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Abstract
Purpose  To estimate the prevalence of degenerative lumbar spinal stenosis (LSS) in adults, identified by clinical symptoms 
and/or radiological criteria.
Methods  Systematic review of the literature. Pooled prevalence estimates by care setting and clinical or radiological diag-
nostic criteria were calculated and plotted [PROSPERO ID: CRD42018109640].
Results  In total, 41 papers reporting on 55 study samples were included. The overall risk of bias was considered high in 
two-thirds of the papers. The mean prevalence, based on a clinical diagnosis of LSS in the general population, was 11% (95% 
CI 4–18%), 25% (95% CI 19–32%) in patients from primary care, 29% (95% CI 22–36%) in patients from secondary care 
and 39% (95% CI 39–39%) in patients from mixed primary and secondary care. Evaluating the presence of LSS based on 
radiological diagnosis, the pooled prevalence was 11% (95% CI 5–18%) in the asymptomatic population, 38% (95% CI − 10 
to 85%) in the general population, 15% (95% CI 13–18%) in patients from primary care, 32% (95% CI 22–41%) in patients 
from secondary care and 21% (95% CI 16–26%) in a mixed population from primary and secondary care.
Conclusions  The mean prevalence estimates based on clinical diagnoses vary between 11 and 39%, and the estimates based 
on radiological diagnoses similarly vary between 11 and 38%. The results are based on studies with high risk of bias, and 
the pooled prevalence estimates should therefore be interpreted with caution. With an growing elderly population, there is 
a need for future low risk-of-bias research clarifying clinical and radiological diagnostic criteria of lumbar spinal stenosis.

Graphic abstract
These slides can be retrieved under Electronic Supplementary Material.

Key points

1. The results were based on studies with high risk of bias.

2. There was a substantial variety in the definition of diagnostic criteria 
between studies for both clinical symptoms and radiological signs of 
lumbar spinal stenosis.

3. With an increasing elderly population there is a need for future low 
risk of bias research clarifying clinical and radiological diagnostic 
criteria of lumbar spinal stenosis.
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Jensen RK, Jensen TS, Koes B, Hartvigsen J (2020) Prevalence of lumbar spinal stenosis 
in general and clinical populations – a systematic review and meta-analysis. Eur Spine J;

Take Home Messages

1. The pooled prevalence estimates of lumbar spinal stenosis with a 
clinical diagnostic criterion was 11 % in the general population and 
ranged from 25 % to 39 % in clinical populations. 

2. The prevalence of radiological signs of LSS was 11 % in asymptomatic 
populations, 38 % in the general populations and ranged from 15 % to 
32 % in clinical populations. 

3. The results are mainly based on studies with high risk of bias and the 
pooled prevalence estimates should therefore be interpreted with 
caution.

Jensen RK, Jensen TS, Koes B, Hartvigsen J (2020) Prevalence of lumbar spinal stenosis 
in general and clinical populations – a systematic review and meta-analysis. Eur Spine J;
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Background

Degenerative lumbar spinal stenosis (LSS) refers to narrow-
ing of the spinal canal due to age-related changes in facet 
joints, discs and ligamentum flavum. The reduced space 
around the neurovascular structures can lead to neurogenic 
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claudication, which is the main symptom of LSS. Clinical 
symptoms related to LSS range from numbness and fatigue 
to actual pain in the buttocks and/or legs that increase with 
activities such as walking and standing (neurogenic clau-
dication). Patients often find relief from symptoms when 
sitting or flexing the spine [1]. Because of the aggravation 
of symptoms with walking and standing, individuals with 
LSS often experience reduced self-efficacy and physical 
function [2].

Currently, there is uncertainty about the clinical diag-
nostic criteria for LSS. In 2016, Tomkins-Lane et al. [3] 
published an international Delphi study (2016) that aimed 
at reaching an expert consensus on which factors were most 
important in the clinical diagnosis of LSS. The working 
group proposed seven case history items useful in under-
standing the clinical presentation of people with LSS: (1) 
leg or buttock pain while walking, (2) flex forward to relieve 
symptoms, (3) feel relief when using a shopping cart or 
bicycle, (4) motor or sensory disturbance while walking, 
(5) normal and symmetric foot pulses, (6) lower extremity 
weakness and (7) low back pain [3]. In 2018, Genevay et al. 
[4] suggested a set of clinical classification criteria including 
case history items and physical findings aimed at identify-
ing people with LSS. The study identified six items that 
predicted LSS. These criteria have, however, not yet been 
validated in an independent dataset, and they have not been 
widely implemented in research or daily practice.

Magnetic resonance imaging (MRI) is often used to 
assess radiological signs of LSS as it gives information 
on the presence and extent of degenerative changes in the 
lumbar spine and the size of the spinal canal [5]. However, 
there are no detailed classification criteria to describe LSS 
using MRI. In fact, pronounced variability in both quantita-
tive, semiquantitative and qualitative definitions have been 
described [6, 7]. As a consequence by means of consensus, 
Andreisek and colleagues [8] suggested a set of core items to 
be assessed in a structured imaging report on LSS. However, 
there seems to be only a poor correlation between spinal 
morphology assessed by MRI and clinical symptoms [9].

The prevalence of LSS increases with age due to the 
degenerative pathogenesis of the condition and is rarely 
seen in persons below 50 years of age [10–12]. Although, 
abnormalities in the postnatal development can cause con-
genital stenosis resulting in an early symptom onset, this is 
an uncommon condition [13]. With an increasing elderly 
dependency ratio, the number of people with pain and dis-
ability due to LSS will continue to increase and thereby the 
health care costs as well. However, there is a large range in 
the reported prevalence of LSS ranging between 6 and 47% 
depending on diagnostic criteria and the study population 
[14, 15] and therefore a need for clarity.

This systematic literature review was performed in order 
to identify studies on prevalence of LSS and to critically 
appraise and synthesise the evidence.

Objectives

The objective of this study was to estimate the prevalence 
of LSS in the general and occupational population, and in 
primary and secondary care, identified by (1) clinical cri-
teria of LSS or (2) by radiological criteria of LSS or (3) a 
combination of a clinical and radiological criteria of LSS.

Methods

The study protocol for this systematic review was registered 
on PROSPERO [16] (PROSPERO ID: CRD42018109640) 
[17]. The review was conducted and reported according to 
the Meta-analyses Of Observational Studies in Epidemiol-
ogy (MOOSE) [18] and the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses PRISMA [19].

