
Zurich Open Repository and
Archive
University of Zurich
University Library
Strickhofstrasse 39
CH-8057 Zurich
www.zora.uzh.ch

Year: 2016

Is there an association between pain and magnetic resonance imaging
parameters in patients with lumbar spinal stenosis?

Burgstaller, Jakob M ; Schüffler, Peter J ; Buhmann, Joachim M ; Andreisek, Gustav ; Winklhofer,
Sebastian ; Del Grande, Filippo ; Mattle, Michèle ; Brunner, Florian ; Karakoumis, Georgios ; Steurer,

Johann ; Held, Ulrike

DOI: https://doi.org/10.1097/BRS.0000000000001544

Posted at the Zurich Open Repository and Archive, University of Zurich
ZORA URL: https://doi.org/10.5167/uzh-123610
Journal Article
Published Version

Originally published at:
Burgstaller, Jakob M; Schüffler, Peter J; Buhmann, Joachim M; Andreisek, Gustav; Winklhofer, Sebas-
tian; Del Grande, Filippo; Mattle, Michèle; Brunner, Florian; Karakoumis, Georgios; Steurer, Johann;
Held, Ulrike (2016). Is there an association between pain and magnetic resonance imaging parameters in
patients with lumbar spinal stenosis? Spine, 41(17):E1053-E1062.
DOI: https://doi.org/10.1097/BRS.0000000000001544



 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Is There an Association Between Pain and
Magnetic Resonance Imaging Parameters in
Patients With Lumbar Spinal Stenosis?

Jakob M. Burgstaller, MD, DMD,� Peter J. Schüffler, PhD,y Joachim M. Buhmann, PhD,y

Gustav Andreisek, MD, MBA,z Sebastian Winklhofer, MD,z Filippo Del Grande, MD,z,§

Michèle Mattle, MSc,� Florian Brunner, MD, PhD,{ Georgios Karakoumis, MD,jj Johann Steurer, MD,�

and Ulrike Held, PhD�, on behalf of the LSOS Study Group

Study Design. A prospective multicenter cohort study.
Objective. The aim of this study was to identify an association

between pain and magnetic resonance imaging (MRI) parameters

in patients with lumbar spinal stenosis (LSS).
Summary of Background Data. At present, the relationship

between abnormal MRI findings and pain in patients with LSS is

still unclear.
Methods. First, we conducted a systematic literature search.

We identified relationships of relevant MRI parameters and pain

in patients with LSS. Second, we addressed the study question

with a thorough descriptive and graphical analysis to establish a

relationship between MRI parameters and pain using data of the

LSS outcome study (LSOS).
Results. In the systematic review including four papers about

the associations between radiological findings in the MRI and

pain, the authors of two articles reported no association and two

of them did. Of the latters, only one study found a moderate

correlation between leg pain measured by Visual Analog Scale

(VAS) and the degree of stenosis assessed by spine surgeons. In

the data of the LSOS study, we could not identify a relevant

association between any of the MRI parameters and buttock, leg,

and back pain, quantified by the Spinal Stenosis Measure (SSM)

and the Numeric Rating Scale (NRS). Even by restricting the

analysis to the level of the lumbar spine with the most prominent

radiological ‘‘stenosis,’’ no relevant association could be shown.
Conclusion. Despite a thorough analysis of the data, we were

not able to prove any correlation between radiological findings

(MRI) and the severity of pain. There is a need for innovative

‘‘methods/techniques’’ to learn more about the causal relationship

between radiological findings and the patients’ pain-related

complaints.
Key words: association, low back pain, lumbar spinal stenosis,
magnetic resonance imaging, MRI, NRS, pain, relationship,
spinal stenosis measure, SSM, VAS.
Level of Evidence: 2
Spine 2016;41:E1053–E1062

