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Lumbar Spinal Stenosis: Pathophysiology and
Treatment Principle: A Narrative Review
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Patients with lumbar spinal stenosis may exhibit symptoms such as back pain, radiating pain, and neurogenic claudication. Although

long-term outcome of treatments manifests similar results for both nonsurgical and surgical treatments, positive effects such as
short-term improvement in symptoms and decreased fall risk may be expected with surgery. Surgical treatment is basically decom-
pression, and a combination of treatments can be added depending on the degree of decompression and the accompanying instability.

Recently, minimally invasive surgery has been found to result in excellent outcomes in the treatment of lumbar spinal stenosis. There-
fore, better treatment effects can be anticipated with an approach aimed at understanding the overall pathophysiology and treatment

methods of lumbar spinal stenosis.
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Introduction

Degenerative lumbar spinal stenosis refers to the nar-
rowing of the spinal canal due to degenerative changes
in spinal joints, intervertebral discs, and ligamentum
flavum [1]. As the space surrounding the neurovascular
tissue becomes narrower, major clinical symptoms may
appear, such as neurogenic claudication, radiating pain
in the lower extremities, low back pain, and urination-
defecation impairment. Clinical symptoms may include
decreasing sensation and fatigue in the lower extremities,
as well as increasing pain in both buttocks or lower limbs,
which may worsen when walking or standing for a long
time (neurogenic intermittent claudication) [2]. Patients
may experience alleviation of symptoms when they sit or
bend forward [3], and if the pain caused by a walking or
standing posture becomes severe, it may become difficult

to perform daily and independent activities or the risk of
fall may increase [3-5].

Pathophysiology and Treatment Principle

Degenerative lumbar spinal stenosis is a progressive dis-
ease that involves all the movement segments of the spine
[6]. The relative instability initiated by degeneration of the
intervertebral disc leads to hypermobility of the vertebral
segments, resulting in increased pressure on the posterior
facet joints, followed by a narrowing of the intervertebral
disc space, an increased extension angle, and hypertrophy
of the facet joints, especially the hypertrophy of the superior
articular process. As it gradually progresses, the joints be-
come ankylosed. The hypertrophic articular process causes
localized joint stiffness (ankylosis). In addition, calcification
or thickening of the yellow ligament is an important mech-
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anism in stenosis. Joint tropism can also be a factor leading
to degenerative lumbar spinal stenosis [7]. Consequently,
this causes the stenosis of the spinal canal and compression
of nerve structures, which may lead to intermittent neuro-
genic claudication due to congestion of the epidural venous
blood and increased vascular pressure. Although minor
trauma or repetitive stimulation associated with work does
not significantly contribute to the occurrence of such ste-
nosis, it can worsen the symptoms of existing stenosis. No
symptoms can be felt when resting; however, symptoms
appear due to the following reason when walking or stand-
ing. As the lumbar is extended, the spinal canal becomes
narrower and the neural tissue is compressed, and simul-
taneously, the metabolic rate of nerve roots by the lower
extremity movement increases, but the increase in blood
flow cannot catch up with it. The cauda equina nerve roots
gain metabolic energy from the blood circulation of the
arteries located on the surface of nerve roots and the diffu-
sion of cerebrospinal fluid. In lumbar spinal stenosis, when
the nerve roots are under increased pressure in the spinal
canal, neural ischemia and defective nerve conduction can
occur. Symptoms can also occur due to venous congestion
and may contribute to the etiology of lumbar spinal steno-
sis involving two or more segments. If the nerve roots are
damaged, central sensitization of pain perception can occur,
which can result in chronic pain.

Anatomy

Lumbar spinal stenosis is classified according to the ana-
tomical location in which the spine is affected or to the
etiology (Table 1). In degenerative lumbar spinal stenosis,
the redundancy and loosening of yellow ligaments due to
the narrowing of the disk space result in the narrowing of
space in the spinal canal, which may be accompanied by
instability. This relative hypermobility causes overgrowth
and thickening of the posterior facet joints and surround-
ing ligaments. The yellow ligaments can thicken, especially
in the area where they are attached to the spinal articular
capsule around the lateral recess, which may compress the
nerve roots (Fig. 1). These processes occur individually or
simultaneously, resulting in symptoms of lumbar spinal
stenosis.

