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ABSTRACT

Background Spinal cord stimulation (SCS) has emerged
as an important treatment for chronic pain disorders.
While there is evidence supporting improvement in pain
intensity with SCS therapy, efforts to synthesize the
evidence on physical functioning are lacking.

Objective The primary objective of this meta-analysis
was to assess long-term physical function following 12
months of SCS for chronic back pain.

Evidence review PubMed, EMBASE, Scopus, and
CENTRAL databases were searched for original peer-
reviewed publications investigating physical function
following SCS. The primary outcome was physical
function at 12 months following SCS therapy for chronic
back pain compared with baseline. A random effects
model with an inverse variable method was used. The
Grading of Recommendation, Assessment, Development,
and Evaluation (GRADE) framework was used to
determine the certainty of evidence.

Findings A total of 518 studies were screened, of
which 36 were included. Twenty-two studies were
pooled in the meta-analysis. There was a significant
reduction in Oswestry Disability Index (ODI) scores at

all time frames up to 24 months following implantation.
Pooled results revealed significant improvement in ODI
scores at 12 months with a mean difference of —17.00%
(95% Cl —23.07 to —10.94, p<0.001). There was a

very low certainty of evidence in this finding as per the
GRADE framework. There was no significant difference in
subgroup analyses based on study design (randomised
controlled trials (RCTs) vs non-RCTs), study funding, or
stimulation type.

Conclusion This meta-analysis highlights significant
improvements in physical function after SCS therapy.
However, this finding was limited by a very low GRADE
certainty of evidence and high heterogeneity.

INTRODUCTION

Chronic low back pain is recognized as the leading
cause of disability worldwide. Disability and poor
physical functioning can negatively impact all
aspects of life ranging from work-related disability
to loss of ability to perform activities of daily
living.'™ The management of chronic low back pain
has been extensively studied and a multifaceted
approach including physical therapy, psycholog-
ical therapy, pharmacological therapy, interven-
tional pain procedures or surgeries is critical.*®
Despite advancements in treatment, low back pain
continues to be the leading global cause of years
lost to disability and future investigation to mitigate
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this increasing burden is a priority in chronic pain
research.’

Spinal cord stimulation (SCS) has emerged as an
important treatment for chronic pain disorders and
is currently approved by the Food and Drug Admin-
istration for the treatment of refractory chronic pain
disorders including failed back surgery syndrome
(FBSS), complex regional pain syndrome, painful
diabetic neuropathy (PDN), and non-surgical
refractory back pain.'®"” Although the mechanism
behind SCS is not completely elucidated, a common
referenced theory is the gate control theory of
pain. Through stimulating A-B neuron fibers, it
is proposed that the pain impulses carried by A-8
fibers and smaller C-fibers can be attenuated and
intercepted from transmission via ascending spinal
and supraspinal tracts.'® In addition to improving
pain outcomes, quality of life (QoL), and patient
satisfaction, several randomized controlled trials
(RCTs) and systematic reviews have reported an
association between SCS therapy and improve-
ment in physical functioning outcomes in patients
with FBSS and chronic axial low back pain without
previous spine surgery.'® ' However, other
studies have reported no change in measures of
physical function after SCS therapy compared with
placebo or spine reoperation.”” Evidence review
and appraisal are currently lacking in the literature
on change in physical function after SCS therapy.”

The primary objective of this systematic review
and meta-analysis was to assess the long-term phys-
ical function and disability outcomes following
neuromodulation with SCS for patients with
chronic back pain.

MATERIALS AND METHODS

The study protocol was registered and approved with
the International Prospective Register of Systematic
Reviews (PROSPERO ID: CRD42022337076).*
Studies were sought that evaluated functional
outcomes after SCS therapy using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.”

Search strategy

A systematic search strategy was created for
several databases, from database inception to May
31, 2022. The databases included Ovid Medical
Literature Analysis and Retrieval System Online
(MEDLINE) and Epub Ahead of Print, In-Pro-
cess & Other Non-Indexed Citations, and Daily,
Ovid Excerpta Medica Database (EMBASE), Ovid
Cochrane Central Register of Controlled Trials,
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and Scopus. The search strategy was designed and conducted
by an experienced librarian with input from the study’s prin-
cipal investigator (RSD’S). Controlled vocabulary supplemented
with keywords were used to search for studies describing the
change in disability and physical functioning outcomes after SCS
for patients with chronic pain. The complete search strategy is
available in online supplemental file S1.

Study selection criteria

Peer-reviewed original research publications were considered
for inclusion based on the following PICOT criteria: Patient
population (P): Adult patients with chronic pain indications
including non-surgical or postsurgical back pain. Intervention
(I): Dorsal column SCS implants. Studies with only SCS trials
and dorsal root ganglion stimulation were excluded. Control/
Comparator (C): Physical function measures at baseline prior to
SCS implantation. Outcome (O): Physical function outcomes as
measured by any of the following physical function assessment
questionnaires: Oswestry Disability Index (ODI), Roland-Morris
disability questionnaire (RMDQ), or the physical component
scale of the Short Form-36 Survey (SF-36). Time (T): Although
we did not restrict study eligibility criteria based on follow-up
time, the time point of the primary outcome was 12 months after
SCS implantation.

Studies were not restricted to a specific waveform paradigm,
type of lead (paddle lead, cylindrical lead), or type of pulse
generator (external or internal). To facilitate a comprehensive
capture of studies, we did not mandate physical function to be a
primary outcome from studies.

Outcomes assessed

The primary outcome of this systematic review was change in
physical function from baseline to 12 months after SCS implan-
tation. The 12-month time point was chosen a priori as the
primary time point based on clinical and research experience
from the author team where it was deemed as sufficient time
for the primary outcome to manifest. Improvements in pain
intensity occur first and after achieving adequate analgesia,
patients can increase mobility, exercise, and participate in phys-
ical therapy. Secondary outcomes included change in physical
function metrics at 1, 3, 6, 18, and 24 months.

Physical function outcomes

Developed by Fairbank et al with multiple versions since, the
Oswestry low back pain disability questionnaire has become a
commonly used tool for assessing physical function in patients
with back pain.?*® Higher ODI scores indicate increasing
disability. Studies predict the ODI’s Minimum clinically
important difference (MCID) to be an improvement of 10% or
12.8%.%°° The SF-36 survey is another validated tool exploring
eight domains of health including physical functioning.’' ** The
RMDQ is another modality to assess physical disability due to
low back pain.*® ** Online supplemental table S2 expands on
questionnaires exploring physical function.

Study selection

Two authors (DJK and ME) independently screened the results
generated by the search strategy by title and abstract alone.
Following this, potentially eligible citations had their full-text
version retrieved for assessment of inclusion. Any discrepancies
were resolved by a third investigator (RSD’S).

Data extraction

Two groups of paired authors: DJK and ME, and GAMA and
EK independently performed data extraction. The following
information was extracted and stored on Excel: (1) study charac-
teristics (study design, interventions, funding, country(s), inter-
vention, study subgroups, waveform information, and follow-up
duration), (2) participant demographics (sample size, mean age),
and (3) outcomes of interest (ODI, RMDQ, SF-36 scores at base-
line and at 1, 3, 6, 12, 18 and, 24 months).