L
umbar spinal stenosis (LSS) is the most frequent
indication for spine surgery in patients older than
65 years.1 The definition of LSS by the North Amer-

ican Spine Society ‘‘[. . .] diminished space available for the
neural and vascular elements in the lumbar spine secondary
to degenerative changes in the spinal canal. When sympto-
matic, this causes a variable clinical syndrome of gluteal
and/or lower extremity pain and/or fatigue which may occur
with or without back pain. [. . .]’’ includes both clinical
(neurogenic claudication) and radiological (morphological
abnormalities) criteria.2 At present, the relationship
between abnormal magnetic resonance imaging (MRI) find-
ings and pain is still debated.3–7 It has been shown that
symptoms often poorly correlate with radiologic findings.4

Ishimoto et al.8 reported that a substantial number of
asymptomatic persons showed a moderate or even severe
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narrowing of the spinal canal (defined as more than 1/3 or 2/
3 area loss, respectively) in the MRI. Two other studies also
found asymptomatic patients; however, their patient
samples were much smaller.4,9Nevertheless, MRI is broadly
used in establishing the diagnosis of LSS. Furthermore, MRI
is used for recommending treatment to patients with LSS, in
particular, radiological findings are used for preoperative
planning.

The aims of this article are (1) to systematically identify
and analyze published articles on the relationship between
MRI findings and pain in patients with LSS, and (2) to
search for MRI parameters that are associated with pain
using data of the LSOS (LSS outcome study).

MATERIALS AND METHODS
The approach to answer the study questions uses a two-step
approach. First, we conducted a systematic literature search
to identify clinically relevant MRI parameters in patients
with LSS. Second, we addressed the study question with a
thorough descriptive and graphical analysis to establish a
relationship between MRI parameters and pain using data
of the first 150 patients of the LSS outcome study (LSOS)
who had an MR image. The LSOS is a multicenter pro-
spective cohort study that includes patients with neurogenic
claudication and findings of LSS in MRI.10 The LSOS was
conducted in compliance with all international laws and
regulations as well as any applicable guidelines. The study
was approved by the independent Ethics Committee of the
Canton Zurich (KEK-ZH-NR: 2010-0395/0).

Step 1: Systematic Literature Review

Literature Search
We identified all studies meeting our eligibility criteria
(defined in detail below) published in the last 15 years.
The following databases were searched in May 2014:
Cochrane Library, Embase, and Medline. The search was
conducted by an experienced librarian. Search terms
included various terms for MRI (e.g., MRI) and question-
naires to assess pain (e.g., Spinal Stenosis Measure). The
detailed search strategy in Embase is shown in Appendix 1,
http://links.lww.com/BRS/B125. In addition, bibliographies
of included studies relevant to the research question were
searched and potential eligible references included in the
full-text review.

Eligibility Criteria
All studies were considered eligible for inclusion in further
analyses that met the following criteria: the term ‘‘stenosis’’
must be mentioned in title or abstract, assessed the relation-
ship betweenMRI parameters, and validated questionnaires
on pain in patients with symptomatic LSS. Studies were
included if they were published within the last 15 years. No
limits for the study setting or language of the publication
were applied. Excluded were studies with patients of an age
younger than 50 years, receiving or received any treatment,
with neoplasia/cancer, fractures, injuries, infectious spine

diseases, fibromyalgia, syndromes (e.g., Marfan syndrome),
tuberculosis, cervical and thoracic spinal disorders, and
examined/investigated by SPECT (single-photon emission
computed tomography).

Study Selection, Data Extraction, and Synthesis
The bibliographic details of all retrieved articles were stored
in an EndNote file.11 Two reviewers (JB and UH) independ-
ently screened all references by title and abstract. The full
text of included studies was reviewed by both reviewers
independently (JB and UH). Disagreements were discussed
and resolved by consensus or by third-party arbitration (JS).
Alternative researchers with specific language proficiencies
were used for non-English language references. In case of
several publications for the same cohort without change in
outcome or follow-up duration, the most recent publication
was chosen and missing information from the previous
publication was added.

The search and inclusion/exclusion process is summar-
ized in Figure 1. Out of 2030 records, 73 were reviewed in
full text. For the final analysis, we could include four
publications. Reasons for the exclusion of 69 studies are
provided in Figure 1.