Central stenosis refers to the narrowing of the space be-
tween both the posterior facet joints, primarily the space
occupied by the dura sac and internal neural structures.
The stenosis of this region is caused by the intervertebral

Table 1. Classification of spinal stenosis

Variable Classification

Anatomic

Anatomic area Anatomic region (local segment)

Cervical Central
Foraminal
Thoracic Central

Lateral recess
Foraminal

Extraforaminal (far-out)

Pathologic
Congenital Achondroplastic (dwarfism)
Congenital forms of spondylolisthesis
Scaliosis
Kyphosis
Idiopathic

Degenerative and inflammatory  Osteoarthritis
Inflammatory arthritis
Diffuse Idiopathic skeletal hyperostosis
Scoliosis
Kyphosis
Degenerative forms of spondylolisthesis
Metabolic Paget disease

Fluorosis

disc extrusion, bulging of the annulus fibrosis, osteophyte
formation, and folded or thickened yellow ligaments.
Symptomatic central stenosis results in neurogenic clau-
dication with pain in the lower extremities. The lateral
side of the dural sac is known as the lateral canal, through
which nerve roots pass, and when the nerve roots are
compressed, there might be radiating pain.

The lateral recess is known as the “entrance zone,” which
begins at the medial border of the superior articular pro-
cess and extends to the medial border of the pedicle [6].
In this region, the nerve roots that have emerged from
the dura sac pass through the distal and lateral parts.
The boundaries of the lateral recess comprise a vertebral
pedicle on the lateral side, a superior articular process of
the posterior joint on the dorsal side, an intervertebral
disc and posterior ligaments on the anterior side, and a
spinal canal on the medial side. The primary causes of
stenosis in the entrance zone are a posteriorly herniated
intervertebral disc and hypertrophic osteoarthritis of the
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posterior joints, wherein the nerve roots are compressed
by the thickened superior articular process.

The mid-zone refers to the foraminal region located
in front of the pars [8]. The anatomical structure cor-
responds to the ventral part of the pars. Regarding the
boundary structures, they medially border on the lateral
recess, anteriorly on the vertebral body and intervertebral
disc, posteriorly on the pars and intertransverse liga-
ments, and laterally on the surface of the pedicle. Steno-
sis occurs in this region following the thickening of the
fibrocartilage tissue at defective pars or by compression

due to osteophytes. The thickening of the yellow ligament
sometimes causes stenosis up to the neural foramen, and
the formation of osteophytes under the pars defect is also
related to stenosis occurring in this region (Fig. 2). In
spondylolisthesis and degenerative scoliosis, one vertebral
pedicle is relatively lowered due to the rotational ma-
lalignment of the vertebral body or asymmetrical narrow-
ing of the intervertebral disc. This can also cause neural
compression at this level.

The exit zone is shaped as an inverted teardrop created
by the intervertebral foramen, and the neural foramen is

Fig. 1. Magnetic resonance imaging image in patients with spinal stenosis. (A, B) In the sagittal image scan, central stenosis and resultant crowding
of cauda equina are seen (arrow in red). (C, D) In the axial scan, the stenosis segment can be easily compared with the normal segment (arrow in blue).

