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Abstract
Introduction Surgical and invasive procedures are widely
used in adults with degenerative lumbar spinal stenosis
when conservative treatments fail. However, little is
known about the comparative efficacy and safety of these
interventions. To address this, we will perform a network
meta-analysis (NMA) and systematic review to compare
the efficacy and safety of surgical and invasive procedures
for adults with degenerative lumbar spinal stenosis.
Methods and analysis We will include randomised
controlled trials assessing surgical and invasive treatments
for adults with degenerative lumbar spinal stenosis. We
will search AMED, CINAHL, EMBASE, the Cochrane Library
and MEDLINE. Only English studies will be included and no
restriction will be set for publication status. For efficacy,
our primary outcome will be physical function. Secondary
outcomes will include pain intensity, health-related quality
of life, global impression of recovery, work absenteeism
and mobility. For safety, our primary outcome will be allcause mortality. Secondary outcomes will include adverse
events (number of events or number of people with an
event) and treatment withdrawal due to adverse effect.
Two reviewers will independently select studies, extract
data and assess the risk of bias (Revised Cochrane riskof-bias tool for randomized trials) of included studies.
The quality of the evidence will be evaluated through the
Grading of Recommendations Assessment, Development
and Evaluation framework. Random-effects NMA will
be performed to combine all the evidence under the
frequentist framework and the ranking results will be
presented through the surface under the cumulative
ranking curve and mean rank. All analyses will be
performed in Stata and R.
Ethics and dissemination No ethical approval is
required. The research will be published in a peerreviewed journal.
PROSPERO registration number CRD42018094180.

Introduction
Degenerative lumbar spinal canal stenosis is
characterised by decreased spinal canal diameter due to structural changes of the spine
(eg, facet joints, ligaments) due to ageing.

Strengths and limitations of this study
►► This is the first network meta-analysis to assess the

efficacy and safety of surgical and invasive procedures for adults with degenerative lumbar spinal
stenosis.
►► The main strengths are that only randomised
controlled trials will be included for both efficacy outcomes (physical function, pain intensity,
health-related quality of life, global impression of
recovery, work absenteeism and mobility) and safety outcomes (all-cause mortality, adverse effect and
treatment withdrawal due to adverse effect).
►► Additional strength is that informative missingness
difference of means for continuous outcomes and
informative missing ORs for dichotomous outcomes
will be used to deal with the missing data.
►► The main limitation will be the limited data from
lower socioeconomic countries considering the high
cost of the surgical and invasive treatments.

Typically, patients will present with neurogenic claudication, defined as pain, numbness and/or fatigue in the lower limbs that is
worsened during walking and standing, and
alleviated with forward bending or sitting.1 2
In the USA, the prevalence of degenerative
lumbar spinal stenosis in the general population can be as high as 22.5% for relative
stenosis (ie, ≤12 mm canal diameter), and
7.3% for absolute stenosis (ie, ≤10 mm canal
diameter).3 These figures increase drastically
with age, reaching 47.2% and 19.4%, respectively, for those 60 years of age or older.3
Most guidelines recommend a course of
conservative care, including the North American Spine Society guidelines, for patients
with degenerative lumbar spinal stenosis.2
However, when conservative treatments
fail, surgical and invasive options are indicated.2 4 5 Surgical decompression (including
laminectomies or laminotomies), with or
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Methods and analysis
Criteria for considering studies for this review
The protocol was written in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Protocols.33 Any changes made to this protocol will
be updated in the PROSPERO registration.
Types of participants
We will include studies that recruited participants who are
40 years of age or older, with a diagnosis of degenerative
lumbar spinal stenosis. We will exclude studies on patients
with malignancy, trauma, vertebral fracture, infection
and inflammatory disorders. For studies including degenerative lumbar spinal stenosis and associated spondylolisthesis, only those of participants with Meyerding grade
I spondylolisthesis will be included. Studies including
mixed populations will only be included if the data for
patients with degenerative lumbar spinal stenosis can be
extracted separately or if at least 80% of the patients are
diagnosed with degenerative lumbar spinal stenosis.
Types of interventions
Studies comparing any surgical or invasive intervention for adults with degenerative lumbar spinal stenosis
will be included. For example, surgical decompression, including laminectomies or laminotomies, with or
without fusion, interspinous process spacer devices, minimally invasive surgical decompression and corticosteroidal epidural injections. The comparison group could
2

