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Abstract

Purpose The aim was to describe magnetic resonance imaging findings in patients planned for lumbar spinal stenosis
surgery. Further, to describe possible associations between MRI findings and patient characteristics with patient reported
disability or pain.

Methods The NORDSTEN spinal stenosis trial included 437 patients planned for surgical decompression of LSS. The
following MRI findings were evaluated before surgery: morphological (Schizas) and quantitative (cross-sectional area)
grade of stenosis, disk degeneration (Pfirrmann), facet joint tropism and fatty infiltration of the multifidus muscle. Patients
were dichotomized into a moderate or severe category for each radiological parameter classification. A multivariable linear
regression analysis was performed to investigate the association between MRI findings and preoperative scores for Oswestry
Disability Index, Zurich Claudication Questionnaire and Numeric rating scale for back and leg pain. The following patient
characteristics were included in the analysis: gender, age, smoking and weight.

Results The percentage of patients with severe scores was as follows: Schizas (C+ D) 71.3%, cross-sectional area (<75
mm?) 86.8%, Pfirrmann (4 +5) 58.1%, tropism (> 15°) 11.9%, degeneration of multifidus muscle (2—4) 83.7%. Regression
coefficients indicated minimal changes in severity of symptoms when comparing the groups with moderate and severe MRI
findings. Only gender had a significant and clinically relevant association with ODI score.

Conclusion In this cross-sectional study, the majority of the patients had MRI findings classified as severe LSS changes, but
the findings had no clinically relevant association with patient reported disability and pain at baseline. Patient characteristics
have a larger impact on disability and pain than radiological findings.

Trial registration www.ClinicalTrials.gov identifier: NCT02007083, registered December 2013.
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Introduction The diagnosis of symptomatic LSS is based on the com-

bination of clinical symptoms and stenosis of the spinal

Degenerative Lumbar Spinal Stenosis (LSS) is predomi-
nantly caused by arthrosis of the facet joints, ligament hyper-
trophy and degenerative changes of the intervertebral disks.
These changes increase with age, and can lead to narrowing
of the spinal canal, nerve root compression and subsequently
symptoms of neurogenic claudication with radiating pain
or numbness in the legs, aggravated by standing and walk-
ing [1]. Lumbar pain can also be a common symptom [2].
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canal visualized on magnetic resonance imaging (MRI) [3].
Symptomatic LSS is the most frequent indication for lumbar
surgery in the age group above 65 years [4]. Former imag-
ing studies indicate that radiological signs of LSS are also
relatively common in asymptomatic elderly persons [5, 6].
Patients with symptoms of LSS can present a wide variety of
radiological findings of uncertain clinical relevance [6-8]. A
systematic review by Burgstaller et al. [9] found a low corre-
lation between MRI findings and pain in patients diagnosed
with LSS. This conclusion is in concordance with studies by
Schizas et al. and Mannion et al. [10, 11]. However, Ogikubo
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et al. [12] reported a strong relationship between the grade
of stenosis and patient reported disability.

Based on the nearly mandatory use of MRI in preopera-
tive planning, and because walking disturbance and pain are
the dominant symptoms, one would expect some association
between MRI findings and patient reported disability and
pain. It is important for the surgeon to understand the rel-
evance of the MRI findings in this group of patients. Hence,
the aim of this study was to explore the MRI findings in
patients diagnosed with symptomatic LSS and further to
investigate the association between several commonly used
MRI findings and patient reported disability and pain, in a
carefully selected cohort of LSS patients. The association
between MRI findings and patient characteristics was also
investigated.

Methods

The patients investigated here were included in the NORwe-
gian Degenerative spondylolisthesis and spinal STENosis
(NORDSTEN) study. This study is a large multicenter study
evaluating clinical outcomes of different surgical treatment
options for LSS. The NORDSTEN study consists of two
randomized trials, the Spinal Stenosis Trial (SST) [13] and
the Degenerative Spondylolisthesis Trial (DST) [14] and an
observational study. The SST trail includes 437 LSS patients
without spondylolisthesis eligible for surgery. The present

cross-sectional study comprises preoperative data from the
patients included in the SST trial.

Inclusion process and patient recruitment

All patients had MRI findings and symptoms consistent with
LSS and were referred to an orthopedic or neurosurgical
outpatient clinic. In total 2227 patients were referred, and
437 patients fulfilling all eligibility criteria (Table 1) were
finally included in the SST trial (Fig. 1). All patients were
enrolled between February 2014 and October 2018.