Assessment of risk of bias
The quality of the included studies was independently assessed
by two authors using the Cochrane Collaboration guidelines.**
Disagreements were adjudicated by a third author (RSD’S). The
RCT studies were assessed for bias with the Risk of Bias 2 tool.**
Each of the five domains were graded based on the risk of bias
as either: low risk, high risk or some concerns of bias. For cross-
over trials, an additional domain (DS) was assessed to look for
bias arising from period and carryover effects. For observational
studies including cohort and case control studies, the Newcastle-
Ottawa scale (NOS) was used.*® The NOS scale was implemented
by using this star grading system to appraise the studies across
three categories of (1) study group selection, (2) comparability
of the groups, and (3) ascertainment of exposure or outcome.
Ratings are between 0-9 with studies rated between 0-2, 3-5,
6-9 are classified as having poor, fair, high quality, respectively.*®
The GRADEpro software (Evidence Prime) was used by two
reviewers (ME and EK) to independently assess the evidence
for each outcome across the included studies using the GRADE
(Grading of Recommendations, Assessment, Development and
Evaluations) quality assessment criteria.’”

Statistical analysis

The analysis was conducted with Review Manager software
(RevMan) V.5.4.1. Quantitative variables (eg, ODI and SF-36
scores) were extracted and reported as mean and SDs. For
studies reporting median and IQRs, the Cochrane Collaboration
Guidelines were used to obtain SD from SE or CI, to approxi-
mate the median to be equal the mean, and SD was calculated by
dividing the IQR by 1.35.%%3? Statistical pooling was performed
for those outcomes with more than three studies reporting data.
Qualitative reporting summarized outcomes not statistically
pooled. An inverse variable statistical method was utilized with
a random effects model to generate a pooled effect estimate
and the 95% ClIs. Statistical heterogeneity between studies was
assessed using the I? statistic with a designation of >50% signi-
fying high heterogeneity. A p<0.05 was set as the level of signif-
icance. Publication bias was assessed with funnel plot asymmetry
and the Egger’s test. A sensitivity analysis was conducted with
the leave-one-out method to assess the robustness of the data.

Subgroup analysis

In the presence of high heterogeneity in the primary outcome,
subgroup analysis was performed for those covariates that
had three or more studies. For the subgroup analysis based on
funding, studies receiving industry-supported funding were clas-
sified as industry-funded studies; studies receiving funding from
a non-industry source were classified as funded (non-industry);
studies receiving no funding or those where no funding state-
ment was reported were classified as non-funded studies. We
also performed two post-hoc subgroup analyses stratifying the
studies based on study design (RCTs vs observational studies)
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Figure 1

)
Records identified from
c databases (n= 962):
2 MEDLINE (342) Records removed before
8 Embase (369) screening:
S Cochrane central (215) > Duplicate records removed
E Scopus (36) (n = 446)
o
Additional record identified from
manual search (n= 2)
—
) y Abstracts excluded (n=383):
Irrelevant study types (n=69
Abft;;cés screened —— > Irrelevant resegrc);lr? foc(us )
(n=518) (n=64)
Wrong outcomes (n=87)
Wrong population (n=48)
No SCS intervention (n=38)
Review articles (n=35)
Case reports/ Case Series
(n=30)
Non-human studies (n=12)
£
g A\
3 Full-text articles assessed for
eligibility —| Full-text articles excluded (n=99)
(n=13%5) Not exclusively back pain
(n=50)
Insufficient details for
extraction (n=15)
Wrong population (n=14)
Wrong outcome (n=8)
Wrong study design (n=7)
Duplicated patient population
(n=5)
v
)
Studies included in qualitative
analysis
(n=36)
°
[}
°
: !
2
- Studies included in quantitative
analysis
(n=22)
—

PRISMA diagram. Flow chart for study selection process including identification of studies from multiple databases and sources, screening

process, assessment of eligibility and final study inclusion. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

and stimulation type (paresthesia-based vs non-paresthesia-based
stimulation).

RESULTS

Study characteristics

Figure 1 depicts the PRISMA flow chart of the study selection
and inclusion process. A total of 36 studies met the inclusion
criteria and were included for the qualitative analysis.”* **~*
Table 1 describes the characteristics of the included studies.
There were 7 included RCTs,? 4050 33 616369 17 Hrospec-
tive studies, 1=+ 46 47 5156 39 60762 64 65 68 7072 11 rerroepective
studies,? 8 47 9254 5758 66 6773 and 1 ambispective observa-
tional study.”* Thirteen studies were conducted in multiple
centers, 1743 465135566163 68697274 o} sty dies were conducted in
multiplecountries, *143323556636972\ ogetudies (22/36) were funded
by industry, 104143444647 4951535556 385961636468 697174 Gy ru dies
had participants undergoing high-frequency SCS,*! #4303 526172
four studies with high-density SCS,* °! ¢ ¢* and two studies
with burst SCS.** ** The duration of follow-up for physical

function outcomes varied from 1month to Syears. Twen-
ty-two articles were included in the quantitative analysis and
were meta-analyzed.22 4042 4448 50 515557 60 63 6367 69 73 74 piye
studies™ * 30 ¢7 73 had multiple study arms where the groups
were analyzed and presented separately in the forest plot.
Specific details of each arm from these studies are presented
in online supplemental table S4. Of included studies, the range
of mean scores on physical outcome measures at baseline were
as follows: SF-36: minimum of 24.08 (6.73)%’ to a maximum
of 36.67 (21.17).”> RMDQ: 13.9 (4.5)*} to 16.9 (3.5).”' ODI:
24.32 (7.4)* to 85 (8.9).”7

Quality assessment

The methodological quality of the included studies are summa-
rized in figure 2 and online supplemental table S3. Overall, three
RCTs had low risk of bias and two with some concerns of bias.
The two RCTs** *° with cross-over design had high concern of
bias. Both had high bias in Domain S (DS) due to the risk of bias
from period and carryover effects. Additionally, Al-Kaisy et al*
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Table 1
Study

Max follow-up

6M

Waveform
30-130Hz

Mean/median age

56.3 (11.5)

Study groups #

#

Study design

Study funding

Location

50—paddle leads

100

Not reported Prospective, nonrandomized study

Germany

Kinfe et al®? 2014

50—cylindrical lead

=16)
36)
23)
48)

12M (n
6M

500 Hz

Not reported
59.6 (9.4)

19—implanted

20
36

Medtronic Inc. Prospective, open-label, single-arm study

UK

Mehta et a/** 2022

(n
(n
M (n

Not Specified

36—implanted
25—implanted

Prospective, single-arm study

Retrospective analysis

Not reported

Poland

Mosiewicz et al®® 2015
Mullins et al®® 2022
Paul et al®’ 2017

Not Specified 6M

58.2 (SEM: 55.8-60.7)

51.4 (11.9)
57.2(13.2)

No funding received
Not reported

Canada
USA

Not Specified

35—successful SCS
13—failed SCS

46—CMM
39—SCS

48

Retrospective analysis

=54)

24M (n

Variety

60.8 (SE 1.8)
53 (SE 1.8)
49 (7)

85

Boston Scientific Iberica  Prospective, multicenter, observational study

Spain

Perez et al*® 2021

(n=10)
12M (n
6M

™

Prospective, single-arm study 10 10—implanted Not Specified

Prospective, single-arm study

Not reported

USA

Slavin et al™® 1999

=96)
72)

Not Specified
10kHz

52.5(9.5)
50.4 (9.5)
50.4 (10.7)
53.1(11.6)
58 (13)

CMM, conventional medical management; HF-SCS, high frequency SCS; Hz, hertz; LF-SCS, Low Frequency SCS; M, months; PNFS, peripheral nerve field stimulation; RCT, randomised controlled trial; SCS, spinal cord stimulation; SD, standard

deviation; SEM, standard error of the mean; Y, years.

