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Abstract

Objective. Lumbar spinal stenosis (LSS) is a degenerative spinal condition affecting nearly 50% of patients presenting
with lower back pain. The goal of this review is to present and summarize the current data on how LSS presents in
various populations, how it is diagnosed, and current therapeutic strategies. Properly understanding the prevalence,
presentation, and treatment options for individuals suffering from LSS is critical to providing patients the best possi-
ble care. Results. The occurrence of LSS is associated with advanced age. In elderly patients, LSS can be challenging
to identify due to the wide variety of presentation subtleties and common comorbidities such as degenerative disc
disease. Recent developments in imaging techniques can be useful in accurately identifying the precise location of
the spinal compression. Treatment options can range from conservative to surgical, with the latter being reserved
for when patients have neurological compromise or conservative measures have failed. Once warranted, there are
several surgical techniques at the physician’s disposal to best treat each individual case.
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Introduction

Lumbar spinal stenosis (LSS) was first described by Sachs
and Frankel more than a century ago in work that was
published in 1900 [1]; however, the clinical description
of LSS was not defined until 1954 by Dutch neurosur-
geon Henk Verbiest [2]. Soon thereafter, LSS was recog-
nized as a clinical entity contributing to physical
impairment. Later on, Porter and colleagues correlated
back pain and weakness to narrowing of the spinal canal.
Currently, the US Social Security Act recognizes spinal
stenosis as a disabling condition. The regulation is

«

written specifically for LSS and states that it results “in
pseudoclaudication, established by findings on appropri-
ate medically acceptable imaging, manifested by chronic
nonradicular pain and weakness, and resulting in inabil-
ity to ambulate effectively” [3].

Degenerative LSS is a progressive condition, and it
may persist for decades without any symptoms. Case
reports from the 1970s and 1980s demonstrated success-
ful surgical treatments based on subjective assessment by
surgeons. In the early 1990s, Johnsson, Rosén, and Udén
followed 32 untreated patients with spinal stenosis with
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mean patient age of 60years for a mean period of
49 months and described the natural course of LSS, prog-
nosis, and treatment [4]. Based on the study, no signifi-
cant change in symptoms was reported in the majority of
patients (70%), and 15% of patients exhibited some de-
terioration. Concluding that observation is a reasonable
treatment for LSS, the investigators found that significant
neurologic deterioration is rare [4,5].

The first successful spinal fusion surgery was per-
formed in 1911 for prevention of progressive deformity
secondary to Pott’s disease, that is, tuberculosis of the
spine. That was the beginning of understanding of spinal
biomechanics and fixation devices for the spinal surgery
armamentarium. Despite the sophisticated developments,
the incidence of residual or recurrent postoperative back
pain remains high [6]. Surgery targets the symptom of
pain rather than its root cause and does not retard disc
degeneration or stimulate disc regeneration. In contrast,
it increases the disc degeneration at adjacent segments
[7]. The literature to date has focused primarily on vari-
ous surgical treatments, although nonsurgical treatments
such as epidural steroid injections are commonly consid-
ered options based on the clinical presentation of symp-
tomatic LSS. The efficacy of the surgical intervention in
the long term has been challenged, and the procedures
are linked to increased risks of morbidity, especially in an
elderly population. Also, surgical procedures are found
to have a larger financial burden, where the costs are esti-
mated to exceed $100 billion per year due to reduced
productivity [8].

The effectiveness of the treatment for LSS depends on
the accuracy of the diagnosis, which can be challenging.
Combining patient history and physical examination
with imaging test results and symptoms is at the basis of
a proper diagnosis. No universal gold standard for LSS
diagnosis has been established, and therefore the impres-
sions of expert clinicians often lie at the basis of a clinical
diagnosis [9].

The chronic symptoms of LSS are often missed or mis-
diagnosed. An inadequate or normal physical examina-
tion that may show no abnormalities coupled with
inability to make a proper clinical judgment can contrib-
ute to difficulty in making the correct diagnosis. In addi-
tion, the appropriate interpretation of patients’
symptoms, obtaining the patients’ history, and combin-
ing this with specific attributes from the physical exami-
nation are critical. To prevent misdiagnoses at the level
of primary care physicians, a clinical support tool may be
of assistance to correctly identify LSS patients [10]. Such
a diagnostic tool was reported by Konno et al., where a
clinical prediction was made by assigning a risk score to
a patient’s history, physical examination scores, and im-
aging results, and then comparing that with the diagnosis
of an experienced specialist [11]. In this multicenter pro-
spective study, 468 patients exhibiting pain and numb-
ness of the lower legs were seen by 104 experienced
orthopedic physicians in 22 clinics and 50 hospitals.

Based on this study, the sensitivity of the tool was esti-
mated at 93%, the specificity at 72%, and the overall
prevalence of LSS was 47% in a population consisting of
patients with a mean age (range) of 64 (20-96) years,
and where 46 % were male [11].

The overall goal of this review is to present a thorough
overview of LSS, including prevalence, clinical presenta-
tion, accurate diagnosis, and current treatment options.