Search strategy

A search strategy for electronic databases was developed and 
assisted by a research librarian. The databases MEDLINE, 
EMBASE and CINAHL were searched for articles in any 
language using relevant words in MeSH terms and/or as free 
text: ‘spinal stenosis’ and ‘lumbar spine’. The search period 
was not limited, and the searches were conducted on 14 July 
2019. See Supplementary file 1 for full search strategy. Also, 
reference lists from eligible studies and reviews were hand 
searched for additional references.

Types of studies

Studies with observational study design (cross-sectional, 
cohort or case–control) or RCTs were considered if the 
prevalence of LSS was reported in asymptomatic, occupa-
tional, general or clinical populations from primary and/or 
secondary care settings.

Inclusion and exclusion criteria

Two investigators assessed all titles and abstracts indepen-
dently. In case of disagreement, consensus was reached 
through discussion. Articles were considered for inclusion 
if they were original articles from peer-reviewed scientific 
journals reporting the prevalence of LSS in human adults 
(above age 18). Studies in all languages were considered. 
Articles were excluded in the case of: (1) including popula-
tions with symptoms or diagnosis mimicking LSS such as 



2145European Spine Journal (2020) 29:2143–2163	

1 3

vascular claudication, (2) including populations with com-
peting disease clouding the LSS symptoms such as Par-
kinson’s disease or traumatic spinal cord injury, (3) papers 
reporting exclusively on prevalence of congenital LSS and 
(4) studies investigating cadavers.

Data extraction

Data were extracted from the full text papers independently 
by two of the authors in pairs using a predefined form. If 
disagreement occurred, consensus was reached through dis-
cussion. If data were reported by age and/or sex, both the 
stratified and total data were extracted.

Case definitions were split onto two groups: (1) Clini-
cal diagnosis of LSS (based on neurogenic claudication: 
reduced waking distance due to leg pain relieved when sit-
ting or flexing the spine) and (2) radiological diagnosis of 
LSS (based on a description of narrowing of the central, 
lateral (recess) or foraminal canal as seen on MRI or CT).

The following descriptive items were extracted: country; 
year of publication; study design; population (primary care, 
secondary care, general, asymptomatic or occupational); 
sample size; age; sex; denominator (number of cases at risk); 
numerator (number of cases with LSS); diagnostic tool for 
each of the two case definitions together with all items from 
the risk-of-bias tool.

Risk‑of‑bias assessment

Two authors in pairs assessed the risk of bias for each 
included study using a tool developed to assess the risk-of-
bias studies reporting prevalence of low back pain devel-
oped by Hoy et al. [20]. The original tool is comprised of 
10 questions rated with either high or low risk of bias. We 
added a descriptive text for each of the LSS case definitions. 
We modified three questions for the aim of this study. The 
question in item 1 was rephrased to “Was the study popu-
lation representative of the target population?” instead of 
the national population as our study included both general 

and clinical populations. The original item 5 was left out 
as both clinical and imaging information could only have 
been collected directly from the subjects. The original item 
9 concerning the length of the shortest prevalence period 
was considered irrelevant if the case definition was imaging. 
The modified tool thus became a 9-item checklist addressing 
internal and external validity (Table 1). Each question could 
be answered as “yes” or “no”, and an overall assessment of 
risk of bias was rated low, moderate or high. Any disagree-
ment was resolved by discussion between the authors. The 
full risk-of-bias tool is shown in Supplementary file 2.

Data management and analysis

EndNote X8’ (Clarivate Analytics, Philadelphia, USA) was 
used for management of included references and removal of 
duplicates. Covidence (Covidence systematic review soft-
ware, 2013, Veritas Health Innovation, Melbourne, Aus-
tralia) was used for further management during the inclusion 
and exclusion process.

If the severity of LSS was assessed and reported, the 
prevalence of the categories moderate and severe was 
merged and included as the overall prevalence. If the loca-
tion of LSS was described (foraminal, recess and central), 
the combined prevalence was included and if combining the 
three was not possible the prevalence of central stenosis was 
chosen. If more studies reported on the same data source, 
only the original study was included in the meta-analysis.

Data were extracted from each individual study popu-
lation if the studies included more than one study popu-
lation or used more than one case definition. The preva-
lence was calculated by extracting the number of people 
diagnosed with LSS (numerator) divided by the sample size 
(denominator).

Data extraction was done in Microsoft Excel 2010 data-
base (Microsoft Corporation, Redmond, WA, USA), and the 
extracted data were presented in tabular form with summa-
rising tables.

Table 1   Risk-of-bias 
assessment tool [20]

Items Risk-of-Bias tool modified from Hoy et al. [20]

1. Was the study population representative of the target population?
2. Was the sampling frame a true or close representation of the target population?
3. Was some form of random selection used to select the sample, OR, was a census undertaken?
4. Was the likelihood of non-response bias minimal?
5. Was an acceptable case definition used in the study?
6. Was the study instrument that measured the parameter of interest (e.g. prevalence of LSS) 

shown to have reliability and validity (if necessary)?
7. Was the same mode of data collection used for all subjects?
8. Was the length of the shortest prevalence period for the parameter of interest appropriate?
9. Were the numerator(s) and denominator(s) for the parameter of interest appropriate?
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The mean prevalence for each subpopulation was calcu-
lated, and descriptive data were tabulated and displayed.

Pooled prevalence estimates were calculated and grouped 
first by case definition (clinical or radiological) and then 
by setting (asymptomatic, general and occupational popula-
tions, primary care, secondary care or mixed primary and 
secondary care) using a random-effects model (to account 
for heterogeneity). Separate meta-analyses were carried out 
for the different subgroups to avoid dependence problems 
and a pooled prevalence figure was calculated with 95% 
CI showing the relative study weights assigned. Two stud-
ies reporting a prevalence of 0% were artificially given a 
numerator of 0.001.

Even though subgroups were formed, some heterogene-
ity was expected within the subgroups due to differences in 
clinical populations and case definitions. The heterogeneity 
was statistically assessed by calculating I2.

The distribution of prevalence estimates by risk of bias 
was assessed by a graphical display.

Data management and statistical analysis were performed 
using Stata version 15 (StataCorp, College Station, Texas, 
USA).

