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Abstract

Background We aim to investigate associations between preoperative radiological findings of lumbar foraminal stenosis
with clinical outcomes after posterior microsurgical decompression in patients with predominantly central lumbar spinal
stenosis (LSS).

Methods The study was an additional analysis in the NORDSTEN Spinal Stenosis Trial. In total, 230 men and 207 women
(mean age 66.8 (SD 8.3)) were included. All patients underwent an MRI including T1- and T2-weighted sequences. Grade
of foraminal stenosis was dichotomized into none to moderate (0—1) and severe (2—-3) category using Lee’s classification
system. The Oswestry Disability Index (ODI), Zurich Claudication Questionnaire (ZCQ), and numeric rating scale (NRS)
for back and leg pain were collected at baseline and at 2-year follow-up. Primary outcome was a reduction of 30% or more
on the ODI score. Secondary outcomes included the mean improvement on the ODI, ZCQ, and NRS scores. We performed
multivariable regression analyses with the radiological variates foraminal stenosis, Pfirrmann grade, Schizas score, dural sac
cross-sectional area, and the possible plausible confounders: patients’ gender, age, smoking status, and BMI.

Results The cohort of 437 patients presented a high degree of degenerative changes at baseline. Of 414 patients with adequate
imaging of potential foraminal stenosis, 402 were labeled in the none to moderate category and 12 in the severe category. Of
the patients with none to moderate foraminal stenosis, 71% achieved at least 30% improvement in ODI. Among the patients
with severe foraminal stenosis, 36% achieved at least 30% improvement in ODI. A significant association between severe
foraminal stenosis and less chance of reaching the target of 30% improvement in the ODI score after surgery was detected:
OR 0.22 (95% CI1 0.06, 0.83), p=0.03. When investigating outcome as continuous variables, a similar association between
severe foraminal stenosis and less improved ODI with a mean difference of 9.28 points (95%CI 0.47, 18.09; p=0.04) was
found. Significant association between severe foraminal stenosis and less improved NRS pain in the lumbar region was also
detected with a mean difference of 1.89 (95% CI 0.30, 3.49; p=0.02). No significant association was suggested between
severe foraminal stenosis and ZCQ or NRS leg pain.

Conclusion In patients operated with posterior microsurgical decompression for LSS, a preoperative severe lumbar foraminal
stenosis was associated with higher proportion of patients with less than 30% improvement in ODI.

Trial registration The study is registered at ClinicalTrials.gov (22.11.2013) under the identifier NCT02007083.

Keywords LSS - Outcome - Foraminal stenosis - Disk degeneration - NORDSTEN

Introduction

Degenerative changes of the lumbar spine can lead to the
clinical condition known as lumbar spinal stenosis (LSS).
The stenosis can be predominantly central, lateral, or foram-
inal. A combination of these findings was first described
Extended author information available on the last page of the article by Henk Verbiest [32]. LSS is characterized by clinical
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symptoms of back and leg pain, neurogenic claudication, and
radiological images of the spinal canal indicating reduced
space for neural structures in the spinal canal and the neu-
roforamina. After surgery, 60-80% of the patients report
substantial improvement measured with different patient-
reported outcome measurements (PROMs) [2, 12, 17, 21].
Open laminectomy and minimal invasive decompression
procedures are utilized to treat LSS with equal outcome
[26]. Several minimally invasive surgical procedures are
commonly used with similar results regarding success and
complication rates [15]. The main aim of the surgical inter-
ventions treating LSS is to decompress the neural structures
within the spinal canal and the neural foramina. The patho-
physiology of LSS, however, consists of several processes
such as bulging of the disk, thickening of the flavum liga-
ment, and growth of the facet joint leading to a narrowing of
the spinal canal. With degeneration of the intervertebral disk
and degenerative hypertrophy of the facet joint, the volume
of the neural foramina diminishes, resulting in less space
available for the spinal nerve root exiting the spinal canal
through each foramen [29]. The observation of foraminal
stenosis on MRI is a pathology potentially contributing to
the LSS syndrome [27, 33]. While the neural structures
within the spinal canal mostly are relived after posterior
microsurgical decompression, restoring space in the fora-
men may require more complex surgery including resec-
tion of the facet joint, interbody fusion surgery, or far lateral
approaches. Earlier studies have suggested that persisting
foraminal stenosis can be linked to unfavorable outcomes
after lumbar decompressive surgery [6]. Thus, the aim for
this study was to investigate if foraminal stenosis seen on
baseline MRI was associated with change in patient-reported
outcome after microsurgical posterior decompression among
patients with predominantly central lumbar spinal stenosis
Symptoms.

Methods

The NORwegian Degenerative spondylolisthesis and spi-
nal STENosis (NORDSTEN) study has three arms, two
randomized controlled trials and one observational cohort
with 988 included patients. NORDSTEN is a multicenter
study done in collaboration with 18 Norwegian hospitals
that routinely perform spine surgery and are evaluating
clinical and radiological findings in patients with LSS. The
patients in the present analysis are from the randomized
NORDSTEN Spinal Stenosis Trial (NORDSTEN-SST),
and consequently, no patients with degenerative spon-
dylolisthesis are included [14].

