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Abstract: Background: In the diagnosis of lumbar spinal stenosis (LSS), finding stenosis with magnetic
resonance imaging (MRI) does not always correlate with symptoms such as sciatica or intermittent
claudication. We perform decompression surgery only for cases where the levels diagnosed from
neurological findings are symptomatic, even if multiple stenoses are observed on MRI. The objective
of this study was to examine the time course of asymptomatic stenosis in patients with LSS after they
underwent decompression surgery for symptomatic stenosis. Materials and Methods: The participants
in this study comprised 137 LSS patients who underwent single-level L4–5 decompression surgery
from 2003 to 2013. The dural sac cross-sectional area at the L3–4 disc level was calculated based on
preoperative MRI. A cross-sectional area less than 50 mm2 was defined as stenosis. The patients were
grouped, according to additional spinal stenosis at the L3–4 level, into a double group (16 cases)
with L3–4 stenosis, and a single group (121 cases) without L3–4 stenosis. Incidences of new-onset
symptoms originating from L3–4 and additional L3–4-level surgery were examined. Results: Five
years after surgery, 98 cases (72%) completed follow-up. During follow-up, 2 of 12 patients in the
double group (16.7%) and 9 of 86 patients in the single group (10.5%) presented with new-onset
symptoms originating from L3–4, showing no significant difference between groups. Additional
L3–4 surgery was performed for one patient (8.3%) in the double group and three patients (3.5%) in
the single group; again, no significant difference was shown. Conclusion: Patients with asymptomatic
L3–4 stenosis on preoperative MRI were not prone to develop new symptoms or need additional
L3–4-level surgery within 5 years after surgery when compared to patients without preoperative
L3–4 stenosis. These results indicate that prophylactic decompression for asymptomatic levels
is unnecessary.

Keywords: lumbar spinal stenosis; asymptomatic stenosis; surgical outcome; decompression; dural
sac cross-sectional area; natural course; neurological finding; gait-loading test; lumbar extension-loading
test; prophylactic decompression

1. Introduction

Lumbar spinal stenosis (LSS) characteristically causes neurogenic intermittent claudic-
ation, radicular pain, and sensory and motor disturbances in the lower extremities [1]. In the
diagnosis of LSS, magnetic resonance imaging (MRI) represents one of the most practical
examinations, allowing non-invasive observation of the spinal canal. In the treatment
of LSS, surgery is usually performed when conservative treatment proves ineffective, or
when neurological symptoms such as bowel/bladder dysfunction and lower extremities
paralyses are severe. A wide variety of surgical procedures are available for LSS, and the
basic surgical technique is laminectomy, which involves posterior decompression of the
stenotic level. In addition to the conventional technique of decompression with dissection
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of paraspinal muscles on both sides, less invasive procedures using various endoscopic
and microscopic techniques have been reported [2,3]. Usually, decompression with any
technique is considered for stenotic levels that are apparent on MRI. However, findings of
spinal stenosis (dural sac compression) on MRI do not always relate to clinical symptoms.
Healthy individuals often show spinal stenosis and other degenerative findings on MRI
without clinical symptoms [4–6]. Some studies have also shown no correlation between
symptom severity and the cross-sectional area of the spinal canal in LSS patients [7–10].
Thus, diagnosing symptomatic stenosis levels based on MRI alone is inappropriate, and
performing decompression surgery for every level of dural sac compression seen on MRI
may represent over-treatment if areas of asymptomatic stenosis are present. One previous
study showed that when double-level stenosis was observed on radiological examination,
the symptomatic level was usually one level, with the other being asymptomatic [11]. We
should avoid performing unnecessary decompressions as much as possible to decrease
operative time, intraoperative bleeding, and surgical invasiveness. As for complications,
multilevel decompression has been reported as a risk factor for symptomatic epidural
hematoma [12]. Further, wide-ranging decompression is associated with a higher risk of
adhesion of the cauda equina [13].

In LSS patients showing multiple-level stenoses on MRI, a truly symptomatic level
should be diagnosed from neurological findings. In addition to examination during
a resting state, neurological evaluation based on the gait-loading test [11,14] and lumbar
extension-loading test [15]; functional diagnoses based on selective nerve root block [11]
are performed to determine the symptomatic level responsible for lumbosacral symptoms.
In our institution, we apply decompression surgery only for symptomatic levels that are
diagnosed using neurological findings from the above evaluations, even if stenosis is
evident at other levels on MRI. However, no previous studies appear to have examined
the long-term postoperative course of asymptomatic stenosis, and whether untreated
asymptomatic stenosis affects surgical outcomes of decompression surgery for LSS. The
purpose of this study was to reveal whether asymptomatic stenosis induces symptoms,
and to clarify the influence of untreated asymptomatic stenosis on outcomes following
decompression surgeries that were limited to symptomatic levels.