105—implanted
72—implanted

135
83

Medtronic Netherlands

Nevro Corp.

Netherlands

Spincemaille et a/’* 2004
Van Buyten et al? 2013

(n
12M (n

Prospective, multicenter, single-arm study

Subanalysis of prior RCT

Belgium and UK
Netherlands

=75)

Not Specified

65—SCS+PNFS
25—SCS only

Medtronic funded RCT 100

Van Heteren et al” 2022

=55)

No Not Specified 24M (n

72—implanted

Observational, multicenter, ambispective study 80

Medtronic Italy

Italy

Zucco et al’* 2015

had concerns in domain 3 due to loss of follow-up, while Hara et
al* had concerns in domain 2 owing to deficiencies in the use of
an appropriate analysis plan. Based on NOS, most of the obser-
vational studies fell in the category of fair quality, particularly
owing to the lack of comparability description, lack of control
groups and confounders adjustments. The GRADE assessment is
displayed in tables 2 and 3. Most of the included studies were
observational in design and only seven were RCTs, thus down-
grading the quality of evidence. The ODI score at 12 months had
an overall certainty of ‘very low” due to the presence of risk of
bias, and inconsistency. Egger’s test revealed a p value of 0.076.
However, based on visual assessment of the Funnel plot (online
supplemental figure S5), there may be presence of small-study
effects. Sensitivity analysis with the leave-one-out method found
no significant changes in effect sizes.

Primary outcome

Ten studies®® 4245 4648 50365773 7 with 852 patients (at baseline)
reported ODI scores at 12 months. Pooled results revealed that
ODI scores improved significantly from baseline to 12 months
with a mean difference of —17.00% (95% CI —23.07 to —10.94,
p<0.001; 852 patients in 10 studies?0 4245 46485056577374 "o pe 3,
This finding had high statistical heterogeneity (y *=294.04,
df=13 (p<0.001), [*=96%). The decrease in ODI scores ranged
from a minimum decrease of 4% (95% CI-7.37 to —0.63) to a
maximum decrease of 69% (95% CI —78.09 to —59.91). Only
one study” reported on mean SF-36 score at 12 months with
after a baseline (36.67+21.17) compared with follow-up of
(52.14%26.30; p<0.001). Online supplemental table S6 shows
a qualitative summary of study outcomes.

Secondary outcomes

Compared with baseline, pooled analysis revealed a mean
difference of —19.90 (-28.24,-11.57), p<0.0001; 534 patients
in eight studies® *0 #¢ 4730313660 i, ODI scores at 3 months;
—11.20% (95% CI —14.85% to —7.55%, p<0.0001); 490
patients in 9 studies’? #3063 63-676974 5t ¢ months; and —17.11%
(95% CI —20.88% to —13.34%, p<0.0001); 202 patients in
3 studies’ ** 7* at 24 months. Additionally, pooled analysis
revealed a mean difference of 10.06 (95% CI 5.91 to 14.22,
p<0.0001); 289 patients in 4 studies® ® ® 73 for the SF-36
scores at 6months. All secondary outcomes are presented in
online supplemental figures S7-S10.

Subgroup analysis

Subgroup analysis based on study design (RCT vs observational
studies) revealed no statistically significant difference (y*=1.71,
df=1 (p=0.19), ’=41.4%; online supplemental figure S11)
in change of ODI scores at 1year with a mean difference of
—12.22% (95% CI —18.06% to —6.38%, p<0.0001) in RCTs
compared with a mean difference of —20.05% (95% CI-30.26%
to =9.85%, p<0.0001) in non-RCTs.

There was no significant difference in ODI scores at 12
months between industry-funded studies versus non-funded
studies (x*=0.71, df=1 (p=0.40), I* 0%; online supplemental
figure $12). Industry-funded studies had a mean difference of
—19.13% (95% CI —22.49% to —15.77%, p<0.0001) whereas
non-funded studies had a mean difference of —15.12% (95% CI
—23.84% to —6.40%, p<0.0001).

Subgroup analysis based on stimulation waveform (paresthesia-
based vs non-paresthesia-based) revealed no statistically signifi-
cant difference in the primary outcome between the two modes
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Domains: Judgement
D1: Bias arising from the randomization process. )
D2: Bias due to deviations from intended intervention. ‘ High
D3: Bias due to missing outcome data. - Some concerns
D4: Bias in measurement of the outcome. . L
ow

D5: Bias in selection of the reported result.
Figure 2 Risk of Bias assessment for included RCT studies. Green circle indicates a ‘low risk of bias’, red circle indicates a ‘high risk of bias’, yellow
circle indicates ‘some concerns of bias’. Al-Kaisy et al*® and Hara et al* were RCTs with cross-over design and were assessed for an additional domain
(DS: Risk of bias arising from period and carryover effects) which was judged as high bias. RCT, randomised controlled trial.

of stimulation (x*=0.09, df=1 (p=0.76), I*’=0%j online supple-
mental figure S13).

DISCUSSION

This meta-analysis revealed statistical and clinically meaningful
improvements in ODI at 12 months after SCS therapy for
patients with chronic back pain. Specifically, an improvement

in ODI scores of 17% was reported after SCS therapy, which
surpasses the threshold for substantial improvement in ODI
score (MCID of 10% or 12.8% based on prior studies).”’ *°
However, these results should be interpreted with caution due
to a very low certainty of evidence as per the GRADE framework
and substantial statistical, clinical, and methodological hetero-
geneity. Further, this meta-analysis also revealed statistical and

Table 2 GRADE Evidence profile: physical functioning outcomes as per Oswestry Disability Index (ODI) for patients with chronic pain following

spinal cord stimulation

Certainty
Inconsistency/ Publication Mean difference or OR of evidence
Outcome Limitations heterogeneity Indirectness Imprecision bias (95% Cl) No of studies (GRADE)
3month ODI  High risk of High I? statistic. Not serious Not serious Strongly -19.90 (-28.24 to 11.57) 12 Studies (eight HOOO
Scores bias* Clinical suspectedt observational Very low
heterogeneity studies, 4 RCT)
present
6month ODI  High risk of High I statistic. Not serious Not serious Strongly —-11.20 (-14.85 to 7.55) 15 Studies (10 ®O000
Scores bias* Clinical suspectedt observational Very low
heterogeneity studies, 5 RCT)
present
12 month ODI  High risk of High I* statistic. Not serious Not serious Strongly —17.00 (-23.07 to 10.94) 17 Studies (14 pOO00
Scores bias* Clinical suspectedt observational Very low
heterogeneity studies, 3 RCT)
present
24month ODI High risk of High I statistic. Not serious Not serious Strongly -17.11 (-20.88 to 13.34) Three ®000
Scores bias* Clinical suspectedt observational Very low
heterogeneity studies
present

‘@O OO reports on level of certainty. The ‘@’ means one positive point was given out of four total possible points.
*Most of the observational studies had a high risk of bias in the NOS categories of ‘selection’, ‘comparability of cohorts’, and ‘assessment of outcome’. The RCTs had high risk of

bias due to the lack of blinding of participants, personnel, or outcomes.
tBased on Funnel plot and Egger’s test, presence of small sample size studies.

