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BACKGROUND: Lumbar radiculopathy is characterized by
radiating pain with or without motor weakness or sensory
disturbances; the point prevalence ranges from 1.6 to
13.4%. The objective of this review was to determine the
efficacy, safety, and cost of surgical versusnonsurgicalman-
agement of symptomatic lumbar radiculopathy in adults.
METHODS: We searched PubMed from January 1, 2007,
to April 10, 2019 with hand searches of systematic reviews
for studies prior to 2007.One reviewer extracted data anda
second checked for accuracy. Two reviewers completed in-
dependent risk of bias and strength of evidence ratings.
RESULTS: We included seven RCTs (N = 1158) and three
cost-effectiveness analysis. Surgery reduced leg pain by 6
to 26 points more than nonsurgical interventions as mea-
sured on a0- to 100-point visual analog scale of pain at up
to 26 weeks follow-up; differences between groups did not
persist at 1 year or later. The evidence was somewhat
mixed for function and disability in follow-up through 26
weeks (standardized mean difference [SMD] − 0.16 (95%
CI, − 0.30 to − 0.03); minimal differences were observed at
2 years (SMD − 0.06 (95% CI, − 0.20 to 0.07). There were
similar improvements in quality of life, neurologic symp-
toms, and return to work. No surgical deaths occurred
and surgical morbidity was infrequent. The incidence of
reoperations ranged from 0 to 10%. The average cost per
quality-adjusted life year gained from a healthcare payor
perspective ranged from $51,156 to $83,322 for surgery
compared to nonsurgical interventions.
DISCUSSION: Most findings are based on a body of RCT
evidence graded as low to very low certainty. Compared
with nonsurgical interventions, surgery probably reduces
pain and improves function in the short- and medium-
term, but this difference does not persist in the long-term.
Although surgery appears to be safe, it may or may not be
cost-effective depending on a decisionmaker’swillingness
to pay threshold.
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BACKGROUND

Lumbar radiculopathy, also referred to as sciatica, is a syn-
drome of radiating pain in a lumbar nerve root distribution that
may also include motor weakness and sensory disturbances.1

Nerve root compression is typically caused by intervertebral
disc herniation or degenerative changes and less commonly by
infection, inflammation, neoplasm, vascular disease, or con-
genital abnormalities.1, 2 Prevalence ranges from 1.6 to
13.4%;3 studies suggest that the highest prevalence was be-
tween ages 45 and 64, and men are more commonly affected
than women.1, 4, 5 A meta-analysis of 11 studies reported that
59% of individuals with low back pain seek medical care.6, 7

General medical practitioners, chiropractors, and orthopedists
are the most commonly consulted clinicians for low back pain
in North America.7

Treatment may involve surgical management to address the
underlying cause, nonsurgical management of symptoms, or
both. The objective of this review was to determine the efficacy,
safety, costs, and cost-effectiveness of surgical versus nonsurgical
interventions in adults with symptomatic lumbar radiculopathy.

METHODS

We searched PubMed from January 1, 2007, to April 10, 2019
using relevant medical subject headings (MeSH) and key-
words (Appendix A of the Online Supplement). We also
searched the Cochrane Library and clinicaltrials.gov. We
hand-searched systematic reviews and key articles to identify
studies published prior to 2007. Inclusion criteria included
English-language, randomized or controlled trials in adults
with symptomatic lumbar radiculopathy not related to infec-
tion, cancer, congenital, or major traumatic etiologies. Eligible
interventions included discectomy, laminectomy, laminotomy,
foraminotomy, nucleotomy, and nucleoplasty, including
micro- and minimally invasive approaches. Eligible nonsurgi-
cal comparators included physical therapy, pharmacologic
treatment, spinal manipulation, chiropractic treatment, or com-
binations thereof. We selected studies that reported pain, func-
tioning, psychological distress, quality of life (QOL), neuro-
logic symptoms, or return to work at least 4 weeks post
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randomization or later. We also selected studies that reported
surgical mortality, surgery-related morbidity, reoperations,
persistent opioid use, or cost outcomes. We excluded studies
conducted in countries not rated Bvery high^ on the 2016
United Nations Human Development Index.8

Title and abstracts were screened by a single team member
after dual independent review of the first 50 titles and abstracts
showed high interrater reliability (Light’s kappa = 0.84). Full-
text articles were dually reviewed for eligibility. Data abstrac-
tion was completed by one team member and reviewed for
accuracy by a second. The risk of bias of included studies was
independently assessed by two team members using the
Cochrane Risk of Bias (RoB 2.0) tool9 for trials and the
Quality of Health Economic Studies (QHES) instrument10

for cost studies; discrepancies were resolved by discussion.
We rated the risk of bias at the study level unless outcomes
within the study warranted different ratings.
We considered outcomes reported at less than 12 weeks to