2. Materials and Methods

This retrospective cohort study used a database to prospectively record the outcomes
of spinal surgeries and medical records in our institution. The study protocol was approved
by the ethics committee of our institution. Consecutive LSS patients who underwent
conventional or microendoscopic single-level L4–5 decompression surgery from 2003 to
2013 were included in this study. Postoperatively, the patients were allowed to walk the day
after surgery, and were usually discharged within one to two weeks without specialized
rehabilitation. Cases with foraminal stenosis, lumbosacral transitional vertebrae, previous
spinal surgery, revision surgery, or any instrumentation or fusion surgery were excluded
from this study. Patients with a history of rheumatoid arthritis, cervical or thoracic spinal
disease, or destructive spondyloarthropathy were likewise excluded. The patients were
divided into two groups and compared according to the presence of L3–4 stenosis on
preoperative MRI (see below). Follow-up was continued for 5 years. Patients were followed
up at the outpatient clinic, once a year after surgery. If a patient experienced any problems,
such as recurrence of pain, they could visit our clinic. The primary outcome was a new
onset of symptoms originating from L3–4 stenosis during follow-up. Anterior thigh pain
and numbness were considered symptoms from L3–4 stenosis (L4 radiculopathy), and were
confirmed by neurological findings and L4 nerve root block. Secondary outcomes were
additional surgery for L3–4 stenosis, L5 residual symptoms (any leg pain or numbness in the
same area as before surgery), and revision L4–5-level surgery within 5 years. The numerical
rating scale (NRS) scores for low back pain, leg pain, leg numbness, and satisfaction for
surgery (0, unsatisfied; 10, completely satisfied), as well as the Roland–Morris Disability
Questionnaire (RDQ) [16] results were also examined as secondary outcomes at the
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5-year follow-up. In addition to the total RDQ score, the norm-based RDQ score has
been established for the Japanese version of RDQ [17]. The norm-based RDQ score was
calculated using the mean RDQ (baseline) and standard deviation, based on the sex and
age of complainants with low back pain from a national survey in Japan [17,18]. The
national norm was converted to 50 points and the standard deviation to 10. Norm-based
RDQ scores >50 indicate better low back pain-related quality of life than the national
average, and <50 indicates a worse low back pain-related quality of life than the national
average. Norm-based RDQ scores can be evaluated by adjusting for the effects of aging
for the follow-up period. Age, sex, body mass index (BMI), smoking, diabetes mellitus
(DM), L4 spondylolisthesis (Mayerding grade I or more), and use of microendoscope were
also compared.

2.1. Definition of L3–4 Stenosis

The dural sac cross-sectional area (DSCA) at the L3–4 disc level was calculated
using preoperative MRI. T2-weighted axial views of the L3–4 disc level were assessed
using imaging software (Image J, 1.53e; National Institutes of Health, Bethesda, MD,
USA) by a single board-certificated spine surgeon blinded to other patient information.
A cross-sectional area <50 mm2 was defined as stenosis, according to a previous study [19].

2.2. Diagnosis of Symptomatic and Asymptomatic Levels

We diagnosed symptomatic pathological levels with multiple-level stenoses on MRI
according to the neurological findings presented in Table 1 [11,15,20,21]. Motor function,
sensory function, and deep tendon reflexes were first examined at rest. Then, a gait-loading
test [11,14] and a lumbar extension-loading test [15] were conducted, and the neurological
findings were examined again. In the gait-loading test, we instructed the patient to walk
at their average speed and keep their back straight for as long as possible [11]. Changes
in the degree and area of symptoms were recorded during the loading test. Patients
with neurogenic intermittent claudication usually reported that their symptoms worsened
under loading, and stopped walking because of pain and numbness. Just after stopping,
the neurological findings were quickly examined before the symptoms resolved. If the
symptoms did not extend to the anterior thigh and the patient showed a normal patellar
tendon reflex (PTR), normal strength of the quadriceps and iliopsoas muscles, and no
sensory disturbance in the L4 area (medial side of the knee) not only in the rest state, but
also immediately after gait loading and extension loading, we considered the L4 nerve root
to be unaffected.

Table 1. Diagnostic criteria for symptomatic level and neurological findings.

Motor Sensory Reflex

L4 Quadriceps Medial knee PTR

L5
TA

EHL
EDL

Lateral lower extremity and dorsal foot

S1
Gastrocnemius

FHL
FDL

Lateral foot ATR

TA: tibialis anterior; EHL: extensor hallucis longus; EDL: extensor digitorum longus; FHL: flexor hallucis longus;
FDL: flexor digitorum longus; PTR: patellar tendon reflex; ATR: Achilles tendon reflex.