Prevalence of Lumbar Spinal Stenosis

LSS is one of the most commonly diagnosed spinal disor-
ders and is found to severely affect quality of life. It often
leads to a surgical intervention in older patients. In the
United States, 135.5-137.5 persons per 100,000
Medicare beneficiaries underwent lumbar stenosis sur-
gery between 2002 and 2007. The costs of these surgical
interventions led to a socioeconomic burden of $1.65 bil-
lion in hospital bills alone [12]. Early studies by De
Villiers and Booysen reported a prevalence of LSS of 6%
of 850 lumbar myelograms [13], and later Fanuele et al.
described a prevalence of 13.1% in 17,744 patients un-
der evaluation at multiple spine centers across the United
States [14]. The Framingham Study, a cross-sectional ob-
servational study, was set up to determine the prevalence
of congenital and acquired LSS in 3,529 patients [15]. In
this study, a distinction was made between relative (i.e.,
a threshold measurement of the cross-sectional diameter
of the canal of <12 mm) and absolute (i.e., a threshold
measurement of <10 mm) LSS. Prevalence rates of 4.7%
relative LSS and 2.6% absolute LSS were found in the
congenital group. These percentages were 22.5% and
7.3% in the acquired LSS group, respectively. It was
found in this study that the prevalence increased with
age, as in the group with patients in the age range 60-69,
the relative and absolute prevalence were 47.2% and
19.4%, respectively [15]. In Japan, a population-based
study with 2,666 patients also found that the prevalence
of LSS increased with age [16]. The prevalence was esti-
mated at 1.7% in female patients and 2.2% in male
patients aged 40-49. In the age group 70-79, the preva-
lence was estimated at 11.2% and 10.3% for female and
male patients, respectively [16]. Another study in Japan
with 1,009 patients in a cohort resembling the general
population estimated the prevalence of symptomatic LSS
at 10% [17]. In the LAIDBack Study, the prevalence of
LSS using imaging results in 148 patients without current
low back pain or sciatica was studied [18]. The occur-
rence of mild stenosis was defined as a narrowing of the
central canal cross-sectional area by one-third or less,
moderate at a narrowing between one-third and two-
thirds, and severe was defined as a stenosis larger than
two-thirds. This study reported a mild stenosis in 21—
30%, moderate stenosis in 6%, and severe stenosis at
7% in a population aged 55 years and older [18]. The oc-
currence of radiographic LSS in patients without any
lower back pain or other symptoms has been reported
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before in the literature. For instance, Jensen et al.
reported 29% radiographic abnormalities in a popula-
tion of 98 asymptomatic patients [19]. Thus, these find-
ings stress the importance of the patients’ medical history
and physical examinations in accordance with the radio-
graphical results in correctly diagnosing LSS [15,18-20].

Clinical Presentation

To describe the diagnosis and treatment options for LSS,
description of the clinical presentation is warranted. LSS
is defined by any type of narrowing of the spinal canal,
nerve root canals, or intervertebral foramina [21]. LSS
can be classified based on the cause of the stenosis, (i.e.,
congenital or acquired) or based on the anatomic loca-
tion (i.e., central, foraminal, or lateral) [9,21]. Central
stenosis occurs when the spinal canal and dural sac are
affected, foraminal stenosis occurs when the spinal fo-
ramina is affected, and lateral stenosis occurs when the
lateral recess is affected [22,23]. It is thought that the
changes due to central stenosis can lead to some degree
of lateral stenosis, whereas lateral stenosis can occur au-
tonomously [9]. Acquired LSS is commonly associated
with aging and progressive degenerative processes of the
spine [15]. Intermittent neurogenic claudication (INC),
also referred to as pseudoclaudication, is the most com-
mon clinical presentation of LSS, manifested as back
pain, leg pain, and weakness that significantly compro-
mises the ability to ambulate [24]. Patients with INC
have normal peripheral pulses and vascular studies,
whereas patients with peripheral vascular claudication
present the following: abnormal peripheral pulses and
vascular studies, leg pain that is more severe than back
pain after walking some distance, and pain relief quickly
with rest.

The clinical presentation of LSS is the most frequent
indication for spinal surgery in patients older than age
65 years. The clinical symptoms, history, and physical ex-
amination may help to make a diagnosis of the clinical
syndrome of LSS. The typical clinical presentation of LSS
entails the absence of pain when seated, improvement of
symptoms on bending forward, and a wide-based gait.
This clinical presentation is the most useful finding for a
clinical diagnosis. The flexion of the lumbar spine (e.g.,
when using a bicycle or shopping cart) improving symp-
toms occurs because extension closes the spinal canal,
thereby worsening the symptoms. This can be prevented
directly by decompression laminectomy surgery or indi-
rectly by interspinous spacers.

As discussed in the Prevalence of Lumbar Spinal
Stenosis section, the likelihood of the clinical syndrome
of LSS increases with age. Usually, persons aged 60 years
or younger are less likely to have the clinical syndrome of
LSS. Concurrent spinal conditions such as facet osteoar-
thritis and degenerative disc disease increase the likeli-
hood of the clinical syndrome of LSS. In addition,
congenital short pedicles can result in stenosis at an

earlier age. A patient with a mechanically unstable spine
typically presents with mechanical low back pain either
with or without radiculopathy. In the treatment of lum-
bar stenosis with spondylolisthesis, it is pivotal to deter-
mine whether the spondylolisthesis is stable or unstable
and whether a surgical intervention would render a stable
spondylolisthesis unstable [25].