Fig. 2. (A-D) Spondylolytic spondylolisthesis
and related hypertrophy of fibrocartilage com-
plex and resultant stenosis are demonstrated in
X-ray, sagittal T1 weighted magnetic resonance
imaging scan, and axial computed tomography
scan in order (arrows).
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the space between the lower part of the upper pedicle and
the upper part of the pedicle of the lower vertebrae, which
borders posteriorly on the pars, inferior articular process
of the upper vertebrae, and the superior articular process
of the lower spine and anteriorly on the posterior surface
of the vertebral body and the intervertebral disc [6]. The
dorsal root ganglions and ventral motor roots occupy
approximately 30% of this space. This is the region that
changes into the epineurium, which wraps the nerve roots
in the dura. Nerve roots are located in this region and can
be compressed by the protrusion of the far lateral disk,
subluxation related to spondylolisthesis, or arthritis [9].
The most common cause is degenerative spinal arthritis.

Degenerative lumbar spinal stenosis primarily proceeds
due to the degenerative process of the vertebral joint and
yellow ligament [10], and imaging studies can reveal pro-
gressed spondyloarthrosis. These abnormal findings can
be found primarily on both sides, and the most common
regions are between L4 and L5, followed by between L5
and sacrum and between L3 and L4 [11]. In addition, disk
herniation and spondylolisthesis can exacerbate acutely
such stenosis-related clinical symptom. Spondylolisthe-
sis and degenerative spondyloarthropathy rarely cause
stenosis in young patients, but when these degenerative
changes occur with aging, spondylolisthesis, and spondy-
loarthropathy in patients aged >50 years, they can result
in lateral recess or foraminal stenosis.

Natural History

Lumbar spinal stenosis is often asymptomatic. Studies
have reported no close association between clinical symp-
toms and anteroposterior diameter of the spinal canal.
The natural course of lumbar spinal stenosis in the major-
ity of cases includes gradual development of symptoms;
however, in some cases, it becomes acute following some
trauma or severe physical activity. In several patients,
even when imaging tests lead to the diagnosis of stenosis,
symptoms and physical examination may only reveal neg-
ligent abnormalities. Several studies have reported that
patients who received surgical treatment, such as decom-
pression, exhibit better progress than those who received
nonsurgical treatment; however, 50% of the patients who
received nonsurgical treatment and were followed up for
8-10 years showed improvements in back pain and leg
pain. In a prospective randomized study involving 100
patients with symptoms of stenosis who were provided

surgical or nonsurgical treatment, it was observed that
symptoms improved after approximately 3 months ir-
respective of the type of treatment, and some patients
showed symptom improvement after 12 months. In the
nonsurgical treatment group, symptoms worsened over
time, but after 4 years, approximately 50% of the patients
displayed excellent or fair progress. In contrast, 80% of the
patients who received surgical treatment exhibited good
results at the 4-year follow-up [12]. In another study, the
majority of patients diagnosed with lumbar spinal steno-
sis exhibited stable disease progression, and 15%-50% of
those who received nonsurgical treatment showed good
results. Worsening of symptoms even with appropriate
conservative treatment may be an indication for surgical
treatment. According to Weinstein et al. [12], the surgical
treatment group showed improvement in all primary out-
comes compared with the nonsurgical treatment group.

Prevalence

The overall prevalence of lumbar spinal stenosis varies
among studies. The prevalence in the group based on
clinical diagnostic criteria has been reported to be ap-
proximately 11% in the general population [13-15]. Ac-
cording to the diagnosis based on imaging studies, the
prevalence was found to be 11% in the asymptomatic
general population and 38% in the general population.
Prevalence increases with age, and the diagnosis based on
imaging tests such as magnetic resonance imaging (MRI)
and computed tomography (CT) scan is known to be
made a decade earlier than the diagnosis based on clini-
cal symptoms. In some studies in which the International
Classification of Diseases codes were used, the prevalence
was reported as 7%-23%. Some expert opinions reported
a prevalence of 4%-53%. Considering the progression of
this degenerative disease, the prevalence of degenerative
lumbar spinal stenosis can be significantly influenced
by age. For instance, one study reported a prevalence of
approximately 78% in the target patients with an aver-
age age of 67 years (age range, 40-93 years), whereas the
prevalence was only approximately 12% in patients with
an average age of 40 years [8]. Some prevalence studies
used only central stenosis as the diagnostic criterion. In
other studies, both foraminal and lateral access stenosis
were included. Moreover, a bias may be introduced due
to the average age of the target patient group. Therefore,
it is important to consider these aspects when interpret-
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ing the results of the abovementioned previous studies
[3,9,10,16,17]. Previously, lumbar spinal stenosis has been
reported to be more common in men; however, recent re-
ports have mentioned that it is 3-5 times more common
in women [11,18].