be short-term, outcomes reported between 12 and up to 52
weeks to be medium-term, and outcomes reported at 52 weeks
or later to be long-term. For cost outcomes, we adjusted
outcomes in foreign currency to United States (U.S.) dollars
based on the U.S. Department of Treasury mid-year exchange
rate for the year reported and then used the chain-weighted
consumer price index to adjust to 2010 U.S. dollars.11, 12 We
calculated absolute mean differences (AMD) between groups
and conducted statistical significance testing when not report-
ed if possible. We synthesized findings in narrative and tabular
formats. When we had at least three studies reporting similar
outcomes and follow-up timing, we used Stata (version 15) to
calculate a pooled standardized mean difference (SMD) using
a random effects model.
We assessed the strength of evidence for between-group

differences in outcomes at short-, medium-, and long-term
follow-up using a modified GRADE approach.13Wemodified
GRADE by allowing Binsufficient^ ratings for single-study
bodies of evidence with very serious concerns in one or more
domains or when we were unable to draw a conclusion about
the treatment effect because of very inconsistent findings.

RESULTS

We screened 1954 citations (Fig. 1). We excluded 1717 records
after title and abstract review and 225 records after full-text
review yielding a total of 8 studies from 12 articles for inclusion.

Study Characteristics

Of the eight studies identified, seven randomized controlled
trials (RCT) reported efficacy or safety outcomes for
discectomy, microdiscectomy, and percutaneous disc decom-
pression with or without coblation (Table 1).4, 14–19 Nonsur-
gical comparators included spinal manipulation, physiothera-
py, epidural steroid injection, and conservative management.

Nearly all studies required correlation of clinical symptoms
with imaging for participant enrollment. Most studies excluded
participants with serious neurologic deficits and required 6weeks
of conservative treatment without improvement before enroll-
ment. The number of participants randomized ranged from 40
to 501. All studies enrolled males and females; the mean age
ranged from 36 to 48. Four studies reported the mean duration of
symptoms at baseline, which ranged from 8.6 weeks to 2 years.
We rated five studies as high risk of bias,4, 14, 17–19 one as some
concerns for bias,16 and one as high risk of bias for efficacy
outcomes later than 12 weeks and some concerns for bias for
efficacy outcomes less than 12 weeks.15

We identified three studies comparing surgical to nonsurgi-
cal interventions that reported at least one cost outcome.20–22

Two studies21, 22 reported cost-effectiveness data based on
RCTs conducted in the USA17 and the Netherlands.16 The
third study was a cost-effectiveness analysis using inputs from
U.S. sources.20 All compared discectomy or microdiscectomy
with nonsurgical management. Two reported findings from
both a societal perspective and a payor perspective.21, 22 We
rated two studies as good quality21, 22 and one study as fair
quality.20 Detailed findings related to efficacy and safety out-
comes, cost outcomes, and risk of bias assessments are in
Appendix B, C, and D of the Online Supplement, respectively.

Efficacy Outcomes
Pain. Six RCTs reported short- or medium-term pain out-
comes14–19 and five RCTs reported long-term pain outcomes.4,
14, 17–19 Key study results are in Table 2; detailed results are in
Appendix Table B-1 of theOnline Supplement.Wewere unable
to quantitatively synthesize findings for pain because we did not
have at least three studies that reported a similar measure.
Three RCTs comparing discectomy or microdiscectomy to

conservative management with medication and physical ther-
apy reported leg pain and back pain using the visual analog
scale (VAS) (0 millimeters (mm) [no pain] to 100 mm [worst
pain]).15, 17, 18 Leg pain decreased from baseline by 41 to
57 mm with surgery compared to a 20- to 36.5-mm decrease
for conservative management through short- and medium-
term follow-up. The AMD between groups at 26-week fol-
low-up were generally statistically significant and ranged from
− 6 to − 26 mm.15, 17, 18 VAS back pain outcomes followed a
similar pattern at all time points.15, 17, 18 Two of the RCTs also
reported long-term leg pain outcomes;17, 18 although within-
group improvements persisted, between-group differences
were no longer statistically significant.
Four RCTs reported SF-36 Bodily Pain (0 [worst pain] to

100 [no pain]) and observed improvement in both groups at
short- and medium-term follow-up (range 14.1 to 40.9 point
increase for surgery, 17.3 to 30.5 point increase for compara-
tor), but between-group differences were mixed.15, 16, 18, 19

Weinstein et al.19 reported an AMD at 12 weeks of 2.9 (95%
CI, − 2.2 to 8.0), and Peul et al.18 reported an AMD at 8 weeks
of 8.4 (95%CI, 3.2 to 13.5) and at 26 weeks of 3.3 (95%CI, −
1.8 to 8.4). Both of these studies compared discectomy or
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microdiscectomy to medication and physical therapy. In con-
trast, Gerszten et al.,15 which compared plasma disc decom-
pression to epidural steroid injection, reported a significant
between-group difference favoring surgery at 26 weeks (actual
values not reported [NR], P = 0.004). Finally, McMorland
et al.16 reported no difference in the repeated measure AMD
from 6 to 12 weeks (actual values NR, P = 0.34) comparing
microdiscectomy to spinal manipulation. Similar to the VAS,
within-group improvements in the SF-36 Bodily Pain measure
persisted, but between-group differences were not significant
in the two RCTs reporting long-term outcomes.18, 19

Two studies comparing microdiscectomy or discectomy
to medication and physical therapy reported short-, medi-
um-, and long-term pain using the Sciatica Index (scale 0
[no pain] to 24 [worst pain]).18, 19 Scores improved in both
groups at short-term follow-up; between-group AMDs
were statistically significant and ranged from − 2.1 to −
4.0 points favoring surgery. Within-group improvements
persisted, but between-group differences were mixed at
long-term follow-up.

