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Abstract

Purpose Many systematic reviews have been published on
surgical interventions for low back disorders. The objective
of this overview was to evaluate the available evidence from
systematic reviews on the effectiveness of surgical inter-
ventions for disc herniation, spondylolisthesis, stenosis, and
degenerative disc disease (DDD). An earlier version of this
review was published in 2006 and since then, many new,
better quality reviews have been published.

Methods A comprehensive search was performed in the
Cochrane database of systematic reviews (CDSR), data-
base of reviews of effectiveness (DARE) and Pubmed.
Two reviewers independently performed the selection of
studies, risk of bias assessment, and data extraction.
Included are Cochrane reviews and non-Cochrane sys-
tematic reviews published in peer-reviewed journals. The
following conditions were included: disc herniation,
spondylolisthesis, and DDD with or without spinal steno-
sis. The following comparisons were evaluated: (1) surgery
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vs. conservative care, and (2) different surgical techniques
compared to one another. The methodological quality of
the systematic reviews was evaluated using AMSTAR. We
report (pooled) analyses from the individual reviews.
Results Thirteen systematic reviews on surgical inter-
ventions for low back disorders were included for disc
herniation (n = 6), spondylolisthesis (n = 2), spinal ste-
nosis (n = 4), and DDD (n = 4). Nine (69 %) were of high
quality. Five reviews provided a meta-analysis of which
two showed a significant difference. For the treatment of
spinal stenosis, intervertebral process devices showed more
favorable results compared to conservative treatment on
the Zurich Claudication Questionnaire [mean difference
(MD) 23.2 95 % CI 18.5-27.8]. For degenerative spond-
ylolisthesis, fusion showed more favorable results com-
pared to decompression for a mixed aggregation of clinical
outcome measures (RR 1.40 95 % CI 1.04-1.89) and
fusion rate favored instrumented fusion over non-instru-
mented fusion (RR 1.37 95 % CI 1.07-1.75).
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Conclusions For most of the comparisons, the included
reviews were not significant and/or clinically relevant dif-
ferences between interventions were identified. Although
the quality of the reviews was quite acceptable, the quality
of the included studies was poor. Future studies are likely
to influence our assessment of these interventions.

Keywords Systematic review - Low back pain - Lumbar
disc herniation - Spondylolisthesis - Spinal stenosis

Introduction

Chronic low back pain is defined as a discomfort in the
back which may radiate into the legs, hips, or buttocks, and
which lasts more than 3 months [1, 35]. Low back pain has
become a major health problem in the Western world with
a point prevalence of 10.2 % [8], a l-year prevalence
ranging from 22 to 65 % and life-time prevalence of up to
84 % [44]. Approximately, 84 % of those who suffer from
low back pain seek medical attention [8]. The economic
burden to society is quite large and can be divided into
direct costs associated with health care utilization (e.g.,
hospitalization, medication, diagnostic tests, and therapies)
and indirect costs associated with lost productivity (e.g.,
due to work absenteeism and forced early retirement) [22].

Many episodes of low back pain are temporary and
resolve spontaneously in about 25-58 % of the cases, even
when specific causes, such as a herniated disc are present
[14]. Therefore, conservative treatment is the first step in
the management of low back pain. In case of persistent,
chronic pain and a clear identification of the pain source,
targeted injections or surgical intervention may be
indicated.

Specific low back disorders are often discussed in terms
of sciatica, spinal stenosis, leg pain, or axial (low) back
pain, rather than the underlying disease. For example,
spinal stenosis can have several underlying causes, such as
spondylolisthesis, hypertrophy of the facet joints, or sur-
rounding soft tissue from a bulging intervertebral disc or
hypertrophy of the flaval ligament. Disc height loss caused
by degeneration may be a direct cause of axial back pain,
but may cause leg pain indirectly by bony compression of
the nerve root through narrowing of the neural foramen.

During the last decades, the number of published
reviews has dramatically increased. Over 2,000 publica-
tions are labeled as a “Review” in Medline each year [4].
A quick screening in Pubmed using ‘low back pain’ limited
to ‘meta-analysis’, ‘systematic review’ or ‘review’ showed
that in the years 2009-2011, there were on average 167
reviews and meta-analyses per year on low back pain. The
quality of these reviews varies and, of course, the results
may be biased. In addition, depending upon the methods

and quality of the review, inconsistent findings may be
found.

Most systematic reviews assess the relative effective-
ness of two interventions. However, usually several treat-
ment options are available in clinical practice and the
results of just one review of the two interventions may not
help clinicians in their choice from multiple treatment
options. The objective of this overview was to evaluate the
available evidence from systematic reviews on the effec-
tiveness of surgical interventions for disc herniation,
spondylolisthesis, stenosis, and degenerative disc disease.
An earlier version of this review was published in 2006
[43] and since then, many new, better quality reviews have
been published.

Methods

All methodological aspects were performed by two of the
review authors (WJ, SR, WM, PW, FP) independent of one
another. Discrepancies were discussed in a consensus
meeting. The protocol of the study was registered in the
Prospero database under registration number CRD42011
001819.

Search

A comprehensive search was conducted in the following
databases: the Cochrane database of systematic reviews
(CDSR), the database of abstracts of reviews of effective-
ness (DARE), as well as Pubmed. The search was con-
ducted in November 2011 with disease specific search
string combinations complemented with review specific
search string combinations (Table 1) [38, 40]. The search
was performed by an experienced librarian.