be no treatment, usual care, sham operation, another
active option or a combination of approaches. The interventions in comparison groups will be treated as different
nodes. However, if we have insufficient studies to connect
different interventions, we will combine no treatment
and usual care into one node to make full use of the data.
Outcome measures
The outcome data will be grouped into short-term (≤6
months), mid-term (6–12 months) and long-term (≥12
months) follow-up assessment.34 We will perform NMA in
the three time points separately. For studies which report
outcomes in multiple time points, data closest to the 6
and 12 months follow-up time will be included in the main
analyses. For different time points in long-term follow-up
assessment (eg, 1 year, 2 years, 5 years), subgroup analyses
will be performed.
Primary outcomes
1. Physical function, commonly measured by Oswestry
Disability Index (ODI), Roland Morris Disability
Questionnaire (RMDQ), Patient-Specific Function
Scale and Core Outcome Measures Index (COMI).34
Other rating scales will be included if they have been
proposed in peer-reviewed journals. If the study provides more than one instruments, ODI will be used
as the first choice, RMDQ as the second choice and
COMI as the third choice.34
2. All-cause mortality measured by the percentage of patients who died following randomisation.
Secondary outcomes
1. Pain intensity, commonly measured by Numeric Rating
Scale (NRS) and the Visual Analogue Scale (VAS).35 36
Other rating scales will also be included if they have
been proposed in peer-reviewed journals. Pain intensity will be categorised and analysed according to the
following three groups: back pain, leg pain and overall
pain. If the study provides more than one instruments,
VAS will be used as the first choice and NRS as the second choice.34
2. Health-related quality of life, commonly measured by
36-Item Short Form Survey (SF-36), EuroQol five-dimension (EQ-5D), Nottingham health profile (NHP)
and SF-12.34 SF-36, NHP and SF-12, could be mapped
into EQ-5D.37 As above, other tools will also be included if they have been proposed in peer-reviewed journals. If the study provides more than one instruments,
EQ-5D will be used as the first choice, following by SF36, SF-12 and NHP.34
3. Global impression of recovery measured by the percentage of the patients satisfied with their recovery.
4. Work absenteeism measured by the number of days of
sick leave.
5. Mobility measured by walking distance.
6. Adverse event measured by the number of participants
with an adverse event, or number of adverse events per
group. Adverse events could include nerve injury, duChen L, et al. BMJ Open 2019;9:e024752. doi:10.1136/bmjopen-2018-024752
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without fusion, interspinous process spacer devices,
minimally invasive surgical decompression, and corticosteroidal epidural injections are commonly used in the
management of spinal stenosis.6–11 However, the evidence
supporting the superiority of one option over the other
is still unclear for most.7 12 13 For instance, past meta-analyses have shown that Superion interspinous spacer is
superior to X-STOP interspinous spacer in improving
axial pain severity and Zurich Claudication Questionnaire (ZCQ) patient satisfaction score; whereas the addition of spinal fusion to surgical decompression does not
add any benefit to surgical decompression alone.14 15
Moreover, existing meta-analyses use pairwise analytical
approaches, and therefore can only provide results for the
comparison of two interventions at any one time.4 11 14–28
A network meta-analysis (NMA) is the best design and
analytical approach to compare and rank multiple interventions simultaneously, based on their relative estimate
effects in each outcome.29 NMA has been used in similar
fields, including sciatica, lumbar disc herniation and
osteoarthritis, but, to date, no NMA has been conducted
to establish the comparative effectiveness and safety of
invasive approaches for degenerative lumbar spinal canal
stenosis.30–32 As such, our aim is to perform an NMA
and systematic review to assess the efficacy and safety of
surgical and invasive procedures for adults with degenerative lumbar spinal stenosis.