Other Pain Outcomes. Three RCTs reported other pain
outcomes.4, 14, 16 These studies confirmed similar findings to
the measures of pain previously reported. We did not use these
studies in our strength of evidence ratings for the pain outcome
because they were each only used in one study. Individual

study results are available in Appendix Table B-1 of the
Online Supplement.

Physical Function and Disability. Five RCTs15–19 reported a
short- or medium-term and three RCTs16–19 reported a long-
term physical function and disability outcome (Table 2). De-
tailed study results are in Appendix Table B-2 of the Online
Supplement.
Three RCTs reported short- and medium-term outcomes for

the Oswestry Disability Index (0 [no impairment] to 100
[worst impairment]). Scores improved in both groups but
significantly more in the surgery groups.15, 17, 19 Weinstein
et al.19 reported larger improvements for microdiscectomy or
discectomy compared to medication and physical therapy at
12 weeks (AMD − 4.7 points; 95% CI, − 9.3 to − 0.2).
Gerszten et al.15 reported statistically significant between-
group AMDs of − 8, − 9, and − 10 points at 6, 12, and 26
weeks, respectively, for plasma disc decompression compared
with epidural steroid injection. Similar AMDs were reported
by Osterman et al.,17 which compared microdiscectomy to
physical therapy. Although the within-group improvements
persisted over time, the two RCTs that reported long-term
outcomes reported between-group differences that were no
longer significant.17, 19

Two RCTs reported the Roland–Morris Disability Ques-
tionnaire (1 [no impairment] to 24 [worst impairment]) in the

Figure 1 Study flow diagram.
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short-, medium-, or long-term.16, 18 Peul et al.,18 which com-
pared microdiscectomy to medication and physical therapy,
reported significant between-group differences at 8 weeks
(AMD − 3.1 points; 95% CI, − 4.3 to − 1.7), but not at 26
weeks, 52 weeks, 2 years, or 5 years. In contrast, McMorland
et al.16 reported a repeated measure AMD from 6 to 12 weeks
that was not significant (actual value NR, P = 0.199) compar-
ing microdiscectomy to spinal manipulation. Three RCTs
reported short- and medium-term SF-36 Physical Functioning
subscales (0 [worst impairment] to 100 [no impairment]) with
mixed findings.16, 18, 19

We pooled data from these five studies for the Roland–
Morris Disability Score and the Oswestry Disability In-
dex. The SMD over the short- to medium-term was − 0.32
(95% CI, − 0.63 to − 0.01; 5 RCTs, 941 participants; I2 =
75.7%). Because of heterogeneity as indicated by the I2

statistic, we removed Gerzsten et al.15 from the analysis.
This study used a different surgical intervention and dif-
ferent comparator group compared with the other studies,
and the treatment effect was markedly different. Without
Gerzsten et al., the SMD was − 0.16 (95% CI, − 0.30 to −
0.03; 4 RCTs, 851 participants; I2 = 0%). Over the long-
term (2 years), the SMD was − 0.06 (95% CI, − 0.20 to
0.07; 3 RCTs; 811 participants; I2 = 0%) (Fig. 2).

Quality of Life. Two RCTs16, 17 reported short-term and one
RCT17 reported long-term quality of life outcomes
(Table 2). Detailed study results are in Appendix Table B-
1 of the Online Supplement. McMorland et al.16 reported
no between-group difference in repeated measures cumu-
lative total SF-36 scores through 12 weeks (actual values
NR, P = 0.382). For Osterman et al.,17 which compared

Table 1 Characteristics of Included Randomized Controlled Trials Comparing Surgery to Conservative Management for Lumbar
Radiculopathy

Author (year)
[Trial name]

Country Risk of bias Population
characteristics
Mean (SD) or N (%)

Surgical intervention
(N randomized)

Comparator (N randomized)

Erginousakis
(2011)14

Greece High Age 38 (4.2)*;
Female 12 (38.7)*;
Duration of
symptoms NR

Percutaneous disc
decompression (31)

Conservative management [6 weeks of
analgesics, muscle relaxants, anti-
inflammatories, physiotherapy, education
and counseling] (31)

Gerszten
(2010)15

United
States

Some concerns
(6 weeks), high
(≥ 12 weeks)