Selection

The study had to be a systematic review on surgical
interventions for low back disorders. Articles were inclu-
ded if they met the following criteria:

e The disorders examined were disc herniation with
radiculopathy, spondylolisthesis, spinal stenosis, or
degenerative disc disease. Studies examining fractures,
malignancies, scoliosis, failed back surgery syndrome,
ankylosing spondylitis and cauda equina syndrome
were excluded. If a variety of indications were
included, but not separately presented in the results,
the article was excluded.

e The interventions studied were surgical interventions,
including thermal coagulation therapies, radiofre-
quency denervation treatments, and surgery such as
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Table 1 Search strategy for finding evidence on surgical interventions for low back pain in Pubmed

Strings Fields

Low back pain (“low back pain”[tiab] OR “back pain”[mesh] OR “back pain”[tiab] OR “intermittent neurogenic
claudication”[tiab] OR “intermittent claudication”[mesh] OR “intermittent claudication”[tiab] OR
“neurogenic claudication”[tiab] OR dorsalgia[tiab] OR backache[tiab] OR lumbago[tiab] OR
(lumbar[tiab] AND (“pain”[mesh] OR “pain”[all fields])) OR “sciatica”[mesh] OR “sciatica”[all
fields] OR sciatica[tiab] OR “Lumbar vertebrae”[mesh] OR “Spine”[mesh] OR “intervertebral
disk”[mesh] OR “intervertebral disc”[tiab] OR spine[tiab] OR spinal[tiab] OR vertebra*[tiab] OR

disc[tiab] OR discs[tiab] OR disk[tiab] OR disks[tiab])

(“Spondylolisthesis”[mesh] OR spondylolisthesis[tw] OR isthmic[tw] OR lytic[tw] OR low-grade[tw] OR
“lumbar stenosis”[tw] OR “spinal stenosis”[mesh] OR “spinal stenosis”[tw] OR stenosis[ti] OR
scoliosis[ti] OR “degenerative disc disease”[ti] OR “spinal diseases”[mesh] OR “intervertebral disk
displacement” [mesh] OR “intervertebral disk displacement”[tw] OR “discitis” [mesh] OR “discitis”[all
fields] OR spondylosis[tiab] OR ((disc[tw] OR discs[tw] OR disk[tw] OR disks[tw]) AND
degeneration[tw]) OR herniated[tw] OR hernia[tw])

(systematic[sb] OR “systematic review” OR “systematic reviews” OR “systematic literature review” OR
“systematic literature reviews” OR meta-analysis[pt] OR meta-analysis[tw] OR metaanalysis[tw] OR
meta-analyses[tw] OR “evidence-based medicine” OR (“evidence-based” AND (guideline[tw] OR
guidelines[tw] OR recommendation*)) OR (*“evidenced-based” AND (guideline[tw] OR guidelines[tw]
OR recommendation*)) OR consensus development conference[pt] OR health planning guideline OR
“health planning guidelines” OR guideline[pt] OR cochrane database syst rev OR acp journal club OR
health technol assess OR evid rep technol assess summ OR evid based dent OR evid based nurs OR evid
based ment health OR clin evid OR ((systematic[tw] OR systematically OR critical[tw] OR (study[tiab]
AND selection[tiab]) OR (predetermined OR inclusion AND criteri*[tw]) OR exclusion criteri* OR
“main outcome measures” OR “standard of care”) AND (survey[tw] OR surveys[tw] OR overview* OR
review[tw] OR reviews[tw] OR search* OR handsearch OR analysis[tw] OR critique[tw] OR appraisal
OR (reduction AND risk AND (death OR recurrence))) AND (literature[tw] OR articles OR
publications[tw] OR publication[tw] OR bibliography[tw] OR bibliographies OR published OR
unpublished OR citation OR citations OR database OR internet[tw] OR textbooks[tw] OR references OR
trials OR meta-analysis[mh] OR (clinical[tw] AND studies) OR treatment outcome)) OR (((review[pt]
OR guideline[pt] OR consensus[ti] OR guideline*[ti] OR literature[ti] OR overview[ti] OR review[ti])
AND ((Cochrane[tw] OR Medline[tw] OR CINAHL[tw] OR (national[tw] AND library[tw])) OR
(handsearch*[tw] OR search*[tw] OR searching[tw]) AND (hand[tw] OR manual[tw] OR electronic[tw]
OR bibliography*[tw] OR database* OR (Cochrane[tw] OR Medline[tw] OR CINAHL[tw] OR
(national[tw] AND library[tw]))))) OR ((synthesis[ti] OR overview[ti] OR review[ti] OR survey[ti])
AND (systematic[ti] OR critical[ti] OR methodologic[ti] OR quantitative[ti] OR qualitative[ti] OR
literature[ti] OR evidence[ti] OR evidence-based[ti])))) NOT (case report[ti] OR editorial[ti] OR
editorial[pt] OR letter[pt] OR newspaper article[pt])

Indications

Combination of clinical queries
filter [40] and Shojinia and Bero
[38] filter (combined with OR
and adapted)

[ti] search field used in title

decompression surgery or fusion surgery, compared to
one another or compared to conservative care.

e Only systematic reviews with a comprehensive search
(i.e., more than one database and extensive use of
search string combinations) and risk of bias assessment
(at least assessing selection bias) were included.

e Studies published prior to 2001 were excluded because
interventions were thought not to be consistent with
contemporary procedures.

the meta-analysis). When one reviewer had been involved
in an included study, the risk of bias of this study was
assessed by one of the other reviewers.