2.3. Statistical Analysis

The Mann–Whitney U test was performed for continuous variables, and the chi-square
test was applied for comparisons involving categorical variables. For analyzing changes in
symptoms and RDQ after surgery, the paired t-test was used to compare NRS and RDQ
scores preoperatively and 5 years postoperatively. All statistical analyses were performed
using JMP software (version 15.0; SAS Institute, Cary, NC, USA). Values of p < 0.05 were
considered significant.
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3. Results
3.1. Recruitment of Patients

During the entry period, 178 patients underwent L4–5-level surgery for LSS, and
6 patients were excluded according to the exclusion criteria. Another 35 patients were
excluded because of a lack of preoperative NRS for symptoms or RDQ data. Finally,
137 patients were analyzed in this study (Figure 1). From the evaluation of preoperative
MRI, 16 patients were determined to have asymptomatic L3–4 stenosis in addition to
symptomatic L4–5 stenosis (double-level stenosis with asymptomatic L3–4 stenosis group:
double group) (Figure 2). The remaining 121 patients had only L4–5 stenosis (single-level
stenosis group: single group). No stenotic levels other than L3–4 and L4–5 were present in
any cases. After surgery, 98 cases (72%) completed the 5-year follow-up.
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Figure 1. Flowchart of patient recruitment. Of the 178 patients who underwent L4–5 decompression
surgery, 137 (77%) were included in this study. These included 16 patients with asymptomatic stenosis
in addition to symptomatic L4–5 stenosis (double group), and 121 patients with only symptomatic
L4–5 stenosis (single group). Of these, 12 patients in the double group and 86 patients in the single
group completed 5 years of follow-up.
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Figure 2. MRI findings of a representative case (a 67-year-old woman). (A) Preoperative sagittal-view
MRI shows L3–4 and L4–5 stenosis with L4 spondylolisthesis. (B) The axial view of L3–4 shows
a dural sac cross-sectional area (DSCA) of 42.6 mm2. (C) The axial view of L4–5 shows a DSCA
of 28.3 mm2. The patient showed only bilateral L5 radiculopathy without any L4 findings during
walking and standing load tests, and L4–5 decompression was performed using a microendoscope
(microendoscopic laminectomy; MEL). After surgery, the symptoms disappeared, and no recurrences
were observed within 5 years. Postoperative MRI at 5 years (D–F) shows only decompression at L4–5,
with an L3–4 DSCA of 34.1 mm2 (E) and an L4–5 DSCA of 84.1 mm2 (F).

3.2. Characteristics of Patients in the Single and Double Groups

No significant differences were seen between the double and single groups in age,
sex, BMI, DM, smoking status, L4 spondylolisthesis, use of microendoscope, NRS scores of
symptoms, or RDQ scores for preoperative evaluation (Table 2). The mean L3–4 DSCA in
the double group was 43.9 mm2, which is significantly smaller than the 100.6 mm2 seen
in the single group (p < 0.05). No significant differences in preoperative assessment were
evident between patients with or without 5-year follow-up (Supplementary Table S1).

Table 2. Preoperative comparison between cases with or without asymptomatic stenosis.

Double Group
Mean [SD], n (%) Single Group p-Value

Cases 16 121
Age (y) 68.6 [9.3] 66.7 [10.3] 0.45
Sex
Male
Female

10 (62.5)
6 (37.5)

73 (60.3)
48 (39.7)

0.87

BMI 25.9 [2.1] 24.9 [3.3] 0.23
Smoking
No
Past
Present

11 (68.9)
4 (25)
1(6.3)

78 (64.5)
23 (19)
20 (1.5)

0.53

DM 4 (25) 18 (14.9) 0.26
L3–4 DSCA (mm2) 43.9 [4.5] 100.6 [38.7] <0.01
L4 spondylolisthesis 5(31.3) 56(46.3) 0.26
MEL 4 (25) 31(25.6) 0.67
NRS scores
Low back pain 5.8 [3.3] 3.8 [3.3] 0.06
Leg pain 5.2 [3.3] 5.5 [3.6] 0.72
Leg numbness 6.1 [3.7] 5.8 [3.1] 0.67
RDQ total score 10.6 [6.0] 11.2 [5.7] 0.72
RDQ deviation score 38.3 [8.7] 39.1 [10.1] 0.86

DM: diabetes mellitus; DSCA: dural sac cross-sectional area; MEL: microendoscopic laminectomy; NRS: numerical
rating scale; RDQ: Roland–Morris Disability Questionnaire.
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3.3. Outcomes of 5-Year Follow-up

