 questionnaire	 includes	 1–	2	 items	 from	 each	 of	 the	

eight	dimensions	assessed	by	the	original	SF-	36:	Physical	
functioning,	 role-	physical,	 general	 health,	 bodily	 pain,	
vitality,	 social	 functioning,	 role-	emotional	 and	 mental	
health.	Internal	reliability	for	the	full	scale	was	high	at	all	
five	time	points	(range	α = 0.80	to	α = 0.85).

Two	of	the	SF-	12	items,	self-	rated	health	and	pain	in-
terference	were	also	used	separately:

Self- rated health	 was	 assessed	 with	 the	 commonly	
used	 question	 that	 has	 been	 consistently	 documented	
as	 a	 predictor	 of	 future	 health	 outcomes	 (Idler	 &	
Benyamini,  1997).	 It	 is	 also	 the	 first	 question	 in	 the	 SF-	
12:	‘How would you rate your health status, in general’?	(re-
sponse	options	ranged	from	1 =	‘bad’	to	5 =	‘very	good’).

Pain interference	was	assessed	with	the	question	from	
the	SF-	12:	 ‘During	the	past	4	weeks,	how	much	did	pain	
interfere	 with	 your	 normal	 work	 (including	 both	 work	
outside	 the	 home	 and	 housework)?’	 (response	 options	
ranged	from	1 = ‘not	at	all’	to	5 =	‘extremely’).

Post- implantation treatment information—	at	 T4	 and	
T5,	participants	who	had	not	undergone	permanent	SCS	
or	 were	 no	 longer	 using	 the	 device	 were	 asked	 whether	
they	 are	 currently	 receiving	 other	 treatments	 (an	 open-	
ended	question).	Participants	in	the	permanent	implanta-
tion	group	were	asked	whether	they	operated	the	electrode	
in	the	past	week.

2.6	 |	 Statistical analyses

SAS	 statistical	 software,	 version	 9.4	 (SAS	 Institute	 Inc)	
was	used	for	data	analysis.	A	linear	mixed	model	with	SAS	
Proc	Mixed	with	REML	estimation	was	used	to	estimate	
the	effect	of	time	(repeated	measures)	on	the	study	meas-
ures.	In	this	model,	the	effects	of	time	(linear	and	curvilin-
ear	effects),	age,	gender	and	SCS	group	(Temp	vs.	Perm)	
were	tested,	as	well	as	the	moderating	effects	of	the	SCS	
group	upon	the	linear	and	curvilinear	effects	of	time.	This	
procedure	allows	for	estimating	the	effects	using	all	avail-
able	data	regardless	of	missing	values.

Percent	 of	 change	 in	 pain	 levels	 was	 assessed	 pro-
spectively:	We	subtracted	pain	at	a	later	time	point	from	
baseline	pain,	divided	the	difference	by	baseline	pain	and	
multiplied	by	100	(e.g.	if	pain	at	baseline	was	rated	as	75	
and	after	 the	 implantation	 the	rating	was	50,	 then	 there	
was	a	33%	improvement).	We	followed	the	recommenda-
tions	of	Dworkin	et	al. (2008),	which	indicate	that	a	15%	
to	20%	or	approximately	a	10	mm	improvement	on	a	10 cm	
VAS	represents	minimal	or	little	change,	a	change	of	≥30%	
(or	about	2.0–	2.7 cm)	represents	a	moderately	important	
improvement	and	a	change	of	≥50%	(or	about	4 cm)	rep-
resents	a	substantial	improvement	in	pain	intensity.

Test–	retest	repeatability	of	the	outcome	measures	was	
tested	among	the	patients	who	participated	in	evaluations	



1854 |   BRILL et al.

T1	 and	 T2,	 by	 calculating	 the	 difference	 and	 standard	
deviation	(SD)	of,	and	correlation	between,	outcomes	re-
ported	at	Tests	1	and	2	using	paired	t-	tests	and	intraclass	
correlations	 (ICC)	 respectively.	Then,	 the	 standard	 error	
of	measurement	(SEM)	was	calculated	with	the	following	
equation	SEM = SD	×	√(1−ICC).

3 	 | 	 RESULTS

3.1	 |	 Sample and chronic pain 
characteristics

Participants'	average	age	was	55	(±15),	39%	were	female,	
67%	 were	 married	 and	 85%	 had	 one	 or	 more	 children.	
Their	 average	 educational	 level	 was	 13	years	 (±3),	 57%	
had	 above	 high	 school	 education.	 A	 third	 of	 them	 were	
employed,	a	little	over	a	third	were	not	working	because	
of	 their	 pain	 disability,	 and	 the	 remainder	 were	 mostly	
retired	or	unemployed.	Participants	 reported	on	average	
2.6	 (±2.3)	 current	 diseases	 and	 medical	 conditions.	 The	
most	 common	 conditions	 reported	 were	 hypertension	
(41%),	 gastrointestinal	 problems	 (28%),	 nephrological	 or	
urological	problems	 (27%),	 coronary	heart	disease	 (16%)	
and	diabetes	(16%).