Analysis

The effect of surgery for (1) lumbar radiculopathy sec-
ondary to disc herniation, (2) spondylolisthesis, (3) spinal
stenosis, and (4) degenerative disc disease was compared to
conservative care and different surgical techniques were

Risk of bias assessment

Quality was assessed by the AMSTAR tool for systematic
reviews [37]. Operationalization of items is presented in
Table 2. Studies were considered to be of high quality if
items 3, 6, 7, and 8 of the AMSTAR tool were met and the
review had no critical errors (for example, deficiencies in
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compared to one another. Subjective outcome data, such as
pain, functional status, recovery, as well as physiological/
objective data (e.g., success of fusion) are reported when
available. Data from individual studies were not pooled,
instead we report on the meta-analyses from the individual
reviews. We compared the effects of the interventions to
the thresholds for minimal relevant differences as reported
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Table 2 AMSTAR [37] is a measurement tool created to assess the
methodological quality of systematic reviews

1 Was an ‘a priori’ design provided?

The research question and inclusion criteria should be
established before the conduct of the review.

Need to refer to a protocol, ethics approval, or pre-determined/a
priori published research objectives to score a “yes.”

2 Was there duplicate study selection and data extraction?

There should be at least two independent data extractors and a
consensus procedure for disagreements should be in place.
Two people do study selection, two people do data extraction,
consensus process or one person checks the other’s work.

3 Was a comprehensive literature search performed?

At least two electronic sources should be searched. The report
must include years and databases used (e.g., Central,
EMBASE, and MEDLINE). Keywords and/or MESH terms
must be stated and where feasible the search strategy should be
provided. All searches should be supplemented by consulting
current contents, reviews, textbooks, specialized registers, or
experts in the particular field of study, and by reviewing the
references in the studies found. If at least two sources + one
supplementary strategy used, select “yes” (Cochrane register/
Central counts as two sources; a grey literature search counts as
supplementary).

4 Was the status of publication (i.e., grey literature) used as an
inclusion criterion?

The authors should state that they searched for reports regardless
of their publication type. The authors should state whether or
not they excluded any reports (from the systematic review),
based on their publication status, language, etc. If review
indicates that there was a search for “grey literature” or
“unpublished literature,” indicate “yes.” SIGLE database,
dissertations, conference proceedings, and trial registries are all
considered grey for this purpose. If searching a source that
contains both grey and non-grey, must specify that they were
searching for grey/unpublished lit.

5  Was a list of studies (included and excluded) provided?

A list of included and excluded studies should be provided.
Acceptable if the excluded studies are referenced. If there is an
electronic link to the list but the link is dead, select “no.”

6  Were the characteristics of the included studies provided?

In an aggregated form, such as a table, data from the original
studies should be provided on the participants, interventions
and outcomes. The ranges of characteristics in all the studies
analyzed e.g., age, race, sex, relevant socioeconomic data,
disease status, duration, severity, or other diseases should be
reported. Acceptable if not in table format as long as they are
described as above.

7  Was the scientific quality of the included studies assessed and
documented?

‘A priori’ methods of assessment should be provided (e.g., for
effectiveness studies if the author(s) chose to include only
randomized, double-blind, placebo-controlled studies, or
allocation concealment as inclusion criteria); for other types of
studies alternative items will be relevant. Can include use of a
quality scoring tool or checklist, e.g., Jadad scale, risk of bias,
sensitivity analysis, etc., or a description of quality items, with
some kind of result for EACH study (“low” or “high” is fine,
as long as it is clear which studies scored “low” and which
scored “high”; a summary score/range for all studies is not
acceptable).

Table 2 continued

8  Was the scientific quality of the included studies used
appropriately in formulating conclusions?

The results of the methodological rigor and scientific quality
should be considered in the analysis and the conclusions of the
review, and explicitly stated in formulating recommendations.
Might say something such as “the results should be interpreted
with caution due to poor quality of included studies.” Cannot
score “yes” for this question if scored “no” for question 7.

9  Were the methods used to combine the findings of studies
appropriate?

For the pooled results, a test should be done to ensure the studies
were combinable, to assess their homogeneity (i.e., Chi-
squared test for homogeneity, P). If heterogeneity exists, a
random effects model should be used and/or the clinical
appropriateness of combining should be taken into
consideration (i.e., is it sensible to combine?). Indicate “yes” if
they mention or describe heterogeneity, i.e., if they explain that
they cannot pool because of heterogeneity/variability between
interventions.

10 Was the likelihood of publication bias assessed?

An assessment of publication bias should include a combination
of graphical aids (e.g., funnel plot, other available tests) and/or
statistical tests (e.g., Egger regression test, Hedges—Olkin). If
no test values or funnel plot included, score “no”. Score “yes”
if mentions that publication bias could not be assessed, because
there were fewer than ten included studies.

11 Was the conflict of interest included?
Potential sources of support should be clearly acknowledged in
both the systematic review and the included studies. To get a

“yes,” must indicate source of funding or support for the
systematic review AND for each of the included studies.

by Ostelo et al. [30] being 15 for the Visual Analogue
Scale, 5 for the Roland Disability Questionnaire, and 10 for
the Oswestry Disability Index.