GRADE, Grading of Recommendation, Assessment, Development, and Evaluation; NOS, Newcastle-Ottawa scale; ODI, Oswestry Disability Index; RCTs, randomised controlled

trials.
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Table 3 Summary of findings table: physical functioning outcomes as per Oswestry Disability Index (ODI) for patients with chronic pain following

spinal cord stimulation

Quality or
Post-SCS ODI Baseline SCS No of certainty of
Weighted Mean ODI Weighted Mean difference  participants the evidence
Outcomes (SD) Mean (SD) (95% CI) (studies) (GRADE) Comments
3-month ODI  50.66 (13.17) 30.89 (16.15)  —19.90 (-28.24to 12 Studies (eight GO OO Two RCTs had high risk of bias in DS (Risk of bias from period
Scores 11.57) observational Very low and carryover effects). One RCT with some concerns of bias from
studies, 4 RCT) bias in selection of the reported results. High clinical (variable
patients’ characteristics, severity of chronic pain conditions, SCS
settings, geographical location and practices), methodological, and
statistical heterogeneity (12 95%). Publication bias is suspected.
6-month ODI  45.98 (11.52) 34.79 (14.13) -11.20(-14.85t0 15 Studies (10 eOO00 One RCT with high risk of bias, two with some concerns and
Scores 7.55) observational Very low one with low risk of bias. High clinical (variable patients’
studies, 5 RCT) characteristics, severity of chronic pain conditions, SCS settings,
geographic location and practices), methodological, and statistical
heterogeneity (I 81%). Publication bias is suspected.
12-month ODI  50.24 (12.19) 33.24(15.52)  —17.00 (-23.07 to 17 Studies (14 eOO00 One RCT with high risk of bias and one with some concerns of
Scores 10.94) observational Very low bias. High clinical (variable patients’ characteristics, severity of
studies, 3 RCT) chronic pain conditions, SCS settings, geographical location and
practices), methodological, and statistical heterogeneity (> 96%).
Possibility of small study effects based on Funnel plot asymmetry.
24-month ODI 56.21 (6.51) 39.10 (9.96) —17.11 (-20.88 to  three pOO00 The observational studies had a high risk of bias in the NOS
Scores 13.34) observational Very low categories of ‘selection’, ‘comparability of cohorts’, and
studies ‘assessment of outcome'. High heterogeneity (I 56%).

Population: Adult patients with chronic pain indications including non-surgical or postsurgical back pain.

Intervention: Spinal cord stimulation.
Comparator: Comparing patient outcomes compared to their baseline status.

DS, Risk of bias from period and carryover effects; GRADE, Grading of Recommendations Assessment, Development and Evaluation; NOS, Newcastle-Ottawa scale; RCTs,

randomised controlled trials; SCS, spinal cord stimulation.

clinically meaningful improvements in SF-36 scores at 6 months
and ODI scores that persisted across all time points up to 24
months, highlighting long-term efficacy of this therapy. These
findings are important because low back pain continues to be the
leading cause of years lost to disability per the Global Burden of
Disease Study.”” By alleviating pain severity, SCS therapy may
enable patients to resume daily activities and engage in physical
therapy, further accelerating their recovery and functionality.
These positive benefits also compliment other benefits from

SCS therapy including superior analgesia, satisfaction, QoL and
reduced analgesic use.! 210171976

The subgroup analysis based on funding source did not reveal
any difference in ODI improvement between industry-funded
studies versus non-funded studies. In general, the literature has
highlighted that industry-funded studies tend to report larger
therapeutic effect sizes.”” ”* Of note, even among the non-
funded studies, some authors reported conflicts of interests with
industry. One study received funding from a non-industry source,

Post-5CS ODI Pre-SCS ODI Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Al-Kaisy 2022 G1 33.9 215 19 59.4 145 22 6.1% -25.50 [-36.91, -14.09]
Al-Kaisy 2022 G2 39.4 208 20 58.7 9.7 21 6.5% -19.30[-29.32, -9.28] -
Barolat 2001 49.1 14.5 15 54.8 12.2 41 6.9% -5.70 [-13.93, 2.53] —T
Bondoc 2022 19.79 B.94 189 24,32 7.84 189 7.8% -4.53 [-6.23, -2.83] -
Brooker 2021 31.2  16.1 43 523 123 50 7.3% -21.10 [-27.00, -15.20] -
Campwala 2021 C1 38.54 17.89 45 49.48 14.09 45 7.2% -10.94 [-17.59, -4.29] -
Campwala 2021 G2 37.49 17.77 73 49.56 13.84 73 7.4% =12.07 [-17.24, -6.90] -
De Andres 2017 G1 22.07 7.86 29 27.18 5.21 29 7.7% -5.11 [-8.54, -1.68] -
De Andres 2017 G2 2296 7.06 26 26.96 5.18 26 7.7% -4.00[-7.37, -0.63] -~

Goudman 2021 33.34 16.86 92 57 17.97 185  7.5% -23.66 [-27.97,-19.35] -

Harman 2020 16 16.29 16 85 8.89 16 6.7% -69.00 [-78.09, -59.91] —_

Van Heteren 2022 G1  37.14 1598 21 49.1 1451 21  6.6% -11.96(-21.19,-2.73] —

Van Heteren 2022 G2 41.5 1898 54 57.37 10.98 54  7.3% -15.87[-21.72, -10.02) —

Zucco 2015 455 196 79 6L6 15 80  7.4% -16.10[-21.53, -10.67] -

Total (95% Cl) 721 852 100.0% -17.00 [-23.07, -10.94] L 2

Heterogeneity: Tau® = 122.18; Chi* = 294,04, df = 13 (P < 0.00001); F = 96% ?_100 _éo 0 5*0 100{

Test for overall effect: Z = 5.49 (P < 0.00001)

Figure 3

Favours [experimental] Favours [control]

Forest plot of (Oswestry Disability Index) ODI scores before and after (spinal cord stimulator) SCS implantation at 12 months follow-up.

Mean difference scores after 12 months of follow-up after SCS implantation are presented. An inverse variable statistical method was used with a
random effects model to generate a pooled effect estimate and the 95% CI. The diamond represents the pooled estimated effect size, and the width
of the diamond reflects the 95% Cl of this estimate. Al-Kaisy 2022 Group 1: Anatomic placement group. Al-Kaisy 2022 Group 2: Paresthesia mapping
group. Campwala 2021 Group 1: SCS for patients with no previous spine surgery. Campwala 2021 Group 2: SCS with history of previous spine surgery.
De Andres 2017 Group 1: Conventional frequency SCS. De Andres 2017 Group 2: High Frequency SCS. Van Heteren 2022 Group 1: SCS. Van Heteren

2022 Group 2: SCS+PNFS. PNFS, peripheral nerve field stimulation.
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although there were insufficient studies in this category to pool
in the subgroup analysis.”* Further, we observed no subgroup
differences based on waveform paradigms (paresthesia-based
vs non-paresthesia-based stimulation), indicating that SCS may
provide similar functional benefits regardless of waveform.