Results

After excluding duplicates, the electronic search provided 
1813 papers of potential interest. Additionally, four papers 
were identified through reference list and one from contact 
with an expert with a final of 1817 papers. After screening 
titles and abstracts, 105 full text papers were retrieved. A 
total of 41 (reporting on 52 study populations) papers were 
included in the review. Figure 1 displays the flow of the 
inclusion. For three of the 52 populations, prevalence of LSS 
was reported for both the clinical and the radiological case 
definitions. Therefore, the final number of study samples 
reporting prevalence figures was 55.

Characteristics of studies

Of the 55 study samples reporting prevalence estimates, 22 
used a clinical case definition of LSS, 30 a radiological case 
definition and three used a combination. In three study sam-
ples, CT was used to diagnose LSS. One used either MRI 
or CT, one used fluoroscopically guided diagnostic injec-
tions and advanced imaging techniques and the remaining 

Fig. 1   PRISMA flowchart of search and exclusion process for papers of the prevalence of LSS PRISMA: Preferred Reporting Items for System-
atic Reviews and Meta-Analysis
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25 study samples used MRI. LSS was identified by expert 
opinion in 13 study samples, by ICD-9 or -10 codes in 4, 
by questionnaire in 4 and one study used a single clinical 
test. Three studies used a combination of expert opinion and 
MRI. Nine estimates of prevalence were extracted from an 
asymptomatic population, 11 from the general population, 
six from primary care, 23 from secondary care and six from 
a mixed primary and secondary care setting. None of the 
study samples were from an occupational care setting. Most 
study samples were from Japan (n = 18) and USA (n = 16), 
followed by Canada (n = 4), Turkey (n = 3), Denmark, Fin-
land, UK, Kuwait (n = 2), and Italy, France, Korea, Neth-
erlands, Pakistan, Togo (n = 1). The sample size ranged 
from 24 to 699,723 people with a median of 216 (IQR 100-
938). Table 2 shows the study characteristics of all included 
populations. 

Risk of bias

Of the 41 included papers, eight had low risk of bias, five 
had moderate risk of bias and 28 (68%) had high risk of 
bias. The main reason for high risk of bias was item one 
(28 negative ratings) and two (29 negative ratings) address-
ing the repetitiveness of the study populations and the sam-
pling frame, respectively. The full risk-of-bias assessment 
is shown in Table 3. As shown in Figs. 2 and 3, studies with 
high risk of bias in general had higher prevalence estimates 
than studies with moderate or low risk of bias.  

Prevalence estimates

The pooled prevalence estimates for each subpopulation are 
shown in Fig. 4.

Clinical case definition

The pooled prevalence of clinical symptoms of LSS in 
the general population was 11% (95% CI 4–18%) (4 study 
samples [10, 12, 14, 21], n = 6108, mean age 62, age range 
19–93, 56% female), 25% (95% CI 19–32%) in patient popu-
lations from primary care (4 study samples from 3 papers 
[22–24], n = 171,157, mean age 69, age range 18–80, 55% 
female), 29% (95% CI 22–36%) in patient populations from 
secondary care (9 study samples from 8 papers [25–32], 
n = 135,881, mean age 58, age range 17–94, 51% female) 
and 39% (95% CI 39–39%) in patients in a mixed patient 
population from both primary and secondary care (2 study 
samples [33, 34], n = 19,110, mean age 65, age range 20–96, 
55% female).

Radiological case definition

When evaluating the presence of LSS based on radiological 
diagnosis, the pooled prevalence was 11% (95% CI 5–18%) 
in an asymptomatic population (8 study samples from 7 
papers [35–41], n = 715, mean age 45, age range 20–80, 37% 
female), 38% (95% CI − 10 to 85%) in the general popula-
tion (3 study samples [13, 21, 42], n = 1541, mean age 53, 
age range 32–93, 60% female), 15% (95% CI 13–18%) in a 
patient population from primary care (2 study samples [24, 
43], n = 713, mean age 57, age range 19–80, 46% female), 
32% (95% CI 22–41%) in a patient population from sec-
ondary care (13 study samples from 10 papers [31, 32, 35, 
37, 44–49], n = 7133, mean age 52, age range 18–95, 50% 
females) and 21% (95% CI 16–26%) in a mixed patient pop-
ulation from primary and secondary care (2 study samples 
from 1 paper [50], n = 246, mean age 43, age range 18–65, 
58% female).

Mixed clinical and radiological definition

One study [11] investigated the prevalence of LSS in the 
general population (n = 1009, mean age 66, age range 21–97, 
67% female) using a clinical diagnosis based on expert opin-
ion combined with the presence of LSS on MRI and found 
a prevalence of 9% (95% CI 8–11%). Another study [51] 
used the same diagnostic criteria (expert opinion + MRI) in 
a patient population from secondary care (n = 186, mean age 
40, age range 20–60, 43% female) and found a prevalence of 
56% (95% CI 48–63%).

Classification of severity and radiological anatomical 
location of LSS

The distributions of LSS by classification of severity was 
reported in 13 study populations. Details are shown in 
Table 4. Some papers did not describe how severity was 
classified while others used different definitions and cut-off 
points. However, except for two study populations [24, 49], 
all the results showed that LSS classified as severe was less 
prevalent than classifications of mild/moderate LSS.

Of the 33 study samples including imaging in the diagno-
sis of LSS, 17 reported if the case definition included cen-
tral, recess/lateral or foraminal stenosis. The description of 
spinal stenosis on imaging ranged from very detailed radio-
logical definitions to only mentioning the anatomical loca-
tion. The prevalence of LSS by anatomical site was reported 
in four study samples using different radiological definitions 
and a comparison was therefore not possible.
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Age groups

Data on the prevalence of LSS in age groups was extracted 
from 11 papers (12 study samples) and showed an increase 
in prevalence by age for both clinical diagnosis of LSS (five 
study samples [10, 12, 25, 32, 33]) and radiological diag-
nosis (seven study samples [11, 15, 32, 36, 38, 41, 45]) as 
shown in Fig. 5. The graphs indicate that the increase in 
prevalence happens earlier using a radiological diagnosis 
(around 40 years) compared to a clinical diagnosis (around 
50 years). Additionally, four studies reported an increasing 
prevalence by age groups but with a graphical display only 
[13, 21, 52, 53].