Results

Electronic searches identified 2,485 references, excluding
duplicates (Fig. 1). Thirteen systematic reviews on clinical
effectiveness of several interventions were finally included.
Nine reviews were classified as having a high quality based
on the risk of bias assessment (Table 3). Seven of the
reviews [7, 12, 13, 17, 20, 41, 48] included randomized
studies only, while six reviews [15, 18, 23, 24, 28, 29] also
included observational studies, including uncontrolled
studies. Indications were disc herniation (six reviews [7,
13, 15, 17, 23, 29]), spondylolisthesis (two reviews [18,
241]), stenosis (four reviews [7, 12, 20, 28]), and degener-
ative disc disease (four reviews [7, 12, 41, 48]). Two
reviews [7, 12] included a mix of indications (herniated
disc, degenerative disc disease, and/or stenosis), but these
allowed extraction of data and conclusions about the sep-
arate indications.
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Records identified through
database searching
(n= 2760)

A

Records after duplicates
removed

(n= 2485)

A 4

Records excluded
(n= 2366)

Records screened
(n= 2485)

A 4

v Full-text articles excluded, with
reasons (n = 106)

Fulltext articles assessed for

les a Cost-effectiveness 1
eligibility Gudelines 8
(n=119) Heterogeneous 5
Not systematic 30
No control group 5

No extensive search 25
No quality assessment 10
Non specific LBP 12
Non surgical 8
Before 2001 2

A 4

Studies included in qualitative
synthesis
(n=13)

Fig. 1 Flow chart
Disc herniation with radiculopathy

There were six reviews (Table 4) dealing with low back
pain due to disc herniation [7, 13, 15, 17, 23, 29].

Conservative vs. surgical interventions

Four high quality reviews [7, 13, 17, 23] studied conser-
vative vs. surgical treatment for sciatica due to a herniated
disc. In 2007, Gibson and Waddell [13] included three
randomized studies plus one conference proceeding (815
patients). Chou et al. [7] included four randomized studies
(767 patients) in 2009, and concluded that discectomy is
moderately superior (3 points on a Roland Morris Dis-
ability questionnaire, where 5 is clinically relevant) to
standard conservative treatment in terms of pain and
function in the first 2-3 months postoperatively. In 2011,
the same five randomized studies (1,235 patients), includ-
ing those from the previous reviews were included by
Jacobs et al. [17] and Lewis et al. [23]. The review of
Jacobs et al. [17], including one low risk of bias study [31],
demonstrated that surgery leads to faster pain relief after
3 months than conservative treatment with no differences
at 1 or 2 years follow-up. However, another low risk of
bias study [47] found no differences. No meta-analysis
could be performed due to heterogeneity of the studies. The
main conclusion from these four reviews was consistent
that surgery appears to lead to predominantly short term

@ Springer

benefits, but that the scarcity of high quality studies does
not support a definite choice for conservative or surgical
treatment for disc herniation with sciatica. Lewis et al. [23]
included five RCTs and nine observational studies on disc
surgery vs. conservative interventions. Global effect and
condition-specific outcome measures favored surgery,
but not significantly at medium term (OR 1.66 95 %
CI 0.98-2.18) and mean difference (MD —0.14 95 % CI
—0.50 to 0.23), respectively. No overall conclusions could
be drawn.

Different surgical interventions vs. one another

Four reviews (three high quality) [13, 15, 23, 29] evaluated
the effect of different surgical techniques with one another.
Two of these included all surgical techniques [13, 23],
while two others focused on automated percutaneous
discectomy [15] and transforaminal endoscopic surgery
[29]. Gibson and Waddell [13] included 23 RCTs on five
different comparisons in 2007. Results of meta-analyses
were not reproduced. They concluded that the microscopic
discectomy gives broadly the same results as open disc-
ectomy and that the evidence for minimally invasive
discectomy remained unclear. Major design weaknesses of
the included studies may have resulted in a considerable
potential for bias. For example, there were many problems
with sequence generation and allocation concealment, lack
of outcome assessor blinding, and lack of proper outcome
parameters.

Two reviews [15, 29] examined minimal invasive
discectomies. Hirsch et al. [15] included one trial [34] (141
patients) and compared automated percutaneous lumbar
discectomy (APLD) with chemonucleolysis. They con-
cluded that with adequate patient selection (disc herniation)
APLD is safe and provides appropriate relief. Several
limitations were observed in the studies, such as including
patients with an inappropriately (too large) sized disc
herniation for APLD (>30 %). Nellensteijn et al. [29]
included one RCT (60 patients) and seven non-randomized
controlled studies (1,822 patients). They compared trans-
foraminal endoscopic surgery with open approaches to the
disc herniation, such as open laminotomy and open mi-
crodiscectomy. No meta-analysis was performed. They
concluded that there is still insufficient information to
support this technique over open procedures. The quality of
evidence was poor because of heterogeneity and study
quality.

Low-grade isthmic spondylolisthesis (Type II)
One review [18] compared surgery with conservative

treatment and surgical techniques to one another for
low-grade adult isthmic spondylolisthesis (Table 5). Eight
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Table 3 Risk of bias of included systematic reviews

Main indication Study AMSTAR item
Author 1 2 3 4 5 6 7 8 9 10 11  High quality
Herniated disc Gibson and Waddell [13] (HNP) Y N Y Y Y Y Y Y Y N N Y
Hirsch et al. [15] N N Y N Y N Y N na N N
Jacobs et al. [17] N Y Y NN Y Y Y ? Y N Y
Lewis et al. [23] Y Y Y Y N Y Y Y Y Y N Y
Nellensteijn et al. [29] N Y Y ? N Y Y Y Y N N Y
Spondylolisthesis  Jacobs et al. [18] N Y Y N Y Y Y N na N N
Martin et al. [24] N N Y Y N Y Y Y Y N N Y
Stenosis Kovacs et al. [20] N Y Y N Y Y Y Y Y N Y °¢
Moojen et al. [28] N Y Y ? Y Y Y Y Y N Y Y
DDD van den Eerenbeemt et al. [41] N Y Y ? Y Y Y Y na N N Y
Yajun et al. [48] N Y Y NN Y Y Y N Y N
Combinations Chou et al. [7] (HD, DDD, stenosis) N N Y N Y Y Y Y na N Y Y
Gibson and Waddell [12] (Spl) (DDD, stenosis) Y N Y Y Y Y Y Y Y N N Y