Inclusion process and patient recruitment

The included patients had MRI findings and clinical
symptoms consistent with LSS, i.e., symptoms of pre-
dominantly central stenosis but not specific nerve root pain
(radiculopathy). Of 2227 patients screened for eligibility
at orthopedic and neurosurgical departments at 16 Norwe-
gian public hospitals, 437 patients fulfilled the eligibility
criteria and were included in NORDSTEN-SST (Fig. 1).
The enrolment of patients took place between February
2014 and October 2018. The patients were randomized
to surgical treatment with one of three commonly used
surgical techniques. All three techniques are labeled as
minimal invasive and resulted in similar success rates in
the present cohort [15]. None of the techniques included
foraminotomy, lateral approaches, or interbody devices.
The included patients answered questionnaires preopera-
tively and at a 2-year follow-up. Eligibility criteria are
given in Table 1.

Fig.1 Flow chart of the NORD-
STEN-SST investigating influ-
ence of foraminal stenosis. DST,

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

Degenerative Spondylolisthesis
Trial; SST, Spinal Stenosis Trial l

Eligible for inclusion in the Degenerative
Spondylolisthesis Trail (DST): n=761
-Missing information regarding

n=1385

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

spondylolisthesis: n= 81

Excluded due to eligibility criteria: n= 948

Included in the SST: n=437. Missing Lee score at baseline n=23. Total: n=414

|

Drop-out: n=29-46 due to missing PROMs at
follow up.

Completed PROM questionnaire at 2 year follow-up: n=369-385
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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 degrees, 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

Magnetic resonance imaging

All participants underwent MRI of the lumbar spine
within 6 months before surgery (1.5 or 3 Tesla). The
MRI protocol dictated 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 thickness:
3-5 mm, and FOV: 160-350 mm. The MRI examinations
were anonymized and the PACS IDS7 (SECTRA) was used
for the assessment of morphological changes.

Radiological variables

The inter- and intra-observer agreement analysis regarding
the preoperative MRI examinations is reported in a previous
study [5]. The index level was defined as the narrowest lum-
bar level measured by dural sac cross-sectional area (DSCA)
[7]. At the index level, the grade of foraminal stenosis was
classified using sagittal T1-weighted images according to
the classification system proposed by Lee et al. [24]. The
grading consists of scores 0-3.

— 0 = fat surrounding nerve in all directions

— 1 =fatlost only horizontally or vertically

— 2 = fat lost both horizontally or vertically

— 3 =fat lost both horizontally or vertically with morpho-
logical changes the nerve root

We dichotomized the radiological scores into none to
moderate changes (Lee 0-1) or severe changes (Lee 2-3) in
accordance with earlier publications [5]. The side with more
severe changes (right/left) was used in the analysis.

A decreased disk height is likely associated with the
development of foraminal stenosis [18]; therefore, disk
degeneration (Pfirrmann grade) was included in the statisti-
cal model as a covariate.

Previous studies have indicated an association between
Schizas score and DSCA and outcome. Therefore, these
parameters were included in the analysis as covariates,
although such associations are not suggested generally [7, 25].

A thorough discussion of the dichotomization of inves-
tigated covariates (Schizas, DSCA, and Pfirrmann) is pre-
sented in earlier publications [1, 7]. The radiological covari-
ates were dichotomized into moderate or severe changes

Outcome measures

The following patient-reported outcome measurements
(PROMs) were collected at preoperatively and at 2-year
follow-up after surgery: the Norwegian validated versions
of the Oswestry Disability Index (ODI), the Zurich Claudi-
cation Questionnaire (ZCQ), and the numeric rating scale
(NRS) for leg and back pain.

The ODI is a low back pain—specific questionnaire con-
sisting of ten questions about pain-related disability. The
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ODI score ranges from 0 (no disability) to 100 (most severe
disability) [9, 11].

The ZCQ is a disease-specific questionnaire for LSS
assessing symptom severity and physical function [30,
31]. The symptom severity scale ranges from 1.0 to 5.0.
The physical function scale ranges from 1.0 to 4.0. For both
scales, 1.0 is minimum burden. The NRS for leg and back
pain ranges from O (no pain) to 10 (worst pain imaginable)
[10].

The primary outcome measure was defined as a reduction
of at least 30% of the ODI score after the 2-year follow-up
period, determined as a threshold value to define the surgical
intervention as a success [3, 4, 8, 28].

Secondary patient-reported outcomes were summary
scores reported at 2-year follow-up for ODI, ZCQ, and NRS
for leg and back pain.