During the 5-year follow-up period, two patients in the double group (16.7%) and nine
patients in the single group (10.5%) presented with a new onset of symptoms originating
from L3–4, showing no significant difference in the incidence of new-onset L4 symptoms
between groups (Table 3). Additional surgeries for L3–4 stenosis were performed for only
one patient in the double group (8.3%) and three patients in the single group (3.5%), again
showing no significant differences between groups (Table 3). L5 residual symptoms were
observed in 6 patients in the double group (50%) and 38 patients in the single group (44.2%)
(Table 3). Revision surgery for L4–5 was performed for one patient in the double group
(8.3%) and four patients in the single group (4.7%). No significant differences were seen in
the incidence of L5 residual symptoms or the revision surgery rate (Table 3). Comparing
pre- and postoperative symptoms and RDQ results, the single group showed significant
improvements in all symptoms for the NRS scores and RDQ scores (p < 0.05), whereas
the double group only showed improvements in the NRS score for leg pain (p < 0.05)
(Table 4). Evaluating changes in the NRS and RDQ scores before and after surgery, no
significant differences were identified in changes to the scores for all symptoms or RDQ
scores between groups (Table 4).

Table 3. Incidences of symptoms and surgery 5 years after surgery.

Double Group
n (%) Single Group p-Value

Cases 12 86
L4 symptoms 2 (16.7) 9 (10.5) 0.54
L3–4 surgery 1 (8.3) 3 (3.5) 0.47
Residual symptoms 6 (50) 38 (44.2) 0.7
L4–5 revision surgery 1 (8.3) 4 (4.7) 0.61

Table 4. Comparison between results preoperatively and at 5-year follow-up examination.

Double Group (n = 10)
Mean [SD]

Single Group (n = 63)

p-Value #
Pre-Op 5-year

Post-Op
Post-op
Change

p-Value * Pre-op 5-year
Post-Op

Post-op
Change

p-Value *

NRS scores
Low back pain 5.1 [3.4] 4.1 [2.9] −0.9 [3.2] 0.41 3.4 [3.3] 2.5 [3.2] −1.0 [3.5] 0.03 0.97
Leg pain 5.2 [3.4] 2.5 [2.8] −2.7 [3.6] 0.04 5.2 [3.4] 2.5 [2.9] −2.7 [3.7] <0.01 0.99

Leg numbness 5.7 [4.0] 3.2 [2.4] −2.4 [4.9] 0.18 5.3 [3.2] 3.2 [3.3] −2.2 [3.9] <0.01 0.84
RDQ scores

Total score 11.9 [5.7] 8.6 [6.3] −3.3 [5.3] 0.15 11.4 [5.5] 5.7 [5.8] −5.7 [7.4] <0.01 0.4
Norm-based score 36.5 [9.6] 43.0 [11.3] 6.5 [10.1] 0.14 39.8 [9.7] 49.4 [10.9] 9.6 [13.8] <0.01 0.57

* Comparison between preoperative and 5-year postoperative scores. # Comparison of postoperative changes
in scores between asymptomatic and single groups. NRS: numerical rating scale; RDQ: Roland–Morris
Disability Questionnaire.

4. Discussion

This study showed that asymptomatic L3–4 stenosis evident on preoperative MRI did
not consistently induce symptoms within 5 years of surgery. Incidences of L4 symptoms
and additional surgery for the L3–4 level were unrelated to preoperative MRI findings.
These results indicate that excluding asymptomatic stenosis from surgical areas diagnosed
based on neurological findings is reasonable, even when severe stenosis is apparent on MRI.
All symptoms improved in both groups, but significant improvement was only observed
for leg pain in the double group; meanwhile, all symptoms improved significantly in the
single group. On the other hand, no significant differences in changes to symptoms over
5 years or incidences of residual symptoms were seen between groups. Therefore, L4–5
decompression was considered effective for at least 5 years in both groups.



Medicina 2024, 60, 636 7 of 10

In the diagnosis of LSS, MRI is the most valuable imaging modality to visualize
the lumbar spinal canal without invasive procedures. A DSCA under 75–100 mm2 was
considered to represent stenosis in an in vitro and clinical study [22]. One previous
report showed a significant correlation between walking distance and cross-sectional
area of the most severely stenosed level in LSS patients [23]. In terms of the relationship
between MRI findings and response to conservative therapy, a smaller DSCA is related
to the risk of failure for conservative treatment [24]. Another study using myelography
showed that conservative or operative treatment was more effective for patients with
moderate stenosis than for those with severe stenosis [25]. In terms of surgical outcomes,
Mannion et al. reported that severe stenosis correlated with poor surgical outcomes [26],
while Moojen et al. showed that the degree of stenosis on MRI did not correlate with
disability or prognosis [27]. These findings indicated that the degree of stenosis is associated
with both disease severity and treatment outcome. However, they only suggest that
symptomatic stenosis correlates with the degree of stenosis, and does not refer to the level
of asymptomatic stenosis in symptomatic patients. Many studies have conversely reported
finding no correlations between DSCA and severity of symptoms [7,28], quality-of-life
measures [8,9,28], or walking distance [10] among LSS patients. Thus, the relationship
between DSCA and symptoms is not as simple as “severe stenosis indicates severe disease”.
Further, asymptomatic stenosis on MRI is often seen in the elderly [4–6]. One Japanese
epidemiological study showed that 64% (98/153) of individuals with a DSCA < 50 mm2