The	mean	time	since	onset	of	chronic	pain	was	8.6	(±9.7)	
years.	The	median	of	chronic	pain	duration	was	5	years	with	
an	interquartile	range	of	2.5–	10.0.	All	but	two	patients	re-
ported	 chronic	 pain	 lasting	 1	year	 or	 longer.	 The	 average	
pain	severity	over	the	past	2	weeks	as	rated	by	the	partici-
pants	at	baseline	was	78.2	(±16.0)	out	of	100	on	the	VAS.

At	baseline	the	two	study	groups,	that	is	patients	who	
eventually	 had	 permanent	 implantation	 after	 the	 trial	
(Perm	group)	and	patients	who	did	not	undergo	a	perma-
nent	 implantation	 after	 the	 trial	 (Temp	 group),	 did	 not	
significantly	differ	in	the	chronic	pain	types	(χ2[3] = 2.33,	
p = 0.67)	or	in	any	of	the	demographic	and	pain	character-
istics	or	any	other	study	measure.

3.2	 |	 Test– retest repeatability of the 
outcome measures

Table  1	 presents	 the	 repeatability	 analysis	 for	 the	 main	
outcome	 measures	 in	 the	 entire	 sample	 in	 the	 first	 two	
time	points,	both	of	which	took	place	before	any	interven-
tion.	The	outcome	measures	were	relatively	stable,	as	in-
dicated	by	the	lack	of	difference	between	test	and	retest,	
the	moderate	to	high	ICCs	and	the	relatively	small	SEMs.	
As	the	SEM	reflects	a	cutoff	value	for	a	clinically	signifi-
cant	difference,	changes	observed	 in	 the	outcome	meas-
ures	from	T1	to	T3-	T5	time	points	were	examined	relative	
to	the	SEM.

3.3	 |	 Changes over time in chronic pain, 
health and quality of life outcomes

In	contrast	with	the	relative	stability	of	the	outcome	meas-
ures	in	the	first	two	time	points	(T1	and	T2),	the	Perm	and	
Temp	groups	exhibited	different	patterns	of	changes	over	
time	in	the	outcome	measures,	starting	from	the	trial	SCS	
and	onward	(i.e.	from	T3	to	T5).	Means	and	standard	devi-
ations	of	the	outcome	measures	for	each	group	at	the	five	
time	points	(T1–	T5)	are	presented	in	Table 2.	The	absolute	
difference	 in	 each	 outcome	 measures	 between	 baseline	
and	T3–	T5	time	points	within	each	group	was	compared	
to	the	particular	SEM	value	in	order	to	determine	whether	
the	 observed	 difference	 over	 time	 was	 clinically	 signifi-
cant.	Then,	Statistical	significance	was	ascertained	using	
linear	mixed	models	that	tested	the	linear	and	non-	linear	
trends	of	these	changes	over	time	in	each	outcome	meas-
ure	 both	 within	 and	 between	 the	 two	 study	 groups	 (see	
Table 3).	For	each	of	these	trends	over	time,	we	also	tested	
its	interaction	with	group,	in	order	to	learn	whether	these	
trends	differ	significantly	over	 time	between	the	groups.	
The	analyses	revealed	a	group	X	time	squared	interaction,	
namely	a	non-	linear	trend	(U-	shaped,	as	explained	below)	

T A B L E  1 	 Test–	retest	repeatability	of	the	main	outcome	measures

Variable Time 1 (mean ± SD) Time 2 (mean ± SD) p- value ICC SEM

Pain	severity-	average 77.7 ±	16.5 78.8 ±	15.6 0.50 0.72 8.2

Pain	severity-	highest 88.7 ±	14.0 89.2 ±	12.1 0.78 0.67 6.9

Pain	severity-	lowest 48.7 ±	22.6 48.3 ±	21.3 0.86 0.66 12.9

Pain	rating	index 38.4 ±	18.1 39.1 ±	17.8 0.74 0.75 8.9

Number	of	painful	regions 8.4 ±	6.3 8.3 ±	5.8 0.82 0.34 2.1

Self-	rated	health 2.3 ±	1.0 2.4 ±	1.1 0.63 0.62 0.5

Quality	of	life 29.6 ±	19.4 28.1 ±	20.0 0.34 0.84 7.5

Pain	interference 4.3 ±	0.9 4.3 ±	0.7 0.74 0.81 0.3

Note:	p-	value	in	paired	t-	test	between	test	and	retest.
Abbreviations:	ICC,	Intra	class	correlation	coefficient;	SD,	Standard	deviation;	SEM,	Standard	error	of	measurement.
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of	change	over	time	from	T1	to	T5,	as	well	as	a	difference	
between	the	two	groups	in	this	trend	(Importantly,	when-
ever	 significant	 non-	linear	 interactions	 are	 found,	 main	
effects	of	time	and	group,	and	linear	trends	over	time	can	
be	misleading	and	should	be	controlled).