Step 2: Evaluation of Association Between Pain and
MRI Parameters in Patients of the LSOS Study

Patient Selection
The Lumbar Stenosis Outcome Study (LSOS) was con-
ducted at eight medical centers (with approximately two
million inhabitants in the catchment area) with Rheumatol-
ogy and Spine Surgery Units in Switzerland. Patients with a
history of neurogenic claudication and LSS verified by MRI
or computer tomography (CT) were eligible. Patients had no
evidence of stenosis caused by tumor, fracture, infection, or
significant deformity (>158 lumbar scoliosis), and were
aged 50 years or more. None of the patients had prior
lumbar spine surgery. Furthermore, patients had no clinical
peripheral artery occlusive disease (confirmed by a vascular
specialist in patients without palpable pulses in the lower
limb).

MRI Parameters
Data on 23 different MRI parameters, prospectively
measured in each of the five lumbar spine levels, were
available for each patient. The image analysis started at
the superior endplate of the L1 and ended at the level of the
vertebral disc L5/S1. Parameters, such as the compromise of
the central zone, were assessed for each level at the height of
the most severe stenosis, typically at the intervertebral disc
level (e.g., L3/L4). Other parameters, such as vertebral body
fracture, were evaluated at the corresponding vertebral body
level (e.g., L3). The 23 parameters were measured in the
context of the LSOS study because they were identified as
important parameters before the start of LSOS in a con-
sensus meeting among experts in the field.12 The list of
parameters is shown in Appendix 2, http://links.lww.com/
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BRS/B125. Among those 23 parameters, Andreisek et al.12

identified five core parameters that were ‘‘compromise of
central zone,’’ ‘‘relation of fluid to nerve roots in the central
canal,’’ ‘‘nerve root compression in the lateral recess (right/
left),’’ ‘‘compromise of the foraminal zone (right/left),’’ and
‘‘foraminal nerve root impingement (right/left).’’

Definition of Outcome Measures (Pain)
The instrument to quantify the outcome in the LSOS study is
the pain domain of the Spinal Stenosis Measure (SSM) (also
known as Swiss Spinal Stenosis Questionnaire, Zurich Clau-
dication Questionnaire, or Brigham Spinal Stenosis Ques-
tionnaire)13 a validated self-administered questionnaire for
patients with LSS. We did not restrict our pain outcomes to
the SSM, but included all relevant and validated

questionnaires in the literature review. Among others, these
included the Numeric Rating Scale (NRS), the visual analog
scale (VAS), and the McGill Pain Questionnaire (MPQ).

Subscales of the Spinal Stenosis Measure
There are three subscales of the Spinal StenosisMeasure (SSM):
the symptom severity scale (seven items), the physical function
scale (five items), and the satisfaction scale (six items). The
symptom severity scale consists of two subdomains: pain
domain (three items) and neuroischemic (four items). The
SSM has been shown to be reproducible, internally consistent,
valid, and reliable. The internal consistency ranged from 0.64
to 0.92, the test-retest reliability from 0.82 to 0.96.13,14 For the
evaluation in this paper, we focused on pain subdomain of the
SSM (SSM pain), ranging from 1 to 5 (best-worst).

Figure 1. Study flow.
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Numeric Rating Scale
The Numeric Rating Scale (NRS) is used for general assess-
ment of LSS symptoms such as lower back and/or leg pain
and discomfort. Score range from 0 to 10 (best-worst).15,16

Association Between SSM Pain/NRS and MRI Parameters
For each patient, there was one single value for each SSM
pain and NRS, but MRI parameters were evaluated on five
spinal levels (L1–L5). First, we searched for associations
between MRI parameters in all five levels (full analysis).
Second, we reduced each of the MRI parameters individu-
ally to the level with the most prominent value (restricted
analysis).