Discussion

Overall, there was a wide range in prevalence estimates 
among the 55 included study samples. When defining LSS 
by a clinical diagnostic criterion, the pooled prevalence esti-
mates were 11% in the general population, 25% in popula-
tions from primary care and 29% from secondary care popu-
lations. Radiological signs of LSS was 11% in asymptomatic 
people, 38% in the general populations, 15% in populations 
from primary care and 32% from secondary care. Severe 
radiological signs of LSS were less prevalent than moderate 
or mild LSS. There was a pattern of increasing prevalence 
by age and that the increase happened around a decade ear-
lier when using a radiological diagnosis of LSS compared 
to using a clinical diagnosis. The majority of studies (68%) 
had high risk of bias and in general, these studies reported 
a higher prevalence than studies with moderate or low risk 
of bias.

To our knowledge, this is the first systematic review on 
the prevalence of LSS, and therefore, we are not able to 
make a comparison with other studies.

Single studies investigating the prevalence of LSS are 
limited by choice of the population and diagnostic crite-
ria used. In that aspect doing a systematic review including 
different definitions of LSS and a variety of populations is 
superior.

The strengths of this review include a predefined protocol 
registered in PROSPERO and no limitations on search crite-
ria addressing time and language. We were able to include 
a wide range of studies enabling a subdivision into relevant 
case definitions (clinical or radiological) and further into 
different populations. Also, all studies reporting a prevalence 
estimate of LSS were considered and not only those with an 
aim to investigate the prevalence LSS, which of course also 
affected the risk-of-bias assessment.

The ratio of true heterogeneity to total observed varia-
tion (I2) showed a very high variance between studies even 
after subdividing them into relevant subgroups. There could 
be several reasons for this diversity all related to the high 
variety of definitions of LSS by both clinical and radiologi-
cal criteria.

Studies reporting the prevalence of LSS by radiologi-
cal diagnosis used various definitions and cut-off points of 
severity introducing heterogeneity which is why we chose to 
include the prevalence for both moderate and severe LSS if 
reported. Additionally, some studies reported solely on cen-
tral LSS, others included lateral/recess or foraminal stenosis 
and some studies did not report how LSS was defined. Also, 
the difference in imaging modality (MRI/CT) and imaging 
techniques could have influenced the prevalence.

Studies reporting the prevalence of LSS by a clinical 
diagnosis also used a wide range of definitions and measures 

Fig. 2   Box plot of prevalence estimates of LSS: moderate or low 
(green) versus high (red) risk of bias

Fig. 3   Scatter plot of prevalence estimates of LSS by moderate or low 
(green) versus high (red) risk of bias
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Fig. 4   Prevalence of LSS in different populations by clinical diagnosis and radiological signs



2159European Spine Journal (2020) 29:2143–2163	

1 3

of prevalence which could question the comparability. Some 
used ICD codes collected in registries (prevalence ranging 
from 7 to 23%), some used expert opinions (prevalence 
4–53%) and others used questionnaires collected from 
patients (prevalence 6–38%). Even though expert opinions 
are the gold standard of diagnosing LSS in everyday clini-
cal work, the reproducibility may be limited and therefore 
hardly comparable.

Due to the degenerative nature of the condition, the prev-
alence of LSS is associated with age and the age range of the 
study sample will therefore be likely to influence the preva-
lence. As an example, Ishimoto et al. [21] investigated a 
population with an age range from 40 to 93 years (mean age 
67, prevalence 78%) while a study by Kjaer et al. [42] only 
included people who were 40 years old (prevalence 12%).

Even though we subdivided the study samples into study 
populations (asymptomatic, general, primary care, second-
ary care and a mixed primary/secondary care), there were 
still differences within each study population. For example, 

clinical populations from secondary care were included from 
departments of surgery, rheumatology or general internal 
medicine while others were from specialised spine clin-
ics. Asymptomatic populations included study samples of 
participants with no clinical symptoms of LSS, participants 
with no LBP but pain in other regions such as neck pain or 
participants from, e.g. dental or dermatology clinics. Also, 
in 28 of the 41 studies there was a high risk of bias that the 
study sample was not representative of the target population 
and combined with the heterogenicity of the study samples 
the pooled prevalence estimates should be interpreted with 
caution.

The majority of studies were from Europe, North Amer-
ica or Japan (90%); therefore, the results are only considered 
applicable to those regions.

By using both a clinical criterion (clinical symptoms of 
LSS) and a radiological criterion (LSS present on MRI or 
CT), we aimed to visualise a possible difference between 
the two criteria. We expected to find the lowest prevalence 

Table 4   Prevalence of radiological lumbar spinal stenosis classifications

a CT definition: ≤ 12 mm (‘relative’ stenosis) and ≤ 10 mm (‘absolute’ stenosis). Absolute stenosis is therefore also included in the ‘relative’ ste-
nosis group

Citation Population N Classification

No LSS Mild Moderate Severe

Carragee et al. [39] Asymptomatic
(Chronic nonlumbar pain)

n = 100 89% 11%

Carragee et al. [39] Asymptomatic
(No pain)

n = 100 85% 15%

Cheng et al. [46] Secondary care
(Surgical)

n = 675 52% 29% 19%

Cheng et al. [46] Secondary care
(Non-surgical)

n = 647 64% 29% 7%

Chiodo et al. [40] Asymptomatic
(No LBP or LSS symptoms)

n = 32 44% 25% 28% 3%

Dobbs et al. [24] Primary care
(LBP + leg pain)

n = 30 17% 3% 37% 43%

Fu et al. [49] Secondary care
(LBP + degenerative scoliosis)

n = 36 14% 6% 36% 44%

Ishimoto et al. [21] General
Central stenosis n = 938 1% 21% 48% 30%
Lateral stenosis n = 938 1% 22% 41% 37%
Foraminal stenosis n = 938 9% 51% 33% 7%
Jarvik et al. [38] Asymptomatic

(No LBP or sciatica)
n = 148 – – 10%

Kalichman et al. (SpJr) [13] General n = 191 67% 23% 7%a

Kjaer et al. [42] General
Central stenosis n = 412 87.9% 10.7% 1.5%
Foraminal stenosis n = 412 73.5% 22.1% 4.1%
Modic et al. [50] Mixed primary/secondary

(Leg pain)
n = 150 83% 17%

Modic et al. [50] Mixed primary/secondary
(LBP)

n = 96 70% 30%
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estimates when investigating clinical symptoms compared 
to using a radiological criterion. However, the wide range 
in prevalence made it impossible to draw such conclusions 
although it remains the most logical expectation. There was 
a trend for both clinical and radiological criterion that the 
prevalence was lowest in asymptomatic and general popu-
lations and increased in the clinical populations, the only 
exception being the radiological criteria in the general popu-
lations although this could be explained by the cut-off point 
of LSS used in the study by Ishimoto et al. [21]. The variety 
in reported prevalence estimates found in this study should 

make clinicians carefully consider the clinical implications 
of both clinical and especially radiological evidence of LSS.

