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Surgical decision-making in lumbar spinal stenosis involves assessment of clinical
parameters and the severity of the radiological stenosis. We suspected that surgeons based
surgical decisions more on dural sac cross-sectional area (DSCA) than on the morphology of
the dural sac. We carried out a survey among members of three European spine societies.
The axial T2-weighted MR images from ten patients with varying degrees of DSCA and
morphological grades according to the recently described morphological classification of
lumbar spinal stenosis, with DSCA values disclosed in half the assessed images, were used
for evaluation. We provided a clinical scenario to accompany the images, which were shown
to 142 responding physicians, mainly orthopaedic surgeons but also some neurosurgeons
and others directly involved in treating patients with spinal disorders. As the primary
outcome we used the number of respondents who would proceed to surgery for a given
DSCA or morphological grade. Substantial agreement among the respondents was
observed, with severe or extreme stenosis as defined by the morphological grade leading to
surgery. This decision was not dependent on the number of years in practice, medical
density or specialty. Disclosing the DSCA did not alter operative decision-making. In all,
40 respondents (29%) had prior knowledge of the morphological grading system, but their
responses showed no difference from those who had not. This study suggests that the
participants were less influenced by DSCA than by the morphological appearance of the
dural sac.
Classifying lumbar spinal stenosis according to morphology rather than surface
measurements appears to be consistent with current clinical practice.

Patients with lumbar spinal stenosis resistant
to conservative measures are generally considered suitable for surgical decompression,1 but
as with many surgical conditions the indications are not clearly defined. Although several
prospective randomised trials have compared
surgical with non-surgical management of spinal stenosis, some authors have not proposed a
radiological threshold for operative intervention,2,3 whereas others used the cross-sectional
area of the dural sac (DSCA) but gave no
explanation of its relationship to results.4
Evidence-based guidelines for the treatment
of lumbar spinal stenosis have been published
but did not include radiological thresholds.1
The most commonly used radiological measure
of lumbar spinal stenosis is the DSCA measured
in axial MR scans at disc level.5 Stenosis is considered severe if the DSCA is < 75 mm2 and
moderate when it measures < 100 mm2.6 More
recently a grading system based on the morphology of the dural sac has been described and
found to have prognostic value, with grades A
and B less likely to need surgery and grades C

and D more likely to fail conservative treatment.7 The grading is summarised as follows:
grade A: there is clearly cerebrospinal fluid
(CSF) visible within the dural sac, but its distribution is heterogeneous. Grade A is subdivided
into subgroups A1 to A4: A1, the rootlets lie
dorsally and occupy less than half of the dural
sac area; A2, the rootlets lie dorsally, in contact
with the dura but in a horseshoe configuration;
A3, the rootlets lie dorsally and occupy more
than half of the dural sac area; and A4, the rootlets lie centrally and occupy the majority of the
dural sac area. Grade B: the rootlets occupy the
whole of the dural sac, but they can still be individualised. Some CSF is still present giving a
grainy appearance to the sac. Grade C: no rootlets can be recognised, the dural sac demonstrating a homogeneous gray signal with no CSF
signal visible. There is epidural fat present posteriorly. Grade D: in addition to no rootlets
being recognisable there is no epidural fat posteriorly (Fig. 1). This morphological grading
entirely disregards the absolute value of the
DSCA, as it mainly considers the CSF/rootlet
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Table I. The characteristics of the ten MRI cases presented
in the survey

Fig. 1
Diagrams showing the morphological classification of severity of
lumbar spinal stenosis of Schizas et al7 (reproduced with permission from Lippincott Williams & Wilkins).

ratio.7 The contrasting appearance of nerve roots and CSF
on axial T2-weighted MRI scans makes such visual appraisal
straightforward. This dimension-free grading is independent
of the vertebral level and image acquisition techniques, such
as slice orientation.8 Even though the morphological grading
was shown to have a certain relationship with DSCA, a significant overlap of grades for a given surface measurement
has been reported. Particularly on axial T2-weighted MRI,
images with DSCA > 100 mm2 can be observed without any
visible CSF corresponding to myelographic blocs (grades C
and D). Conversely, axial images with DSCA < 75 mm2 and
ample room for nerve tissue surrounded by CSF can also be
observed (grades A and B). Finally, no relationship between
morphological grading and surgical results has been
reported, but this has been attributed to the use of nondisease-specific outcome tools.
We performed a study to see whether those who treat
patients with lumbar spinal stenosis based their decision as
far as imaging is concerned on DSCA measurements.
VOL. 94-B, No. 1, JANUARY 2012