Statistical Analysis
We used descriptive statistics for the clinical findings, socio-
demographic variables, and MRI parameters. For continu-
ous variables, median and interquartile ranges (IQRs) were
calculated; categorical variables were displayed as number
and percentage of total. Graphical representations including
scatter plots and Spearman correlation coefficients were
used to search for an association between SSM pain/NRS
and MRI measurements at baseline. Analyses were per-
formed using the R statistical software for Windows
(Version 3.2.2, Vienna, Austria).17

RESULTS

Findings From the Systematic Review of the
Literature

Study Characteristics
We identified two studies, including 138 patients, published
2011 and 2012, demonstrating an association betweenMRI
parameters and pain. We identified two further studies,
including 144 patients, published 2007 and 2013, which
showed no association between MRI parameters and pain.

Findings
Table 1 summarizes theMRI and clinical parameters as well
as the applied statistical method and the author’s conclusion
for both studies that found a relation. One study18 used the
degree (none, mild, moderate, severe) of stenosis (overall,
central, lateral recess, foramen) asMRI parameter, the other
study7 the cross-sectional area (mm2) of the dural sac. In
both studies, VAS was used to quantify pain. The statistical
methods were different between both studies.

Table 2 summarizes the relevant information from the
studies showing no association. One study3 used the ante-
roposterior spinal canal diameter and the other study6 a
grading of canal stenosis (ratio: cerebrospinal fluid/rootlet,
based on the method by Schizas et al.19) as MRI parameters.
The former assessed pain with VAS, whereas the latter used
the MPQ.

Association Between SSM Pain/NRS and Most
Prominent MRI Parameters in Patients of the LSOS
Study

Patient Characteristics
Atotal of 150patientswere included in this analysis (Table3).
Median patient age was 75 years (IQR: 67–80). Seventy-six
patients were female (50.7%), and 99 (66%) suffered from
symptoms more than 12 months. Of the study population,
101 (67.3%) patients hold higher education degree (no uni-
versity) and 17 (11.3%) hold a university degree. Median
SSM pain was 4 (IQR: 3.3–4), and median NRS value was 7
(IQR: 5–8).

Results from Lumbar Spine MRIs
Descriptive statistics for radiologic parameters indicating
LSS of the 150 patients are summarized in Table 4. To assess
relationships between segment-wise MRI readouts and pain
outcomes, we started with calculating Spearman correlation
coefficients. In addition, we produced scatterplots of these
pairs. We only found very weak correlations between any

TABLE 1. Summary of Studies That Found a Specific Relation Between MRI Parameters and Clinical
Parameters

Refs. MRI Parameter
Clinical

Parameter Statistical Method Result/Conclusion

Lavelle et al.18 Degree of stenosis
(none, mild,
moderate,
severe)

VAS leg pain Linear regression VAS leg pain was found to correlate well
with surgeon assessed MRI imaging
findings (overall stenosis P¼0.012,
central P¼0.05, lateral recess P¼0.023,
foramen P¼ 0.074).

Sigmundsson et al.7 Cross-sectional area
of the dural sac
(mm2)

VAS (100mm) low
back/leg pain

Pearson correlation Patients with multilevel stenosis had better
general health (P¼0.04) and less leg and
back pain despite having smaller dural
sac area than patients with single-level
stenosis. There was a poor correlation
between walking distance, ODI, the
SF-36, EQ-5D, and leg and back pain
levels on the one hand and dural sac
area on the other.

MRI indicates magnetic resonance imaging; ODI, Oswestry Disability Index; VAS, visual analog scale.
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MRI parameters and clinical outcomes. We restricted the
analysis to the most prominent segment for the five core12

and three additional quantitative MRI parameters [‘‘ante-
roposterior diameter of dural sac,’’ ‘‘cross-sectional area of
dural tube/sac,’’ ‘‘depth of lateral recess (right/left)’’]. The
Spearman correlation coefficients for the restricted analysis
varied between –0.22 (compromise of the foraminal zone,
left) and 0.1 (depth of lateral recess, right) for SSM pain.

Similar values were found for the correlation with NRS: the
Spearman correlations varied between –0.26 (foraminal
nerve root impingement, left) and 0.24 (depth of lateral
recess, right). The resulting scatterplots for the five core and
three additional quantitative MRI parameters (resulting in
12 parameters when right/left was differentiated) read out
by a senior radiologist (board certified, fellowship-trained,
with 13 years in spinal imaging) versus SSM pain domain
and NRS are shown in Figures 2 and 3.