These	tests	show	that	following	the	SCS	trial,	there	was	
a	significant	 linear	and	non-	linear	 trends,	which	signifi-
cantly	differed	between	the	two	groups	in	all	the	outcome	
measures,	except	 for	 the	PRI	and	the	number	of	painful	
body	regions.	The	non-	linear	effect	(SCS	X	Time	squared	
in	 Table  3)	 revealed	 a	 complex	 picture:	 In	 the	 Perm	
group,	 a	 U-	shaped	 trend	 was	 found,	 which	 began	 with	
an	 improvement	 seen	 in	 all	 outcome	 measures	 from	T1	

(baseline)	to	T3	(a	few	days	post-	trial	implantation),	sub-
stantially	larger	than	the	SEMs,	suggesting	a	clinically	sig-
nificant	change.	Then,	from	T3	to	T4	(about	2	months	post	
permanent	implantation),	some	worsening	had	occurred	
in	the	outcome	measures	despite	a	substantial	overall	im-
provement	compared	to	T1	levels.	With	the	exception	of	
the	PRI	and	the	number	of	painful	regions,	the	observed	
improvement	 from	 T1	 to	 T4	 in	 the	 outcome	 measures	
was	 still	 greater	 than	 their	 SEM,	 suggesting	 a	 clinically	
significant	 change.	 From	T4	 to	T5	 (about	 7	months	 post	
permanent	implantation)	further	worsening	had	occurred	
in	the	outcome	measures.	At	this	time	point,	only	the	av-
erage	and	the	highest	pain	severity	and	pain	interference	

T A B L E  2 	 Means	and	standard	deviations	(SD)	of	outcome	measures	in	the	study	groups	across	time

TEMP (only trial SCS) PERM (trial and permanent SCS)

Wavea Wave

T1 T2 T3 T4 T5 T1 T2 T3 T4 T5

N 61 34 39 44 29 110 49 82 84 88

Pain	severity-	averageb

Mean 79.97 78.75 67.82 71.33 69.90 77.17 79.21 44.73 56.67 68.36

SD 13.74 12.58 23.97 17.43 20.89 17.14 17.40 25.87 26.47 22.93

Pain	severity-	highestb

Mean 90.76 90.42 80.35 86.75 81.66 88.80 89.39 62.23 70.13 81.18

SD 9.90 9.11 20.20 12.68 23.81 13.04 13.33 28.92 25.73 20.54

Pain	severity-	lowestb

Mean 50.87 44.89 46.56 48.78 40.90 50.87 50.52 26.20 35.99 47.46

SD 23.31 19.85 29.29 24.12 26.44 25.11 23.33 24.00 27.24 26.87

Pain	rating	indexc

Mean 33.69 39.13 33.71 35.01 39.91 39.27 37.35 36.88

SD 14.83 15.22 15.93 14.63 17.90 19.37 23.17 19.85

Number	of	painful	
regionsc

Mean 7.76 7.88 8.16 9.03 8.32 8.48 7.80 7.22

SD 5.86 5.45 4.99 5.21 5.18 6.07 5.25 4.66

Self-	rated	health

Mean 2.52 2.57 2.72 2.38 2.66 2.35 2.27 3.05 2.94 2.57

SD 1.16 1.09 1.07 1.09 1.20 1.06 1.16 1.02 1.07 1.06

Health-	related	quality	
of	life

Mean 30.15 32.33 32.90 28.59 33.01 27.41 24.94 46.01 40.21 32.46

SD 17.84 20.82 20.53 19.72 20.03 17.91 18.66 22.96 24.20 21.45

Pain	interference

Mean 4.16 4.03 4.05 4.06 3.79 4.39 4.44 3.14 3.66 3.99

SD 1.01 0.74 0.89 1.08 1.05 0.77 0.71 1.13 1.05 1.01
aT1 = at	referral	to	SCS;	T2 = between	referral	and	trial	SCS;	T3 = several	days	after	trial	SCS;	T4/T5 = ~2/7	months	after	permanent	SCS	(or	equivalent	time	
for	Temp	group).
bRated	for	the	past	2	weeks	on	a	Visual	Analogue	Scale	(VAS)	measured	in	millimetres.
cThese	measures	were	not	included	at	the	third	time	point.
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exhibited	a	change	beyond	their	SEM	values,	yet	they	did	
not	exceed	their	SEMs	by	much.	The	overall	U-	shaped	tra-
jectory	thus	suggests	temporary	improvement	followed	by	
a	return	to	baseline	values.