Age 46 (12)*;
Female 24 (53)*;
Duration of
symptoms, mean
(range):
Surgery 1 year (4 w
to 16 y)
Comparator 2 years
(10 w to 13 y)

Plasma disc
decompression with
coblation technology (46)

Epidural steroid injection [under
fluoroscopic guidance with a second
injection allowed by protocol] (44)

McMorland
(2010)16

Canada Some concerns Age (male) 42.9
(NR)*; Age (female)
40.1 (NR)*;
Female 7 (35)*;
Duration of
complaint > 1 y:
Surgery 12 (60)
Comparator 8 (40)

Microdiscectomy (20) Spinal manipulation [provided by a
single chiropractic doctor with
cryotherapy or thermotherapy Bas-
needed^ plus supervised core stability
regimen; mean number of manipulation
sessions was 21 with an additional 6
supervised exercise sessions over 52
weeks] (20)

Osterman
(2003)17

Finland High Age 37 (7)*;
Female 13 (46.4)*;
Duration of leg pain†:
Surgery 11.0 w (4.6)
Comparator 8.6 w
(3.0)

Microdiscectomy (28) Physiotherapy [initial instruction
followed by encouragement of activity at
follow-up visits] (28)

Peul (2007)18,
(2008)28

Lequin (2013)29

[Sciatica Trial]

Netherlands High Age 41.7 (9.9)*;
Female 52 (37)*;
Duration of
symptoms:
Surgery 9.4 w (2.4)
Comparator 9.5 w
(2.1)

Microdiscectomy (141) Conservative management [general
practitioners provided prolonged
conservative treatment, including
invitation to education website, pain
medication, referral to physical therapy
as needed] (142)

Weber (1983)4 Norway High Age 40.0 (NR)*;
Female 28 (46.7%)*;
Duration of
symptoms NR

Discectomy (60) Conservative management [bed rest,
physiotherapy, and medication for an
average of 6 weeks] (66)

Weinstein
(2006)19,
(2008)30

Lurie (2014)32

[SPORT]

USA High Age 42.3 (11.6);
Female 194 (41.1);
Duration of
symptoms NR

Discectomy or
microdiscectomy (245)

Conservative management [active
physical therapy, education/counseling
with home exercise instruction, nonste-
roidal anti-inflammatory drugs, other
treatments as needed to individualize
therapy] (256)

N = number; NR = not reported; SD = standard deviation, w = weeks, y = years
*Mean age or number of females only reported by group in this study; this value represents the mean age or number of females in the surgical group
†Mean duration of back pain was reported separately

Clark et al.: Management for Lumbar Radiculopathy: a Systematic Review JGIM858



microdiscectomy to physical therapy, the calculated
between-group AMDs using the 15D QOL measure (0
[worse] to 1 [better]) ranged from 0.01 to 0.05 at 6 weeks,
12 weeks, 26 weeks, 52 weeks, and 2 years (P values NR).
The repeated measure AMD from 6 weeks to 2 years was −
0.03 (95% CI, − 0.07 to 0.01).

Neurologic Symptoms. TwoRCTs reported short- or medium-
term neurologic symptoms.15, 17 Detailed study results are in
Appendix Table B-1 of the Online Supplement. Neither RCT
observed significant between-group differences. Gerzten
et al.,17 which compared plasma disc decompression to epi-
dural steroid injection, reported similar full muscle strength

Table 2 Key Individual Study Findings Related to Pain, Physical Function and Disability, and Quality of Life

Author (year)
[Trial name]

Interventions (N analyzed
[% of N randomized])

Pain Physical function and
disability

Quality of life

Erginousakis
(2011)14

Percutaneous disc
decompression (31 [100])
Conservative management
(31 [100])

VAS 10 cm pain, AMD (SD)*

12 w, 1.6 (NR)†, P = NS
52 w, − 2.8 (NR)†, P = 0.005
2 y, − 3.0 (NR)†, P = 0.004

NR NR

Gerszten
(2010)15

Plasma disc decompression
using coblation (29 [64])
Epidural steroid injection (28
[70])

VAS 100 mm leg pain, AMD
of change (SD)*

6 w, − 21 (NR)†, P = 0.002
12 w, − 23 (NR)†, P = 0.0001
26 w, − 21 (NR)†, P = 0.0008
VAS 100 mm back pain and
SF36 Bodily Pain in Appendix
Table B-1

Oswestry Disability Index,
AMD of change (SD)*

6 w, − 8 (NR)†, P = 0.002 12 w,
− 9 (NR)†, P = 0.002
26 w, − 10 (NR)†, P = 0.002
SF-36 Physical Functioning,
larger improvements for surgery
(values NR, P < 0.002)

Larger improvements in SF-
36 Social Functioning (P =
0.030), physical health com-
ponent, (P = 0.004); other
domains NS

McMorland
(2010)16

Microdiscectomy (20 [100]
12 and 24 w, 15 [75] 52 w)
Spinal manipulation (20
[100] 12 and 24 w, 17 [85]
52 w)