DISCUSSION

Main Findings
The results of this paper are twofold. In the systematic review,
including four papers about the associations between radio-
logical findings in the MRI and pain, the authors of two
articles reported no association and two of them did. Lavelle
et al.18 stated that the degree of stenosis, assessed by spine
surgeons in theMRI, was associated with leg pain quantified
by a VAS. Sigmundsson et al.7 reported a weak correlation
between leg/backpain (VAS) and the size of thedural sac area.
In the data of the LSOS study, we could not identify a
statistically relevant association between any of the multiple
MRI parameters and buttock, leg, and back pain, quantified
bySSMpain.Evenby restricting the analysis to the level of the
lumbar spine with the most prominent radiological ‘‘steno-
sis,’’ no relevant association could be shown.

In contrast to our analysis, the four studies3,6,7,18 included in
the systematic review assessed only up to three different MRI
parameters with various clinical outcomes. The results of our
study support the results of at least two of the earlier studies,3,6

whereas the other two studies found no strong associations.7,18

Implications for Practice
In somepatients, thediagnosisofLSS is straightforward.At least
in patients who complain about neurogenic claudication—pain
in buttocks and/or legs provoked by walking or standing and

TABLE 2. Summary of Studies That Found no Specific Relation BetweenMRI Parameters and Clinical
Parameters

Study, year MRI Parameter Clinical Parameter Statistical Method Result/conclusion

Geisser et al.3 Osseous
anteroposterior
spinal canal
diameter

MPQ Pearson correlation Anteroposterior spinal canal
diameter is not predictive of
clinical symptoms associated
with lumbar spinal stenosis.
(Anterior-posterior spinal canal
diameter was not significantly
associated with any of the
clinical symptom measures
examined.)

Kim et al.6 Grading of canal
stenosis (ratio:
cerebrospinal fluid/
rootlet, based on
the method by
Schizas et al.19)

VAS (100mm) back/
leg pain

Analysis of variance There was no significant
association between the grade
of canal stenosis and VAS for
back pain/leg pain and ODI.

MPQ indicates McGill Pain Questionnaire; ODI, Oswestry Disability Index; VAS, visual analog scale.

TABLE 3. Baseline Characteristics of the 150
Patients of the LSOS Study

Characteristics (n¼150)

Age, median (IQR) (yrs) 75 (67–80)

Gender, n (%)
Female 76 (50.7)

Male 74 (49.3)

Height, median (IQR) (cm) 168 (160�174.8)

Weight, median (IQR) (kg) 78 (67.3�89.3)

BMI, median (IQR) (kg/m2) 26.7 (24�30.5)

Educational level, n (%)
Compulsory education 31 (20.7)

High school 101 (67.3)

College, university 17 (11.3)

Not specified 1 (0.7)

Duration of symptoms, n (%)
<3 mths 11 (7.3)

3–6 mths 16 (10.7)

6–12 mths 18 (12)

>12 mths 99 (66)

Not specified 6 (4)

CIRS total score, median
(IQR)

10 (6.5�12.5)

SSM, median (IQR)
SSM pain domain 4 (3.3�4)

NRS 7 (5�8)

BMI indicates body mass index; CIRS, cumulative illness rating scale; IQR,
interquartile range; NRS, Numeric Rating Scale; SSM, spinal stenosis measure.
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TABLE 4. Baseline MRI Parameters of the 150 Patients of the LSOS Study Measured at Each of Five
Segments (Read Out by a Senior Radiologist)

MRI Parameter n Segments Analyzed

Axial images not available, n segments (%) 89 (11.9)

Segment fracture, n segments (%) 750 20 (2.7)

Discus grading (Pfirrman classification), n
segments (%)

747

Grade 1 12 (1.6)

Grade 2 96 (12.9)

Grade 3 202 (27)

Grade 4 303 (40.6)

Grade 5 134 (17.9)

Modic classification, n segments (%) 750

Normal 448 (59.7)

1 33 (4.4)