Y yes, meets requirement; N no, does not meet requirement; n/a not applicable; DDD degenerative disc disease; HD herniated disc;

SPL spondylolisthesis
# Quality was decreased because of inconsistencies in the evaluation

randomized studies (376 patients), four prospective studies
(148 patients), and 17 retrospective case series (648
patients) were included. Seven randomized studies com-
pared posterolateral fusion techniques to one another.
Techniques that were compared include addition of
instrumentation, such as screws and rods or plates, addition
of decompression, and addition of anterior interbody
fusion. No meta-analysis was performed and best evidence
synthesis could not reveal a difference in fusion rate at
2 years between instrumented and non-instrumented
fusion. One high-risk of bias study [27] showed superior
results for clinical outcome (74 vs. 43 % good outcome) at
2 years of posterolateral fusion vs. exercise. Blinding and
intention to treat were rarely used in the studies. The
methodological quality of the included RCTs and obser-
vational studies was variable and did not allow pooling
because of heterogeneity of the included populations.

Degenerative spondylolisthesis (Type III)

One high quality review [24] compared different surgical
techniques to one another for adult degenerative spondyl-
olisthesis (Table 5). The study, which included four RCTs
(180 patients) and nine observational studies (405 patients),
compared fusion vs. decompression alone, and instru-
mented fusion vs. non-instrumented fusion. Spinal fusion
was found to lead to a better chance of improved clinical
outcome than decompression with a pooled RR of 1.40
(95 % CI 1.04-1.89, see Table 5). Instrumentation led to
improved fusion (pooled RR 1.37, 95 % CI 1.07-1.75), but

this was not related to better clinical outcome (pooled RR
1.19, ns). The quality of the included studies was limited
because of unclear randomization techniques and limited
use of patient centered outcomes in the randomized studies
and because of unclear selection strategies for the inter-
ventions in the observational studies. A limitation of the
review was the lack of duplicate selection for the whole
selection process.

Low back pain without stenosis in the presence
of degenerative disc

There were four reviews (Table 6) dealing with low back
pain without stenosis in the presence of degenerative
changes in the disc [7, 12, 41, 48].

Conservative vs. surgical interventions

Two high quality reviews [7, 12] compared surgery with
conservative treatment for discogenic low back pain
without stenosis. Gibson and Waddell [12] included three
randomized studies (141 patients) on IDET vs. placebo.
They could not draw any firm conclusions from these small
studies. Chou et al. [7] included four higher quality studies
(767 patients) on fusion vs. conservative interventions.
They evaluated VAS pain, Oswestry Disability index, and
SF-36 at one and 2 years, but no meta-analysis was per-
formed. The results were inconsistent and were ascribed to
the differences in rehabilitation intensity in the non-surgi-
cal intervention group, as fusion was no more effective

@ Springer
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Table 5 Characteristics of included reviews on spondylolisthesis with results and conclusions

Author Number Type of Included Included Results of meta-analyses of controlled  Conclusions
of studies diagnosis/-es in comparisons in studies
studies controlled studies  controlled studies
Jacobs 8 RCT Low-grade, adult,  Fusion No meta-analysis Best surgical technique
et al. RetroCT isthmic techniques vs. could not be identified
[18] spondylolisthesis nothing,
PCS .
(Type 1I) conservative, or
16 RetroCS decompression
Martin 4 RCT Degenerative Fusion vs. Clinical outcome for fusion vs. Fusion better clinical
etal. PCT lumbar decompression decompression: RR 1.40 (95 % CI outcome than
[24] g RetroCT spondylolisthesis 1.04-1.89). Fusion for instrumentation ~ decompression; no
(Type III) vs. no instrumentation: RR 1.37 (95 %  clinical effect of
zgclear CI 1.07-1.75). Clinical outcome for instrumentation, but

instrumentation vs. no better fusion
instrumentation: RR 1.19 (95 % CI

0.92-1.54)

(Q)RCT (Quasi) randomized controlled trial, PCT prospective controlled trial, RetroCT retrospective controlled trial, PCS prospective case
series/cohorts, RetroCS retrospective case series/cohorts, RR relative risk, CI confidence interval

than intensive rehabilitation, but fusion was associated with
small-to-moderate benefits compared to standard non-sur-
gical therapy.

Different surgical interventions vs. one another

There is no evidence from systematic reviews on the clinical
effectiveness of different surgical techniques to achieve a
fusion for discogenic low back pain without stenosis.

Four reviews [7, 12, 41, 48] (three high quality) com-
pared fusion with disc replacement for discogenic low back
pain without stenosis. In 2005, Gibson and Waddell [12]
could not draw any firm conclusions due to the availability
of preliminary data only. The review of Chou et al. [7]
from 2009 included two randomized studies (596 patients)
that showed that disc replacement and fusion result in
comparable success and complication rates. In 2010, van
den Eerenbeemt et al. [41] included three randomized
studies (616 patients). No meta-analysis could be per-
formed on Oswestry and VAS pain and the conclusion was
that there was insufficient evidence to justify the wide-
spread use of disc replacement. Yajun et al. [48] presented
a review including four randomized studies (759 patients).
They found a mean difference on VAS pain (0-100) of
4.75 (95 % CI0.35-9.14) favoring disc replacement, which
was not regarded clinically relevant according to Ostelo
et al. [30] (15 mm). There is possible risk of bias in the
included studies due to sponsoring.