The topic is of highly clinical importance due to the 
growing elderly population and thereby a possible rise in 
prevalence of the disease.

We need better definitions of both clinical symptoms 
and radiological signs to be able to compare studies, and 
it is obvious that we need more studies with low risk of 
bias investigating the prevalence of LSS and especially 
in the clinical populations. We found no studies with low 
risk of bias investigating the prevalence in either primary 

Fig. 5   Prevalence of LSS in age groups by clinical diagnosis and radiological signs
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or secondary care populations. Also, we were not able to 
identify any studies on occupational populations investigat-
ing the prevalence of LSS. In addition, a research focus on 
the association between clinical symptoms and the presence 
of LSS on imaging would be highly relevant from a clinical 
point of view.

Conclusions

The pooled prevalence estimates of LSS with a clinical 
diagnostic criterion were 11% in the general population and 
ranged from 25 to 39% in clinical populations. The preva-
lence of radiological signs of LSS was 11% in asymptomatic 
populations, 38% in the general populations and ranged from 
15 to 32% in clinical populations. The results are based on 
studies with high risk of bias, and there was a substantial 
variety in the definition of diagnostic criteria between stud-
ies for both clinical symptoms and radiological signs of 
LSS and cautious interpretation of the results is therefore 
required.

Funding  The authors did not receive funding for this study.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

References

	 1.	 Porter RW (1996) Spinal stenosis and neurogenic claudication. 
Spine (Phila Pa 1976) 21(17):2046–2052

	 2.	 Iversen MD, Katz JN (2001) Examination findings and self-
reported walking capacity in patients with lumbar spinal stenosis. 
Phys Ther 81(7):1296–1306

	 3.	 Tomkins-Lane C, Melloh M, Lurie J, Smuck M, Freeman B, 
Samartzis D, Hu R, Barz T, Stuber K, Schneider M, Haig A, Schi-
zas C, Cheung J, Mannion AF, Staub L, Comer C, Macedo L, Ahn 
SH, Takahashi K, Sandella D, Battie M (2016) Consensus on the 
clinical diagnosis of lumbar spinal stenosis: results of an Inter-
national Delphi Study. Spine. https​://doi.org/10.1097/brs.00000​
00000​00147​6

	 4.	 Genevay S, Courvoisier DS, Konstantinou K, Kovacs FM, Marty 
M, Rainville J, Norberg M, Kaux JF, Cha TD, Katz JN, Atlas SJ 
(2018) Clinical classification criteria for neurogenic claudication 
caused by lumbar spinal stenosis. The N-CLASS criteria. Spine J 
18(6):941–947. https​://doi.org/10.1016/j.spine​e.2017.10.003

	 5.	 Malfair D, Beall DP (2007) Imaging the degenerative diseases of 
the lumbar spine. Magn Reson Imaging Clin N Am 15(2):221-
238,vi. https​://doi.org/10.1016/j.mric.2007.04.001

	 6.	 Andreisek G, Imhof M, Wertli M, Winklhofer S, Pfirrmann CW, 
Hodler J, Steurer J, Lumbar Spinal Stenosis Outcome Study Work-
ing Group Zurich (2013) A systematic review of semiquantita-
tive and qualitative radiologic criteria for the diagnosis of lumbar 

spinal stenosis. AJR Am J Roentgenol 201(5):W735–W746. https​
://doi.org/10.2214/ajr.12.10163​

	 7.	 Mamisch N, Brumann M, Hodler J, Held U, Brunner F, Steurer J, 
Lumbar Spinal Stenosis Outcome Study Working Group Zurich 
(2012) Radiologic criteria for the diagnosis of spinal stenosis: 
results of a Delphi survey. Radiology 264(1):174–179. https​://
doi.org/10.1148/radio​l.12111​930

	 8.	 Andreisek G, Deyo RA, Jarvik JG, Porchet F, Winklhofer SF, 
Steurer J, LSOS Working Group (2014) Consensus conference 
on core radiological parameters to describe lumbar stenosis—an 
initiative for structured reporting. Eur Radiol 24(12):3224–3232. 
https​://doi.org/10.1007/s0033​0-014-3346-z

	 9.	 Kim YU, Kong YG, Lee J, Cheong Y, Kim S, Kim HK, Park 
JY, Suh JH (2015) Clinical symptoms of lumbar spinal stenosis 
associated with morphological parameters on magnetic resonance 
images. Eur Spine J 24(10):2236–2243. https​://doi.org/10.1007/
s0058​6-015-4197-2

	10.	 Yabuki S, Fukumori N, Takegami M, Onishi Y, Otani K, Sekigu-
chi M, Wakita T, Kikuchi S, Fukuhara S, Konno S (2013) Preva-
lence of lumbar spinal stenosis, using the diagnostic support tool, 
and correlated factors in Japan: a population-based study. J Orthop 
Sci 18(6):893–900. https​://doi.org/10.1007/s0077​6-013-0455-5

	11.	 Ishimoto Y, Yoshimura N, Muraki S, Yamada H, Nagata K, 
Hashizume H, Takiguchi N, Minamide A, Oka H, Kawaguchi H, 
Nakamura K, Akune T, Yoshida M (2012) Prevalence of symp-
tomatic lumbar spinal stenosis and its association with physical 
performance in a population-based cohort in Japan: the Wakayama 
Spine Study. Osteoarthritis Cartilage 20(10):1103–1108. https​://
doi.org/10.1016/j.joca.2012.06.018

	12.	 Otani K, Kikuchi S, Yabuki S, Igarashi T, Nikaido T, Watanabe 
K, Konno S (2013) Lumbar spinal stenosis has a negative impact 
on quality of life compared with other comorbidities: an epide-
miological cross-sectional study of 1862 community-dwelling 
individuals. ScientificWorldJournal 2013:590652. https​://doi.
org/10.1155/2013/59065​2

	13.	 Kalichman L, Cole R, Kim DH, Li L, Suri P, Guermazi A, Hunter 
DJ (2009) Spinal stenosis prevalence and association with symp-
toms: the Framingham Study. Spine J 9(7):545–550. https​://doi.
org/10.1016/j.spine​e.2009.03.005