showed LSS symptoms, but this value was not predictive of newly progressed LSS symptoms
after 1 year [6]. Another study showed that about 30% of participants had severe central
stenosis on MRI, whereas only 17.5% were symptomatic [29]. These findings indicated
that severe stenosis does not always induce symptoms. However, most patients (87–96%)
who undergo surgery show a DSCA lower than 70 mm2 [9,28], so a low DSCA is related to
indications for surgery. Aaen et al. examined other MRI findings, such as disc degeneration,
facet tropism, and fatty infiltration of paraspinal muscles in addition to DSCA, but found
no associations with symptoms [28]. Other factors in addition to axial stenosis must be
associated with the presence of symptomatic pathology.

MRI is essential for reaching a diagnosis in clinical practice, but LSS should not be
diagnosed solely from findings of anatomical stenosis on MRI. Our diagnostic criteria,
including the gait-loading test and lumbar extension-loading test, can distinguish asymp-
tomatic stenosis from symptomatic stenosis, and seem helpful for determining the minimum
number of levels to decompress in cases with multiple-level stenosis [11,14]. In terms of
the natural course of asymptomatic stenosis, Tsutsumimoto et al. observed asymptomatic
lumbar spinal stenosis in patients undergoing cervical surgery [30]. They found that
82.1% of patients (32 of 39) with asymptomatic stenosis did not develop lumbar-related
leg symptoms within 5 years after surgery. They concluded that prophylactic lumbar
decompression is unnecessary for concomitant asymptomatic lumbar spinal stenosis in
patients with cervical myelopathy. The present study investigated patients with LSS and
asymptomatic stenosis for the same period of time, and considered that prophylactic
decompression is unnecessary for asymptomatic levels. Minimizing the number of decom-
pression levels as much as possible is thought to contribute to reducing the invasiveness
of surgery, leading to fewer complications and better surgical outcomes [31]. On the
other hand, it was unclear in our cases whether decompression of asymptomatic stenosis
resulted in any difference in outcomes. One basic study showed that double-level nerve root
compression had a greater effect on neurological function than single-level compression [32].
Theoretically, symptoms are more likely to appear if double stenosis is present [33]. Thus,
asymptomatic L3–4 stenosis may have some effect, even in the absence of symptoms.
The present study showed that asymptomatic L3–4 stenosis did not affect the severity
of clinical symptoms of L4–5 stenosis nor the outcomes of L4–5 decompression. Further
long-term follow-up is necessary to clarify the influence of asymptomatic stenosis on the
clinical situation.
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Several limitations to this study must be considered. Firstly, the sample size was small.
The double group included only 16 cases, with a 5-year follow-up rate of about 70%. This
may have been insufficient to detect significant differences. However, the incidences of
new symptoms and the need for additional surgery were both considered low enough to
draw tentative conclusions. No significant differences were identified between patients
with and without 5 years of follow-up, so selection bias due to dropout was not considered
problematic. Secondly, changes in the definitions of stenosis may have changed some
parts of the results. However, the finding that patients with severe asymptomatic stenosis
remained free of symptoms for 5 years was unaffected by how stenosis was defined. We
will examine suitable cut-off points for the DSCA in another study. Thirdly, the follow-up
period for this study was only 5 years. This may have been too short to thoroughly clarify
the future of asymptomatic stenosis. Thus, we aim to continue follow-up with patients, such
as for 10 years or longer. Fourthly, this study only examined patients with L4–5 stenoses.
Whether patients with multiple symptomatic stenoses would show similar results is not
clear. Fifthly, some doubt remains as to whether limited decompression for symptomatic
stenosis is superior to non-selective decompression for multiple stenotic levels on MRI.
Although we consider only decompression for symptomatic levels to be less invasive,
a randomized controlled trial with longer follow-up is needed to address this question.

5. Conclusions

This study observed the natural course of asymptomatic untreated L3–4 stenosis
after L4–5 decompression. Asymptomatic stenosis became symptomatic within 5 years
in only two patients. No significant differences in 5-year surgical outcomes for L4–5
decompressions were identified in patients with well-differentiated L4–5 stenosis showing
asymptomatic L3–4 stenosis compared to patients with L4–5 stenosis without image-based
findings of L3–4 stenosis.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/medicina60040636/s1, Table S1: Preoperative comparison between
cases with or without follow-up for 5 years after surgery.