Statistics

We conducted an analysis of data collected prospectively
in a RCT, nested within the NORDSTEN-SST. Paired-sam-
ple #-tests were utilized to compare differences in means
at baseline and the 2-year follow-up. To analyze the asso-
ciation between MRI findings and outcomes, multivariable
regression models including MRI parameters and control-
ling for relevant patient demographics, i.e., age (continuous),
sex, smoking status (yes/no), and BMI (continuous), were
applied. Pfirrmann score, Schizas grade, and DSCA were
used as covariates. For the primary dichotomous outcome,
a logistic regression model estimating odds ratios and cor-
responding 95% confidence intervals was applied. For the
continuous secondary outcomes, we used linear regression
analysis and estimated unstandardized regression coeffi-
cients with corresponding 95% confidence intervals. As the
proportion of missing information was low, complete case
analyses were done. Analyses were performed using Stata
(version 16.1).

Results
Baseline data

This study included 230 men and 207 women with mean
age 66.8 (SD 8.3), in total 437 patients. However, only 414
of the patients had MRIs with adequate visualization of the
foraminal canal. The number of patients not returning com-
plete PROMS at follow-up was 46 (11%) including 29 (7%)
patients with total dropout. The distribution of index levels
was as follows: 24 patients at L2-1.3, 146 patients at L.3-L4,
and 245 patients at L4-L5. The part of the cohort labeled
with Lee grades 2-3 presented a higher portion of females
(67% vs 47%), more smokers (25% vs 21%), and less patients

@ Springer

with higher education (0% vs 29%) when compared to the
patients labeled with Lee grades 0—1. Patient characteristics
are presented in Table 2.

Radiological findings at baseline

The cohort presented a high degree of degenerative changes
preoperatively. The percentage of patients with severe scores
were as follows: Lee (2-3) 2.9%, Schizas (C-D) 71.3%,
cross-sectional area (< 75mm?) 86.8%, Pfirrmann (4-5)
58.1%. Results are presented in Fig. 2.

The grade of foraminal stenosis on the index level based
on Lee’s classification was as follows:

— Lee score 0: 347 patients
— Lee score 1: 55 patients
— Lee score 2: 11 patients
— Lee score 3: 1 patient

Improvement after surgery

Of the patients with none to moderate foraminal stenosis,
264 of 374 (71%) achieved a minimum of 30% improvement
in ODI. Among the patients with severe foraminal stenosis,
4 of 11 (36%) achieved a minimum of 30% improvement
in ODI.

Associations between MRI findings of foraminal
stenosis and PROMs

For the primary outcome, a significant association between
severe foraminal stenosis on MRI and less chance of reach-
ing 30% improvement in ODI score with OR 0.22 (95% CI
0.06, 0.83; p=0.03) was detected. The logistic regression
model is given in Table 3.

In the secondary analysis when investigating associa-
tions between MRI findings and continuous PROMs, a sig-
nificant association between severe foraminal stenosis and
less improvement of ODI with a mean difference of 9.28
ODI points (95%CI 0.47, 18.09; p=0.04) was detected.
The analysis also showed a significant association between
severe foraminal stenosis and NRS back pain with a mean

Table2 Baseline data. Key parameters of the NORDSTEN-SST cohort

Lee 0-1 Lee 2-3 Cobhort in total
Age mean (SD) 66.7 (8.3) 65.8 (11.2) 66.8 (8.3)
Male gender % 53.4 333 529
Smoker % 20.8 25 20.8
BMI mean (SD) 27.7 (4.2) 26.8 (3.6) 27.8 (4.2)
Higher education % 29 0 28.5




Acta Neurochirurgica (2023) 165:2121-2129

2125

100% 29
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Lee Schizas DSCA

Pfirrmann

Fig.2 Baseline data. Illustration of the percentage of patients with worst dichotomy score (orange) in each radiological classification system

Table3 Lumbar spinal stenosis patients treated by microsurgical
decompression surgery. Logistic regression model with odds ratio
indicating the chance of successful surgery when comparing moder-
ate/severe changes in given radiological classification systems. Suc-
cessful surgery determined as at least 30% improvement in the ODI
score from baseline to 2 years post-operative. Adjusted for sex, age,
smoking status, and BMI

Variable Oddsratio  p-value 95% CI n
Lee

0-1 (n=402) vs 1

2-3 (n=12) 0.22 0.03 0.06,0.83 414
Schizas

A-B (n=119) vs 1

C-D (n=296) 1.43 0.22 0.81,2.55 415
DCSA

>75 mm® (n=55)vs 1

<75 mm? (n=360) 1.33 0.46 0.62,2.84 415
Pfirrmann

1-3 (n=174) vs 1

4-5 (n=241) 0.53 0.01 0.32,0.86 415
Male 1
Female 0.64 0.07 0.40, 1.03
Age 0.99 0.41 0.96, 1.02
Smoker

No 1

Yes 0.38 0.00 0.21, 0.69
BMI 0.93 0.02 0.88, 0.99

difference of 1.89 (95% CI 0.30, 3.49; p=0.02). No asso-
ciation was detected between severe foraminal stenosis
and NRS leg pain, ZCQ function, or ZCQ symptoms. The
results are presented in Table 4.

Unadjusted scores for PROMs at baseline and at follow-
up for cohort in total and dichotomized in Lee score none to
moderate/severe are demonstrated in Tables 5 and 6.