SF-36 Bodily Pain, AMD
(SD)‡ 6 w, − 3.2 (NR)†

12 w, 11.5 (NR)†

RM to 12 w, NR, P = 0.34
McGill Pain and Aberdeen
Back Pain in Appendix
Table B-1

Roland Score, AMD (SD)* 6 w,
1.8 (NR)†

12 w, 0.1 (NR)†

RM to 12 w, NR, P = 0.20
SF-36 Physical Functioning in
Appendix Table B-2

SF-36 cumulative total
RM to 12 w NR, P = 0.38

Osterman
(2003)17

Microdiscectomy (26 [93] 6,
12, and 26 w, 21 [75] 52 w,
26 [93] 2 y)
Physiotherapy
(26 [93] 6 and 12 w, 22 [79]
26 w, 20 [71] 52 w, 24 [86] 2
y)

VAS 100 mm leg pain, AMD
(SD)* 6 w, − 17 (NR)†; 12 w,
− 11 (NR)†; 26 w, − 13 (NR)†;
52 w, − 7 (NR)†; 2 y, − 13
(NR)†

RM to 2 y, − 9 (95% CI, − 20
to 1)
VAS 100 mm back pain, AMD
(SD)*

RM to 2 y, − 7 (95% CI, − 17
to 3)

Oswestry Disability Index, mean
(SD)* 6 w, − 6 (NR)†; 12 w, − 6
(NR)†

26 w, − 4 (NR)†; 52 w, − 1
(NR)†

2 y, − 5 (NR)†

RM to 2 y, − 3 (95% CI, − 10 to
4)

15D Health-related quality of
life, AMD (SD)‡ RM to 2 y,
− 0.03 (95% CI, − 0.07 to
0.01)

Peul (2007)18

Peul (2008)28

Lequin
(2013)29

Microdiscectomy
(140 [99] 52 w, 130 [92] 2 y,
115 [82] 5 y)
Conservative management
(141[99] 52 w, 130 [92] 2 y,
116 [82] 5 y)

VAS 100 mm leg pain, AMD
(95% CI)* 8 w, − 17.7 (− 23.1
to − 12.3); 26 w, − 6.1 (− 10.0
to − 2.2); 52 w, 0 (− 4.0 to
4.0); 2 y, 2 (− 2.0 to 6.0); 5 y,
2.7 (− 2.9 to 8.4)
VAS 100 mm back pain,
SF-36 Bodily Pain, Sciatica
Index results in Appendix
Table B-1

Roland Score, AMD (95% CI)*

8 w, − 3.1 (− 4.3 to − 1.7); 26 w,
− 0.8 (− 2.1 to 0.5); 52 w, − 0.4
(− 1.7 to 0.9); 2 y, − 0.5 (− 1.8 to
0.8); 5 y, 0.1 (− 1.3 to 1.4)
SF-36 Physical Functioning and
Prolo scale results in Appendix
Table B-2

NR

Weber (1983)4 Discectomy (60 [100])
Conservative management
(66 [100])

N (%) with no radiating pain at
4 y, surgery vs. conservative
36 (63.2) vs. 38 (57.6); P =
0.86†

N (%) with no radiating pain at
10 y, 43 (84.3) vs. 52 (78.8); P
= 0.41†

NR NR

Weinstein
(2006) 19

Weinstein
(2008)30

Lurie (2014)32

[SPORT]

Discectomy/
microdiscectomy (232 [95]
12 w, 202 [82] 52 w, 186
[76] 2 y, 149 [61] 4 y, 157
[64] 8 y)
Conservative management
(240 [94] 12 w, 213 [83] 52
w, 187 [73] 2 y, 150 [59] 4 y,
152 [59] 8 y)

SF-36 Bodily Pain, AMD
(95% CI)‡ 12 w, 2.9 (− 2.2 to
8.0); 52 w, 2.8 (−2.3 to 7.8); 2
y, 3.2 (− 2.0 to 8.4); 4 y, 4.5 (−
1.2 to 10.3); 8 y, 0.7 (− 5.2 to
6.6)
RM to 2 y, NR, P = 0.74
RM to 4 y, NR, P = 0.15
RM to 8 y, NR, P = 0.22
Sciatica index results in
Appendix Table B-1

Oswestry Disability Index,
AMD (95% CI)* 12 w, − 4.7 (−
9.3 to − 0.2); 52 w, − 3.2 (− 7.8
to 1.3); 2 y, − 2.7 (− 7.4 to 1.9);
4 y, − 3.6 (− 8.6 to 1.4); 8 y, −
4.2 (− 9.0 to 0.7)
RM 12 w to 2 y, NR, P = 0.21
RM 12 w to 4 y, NR, P = 0.074
RM 12 w to 8 y, NR, P = 0.096
SF-36 Physical Functioning
results in Appendix Table B-2