Open access

Types of studies
Only randomised controlled trials, which include
parallel, cross-over and cluster trials, will be included.
For cross-over studies, only data before wash-out period
will be used. For cluster randomised trials, we will extract
data which are adjusted for clustering. If these data are
unavailable, we will extract original data and adjust them
for clustering.38 39 To decrease bias, we excluded studies
with a high risk of bias in the domain risk of bias arising
from the randomisation process.40
Search strategy
Electronic searches
The following databases will be searched for published
studies: AMED, CINAHL, EMBASE, the Cochrane
Library and MEDLINE (including MEDLINE Epub
Ahead of Print, In-Process and Other Non-Indexed Citations, MEDLINE Daily and MEDLINE). Unpublished
and ongoing studies will be searched from WHO International Clinical Trials Registry Platform (http://www.who.
int/ictrp/en/) and the US National Institutes of Health
(https://clinicaltrials.gov/). Only English studies will be
included and no restriction will be set for publication
status. The search strategy for MEDLINE is provided as
online supplementary material.
Reference lists and other sources
Reference lists of all included studies, relevant systematic
reviews and meta-analyses, and guidelines will be screened
for eligible additional studies to be included.
Identification and selection of studies
Two reviewers will independently screen titles and
abstracts of the articles from the search. Before formal
screening of titles, we will perform an intratester agreement test (kappa test) by randomly selecting 50 citations
(through random number table) to be reviewed by two
independent reviewers.38 An agreement of 80% or more
will be considered acceptable. If we do not achieve the
percentage of the agreement, we will randomly select
another 50 citations subsequently until 80% of agreement is reached. Any disagreement will be solved by
discussion and if necessary, a third reviewer will arbitrate
the decision. When studies fail to provide the necessary
data, the authors will be contacted and further information requested.
Data extraction
Two reviewers will independently extract data from the
included studies using a standardised data extraction
form. Similarly, a pilot test will be performed before the
formal extraction. We will randomly select five articles
using a random number table to confirm we have enough
Chen L, et al. BMJ Open 2019;9:e024752. doi:10.1136/bmjopen-2018-024752

inter-rater agreement (at least 80%). Any disagreement
will be solved by discussion. Otherwise, a third reviewer
will make a decision. The following data will be extracted
from each included study based on recommendations
from previous studies.34 41
1. Study characteristics, such as year of study publication,
first author, journal, sample size, study funding and
location.
2. Patient characteristics, such as age, gender, including
and excluding criteria, diagnostic criteria, type of lumbar spinal stenosis, comorbidities, duration of symptoms and previous treatment.
3. Intervention characteristics.
4. Primary and secondary outcomes.
Measurement of treatment effect
Relative treatment effects
1. Continuous outcomes: If the studies use the same rating scale, we will use mean difference (MD) with its
95% CI. If different rating scales are used, standardised
MD with its 95% CI will be used.
2. Dichotomous outcomes: OR with its 95% CI will be
used.
3. For all-cause mortality, the number needed to harm
will be calculated.38
Relative treatment ranking
The surface under the cumulative ranking curve and
mean ranks will be used to rank each intervention for
each outcome.42 Rank-heat plot will be used to show the
ranking results of each outcome for each intervention.43
Dealing with missing outcome data and missing statistics
For continuous outcomes, if the study only reports SE, p
value or CI, we will convert them into SD.38 If the study
reports median and IQR, we will calculate SD by dividing
the IQR by 1.35 and considering the median equivalent to
the mean.38 If relevant information is provided in figures,
we will extract the data from the graphs. If data cannot
be obtained, we will contact the authors. If we do not
obtain relevant data, informative missingness difference
of means (IMDoM) will be used as one kind of sensitivity
analysis to explore the uncertainty of our results under
the missing at random assumption.44
For dichotomous outcomes, first, we will try to contact
the authors to obtain data. In the absence of a response
or of relevant data, informative missing ORs (IMORs)
for dichotomous outcomes will be used to explore the
uncertainty of our results under the missing at random
assumption.44
Risk of bias assessment
Two reviewers will independently assess the risk of bias of
the included studies. Any disagreement will be solved by
discussion. Otherwise, a third reviewer will make a decision. We will contact the authors to obtain further information if the third reviewer thinks it is necessary.
Revised Cochrane risk-of-bias tool for randomized
trials (RoB 2) will be used to evaluate the risk of bias
3
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ral tear, vascular injury, deep infection and pulmonary
embolus.
7. Treatment withdrawal due to adverse effect measured
by the percentage of patients who drop out due to adverse effect.
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Data analysis
The characteristics of study, patient and intervention
will be summarised descriptively. We will make a narrative review for some comparisons if insufficient data are
provided. Network plot will be drawn to descript the
available interventions. The size of the node reflects the
number of patients in each intervention. The breadth
of the edge shows the number of comparisons. For efficacy and safety outcomes, pairwise and NMA will be
performed.
Pairwise meta-analyses
We will perform traditional pairwise meta-analyses
through random-effect model with DerSimonian and
Laird inverse-variance method for every direct comparison.38 In some subgroups, we will also perform pairwise
meta-analyses if NMAs could not be performed. The
heterogeneity will be assessed by I2 and Τ2.38
Assessment of the transitivity assumption
The potential baseline effect modifiers (age, gender,
education level, baseline physical function, smoking habit,
body mass index (BMI), comorbidities and previous treatment) will be assessed to confirm they are similar among
different comparisons before we perform NMAs.34 If any
difference is found, we will perform meta-regression to
explore the influence on the results.
Network meta-analyses
Random-effect NMAs under the frequentist framework
will be performed to combine both direct and indirect
comparisons.45 The heterogeneity parameter is assumed
the same for each intervention.45 Prediction interval plot
will be drawn to reflect the uncertainly of the results in a
future study.46 47
4