Discussion

The main observation in this study was the association
between severe foraminal stenosis of the lumbar foramina
and significantly reduced chance of reaching a 30% improve-
ment in the ODI score after microsurgical decompression for
lumbar spinal stenosis. Severe foraminal stenosis at baseline
reduced the probability to reach the targeted improvement by
nearly fivefold when compared to having none to moderate
foraminal stenosis. Significant association was also detected
between severe foraminal stenosis and NRS back pain but
not with NRS leg pain.

The results are in accordance with considerations by
Burton in 1981. Burton et al. emphasized that narrowing of
the foraminal canal is an integral part of the degenerative
process that leads to lumbar spinal stenosis. The group also
postulated that nerve entrapment in the foraminal canal is
an symptom aggressor [6].

Regarding the prevalence of foraminal stenosis in
patients referred to surgery for LSS, the earlier published
data contains inhomogeneous study cohorts [16]. It is well
known that foraminal stenosis is linked to olisthesis, i.e.,
slipping of the vertebrae with consequently less space
for the nerve in the foraminal canal [18]. Kunogi et al.
reported a foraminal stenosis rate preoperatively of 8%
in patients with degenerative lumbar disease [23]. To the
authors’ knowledge, no earlier studies with similar aim
have excluded the patients with olistheses. Therefore,
our rate of 2.9% with Lee grade 2 or 3 seems plausible.
However, a study cohort with foraminal stenosis listed
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Table4 Cohort of LSS

) . Instrument
patients selected for surgical
treatment. Multivariable linear Variable ZCQ symptoms ZCQ function NRS pain in NRS painin ~ ODI
regression model investigating lower extremity lumbar region
the association between
preoperative radiological Lee
parameters and improvement 0-1 (n=402) 0.41 0.19 1.14 1.89 9.28
in disability/pain scores vs (= 0.07,0.88)  (=0.16,0.55) (=0.51,2.78)  (0.30,3.49)  (0.47, 18.09)
after surgery. Radiological 2-3 (n=12) p=0.09 p=0.29 p=0.18 p=0.02 p=0.04
parameters dichotomized in Schizas
categories for moderate and
severe degenerative change. A-B (n=119) —0.15 —0.13 -0.71 —0.23 —4.79
Severe change analyzed with Vs (—0.35,0.05) (-0.28,0.02) (-1.42,-0.01) (-0.91,0.46) (-8.53,-1.06)
moderate change used as C-D (n=296) p=0.15 p=0.10 p=0.05 p=0.52 p=0.01
reference. Given as coefficients DCSA
(gradients) with CI and p-value. > 75 mm? (n=55) 0.00 —0.10 0.28 —-0.49 0.45
All PROMs analyzed as Vs (-0.27,027)  (=0.30,0.10) (—0.67,1.23)  (—1.40,042) (—4.52,5.43)
continuous variables controlled <75 mm?2 p=1.00 p=0.34 p=0.57 p=0.29 p=0.86
for baseline values (n=360)
Pfirrmann

1-3 (n=174) 0.15 0.12 0.45 0.35 2.56

Vs (-=0.01,0.31) (=0.00,0.24) (—0.12,1.03) (=0.20,0.90) (-0.50,5.61)

4-5 (n=241) p=0.07 p=0.05 p=0.12 p=0.22 p=0.10

Table 5 Total cohort of LSS patients selected for surgical treatment.
Cohort with PROM scores at baseline and 2-year follow-up with
p-values indicating significant difference

Table 6 Mean values of unadjusted PROMs divided into moderate or
severe Lee score with p-values based on paired-sample ¢-tests

PROMs Lee 0-1 (n=402) Lee 2-3 (n=12)
Baseline 2-year follow-up p-values
At baseline
ODI mean (SD) 38.4 (14.6) 18.8 (16.4) p<0.01 ODI (SD) 384 (14.4) 42.4 (18.4) 9=0.35
7ZCQ mean n=407 .
Sympt. (SD) 3406) 23(09) <001 n_ﬁgg function (SD) 2.5 (0.5) 2.6 (0.6) p=0.74
Function (SD) 2.5 (0.5) 1.7 (0.7) p<0.01 2CS symptom (SD) 34 (0.6 3407 =078
NRS mean =403
Leg (SD) 6.5 (2.0) 3029 p<0.01 NRS leg (SD) 6.4 (2.0) 6.7 (2.5) p=0.73
Back (SD) 6.3(2.2) 3.6 (2.9) p<0.01 n=391
NRS back (SD) 6.3 (2.2) 6.8 (2.1) p=0.48
n=394
as an inclusion criterion would likely returned a higher At 2-year follow-up
prevalence. Among the candidates for the NORDSTEN- n=2]8)51 (SD) 185(164) 29.5(159) p=003
SST trial, a number of patients with LSS and additional 7CS function (SD) 1707 190.7) =032
foraminal stenosis might have been guided out of the study  ,_33>
before inclusion. ZCS symptom (SD) 2.3 (0.9) 2.7 (0.8) p=0.16
Although the aspect of foraminal stenosis as an integrated ~ n=381
part of the lumbar spinal stenosis entity is documented [20], NRS leg (SD) 3.0 (2.9) 4.2 (2.5) p=0.16
there is limited published knowledge regarding the clini- =369
cal consequence. Yamada et al. using the JOA score and a 1;1525 back (SD) 3629 5.6 (1.5) p=0.02
n=