Stenosis in the presence of degenerative changes
There were four reviews (Table 7) dealing with low back

pain with stenosis in the presence of degenerative changes
[7, 12, 20, 28].

Conservative vs. surgical interventions

Two reviews [7, 20] (one high quality, see Table 7)
examined surgery vs. conservative treatment for spinal
stenosis with symptoms of neurogenic claudication or
sciatica. Both reviews included the same five randomized
studies (918 patients). The reviews compared effectiveness
of interspinous devices or decompressive surgery with
conservative treatment. Kovacs et al. [20] found no dif-
ference in a pooled Oswestry Disability score (MD —1.57
95 % CI —4.65 to 1.51; ITT analysis, which is not clini-
cally relevant according to Ostelo et al. [30]). Chou et al.
[7] did not perform a meta-analysis, but concluded that
there was good evidence that decompressive laminectomy
(with or without fusion) is superior to non-surgical therapy
for the first 2 years after surgery, but benefits appear to
diminish afterwards. The studies included considerable
variation in numbers of patients with spondylolisthesis
(0100 % or unknown) making the patient sample heter-
ogeneous. The methodology of Kovacs et al. [20] appears
to be of high quality, although some of the scores in the
quality assessment do not match those of the quotes on
methodology from included studies that are documented in
the tables in the appendix. For example, they rated com-
pliance as acceptable in five studies, although one study
quoted “compliance was low”, another study had 50 %
cross-over and a third study did not have any information
on compliance. Two publications [2, 49] included by Chou
et al. [7] were regarded to be one study as one publication
is suspected to be a sub-sample from another included
study.

Three high quality reviews [7, 12, 28] (Table 7) com-
pared interspinous process distraction (IPD) devices with
conservative treatment. Gibson and Waddell [12] included
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Table 6 Characteristics of included reviews on LBP without stenosis in the presence of degenerative changes in the disc with results and

conclusions
Author Number of Type of  Included Included Results of Conclusions
studies studies diagnosis/-es comparisons meta-analyses
in controlled in controlled of controlled
studies studies studies
Conservative vs. surgical interventions
Gibson and 5 RCT Back pain without  Idet vs. placebo (3); No meta- There are still open questions on
Waddell [12] neurological fusion vs. analysis clinical effectiveness of fusion
compromise, conservative (2)
CLBP
Chou et al. [7] 4 RCT LBP with Fusion vs. No meta- For non-radicular LBP with
degenerative non-surgical therapy analysis degenerative changes fusion not
changes “4) different from intensive
rehabilitation, but more beneficial
than standard conservative
treatment
Different surgical interventions
Gibson and 3 RCT Back pain without  Total disc replacement No meta- Only preliminary results on disc
Waddell [12] neurological vs. fusion (3) analysis replacement, no conclusions
compromise, (comparisons on permitted
CLBP techniques excluded,
unclear indications)

Chou et al. [7] 2 RCT LBP with Total disc replacement No meta- No difference for total disc
degenerative vs. fusion (2) analysis replacement discs and fusion with
changes regard to effectiveness and

complications, but long-term
outcome is needed

Yajun et al. 5 RCT Degenerative disc Total disc replacement Not reliable due From the existing outcomes, total

[48] disease vs. fusion (5) to duplicate artificial disc replacement does
inclusion not show significant superiority
for treatment of lumbar DDD
compared with fusion More high
quality RCTs with long-term
outcome are needed

Van den 3 RCT Symptomatic Total disc replacement No meta- The existing evidence, specifically

Eerenbeemt degenerative disc vs. fusion (3) analysis regarding long-term effectiveness
et al. [41] disease and/or safety is considered

insufficiént to justify the
widespread of total disc
replacement over fusion

RCT randomized controlled trial, PCT prospective controlled trial, PCS prospective case series/cohorts, RetroCS retrospective case series/cohorts,
HNP herniated nucleus pulposis, LBP low back pain, ZCQ Zurich claudication questionnaire, ODI Oswestry disability index, /77 intention to treat

one RCT, Chou et al. [7] included two RCTs (142 patients),
and Moojen et al. [28] additionally included one controlled
observational study (60 patients), and seven non-controlled
observational studies (391 patients). All three reviews
concluded that the interspinous spacers, both statistically
and clinically, significantly improved the Zurich Claudi-
cation Questionnaire total score more than conservative
treatment did, although the quality of the evidence was
low. The weighted mean difference calculated by Moojen
et al. [28] on the Zurich Claudication Questionnaire
(average of improvements of symptom severity and phys-
ical function scales compared to baseline) was 23.2 %
(95 % CI 18.5-27.8) compared to the pooled baseline score
of 5.2 points. This is larger than the minimally detectable
change score of 15 % reported by Pratt et al. [33], but
minimal clinically important differences for the averaged

@ Springer

change score are not known. From the observational
studies a complication rate of 7 % could be calculated.
Moojen et al. [28] also concluded that the cost for these
techniques is high and more research (on cost-effective-
ness) is necessary before worldwide implementation is
justified. It should be noted that these reviews include
duplicate publications of primary studies.