Assessment of inconsistency
Bucher method as a local method and design-by-treatment
interaction model as a global method will be used.48 49 If
any inconsistency is found, node-splitting method will be
used to explore the original of the inconsistency.45
Exploring sources of heterogeneity or inconsistency with
subgroup analyses and meta-regression
For two primary outcomes (physical function and
all-cause mortality), subgroup analyses and meta-regressions will be performed under the three-time categories
(short term, mid term and long term) except for the
analysis on duration of follow-up for long-term assessment. Subgroup analyses will be performed as follows:
(1) Single-level spinal stenosis versus multiple levels,
the hypothesis is that patients with multiple levels spinal
stenosis might have poorer physical function and higher
all-cause mortality than patients with single level; (2)
Duration of follow-up for long-term assessment (eg, 1 year,
2 years and 5 years), the hypothesis is that patients who
received injection therapies might have poorer physical
function and higher all-cause mortality in longer duration
of follow than patients who received surgical therapies;
(3) Patients with versus patients without degenerative
spondylolisthesis, the hypothesis is that patients with
degenerative spondylolisthesis might have poorer physical function and higher all-cause mortality than patients
without; (4) Type of disease: central, foraminal or lateral,
the hypothesis is that patients with central lumbar spinal
stenosis might have poorer physical function and higher
all-cause mortality than patients with foraminal or lateral.
Meta-regression will be performed as follows: (1) age;
(2) percentage of the male; (3) sample size; (4) baseline
physical function; (5) percentage of the smoker and (6)
BMI.
Sensitivity analyses
For two primary outcomes (physical function and
all-cause mortality), sensitivity analyses will be performed
as follows: (1) only studies with low risk of bias; (2) studies
with imputed data through either IMDoM or IMOR;
(3) studies without a non-active comparison group; (4)
studies without receiving commercial funding and (5)
studies without unpublished data.
Publication bias
Comparison-adjusted funnel plot will be used to test
the publication bias if the number of included studies
is larger than 10.42 As described above, meta-regression
procedures using sample size and effect estimates will be
performed to detect the small-study effect.50
Grading the evidence
The Grading of Recommendations, Assessment, Development and Evaluations framework will be used to evaluate
the quality of evidence.51 The tool includes five domains,
which are study limitations, indirectness, inconsistency,
imprecision and publication bias.
Chen L, et al. BMJ Open 2019;9:e024752. doi:10.1136/bmjopen-2018-024752
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of included randomised parallel-group trials.40 The tool
is composed of five domains: (1) bias arising from the
randomisation process; (2) bias due to deviations from
intended interventions; (3) bias due to missing outcome
data; (4) bias due to missing outcome data and (5)
bias in selection of the reported result. Each domain
includes several signalling questions which elicit information relevant to an assessment of risk of bias. The
answer option for each signalling question is: yes, probably yes, probably no, no and no information. Based on
the answers of all signalling questions in one domain, we
will rate the domain as low risk of bias, some concerns
or high risk of bias. Finally, we will get the overall riskof-bias judgement as low risk of bias, some concerns or
high risk of bias considering the risk-of-bias judgement
in five domains.
For cluster-randomised trials, one more domain should
be considered: bias arising from identification or recruitment of individual participants within clusters. For crossover trials, analysis issues in cross-over trials should be
additionally considered.
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Patient and public involvement
Patients will not be involved.

Ethics and dissemination
We will publish the research in a peer-reviewed journal
after completing it.
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