NR

AMD = absolute mean difference; CI = confidence interval; cm = centimeter; mm = millimeter; N = number; NR = not reported; NS = not significant;
RM = repeated measure; SD = standard deviation; SF-36 = Short Form 36; VAS = visual analog scale; w = week(s); y = year(s)
* A lower number on this scale represents fewer symptoms; thus, a negative AMD favors surgery and a positive AMD favors the comparator
†We calculated these values based on data provided in the article
‡A higher number on this scale represents fewer symptoms; thus, a positive AMD favors surgery and a negative AMD favors the comparator
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and normal tactile sensitivity at 6 weeks on each side and at
each lumbosacral nerve root level between groups. Osterman
et al.17 reported a similar rate of muscle weakness at 6 weeks
(53.8 vs. 46.2%), 12 weeks (42.3 vs. 46.2%), and 52 weeks
(28.6 vs. 30%) for participants allocated to microdiscectomy
compared to physiotherapy.

Return to Work. Five RCTs reported a return to work
outcome.4, 14, 15, 17, 19 Detailed study results are provided in
Appendix Table B-2 of the Online Supplement. Return to
work outcomes were measured by actual return to work,
self-reported ability to work, receipt of disability benefits, or
other related measures. Except for one RCT rated high risk of
bias and conducted in Greece,14 no between-group differences
in return to work outcomes were observed.

Safety Outcomes

Seven RCTs reported at least one safety outcome. Detailed
findings are in Appendix Table B-3 of the Online Supplement.
None of the six RCTs that reported surgical mortality re-

ported any deaths among participants allocated to surgery.4,
15–19 All-cause mortality was rare and was similar between
surgical and nonsurgical participants in the three RCTs
reporting this outcome.4, 15, 19

Six RCTs reported surgical morbidity outcomes;14–19 dural
tears were the most commonly reported morbidity within and
among studies. Weinstein et al.19 reported 10 (4.0%) dural tears
or spinal fluid leaks, 4 (1.6%) superficial postoperative wound
infections, 1 (0.40%) vascular injury, 2 (0.81%) other intraop-
erative complications, and 9 (3.6%) other unspecified postop-
erative complications among participants who underwent
discectomy or microdiscectomy within 2 years. Gerzten
et al.15 reported five (11%) and seven (18%) procedure-related
adverse events among participants allocated to plasma disc
decompression and epidural steroid injection, respectively (cal-
culated P = 0.55); the authors used a broad definition of adverse
events including increased radicular pain, pain at the injection
site, and increased weakness. Other surgical morbidities report-
ed by studies included one case of urosepsis (3.6%)17 and one
wound hematoma and two dural tears (combined 1.6%).18 Two
RCTs reported no surgical complications.14, 16

Five RCTs reported reoperation at a follow-up ranging from
52 weeks to 2 years; the incidence of reoperations varied
between 0 and 10.1%.14, 16–19 Weinstein et al.19 reported 25
(10.1%) reoperations at 2 years among participants who
underwent discectomy or microdiscectomy. Peul et al.18 re-
ported that nine (7%) participants allocated to the surgical
intervention and eight (12%) participants allocated to

NOTE: Weights are from random effects analysis

.

.

Short−term (6−26 weeks)

Osterman

Peul

Weinstein

McMorland

Subtotal  (I−squared = 0.0%, p = 0.934)

Long−term (2 years)

Osterman

Peul

Weinstein

Subtotal  (I−squared = 0.0%, p = 0.476)

Author

Microdiscectomy

Discectomy

Discectomy

Microdiscectomy

Microdiscectomy

Discectomy

Discectomy

Surgery

Conservative Management

Conservative Management

Conservative Management

Spinal Manipulation

Conservative Management

Conservative Management

Conservative Management

Comparator

26w

26w

12w

12w

2y

2y
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Figure 2 Meta-analysis of RCTs comparing surgery to conservative management.
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conservative management who crossed over had reoperations
for recurrent sciatica by 5 years. Osterman et al. reported two
reoperations (7.1%) at 2 years among participants who
underwent microdiscectomy;17 in the remaining two RCTs,
one RCT reported one reoperation (3.2%) at 2 years14 and
another RCT reported no reoperations at 52 weeks16 among
participants allocated to the surgical intervention.
Only one RCT reported on persistent opioid use. Gerszten

et al.15 reported that reduction in use of narcotics at 26weeks was
not significantly different between participants who were allocat-
ed to plasma disc decompression compared to those who were
allocated to epidural steroid injections (actual values NR).

Cost Outcomes

Three studies provided data related to the cost-effectiveness of
surgery compared with nonsurgical treatment;20–22 the mean cost
per quality-adjusted life year gained from the payor perspective
ranged from $51,156 to $83,322 in 2010 U.S. dollars. Additional
information related to cost outcomes is available in Appendix C
and Table C-1 of the Online Supplement.