The improvement in physical function may be an ancillary
benefit of SCS therapy. Improvements in pain intensity usually
precede improvements in physical function. After achieving
adequate analgesia, patients can subsequently increase mobility,
exercise, and participate in physical therapy, thus enabling
patients to regain functionality as an ancillary benefit. Some
studies have also reported improvements in neurological func-
tion after SCS therapy, which may also facilitate functionality.
Rowald et al reported that activity-dependent SCS can restore
motor function in the trunk and lower extremities in patients
with complete paralysis.”” Another study investigating SCS
therapy in patients with PDN reported improvement in neuro-
logical physical exam after SCS therapy.'” The promotion of
neural plasticity from neuromodulation is a leading theory,
although the exact mechanism is yet to be fully elucidated.®

This meta-analysis has several strengths. First, our search
strategy was comprehensive of multiple databases to capture as
many studies as possible. Second, we adhered to the PRISMA
guidelines while conducting this review. Third, the study
abstracts quantitative data of ODI which is a well-established
and validated questionnaire with good reliability for low back
pain.?' 2 Forth, the study attempted to address heterogeneity by
performing multiple subgroup analyses.

The study’s results should be interpreted with the following
limitations taken into consideration. First, most of the studies
were observational in design with only seven RCTs, which was
a primary contributor to the very low GRADE quality rating.
Second, there was high statistical heterogeneity between studies
in the pooled outcomes as highlighted by an I statistic >50%
among outcomes. This statistical heterogeneity is likely a reflec-
tion of substantial methodological and clinical heterogeneity
between included studies. Possible sources of methodological
heterogeneity included duration of follow-up, study design, and
type of outcome measure tool used. Possible sources of clinical
heterogeneity included variable patients’ characteristics and
demographics, severity of chronic pain conditions and disability,
and differences in methods of the studies in patients’ inclusion,
type of interventional procedure, SCS settings and waveforms,
and geographical location and associated practice variation.
Third, discrepancies between the final systematic review and the
initial registered protocol were due to the lack of subgroup anal-
ysis based on implantation types (eg, paddle vs percutaneous)
or publication decade because studies did not stratify based
on these parameters and a majority of high-quality studies on
neuromodulation have been performed within the last decade.

Fourth, it would be an oversimplification to only depend on
a score to describe the complex and multilayered outcome of
physical functioning. While ODI, SF-36 and other scores have
been well validated and reliable metrics, we understand that
these metrics alone do not capture the whole clinical picture
and a comprehensive approach to describing outcomes is still
needed. Fifth, there was an abundance of funded studies, which
reflect the heavy presence of funded neuromodulation and pain
medicine literature with potential for industry bias. Sixth, while
we attempted to discern and exclude duplicated patient popula-
tions that overlapped between different studies, there is a possi-
bility that this was not completely accounted for in the analysis.
Finally, although the Egger’s test did not reveal a significant p
value, visual inspection of the funnel plot revealed asymmetry

indicating the possibility of small-study effects; as a conservative
approach, we rated down the GRADE domain for publication
bias based on this visual assessment of the funnel plot.

Future research and reviews should highlight physical func-
tioning outcomes and investigate changes in not only numer-
ical score changes but also categories of physical functioning.
Observational studies should increasingly adhere to STROBE
guidelines to improve the quality of research. The authors of
this study encourage the clinical emphasis on physical function
goals during patients’ recovery.

CONCLUSION

The results of this meta-analysis suggest that there may be clini-
cally relevant improvements in physical functioning as measured
by ODI and SF-36 scores following SCS therapy. However, these
findings should be interpreted with caution due to the very low
certainty of evidence as per the GRADE framework as well as
high heterogeneity.

Acknowledgements The authors thank Larry Prokop MLS from Mayo Library
System, Mayo Clinic, Rochester, MN for his contribution with the literature search.

Contributors All authors contributed to the manuscript, revised the manuscript
critically for intellectual content, and approved the final version. RSD'S,
corresponding author, accepts full responsibility for the finished work and/or the
conduct of the study, had access to the data, and controlled the decision to publish.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests RSD'S receives funding from investigator-initiated grants
with Nevro Corp and Saol Therapeutics. RSD’S is an associate editor for Regional
Anesthesia & Pain Medicine. The rest of the authors report no conflicts of interest.

Patient consent for publication Not applicable.
Ethics approval Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs

Mariam ElSaban http://orcid.org/0000-0003-4194-051X

Donald J Kleppel http://orcid.org/0000-0002-1864-3384

Eva Kubrova http://orcid.org/0000-0002-8329-7705

Gabriel A Martinez Alvarez http://orcid.org/0000-0002-8443-2980
Nasir Hussain http://orcid.org/0000-0003-0353-1002

Ryan S D'Souza http://orcid.org/0000-0002-4601-9837

REFERENCES

1 Weiner DK, Haggerty CL, Kritchevsky SB, et al. How does low back pain impact
physical function in independent, well-functioning older adults? Evidence from the
health ABC cohort and implications for the future. Pain Med 2003;4:311-20.

2 Strand LI, Ljunggren AE, Haldorsen EMH, et al. The impact of physical function
and pain on work status at 1-year follow-up in patients with back pain. Spine
2001;26:800-8.

3 Grabovac I, Dorner TE. Association between low back pain and various everyday
performances: activities of daily living, ability to work and sexual function. Wien Klin
Wochenschr 2019;131:541-9.

4 Veizi E, Hayek S. Interventional therapies for chronic low back pain. Neuromodulation
2014;17 Suppl 2:31-45.

5 Gordon R, Bloxham S. A systematic review of the effects of exercise and physical
activity on non-specific chronic low back pain. Healthcare 2016;4:22.

6 Chou R, Huffman LH, American Pain Society, et a/. Medications for acute and chronic
low back pain: a review of the evidence for an American pain society/American
College of physicians clinical practice quideline. Ann Intern Med 2007;147:505-14.

7 Chou R, Baisden J, Carragee EJ, et al. Surgery for low back pain: a review of the
evidence for an american pain society clinical practice guideline. Spine (Phila Pa 1976)
2009;34:1094-109.

ElSaban M, et al. Reg Anesth Pain Med 2023;48:302-311. doi:10.1136/rapm-2022-104295 309

“ybuAdoa Aq parosiold 1sanb Aq 202 ‘0T [dy uo ywod fwg wdely/:dny woly papeojumoq ‘€202 Mdy 0Z U0 S6210T-220z-wdes/9eTT 0T Se paysiignd 1sii) :pajAl ured yisauy Bay


http://orcid.org/0000-0003-4194-051X
http://orcid.org/0000-0002-1864-3384
http://orcid.org/0000-0002-8329-7705
http://orcid.org/0000-0002-8443-2980
http://orcid.org/0000-0003-0353-1002
http://orcid.org/0000-0002-4601-9837
http://dx.doi.org/10.1111/j.1526-4637.2003.03042.x
http://dx.doi.org/10.1097/00007632-200104010-00022
http://dx.doi.org/10.1007/s00508-019-01542-7
http://dx.doi.org/10.1007/s00508-019-01542-7
http://dx.doi.org/10.1111/ner.12250
http://dx.doi.org/10.3390/healthcare4020022
http://dx.doi.org/10.7326/0003-4819-147-7-200710020-00008
http://dx.doi.org/10.1097/BRS.0b013e3181a105fc
http://rapm.bmj.com/