Patients with LSS often experience chronic back pain
due to degenerative disease of the spinal structures.
Degenerative disc disease (DDD) can be the initial pro-
cess in the cascade of events. As the diffusion of nutrition
decreases due to degeneration of the endplates, it pro-
motes the degeneration of discs, contributing to de-
creased disc heights, altering the biomechanics of the
spine, and leading to facet arthropathy, osteophytes,
spondylosis, and degenerative spinal stenosis. As the con-
dition progresses, the instability of the spine due to spon-
dylolisthesis and degenerative becomes
inevitable [26].

scoliosis

Diagnosis and Evaluation of Lumbar Spinal
Stenosis

There are no widely accepted gold standard diagnosis cri-
teria for LSS, but the presence of imaging showing nar-
rowing of the spinal neural structure is a necessary
finding. Confirmatory diagnosis typically consists of
assessing history, physical examination, and radiographic
images. History should be consistent with pain while
standing or walking that is relieved by forward flexion or
sitting. Typical clinical features include lower extremity
pain with equivocal straight leg raise testing and softs
signs of radiculopathy. In many cases, the physical exam-
ination is normal while sitting, including reflexes,
strength, and sensation. Imaging showing disc bulging,
loss of disc height, facet joint arthropathy, osteophyte
formation, and ligamentum flavum hypertrophy can lead
to narrowing of the spinal canal. With the extension of
the spine, the laminar edges of adjacent vertebral bodies
overlap with relaxation and inward buckling of the liga-
mentum flavum, along with the movement of the supe-
rior facets in a rostral-anterior direction. Neurogenic
claudication occurs as a result of ischemia (due to venous
congestion and diminished arterial blood flow) or me-
chanical compression of nerve roots and is defined by
pain or radiculopathy in the buttocks and/or lower ex-
tremities that worsens with walking and improves with
forward bending or sitting. Walking may additionally ex-
acerbate symptoms, as the demand for increase in oxygen
in the spinal nerve roots may exceed the available blood
flow [27].

Spinal canal narrowing might also be exacerbated by
the shifting of one vertebral body anteriorly or posteri-
orly, relative to the adjacent vertebral body. This condi-
tion is known as spondylolisthesis. The lumbosacral joint
is exposed to extensive anterior-directed shear forces.
The paired facet joints, pars interarticularis, and
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intervertebral discs are the main anatomical structures
that are subjected to these forces. Degenerative spondylo-
listhesis occurs due to the aging process. It is associated
with the occurrence of marked facet joint arthritis with
rotatory vertebral slip and occurs most frequently at L4-
5, although it can be seen at other levels. Isthmic spondy-
lolisthesis occurs due to a defect in the pars interarticula-
ris (whether congenital or acquired) and occurs most
often at L5-S1 [28]. In isthmic spondylolisthesis, the in-
tervertebral disc preserves the stability of the spinal seg-
ment. Once disc degeneration occurs, the main source of
stability is lost and the vertebral slip increases. This is an
important differentiating factor when determining treat-
ment options for lumbar spinal stenosis.

Classification of spondylolisthesis is based on the de-
gree of shifting of one vertebral body anteriorly or poste-
riorly relative to an adjacent vertebral body in the spine.
Grade 1 is shifting of <25%, Grade 2 is 25-50%, Grade
3 is 50-75%, Grade 4 is 75-100%, and Grade 5 (spon-
dyloptosis) is >100% [29].

Generally, the initial study utilized for the evaluation
of back pain is the x-ray. X-rays are inexpensive and
readily available. Moreover, the vertebrae can be
assessed for changes in disc height loss, the vacuum disc
phenomenon, vertebral alignment, and osteophyte for-
mation. Assessment of sagittal and coronal vertebral
alignment is important, as imbalances may rule out cer-
tain treatment options. Dynamic flexion and extension
radiographs may be used to assess for spinal instability.
Implementation of “Scotty Dog” views can help to evalu-
ate for pars interarticularis defects in order to distinguish
between degenerative and isthmic spondylolisthesis.
However, radiographs are limited in their ability to eval-
uate soft tissue, discs, and nerves, making the identifica-
tion of spinal stenosis difficult utilizing x-ray alone.

To image bony anatomy, computed tomography (CT)
is the best choice [30]. It can be used to diagnose disc her-
niation and spinal stenosis. However, it does not reliably
depict nerve root impingement and has the downside of
radiation exposure. Therefore, it is not the first choice
for the imaging of spinal stenosis. Another alternative
can be CT myelogram. Compared with normal CT, the
contrast in the subarachnoid space increases the visibility
of neural structures. Therefore, it is comparable with
magnetic resonance imaging (MRI) for neural impinge-
ment and stenosis. However, the patient is still exposed
to radiation, it involves a lumbar puncture, and contrast
medium is required.

MRI does not require ionizing radiation and is non-
invasive. It has a high sensitivity in diagnosing stenosis
and has a high soft tissue contrast. It is the best modality
to evaluate disc pathology and stenosis, as it depicts spi-
nal cord, nerve roots, and bone marrow abnormalities
[31]. Before obtaining an MRI, a history should be taken
regarding implantable hardware or devices, and an evalu-
ation of the safety of the metal in place should be
undertaken.

A spinal midsagittal diameter of the dural sac that is
<10 mm as measured on MRI is considered spinal steno-
sis. The neuroforamen is considered stenotic when
the anterior-posterior diameter is <3mm on sagittal
imaging [32].

When there is a normal diameter of the bony canal,
separate evaluation of the dural sac is needed, such as in
examples of epidural lipmatosis. A central canal spinal
stenosis can occur in the area under the facet joints or in
the neural foraminal. The most common type of lumbar
spinal stenosis is acquired degenerative spinal stenosis. It
is often due to a combination of factors: disc bulging or
herniation, hypertrophy or in-folding of the ligamentum
flavum, and hypertrophy of osteoarthritic facet joints.
The altered biomechanics between the affected spinal
structures are important factors to the development of
stenosis over time [33]. Descriptive signs for stenosis may
be the obliterated CSF space and/or deformity of the spi-
nal cord [30].