Author Contributions: Conceptualization, K.W. and K.O.; methodology, K.W.; validation, K.K.,
H.K. and S.Y.; formal analysis, K.W.; investigation, K.W.; resources, K.O.; data curation, K.W.;
writing—original draft preparation, K.W.; writing—review and editing, K.O., T.N., K.K., H.K., S.Y.,
S.K. and Y.M.; visualization, K.W.; supervision, Y.M.; project administration, S.Y. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the ethics committee of Fukushima Medical University (approval no.
2020-150, 15 September 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and analyzed during the current study are not
publicly available, but are available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Verbiest, H. Results of surgical treatment of idiopathic developmental stenosis of the lumbar vertebral column. A review of

twenty-seven years’ experience. J. Bone Jt. Surg. Br. 1977, 59, 181–188. [CrossRef] [PubMed]
2. Papavero, L.; Thiel, M.; Fritzsche, E.; Kunze, C.; Westphal, M.; Kothe, R. Lumbar spinal stenosis: Prognostic factors for bilateral

microsurgical decompression using a unilateral approach. Neurosurgery 2009, 65, 182–187, discussion 187. [CrossRef] [PubMed]
3. Nerland, U.S.; Jakola, A.S.; Solheim, O.; Weber, C.; Rao, V.; Lønne, G.; Solberg, T.K.; Salvesen, Ø.; Carlsen, S.M.; Nygaard,

Ø.P.; et al. Minimally invasive decompression versus open laminectomy for central stenosis of the lumbar spine: Pragmatic
comparative effectiveness study. BMJ 2015, 350, h1603. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/medicina60040636/s1
https://www.mdpi.com/article/10.3390/medicina60040636/s1
https://doi.org/10.1302/0301-620X.59B2.141452
https://www.ncbi.nlm.nih.gov/pubmed/141452
https://doi.org/10.1227/01.NEU.0000341906.65696.08
https://www.ncbi.nlm.nih.gov/pubmed/19934993
https://doi.org/10.1136/bmj.h1603
https://www.ncbi.nlm.nih.gov/pubmed/25833966


Medicina 2024, 60, 636 9 of 10

4. Boden, S.D.; O’Davis, D.; Dina, T.S.; Patronas, N.J.; Wiesel, S.W. Abnormal magnetic-resonance scans of the lumbar spine in
asymptomatic subjects. A prospective investigation. J. Bone Jt. Surg. 1990, 72A, 403–408. [CrossRef]

5. Jensen, M.C.; Brant-Zawadzki, M.N.; Obuchowski, N.; Modic, M.T.; Malkasian, D.; Ross, J. Magnetic resonance imaging of the
lumbar spine in people without back pain. N. Engl. J. Med. 1994, 331, 69–73. [CrossRef] [PubMed]

6. Otani, K.; Kikuchi, S.-I.; Nikaido, T.; Konno, S.-I. Magnitude of dural tube compression does not show a predictive value for
symptomatic lumbar spinal stenosis for 1-year follow-up: A prospective cohort study in the community. Clin. Interv. Aging 2018,
13, 1739–1746. [CrossRef] [PubMed]

7. Lohman, C.M.; Tallroth, K.; Kettunen, J.A.; Lindgren, K.-A. Comparison of radiologic signs and clinical symptoms of spinal
stenosis. Spine 2006, 31, 1834–1840. [CrossRef]

8. Sirvanci, M.; Bhatia, M.; Ganiyusufoglu, K.A.; Duran, C.; Tezer, M.; Ozturk, C.; Aydogan, M.; Hamzaoglu, A. Degenerative
lumbar spinal stenosis: Correlation with Oswestry Disability Index and MR Imaging. Eur. Spine J. 2008, 17, 679–685. [CrossRef]
[PubMed]

9. Sigmundsson, F.G.; Kang, X.P.; Jönsson, B.; Stromqvist, B. Correlation between disability and MRI findings in lumbar spinal
stenosis: A prospective study of 109 patients operated on by decompression. Acta Orthop. 2011, 82, 204–210. [CrossRef]

10. Zeifang, F.; Schiltenwolf, M.; Abel, R.; Moradi, B. Gait analysis does not correlate with clinical and MR imaging parameters in
patients with symptomatic lumbar spinal stenosis. BMC Musculoskelet. Disord. 2008, 9, 89. [CrossRef]

11. Sato, K.; Kikuchi, S. Clinical Analysis of Two-Level Compression of the Cauda Equina and the Nerve Roots in Lumbar Spinal
Canal Stenosis. Spine 1997, 22, 1898–1903. [CrossRef] [PubMed]

12. Fujita, N.; Michikawa, T.; Yagi, M.; Suzuki, S.; Tsuji, O.; Nagoshi, N.; Okada, E.; Tsuji, T.; Nakamura, M.; Matsumoto, M.; et al.
Impact of lumbar hypolordosis on the incidence of symptomatic postoperative spinal epidural hematoma after decompression
surgery for lumbar spinal canal stenosis. Eur. Spine J. 2019, 28, 87–93. [CrossRef] [PubMed]