	14.	 Chiba D, Tsuda E, Wada K, Kumagai G, Sasaki E, Nawata A, 
Nakagomi S, Takahashi I, Nakaji S, Ishibashi Y (2016) Lum-
bar spondylosis, lumbar spinal stenosis, knee pain, back muscle 
strength are associated with the locomotive syndrome: rural popu-
lation study in Japan. J Orthop Sci 21(3):366–372. https​://doi.
org/10.1016/j.jos.2016.02.006

	15.	 Sugioka T, Hayashino Y, Konno S, Kikuchi S, Fukuhara S (2008) 
Predictive value of self-reported patient information for the identi-
fication of lumbar spinal stenosis. Fam Pract 25(4):237–244. https​
://doi.org/10.1093/fampr​a/cmn03​1

	16.	 Booth A, Clarke M, Dooley G, Ghersi D, Moher D, Petticrew M, 
Stewart L (2013) PROSPERO at one year: an evaluation of its 
utility. Syst Rev 2:4. https​://doi.org/10.1186/2046-4053-2-4

	17.	 Jensen RK, Jensen TS, Koes B, Hartvigsen J (2018) Systematic 
review and meta-analysis of the prevalence of lumbar spinal ste-
nosis in the general population, and in primary and secondary 
care. PROSPERO 2018 CRD42018109640. http://www.crd.york.
ac.uk/PROSP​ERO/displ​ay_recor​d.php?ID=CRD42​01810​9640. 
Accessed 27 Jan 2020

	18.	 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Ren-
nie D, Moher D, Becker BJ, Sipe TA, Thacker SB (2000) Meta-
analysis of observational studies in epidemiology: a proposal for 
reporting. Meta-analysis Of Observational Studies in Epidemi-
ology (MOOSE) group. JAMA 283(15):2008–2012. https​://doi.
org/10.1001/jama.283.15.2008

	19.	 Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group 
(2009) Preferred reporting items for systematic reviews and 

https://doi.org/10.1097/brs.0000000000001476
https://doi.org/10.1097/brs.0000000000001476
https://doi.org/10.1016/j.spinee.2017.10.003
https://doi.org/10.1016/j.mric.2007.04.001
https://doi.org/10.2214/ajr.12.10163
https://doi.org/10.2214/ajr.12.10163
https://doi.org/10.1148/radiol.12111930
https://doi.org/10.1148/radiol.12111930
https://doi.org/10.1007/s00330-014-3346-z
https://doi.org/10.1007/s00586-015-4197-2
https://doi.org/10.1007/s00586-015-4197-2
https://doi.org/10.1007/s00776-013-0455-5
https://doi.org/10.1016/j.joca.2012.06.018
https://doi.org/10.1016/j.joca.2012.06.018
https://doi.org/10.1155/2013/590652
https://doi.org/10.1155/2013/590652
https://doi.org/10.1016/j.spinee.2009.03.005
https://doi.org/10.1016/j.spinee.2009.03.005
https://doi.org/10.1016/j.jos.2016.02.006
https://doi.org/10.1016/j.jos.2016.02.006
https://doi.org/10.1093/fampra/cmn031
https://doi.org/10.1093/fampra/cmn031
https://doi.org/10.1186/2046-4053-2-4
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018109640
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018109640
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1001/jama.283.15.2008


2162	 European Spine Journal (2020) 29:2143–2163

1 3

meta-analyses: the PRISMA statement. BMJ 339:b2535. https​://
doi.org/10.1136/bmj.b2535​

	20.	 Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, Baker P, 
Smith E, Buchbinder R (2012) Assessing risk of bias in preva-
lence studies: modification of an existing tool and evidence of 
interrater agreement. J Clin Epidemiol 65(9):934–939. https​://doi.
org/10.1016/j.jclin​epi.2011.11.014

	21.	 Ishimoto Y, Yoshimura N, Muraki S, Yamada H, Nagata K, 
Hashizume H, Takiguchi N, Minamide A, Oka H, Kawaguchi 
H, Nakamura K, Akune T, Yoshida M (2013) Associations 
between radiographic lumbar spinal stenosis and clinical symp-
toms in the general population: the Wakayama Spine Study. 
Osteoarthritis Cartilage 21(6):783–788. https​://doi.org/10.1016/j.
joca.2013.02.656

	22.	 Weiner DK, Sakamoto S, Perera S, Breuer P (2006) Chronic low 
back pain in older adults: prevalence, reliability, and validity of 
physical examination findings. J Am Geriatr Soc 54(1):11–20. 
https​://doi.org/10.1111/j.1532-5415.2005.00534​.x

	23.	 Beaudet N, Courteau J, Sarret P, Vanasse A (2013) Prevalence of 
claims-based recurrent low back pain in a Canadian population: a 
secondary analysis of an administrative database. BMC Musculo-
skelet Disord 14:151. https​://doi.org/10.1186/1471-2474-14-151

	24.	 Dobbs R, May S, Hope P (2016) The validity of a clinical test for 
the diagnosis of lumbar spinal stenosis. Man Ther 25:27–34. https​
://doi.org/10.1016/j.math.2016.05.332

	25.	 Ahn YJ, Shin JS, Lee J, Lee YJ, Kim MR, Park KB, Lee JH, 
Shin KM, Ha IH (2016) Evaluation of use and cost of medical 
care of common lumbar disorders in Korea: cross-sectional study 
of Korean Health Insurance Review and Assessment Service 
National Patient Sample data. BMJ Open 6(9):e012432. https​://
doi.org/10.1136/bmjop​en-2016-01243​2

	26.	 Orita S, Yamashita T, Ohtori S, Yonenobu K, Kawakami M, 
Taguchi T, Kikuchi SI, Ushida T, Konno SI, Nakamura M, 
Fujino K, Matsuda S, Yone K, Takahashi K (2016) Prevalence 
and location of neuropathic pain in lumbar spinal disorders. Spine 
41(15):1224–1231. https​://doi.org/10.1097/BRS.00000​00000​
00155​3

	27.	 Mijiyawa M, Oniankitan O, Kolani B, Koriko T (2000) Low back 
pain in hospital outpatients in Lome (Togo). Joint Bone Spine 
67(6):533–538

	28.	 Pahl MA, Brislin B, Boden S, Hilibrand AS, Vaccaro A, Hanscom 
B, Albert TJ (2006) The impact of four common lumbar spine 
diagnoses upon overall health status. Spine J 6(2):125–130. https​
://doi.org/10.1016/j.spine​e.2005.04.014