Schizas et al. describes a grading system for spinal ste-
nosis based on dural sac morphology. The dural sac was
imaged on T2 axial MRI based on the rootlet:cerebrospi-
nal fluid ratio. The grading was applied to MRI images
of 95 subjects divided into three groups: 37 patients with
symptomatic lumbar spinal stenosis who were surgically
treated, 31 patients with symptomatic lumbar spinal ste-
nosis who were treated with conservative therapies, and
27 low back pain patients. Patients with grades that did
not show cerebrospinal fluid were more likely to fail con-
servative therapies [34].

Physical Exam Findings in Spinal Stenosis

The physical examination, according to Thomas et al.
from 2003, should start with simple observation, begin-
ning with your differential diagnosis in mind [35]. A de-
tailed history and examination are typically distinct from
that of a herniated disc. Patients with LSS will most typi-
cally have a kyphotic standing posture to minimize symp-
toms, which is not seen in patients with a herniated disc.
This kyphotic standing posture is a result of straightening
or reversal of the normal lumbar lordotic curvatures. It
occurs when lumbar flexion increases the cross-sectional
area of the intervertebral foramen, vertebral canal, and
lateral recess.

One of the most important disease states to differenti-
ate is between neurogenic and vascular claudication.
Patients with spinal stenosis typically will report pain
that is improved with flexion, sitting, or leaning forward.
The pain is triggered by standing or extension of the
spine and walking. Typically, the pain is above the knees,
and walking down stairs is worse than walking up. A
patient with vascular claudication will typically have
symptoms that are exacerbated by walking but are re-
lieved by standing. Patient symptoms are typically in the
calf and lower legs. Evaluation of pedal pulses should be
evaluated, as the symptoms of neurogenic vs vascular
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claudication can be similar, and both disease processes
may be present in the same patient. Therefore, a vascu-
lar-focused physical examination including peripheral
pulses should be performed on each patient with a sus-
pected presentation of spinal stenosis.

Another important differentiation should be made be-
tween typical spinal stenosis vs disc herniation. This
includes age of onset, which is typically >50years in the
stenosis patient, as opposed to <50 in disc herniation
patients. The onset is usually insidious in the stenosis pa-
tient, as opposed to sudden in the disc herniation popula-
tion. Sitting is typically better with stenosis, whereas
sitting often exacerbates pain in a patient with a disc her-
niation. Patients suffering from a disc herniation often
have focal motor weakness, dural tension signs, and focal
muscle strength deficits. These findings are less common
in stenosis patients.

Range of motion of the lumbar spine should be
assessed in the sagittal, transverse, and coronal planes. In
patients with degenerative changes, stiffness and rigidity
may be expected. Additional points of physical examina-
tion should be to exclude other factors that may be con-
tributing to or complicating the stenosis picture. A
detailed examination of the hips and sacroiliac joints
with Patrick’s maneuver and internal and external rota-
tions of the hip should be assessed to ensure that that
there are no other signs of other conditions that may con-
tribute to the patient’s presentation. Neurological exami-
nation may not be conclusive in the early stage of the
disease. Several investigations should be conducted. The
sensory examination should include light touch, pinprick,
and vibration. As idiopathic peripheral neuropathy
presents with similar distal symptoms, the dermatomal vs
stocking pattern sensory changes should be assessed. In
one-third of patients with LSS, motor weakness is present
due to the L5 myotome being affected. Hall et al. found a
decrease in or absence of Achilles reflexes in 43% of
patients and a decrease in or absence of patellar reflexes
in 18% of patients [36]. Hyperactivity in the reflexes
may indicate stenosis in the cervical spine and should
also be evaluated. Along with the supine straight leg raise
and slump test, the femoral stretch test should also be
evaluated and performed in patients lying on their side.

The Modified Romberg Test

The modified Romberg Test of Standing Balance on
Firm. The Romberg test or Romberg sign is used to assess
balance in patients. Patients with spinal stenosis may
demonstrate difficulties with balance, especially if
patients have peripheral neuropathy and other

comorbidities that may impact their overall clinical pic-
ture [37,38].

Oswestry Disability Index
The Oswestry Disability Index Questionnaire is utilized
to evaluate, as a self-assessment, the degree of disability

the patient feels due to their issues. Evaluations of the de-
gree of spinal canal stenosis and the relationship between
the patient’s perceived disability level have been studied
as well [22]. Sirvanci et al. concluded that lumbar spinal
stenosis remains a clinical radiologic syndrome. The clin-
ical picture and MRI findings should be evaluated before
making a decision to perform surgery. The patient’s MRI
should be used to determine the levels of decompression.
However, Sirvanci et al. showed no correlation of central
lateral recess stenosis vs Oswestry Disability Index [22].

Zurich Claudication Questionnaire

The Zurich Claudication Questionnaire was developed
by Stucki et al. [39]. The claudication questionnaire is a
disease-specific self-reported outcome instrument that
was utilized for further treatment, which quantifies sever-
ity of symptoms, physical functioning characteristics, and
the patient’s satisfaction after treatment. It was designed
to complement existing generic measures of lumbar spi-
nal disability and health status specifically for patients
with lumbar spinal stenosis. An increased score shows
worsening disability.

The Japanese Orthopedic Association Back Pain
Evaluation Questionnaire

The Japanese Orthopedic Association (JOA) updated the
previous JOA score from 1986 and provided new out-
come measures in 2007 [40—-43]. The evaluation criteria
for the evaluation were based on psychological, biologi-
cal, and anatomical outcome measures resulting from the
original Japanese Orthopedic Association score for low
back pain. It was based on assessing the limitations of the
original JOA scoring system developed in 1986. The new
JOA scoring system contains a self-administered ques-
tionnaire and is a more accurate outcome measure for
evaluating patients with low back pain.