2 258 (34.4)

3 11 (1.5)

Listhesis, n segments (%) 750 115 (15.3)

Osteoarthritis facet joint right, n segments
(%)

654 502 (76.8)

Osteoarthritis facet joint left, n segments
(%)

655 503 (76.8)

Flavum hypertrophy right, n segments (%) 656 353 (53.8)

Flavum thickness right, median (IQR) (mm) 654 5 (4–6)

Flavum hypertrophy left, n segments (%) 656 360 (54.9)

Flavum thickness left, median (IQR) (mm) 655 5 (4–6)

Lipomatosis grade (Borré classification), n
segments (%)

662

Grade 0 593 (89.6)

Grade 1 62 (9.4)

Grade 2 6 (0.9)

Grade 3 1 (0.2)

Compromise of central zone, n segments
(%)

659

No 129 (19.6)

Mild 314 (47.6)

Moderate 119 (18.1)

Severe 97 (14.7)

Relation from fluid to cauda equina, n
segments (%)

659

Grade A1 291 (44.2)

Grade A2 95 (14.4)

Grade A3 74 (11.2)

Grade A4 14 (2.1)

Grade B 61 (9.3)

Grade C 97 (14.7)

Grade D 27 (4.1)

Nerve root compression in the lateral
recess right, n segments (%)

659

Grade 0 225 (34.1)

Grade 1 193 (29.3)

Grade 2 97 (14.7)

Grade 3 144 (21.9)

Nerve root compression in the lateral
recess left, n segments (%)

659

Grade 0 216 (32.8)

Grade 1 196 (29.7)
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relieved by sitting an bending forward—and a stenosis on only
one spinal level verified byMRI. In such cases, it seems reason-
able to assume that the singular narrowing causes the symptoms
and surgical decompression on the corresponding level will
relieve symptoms of the patient with high probability. In many
patients with neurgenic claudication, the lumbar spine MRI
shows not a singular stenosis, but rather stenoses on more than
one level. In the SPORT trial, about 60% of included patients
had moderate or severe stenoses on two or more levels of the
lumbar spine.20 In the LSOS cohort, 43%had stenoses onmore
than one level. These multilocular stenoses in the MRI are a
major challenge for the surgeons. So far,MRI findings seemnot
to be very helpful to tell the surgeonwhich radiological findings
are causal for the symptoms what makes it difficult to decide
which stenoses the surgeon needs to decompress. The nonexis-
tent or weak association between radiological findings and
symptoms might explain to some extent that more than one-
third of patients report no clinically relevant improvement after
surgery.20,21

Implications for Research
It is crucial to understand the causal associations between
clinical symptoms and radiologic findings, in particular for
spine surgeons in planning the kind of surgery. Multiple
dependencies between the MRI parameters, measured at
each of five spinal levels, require variable selection before
model fitting. Due to the large number of potential multiple
models, more sophisticated statistical methods such as
machine learning approaches or model averaging could
be applied. Furthermore, other imaging procedures should
be considered. The spinal canal is a dynamic structure and
the diameters vary by changing posture and by bodily
activities.6 Consequently, a static image of the lumbar canal
in the supine (position) may not represent the dimensions of
the spinal canal during standing or walking. Another
approach to get to know more about why these patients
suffer from intermittent episodes of pain could be the assess-
ment of blood circulation in the spinal region or the func-
tional assessment of the nerve roots and peripheral nerves. It

TABLE 4 (Continued )

MRI Parameter n Segments Analyzed

Grade 2 98 (14.9)

Grade 3 149 (22.6)

Foraminal nerve root impingement right, n
segments (%)

750

Grade 0 558 (74.4)

Grade 1 113 (15.1)

Grade 2 39 (5.2)

Grade 3 40 (5.3)

Foraminal nerve root impingement left, n
segments (%)

750

Grade 0 575 (76.7)

Grade 1 108 (14.4)

Grade 2 32 (4.3)

Grade 3 35 (4.7)

Compromise of the foraminal zone right, n
segments (%)

750

no 333 (44.4)

mild 245 (32.7)

moderate 99 (13.2)

severe 73 (9.7)