Review

8 Chou R. Pharmacological management of low back pain. Drugs 2010;70:387-402. 38 Wan X, Wang W, Liu J, et al. Estimating the sample mean and standard deviation from
9 Wu A, March L, Zheng X, et a/. Global low back pain prevalence and years lived with the sample size, median, range and/or interquartile range. BMC Med Res Methodol
disability from 1990 to 2017: estimates from the global burden of disease study 2014;14:135.
2017. Ann Trans! Med 2020;8:299. 39 Higgins JPT, Li T, Deeks JJ. Chapter 6: choosing effect measures and computing
10 Amirdelfan K, Webster L, Poree L, et al. Treatment options for failed back surgery estimates of effect. In: Higgins JPT, Thomas J, Chandler J, et al., eds. Cochrane
syndrome patients with refractory chronic pain: an evidence based approach. Spine handbook for systematic reviews of interventions version 6.3. Cochrane, 2022.
(Phila Pa 1976) 2017;42 Suppl 14:541-52. 40 Al-Kaisy A, Baranidharan G, Sharon H, et al. Comparison of paresthesia mapping
11 Eckermann JM, Pilitsis JG, Vannaboutathong C, et a/. Systematic literature review of with anatomic placement in burst spinal cord stimulation: long-term results of
spinal cord stimulation in patients with chronic back pain without prior spine surgery. the prospective, multicenter, randomized, double-blind, crossover crisp study.
Neuromodulation 2021;25:648-56. Neuromodulation 2022;25:85-93.
12 Grider JS, Manchikanti L, Carayannopoulos A, et al. Effectiveness of spinal 41 Al-Kaisy A, Van Buyten J-P, Smet |, et al. Sustained effectiveness of 10 kHz high-
cord stimulation in chronic spinal pain: a systematic review. Pain Physician frequency spinal cord stimulation for patients with chronic, low back pain: 24-month
2016:19:E33-54. results of a prospective multicenter study. Pain Med 2014;15:347-54.
13 Kapural L, Peterson E, Provenzano DA, et al. Clinical evidence for spinal cord 42 Barolat G, Oakley JC, Law JD, et a/. Epidural spinal cord stimulation with a
stimulation for failed back surgery syndrome (FBSS): systematic review. Spine (Phila multiple electrode paddle lead is effective in treating intractable low back pain.
Pa 1976) 2017;42 Suppl 14:561—6. Neuromodulation 2001;4:59-66.
14 Kemler MA, Barendse GA, van Kleef M, et al. Spinal cord stimulation in patients with 43 Benyamin R, Galan V, Hatheway J, et al. Options: a prospective, open-label study of
chronic reflex sympathetic dystrophy. N Engl J Med 2000;343:618-24. high-dose spinal cord stimulation in patients with chronic back and leg pain. Pain
15 Kemler MA, De Vet HCW, Barendse GAM, et al. The effect of spinal cord stimulation Physician 2020;23:87-98. ) ) S
in patients with chronic reflex sympathetic dystrophy: two years’ follow-up of the 44 Bolash R, Creamer M, Rauck R, et al. Multi-waveform spinal cord stimulation with
randomized controlled trial. Ann Neurol 2004:55:138. high frequency electromagnetic coupled (hf-emc) powered implanted electrode array
16 Kumar K, Taylor RS, Jacques L, et al. The effects of spinal cord stimulation in and receiver for the treatment of chronic back and leg pain (surf study). Pain Physician
neuropathic pain are sustained: a 24-month follow-up of the prospective randomized 2022;25:67-76. . . ) .
controlled multicenter trial of the effectiveness of spinal cord stimulation. 45 Bondoc M, Hancu M, DiMarzio M, et al. Age as an independent predictor of adult
Neurosurgery 2008;63:762-70. spinal cord stimulation pain outcomes. Stereotact Funct Neurosurg 2022;100:1—7.
17 Petersen EA, Stauss TG, Scowcroft JA, et al. Effect of high-frequency (10-khz) spinal 46 Brlooker_C, RUS,SO M, COUS'US_MJ' eta/: ECAP-controlled cloged-loop spinal cord
cord stimulation in patients with painful diabetic neuropathy: a randomized clinical stlmulatlpn efflcalcy and opioid reduction over 24-mqnths: final resutts of the
trial, JAMA Neurol 2021:78:687—98. prosp(_ectlve, multicenter, opgn»label avalon study. Pg/n Pract 2021;21 :680_91.' .
18 Melzack R, Wall PD. Pain mechanisms: a new theory. Science 1965;150:971-9. 47 Burchiel KJ, Anderson VC, W|Ison BJ, et al. Prognostic factors of spinal cord stimulation
19 Hagedorn JM, Romero J, Ha CT, et al. Patient satisfaction with spinal cord stimulation for chronic back and \eg pain. Neurosurgely 1995;36:1. 101_?0;
and dorsal root ganglion stimulation for chronic intractable pain: a systematic review a8 E:gllpvg?r:ai f ziitetra]tsprvlailtl\lfaarrijo\/\wt'he;ui/ ' ES\I/?:J:Sr(ijnsetglrjlztrlonlvt:u}:niz(ljzj/\;tion
and meta-analysis. Neuromodulation 2022;25:947-55. 2021P24_136p3_9 P P gery.
20 Al-Kaisy A, Palmisani S, Smith TE, et a/. Long-term improvements in chronic 49 Costz;ntiﬁiA Bucﬁser £ Van Bu ) ) )
. ) . . ) . . ) , : yten JP. Spinal cord stimulation for the treatment
axial low back pain patients without previous spinal surgery: a cohort analysis of chronic pain in patients with lumbar spinal stenosis. Neuromodulation
of 10-khz high-frequency spinal cord stimulation over 36 months. Pain Med 2010.13,2?579, P P '
2018;19:1219-26. L ' ) ) . .
! ) 50 De Andres J, Monsalve-Dolz V, Fabregat-Cid G, et al. Prospective, randomized blind
21 !(apuraIAL, ¢, me MW, et al. Novel 1Q—khz h|gh—frequelncy therapy (hf10 therapy) effect-on-outcome study of conventi%nal Vs high-frequengy spinal cord stimulation
is superior to traditional low-frequency spinal cord stimulation for the treatment of in patients with pain and disability due 1o failed back surgery syndrome. Pain Med
chronic back and leg pain: the senza-rct randomized controlled trial. Anesthesiology 2017:18:2401-21. '
22 a(;:asg ,2’A3n.§r5e1ser?(l)-ll Solheim O, et al. Effect of spinal cord burst stimulation vs placebo 51 De Jaeger M, Goudman L, Eldabe s, et al. The association between pain intensity
S R ! '. LR . ' and disability in patients with failed back surgery syndrome, treated with spinal cord
stimulation on disability in patients with chronic radicular pain after lumbar spine stimulation. Disabil Rehabil 2021:43:2157—63.
surgery: a randomized clinical tial jAMA 2022;328.:1506_14', ) ) 52 Delmotte A, Jacques L, Kumar K, et a/. The franco-canadian multicolumn spinal cord
23 Kelly ,GA' Blake C, Powe‘r CAK’ _et ‘?/j The |mpact O,f spinal cord stimulation on physical stimulation prospective study: a subgroup analysis focusing on the decisive role of
function and sleep quality in individuals with failed back surgery syndrome: a lead positioning. Neurochirurgie 2015:61 Suppl 1:583-9.
systematic review. EurJ.Pa/n 2012;1_6:79_3_802' ) ) ) 53 DiBenedetto DJ, Wawrzyniak KM, Schatman ME, et al. 10 kHz spinal cord stimulation:
24 Page M), Shamseer L, Tricco AC. Registration of systematic reviews in prospero: a retrospective analysis of real-world data from a community-based, interdisciplinary
30,000 records and counting. Syst Rev 2018;7:32. pain facility. J Pain Res 2018;11:2929-41.
25 Page MJ, McKenzie JE, Bossuyt PM, ezl‘a/. The prisma 2020 statement: an updated 54 Do TT, Smet |, Jerjir A, et al. Real-world analysis: long-term effect of spinal cord
guideline for reporting systematic reviews. BMJ 2021,372:n71. stimulation with different waveforms for patients with failed back surgery syndrome.
26 Fairbank JC, Couper J, Davies JB, et al. The oswestry low back pain disability Pain Pract 2021:21:215-25.
questionnaire. Physiotherapy 1980,66:271-3. ) . 55 Eldabe S, Kumar K, Buchser E, et al. An analysis of the components of pain, function,
27 Fairbank JC, Pynsent PB. The oswestry disability index. Spine (Phila Pa 1976) and health-related quality of life in patients with failed back surgery syndrome treated
2000;25:2940-52. with spinal cord stimulation or conventional medical management. Neuromodulation
28 Roland M, Fairbank J. The roland-morris disability questionnaire and the oswestry 2010:13:201-9.
disability questionnaire. Spine (Phila Pa 1976) 2000;25:3115-24. 56 Goudman L, De Smedt A, Eldabe S, et al. High-dose spinal cord stimulation for
29 Hagg O, Fritzell P, Nordwall A, et al. The clinical importance of changes in outcome patients with failed back surgery syndrome: a multicenter effectiveness and prediction
scores after treatment for chronic low back pain. Eur Spine J 2003;12:12-20. study. Pain 2021;162:582-90.
30 Copay AG, Glassman SD, Subach BR, et al. Minimum clinically important difference 57 Harman F, Aydin S, Sencan S, et al. Percutaneous spinal cord stimulation for failed
in lumbar spine surgery patients: a choice of methods using the oswestry disability back surgery syndrome: a retrospective study. Turk Neurosurg 2020;30:739-45.
index, medical outcomes study questionnaire short form 36, and pain scales. Spine J 58 Jonsson E, Hansson-Hedblom A, Kirketeig T, et al. Cost and health outcomes patterns
2008;8:968-74. in patients treated with spinal cord stimulation following spine surgery-a register-
31 Stewart AL, Greenfield S, Hays RD, et al. Functional status and well-being of based study. Neuromodulation 2020;23:626-33.
patients with chronic conditions. results from the medical outcomes study. JAMA 59 Kallewaard JW, Giiltuna I, Hoffmann V, et a/. 10 kHz spinal cord stimulation for
1989,262:907-13. the treatment of failed back surgery syndrome with predominant leg pain: results
32 Ware JE). 5f-36 health survey update. Spine (Phila Pa 1976) 2000;25:3130-9. from a prospective study in patients from the Dutch healthcare system. Pain Pract
33 Roland M, Morris R. A study of the natural history of back pain. Part i: Development of 2021:21:490-500.
a reliable and sensitive measure of disability in low-back pain. Spine (Phila Pa 1976) 60 Kamieniak P, Bielewicz J, Grochowski C, et al. The elevated serum level of IFN-y in
1983;8:141-4. patients with failed back surgery syndrome remains unchanged after spinal cord
34 Higgins JP, Savovic J, Page M, et al. Assessing risk of bias in a randomized trial. In: stimulation. Dis Markers 2019;2019:2606808.
Cochrane handbook for systematic reviews of interventions. 2019. 61 Kapural L, Jameson J, Johnson C, et al. Treatment of nonsurgical refractory back
35 Sterne JAC, Savovi¢ J, Page M), et al. Rob 2: a revised tool for assessing risk of bias in pain with high-frequency spinal cord stimulation at 10 khz: 12-month results
randomised trials. BMJ 2019;366:14898. of a pragmatic, multicenter, randomized controlled trial. / Neurosurg Spine
36 Wells GA, Shea B, O'Connell D, et al. The newcastle-ottawa scale (nos) for assessing 2022;2022:1-12.
the quality of nonrandomised studies in meta-analyses. Oxford, 2000. 62 Kinfe TM, Quack F, Wille C, et al. Paddle versus cylindrical leads for percutaneous
37 Kavanagh BP. The grade system for rating clinical guidelines. PLoS Med implantation in spinal cord stimulation for failed back surgery syndrome: a single-
2009;6:1000094. center trial. / Neurol Surg A Cent Eur Neurosurg 2014;75:467-73.
310 ElSaban M, et al. Reg Anesth Pain Med 2023;48:302-311. doi:10.1136/rapm-2022-104295