The	 linear	 effect	 (SCS	 X	 Time)	 was	 significant	 in	
the	models	shown	in	Table 3,	which	controlled	 for	 the	
non-	linear	 U-	shaped	 effect	 described	 above.	 This	 re-
maining	independent	linear	effect	reflects	the	slight	im-
provement	 from	 baseline	 to	 T5,	 as	 can	 be	 seen	 in	 the	
means	shown	in	Table 2.	However,	in	only	three	of	the	
measures—	average	 pain	 level,	 highest	 pain	 level	 and	
pain	 interference—	this	 improvement	 was	 greater	 than	
the	SEMs	(computed	on	the	basis	of	T1–	T2	assessments	
preceding	the	trial	implantation).	For	example	the	aver-
age	pain	level	improved	from	T1	to	T5	by	about	9	mm	on	
the	VAS,	which	is	only	slightly	more	than	the	SEM	for	
this	measure	(8.2).

The	 changes	 in	 the	 Temp	 group	 were	 much	 smaller	
than	in	the	Perm	group.	From	T1	to	T3	they	reported	very	
small	improvements	that	did	not	reach	the	SEM	values	in	
most	of	the	measures,	except	for	average	and	highest	pain	
levels	 that	 slightly	 exceeded	 their	 SEMs.	 These	 reports	
correspond	with	the	decision	not	to	continue	to	the	per-
manent	 implantation.	A	slight	worsening	occurred	 from	
in	 the	Perm	group	 from	T3	 to	T4,	and	a	 slight	 improve-
ment	occurred	afterwards	but	neither	represented	a	statis-
tically	or	clinically	significant	change.

In	summary,	the	significant	SCS	group	X	time-	squared	
interaction	 reflected	a	non-	linear	U-	shaped	 trend	of	 im-
provement	 and	 then	 some	 worsening	 among	 the	 Perm	
group's	 levels	of	pain	 severity,	pain	 interference,	health-	
related	quality	of	 life	and	self-	rated	health,	compared	 to	
minor	 changes	 over	 time	 in	 these	 measures	 among	 the	
Temp	group.

A	visualization	of	these	effects	can	be	seen	in	Figure 3,	
which	 shows	 the	 average	 chronic	 pain	 severity	 in	 the	
past	 2	weeks,	 as	 rated	 on	 the	VAS	 by	 participants	 of	 the	
two	groups	at	the	five	time	points.	The	non-	linear	effects	
can	be	clearly	seen	 in	 the	Perm	group:	Average	pain	se-
verity	 significantly	 decreased	 from	 77	±	17	 at	 baseline	
(T1)	to	45	±	26	mm	immediately	after	the	trial	period	(T3)	
(p <	0.001),	namely	by	42%	and	exactly	four	SEMs.	The	de-
crease	in	chronic	pain	severity	from	baseline	to	2	months	
after	 the	 permanent	 implantation	 (T4)	 (57	±	26	mm)	 al-
most	 halved	 (27%,	 p  <	0.001)	 but	 was	 still	 above	 two	
SEMs.	 However,	 pain	 severity	 at	 7	months	 post	 perma-
nent	implantation	(T5)	was	only	11%	below	pre-	trial	level	
(68	±	23)	and	just	0.3 units	above	SEM.	In	contrast,	in	the	
Temp	group,	chronic	pain	severity	showed	a	slight	positive	
effect	of	the	trial	SCS	but	relatively	stable	pain	severity	lev-
els	onward,	which	were	smaller	than	the	SEM	(Figure 3).	
The	pattern	of	changes	for	all	the	other	outcome	measures	
was	similar	except	for	the	PRI	and	the	number	of	painful	T
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body	regions,	which	were	not	affected	by	the	intervention	
in	either	group.

Finally,	at	T5,	the	Temp	and	Perm	groups	did	not	sig-
nificantly	differ	on	any	of	the	outcome	measures	(p = 0.08	
for	 the	 number	 of	 pain	 areas,	 all	 other	 ps	>0.25).	 Thus,	
both	groups	did	not	differ	at	baseline,	their	pain	severity	
levels	decreased	over	time	but	no	improvement	was	seen	
in	other	outcome	measures,	and	at	T5	they	again	did	not	

differ.	Namely,	the	only	difference	between	the	two	groups	
was	the	improvement	in	pain	severity	levels	(VAS)	in	the	
Perm	group	following	the	implantation,	and	the	worsen-
ing	they	experienced	later	(i.e.	from	T4	to	T5).