Anterior Spine vs Posterior Elements

The biomechanics of the spine depend on the pattern of
stress on the vertebral bodies, intervertebral discs, and
ligamentous structures during flexion, extension, rota-
tions, and bending. Each vertebra consists of three col-
umns: the anterior column, middle column, and posterior
column. The anterior column carries the axial load and
resists extension. It consists of the anterior longitudinal
ligament, anterior two-thirds of the vertebral body, and
annulus fibrosus. The middle column ensures resistance
to flexion and carries a part of the axial load. It consists
of the posterior longitudinal ligament, posterior third of
the vertebral bodies, annulus fibrosis, and nucleus pulpo-
sus. The posterior column ensures resistance to flexion
and provides stability during rotation and lateral bend-
ing. It consists of the pedicles, facet joints, ligamentum
flavum, interspinous ligaments, and supraspinous liga-
ments [26].
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The anterior spine consists of the vertebral bodies and
intervertebral discs protected by strong annulus fibrosus
and cartilaginous endplates above and below. The inter-
vertebral discs (IVDs) are the largest avascular structures
in the body, and the nutrition of the discs is by diffusion
from endplates. Progressive degenerative process may in-
volve endplates, further decreasing nutrition and enhanc-
ing dehydrogenation of discs, and eventually triggering
the most common progressive disability, degenerative
disc disease. Even though the etiology of DDD is poorly
understood, it is widely accepted that the aging process
promotes dehydration by decreasing the water content of
the IVDs. Genetic factors based on twin studies and mice
knockout studies, along with environmental factors in-
cluding overuse injuries, falls, smoking, and obesity, have
been identified as contributing factors to DDD [44].

The presence of a stenotic spinal canal on MRI is not
diagnostic of LSS due to poor correlation to symptom-
atology. There is no significant correlation between the
area of the dural sac and clinical symptoms of spinal ste-
nosis. Clinical diagnosis becomes more challenging due
to overlapping symptomatology in degenerative LSS, pe-
ripheral arterial disease (PAD), and peripheral neuropa-
thy. Leg pain and back pain seem to be the primary
symptoms of LSS; however, pain and numbness in the leg
are also reported as primary symptoms of LSS [45,46].
Weakness of the lower extremities, sensory changes, are-
flexia, and bladder or bowel incontinence are symptoms
of advanced LSS. Therefore, difficulties in walking and
deformity of the lower extremities can be results of the
neurological abnormality effects of LSS [47].

Van Akkerveeken recommended primary and second-
ary classifications of LSS on the basis of etiology [48].
Primary stenosis is caused by congenital malformations
or defects in postnatal development, with an incidence of
only 9%. Secondary LSS is acquired and is a result
of degenerative changes, spondylolisthesis, lumbar
intervertebral disc herniation, or a combination of these
factors. LSS is a result of a dynamic and structural com-
ponent. The extension of the spine may cause posterior
protrusion of the intervertebral discs and bulging of the
ligamentum flavum. This results in a narrowing of the
central and lateral canals. In a normal spine, this reduc-
tion is 9%, whereas in LSS this can increase to 67%.
When there is a greater structural narrowing, the relative
narrowing during extension will also be greater. Axial
loading may also cause narrowing of the spinal canal.
Schonstrom et al. found a slightly more pronounced ef-
fect on the cross-sectional area of the spinal canal with
loading than with spinal extension [49].

Treatment Options

Lifestyle Modification

Improvements and alterations in lifestyle such as regular
exercise, core strengthening, balanced diet, and maintain-
ing ideal body weight have been often recommended for

overall spinal health. There have not yet been any clinical
trials that support this, however. The natural progression
of LSS begins slowly with minimal symptoms, followed by
a steep increase as critical stenosis is reached. Once LSS
symptoms are noticed, it is often too late for lifestyle mod-
ifications to be significantly effective.

Epidural Injections (with/Without Steroids)
Targeted injection of local anesthetic with or without cor-
ticosteroids has been widely utilized in the treatment of
neurogenic claudication due to LSS. When conservative
treatments have been exhausted, patients are given the op-
tion of interventional pain management, often in the form
of spinal epidural injections before surgery. Injected local
anesthetics are often combined with corticosteroids to pro-
vide pain relief by reduction of local inflammation and is-
chemia, which are caused by the stenosis. This practice
has been accepted as an alternative to more invasive surgi-
cal decompression or to help delay surgery by providing
short- to medium-term pain relief. The North American
Spine Society (NASS) has developed a set of evidence-
based guidelines for the diagnosis and treatment of lumbar
spinal stenosis from their Degenerative Lumbar Spinal
Stenosis Work Group. There is a Grade B recommenda-
tion (with suggestion of a Level I study and additional
Level II or III studies) for the application of interlaminar
epidural steroid injections to provide short-term (two
weeks to six months) relief of neurogenic claudication.
The long-term efficacy of interlaminar epidural steroid
injections was considered controversial. Transforaminal
and caudal approaches obtained a Grade C recommenda-
tion in providing medium-term (three to 36 months) pain
relief. Additional evidence for spinal epidural injections to
treat LSS came from two randomized controlled trials by
Manchikanti et al. showing statistically significant pain re-
lief and improvement of disability in patients with LSS un-
dergoing both interlaminar and caudal epidural injections
[50-52]. Conflicting data were later published in the New
England Journal of Medicine suggesting minimal benefit
of epidural steroids compared with local anesthetics alone
[53]. This article was highlighted for its controversial
results and was criticized for study design, inclusion crite-
ria, data analysis, and conclusions, which led to confusion
among patients and providers regarding epidural injec-
tions for spinal stenosis. Additional systematic reviews of
the literature have shown modest benefits in both short-
and long-term pain relief for epidural injections in treating
LSS. A comprehensive review of 10 studies that included
1,010 subjects indicated a minimal difference between the
use of injected epidural steroids vs local anesthetic only.