DISCUSSION

A summary of our strength of evidence ratings using a mod-
ified GRADE approach is in Table 3 with details in Appendix
Table E-1 of the Online Supplement. Among adults with
symptomatic lumbar radiculopathy, surgery resulted in a
meaningfully greater reduction in pain than conservative man-
agement in the short- and medium-term (low strength of
evidence) but not the long-term (very low strength of evi-
dence). Improvements in physical function and disability were
small to trivial in the short- and medium-term (very low
strength of evidence) and not meaningfully different in the
long-term (very low strength of evidence). Quality of life
measures were not different in the short- and medium-term
(very low strength of evidence) and inconsistent in the long-
term (insufficient evidence). Neurological symptoms (very
low strength of evidence) and return to work (very low
strength of evidence) were not different at any time point.
Strength of evidence ratings were downgraded for efficacy

outcomes largely due to serious or very serious concerns in the
risk of bias and imprecision domains. Five of the included
RCTs were rated as high risk of bias and studies were gener-
ally underpowered for outcomes, resulting in imprecise esti-
mates. We rated inconsistency as serious for some pain and
physical function and disability measures. We assessed the
evidence on return to work outcomes as indirect because the
definitions used for this measure varied across studies, there
may be differences in work culture between the USA and
Europe that might impact this measure, and due to concerns
that this measure may reflect variation in surgeon practice for
release back to work versus an accurate reflection about the
ability of an individual to resume work functions.

Significant crossover may explain the lack of statistically
significant between-group differences, particularly in the long-
term. For example, Peul et al.18 reported that of the 142 partici-
pants randomized to conservative management, 55 (39%)
underwent surgery by 52 weeks, 62 (44%) underwent surgery
by 2 years, and 66 (46%) by 5 years. Crossover occurred between
groups in both directions in Weinstein et al.;19 46.1% of partic-
ipants allocated to surgery did not receive surgery by 26 weeks
follow-up, and 36.3% of participants allocated to conservative
management received surgery. Another possible explanation is
that radicular symptomsmay improve over time on their own due
to the natural course of disc herniations. Of the few between-
group differences that were statistically significant, most were
smaller than the minimally important clinical difference reported
in the broader literature.
Based on the evidence, surgery may be safe; no studies

reported surgical mortality (low strength of evidence) and surgi-
cal morbidity was infrequent and largely limited to dural tears
(low strength of evidence). The rate of reoperations ranged from
0 to 10% (very low strength of evidence). For participants
allocated to surgery, there was no difference in all-causemortality
(low strength of evidence) compared with conservative manage-
ment, but the evidence on persistent opioid use was insufficient.
Strength of evidence ratings for safety outcomes were mostly
downgraded for imprecision due to inadequate sample sizes for
what are often rare events. Evidence on persistent opioid use was
limited to one study with a high risk of bias and was thus rated as
insufficient. The findings related to safety outcomes may not be
generalizable to clinical practice because participants enrolled in
RCTs often have fewer comorbidities than patients treated in
usual practice.
The cost-effectiveness of surgery compared to conservative

management depends on the willingness to pay threshold
used. Among the three studies, cost per QALY gained ranged
from $51,156 to $83,322 in 2010 U.S. dollars from a payor
perspective (very low strength of evidence); the rating was
downgraded for risk of bias and imprecision. Although no
definitive consensus exists, costs per QALY gained of less
than $50,000 are generally considered cost-effective, costs
between $50,000 and $150,000 are considered of intermediate
value, and costs more than $150,000 per QALY gained are
considered low value, though we note these thresholds are
typically applied to costs from a societal perspective.23, 24

Relevant clinical practice guidelines generally recommend
considering surgical intervention, particularly discectomy or
microdiscectomy and related decompressive procedures,
when selected criteria are met. The National Institute for
Health and Care Excellence (2016) (UK)25 recommends spi-
nal decompression for sciatica when nonsurgical treatment has
not improved pain or function and radiological findings are
consistent with sciatica symptoms. Both the American Pain
Society (2009)26 and the American Society of Interventional
Pain Physicians (2013)56 recommend surgery for cases with
lumbar disc prolapse. The North American Spine Society
(2012)27 recommends discectomy for patients with lumbar
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disc herniation with radiculopathy whose symptoms warrant
surgical intervention; for patients with less severe symptoms,
they note surgery or conservative management appears effec-
tive for both short- and long-term relief.

Limitations

We rated five of the included RCTs as high risk of bias.
Common sources of bias included inadequate methods of
randomization or allocation concealment, lack of blinding
(participants, clinicians, or outcome assessors), crossover,
and attrition. Though blinding is challenging to achieve

for RCTs of surgical interventions, a lack of blinding
remains a source of bias, particularly for patient-reported
outcomes that are subjective, such as pain and quality of
life. Attrition was often high for long-term and occasion-
ally short-term outcomes.
Our inclusion criteria limited eligible studies to those pub-

licly available in English and excluded efficacy outcomes
reported before 4 weeks. We only included Bintent-to-treat^
analyses because Bas treated^ analyses have a higher risk of
bias as participants generally cross over for reasons that are
related to outcomes. Weinstein et al.19 reported an as-treated

Table 3 Strength of Evidence Assessment Comparing Surgery to Nonsurgical Interventions in Persons with Symptomatic Lumbar
Radiculopathy

Outcomes
Length of follow-up

No. of RCTs (k); no. of
participants (N)

Summary of effect Certainty*

Pain†

Up to 26 w k = 5; N = 970 Surgery reduced pain more than nonsurgical interventions by an amount
considered a minimally important difference for most measures reported.