VAS scale detected a higher prevalence of leg pain at rest
in patients with lumbar foraminal stenosis compared with
patients with predominantly central lumbar stenosis [33]. In
a study by the NORDSTEN group, disk degeneration was
found to be a predictor for less postoperative improvement
in the ODI score [7]. The NORDSTEN group has formerly
investigated potential associations between improvement in
PROM and a range of MRI findings but could not detect any
associations with likely clinical relevance when investigating
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Schizas score, DSCA, tropism, or amount of fatty infiltration
of multifidus muscle [7].

A puzzling finding in the present study is the association
between severe foraminal stenosis and outcome measured
with NRS back pain while no such association was detected
between severe foraminal stenosis and outcome measured
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with NRS leg pain. Published spinal literature suggests that
decompression of the spinal nerve mainly helps radiating
discomfort in patients with LSS [21], although several ear-
lier studies have suggested that lumbar spinal decompression
is also beneficial for back pain in LSS patients [19, 22].
The traditional clinical perception is that foraminal stenosis
mainly induces leg pain [27]. As a consequence, the pre-
sumption is that surgery for LSS with foraminal stenosis
is mostly beneficial for leg pain. May foraminal stenosis as
a part of central lumbar spinal stenosis have other clinical
properties than isolated foraminal stenosis? This is a poten-
tial topic for future studies.

Limitations

The major limitation of this paper is the low number of
patients with severe foraminal stenosis in the investigated
cohort. Consequently, a warning is in place not to consider
our findings as clinical guidelines. Foraminal stenosis was
not an inclusion nor exclusion criterion in the NORDSTEN-
SST study but an additional radiological finding in a cohort
with symptoms of predominantly central LSS. In the pre-
sent study, we wanted to investigate the treatment of such
patients. The question is whether a practice of posterior
microsurgical decompression is beneficial for this group.
The clinical syndrome of LSS is associated with comorbidity
and high age. The practice of performing a simple posterior
microsurgical decompression instead of the use of interbody
devices, foraminotomy, or far lateral approaches is often
tempting but there is a high degree of uncertainty regarding
the influence on outcome. We hope that this paper is a start
of further studies in this field. Only future investigations will
show if the arguments we put forward are legit.

We cannot rule out the possibility that patients with
severe foraminal stenosis may be associated with more
degeneration of the spine and consequently will improve less
after surgery, i.e., foraminal stenosis might be confounded
by general lumbar degeneration. The analysis was adjusted
for several MRI findings but the absence of other markers for
degeneration (e.g., facet joint arthrosis) in the analyses might
be a source of bias. This might also explain the detection
of significant association between severe foraminal stenosis
and ODI/NRS back pain while no such association was sug-
gested between foraminal stenosis and NRS leg pain.

The MRIs investigated in the present study are acquired
in supine position. The size and formation of the neuro-
foramina are affected by the weight bearing and load [13].
Consequently, patients might have a higher degree of ste-
nosis than observed at point of imaging. When investigat-
ing potential foraminal stenosis, we have used the vali-
dated method by Lee with sagittal T1-weighted images.
Although partial volume effects are inevitable when imag-
ing nerves at 3—5-mm slice thickness, the investigators did

not experience problems differencing between blockade of
the perineural fat and partial volume effects.

The investigated cohort are patients with predominantly
central LSS and corresponding symptoms. According to
the inclusion criteria, patients with one-sided radicu-
lopathy are not included in this study. Consequently, the
findings in the present study cannot be generalized to a
broader specter of patients with foraminal stenosis but
only apply to patients with both LSS and a concurrent
foraminal stenosis.

The optimal situation would be to include the total of
important covariates in the analysis. Albeit, the NORD-
STEN data material does not include parameters such as
mental status, grade of eventual minimal scoliosis, grade of
eventual minimal listhesis, or timespan of symptoms. The
inclusion criteria in the present study do however demand
a symptom period of minimum 3 months. The exclusion
criteria deny patients with a lumbosacral scoliosis of more
than 20 degrees verified on AP view or olisthesis of 3 mm
or more. However, the impact of mental status, minimal olis-
thesis, minimal scoliosis, or other non-assessed covariates
might influence the results of our analysis. The lack of data
regarding any minimal scoliosis and concurrent coupling
movements is a major weakness in our analysis with poten-
tial mismeasurements of foraminal stenosis.

The non-adjusted covariate higher education (y/n) is
unequally distributed between the groups with none to
moderate and severe foraminal stenosis. Consequently, this
is a potential confounding factor in our analysis.