Magnetic resonance imaging

All participants underwent a 1.5 or 3 T MRI of the lum-
bar spine within 6 months before surgery. The MRI pro-
tocol included sagittal T1- and axial and sagittal T2-
weighted images with repetition time (TR)/echo time
(TE) 1500-6548/82—126 ms for T2-weighted images and
400-826/8-14 ms for T1-weighted images, slice thick-
ness: 3—5 mm, FOV: 160-350 mm. MRI examinations were
anonymized, without any link to demographics or clinical
symptoms. The Picture Archiving and Communication Sys-
tem (PACS IDS7 Sectra, Sweden) integrated measurement
tools were utilized for assessment of morphological changes.

Two experienced radiologists established the NORD-
STEN study imaging criteria for MRI evaluation according
to previously validated classification systems.

Table 1 Inclusion and exclusion criteria for the Spinal Stenosis Trial (SST) in the NORDSTEN study

Inclusion criteria

Presence of clinical symptoms of spinal stenosis, such as neurogenic claudication or pain radiating bilaterally to the lower limbs

Non-response to at least 3 months of non-surgical treatment

Radiological findings corresponding to the clinical symptoms of LSS. Central-stenosis or lateral recess-stenosis

Able to give informed consent and to answer the questionnaires
Over 18 years of age
Able to understand Norwegian, both spoken and written

Exclusion criteria

Degenerative lumbar spondylolisthesis, with a slip >3 mm verified on standing plain X-rays in lateral view

Not willing to give written consent
Previous surgery at the level of stenosis

Fracture or former fusion in the thoraco-lumbar region

Cauda equina syndrome (bowel or bladder dysfunction) or fixed complete motor deficit

ASA-classified 4 or 5
Over 80 years of age

Presence of a lumbosacral scoliosis of more than 20°, verified on AP-view

Presence of distinct symptoms in one or both legs, due to other diseases, e.g., polyneuropathy, vascular claudication or osteoarthritis

LSS at 4 or more levels

Unable to comply fully with the protocol, including treatment, follow-up or study procedures (psychosocially, mentally or physically)

The patient is participating in another clinical trial that may interfere with this trial

@ Springer



European Spine Journal

Patients with spinal stenosis evaluated for eligibility in the NORDSTEN-study: n=2227

Eligible for inclusion in the Degenerative

Spondylolisthesis Trail (DST): n=761
-Missing whether eligible for SST/DST: n= 81

n=1385

Patients with spinal stenosis evaluated for eligibility in the Spinal Stenosis Trial (SST):

Excluded due to eligibility criteria: n= 948

Included in the SST: n=437

Fig. 1 Flowchart of the NORDSTEN and the SST according to the STROBE-statement

To validate the measurements in this study, we performed
an inter- and intra-observer agreement analysis. Two ortho-
pedic spine surgeons and two musculoskeletal radiologists
evaluated all MRI examinations of the first 102 patients
independently according to the predefined criteria. For the
remaining 335 patients, the two surgeons and one of the
radiologists performed the evaluation of the MRI examina-
tions. For continuous parameters, the mean values of each
parameter for all investigators were used. For categorical
parameters, the majority score was decisive if any disagree-
ment existed between the readers. The conclusion was that
adequate agreement existed. The inter- and intra-observer
agreement analyses will be published separately.

The index level was defined as the narrowest lumbar level
measured with dorsal sac cross-sectional area (DSCA). At
index level, the following parameters were investigated:
morphological grade of stenosis according to the Schizas
grading system from A (no or minor) to D (extreme) [10],
quantitative grade of stenosis measured with DSCA accord-
ing to the method described by Sconstrom and Hansson [15],
disk degeneration according to the Pfirrmann grading system
from 1 (normal) to 5 (worst) [16], facet joint angle according
to the method described by Noren et al. [17], facet tropism
according to the method of Vanharanta [18] and fat infiltra-
tion of the multifidus muscle according to the Goutallier
classification from 0 (normal) to 4 (severe)[19].

The radiological scores were dichotomized into moderate
or severe changes. The following values classified as severe
changes: Schizas grade C and D, cross-sectional area less
than 75 mm?, Pfirrmann grade 4 and 5, tropism of 15° or
more, Goutallier grade 2—4 [10, 15, 18].

Preoperative clinical measures

At admission for surgery, the patients reported disability
and pain using a self-administered questionnaire containing

commonly used patient reported symptom severity meas-
ures, i.e., the Norwegian version of the Oswestry Disability
Index (ODI), Zurich Claudication Questionnaires (ZCQ) and
Numeric rating Scale (NRS) for back and leg pain.

The ODI is a low back pain-specific questionnaire con-
sisting of ten questions concerning pain related disability.
The ODI score ranges from 0 (no disability) to 100 (most
severe disability) [20, 21].

The ZCQ is a disease-specific, validated score measuring
walking capacity, neurogenic claudication and patient satis-
faction. The first sub-scale measures symptoms ranging from
1 to 5 (worst), sub-scale two measures disability ranging
from 1 to 4 [22]. Sub-scale three investigates post-treatment
effects and was therefore not included in this study.