3.4	 |	 Variability within groups in the 
extent of changes in pain intensity

Tables 2	and	3	present	average	changes	over	time	in	each	
group.	 However,	 there	 was	 great	 variability	 within	 each	
group.	To	illustrate	this	variability,	we	also	examined	the	
data	according	to	the	cut-	off	points	proposed	by	Dworkin	
et	 al.  (2008),	 for	 percent	 of	 change	 in	 pain	 severity	 and	
number	 of	 VAS	 units	 of	 change	 (see	 methods	 section).	
Figure  4	 shows	 the	 distribution	 of	 percent	 of	 change	 in	
average	pain	severity	in	the	two	study	groups	from	base-
line	to	T5.	As	can	be	seen	in	the	Figure,	roughly	40%	of	
the	patients	in	both	groups	exhibited	an	increase	in	pain	
severity	over	time.	As	for	reductions	in	pain	severity,	38%	
of	the	Perm	group	and	33%	of	the	Temp	group	exhibited	
a	moderately	important	or	a	substantial	improvement	in	
pain	 levels	 (i.e.,	a	 reduction	of	30%	or	more	 in	pain	 lev-
els	 at	 T5	 compared	 to	 baseline	 levels).	 Using	 Dworkin	
et	 al.'s  (2008)	 cut-	off	 points	 for	 improvement	 measured	
in	absolute	change	in	centimetres	on	the	VAS	revealed	a	
similar	picture.	The	extent	of	change	in	pain	intensity	over	
time	did	not	differ	by	pain	diagnoses	when	comparing	the	
distribution	of	diagnoses	among	those	whose	VAS	scores	
improved	by	30%	and	above	versus	those	whose	VAS	score	

F I G U R E  3  Mean	(±SD)	reported	average	pain	severity	over	
the	past	2	weeks	(measured	on	a	1–	100	visual	analogue	scale)	in	the	
Temp	(only	temporary	implantation)	and	Perm	groups	(permanent	
implantation)	over	the	five	evaluation	time	points:	T1	–		At	referral;	
T2	–		Several	weeks	later;	T3	–		After	temporary	implantation;	T4	
and	T5	–		About	2	and	7	months,	respectively,	after	permanent	
implantation	(or	equivalent	time	for	the	TEMP	group).
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F I G U R E  4  Cumulative	distribution	of	participants	according	to	categories	of	the	extent	of	change	in	pain	severity	(visual	analogue	
scale)	from	T1	(baseline)	to	T5	(about	7-	month	post	permanent	implantation)	in	the	Perm	group	or	equivalent	time	for	those	in	the	Temp	
group	who	underwent	only	temporary	implantation.	Change	is	defined	as	percentage	reduction	at	T5	compared	to	T1	values;	change	
categories	are	shown	in	the	legend.	The	numbers	in	the	bars	represent	the	percentage	of	participants	from	their	group	in	each	pain	change	
category.	The	distributions	in	the	two	groups	did	not	significantly	differ	(χ2(4) = 2.05,	p = 0.73).
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improved	by	less	than	30%	(T1–	T4:	χ2(3) = 1.35,	p = 0.85;	
T1-	T5:	χ2(3) = 4.82,	p = 19).

3.5	 |	 Reports on usage of the SCS 
device and adverse effects

Of	the	113	participants	in	the	Perm	group,	84	participated	
in	the	T4	evaluation.	Of	them,	70	patients	responded	to	the	
question	about	SCS	usage,	and	almost	all	of	them	(n = 68,	
97%)	reported	that	they	still	operate	the	SCS	device.	Of	the	
88	patients	in	the	Perm	group	who	participated	in	T5	eval-
uation,	75	were	still	using	the	device	(85%)	and	13	were	no	
longer	using	it.	Of	those	who	were	not	using	the	device,	12	
reported	receiving	other	treatments	(six	were	taking	pain	
medication,	six	did	not	report	the	type	of	other	treatment).	
In	total,	out	of	the	113	patients	who	had	a	permanent	im-
plantation,	around	the	time	of	T5,	20	patients	(18%)	either	
had	 the	 SCS	 device	 removed	 or	 did	 not	 operate	 it	 (this	
information	 was	 obtained	 by	 phone	 calls	 regardless	 of	
whether	the	patient	participated	in	T5	or	not).

Participants	in	the	Temp	group	were	also	asked	about	
other	treatments	at	both	T4	and	T5.	Out	of	the	44	patients	
of	the	Temp	group	who	participated	in	the	T4	evaluation,	
27	 (64%)	 reported	 that	 they	 are	 receiving	 various	 types	
of	 treatments	 for	 their	 pain	 as	 follows:	 22	 received	 pain	
medications	(including	in	decreasing	order	opioids,	non-	
steroidal	anti-	inflammatory	drugs = NSAIDs,	serotonine-	
noradrenaline	reuptake	inhibitors = SNRIs	and	cannabis),	
five	 received	 invasive	 interventions	 (including	 intrave-
nous	lidocaine	and	radiofrequency),	two	received	physical	
therapy	 and/or	 hydrotherapy;	 some	 received	 more	 than	
one	type	of	treatment.	Out	of	the	29	patients	of	the	Temp	
group	 who	 participated	 in	 the	 T5	 evaluation,	 21	 (72%)	
reported	 receiving	 pain	 medication	 (including	 opioids,	
NSAIDSs,	 SNRIs),	 three	 received	 physical	 therapy	 and	
two	received	hydrotherapy.