Only patients treated with posterior microsurgical
decompression were included in this study. The absence
of other common decompression techniques, i.e., laminec-
tomy, weakens the external validity of our findings.

Conclusion The presence of severe foraminal stenosis as a
part of the LSS entity at baseline suggests less improve-
ment in ODI and NRS back pain after posterior microsurgi-
cal decompression.

Funding Open access funding provided by NTNU Norwegian Univer-
sity of Science and Technology (incl St. Olavs Hospital - Trondheim
University Hospital) This study has received funding from the Cen-
tral 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.

Declarations

Ethics approval The Committee for Medical and Health Research Ethics
of Central Norway approved the study (study identifier: 2011/2034). The
study is registered at ClinicalTrials.gov (22.11.2013) under the identifier
NCT02007083. All patients provided written informed consent.

Competing interests The authors declare no competing interests.

@ Springer


http://clinicaltrials.gov

2128

Acta Neurochirurgica (2023) 165:2121-2129

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. Aaen J, Austevoll IM, Hellum C, Storheim K, Myklebust TA,
Banitalebi H, Anvar M, Brox JI, Weber C, Solberg T, Grundnes
O, Brisby H, Indrekvam K, Hermansen E (2021) Clinical and
MRI findings in lumbar spinal stenosis: baseline data from
the NORDSTEN study. Eur Spine J. https://doi.org/10.1007/
s00586-021-07051-4

2. Airaksinen O, Herno A, Turunen V, Saari T, Suomlainen O (1997)
Surgical outcome of 438 patients treated surgically for lumbar
spinal stenosis. Spine (Phila Pa 1976) 22:2278-2282. https://doi.
org/10.1097/00007632-199710010-00016

3. Austevoll IM, Gjestad R, Grotle M, Solberg T, Brox JI, Her-
mansen E, Rekeland F, Indrekvam K, Storheim K, Hellum C
(2019) Follow-up score, change score or percentage change score
for determining clinical important outcome following surgery? An
observational study from the Norwegian registry for Spine surgery
evaluating patient reported outcome measures in lumbar spinal
stenosis and lumbar degenerative spondylolisthesis. BMC Muscu-
loskelet Disord 20:31. https://doi.org/10.1186/s12891-018-2386-y

4. Austevoll IM, Hermansen E, Fagerland MW, Storheim K, Brox JI,
Solberg T, Rekeland F, Franssen E, Weber C, Brisby H, Grundnes
O, Algaard KRH, Boker T, Banitalebi H, Indrekvam K, Hellum C,
Investigators N-D (2021) Decompression with or without fusion
in degenerative lumbar spondylolisthesis. N Engl ] Med 385:526—
538. https://doi.org/10.1056/NEJM0a2100990

5. Banitalebi H, Espeland A, Anvar M, Hermansen E, Hellum C, Brox JI,
Myklebust TA, Indrekvam K, Brisby H, Weber C, Aaen J, Austevoll
IM, Grundnes O, Negard A (2022) Reliability of preoperative MRI
findings in patients with lumbar spinal stenosis. BMC Musculoskelet
Disord 23:51. https://doi.org/10.1186/s12891-021-04949-4

6. Burton CV, Kirkaldy-Willis WH, Yong-Hing K, Heithoff KB
(1981) Causes of failure of surgery on the lumbar spine. Clin
Orthop Relat Res 157:191-9

7. Aaen J, Banitalebi H, Austevoll IM, Hellum C, Storheim K,
Myklebust TA, Anvar M, Weber C, Solberg T, Grundnes O,
Brisby H, Indrekvam K, Hermansen E (2022) The association
between preoperative MRI findings and clinical improvement in
patients included in the NORDSTEN Spinal Stenosis Trial. Eur
Spine J. https://doi.org/10.1007/s00586-022-07317-5

8. Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS,
Farrar JT, Haythornthwaite JA, Jensen MP, Kerns RD, Ader DN,
Brandenburg N, Burke LB, Cella D, Chandler J, Cowan P, Dim-
itrova R, Dionne R, Hertz S, Jadad AR et al (2008) Interpreting
the clinical importance of treatment outcomes in chronic pain
clinical trials: IMMPACT recommendations. J Pain 9:105-121.
https://doi.org/10.1016/j.jpain.2007.09.005

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

@ Springer

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Ferreira-Valente MA, Pais-Ribeiro JL, Jensen MP (2011) Validity

of four pain intensity rating scales. Pain 152:2399-2404. https://
doi.org/10.1016/j.pain.2011.07.005

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

Hara N, Oka H, Yamazaki T, Takeshita K, Murakami M, Hoshi K,
Terayama S, Seichi A, Nakamura K, Kawaguchi H, Matsudaira K
(2010) Predictors of residual symptoms in lower extremities after
decompression surgery on lumbar spinal stenosis. Eur Spine J
19:1849-1854. https://doi.org/10.1007/s00586-010-1374-1
Hebelka H, Rydberg N, Hutchins J, Lagerstrand K, Brisby H
(2022) Axial loading during MRI induces lumbar foraminal area
changes and has the potential to improve diagnostics of nerve root
compromise. J Clin Med 11. https://doi.org/10.3390/jcm11082122
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