Physiotherapy and Rehabilitation

Multidisciplinary rehabilitation can be effective for mild
to moderate LSS. The efficacy of physical therapy and
manipulation may vary widely due to inconsistent patient
participation [9]. Often this treatment modality is
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overlooked entirely as LSS patients seek more interven-
tional treatment options that offer quicker results or less
labor-intensive options such as electric scooters. The
therapeutic role for rehabilitation in treating chronic
back pain and LSS has been validated. In the older LSS
patient population, multidisciplinary treatments such as
strength and endurance training, flexibility exercises, life-
style modification, and environment modifications have
shown positive results. The NASS has developed a set of
evidence-based guidelines for the diagnosis and treatment
of lumbar spinal stenosis from their Degenerative
Lumbar Spinal Stenosis Work Group [31]. Currently
there is insufficient evidence to support the use of physi-
cal therapy/exercise or manipulation treatment for spinal
stenosis. Interestingly, from a secondary analysis of the
cohort in the Spine Patient Outcomes Research Trial
(SPORT), there was a positive association between physi-
cal therapy and long-term outcomes of LSS patients [54].
Specifically, subjects in the SPORT trial receiving physi-
cal therapy within the first six weeks after enrollment
noted better self-rating of improvement, improved physi-
cal functioning, and reduced likelihood of surgery at one-
year follow-up.

Medication Therapy

Medication therapy for spinal stenosis symptoms has pri-
marily fallen under the same guidelines as those for
treating chronic low back pain. Although the pathophysi-
ology of neurogenic claudication is distinctly different
from spondylosis or lumbar radiculopathy, the medica-
tions used to treat include systemic corticosteroids, non-
steroidal anti-inflammatory drugs (NSAIDs),
anticonvulsants, antidepressants, muscle relaxers, and
opioids. Short-term use of systemic corticosteroids for
acute radiculopathy has been studied, and their role in
chronic neurogenic claudication has not been established.
Long-term use of NSAIDs has been noted to cause gas-
trointestinal and cardiovascular events. Furthermore, for
chronic back pain with radicular symptoms, there was no
significant difference between NSAIDs and placebo [12,
55]. In the same systematic review by Chou, only a few
trials showed small improvements in pain scores with the
use of gabapentin and topiramate. The off-label use of
gabapentinoids for chronic neuropathic pain has steadily
increased since the introduction of gabapentin in 1993,
followed by pregabalin in 2004. Both drugs are analogs
of the gamma-aminobutyric acid (GABA) molecule and
share pharmacokinetic/pharmacodynamic properties. By
targeting the alpha-2-delta subunit of the voltage-gated
calcium channel, they can alter the downstream neuro-
transmitter release, which gives them the proposed anti-
nociceptive properties. Pregabalin is currently listed as a
Schedule V drug by the Drug Enforcement Agency; there
is an ominous global trend of misuse and abuse of gaba-
pentinoids [56]. In the midst of the prescription opioid
epidemic, misuse and abuse of noncontrolled substances

such as gabapentin and less controlled substances such as
pregabalin have surged, leading to significant risk to
patients. Gabapentinoids can be used to potentiate the
effects of opioids, and the supratherapeutic use of gaba-
pentin among patients with substance use disorder (SUD)
can lead to a 60% increase in the odds of opioid-related
death compared with opioids alone [57]. Currently there
is insufficient evidence to support the use of pharmaco-
logical treatment for spinal stenosis based on the NASS
guidelines [31].

Surgical Treatment
Surgery for lumbar spinal stenosis is typically performed
when nonsurgical treatment, such as those listed previ-
ously, does not sufficiently relieve a patient’s symptoms.
It is the most common reason for spinal surgery among
patients aged 65 years or older [58]. The objective of the
surgery is to increase the cross-sectional area of the spinal
canal at the level of the stenosis, in an effort to decrease
the pressure on the affected nerves. In most cases, the sur-
gery is considered elective, as its purpose is to alleviate
symptoms and improve function, rather than prevent
neurologic impairment. Exceptions include patients who
are myelopathic or have symptoms of cauda equina and
therefore require surgery to prevent neurologic decline.
In a study of patients with lumber spinal stenosis who
originally opted for nonsurgical treatment, approxi-
mately 30% subsequently requested surgery [59, 60].
However, a recent systematic review of 26 published
studies, including five randomized controlled trials, was
unable to conclude whether lumbar spinal stenosis is best
treated using a surgical or a more conservative approach,
primarily due to a lack of well-designed research [61].
Patient characteristics predictive of a good clinical
outcome following surgery for spinal stenosis vary signif-
icantly between studies [62-64]. However, a systematic
review of 21 studies reported that negative predictors in-
cluded depression, a concomitant disorder influencing
walking capacity, cardiovascular comorbidity, and scoli-
osis [65]. Smoking also seems to be associated with nega-
tive surgical outcomes [66]. In contrast, positive
predictors were male gender, younger age, better walking
ability, better self-rated health, less comorbidity, and
more pronounced canal stenosis [65].