“ybuAdoa Aq parosiold 1sanb Aq 202 ‘0T [dy uo ywod fwg wdely/:dny woly papeojumoq ‘€202 Mdy 0Z U0 S6210T-220z-wdes/9eTT 0T Se paysiignd 1sii) :pajAl ured yisauy Bay


http://dx.doi.org/10.2165/11318690-000000000-00000
http://dx.doi.org/10.21037/atm.2020.02.175
http://dx.doi.org/10.1097/BRS.0000000000002217
http://dx.doi.org/10.1097/BRS.0000000000002217
http://dx.doi.org/10.1111/ner.13519
http://dx.doi.org/26752493
http://dx.doi.org/10.1097/BRS.0000000000002213
http://dx.doi.org/10.1097/BRS.0000000000002213
http://dx.doi.org/10.1056/NEJM200008313430904
http://dx.doi.org/10.1002/ana.10996
http://dx.doi.org/10.1227/01.NEU.0000325731.46702.D9
http://dx.doi.org/10.1001/jamaneurol.2021.0538
http://dx.doi.org/10.1126/science.150.3699.971
http://dx.doi.org/10.1016/j.neurom.2022.04.043
http://dx.doi.org/10.1093/pm/pnx237
http://dx.doi.org/10.1097/ALN.0000000000000774
http://dx.doi.org/10.1001/jama.2022.18231
http://dx.doi.org/10.1002/j.1532-2149.2011.00092.x
http://dx.doi.org/10.1186/s13643-018-0699-4
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/6450426
http://dx.doi.org/10.1097/00007632-200011150-00017
http://dx.doi.org/10.1097/00007632-200012150-00006
http://dx.doi.org/10.1007/s00586-002-0464-0
http://dx.doi.org/10.1016/j.spinee.2007.11.006
http://dx.doi.org/2754790
http://dx.doi.org/10.1097/00007632-200012150-00008
http://dx.doi.org/10.1097/00007632-198303000-00004
http://dx.doi.org/10.1136/bmj.l4898
http://dx.doi.org/10.1371/journal.pmed.1000094
http://dx.doi.org/10.1186/1471-2288-14-135
http://dx.doi.org/10.1111/ner.13467
http://dx.doi.org/10.1111/pme.12294
http://dx.doi.org/10.1046/j.1525-1403.2001.00059.x
http://dx.doi.org/32013282
http://dx.doi.org/32013282
http://dx.doi.org/35051146
http://dx.doi.org/10.1159/000517426
http://dx.doi.org/10.1111/papr.13008
http://dx.doi.org/10.1227/00006123-199506000-00006
http://dx.doi.org/10.1111/ner.13333
http://dx.doi.org/10.1111/j.1525-1403.2010.00289.x
http://dx.doi.org/10.1093/pm/pnx241
http://dx.doi.org/10.1080/09638288.2019.1694084
http://dx.doi.org/10.1016/j.neuchi.2014.06.005
http://dx.doi.org/10.2147/JPR.S188795
http://dx.doi.org/10.1111/papr.12952
http://dx.doi.org/10.1111/j.1525-1403.2009.00271.x
http://dx.doi.org/10.1097/j.pain.0000000000002035
http://dx.doi.org/10.5137/1019-5149.JTN.30598-20.2
http://dx.doi.org/10.1111/ner.13056
http://dx.doi.org/10.1111/papr.12973
http://dx.doi.org/10.1155/2019/2606808
http://dx.doi.org/10.3171/2021.12.SPINE211301
http://dx.doi.org/10.1055/s-0034-1371517
http://rapm.bmj.com/

63

64

65

66

67

68

69

70

A

72

Kumar K, Taylor RS, Jacques L, et al. Spinal cord stimulation versus conventional
medical management for neuropathic pain: a multicentre randomised controlled trial
in patients with failed back surgery syndrome. Pain 2007;132:179-88.