Clinical Evaluation

Till date, there exists some ambiguity in the clinical di-
agnostic criteria for degenerative lumbar spinal stenosis.
According to a study conducted in 2016, the consensus
of experts on clinical symptoms included (1) pain in the
lower extremities or buttocks while walking, (2) symptom
relief resulting from bending the lower back forward,
(3) symptom relief from bending the back forward while
using a shopping cart or riding a bicycle, (4) motor or
sensory disturbance while walking, (5) normal and sym-
metrical pulse of the dorsalis pedis artery, (6) weakening
of lower extremity, and (7) lower back pain [13,14]. In
other studies, detailed history, gait, and some physical ex-
amination findings were also included in the classification
criteria [13,15,19].

Patients with lumbar spinal stenosis generally test nega-
tive in the straight leg raising test, and findings of motor
neurological disorders are rare. Sudden appearance or
exacerbation of sciatic neuralgia suggests the possibility of
occurrence of intervertebral disc herniation in addition to
existing spinal stenosis. Radiating pain occurs often in the
lateral access and foraminal stenosis, and L5 neurologi-
cal symptoms are the most common [20]. In neurological
examination, motor deficit can be primarily observed due
to the compression of L5 nerve roots in severe stenosis or
degenerative spondylolisthesis. In the event of paresthesia,
peripheral neuropathy caused by diabetes, alcoholism, or
drug use should be suspected. For detecting the interrup-
tion in blood circulation, the dorsalis pedis and popliteal
arteries should be palpated, and the edema and varicose
veins in lower extremities should be excluded [21]. More-
over, it must be differentiated from the symptoms of le-
sions in the lower limbs, such as hip joints and knees [22].

Diagnostic Imaging
1. Radiography

Although establishing the diagnosis of stenosis using a
simple radiographic examination is not confirmative,
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the following factors may help diagnose the stenosis: a
short vertebral pedicle shown in the lateral image, a nar-
row interpedicle distance shown in the anteroposterior
image, calcification of the ligaments or intervertebral
discs, narrowing of the foramen, and hypertrophy of the
posterior joints. It is possible to determine whether fu-
sion is required by checking the presence of segmental
instability shown in the flexion-extension lateral image. A
translation of >4-5 mm or changes in angular motion of
>10°-15° indicate segmental instability [11,23].

2. Magnetic resonance imaging

MRI is useful for diagnosing lumbar spinal stenosis and
identifying the degree of degenerative change and the
size of the spinal canal [1,24,25]. A low correlation exists
between the degree of morphological stenosis observed
in MRI and clinical symptoms. In other words, the degree
of stenosis observed in MRI and the severity of clinical
symptoms are not proportional [26]. MRI may be used to
confirm diagnosis in patients with persistent neurological
claudication or radiating pain, but it should not be used
for screening purposes as a high proportion of patients
exhibit no symptoms even when the stenosis is confirmed
in MRI. In sagittal T2-weighted images, a myelogram-
like image is observed, whereas in sagittal T1-weighted
images, foraminal stenosis can be well identified. In case
normally distributed fat tissue is not detected around
the nerve roots, foraminal stenosis can be diagnosed
(Fig. 3). In the case of axial cut images, central stenosis
and internal neural structures can be clearly confirmed
in T1- and T1-weighted images, respectively. Far lateral
disk protrusion can be confirmed when there is a loss of
fat tissue normally distributed between the intervertebral
disc and nerve roots shown on axial cut T1-weighted im-
ages. However, when spinal deformities, such as scoliosis,
are accompanied, spondylolisthesis is severe, or when
they extend beyond the scan range of sagittal and axial
planes, obtaining scan images of the desired parts may be
difficult, which results in inaccurate information (Fig. 4).
Recently, intraspinal diffusion tensor imaging parameters
such as apparent diffusion coefficient and fractional an-
isotropy have been reported to be useful for the quantita-
tive assessment of lumbar spinal stenosis [27].
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Fig. 3. (A-D) In a sagittal T1 weighted magnetic resonance imaging scan, foraminal stenoses are well visualized with loss of peri-
neural fat tissue compared with normal foramen (arrows in red). Rt., right; Lt., left.