Decompressive Laminectomy Without Fusion
Decompressive laminectomy without fusion is considered
the gold standard surgical procedure for patients with
lumbar spinal stenosis in the absence of other complicat-
ing spine pathology that is refractive to conservative
treatment [67]. With the patient in a prone position, im-
aging is used to guide the exposure and partial removal
of the lamina, spinous process, facet joints, and soft tis-
sue. Preservation of at least 50% of each facet joint and
sufficient pars is necessary to avoid iatrogenic instability
[68].
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An updated, evidence-based clinical guideline for the
diagnosis and treatment of lumbar spinal stenosis found
sufficient evidence to recommend surgical intervention
for moderate to severe lumbar stenosis following failure
of nonsurgical treatment [31]. The SPORT, a multicenter
randomized controlled trial (N =289) with an observa-
tional cohort (N = 365) that evaluated surgical vs nonop-
erative treatment of stenosis, reported similar results at
up to four years of follow-up. Patients who were treated
surgically had significantly greater improvement in pain
and function than did patients who were treated more
conservatively [69, 70]. However, long-term analysis of
patients in the randomized trial suggested diminishing
benefits of surgery between four and eight years of
follow-up, whereas outcomes for the observational co-
hort remained stable [71].

Although a more recent systematic review and meta-
analysis of nine randomized clinical trials that studied
the effectiveness of conservative vs surgical treatment for
lumbar spinal stenosis found that the latter group had
better clinical outcomes at one year, they also had a
higher complication rate throughout the follow-up pe-
riod. Further, there was a wide range of surgical and con-
servative methods used among the studies, and the
authors were unable to conclusively recommend one ap-
proach over another [72].

Another challenge regarding the surgical treatment of
spinal stenosis relates to whether single-level or multile-
vel laminectomy is more appropriate for multilevel dis-
ease. Two recent studies have suggested that single-level
surgery is the preferred procedure for such patients.
More specifically, in a prospective, multicenter cohort
study of 141 patients, 23% of whom underwent single-
level laminotomy and 77% of whom underwent multile-
vel decompression, the latter group was associated with
significantly less favorable stenosis symptoms and func-
tion score, with no significant difference with respect to
all other outcomes of interest between the two groups
[73]. Similarly, a retrospective study of 114 patients by
Adilay and Guclu found that those undergoing single-
level laminectomy (N =48) experienced better recovery,
in terms of disability score, pain score, and walking dura-
tion, than did those undergoing multilevel laminectomy
(N =64) [74]. The authors also reported that complica-
tions and postoperative spondylolisthesis were higher in
the latter group.

Other Decompression Techniques

Because of the challenges associated with decompressive
laminectomy, there is interest in developing minimally in-
vasive lumbar decompression techniques, including uni-
or bilateral laminotomy and spinous process—splitting
laminectomy. Such procedures are typically performed
through a small incision using an endoscope or micro-
scope, permitting preservation of soft tissue and bony
anatomy. They have been the focus of small,

uncontrolled, and generally single-center studies. For
example, two different randomized trials comparing mi-
cro-endoscopic decompressive laminectomy with con-
ventional open laminectomy found that the former was
associated with less operative blood loss, shorter hospital
stay and time to mobilization, lower likelihood of need-
ing opioids for postoperative pain, less muscle destruc-
tion, and less low back and leg pain at final follow-up
[75, 76]. However, data regarding long-term efficacy are
limited.

Even in patients with lumbar spinal stenosis (LSS) as-
sociated with stable low-grade degenerative spondylolis-
thesis, lower reoperation and fusion rates, less
progression of listhetic slip, and greater patient satisfac-
tion were seen in patients undergoing minimally invasive
decompression compared with those undergoing open
surgery [77].

Decompressive Laminectomy with Fusion

Single- or multilevel decompressive laminectomy with fu-
sion is typically reserved for patients whose stenosis is ex-
acerbated by spondylolisthesis, a condition where a
vertebral body slips anteriorly or posteriorly relative to
the adjacent vertebral body. However, a recent prospec-
tive cohort study (N = 83) found that patients with lum-
bar stenosis and degenerative spondylolisthesis who were
treated using spinal process osteotomy without fusion ex-
perienced significant postoperative improvement in pain
and disability, suggesting that fusion is not always neces-
sary. Only 10% of the cohort required subsequent fusion
at a mean follow-up of three months [78].

The Spinal Laminectomy vs Instrumented Pedicle screw
(SLIP) study was a randomized prospective trial at five
centers comparing laminectomy vs laminectomy with fu-
sion for stenosis with Grade 1 spondylolisthesis. Overall,
patients treated with laminectomy plus fusion had supe-
rior health-related quality of life outcomes at two, three,
and four years after surgery. Those patients treated with
simple lumbar spine decompression had a one-in-three risk
of a second operation to fuse the spine at the level of the
prior decompressive laminectomy. The patients treated
with fusion had a 14% rate of reoperation associated with
the development of adjacent-level disease. Overall, this
study demonstrates that patients are better served with the
addition of fusion, but that 70% of patients treated with
decompression alone also did well [25].

According to an analysis of a Medicare claims data-
base, the use of decompression plus fusion to treat spinal
stenosis procedures increased 15-fold between 2000 and
2007, as did postsurgical complications, reoperation
rates, and cost [58]. A recent systematic review of 24 ran-
domized controlled trials focusing on patients with lum-
bar stenosis in the absence or presence of mild
spondylolisthesis concluded that decompression with fu-
sion does not appear to be superior to decompression
without fusion. Patients in the latter group experienced
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significantly less perioperative blood loss and required
shorter surgical procedures, although there was no differ-
ence in the number of reoperations between the two
groups [79]. When fusion was augmented with instru-
mentation, the success rate improved, but there was no
clear impact on clinical outcomes, and the complication
rate increased.

Another analysis of patients from a Medicare claims
database (N=1,672) included a focus on perioperative
complications and reported that 36% of subjects treated
with posterolateral spinal fusion for spinal stenosis and
spondylolisthesis required reoperation and/or epidural
injection within two years of surgery, and almost 25%
required readmission for a procedure-related complica-
tion [80]. Some of the most common complications at
two-year follow-up included urinary tract infection
(40%), postlaminectomy syndrome (25%), and pneumo-
nia (13%).