Hermansen E, Austevoll IM, Hellum C, Storheim K, Myklebust
TA, Aaen J, Banitalebi H, Anvar M, Rekeland F, Brox JI, Frans-
sen E, Weber C, Solberg TK, Furunes H, Grundnes O, Brisby H,
Indrekvam K (2022) Comparison of 3 different minimally invasive
surgical techniques for lumbar spinal stenosis: a randomized clini-
cal trial. JAMA Netw Open 5:¢224291. https://doi.org/10.1001/
jamanetworkopen.2022.4291

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 symptoms in the
general population: the Wakayama Spine Study. Osteoarthritis
Cartilage 21:783-788. https://doi.org/10.1016/j.joca.2013.02.656
Jansson KA, Nemeth G, Granath F, Jonsson B, Blomqvist P
(2009) Health-related quality of life (EQ-5D) before and one year
after surgery for lumbar spinal stenosis. J Bone Joint Surg Br
91:210-216. https://doi.org/10.1302/0301-620X.91B2.21119
Jenis LG, An HS (2000) Spine update. Lumbar foraminal stenosis.
Spine (Phila Pa 1976) 25:389-394. https://doi.org/10.1097/00007
632-200002010-00022

Jones AD, Wafai AM, Easterbrook AL (2014) Improvement in low
back pain following spinal decompression: observational study
of 119 patients. Eur Spine J 23:135-141. https://doi.org/10.1007/
$00586-013-2964-5

Katz JN, Harris MB (2008) Clinical practice. Lumbar spinal ste-
nosis. N Engl J Med 358:818-825. https://doi.org/10.1056/NEJMc
p0708097

Katz JN, Lipson SJ, Brick GW, Grobler LJ, Weinstein JN, Fossel
AH, Lew RA, Liang MH (1995) Clinical correlates of patient
satisfaction after laminectomy for degenerative lumbar spinal ste-
nosis. Spine (Phila Pa 1976) 20:1155-1160. https://doi.org/10.
1097/00007632-199505150-00008

Kitagawa T, Ogura Y, Kobayashi Y, Takahashi Y, Yonezawa Y,
Yoshida K, Takahashi Y, Yasuda A, Shinozaki Y, Ogawa J (2021)
Improvement of lower back pain in lumbar spinal stenosis after
decompression surgery and factors that predict residual lower back
pain. Global Spine J 11:212-218. https://doi.org/10.1177/21925
68220905617

Kunogi J, Hasue M (1991) Diagnosis and operative treatment of
intraforaminal and extraforaminal nerve root compression. Spine
(Phila Pa 1976) 16:1312-1320. https://doi.org/10.1097/00007632-
199111000-00012


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00586-021-07051-4
https://doi.org/10.1007/s00586-021-07051-4
https://doi.org/10.1097/00007632-199710010-00016
https://doi.org/10.1097/00007632-199710010-00016
https://doi.org/10.1186/s12891-018-2386-y
https://doi.org/10.1056/NEJMoa2100990
https://doi.org/10.1186/s12891-021-04949-4
https://doi.org/10.1007/s00586-022-07317-5
https://doi.org/10.1016/j.jpain.2007.09.005
https://doi.org/10.1097/00007632-200011150-00017
https://doi.org/10.1097/00007632-200011150-00017
https://doi.org/10.1016/j.pain.2011.07.005
https://doi.org/10.1016/j.pain.2011.07.005
https://doi.org/10.1080/16501970306094
https://doi.org/10.1007/s00586-010-1374-1
https://doi.org/10.3390/jcm11082122
https://doi.org/10.1186/s12891-017-1491-7
https://doi.org/10.1186/s12891-017-1491-7
https://doi.org/10.1001/jamanetworkopen.2022.4291
https://doi.org/10.1001/jamanetworkopen.2022.4291
https://doi.org/10.1016/j.joca.2013.02.656
https://doi.org/10.1302/0301-620X.91B2.21119
https://doi.org/10.1097/00007632-200002010-00022
https://doi.org/10.1097/00007632-200002010-00022
https://doi.org/10.1007/s00586-013-2964-5
https://doi.org/10.1007/s00586-013-2964-5
https://doi.org/10.1056/NEJMcp0708097
https://doi.org/10.1056/NEJMcp0708097
https://doi.org/10.1097/00007632-199505150-00008
https://doi.org/10.1097/00007632-199505150-00008
https://doi.org/10.1177/2192568220905617
https://doi.org/10.1177/2192568220905617
https://doi.org/10.1097/00007632-199111000-00012
https://doi.org/10.1097/00007632-199111000-00012

Acta Neurochirurgica (2023) 165:2121-2129

2129

24.

25.

26.

27.

28.