NRS scores for back and leg pain range from O to 10
(worst possible pain).

Statistical analysis

For descriptive statistics, we calculated mean and standard
deviation for continuous variables and absolute and relative
frequencies for categorical variables. To investigate potential
associations we estimated, for each investigated variable,
a multivariable linear regression model with the following
covariates: Schizas dichotomized into A-B vs C-D, DSCA
dichotomized into <75 mm? vs > 75 mm?, Pfirrmann dichot-
omized into 1-3 vs 4-5, tropism dichotomized into < 15°
vs > 15°, fatty infiltration dichotomized into 0—1 vs 2—4, age
(continuous), weight (continuous), gender and smoking sta-
tus (yes/no).

Results were presented as unstandardized regression
coefficients (gradients) with corresponding 95% confi-
dence intervals and p-values. The given regression coef-
ficient indicates the change in disability and pain score
when going from “moderate” to “severe” for the given
parameter and given instrument for patient reported
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symptom severity. Due to the risk of increasing probabil-
ity of type 2 errors, no adjustments for multiple tests were
done.

All analyses were done using STATA version 15.0
(StataCorp LLC, College Station, Texas, USA).

Ethics and trial registration

The Committee for Medical and Health Research Eth-
ics of Central Norway approved the study (study iden-
tifier: 2011/2034). The study was registered at Clinical-
Trials.gov on November 22nd 2013 under the identifier
NCT02007083. All patients provided written informed
consent.

Results
Demographic characteristics

A total of 437 patients with preoperative MRI and clinical
data were included in this study. The mean patient age was
66.8 years (SD 8.4), and 227 out of 437 patients (52.7%)
were men. Mean BMI was 27.8 (SD 4.2). Patient demo-
graphics, preoperative ODI, ZCQ and pain scores of the
study population are presented in Table 2.

MRI findings

MRI evaluation showed a high proportion of severe LSS
changes when investigating spinal morphology: Schizas
296 of 415 (71.3%), DSCA 360 of 415 (86.8%), disk
degeneration: Pfirrmann 241 of 415 (58.1%) and fatty
infiltration of the multifidus muscle: 308 of 368 (83.7%).
Tropism was detected less frequently: 49 of 415 (11.9%).

Table 2 Cohort of LSS patients

selected for surgical treatment Age mean (SD) 66.8 (8.4)
Male gender % 52.7
Smoker % 20.8
BMI mean (SD) 27.8 (4.2)
ODI mean (SD) 38.4 (14.6)
ZCQ mean

Symptoms (SD) 3.4 (0.6)

Function (SD) 2.5(0.5)
NRS mean

Leg (SD) 6.5 (2.0)

Back (SD) 6.3(2.2)

Preoperatively parameters of the
NORDSTEN-SST Cohort
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Association between MRI findings and symptom
severity

The multivariable linear regression model showed that the
MRI parameters assessed for severity of LSS had a weak
association to symptom severity of disability and pain meas-
ured by continuous variables ODI, ZCQ or NRS scores.
Of the investigated MRI parameters, only the difference
between moderate and severe changes in the Pfirrmann
classification system provided a significant change in ODI
score. This difference of 3.27 (CI 0.23, 6.31) ODI points
is lower than the reported thresholds of clinical relevance.
Adjustment for age and weight did not influence disability
and pain scores, while smoking was significantly associated
with higher ODI score. Females reported significantly higher
ODI, ZCQ and NRS score (Table 3).

Discussion

In this study, a large proportion of patients eligible for sur-
gery for LSS had severe degrees of various MRI findings of
the lumbar spine. The severity of these MRI findings showed
no or only weak association with disability and pain.

The multivariable linear regression analysis indicated
minimal change in disability and pain scores when compar-
ing moderate MRI findings to severe MRI findings. This
trend is similar for all analyzed MRI parameters. When
adjusting for selected patient characteristics the regression
analysis suggests that gender influences disability and pain
scores to a larger extinct than the degree of MRI findings.
Therefore, the impact of being female gives nearly threefold
larger impact on the ODI score than the difference between
severe and moderate changes in the radiological parameters,
e.g., the Pfirrmann score.