Low

Between 1 and 8 y k = 3; N = 840 Surgery and nonsurgical interventions decreased pain by about the same
amount.

Very low

Function/disability‡ k = 5; N = 970
Up to 26 w k = 5; N = 970 Findings were mixed across individual studies. Surgery generally

improved function and reduced disability more than nonsurgical
interventions but the magnitudes of differences were not consistently
above the minimally important difference for the measures reported or
were not statistically significant between groups. SMD for 2 of the
reported outcomes from 4 studies was − 0.16 (95% CI, − 0.30 to − 0.03).

Very low

Between 1 and 8 y k = 3; N = 840 Surgery and nonsurgical interventions improve function and reduce
disability by about the same amount.

Very low

Quality of life§

Up to 12 w k = 2; N = 96 Surgery and nonsurgical interventions improve quality of life by about
the same amount.

Very low

52 w and 2 y k = 1; N = 56 No significant between-group differences observed in quality of life
measure at 52 weeks or 2 years.

Insufficient

Neurologic symptom‖

6 to 52 w
k = 2; N = 146 Surgery and nonsurgical interventions improve neurologic symptoms by

about the same amount.
Very low

Return to work¶

12 w and 10 y
k = 5; N = 835 Return to work outcomes are similar for surgery and nonsurgical

interventions.
Very low

Surgical mortality k = 6; N = 1096 Surgical mortality is rare; no deaths reported among participants allocated
to surgery in any studies.

Low

All-cause mortality
Up to 10 y

k = 3; N = 717 All-cause mortality is rare and is similar for surgery and nonsurgical
interventions.

Low

Surgical morbidity k = 6; N = 1032 Surgical morbidity occurs with low frequency; dural tears are the most
common adverse event (reported in up to 4% of cases).

Low

Reoperations
Up to 5 y

k = 5; N = 942 The incidence of reoperations varies from 0 to 10%. Very low

Persistent opioid use
Up to 26 w

k = 1; N = 90 Surgery and nonsurgical interventions result in similar frequency of
persistent opioid use.

Insufficient

Cost-effectiveness
1 to 10 y

k = 3; N = 1474# Surgery results in higher quality-adjusted life years but similar or higher
costs compared to nonsurgical interventions. The mean cost per quality-
adjusted life year gained from the payor perspective ranged from $51,156
to $83,322 (in 2010 U.S. dollars).

Very low

k = number of studies; N = number of participants; RCT = randomized controlled trial; U.S. = United States
*We assessed certainty using a modified GRADE approach, which assesses the evidence base for each outcome measure based on risk of bias,
inconsistency, imprecision, indirectness, and other considerations; certainty is rated as Binsufficient,^ Bvery low,^ Blow,^ Bmoderate,^ or Bhigh^. For
domains with more than one measure reported (e.g., pain, function), we rated each measure separately but this summary table reflects our overall
assessment across measures reported in more than one study. See Appendix Table E for individual outcome strength of evidence ratings
†As measured by the visual analog scale (VAS 100 mm) for leg pain and for back pain, SF-36 Bodily Pain subscale, and Sciatica Index
‡As measured by the Oswestry Disability Index, Roland–Morris Disability Questionnaire, and SF-36 Physical Functioning subscale
§As measured by SF-36 and 15D health-related quality of life measures
‖ As measured by physical exam or patient report
¶As measured by actual return to work, self-reported ability to work, receipt of disability benefits, or other related measures
#One study was a decision analysis not concurrent to a trial, so no N reported; one study combined data from a trial and a concurrent observational
study
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analysis in addition to the intent-to-treat analysis and found
favorable effects for discectomy and microdiscectomy com-
pared with conservative management through 2 years of
follow-up; the between-group difference at 52 weeks was
15.0 (95 % CI, 10.9 to 19.2) for the SF-36 Bodily Pain
subscale, 17.5 (95% CI, 13.6 to 21.5) for the SF-36 Physical
Functioning subscale, and − 15.0 (95% CI, − 18.3 to − 11.7)
for the Oswestry Disability Index. Finally, because of varia-
tions in work culture and healthcare systems between the USA
and other countries, the applicability of return to work and
cost-effectiveness outcomes is unknown.

Conclusion

Surgery probably reduces pain and possibly function more in
the short- and medium-term, but this difference does not
persist in the long-term. Although surgery may be safe, it
may or may not be cost-effective when compared with non-
surgical interventions depending on a decision maker’s will-
ingness to pay threshold. For patients presenting with symp-
tomatic lumbar radiculopathy, these findings can be used to
inform decision-making on surgical versus nonsurgical man-
agement for symptom relief.
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