Fig. 4. Magnetic resonance imaging scan in a patient with degenerative scoliosis (A). (B-D)
When the spinal column is out of the scan range in the sagittal plane, an inaccurate non-
continuous image scan is acquired. (E) In an axial scan, the rotation of the vertebra is easily
§ seen.
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3. Computed tomographic myelography

CT is also an imaging test that is often used in surgery
planning in patients with stenosis [28]. CT, after myelo-
gram, provides more accurate information. Myelography,
followed by CT, is the best suited approach for patients
with dynamic stenosis, postoperative leg pain, severe
scoliosis or spondylolisthesis, metallic implants, contra-
indications to MRI, and lower extremity symptoms in the
absence of findings on MRI. However, as myelogram is
invasive and can be accompanied by side effects such as
headache, nausea, and seizures, the frequency of its use has
decreased in recent years. Using myelography, dynamic
images can be obtained through lateral images, while flex-
ion and extension are performed in the standing position,
which are not available in the case of MRI examination.

In addition, as CT provides more information regarding
the bone anatomy, such as calcification of bone spurs or
intervertebral discs, than MRI, information that is essen-
tial for decompression surgery may actually be obtained
[29]. Moreover, CT is a better alternative imaging method
for patients with cardiac pacemakers who cannot undergo
MRI for diagnostic purposes.

4. Other diagnostic studies

Electromyography can be conducted when the diagnosis
of neuropathy is uncertain in patients with comorbidities
such as diabetes [30]. Furthermore, the vascular Doppler
test can be used to rule out lesions caused by vascular
problems in the lower extremities [21]. One study re-
ported that a bicycle-Bruce protocol can contribute to the
diagnosis [31].

Nonoperative Treatment

Nonsurgical treatment is appropriate for patients with
mild to moderate symptoms. Commonly used treatment
strategies include bed rest for a short period of approxi-
mately 1 week, medication (anti-inflammatory drugs, oral
adrenal corticosteroids, muscle relaxants, prostaglandin
El analogs, antidepressants, and anticonvulsants such as
gabapentin), lumbar exercise (isometric flexion exercise
and hyperextension exercise), physical therapy, orthosis
usage, thermal therapy, ultrasound, massage, electrical
stimulation, and traction therapy [21,32].
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1. Epidural steroid injection

Epidural steroid injection is an intermediate step between
conservative and surgical treatments. Spinal stenosis can
result in nerve edema due to structural and chemical stim-
ulation of the nerve roots caused by physical compres-
sion of the nerve tissue and nerve root inflammation due
to local ischemia caused by congestion of venous blood
around the nerve roots, which may lead to the release of
phospholipase or leukotriene B, worsening inflammatory
reactions, and edema. The purpose of epidural steroid in-
jections for stenosis is to induce a strong anti-inflammato-
ry action to reduce the inflammatory response and edema
through the reduction of leukocyte migration, inhibition
of cytokine production and release, and cell membrane
stabilization. In several studies, epidural steroid injection
treatment was found to produce a short-term relief of
symptoms in approximately 50%-87% of the cases [26,33-
35]. Indications for epidural steroid injections include
acute radiating pain and neurological claudication that
interfere with daily life, despite the administration of pain
relievers and rest, which are anticipated to improve the
symptoms. There are also reports of recent studies using
epidural neuroplasty and other combination of drugs such
as ropivacaine and dexmedetomidine related to thoraco-
lumbar surgery [29,30].