Mehta V, Poply K, Ahmad A, et al. Effectiveness of high dose spinal cord stimulation
for non-surgical intractable lumbar radiculopathy-hidens study. Pain Pract
2022;22:233-47.

Mosiewicz A, Rutkowska E, Matacz M, et al. Effects of therapy in patients suffering
from chronic back pain treated with spinal cord stimulation. Pain Manag Nurs
2015;16:672-7.

Mullins GS, Burns JJ, Schneider AP, et al. Spinal cord stimulation as an alternative

to opioid for axial neck and back pain: a case series. Front Pain Res (Lausanne)
2022;3:847504.

Paul AR, Kumar V, Roth S, et a/. Establishing minimal clinically important difference

of spinal cord stimulation therapy in post-laminectomy syndrome. Neurosurgery
2017;81:1011-5.

Perez C, Rojo E, Margarit C, et al. 24-Month real-world study of spinal cord
stimulation in failed back surgery patients with refractory pain. Pain Physician
2021;24:479-88.

Rigoard P, Basu S, Desai M, et al. Multicolumn spinal cord stimulation for predominant
back pain in failed back surgery syndrome patients: a multicenter randomized
controlled trial. Pain 2019;160:1410-20.

Slavin KV, Burchiel KJ, Anderson VG, et al. Efficacy of transverse tripolar stimulation for
relief of chronic low back pain: results of a single center. Stereotact Funct Neurosurg
1999;73:126-30.

Spincemaille GH, Beersen N, Dekkers MA, et al. Neuropathic limb pain and spinal cord
stimulation: results of the Dutch prospective study. Neuromodulation 2004;7:184-92.
Van Buyten J-P, Al-Kaisy A, Smet |, et al. High-frequency spinal cord stimulation for the
treatment of chronic back pain patients: results of a prospective multicenter European
clinical study. Neuromodulation 2013;16:59-65.

73

74

75

76

77

78

79

80

81

82

van Heteren EPZ, van Roosendaal B-K, van Gorp E-J, et a/. Spinal cord stimulation
with additional peripheral nerve/field stimulation vs spinal cord stimulation alone

on back pain and quality of life in patients with failed back surgery syndrome.
Neuromodulation 2022;26:26.

Zucco F, Ciampichini R, Lavano A, et al. Cost-effectiveness and cost-utility analysis of
spinal cord stimulation in patients with failed back surgery syndrome: results from the
precise study. Neuromodulation 2015;18:266-76.

Hoy D, March L, Brooks P, et al. The global burden of low back pain: estimates from
the global burden of disease 2010 study. Ann Rheum Dis 2014;73:968-74.
Rosenberg J, Fabi A, Candido K, et al. Spinal cord stimulation provides pain relief with
improved psychosocial function: results from emp3ower. Pain Med 2016;17:2311-25.
Ahn R, Woodbridge A, Abraham A, et al. Financial ties of principal Investigators
and randomized controlled trial outcomes: cross sectional study. BMJ
2017;356:i6770.

Lundh A, Lexchin J, Mintzes B, et al. Industry sponsorship and research outcome:
systematic review with meta-analysis. Intensive Care Med 2018;44:1603-12.

Rowald A, Komi S, Demesmaeker R, et al. Activity-dependent spinal cord
neuromodulation rapidly restores trunk and leg motor functions after complete
paralysis. Nat Med 2022;28:260-71.

Seafiez |, Capogrosso M. Motor improvements enabled by spinal cord stimulation
combined with physical training after spinal cord injury: review of experimental
evidence in animals and humans. Bioelectron Med 2021;7:16.

Chiarotto A, Maxwell LJ, Terwee CB, et a/. Roland-morris disability questionnaire and
oswestry disability index: which has better measurement properties for measuring
physical functioning in nonspecific low back pain? Systematic review and meta-
analysis. Phys Ther 2016;96:1620-37.

Geere JH, Geere J-A, Hunter PR. Meta-analysis identifies back pain questionnaire
reliability influenced more by instrument than study design or population. J Clin
Epidemiol 2013;66:261-7.

ElSaban M, et al. Reg Anesth Pain Med 2023;48:302-311. doi:10.1136/rapm-2022-104295

31

“ybuAdoa Aq parosiold 1sanb Aq 202 ‘0T [dy uo ywod fwg wdely/:dny woly papeojumoq ‘€202 Mdy 0Z U0 S6210T-220z-wdes/9eTT 0T Se paysiignd 1sii) :pajAl ured yisauy Bay


http://dx.doi.org/10.1016/j.pain.2007.07.028
http://dx.doi.org/10.1111/papr.13087
http://dx.doi.org/10.1016/j.pmn.2015.01.004
http://dx.doi.org/10.3389/fpain.2022.847504
http://dx.doi.org/10.1093/neuros/nyx153
http://dx.doi.org/10.36076/ppj.2021.24.479
http://dx.doi.org/10.1097/j.pain.0000000000001510
http://dx.doi.org/10.1159/000029770
http://dx.doi.org/10.1111/j.1094-7159.2004.04198.x
http://dx.doi.org/10.1111/ner.12006
http://dx.doi.org/10.1016/j.neurom.2021.11.010
http://dx.doi.org/10.1111/ner.12292
http://dx.doi.org/10.1136/annrheumdis-2013-204428
http://dx.doi.org/10.1093/pm/pnw152
http://dx.doi.org/10.1136/bmj.i6770
http://dx.doi.org/10.1007/s00134-018-5293-7
http://dx.doi.org/10.1038/s41591-021-01663-5
http://dx.doi.org/10.1186/s42234-021-00077-5
http://dx.doi.org/10.2522/ptj.20150420
http://dx.doi.org/10.1016/j.jclinepi.2012.06.024
http://dx.doi.org/10.1016/j.jclinepi.2012.06.024
http://rapm.bmj.com/

	Modelling attending physician productivity in the emergency department: a multicentre study
	Abstract
	Methods
	Study design
	Study setting
	Study protocol

	Measures
	Data analysis

	Results

	Physical functioning following spinal cord stimulation: a systematic review and meta-­analysis
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Study selection criteria
	Outcomes assessed
	Physical function outcomes
	Study selection
	Data extraction
	Assessment of risk of bias
	Statistical analysis
	Subgroup analysis

	Results
	Study characteristics
	Quality assessment
	Primary outcome
	Secondary outcomes
	Subgroup analysis

	Discussion
	Conclusion
	References