Adverse	effects	among	patients	in	the	Perm	group	in-
cluded	lead	migration	(12%),	pain	around	the	location	of	
the	implant	(15%)	and	superficial	tissue	infection	(3%).

4 	 | 	 DISCUSSION

Overall,	a	U-	shaped	time	trend	was	observed	in	which	the	
greatest	improvement	in	the	outcome	measures	occurred	
from	 baseline	 to	 post-	trial	 implantation	 (T1-	T3),	 which	
then	was	followed	by	a	gradual	decline	in	the	effect.	All	
study	 participants	 were	 recruited	 in	 the	 same	 manner,	
had	similar	baseline	values	and	were	similarly	eligible	to	
receive	 SCS	 implantation.	 Eventually,	 about	 two-	thirds	
underwent	the	entire	procedure	of	a	trial	and	then	perma-
nent	SCS	(Perm	group)	whereas	about	a	third	underwent	

only	 the	 trial	 and	 served	 as	 a	 comparison	 group	 (Temp	
group).	From	baseline	to	post-	trial	implantation,	the	Perm	
group	exhibited	a	significant	reduction	in	chronic	pain	in-
tensity	(VAS	scores)	and	pain	interference	and	an	increase	
in	self-	rated	health	and	quality	of	life,	in	line	with	previ-
ous	studies	(for	a	review	see	O'Connell	et	al., 2021).	The	
patients	in	the	Temp	group	did	not	experience	significant	
changes	in	the	outcomes	post-	trial,	and	did	not	continue	
to	a	permanent	SCS	implantation.

Previous	studies	have	suggested	that	the	trial	SCS	can	
predict	 successful	 pain	 relief	 with	 the	 permanent	 SCS.	
For	example	in	one	study,	experiencing	≥50%	pain	relief	
during	the	trial	was	the	variable	most	strongly	associated	
with	permanent	SCS	outcome	(Williams	et	al., 2011).	The	
results	of	the	current	study	suggest	otherwise:	the	longer	
term	 effects	 of	 permanent	 SCS	 varied	 and	 for	 some	 pa-
tients	 they	 disappeared	 altogether	 along	 the	 follow-	up,	
even	 though	 they	 experienced	 substantial	 pain	 relief	
during	the	trial.	Another	study	also	reported	a	lack	of	cor-
relation	 between	 the	 trial	 outcomes	 and	 the	 permanent	
outcome,	in	the	opposite	direction:	whereas	average	pain	
relief	during	the	trial	was	21%,	that	of	the	permanent	sys-
tem	ranged	between	44	and	83%	(Oakley	et	al., 2008).	In	
a	recent	study,	there	was	no	advantage	to	a	SCS	screening	
trial	strategy	over	a	no-	trial	screening	approach	on	pain	se-
verity	or	other	outcomes	measured	at	6-	month	follow-	up	
(Eldabe	et	al., 2020).	Interestingly,	patients	who	failed	the	
trial	 did	 not	 exhibit	 worsening	 of	 their	 condition	 com-
pared	to	baseline	despite	possible	disappointment	and/or	
investment	in	the	procedure.

With	 regards	 to	 the	 long-	term	 effects	 in	 the	 Perm	
group,	 the	 outcome	 measures	 exhibited	 a	 non-	linear	 U-	
shaped	trend	of	a	static	phase	(T1–	T2)	prior	 to	 the	 trial,	
followed	 by	 a	 statistically	 and	 clinically	 significant	 im-
provement	 immediately	 following	 the	 trial	 (T1-	T3),	 and	
then	 a	 reduced	 effect	 (T4,	 2-	month	 post-	implantation),	
still	improved	compared	to	baseline,	which	then	returned	
to	baseline	values	(T5,	7-	month	post-	implantation).	Some	
T5	outcome	measures	exhibited	slight	improvement	com-
pared	to	baseline	values,	yet	it	was	roughly	equivalent	to	
one	 SEM,	 indicating	 a	 non-	clinically	 significant	 change.	
The	 long-	term	 decline	 in	 SCS	 effects	 among	 the	 Perm	
group	was	unexpected,	considering	reports	on	ongoing	ef-
fect	of	SCS	for	long	durations,	ranging	from	3	to	48 months	
(e.g.,	 Brinzeu	 et	 al.,  2019;	 Campos	 et	 al.,  2019;	 Eriksen	
et	al., 2021;	Hunter	et	al., 2018;	Kumar	et	al., 2008;	Rojo	
et	al., 2021;	Sears	et	al., 2011).