MRI findings

To our knowledge, this is the first study to investigate sev-
eral MRI parameters among LSS patients. There are several
studies with comparable patient cohorts exploring isolated
MRI parameters. Bhalla et al. conducted an MRI compari-
son between LSS patients selected for surgery in Trondheim
(Norway) and Boston (USA) regarding the Schizas score.
They found a similar proportion of Schizas C or D in the
Boston cohort (68%) and in the Trondheim cohort (78%)
[23]. Moojen et al. [24] evaluated 155 LSS patients with
MRI and found 77% of the patients to be classified with
Schizas C or D. Both studies report a similar proportion of
Schizas C or D as the NORDSTEN-SST cohort.
Sigmundsson et al. [25] investigated a cohort of 109 LSS
patients eligible for spinal surgery, and 105 patients (96%)
had DSCA of 70 mm? or less. This is considerably higher
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Table 3 Cohort of LSS patients selected for surgical treatment

Variable Variable
ODI ZQS symptoms ZQS NRS NRS
function Pain in lower extremity Pain in Lumbar region
Schizas
A-B vs C-D 0.38 (—3.47,4.22) —-0.07 (-0.22,0.09) —-0.06 (-0.20,0.08) —0.22(-0.77,0.32)  0.21(-0.37,0.79)
p=0.85 p=0.39 p=0.37 p=042 p=0.47
DCSA

<75 mm? vs >75

Il’lIIl2

Pfirrmann
1-3vs4-5

Tropism
<15°vs>15°

Fatty infiltr
0-1vs2-4

Female
Age
Non-smoker

Weight

—0.26(—5.27,4.74)
p=0.92

327 (0.23, 6.31)
p=0.04

0.08 (—4.78, 4.95)
p=0.97

2.41 (- 1.77, 6.60)
p=0.26

9.06 (5.62, 12.5)
p<0.001

—0.04 (=024, 0.15)
p=0.68

—4.12 (=7.95, —0.30)
p=0.04

0.10 (=0.01,0.21)
p=0.08

0.08 (=0.12, 0.28)
p=0.43

0.04 (—0.08, 0.16)
p=0.52

~0.00 (—0.20, 0.19)
p=0.97

0.01 (=0.15, 0.18)
p=0.87

0.23 (0.09, 0.36)
p<0.001

—0.00 (-0.01, 0.01)
»=0.56

—0.07 (=0.22, 0.08)
=036

0.00 (=0.00, 0.01)
p=0.57

0.01 (=0.17, 0.19)
p=0.95

0.06 (=0.05, 0.17)
p=0.27

—0.02 (—=0.20, 0.16)
p=0.81

0.10 (= 0.05, 0.25)
p=0.19

0.37 (0.24, 0.50)
p<0.001

0.00 (—0.00, 0.01)
p=038

—0.11 (=0.24, 0.03)
p=0.13

0.01 (0.00, 0.01)
p<0.001

0.03 (—0.68, 0.74)
p=0.93

0.29 (=0.15,0.72)
p=0.19

—-0.42 (-1.11,0.27)
p=0.23

—0.21 (-0.81,0.38)
p=0.48

1.33(0.85, 1.82)
p<0.001

—0.02 (-0.05, 0.01)
p=0.19

—0.08 (—0.64, 0.48)
p=0.77

0.00 (—=0.01, 0.02)
p=0.71

0.17 (=0.58, 0.92)
p=0.66

0.03 (=0.43, 0.48)
p=0091

—0.18 (=091, 0.54)
p=0.62

0.21 (=042, 0.83)
p=0.52

1.72 (121, 2.24)
p<0.001

—0.02 (-0.05, 0.01)
=023

—0.20 (= 0.78, 0.39)
p=0.51

0.02 (0.01, 0.04)
p=0.01

Multivariable linear regression model: preoperative radiological parameters vs disability/pain score. Severe change analyzed with moderate
change used as reference. Given as gradient with (CI) and p-value. The given regression coefficient indicates the change in symptom score when
going from “moderate” to “severe” for the given parameter and given symptom instrument

than the result of 87% in the NORDSTEN SST cohort. The
participants in the Swedish study were older than in the
NORDSTEN study (mean 71 years vs mean 66.8 years).
Since age is a key factor in the development of spinal steno-
sis, the age difference may explain the difference in DSCA
between the populations. The lower threshold for a small
DSCA in the Swedish study (70 mm? vs 75 mm? in our
study) might also influence the result.

In a retrospective study of 43 patients who underwent sur-
gery for LSS, Hwang et al. [26] classified 79% of the patients
to Pfirrmann 4 or 5 based on MRIs at baseline, compared
to our 58% in the present study. Mean age in the cohort by
Hwang et al. was 69 years. The slightly older cohort could
explain the larger number of patients with severe disk degen-
eration compared to the NORDSTEN cohort.

Akar et al. studied the prevalence of severe tropism in a
cohort of 100 spinal stenosis patients eligible for surgery
and established that 14% had a facet angle difference of 16
degree or more [27]. The result is similar to the 11% result
in the NORDSTEN SST cohort.

In a study that investigated fatty infiltration of the par-
aspinal muscles, Chen et al. [28] enrolled 62 patients with

spinal stenosis. By using the same classification system as
we did 17 (27%) of the subjects scored value 3 or 4 when
examining the multifidus muscle at the affected lumbar level.
Our result of 84% is not directly comparable due to different
dichotomizing.