	29.	 Katz JN, Dalgas M, Stucki G, Katz NP, Bayley J, Fossel AH, 
Chang LC, Lipson SJ (1995) Degenerative lumbar spinal stenosis. 
Diagnostic value of the history and physical examination. Arthritis 
Rheum 38(9):1236–1241

	30.	 Boakye M, Moore R, Kong M, Skirboll SL, Arrigo RT (2013) 
Health-related quality-of-life status in Veterans with spinal dis-
orders. Qual Life Res 22(1):45–52. https​://doi.org/10.1007/s1113​
6-012-0121-y

	31.	 Laslett M, McDonald B, Tropp H, Aprill CN, Oberg B (2005) 
Agreement between diagnoses reached by clinical examination 
and available reference standards: a prospective study of 216 
patients with lumbopelvic pain. BMC Musculoskelet Disord 6:28. 
https​://doi.org/10.1186/1471-2474-6-28

	32.	 Tsutsumimoto T, Shimogata M, Yui M, Ohta H, Misawa H 
(2012) The natural history of asymptomatic lumbar canal 
stenosis in patients undergoing surgery for cervical mye-
lopathy. J Bone Joint Surg Br 94(3):378–384. https​://doi.
org/10.1302/0301-620x.94b3.27867​

	33.	 Sekiguchi M, Yonemoto K, Kakuma T, Nikaido T, Watanabe K, 
Kato K, Otani K, Yabuki S, Kikuchi S, Konno S (2015) Relation-
ship between lumbar spinal stenosis and psychosocial factors: a 

multicenter cross-sectional study (DISTO project). Eur Spine J 
24(10):2288–2294. https​://doi.org/10.1007/s0058​6-015-4002-2

	34.	 Konno S, Hayashino Y, Fukuhara S, Kikuchi S, Kaneda K, Seichi 
A, Chiba K, Satomi K, Nagata K, Kawai S (2007) Development 
of a clinical diagnosis support tool to identify patients with lum-
bar spinal stenosis. Eur Spine J 16(11):1951–1957. https​://doi.
org/10.1007/s0058​6-007-0402-2

	35.	 Al-Saeed O, Al-Jarallah K, Raeess M, Sheikh M, Ismail M, Ath-
yal R (2012) Magnetic resonance imaging of the lumbar spine 
in young arabs with low back pain. Asian Spine J 6(4):249–256. 
https​://doi.org/10.4184/asj.2012.6.4.249

	36.	 Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW (1990) 
Abnormal magnetic-resonance scans of the lumbar spine in 
asymptomatic subjects. A prospective investigation. J Bone Joint 
Surg Am 72(3):403–408

	37.	 Parkkola R, Rytokoski U, Kormano M (1993) Magnetic resonance 
imaging of the discs and trunk muscles in patients with chronic 
low back pain and healthy control subjects. Spine (Phila Pa 1976) 
18(7):830–836

	38.	 Jarvik JJ, Hollingworth W, Heagerty P, Haynor DR, Deyo RA 
(2001) The Longitudinal Assessment of Imaging and Disability 
of the Back (LAIDBack) Study: baseline data. Spine (Phila Pa 
1976) 26(10):1158–1166

	39.	 Carragee E, Alamin T, Cheng I, Franklin T, van den Haak E, 
Hurwitz E (2006) Are first-time episodes of serious LBP associ-
ated with new MRI findings? Spine J 6(6):624–635. https​://doi.
org/10.1016/j.spine​e.2006.03.005

	40.	 Chiodo A, Haig AJ, Yamakawa KS, Quint D, Tong H, Choksi 
VR (2007) Needle EMG has a lower false positive rate than 
MRI in asymptomatic older adults being evaluated for lumbar 
spinal stenosis. Clin Neurophysiol 118(4):751–756. https​://doi.
org/10.1016/j.clinp​h.2006.12.004

	41.	 Matsumoto M, Okada E, Toyama Y, Fujiwara H, Momoshima 
S, Takahata T (2013) Tandem age-related lumbar and cervical 
intervertebral disc changes in asymptomatic subjects. Eur Spine 
J 22(4):708–713. https​://doi.org/10.1007/s0058​6-012-2500-z

	42.	 Kjaer P, Leboeuf-Yde C, Korsholm L, Sorensen JS, Bendix T 
(2005) Magnetic resonance imaging and low back pain in adults: 
a diagnostic imaging study of 40-year-old men and women. Spine 
(Phila Pa 1976) 30(10):1173–1180

	43.	 de Schepper EI, Koes BW, Veldhuizen EF, Oei EH, Bierma-Zein-
stra SM, Luijsterburg PA (2016) Prevalence of spinal pathology 
in patients presenting for lumbar MRI as referred from general 
practice. Fam Pract 33(1):51–56. https​://doi.org/10.1093/fampr​
a/cmv09​7

	44.	 Baykara RA, Bozgeyik Z, Akgul O, Ozgocmen S (2013) Low 
back pain in patients with rheumatoid arthritis: clinical character-
istics and impact of low back pain on functional ability and health 
related quality of life. J Back Musculoskelet Rehabil 26(4):367–
374. https​://doi.org/10.3233/bmr-13039​3

	45.	 Albert HB, Briggs AM, Kent P, Byrhagen A, Hansen C, Kjaer-
gaard K (2011) The prevalence of MRI-defined spinal pathoanat-
omies and their association with Modic changes in individuals 
seeking care for low back pain. Eur Spine J 20(8):1355–1362

	46.	 Cheng F, You J, Rampersaud YR (2010) Relationship between 
spinal magnetic resonance imaging findings and candidacy for 
spinal surgery. Can Fam Physician 56(9):E323–E330

	47.	 de Bruin F, Treyvaud MO, Feydy A, de Hooge M, Pialat JB, Dou-
gados M, Gossec L, Bloem JL, van der Heijde D, Reijnierse M 
(2018) Prevalence of degenerative changes and overlap with spon-
dyloarthritis-associated lesions in the spine of patients from the 
DESIR cohort. RMD Open 4(1):e000657. https​://doi.org/10.1136/
rmdop​en-2018-00065​7