13. Takahashi, N.; Konno, S.; Kikuchi, S. A histologic and functional study on cauda equina adhesion induced by multiple level
lami-nectomy. Spine 2003, 28, 4–8. [CrossRef] [PubMed]

14. Kim, Y.-S.; Park, S.-J.; Oh, I.-S.; Kwan, J.-Y. The clinical effect of gait load test in two level lumbar spinal stenosis. Asian Spine J.
2009, 3, 96–100. [CrossRef] [PubMed]

15. Takahashi, N.; Kikuchi, S.-I.; Yabuki, S.; Otani, K.; Konno, S.-I. Diagnostic value of the lumbar extension-loading test in patients
with lumbar spinal stenosis: A cross-sectional study. BMC Musculoskelet. Disord. 2014, 15, 259. [CrossRef] [PubMed]

16. Roland, M.; Morris, R. A study of the natural history of low-back pain. Part II: Development of guidelines for trials of treatment
in primary care. Spine 1983, 8, 145–150. [CrossRef] [PubMed]

17. Suzukamo, Y.; Fukuhara, S.; Kikuchi, S.; Konno, S.; Roland, M.; Iwamoto, Y.; Nakamura, T. Validation of the Japanese version of
the Roland-Morris Disability Questionnaire. J. Orthop. Sci. 2003, 8, 543–548. [CrossRef] [PubMed]

18. Watanabe, K.; Otani, K.; Nikaido, T.; Kato, K.; Kobayashi, H.; Handa, J.; Yabuki, S.; Kikuchi, S.-I.; Konno, S.-I. Usefulness of
the Brief Scale for Psychiatric Problems in Orthopaedic Patients (BS-POP) for predicting poor outcomes in patients undergoing
lumbar decompression surgery. Pain Res. Manag. 2021, 2021, 2589865. [CrossRef] [PubMed]

19. Minamide, A.; Yoshida, M.; Maio, K. The natural clinical course of lumbar spinal stenosis: A longitudinal cohort study over
a minimum of 10years. J. Orthop. Sci. 2013, 18, 693–698. [CrossRef]

20. Deyo, R.A.; Rainville, J.; Kent, D.L. What can the history and physical examination tell us about low back pain? JAMA 1992, 268,
760–765. [CrossRef]

21. Schirmer, C.M.; Shils, J.L.; Arle, J.E.; Cosgrove, G.R.; Dempsey, P.K.; Tarlov, E.; Kim, S.; Martin, C.J.; Feltz, C.; Moul, M.; et al.
Heuristic map of myotomal innervation in humans using direct intraoperative nerve root stimulation. J. Neurosurg. Spine 2011, 15,
64–70. [CrossRef]

22. Schönström, N.; Lindahl, S.; Willén, J.; Hansson, T. Dynamic changes in the dimensions of the lumbar spinal canal:
An experimental study in vitro. J. Orthop. Res. 1989, 7, 115–121. [CrossRef] [PubMed]

23. Ogikubo, O.; Forsberg, L.; Hansson, T. The relationship between the cross-sectional area of the cauda equina and the preoperative
symptoms in central lumbar spinal stenosis. Spine 2007, 32, 1423–1428. [CrossRef] [PubMed]

24. Herno, A.; Airaksinen, O.; Saari, T.; Luukkonen, M. Lumbar spinal stenosis: A matched-pair study of operated and non-operated
patients. Br. J. Neurosurg. 1996, 10, 461–465. [CrossRef]

25. Hurri, H.; Slätis, P.; Soini, J.; Tallroth, K.; Alaranta, H.; Laine, T.; Heliövaara, M. Lumbar spinal stenosis: Assessment of long-term
outcome 12 years after operative and conservative treatment. J. Spinal Disord 1998, 11, 110–115. [CrossRef]

26. Mannion, A.F.; Fekete, T.F.; Pacifico, D.; O’riordan, D.; Nauer, S.; von Büren, M.; Schizas, C. Dural sac cross-sectional area and
morphological grade show significant associations with patient-rated outcome of surgery for lumbar central spinal stenosis. Eur.
Spine J. 2017, 26, 2552–2564. [CrossRef]

27. Moojen, W.A.; Schenck, C.D.; à Nijeholt, G.J.L.; Jacobs, W.C.; Van der Kallen, B.F.; Arts, M.P.; Peul, W.C.; Vleggeert-Lankamp,
C.L.A.M.; Leiden-The Hague Spine Intervention Prognostic Study Group. Preoperative MRI in patients with intermittent
neurogenic claudication: Relevance for diagnosis and prognosis. Spine 2018, 43, 348–355. [CrossRef] [PubMed]