Association MRI findings and symptom severity

Several studies focus on the relationship between MRI find-
ings and clinical manifestations in patients with LSS. Pre-
vious studies have concentrated on DSCA and the Schizas
classification system and report weak associations. Weber
et al. [29] investigated preoperative MRIs of 208 patients
with LSS in a retrospective study and found a weak associa-
tion between Schizas score and ODI as well as NRS score
at baseline. Mannion et al. [11] investigated the associa-
tion between MRI findings at baseline (DSCA and Schizas)
and disability/pain score at baseline in 157 patients planned
for spinal stenosis surgery. The group could not establish
a significant correlation. Kuittinen et al. [30] investigated
the association between DSCA and ODI without finding a
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significant correlation. The patient cohorts in these studies
are comparable to the present study.

Limitations and strengths

The present study has a cross-sectional study design and
a highly selected group of patients. Consequently, causal
inference about the association between MRI parameters and
symptom severity in patients with spinal stenosis cannot be
made. With all measurements collected preoperatively, the
findings in this study cannot predict future clinical conse-
quences of the MRI findings.

The quality of MR images collected in the NORDSTEN
study varies between the institutions and is a possible source
of bias when collecting and interpreting the data. Of the 437
collected MRIs, 415 were of adequate quality to be included
in this study when investigating Schizas, DSCA, Pfirrmann
and tropism. When investigating fatty Infiltration of multifi-
dus, 368 MRIs could be included. Consequently, this study
was sufficiently powered to investigate a larger number of
MRI parameters than earlier studies with similar aim. This
strengthens our findings. The selection process in this study
provides a subject cohort with a large burden of disability,
pain and MRI changes. Our findings cannot be generalized
to a population not eligible for spinal stenosis surgery.

The dichotomization of the scores in the different clas-
sification systems increased the possibility to differentiate
between patients with moderate and severe MRI changes.
In addition, this reflects best the challenges physicians face
in everyday practice when interpreting MRI findings of
patients with LSS. The cut-of values were based on earlier
studies when this was appropriate, but also in a pragmatic
manner to ensure an adequate number of subjects in each
group to perform statistical analysis. To test the robustness
of the statistical analysis, a trichotomization of DSCA values
(<75 mm?, 75-100 mm?, > 100 mm?) and Pfirrmann values
(1-2, 3—4 and 5) was investigated. This did not alter the
conclusion of the primary analysis.

Clinical overall value

When discussing the high degree of degenerative changes in
the observed cohort, it must be acknowledged that asymp-
tomatic persons in the same age group also present a high
degree of radiological lumbar degeneration [31]. The present
paper shows a weak association between MRI findings and
patient-reported pain and disability among patients selected
for decompression surgery.

Overall, the findings suggest that physicians should not
overly emphasize the radiological signs of degenerative
changes when giving medical advice to patients with LSS.
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Conclusion

The NORDSTEN SST COHORT presents a high prevalence
of degenerative MRI findings at baseline. The prevalence
is similar to observations in former studies. In this cross-
sectional study, only weak associations could be detected
between investigated MRI parameters and disability/pain
before surgery.

Acknowledgements This study has received funding from Central
Norway Regional Health Authority (RHA) and Western Regional
Health Authority (RHA) and the Department of Research and Innova-
tion, Mgre and Romsdal Hospital Trust, Alesund, Norway. This study
was funded by Helse Vest and Helse Midt-Norge.

Funding Open access funding provided by NTNU Norwegian Univer-
sity of Science and Technology (incl St. Olavs Hospital - Trondheim
University Hospital).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Watters WC 3rd, Baisden J, Gilbert TJ, Kreiner S, Resnick DK,
Bono CM, Ghiselli G, Heggeness MH, Mazanec DJ, O’Neill C,
Reitman CA, Shaffer WO, Summers JT, Toton JF, North Ameri-
can Spine S (2008) Degenerative lumbar spinal stenosis: an evi-
dence-based clinical guideline for the diagnosis and treatment of
degenerative lumbar spinal stenosis. Spine J 8:305-310. https://
doi.org/10.1016/j.spinee.2007.10.033

2. Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Blood E,
Hanscom B, Herkowitz H, Cammisa F, Albert T, Boden SD, Hili-
brand A, Goldberg H, Berven S, An H, Investigators S (2008)
Surgical versus nonsurgical therapy for lumbar spinal stenosis. N
Engl J Med 358:794-810. https://doi.org/10.1056/NEIMo0a0707
136

3. Suri P, Rainville J, Kalichman L, Katz JN (2010) Does this older
adult with lower extremity pain have the clinical syndrome of
lumbar spinal stenosis? JAMA 304:2628-2636. https://doi.org/
10.1001/jama.2010.1833