2. Principles of spinal stenosis surgery

The decision to perform surgery is based on the com-
plaints of loss of ability in daily life, such as limited walk-
ing due to pain, weakening of the muscles, or paresthesia
in the buttocks or lower extremities after adequate conser-
vative treatments for at least 2-3 months.

Surgeries are rarely performed for lower back pain that
is caused only by spondylolisthesis and scoliosis without
instability. Although rare, even when long-lasting motor
nerve palsy is the only symptom, other causes must be
identified before performing surgery because of the diffi-
culty of predicting the likelihood of recovery after surgery.
In case there exists a relatively rapidly progressing nerve
impairment or loss of urination-defecation functions,
early decompression is required [36]. When deciding
on surgery, abnormal findings from CT or MRI imaging
should match the patient’s symptoms [16].

The principle of surgical treatment is sufficient de-
compression of nervous structures [37]. When sufficient
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decompression is accompanied by instability due to the
removal of excessive bone structures, isthmic or degen-
erative spondylolisthesis, scoliosis, or kyphosis, a com-
bination of fusion surgery should be considered (Figs. 5,
6). Other criteria for fusion include adjacent segmental
degeneration due to a previously performed fusion, re-
curring stenosis, or intervertebral disc herniation after a
previous surgery. Laminectomy alone could be considered
when severe multisegment stenosis is present in elderly
patients. During decompression, less than half the me-
dial part of each posterior joint of one spinal segment is
excised to obtain sufficient decompression in the center
and outside without causing instability to the segments.
More localized decompression is possible when the exact
symptom-causing sites are identified through a selective
nerve root block.

When decompression is performed, care should be
taken to reduce the risk of dural damage by checking for
adhesion of the neural membrane that may exist even
without a history of surgery. When the stenosis of the lat-
eral recess and foramen is very severe, caution is required

during decompression as it may result in neural damage
with surgical devices.

When fusion is performed, it is important to consider
sagittal balance as achieving sagittal balance after surgery
can result in good surgical outcomes and also help reduce
the risk of fall after surgery [38,39]. Studies have reported
that the recent emergence of surgical techniques using
minimally invasive spine surgery, including endoscopic
decompression, has led to better results in terms of length
of hospital stay, blood loss, cost, and postoperative out-
come than the existing surgical methods [36,40-43].

Conclusions

Patients with lumbar spinal stenosis may exhibit symp-
toms such as back pain, radiating pain, and neurogenic
claudication. Although long-term outcome of treatments
manifests similar results for both nonsurgical and surgical
treatments, positive effects such as short-term improve-
ment in symptoms and decreased fall risk may be expect-
ed with surgery. Surgical treatment is basically decom-

Fig. 5. Sixty-one-year-old female patient with central stenosis.
(A-D) On magnetic resonance imaging sagittal and axial scan,
central stenosis with cyst in ligamentum flavum and facet
arthrosis are seen (arrow). (E, F) Decompression and postero-
lateral fusion with instrumentation between L4-5 were done.
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Fig. 6. Seventy-five-year-old male patient with degenerative spondy-
lolisthesis. (A-D) On dynamogram, degree of listhesis increased on
flexion radiography. (E-H) On magnetic resonance imaging sagittal
and axial scan, spondylolisthesis and stenosis with facet hypertrophy
and thickening of ligamentum flavum is seen. (I, J) Decompression
and posterior lumbar interbody fusion with instrumentation between
L4-5 were done.
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pression, and a combination of treatments can be added,
depending on the degree of decompression and the ac-
companying instability. Recently, minimally invasive sur-
gery has been reported to be excellent in the treatment of
lumbar spinal stenosis. Therefore, better treatment effects
can be expected with an approach aimed at understand-
ing the overall pathophysiology and treatment methods of
lumbar spinal stenosis.
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