	48.	 Mariconda M, Lotti G, Fava R, Midolo R, Longo C, Milano C 
(2004) Quantitative ultrasound measurements of the calcaneus 

https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1016/j.jclinepi.2011.11.014
https://doi.org/10.1016/j.jclinepi.2011.11.014
https://doi.org/10.1016/j.joca.2013.02.656
https://doi.org/10.1016/j.joca.2013.02.656
https://doi.org/10.1111/j.1532-5415.2005.00534.x
https://doi.org/10.1186/1471-2474-14-151
https://doi.org/10.1016/j.math.2016.05.332
https://doi.org/10.1016/j.math.2016.05.332
https://doi.org/10.1136/bmjopen-2016-012432
https://doi.org/10.1136/bmjopen-2016-012432
https://doi.org/10.1097/BRS.0000000000001553
https://doi.org/10.1097/BRS.0000000000001553
https://doi.org/10.1016/j.spinee.2005.04.014
https://doi.org/10.1016/j.spinee.2005.04.014
https://doi.org/10.1007/s11136-012-0121-y
https://doi.org/10.1007/s11136-012-0121-y
https://doi.org/10.1186/1471-2474-6-28
https://doi.org/10.1302/0301-620x.94b3.27867
https://doi.org/10.1302/0301-620x.94b3.27867
https://doi.org/10.1007/s00586-015-4002-2
https://doi.org/10.1007/s00586-007-0402-2
https://doi.org/10.1007/s00586-007-0402-2
https://doi.org/10.4184/asj.2012.6.4.249
https://doi.org/10.1016/j.spinee.2006.03.005
https://doi.org/10.1016/j.spinee.2006.03.005
https://doi.org/10.1016/j.clinph.2006.12.004
https://doi.org/10.1016/j.clinph.2006.12.004
https://doi.org/10.1007/s00586-012-2500-z
https://doi.org/10.1093/fampra/cmv097
https://doi.org/10.1093/fampra/cmv097
https://doi.org/10.3233/bmr-130393
https://doi.org/10.1136/rmdopen-2018-000657
https://doi.org/10.1136/rmdopen-2018-000657


2163European Spine Journal (2020) 29:2143–2163	

1 3

Affiliations

Rikke Krüger Jensen1,2   · Tue Secher Jensen2,3,4 · Bart Koes1,5 · Jan Hartvigsen1,2

1	 Department of Sports Science and Clinical Biomechanics, 
Center for Muscle and Joint Health, University of Southern 
Denmark, Odense, Denmark

2	 Nordic Institute of Chiropractic and Clinical Biomechanics, 
Odense, Denmark

3	 Department of Diagnostic Imaging, Silkeborg Regional 
Hospital, Silkeborg, Denmark

4	 Department of Clinical Medicine, Aarhus University, Aarhus, 
Denmark

5	 Department of General Practice, Erasmus Medical Centre, 
Rotterdam, The Netherlands

in the prediction of lumbar spine degeneration. Eur Spine J 
13(4):346–353. https​://doi.org/10.1007/s0058​6-003-0646-4

	49.	 Fu KM, Rhagavan P, Shaffrey CI, Chernavvsky DR, Smith JS 
(2011) Prevalence, severity, and impact of foraminal and canal 
stenosis among adults with degenerative scoliosis. Neurosurgery 
69(6):1181–1187. https​://doi.org/10.1227/neu.0b013​e3182​2a9ae​
b

	50.	 Modic MT, Obuchowski NA, Ross JS, Brant-Zawadzki MN, 
Grooff PN, Mazanec DJ, Benzel EC (2005) Acute low back pain 
and radiculopathy: MR imaging findings and their prognostic role 
and effect on outcome. Radiology 237(2):597–604

	51.	 Ullah W, Ali M, Khan Z (2018) Frequency of incidental durotomy 
during surgery for degenerative lumbar spine disease: an expe-
rience in neurosurgery department of a tertiary care hospital. J 
Postgrad Med Inst 32(1):99–102

	52.	 Kalichman L, Guermazi A, Li L, Hunter DJ (2009) Association 
between age, sex, BMI and CT-evaluated spinal degeneration fea-
tures. J Back Musculoskelet Rehabil 22(4):189–195. https​://doi.
org/10.3233/bmr-2009-0232

	53.	 Kuboyama I, Toyokawa S, Tomio J, Inada H, Tanihara S, Kob-
ayashi Y (2016) The Number of Patients and Therapeutic Profile 

of Spinal Stenosis Using Health Insurance Claims in Japan. Spine 
(Phila Pa 1976) 41(14):1146–1152. https​://doi.org/10.1097/
brs.00000​00000​00149​8

	54.	 Yamada K, Satoh S, Hashizume H, Yoshimura N, Kagotani R, 
Ishimoto Y,  Abe Y, Toyoda H, Terai H, Masuda T, Muraki S, 
Nakamura H, Yoshida M (2019) Diffuse idiopathic skeletal hyper-
ostosis is associated with lumbar spinal stenosis requiring surgery. 
J Bone Miner Metabol 37(1):118–124

	55.	 Ishimoto Y, Yoshimura N, Muraki S, Yamada H, Nagata K, Hashi-
zume H, Takiguchi N, Minamide A, Oka H, Tanaka S, Kawagu-
chi H, Nakamura K, Akune T, Yoshida M (2017) Association of 
lumbar spondylolisthesis with low back pain and symptomatic 
lumbar spinal stenosis in a population-based cohort: the Wakay-
ama Spine Study. Spine (Phila Pa 1976) 42(11):E666–E671. https​
://doi.org/10.1097/BRS.00000​00000​00196​0

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://orcid.org/0000-0001-7528-3234
https://doi.org/10.1007/s00586-003-0646-4
https://doi.org/10.1227/neu.0b013e31822a9aeb
https://doi.org/10.1227/neu.0b013e31822a9aeb
https://doi.org/10.3233/bmr-2009-0232
https://doi.org/10.3233/bmr-2009-0232
https://doi.org/10.1097/brs.0000000000001498
https://doi.org/10.1097/brs.0000000000001498
https://doi.org/10.1097/BRS.0000000000001960
https://doi.org/10.1097/BRS.0000000000001960

	Prevalence of lumbar spinal stenosis in general and clinical populations: a systematic review and meta-analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Graphic abstract

	Background
	Objectives
	Methods
	Search strategy
	Types of studies
	Inclusion and exclusion criteria
	Data extraction
	Risk-of-bias assessment
	Data management and analysis

	Results
	Characteristics of studies
	Risk of bias
	Prevalence estimates
	Clinical case definition
	Radiological case definition
	Mixed clinical and radiological definition
	Classification of severity and radiological anatomical location of LSS
	Age groups


	Discussion
	Conclusions
	References