4. Deyo RA, Gray DT, Kreuter W, Mirza S, Martin BI (2005) United
States trends in lumbar fusion surgery for degenerative conditions.
Spine (Phila Pa 1976) 30:1441-1445 (Discussion 1446-1447)

5. Boden SD, McCowin PR, Davis DO, Dina TS, Mark AS, Wiesel S
(1990) Abnormal magnetic-resonance scans of the cervical spine
in asymptomatic subjects. A prospective investigation. J Bone Jt
Surg Am 72:1178-1184

6. Maeda T, Hashizume H, Yoshimura N, Oka H, Ishimoto Y, Nagata
K, Takami M, Tsutsui S, Iwasaki H, Minamide A, Nakagawa Y,


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.spinee.2007.10.033
https://doi.org/10.1016/j.spinee.2007.10.033
https://doi.org/10.1056/NEJMoa0707136
https://doi.org/10.1056/NEJMoa0707136
https://doi.org/10.1001/jama.2010.1833
https://doi.org/10.1001/jama.2010.1833

European Spine Journal

10.

11.

12.

13.

14.

15.

16.

17.

18.

Yukawa Y, Muraki S, Tanaka S, Yamada H, Yoshida M (2018)
Factors associated with lumbar spinal stenosis in a large-scale,
population-based cohort: The Wakayama Spine Study. PLoS ONE
13:¢0200208. https://doi.org/10.1371/journal.pone.0200208
Andreisek G, Hodler J, Steurer J (2011) Uncertainties in the diag-
nosis of lumbar spinal stenosis. Radiology 261:681-684. https://
doi.org/10.1148/radiol.11111086

Andreisek G, Imhof M, Wertli M, Winklhofer S, Pfirrmann CW,
Hodler J, Steurer J, Lumbar Spinal Stenosis Outcome Study Work-
ing Group Z (2013) A systematic review of semiquantitative and
qualitative radiologic criteria for the diagnosis of lumbar spinal
stenosis. Am J Roentgenol 201:W735-746. https://doi.org/10.
2214/AJR.12.10163

Burgstaller JM, Schuffler PJ, Buhmann JM, Andreisek G, Win-
klhofer S, Del Grande F, Mattle M, Brunner F, Karakoumis
G, Steurer J, Held U, Group LS (2016) Is there an association
between pain and magnetic resonance imaging parameters in
patients with lumbar spinal stenosis? Spine (Phila Pa 1976)
41:E1053-1062. https://doi.org/10.1097/BRS.0000000000001544
Schizas C, Theumann N, Burn A, Tansey R, Wardlaw D, Smith
FW, Kulik G (2010) Qualitative grading of severity of lumbar spi-
nal stenosis based on the morphology of the dural sac on magnetic
resonance images. Spine (Phila Pa 1976) 35:1919-1924. https://
doi.org/10.1097/BRS.0b013e3181d359bd

Mannion AF, Fekete TF, Pacifico D, O’Riordan D, Nauer S,
von Buren M, Schizas C (2017) Dural sac cross-sectional area
and morphological grade show significant associations with
patient-rated outcome of surgery for lumbar central spinal ste-
nosis. Eur Spine J 26:2552-2564. https://doi.org/10.1007/
s00586-017-5280-7

Ogikubo O, Forsberg L, Hansson T (2007) The relationship
between the cross-sectional area of the cauda equina and the
preoperative symptoms in central lumbar spinal stenosis. Spine
(Phila Pa 1976) 32:1423-1428. https://doi.org/10.1097/BRS.
0b013e318060a5f5 (Discussion 1429)

Hermansen E, Austevoll IM, Romild UK, Rekeland F, Solberg
T, Storheim K, Grundnes O, Aaen J, Brox JI, Hellum C, Indrek-
vam K (2017) Study-protocol for a randomized controlled trial
comparing clinical and radiological results after three different
posterior decompression techniques for lumbar spinal stenosis:
the Spinal Stenosis Trial (SST) (part of the NORDSTEN Study).
BMC Musculoskelet Disord 18:121. https://doi.org/10.1186/
s12891-017-1491-7

Austevoll IM, Hermansen E, Fagerland M, Rekeland F, Solberg T,
Storheim K, Brox JI, Lonne G, Indrekvam K, Aaen J, Grundnes
O, Hellum C (2019) Decompression alone versus decompression
with instrumental fusion the NORDSTEN degenerative spon-
dylolisthesis trial NORDSTEN-DS); study protocol for a rand-
omized controlled trial. BMC Musculoskelet Disord 20:7. https://
doi.org/10.1186/s12891-018-2384-0

Schonstrom N, Hansson T (1988) Pressure changes following con-
striction of the cauda equine. An experimental study in situ. Spine
(Phila Pa 1976) 13:385-388

Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J, Boos N (2001)
Magnetic resonance classification of lumbar intervertebral disc
degeneration. Spine (Phila Pa 1976) 26:1873-1878

Noren R, Trafimow J, Andersson GB, Huckman MS (1991) The
role of facet joint tropism and facet angle in disc degeneration.
Spine 16:530-532

Vanharanta H, Floyd T, Ohnmeiss DD, Hochschuler SH, Guyer
RD (1993) The relationship of facet tropism to degenerative disc
disease. Spine 18:1000-1005

. Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC (1994)

Fatty muscle degeneration in cuff ruptures. Pre- and postoperative
evaluation by CT scan. Clin Orthop Relat Res 304:78-83

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Fairbank JC, Pynsent PB (2000) The Oswestry Disability Index.
Spine (Phila Pa 1976) 25:2940-2952. https://doi.org/10.1097/
00007632-200011150-00017 (Discussion 2952)

Grotle M, Brox JI, Vollestad NK (2003) Cross-cultural adapta-
tion of the Norwegian versions of the Roland-Morris Disability
Questionnaire and the Oswestry Disability Index. J Rehabil Med
35:241-247. https://doi.org/10.1080/16501970306094

Stucki G, Liang MH, Fossel AH, Katz JN (1995) Relative respon-
siveness of condition-specific and generic health status measures
in degenerative lumbar spinal stenosis. J Clin Epidemiol 48:1369—
1378. https://doi.org/10.1016/0895-4356(95)00054-2

Bhalla A, Cha TD, Weber C, Nerland U, Gulati S, Lonne G
(2018) Decompressive surgery for lumbar spinal stenosis
across the Atlantic: a comparison of preoperative MRI between
matched cohorts from the US and Norway. Acta Neurochir (Wien)
160:419-424. https://doi.org/10.1007/s00701-017-3460-1
Moojen WA, Schenck CD, Lycklama ANG]J, Jacobs WCH, Van
der Kallen BF, Arts MP, Peul WC, Vleggeert-Lankamp C (2018)
Preoperative MRI in patients with intermittent neurogenic clau-
dication: relevance for diagnosis and prognosis. Spine (Phila Pa
1976) 43:348-355. https://doi.org/10.1097/BRS.0000000000
001301

Sigmundsson FG, Kang XP, Jonsson B, Stromqvist B (2011)
Correlation between disability and MRI findings in lumbar spi-
nal stenosis: a prospective study of 109 patients operated on by
decompression. Acta Orthop 82:204-210. https://doi.org/10.3109/
17453674.2011.566150

Hwang HJ, Park HK, Lee GS, Heo JY, Chang JC (2016) Predic-
tors of reoperation after microdecompression in lumbar spinal
stenosis. Korean J Spine 13:183—189. https://doi.org/10.14245/
kjs.2016.13.4.183

Akar E, Somay H (2019) Comparative morphometric analysis of
congenital and acquired lumbar spinal stenosis. J Clin Neurosci
68:256-261. https://doi.org/10.1016/j.jocn.2019.07.015

Chen YY, Pao JL, Liaw CK, Hsu WL, Yang RS (2014) Image
changes of paraspinal muscles and clinical correlations in patients
with unilateral lumbar spinal stenosis. Eur Spine J 23:999-1006.
https://doi.org/10.1007/s00586-013-3148-z

Weber C, Giannadakis C, Rao V, Jakola AS, Nerland U, Nygaard
OP, Solberg TK, Gulati S, Solheim O (2016) Is there an associa-
tion between radiological severity of lumbar spinal stenosis and
disability, pain, or surgical outcome?: A multicenter observational
study. Spine (Phila Pa 1976) 41:E78-83. https://doi.org/10.1097/
BRS.0000000000001166

Kuittinen P, Sipola P, Saari T, Aalto TJ, Sinikallio S, Savolainen
S, Kroger H, Turunen V, Leinonen V, Airaksinen O (2014) Visu-
ally assessed severity of lumbar spinal canal stenosis is para-
doxically associated with leg pain and objective walking abil-
ity. BMC Musculoskelet Disord 15:348. https://doi.org/10.1186/
1471-2474-15-348

Brinjikji W, Luetmer PH, Comstock B, Bresnahan BW, Chen LE,
Deyo RA, Halabi S, Turner JA, Avins AL, James K, Wald JT,
Kallmes DF, Jarvik JG (2015) Systematic literature review of
imaging features of spinal degeneration in asymptomatic popula-
tions. Am J Neuroradiol 36:811-816. https://doi.org/10.3174/ajnr.
A4173