Different surgical interventions vs. one another

One high quality review [12] (Table 7) dealt with different
surgical techniques and included four RCTs. One RCT [32]
could not find any difference between laminectomy and
multiple laminotomy, but the trial was small and there were
considerable cross-over and co-interventions. Three ran-
domized studies (139 patients) were available for



Eur Spine J (2013) 22:1936-1949

1945

Table 7 Characteristics of included reviews on LBP with stenosis in the presence of degenerative changes with results and conclusions

Author Number Type  Included Included comparisons in
of of diagnosis/-es in controlled studies
studies studies controlled studies

Results of meta-analyses Conclusions

of controlled studies

Conservative vs. surgical interventions

Kovacs 5 RCT Lumbar stenosis
et al. with sciatica or
[20] neurogenic

claudication

Chou 6 RCT (Discogenic?)
et al. [7] with stenosis

Moojen 2 RCT Intermittent
et al. 1 PCT neurogenic 2)
[28] 7 PCS clfiudlcgtlon

with spinal
stenosis

Gibson 2 RCT Spinal stenosis
and and/or nerve
Waddell root
[12] compression

Different surgical interventions

Surgery (decompression or
IPD) vs. conservative (5)

Decompressive surgery vs.
conservative (4); IPD vs.
non-surgical treatment (2)

IPD vs. conservative treatment

Spacer vs. non-operative (1);
fusion vs. conservative (1)

ODI for surgery vs.
conservative: MD —
1.57 (—4.65 to 1.51)
(ITT analysis)

No meta-analysis

Surgery (IPD or
instrumentation) is more
effective than
conservative treatment

IPD superior to non-
surgical therapy. Long-
term outcome is needed.

ZCQ: MD 23.2 (95 % CI
18.5-27.8; suspected
duplicate inclusion

Quality of evidence is
low. More cost-
effectiveness studies
should be performed

No meta-analysis No firm conclusions

Gibson 4 RCT Spinal stenosis Decompression vs. Surgeon’s rating (OR No firm conclusions
and and/or nerve decompression and fusion 0.44 95 % CI
Waddell root (3); different techniques for 0.13-1.148).
[12] compression decompression (1)

RCT randomized controlled trial, PCT prospective controlled trial, PCS prospective case series/cohorts, RetroCS retrospective case series/
cohorts, HNP herniated nucleus pulposis, LBP low back pain, ZCQ Zurich claudication questionnaire, /PD interspinous proces device, MD mean

difference, ODI Oswestry disability index, /7T intention to treat

comparing additional fusion to decompression alone. No
difference was found in surgeon’s rating of outcomes (OR
0.44 95 % CI 0.13-1.15). Other outcomes (re-operation,
spondylolisthesis progression, and improvement in walking
distance) were not significant. Good result at 18—-24 months
was significant, but very imprecise (OR 4.41 95 % CI
1.09-17.8). The authors conclude that there is no clear
evidence about the most effective decompressive technique
or the extent of the decompression.

Discussion

We included thirteen, principally good quality systematic
reviews on the effectiveness of various surgical interven-
tions for disc herniation with radiculopathy, spondylolis-
thesis, degenerative disc disease, and spinal stenosis. For
most of the compared interventions in the included
reviews, we were not able to identify significant and/or
clinically relevant differences in effectiveness based on
pooled estimates. The exceptions were (1) better fusion rate
for additional instrumentation for degenerative lumbar
spondylolisthesis, (2) better clinical outcome for fusion
compared to decompression for degenerative lumbar

spondylolisthesis, (3) better Zurich claudication question-
naire scores for interspinous process device compared to
conservative treatment, but long-term outcome and cost-
effectiveness should be assessed, (4) based on individual
studies, surgery for disc herniation with radiculopathy
results in more short-term pain relief as compared to con-
servative treatment with no differences between the treat-
ments at 1-year follow-up. However, the individual studies
included in the reviews often showed a high-risk of bias
and methodological flaws, such as poor reporting, hetero-
geneity, no validated outcomes, and only short- or mid-
term follow-ups reported.

Spinal pathology that causes concordant symptoms
should be the starting point for specific interventions.
When using symptoms as a starting point, it is required that
one knows the underlying pathology before one can decide
on the optimal treatment. For example, taking sciatica or
neurogenic claudication as a starting point for presenting
evidence on treatment efficacy is only useful if the results
are presented separately for causes, such as disc herniation,
spondylolisthesis or nerve root compression in a narrowed
foramen, as these pathologies may each require different
interventions. Another example was found in the review of
Andersson et al. [3], which compared fusion against
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intradiscal electrothermal therapy (IDET) for intractable
discogenic low back pain. They found no direct compari-
sons, but included uncontrolled studies reporting on one of
both interventions. This makes the interpretation of such a
review problematic, as the patient populations and specific
indications in the separate series may be different, or are
simply not reported in sufficient detail.

Cochrane reviews are known for their validated meth-
odology; however, they mainly include RCTs, which might
be considered a limitation. Especially for research on sur-
gical interventions there are limitations associated with the
randomized trial with regard to patient inclusions, perfor-
mance bias, assessment of (long-term) complications, and
limited external validity [5, 11, 16]. While there is debate
about these possible limitations of randomization, obser-
vational studies should not be ignored as they might better
reflect clinical practice. However, observational studies are
likely to have a risk of selection bias, information bias, and
confounding. Obviously, observational studies with a high-
risk of selection bias do not reflect clinical practice either.
We excluded reviews that did not use a comprehensive
search strategy, because it was thought that a limited search
strategy would give a biased view of the evidence. For
example, two reviews were excluded because only three
keywords were used which resulted in only 57 records [9]
and 35 records [26].