Lee S, Lee JW, Yeom JS, Kim KJ, Kim HJ, Chung SK, Kang
HS (2010) A practical MRI grading system for lumbar foraminal
stenosis. AJR Am J Roentgenol 194:1095-1098. https://doi.org/
10.2214/AJR.09.2772

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

Nerland US, Jakola AS, Solheim O, Weber C, Rao V, Lonne
G, Solberg TK, Salvesen O, Carlsen SM, Nygaard OP, Gulati S
(2015) Minimally invasive decompression versus open laminec-
tomy for central stenosis of the lumbar spine: pragmatic compara-
tive effectiveness study. BMJ 350:h1603. https://doi.org/10.1136/
bmj.h1603

Orita S, Inage K, Eguchi Y, Kubota G, Aoki Y, Nakamura
J, Matsuura Y, Furuya T, Koda M, Ohtori S (2016) Lumbar
foraminal stenosis, the hidden stenosis including at L5/S1. Eur
J Orthop Surg Traumatol 26:685-693. https://doi.org/10.1007/
s00590-016-1806-7

Ostelo RW, Deyo RA, Stratford P, Waddell G, Croft P, Von Korff
M, Bouter LM, de Vet HC (2008) Interpreting change scores for
pain and functional status in low back pain: towards international

Authors and Affiliations

Jorn Aaen'?

29.

30.

31.

32.

33.

consensus regarding minimal important change. Spine (Phila Pa
1976) 33:90-94. https://doi.org/10.1097/BRS.0b013e31815e3a10
Stephens MM, Evans JH, O’Brien JP (1991) Lumbar interver-
tebral foramens. An in vitro study of their shape in relation to
intervertebral disc pathology. Spine (Phila Pa 1976) 16:525-529
Stucki G, Daltroy L, Liang MH, Lipson SJ, Fossel AH, Katz N
(1996) Measurement properties of a self-administered outcome
measure in lumbar spinal stenosis. Spine (Phila Pa 1976) 21:796—
803. https://doi.org/10.1097/00007632-199604010-00004
Thornes E, Grotle M (2008) Cross-cultural adaptation of the
Norwegian version of the spinal stenosis measure. Eur Spine J
17:456-462. https://doi.org/10.1007/s00586-007-0576-7
Verbiest H (1973) Chapter 16. Neurogenic intermittent claudica-
tion in cases with absolute and relative stenosis of the lumbar
vertebral canal (ASLC and RSLC), in cases with narrow lumbar
intervertebral foramina, and in cases with both entities. Clin Neu-
rosurg 20:204-214. https://doi.org/10.1093/neurosurgery/20.cn_
suppl_1.204

Yamada K, Aota Y, Higashi T, Ishida K, Nimura T, Konno T, Saito
T (2014) Lumbar foraminal stenosis causes leg pain at rest. Eur
Spine J 23:504-507. https://doi.org/10.1007/s00586-013-3055-3

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

- Hasan Banitalebi** - lvar Magne Austevoll>® - Christian Hellum’ - Kjersti Storheim?® .

Tor Age Myklebust® - Masoud Anvar'® - Clemens Weber'""'2 . Tore Solberg'>'4 . Oliver Grundnes' -

Helena Brisby'®'” . Kari Indrekvam®® - Erland Hermansen

>4

Jorn Aaen
Jorn.Aaen @helse-mr.no

Department of Orthopedic Surgery, Alesund Hospital, 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, Nordbyhagen, Norway

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

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

1,5,6

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

Unilabs Radiology, Oslo, Norway

Department of Neurosurgery, Stavanger University Hospital,
Stavanger, Norway

Dept. of Quality and Health Technology, University
of Stavanger, 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,
Nordbyhagen, Norway

Dept of Orthopaedics, Sahlgrenska University Hospital,
Gothenburg, Sweden

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

@ Springer


https://doi.org/10.2214/AJR.09.2772
https://doi.org/10.2214/AJR.09.2772
https://doi.org/10.1007/s00586-017-5280-7
https://doi.org/10.1007/s00586-017-5280-7
https://doi.org/10.1136/bmj.h1603
https://doi.org/10.1136/bmj.h1603
https://doi.org/10.1007/s00590-016-1806-7
https://doi.org/10.1007/s00590-016-1806-7
https://doi.org/10.1097/BRS.0b013e31815e3a10
https://doi.org/10.1097/00007632-199604010-00004
https://doi.org/10.1007/s00586-007-0576-7
https://doi.org/10.1093/neurosurgery/20.cn_suppl_1.204
https://doi.org/10.1093/neurosurgery/20.cn_suppl_1.204
https://doi.org/10.1007/s00586-013-3055-3
http://orcid.org/0000-0002-4586-8415

	Is the presence of foraminal stenosis associated with outcome in lumbar spinal stenosis patients treated with posterior microsurgical decompression
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Inclusion process and patient recruitment
	Magnetic resonance imaging
	Radiological variables
	Outcome measures
	Statistics

	Results
	Baseline data
	Radiological findings at baseline
	Improvement after surgery
	Associations between MRI findings of foraminal stenosis and PROMs

	Discussion
	Limitations

	References