Adjacent segment disease is another risk associated
with spinal fusion. The 10-year prevalence of adjacent
segment disease requiring surgical treatment following
lumbar spinal fusion ranges from 22% to 27%, with a
2.5% incidence per year [81, 82]. There is some thought
that issues related to spinopelvic alignment (e.g., signifi-
cant pelvic incidence lumbar lordosis mismatch) or other
intrinsic risk factors contribute to the likelihood of adja-
cent segment disease after fusion [83].

Staartjes and Schoder maintain that, although lami-
nectomy with fusion may not be an appropriate treat-
ment for the majority of patients with spinal stenosis
accompanied by Grade 1 spondylolisthesis, there remains
a subset of patients who would benefit from a combina-
tion of the two procedures. They assigned patients to
treatment with laminectomy (N=351) or laminectomy
plus fusion (N=351) using a decision-making protocol
based on clinical history, location of nerve root compres-
sion, and facet angles/facet effusion to assign patients to
receive one or both procedures [84]. Results indicated a
low rate of revision surgery for iatrogenic spondylolisthe-
sis after laminectomy alone and positive patient-reported
outcomes in both groups. Similar findings by Austevoll
et al. suggested that a considerable number of patients
with lumbar spinal stenosis and degenerative spondylolis-
thesis can be treated with decompression alone [85].

Decompression laminectomy with fusion is signifi-
cantly more expensive than laminectomy alone. For ex-
ample, a cost-benefit analysis compared 320 patients
with stenosis who underwent laminectomy with 344
patients with stenosis and spondylolisthesis who under-
went laminectomy plus fusion and found that, over a
two-year postsurgery period, the cost of the former pro-
cedure was $77,000 per quality-adjusted life-year
(QALY) gained, whereas the cost of the latter procedure
was $115,000 per QALY gained. The authors note that
$100,000 per QALY gained is often considered to be the
maximum at which a procedure is considered to be cost-
effective [86].

Decompression with Interspinous/Interlaminar Spacer
Interspinous process “spacer” devices provide an addi-
tional treatment option within the continuum of care for
LSS when conservative therapy and epidural steroid
injections have failed to provide sustained pain relief
before more invasive open decompression surgery.
Several implantable devices have been developed. Some
are rigid expanders such as the X-stop (Medtronic Spine,
Minneapolis, MN, USA), which is no longer commer-
cially available in the US market. Others are flexible
load-sharing devices such as the Wallis implant (Zimmer
Spine, Warsaw, IN, USA). The Dynesy implant (Zimmer
Spine, Warsaw, IN, USA) requires the placement of pedi-
cle screws. The Diam implant (Medtronic Spine,
Minneapolis, MN, USA) is a viscoelastic device intended
to load-share and prevent compression. The Coflex de-
vice (Paradigm Spine, New York, NY, USA) is a spring-
loaded spacer that is designed to decompress without fu-
sion. More recently, the Superion device (Vertiflex,
Carlsbad, CA, USA) was introduced as a minimally inva-
sive standalone spacer to serve as a back stop preventing
compression of the spinal canal and lateral recess during
extension of the spine. The Superion device is the only
minimally invasive application that does not require ad-
ditional surgical resection, fixation, or decompression
during implantation. Superion interspinous process de-
compression (IPD) was shown to have five-year durable
clinical improvement of neurogenic claudication in 84%
of study patients in at least two of three applications of
the Zurch Claudication Questionnaire. This application
of IPD has also been shown to improve quality of life in
patients with LSS. In this study, 189 patients treated with
the Superion IPD device were evaluated with SF-12. At
two years, 81% of subjects showed maintenance or im-
provement in Physical Component Summary scores, and
Mental Component Summary scores improved [87].

Minimally invasive options compared with open sur-
gical decompression allow for shorter procedure time
with reduced anesthetic risk. The Superion IPD proce-
dure can be performed the same day as surgery with min-
imal recovery time. Indirect decompression in the
posterior elements requires adequate bone strength.
Patients with advanced osteoporosis are contraindicated.
Spinous process fractures and device migrations were
mostly reported in the first two years of implantation
[87]. IPD is not indicated for treatment of the L5/S1 seg-
ment due to anatomical limitations.

Minimally Invasive Lumbar Decompression

Ligamentum flavum hypertrophy causing compression
and stenosis and resulting intermittent neurogenic claudi-
cation can be treated by a minimally invasive method of
removal of a small amount of laminae and thinning of
the ligament. To be a candidate for this procedure, the
ligament should be >2.5 mm and should be a major con-
tributing factor to the stenosis. It should be noted that
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comorbidities can be present, and the use of this tech-
nique is not limited to solitary disease states of the liga-
ment. Guidance for using this technique including patient
selection and outcomes, is outlined in the Minimally
Invasive Spine Treatment protocol guidelines paper [88].

Conclusions

It is clear that LSS presents an economic and medical
challenge to both patients and physicians. The disorder
can be asymptomatic for an extended period, and once
the patient is exhibiting signs of pain, it may be too late
for conservative treatment. Effective treatment for LSS is
particularly challenging due to the requirement for accu-
rate diagnosis. However, when medical interventions are
indicated, the present work demonstrates that there are
many techniques at the physician’s disposal. As medical
imaging improves, with new technological advancements
and increasing resolution, it would be the hope that iden-
tifying LSS accurately will become easier and that surgi-
cal techniques and tools will improve to most effectively
reduce the patient’s pain and restore function.
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