Evaluation of the risk of bias in systematic reviews is
essential. We excluded reviews if no formal risk of bias
assessment was performed [9, 19, 25], or if only the study
design was categorized as randomized, observational, or
retrospective [39, 46]. Mirza and Deyo [26] evaluated the
quality of studies with the Consort statement, which is
rather a guideline for reporting a trial than a tool for
evaluating their risk of bias. Overall, there is an inconsis-
tent use of risk of bias tools in the included reviews. Future
reviews need to adopt a “validated” or generally accepted
tool. For spinal surgery, we would recommend the guide-
lines by the Cochrane Back Review Group [10].

The results that are found in any trial, but also in sys-
tematic reviews need to be evaluated against minimal
clinically important changes as assessed by outcome
measures [30]. A systematic review of many studies will
lead to a precise and statistically significant effect estimate,
but this effect may not be clinically relevant. On the other
hand, systematic reviews with only a few studies, as is
often the case in surgery, tend to produce no statistically
significant effects. Also, in our overview, only one of the
comparisons (surgical techniques for HNP) had more than
ten RCTs, most of the RCTs were small, and only few
significant differences were found. The conclusion for ‘no
difference’ could lack precision or power, while the dif-
ference might be clinically relevant. This should not be
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misinterpreted for equivalence of interventions, but regar-
ded as “insufficient evidence for a difference”.

Two excluded review studies [25, 45] did not use an
accepted pooling method. For example, McGirt et al. [25]
included the comparative studies and the case series and
analyzed both study designs in the same analysis. Such a
pooling method should not be used for decision analysis
because the different selection mechanisms in case series
could result in bias in the estimates of effect.

Strengths and limitations

There are some limitations to our overview. (1) There is
a possible conflict of interest with the included studies
as studies from one or more of the members of our own
group could have had a greater risk of being included
into the review. Further, although assessment of risk of
bias of a review was not performed by any of its own
authors, evaluating a study of one of the other group
members might have introduced a bias towards a lower
risk of bias for our own studies. (2) We suspect that
three reviews [7, 28, 48] included duplicate studies into
their analyses. The inclusion of duplicate studies makes
the pooled analyses unreliable, with a bias towards the
results of the duplicate included studies. (3) We
accepted degenerative disc disease (DDD) as a disease
entity and included studies that reported on DDD. We
suspect that some studies using the term ‘non-specific
LBP’ deal with the same type of patients. (4) The
quality of an overview relies on the quality of the
included studies. Biases at the level of the primary
studies as well as biases at the level of the included
systematic reviews accumulate in an overview. For
example, commercial interests related to the surgical
techniques could result in sponsored studies with neg-
ative results failing to be submitted or published [6, 36],
which could introduce publication bias, also in the
overview. (5) The results of the present overview limit
the possibility of drawing conclusions about indirect
comparisons. Preferably, these indirect comparisons
should be studied in an original study including multiple
treatment arms, or alternatively, be addressed in a net-
work meta-analysis. (6) When there was one study that
had a strong influence on the results or conclusion of the
included systematic review, we referred to their results
and quality. We have to acknowledge that in those
cases, we were dependent on the quality assessment of
the authors of the original systematic reviews.

A strength of our overview is that we have adopted a
systematic approach which included several steps to limit
the potential for bias, including a systematic search,
duplicate selection and quality appraisal.
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Recommendations for future research

In general, there is an abundance of reviews on innovative
treatments for low back pain (IDET, disc replacement,
interspinous devices) with relatively few studies. Evidence-
based medicine requires new treatments to be compared to
the current gold standard techniques, which would pre-
sumably be fusion or decompression surgery. However,
from the current systematic literature reviews neither
fusion nor decompression surgery could be regarded as the
gold standard. More energy should be directed at estab-
lishing evidence or consensus for a current gold standard
and its relative effectiveness compared to other treatment
options. This would facilitate an evidence-based compari-
son for innovative treatments. We realize that there may be
less interest in repeating previous studies than in studying
innovative interventions, that funding for such studies may
be difficult to obtain, and that there is a barrier to their
publication due to the perceived lack of “novelty”. How-
ever, we hope that with the current trends in healthcare
finance there will be a quicker elimination of (cost-)inef-
fective innovative interventions, improving the chances for
funding and publication of research into established
interventions.

Systematic literature reviews need to be updated regu-
larly. Ideally, an accumulative review should be main-
tained, and be readily accessible after the addition of new
evidence. Ideally, a review should be updated and pub-
lished every 2-5 years, depending on the accumulation of
evidence. This is also the goal of the Cochrane
Collaboration.

We urge those preparing a report of a systematic review
to address the items that are included in the PRISMA
statement. The improved quality of the report will facilitate
an assessment of risk of bias in the review process and,
thus, a better understanding of the results and conclusions
by the reader.

Finally, the results from an overview on surgical inter-
ventions for low back disorders need to be used together
with an overview of conservative interventions, such as
those from Kuijpers et al. and van Middelkoop et al. [21,
42]. Only then physicians will have a complete overview of
the evidence for all possible treatment options for low back
disorders. Such an overview could be implemented in
clinical guidelines which could be used for counseling of
the individual patient, but also for communication with
insurers, policy makers, and other health care providers
who are involved with the management of low back
disorders.
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