Several	 reasons	 may	 explain	 the	 relative	 low	 efficacy	
herein.	 First,	 we	 employed	 the	 most	 minimal	 exclusion	
criteria;	 dropout	 from	 the	 study	 was	 mainly	 due	 to	 pa-
tients'	preferences	and	throughout	 the	study,	we	did	not	
exclude	patients	because	of	reasons	such	as	reduced	sat-
isfaction,	 device	 malfunctioning,	 or	 adverse	 effects.	 All	
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participants	 in	both	groups	were	contacted	at	 follow-	up,	
regardless	of	their	pain	treatment	at	the	time	or	the	status	
and	 operation	 of	 their	 SCS	 device,	 even	 if	 they	 had	 not	
participated	in	the	previous	wave	of	data	collection.	Thus,	
although	 this	 was	 not	 a	 randomized	 controlled	 study,	
patients	 were	 followed	 up	 once	 the	 decision	 to	 undergo	
SCS	 implantation	 was	 made,	 regardless	 of	 its	 execution.	
Second,	we	included	all	patients	who	underwent	the	SCS	
trial	and	not	only	those	whose	trial	was	deemed	success-
ful.	In	this	way,	we	reduced	the	selection	bias	of	including	
only	responsive	patients.	Studies	in	which	only	such	pa-
tients	were	included	would	probably	achieve	greater	pain	
relief.	Third,	many,	though	not	all,	studies	measured	pain	
relief	retrospectively	by	asking	patients	to	rate	the	percent	
of	pain	relief	they	had	experienced.	In	the	current	study,	
we	 assessed	 pain	 relief	 prospectively,	 by	 comparing	 pain	
levels	 reported	 by	 participants	 at	 each	 time	 point.	 This	
method	 is	 less	 susceptible	 to	 self-	serving	 or	 to	 recall	 bi-
ases	 and	 may	 thus	 reflect	 the	 true	 condition	 of	 the	 par-
ticipant.	Fourth,	we	evaluated	improvement	in	outcomes	
beyond	their	SEM,	a	conservative	yet	necessary	criterion	
in	clinical	trials,	seldom	practiced,	that	controls	for	natu-
ral/spontaneous	variations	in	chronic	pain	and	in	related	
outcomes	over	time.

The	improvement	in	the	outcome	measures	from	T1	to	
T3,	which	continued	in	the	Perm	group	in	the	2-	month	post-	
implantation	(T4),	may	be	due	to	the	actual	stimulation	of	
the	dorsal	horn	or	dorsal	column,	resulting	in	inhibition	
of	upcoming	nociceptive	input	and	perhaps	also	by	ortho-
dromic	activation	of	Aβ-	fibres	(Heijmans	&	Joosten, 2020;	
Jensen	&	Brownstone, 2019).	In	such	a	case,	the	decline	
in	the	effect	during	the	following	months	(up	to	T5)	may	
be	due	to	neuronal	adaptation	(Cliffer	et	al., 1992;	O'Mara	
et	al., 1988).	The	temporary	improvement	from	T1	to	T3/
T4	could	also	reflect	a	placebo	effect.	Having	the	trial	pro-
cedure	and	afterwards	the	permanent	operation	in	a	hos-
pital	setup	can	produce	a	strong	placebo	effect	(Meissner	
&	Linde, 2018)	due	to	high	expectations.	Disappointment	
or	 gradually	 diminishing	 expectations	 may	 underlie	 the	
declined	 effect	 thereafter	 (T5).	 Notwithstanding,	 the	 de-
cline	 in	 the	 pain-	relieving	 effect	 may	 have	 been	 due	 to	
decreased	use	of	the	SCS.	However,	this	possibility	seems	
unlikely	as	the	majority	of	the	patients	did	activate	the	de-
vice	throughout	the	follow-	up	period.

Indeed,	recent	review	articles	concluded	that	while	it	is	
almost	certain	that	SCS	provides	short-	term	benefit,	there	
is	no	solid	evidence	that	it	can	provide	long-	term	benefit	
(O'Connell	et	al., 2021;	Palmer	et	al., 2019).	Thus,	although	
the	dynamics	of	the	outcome	measures	from	baseline	(T1)	
to	end	of	follow-	up	(T5;	~7	months)	differed	between	the	
Perm	 and	Temp	 groups,	 their	 values	 at	T1	 and	T5	 were	
overall	 similar.	Additionally,	40%	of	 the	patients	 in	both	
groups	 experienced	 worsening	 of	 chronic	 pain	 intensity	

and	38%	and	33%,	respectively,	experienced	clinically	sig-
nificant	pain	relief	(≥30%).	Considering	all	of	the	above,	
the	results	suggest	that	on	average,	SCS	cannot	provide	a	
substantial	 long-	term	 relief	 for	 all	 chronic	 pain	 patients	
with	the	aetiologies	included	herein.