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

@ Springer


https://doi.org/10.1371/journal.pone.0200208
https://doi.org/10.1148/radiol.11111086
https://doi.org/10.1148/radiol.11111086
https://doi.org/10.2214/AJR.12.10163
https://doi.org/10.2214/AJR.12.10163
https://doi.org/10.1097/BRS.0000000000001544
https://doi.org/10.1097/BRS.0b013e3181d359bd
https://doi.org/10.1097/BRS.0b013e3181d359bd
https://doi.org/10.1007/s00586-017-5280-7
https://doi.org/10.1007/s00586-017-5280-7
https://doi.org/10.1097/BRS.0b013e318060a5f5
https://doi.org/10.1097/BRS.0b013e318060a5f5
https://doi.org/10.1186/s12891-017-1491-7
https://doi.org/10.1186/s12891-017-1491-7
https://doi.org/10.1186/s12891-018-2384-0
https://doi.org/10.1186/s12891-018-2384-0
https://doi.org/10.1097/00007632-200011150-00017
https://doi.org/10.1097/00007632-200011150-00017
https://doi.org/10.1080/16501970306094
https://doi.org/10.1016/0895-4356(95)00054-2
https://doi.org/10.1007/s00701-017-3460-1
https://doi.org/10.1097/BRS.0000000000001301
https://doi.org/10.1097/BRS.0000000000001301
https://doi.org/10.3109/17453674.2011.566150
https://doi.org/10.3109/17453674.2011.566150
https://doi.org/10.14245/kjs.2016.13.4.183
https://doi.org/10.14245/kjs.2016.13.4.183
https://doi.org/10.1016/j.jocn.2019.07.015
https://doi.org/10.1007/s00586-013-3148-z
https://doi.org/10.1097/BRS.0000000000001166
https://doi.org/10.1097/BRS.0000000000001166
https://doi.org/10.1186/1471-2474-15-348
https://doi.org/10.1186/1471-2474-15-348
https://doi.org/10.3174/ajnr.A4173
https://doi.org/10.3174/ajnr.A4173

European Spine Journal

Authors and Affiliations

Jorn Aaen

1,7,12

Department of Orthopedic Surgery, Alesund Hospital, Mgre
and Romsdal Hospital Trust, Alesund, Norway

Kysthospitalet in Hagevik, Orthopedic Clinic, Haukeland
University Hospital, Bergen, Norway

Department of Clinical Medicine, University of Bergen,
Bergen, Norway

Division of Orthopedic Surgery, Oslo University Hospital
Ulleval, Oslo, Norway

Communication and Research Unit for Musculoskeletal
Health (FORMI), Oslo University Hospital, Oslo, Norway

Department of Roesearch and Innovation, Mgre and Romsdal
Hospital Trust, Alesund, Norway

Department of Circulation and Medical Imaging, Faculty
of Medicine and Health Sciences, Norwegian University
of Science and Technology, Trondheim, Norway

Department of Diagnostic Imaging, Akershus University
Hospital, Akershus, Norway

Institute of Clinical Medicine, University of Oslo, Oslo,
Norway

Unilabs Radiology, Oslo, Norway

@ Springer

11

- lvar Magne Austevoll*3'2. Christian Hellum*'2 . Kjersti Storheim®'2 . Tor Age Myklebust®'2.
Hasan Banitalebi®®? . Masoud Anvar'®'2. Jens Ivar Brox'"'2 . Clemens Weber'%'31° . Tore Solberg
Oliver Grundnes'>6 . Helena Brisby'*'”'8.. Kari Indrekvam?32 . Erland Hermansen

12,1415 ,
1,2,3,12

Department of Physical Medicine and Rehabilitation, Oslo
University Hospital, Oslo, Norway

Department of Orthopaedics, Stavanger University Hospital,
Stavanger, Norway

Department of Neurosurgery, Stavanger University Hospital,
Stavanger, Norway

Department of Neurosurgery and the Norwegian Registry
for Spine Surgery (NORspine), University Hospital
of Northern Norway, Tromsg, Norway

Institute of Clinical Medicine, The Arctic University
of Norway, Tromsg, Norway

Department of Orthopedics, Akershus University Hospital,
Akershus, Norway

Dept of Orthopaedics, Sahlgrenska University Hospital,
Gothenburg, Sweden

Dept. of Orthopaedics, Institute for Clinical Sciences,
Sahlgrenska Academy, University of Gothenburg,
Gothenburg, Sweden

Department of Quality and Health Technology, University
of Stavanger, Stavanger, Norway


http://orcid.org/0000-0002-4586-8415

	Clinical and MRI findings in lumbar spinal stenosis: baseline data from the NORDSTEN study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Inclusion process and patient recruitment
	Magnetic resonance imaging
	Preoperative clinical measures
	Statistical analysis
	Ethics and trial registration

	Results
	Demographic characteristics
	MRI findings
	Association between MRI findings and symptom severity

	Discussion
	MRI findings
	Association MRI findings and symptom severity
	Limitations and strengths
	Clinical overall value


	Conclusion
	Acknowledgements 
	References