28. Aaen, J.; Austevoll, I.M.; Hellum, C.; Storheim, K.; Myklebust, T.; Banitalebi, H.; Anvar, M.; Brox, J.I.; Weber, C.; Solberg, T.; et al.
Clinical and MRI findings in lumbar spinal stenosis: Baseline data from the NORDSTEN study. Eur. Spine J. 2022, 31, 1391–1398.
[CrossRef]

https://doi.org/10.2106/00004623-199072030-00013
https://doi.org/10.1056/NEJM199407143310201
https://www.ncbi.nlm.nih.gov/pubmed/8208267
https://doi.org/10.2147/CIA.S171049
https://www.ncbi.nlm.nih.gov/pubmed/30271128
https://doi.org/10.1097/01.brs.0000227370.65573.ac
https://doi.org/10.1007/s00586-008-0646-5
https://www.ncbi.nlm.nih.gov/pubmed/18324426
https://doi.org/10.3109/17453674.2011.566150
https://doi.org/10.1186/1471-2474-9-89
https://doi.org/10.1097/00007632-199708150-00018
https://www.ncbi.nlm.nih.gov/pubmed/9280027
https://doi.org/10.1007/s00586-018-5782-y
https://www.ncbi.nlm.nih.gov/pubmed/30302540
https://doi.org/10.1097/00007632-200301010-00003
https://www.ncbi.nlm.nih.gov/pubmed/12544946
https://doi.org/10.4184/asj.2009.3.2.96
https://www.ncbi.nlm.nih.gov/pubmed/20404954
https://doi.org/10.1186/1471-2474-15-259
https://www.ncbi.nlm.nih.gov/pubmed/25080292
https://doi.org/10.1097/00007632-198303000-00005
https://www.ncbi.nlm.nih.gov/pubmed/6222487
https://doi.org/10.1007/s00776-003-0679-x
https://www.ncbi.nlm.nih.gov/pubmed/12898308
https://doi.org/10.1155/2021/2589865
https://www.ncbi.nlm.nih.gov/pubmed/34970359
https://doi.org/10.1007/s00776-013-0435-9
https://doi.org/10.1001/jama.1992.03490060092030
https://doi.org/10.3171/2011.2.SPINE1068
https://doi.org/10.1002/jor.1100070116
https://www.ncbi.nlm.nih.gov/pubmed/2908901
https://doi.org/10.1097/BRS.0b013e318060a5f5
https://www.ncbi.nlm.nih.gov/pubmed/17545910
https://doi.org/10.1080/02688699647087
https://doi.org/10.1097/00002517-199804000-00003
https://doi.org/10.1007/s00586-017-5280-7
https://doi.org/10.1097/BRS.0000000000001301
https://www.ncbi.nlm.nih.gov/pubmed/26630416
https://doi.org/10.1007/s00586-021-07051-4


Medicina 2024, 60, 636 10 of 10

29. Ishimoto, Y.; Yoshimura, N.; Muraki, S.; Yamada, H.; Nagata, K.; Hashizume, H.; Takiguchi, N.; Minamide, A.; Oka, H.;
Kawaguchi, H.; et al. Associations between radiographic lumbar spinal stenosis and clinical symptoms in the general population:
The Wakayama Spine Study. Osteoarthr. Cartil. 2013, 21, 783–788. [CrossRef]

30. Tsutsumimoto, T.; Shimogata, M.; Yui, M.; Ohta, H.; Misawa, H. The natural history of asymptomatic lumbar canal stenosis in
patients undergoing surgery for cervical myelopathy. J. Bone Jt. Surg. Br. 2012, 94, 378–384. [CrossRef]

31. Adilay, U.; Guclu, B. Comparison of single-level and multilevel decompressive laminectomy for multilevel lumbar spinal stenosis.
World Neurosurg. 2018, 111, e235–e240. [CrossRef] [PubMed]

32. Olmarker, K.; Rydevik, B. Single- versus double-level nerve root compression. An experimental study on the porcine cauda
equina with analyses of nerve impulse conduction properties. Clin. Orthop. Relat. Res. 1992, 279, 35–39. [CrossRef]

33. Porter, R.W.; Ward, D. Cauda equina dysfunction. The significance of two-level pathology. Spine 1992, 17, 9–15. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.joca.2013.02.656
https://doi.org/10.1302/0301-620X.94B3.27867
https://doi.org/10.1016/j.wneu.2017.12.033
https://www.ncbi.nlm.nih.gov/pubmed/29258933
https://doi.org/10.1097/00003086-199206000-00005
https://doi.org/10.1097/00007632-199201000-00002
https://www.ncbi.nlm.nih.gov/pubmed/1536018

	Introduction 
	Materials and Methods 
	Definition of L3–4 Stenosis 
	Diagnosis of Symptomatic and Asymptomatic Levels 
	Statistical Analysis 

	Results 
	Recruitment of Patients 
	Characteristics of Patients in the Single and Double Groups 
	Outcomes of 5-Year Follow-up 

	Discussion 
	Conclusions 
	References