Although	there	exist	a	plethora	of	studies	on	SCS	for	
chronic	 pain,	 a	 recent	 systematic	 review	 has	 concluded	
that	the	beneficial	effect	of	this	intervention	is	still	not	clear	
given	previous	studies'	small	sample	size	(average	of	38),	
relatively	short	follow-	up	periods	(12	weeks),	unclear	defi-
nition	of	chronic	pain	and	commercial	sponsorship	(North	
&	Shipley, 2018).	The	present	study	addressed	these	four	
limitations:	 It	 included	 176	 patients	 who	 suffered	 from	
chronic	pain	as	defined	by	IASP,	followed	up	for	28	weeks,	
and	no	commercial	sponsorship.	Furthermore,	in	contrast	
with	several	previous	reports,	we	continued	to	collect	data	
from	participants	who	withdrew	from	the	study	after	the	
trial	 SCS	 or	 those	 who	 independently	 discontinued	 the	
use	of	 the	device.	At	 the	end	of	 the	follow-	up,	 the	Perm	
and	Temp	groups	resulted	in	a	similar	effect	as	those	who	
failed	the	trial	SCS.	Noteworthy,	those	who	failed	the	trial	
SCS	went	on	trying	other	treatments	(mostly	pharmaco-
logical).	However,	apparently	those	treatments	also	failed	
to	provide	pain	relief,	judging	by	their	VAS	and	PRI	scores.	
Alternatively,	the	apparent	lack	of	perceived	pain	relief	in	
the	Temp	group	despite	turning	to	other	treatments	may	
reflect	disappointment	of	the	patients	from	the	SCS	pro-
cedure	and	not	necessarily	the	actual	level	of	their	pain.

We	 could	 not	 identify	 any	 baseline	 characteristics	
that	 predicted	 successful	 outcomes	 among	 the	 patients.	
Similar	 to	our	study,	others	have	also	reported	that	pain	
interference	 and	 chronic	 pain	 severity	 could	 not	 predict	
SCS	outcomes	 (Celestin	et	 al.,  2009;	Taylor	et	 al.,  2014).	
The	predictability	of	additional	factors	has	been	found	in-
consistent.	For	example	various	psychological	factors	such	
as	somatization,	depression	and	anxiety,	as	well	as	older	
age	and	chronic	pain	duration,	were	found	to	correspond	
with	 poorer	 treatment	 outcomes	 (Campos	 et	 al.,  2019;	
Celestin	 et	 al.,  2009;	 Stephens	 &	Ward,  2014).	 However,	
others	reported	a	lack	of	predictive	ability	of	psychological	
factors	such	as	pain	catastrophizing	(Poulsen	et	al., 2021)	
or	 a	 more	 complex	 relationship	 between	 predictors	 and	
outcomes	depending	on	their	nature	(Fama	et	al., 2016).	
Thus,	patients'	selection	for	SCS	is	a	major,	open	issue	that	
requires	further	examination.

Our	 study	 has	 several	 limitations.	 First,	 we	 did	 not	
include	 a	 group	 who	 received	 sham	 SCS	 and	 therefore	
the	magnitude	of	a	placebo	effect	could	not	be	assessed.	
Second,	though	measuring	pain	relief	prospectively	is	one	
of	the	strengths	herein,	we	did	not	ask	patients	for	their	
retrospective	 perception	 of	 pain	 relief	 and	 thus	 have	 no	
way	to	compare	our	findings	with	studies	that	used	such	
measures.	Third,	the	results	may	apply	to	the	chronic	pain	
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types	included	in	the	study.	In	summary,	after	controlling	
for	natural	variations	over	time	in	the	outcome	measures,	
the	results	suggest	that	although	SCS	offers	a	short-	term	
pain	relief	 to	 the	majority	of	chronic	pain	patients,	only	
about	40%	of	them	experience	adequate	pain	relief	in	the	
long	run	(7-	month	post-	implantation)	and	these	patients	
could	 not	 have	 been	 identified	 based	 on	 their	 baseline	
variables.	 However,	 considering	 the	 somewhat	 similar	
percentage	of	patients	who	experienced	pain	relief	in	the	
failed	SCS	group,	 it	 appears	 that	 the	procedure	may	not	
be	cost-	effective	for	the	majority	of	chronic	pain	patients.	
As	none	of	the	perceived	health	and	pain-	related	variables	
herein	predicted	the	outcomes,	further	research	is	needed	
to	identify	biomarkers	for	successful	treatments.
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