Stenosis
morphology grade

Dural sac
cross-sectional area
(mm2)
Vertebral level

A1
A2
A3
A4
B
B
B
C
C
D

161
226
118
161
40
70
141
95
126
14

L2/3
L3/4
L2/3
L2/3
L4/5
L3/4
L2/3
L4/5
L4/5
L4/5

Material and Methods
Axial T2-weighted MRI scans of the lumbar spines of ten
different patients with either low back pain or lumbar spinal stenosis were selected so as to include all four grades
and a wide range of DSCA values. Their mean DSCA was
115 mm2 (14 to 126); the morphological grades ranged
from A1 to D (four As, three Bs, two Cs and one D; Fig. 1).
One image from each patient was used to illustrate
20 hypothetical clinical scenarios. These ten images were
presented initially in an increasing morphological grading
severity score (first ten case scenarios). The images were
reshuffled and shown again in a different order, this time
giving the DSCA value in mm2 (ten remaining case scenarios). For all images the actual level was disclosed (four at
L2/3 level, two at L3/4 and four at L4/5). We deliberately
introduced one grade B image with a DSCA < 100 mm2 and
a grade C image with a DSCA > 100 mm2 in order to further verify the concept that physicians base their decision
on morphology (Table I).
The question was worded as follows: ‘We are conducting
a study on the variability of surgical indications in lumbar
spinal stenosis based on the appreciation of severity of narrowing of the spinal canal. You will be shown 20 T2 axial
images. The question we would like to answer is the following: Assuming the MR images correspond to 20 patients
who have severe neurological claudication symptoms and
who are fit for surgery, would you consider decompressing
their lumbar spine given the degree of stenosis shown on
those 20 images?’
Background questions were also asked, as follows: number of years of post-fellowship practice, specialty (orthopaedics or neurosurgery), country of practice, and prior
knowledge of the morphological classification. A space was
also left for free text. This survey was organised on a webpage and an electronic link was sent to one international
and two national spine societies (Eurospine, British Association of Spinal Surgeons and the Swiss Spine Society, with a
total membership of 651 physicians).
As the main outcome measure we used the number of
cases for whom responders offered decompressive surgery
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Fig. 2
The distribution of operative rates for each grade following disclosure
of dural sac cross-sectional area.

for a given morphological grade. Results were further analysed according to the following parameters: number of
years in practice (< ten or > ten), specialty (orthopaedic surgery or neurosurgery), prior knowledge of the classification, opinion change on disclosure of DSCA, and density of
physicians in the country of practice. Information on physician density was obtained from the European Statistics
Office official webpage (http://epp.eurostat.ec.europa.eu),
which grades states into five different density categories.
We set the cut-off value between high and low density at
305 physicians per 100 000 inhabitants.
Statistical analysis was performed using Fisher’s exact
test with a p-value < 0.05 to signify statistical significance.

Results
A total of 142 responses were received, 137 of which were
valid and five were incomplete. From those 137, a total of
100 originated from orthopaedic surgeons, 30 from neurosurgeons, and seven from physicians from other specialties
involved in treating spinal conditions (rheumatology,
rehabilitation and radiology). Responses were obtained
from 25 different countries. A total of 2740 clinical scenarios were therefore available for analysis (1370 with
morphological grade information and the same 1370 with
DSCA information). Only forty responders (29%) were
aware of the morphological grading of stenosis.
In all 41 responders (30%) added some free text and
23 of these emphasised the need to base surgical decisions
on complete patient assessment.
A total of 117 of 545 (21%) grade A images, 236 of
412 (57%) grade B images, 238 of 272 (88%) of grade C
images and 133 of 136 (98%) of all grade D images were

considered suitable for decompressive surgery. More cases
with C and D grades were considered for decompression
than those with A or B grades. This difference was statistically significant (p < 0.001). A distribution of operative
rates for each grade can be seen in Figure 2.
In all, 487 of 549 (89%) cases with a DSCA < 100 mm2
and 241 of 816 (29%) with a DSCA > 100 mm2 were considered for surgery. This difference was also statistically significant (p < 0.001). Subsequent disclosure of the DSCA
under each image did not result in a difference in numbers
of levels to be decompressed (p = 1.0).
Grade C cases were considered more often for surgery by
neurosurgeons than by orthopaedic surgeons (p = 0.0048).
In other grades no difference between specialties was noted.
The number of years in practice, physician density and
prior knowledge of the morphological grading did not
influence the decision to operate, whether it was based on
the grading or the DSCA.