Compromise of the foraminal zone left, n
segments (%)

749

No 320 (42.7)

Mild 259 (34.6)

Moderate 108 (14.4)

Severe 62 (8.3)

Anteroposterior diameter of dural sac,
median (IQR) (mm)

659 10 (8–12)

Cross-sectional area of dural tube/sac,
median (IQR) (mm2)

659 120 (80–168)

Depth of lateral recess right, median (IQR)
(mm)

659 4 (2–5)

Depth of lateral recess left, median (IQR)
(mm)

659 3 (2–5)

IQR indicates interquartile range.
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is assumed and some evidence supports the thesis that
obstruction of the blood circulation—arterial and/or
venous—is causal for the intermittent character of the
pain.22 Nerve function might be assessed by new imaging
modalities such as high-resolution MR neurography or
diffusion tensor imaging.23,24 These latter approaches might
raise the question whether morphological-based MRI
parameters represent valuable biomarkers at all.

Strengths and Limitations
One limitation of this study is that different MRI scanners
were in charge for the image acquisition of the multicenter
LSOS study, which could have led to some bias, as only
standard sagittal T1 and T2-weighted as well as axial T2-
weighted images were available for image analysis. Fat-
suppressed fluid-sensitive MR images are considered stand-
ard of care for lumbar spine imaging, but they have not been
implemented in all participating study centers of the LSOS
study andwere thus not considered mandatory for this study
population. However, with respect to the recent literature
and to our own experience, we recommend the inclusion of

fluid-sensitive MRI sequences [such as short-Tau inversion
recovery (STIR) sequences] in patients with known or sus-
pected LSS to detect unexpected subtle fractures, tumor
involvement, or Modic 1 end-plate changes of the lumbar
spine.25–27 Furthermore, MRI scans were performed in a
supine position that is currently standard of care. In
addition, we did not investigate into the inter-reader
reliability of the MRI image analysis.

Our study has several strengths. The 23 MRI parameters
that we used for the evaluation of our own data were
predefined in an international consensusmeeting12 andbased
on the best available evidence in the literature.28–30 Com-
pared with studies analyzed in the systematic review, our
approach included eight different MRI parameters. In
addition to the frequently used NRS or VAS, respectively,
our study was the only one that measured pain with the pain
domain subscale of the SSM as recommended by the North
American Spine Society (NASS)31 to be the ‘‘gold standard’’
to quantify complaints in patients with LSS. However,
complaints of pain severity are extremely subjective and
dependent on the individual processing of nociceptive infor-
mation.32,33

Figure 2. Scatter plots of spinal stenosis measure (SSM) pain domain against each of the five core and three additional quantitative MRI
parameters. Most extreme value (maximum or minimum) over the five spinal levels is plotted for each MRI variable. Spearman correlation
coefficient¼ r.
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CONCLUSION
Despite a thorough analysis of the data, we were not able to
prove any correlation between radiological findings (MRI)
and the severity of pain. There is a need for innovative
‘‘methods/techniques’’ to learn more about the causal
relationship between radiological findings and the patients’
pain-related complaints.

Key Points

At present, the relationship between abnormal
magnetic resonance imaging (MRI) findings and
pain in patients with lumbar spinal stenosis is still
unclear.

In the systematic review resulting in the inclusion
of four papers about the associations between
radiological findings with MRI and pain, the
authors of two articles reported no association,
whereas the other two found statistically
significant nevertheless no strong associations.

In the data of the LSOS study, we could not
identify a relevant association in pairwise

comparison between any of the MRI parameters
and buttock, leg, and back pain, quantified by the
Spinal Stenosis Measure (SSM) and the Numeric
Rating Scale (NRS), despite a thorough analysis.

There is a need for innovative ‘‘methods/
techniques’’ to learn more about the causal
relationship between radiological findings and
the patients’ pain-related complaints.

Supplemental digital content is available for this article.
Direct URL citations appearing in the printed text are
provided in the HTML and PDF version of this article on
the journal’s Web site (www.spinejournal.com).
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