Discussion
The main finding of our study was that subsequent disclosure of the DSCA under each image did not result in a change
in opinion of the requirement for decompression. This
reflects the fact that surgeons overall rely more on the morphological appearance of the dural sac than on surface measurements in deciding which patients are suitable for surgery.
Despite the fact that physicians opted for surgery in most
cases with B, C or D stenosis or cases with DSCA
< 100 mm2, they were more likely to be influenced by the
morphology of the dural sac rather than its surface measurements, as transpired from the responses given to the
cases of B grade < 100 mm2 and C grade > 100 mm2. On
the other hand, most surgeons would operate on grade B
cases. This appears to conflict with previous research showing that surgery on patients with grade B stenosis was not
necessary during a 3.1 year follow-up period.7 So far there
have been no other studies validating this finding.
Basing the decision to operate on morphology is not new.
Prior to the advent of CT or MRI, surgeons relied mainly
on the morphology of the dural sac as shown on radiculography, with complete block regarded as a surgical indication. The morphological grading reflects this, as grade C or
D stenosis appears to correspond to complete myelographic
block.7 It has been confirmed that myelographic blocks can
be seen at the L4/5 level of symptomatic patients with
DSCA of 70 mm2 to 138 mm2.9
Even though guidelines exist for several interventional
procedures in patients with symptomatic spinal
pathology10 and spinal stenosis,1 to our knowledge no clear
guidelines exist for surgery relative to the radiological
severity of spinal stenosis. This survey might not reflect
actual decision-making, which could be influenced by several other factors (clinical, financial and access to health
resources). It can nevertheless be regarded as an unbiased
report of current beliefs on the surgical indications for
decompression in patients with spinal stenosis.
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Although the response rate in our survey appears to be
low, it compares with other surveys: 26% on an e-mail survey to paediatricians11 and 15% among surgeons.12 Low
response rates are one of the limitations of surveys; others
are measurement, sampling error and coverage.13 It has
been suggested that a 50% response rate at least is necessary, for conclusions to be drawn.14 It is unfortunately a
fact that response rates are declining with the passage of
years.15 Ways to improve survey responses have been suggested, for example combining several methods, such as
internet and surface mailing.16,17
This survey was performed using images to illustrate different scenarios, and physicians had therefore no access to
patient history or physical examination, and this was
reflected by the free text remarks of 23 responders. The
case description was nevertheless clear in that it described
fictional symptoms of neurological claudication severe
enough to warrant surgery in otherwise fit patients. Additionally, spinal stenosis surgery is based primarily on the
patient’s history with concordant imaging studies, as neurological examination at rest is often normal. Obviously
other pathologies such as osteoarthritis of the hip and
peripheral vascular disease must be excluded by examination. In this survey we constructed our clinical scenarios in
such a way as to leave respondents with sufficient clinical
information to decide on the appropriateness of surgery, in
the presence of the radiological severity of stenosis shown
on axial MRI scans.
Several authors have reported a significant variation in
surgical practices in relation to geographical location.18,19
This variability has been described also for lumbar laminectomy and discectomy, but no data on isolated lumbar
decompressive surgery are available.20 Although our survey
did not address the question of total number of procedures
per country, we found no significant variation in opinion as
far as the threshold for spinal decompression is concerned.
Appropriateness criteria for spinal surgery have been previously studied21 and have been found to be related to surgical outcomes.22 To our knowledge, no other study has
looked into the variation of surgical indications for lumbar
decompressive surgery relative to the radiological severity
of stenosis. Even though most surgeons had not come
across the morphological classification their decision to
proceed to surgery was based on the morphology of the
dural sac and not on DSCA measures. An attempt to mislead the respondents with images of morphological stenosis
but with DSCA > 100 mm2 failed. This further supports the
view that surgeons base their judgment on morphology.
In conclusion, we found that spinal surgeons across large
geographical regions of Europe base surgical decisions on
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the morphology of the dural sac rather than on DSCA.
Grading the severity of radiological stenosis based on morphology is probably more relevant than measuring DSCA.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
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