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Abstract

Objective. Lumbar spinal stenosis (LSS) can lead to compression of the neural and vascular elements and is becom-
ing more common due to degenerative changes that occur because of aging processes. Symptoms may manifest as
pain and discomfort that radiates to the lower leg, thigh, and/or buttocks. The traditional treatment algorithm for
LSS consists of conservative management (physical therapy, medication, education, exercise), often followed by
epidural steroid injections (ESls), and when nonsurgical treatment has failed, open decompression surgery with or
without fusion is considered. In this review, the variables that should be considered during the management of
patients with LSS are discussed, and the role of each treatment option to provide optimal care is evaluated. Results.
This review leads to the creation of an evidence-based practical algorithm to aid clinicians in the management of
patients with LSS. Special emphasis is directed at minimally invasive surgery, which should be taken into consider-
ation when conservative management and ESI have failed.

Key words: Lumbar Spinal Stenosis; Nonsurgical Treatment; Epidural Steroid Injection; Interspinous Lumbar Decompression;
Minimally Invasive; Algorithmic Approach

Introduction people in the United States and is considered the most

Lumbar spinal stenosis (LSS) is described as a condition
in which there is diminished space available for the neu-
ral and vascular elements in the lumbar spine [1]. LSS
may occur at three sites: central canal, lateral recess, and
neuroforamen. Most cases of LSS are degenerative,
resulting from changes in the spine with aging. Due to
this normal aging process, changes occur in the discs, lig-
amentum flavum, and facet joints that cause narrowing
of the spaces around the neurovascular structures of the
spine. These changes may lead to symptomatic pain in
the legs and back, as well as to impaired ambulation and
other disabilities [1-3]. LSS affects more than 200,000

common reason for spinal surgery in patients aged
>65 years [3]. In one study, a prevalence of absolute LSS
of 47.2% for patients aged 60-69 years was reported,
with this number increasing with age [4]. However, not
all patients with LSS develop significant or debilitating
symptoms, and the natural history of mild to moderate
LSS may be favorable for 33-50% of patients [1].
Patients with LSS have a history of symptoms that are
notable for pain and discomfort that radiate to the lower
leg, thigh, and/or buttocks (neurogenic claudication).
Patients with more pronounced LSS may develop lower
extremity weakness, muscle cramping, numbness, and
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imbalance in gait. Patients typically report symptoms of
neurogenic claudication that abate with sitting down or
leaning forward, referred to as the “shopping cart sign.”
When spinal stenosis predominantly affects the neuro-
foramen or lateral recess, patients may report radicular
pain following a specific dermatomal distribution. As
LSS is a slowly progressing condition, rapid onset of
these symptoms may refer to a different pathology.

To confirm clinical suspicion of LSS, magnetic reso-
nance imaging (MRI) or computed tomography (CT)
myelogram studies are required. MRI remains the most
common imaging modality to assess LSS [5], as physical
examination and x-ray imaging do not have a high sensi-
tivity or specificity. There is great variability in the de-
scription and assessment of LSS among radiologists, and
lack of standardization may contribute to increased het-
erogeneity of the patient population undergoing surgery
for LSS. However, radiographs are low cost and are read-
ily available. Radiological AP and lateral images may
show nonspecific degenerative findings such as disc
height loss, disc space narrowing, and osteophyte forma-
tion, whereas flexion/extension radiographs may show
segmental instability and subtle degenerative spondylolis-
thesis. Causes that are unrelated to back pain, such as sa-
croiliac joint pathology, renal stones, or calcified
aneurysmal dilatation of the aorta, may also be identi-
fied. However, soft tissue evaluation using is limited.
MRI has high sensitivity in diagnosing stenosis, as it has
high soft tissue contrast, and it best depicts cord, nerve
roots, and bone marrow abnormalities. Nevertheless, im-
aging should be correlated with clinical presentation, as
many LSS imaging studies may not have a direct correla-
tion with clinical presentation, and treatment options
may vary [6]. The physical findings that are most
strongly linked to LSS include wide-based gait, nor-
mal Romberg test, thigh pain after 30 seconds of lum-
bar extension, and neuromuscular deficits [1]. An
expert consensus was obtained, which demonstrated
an 80% certainty of LSS diagnosis based on seven his-
tory items, which include “leg/buttock pain while
walking,” “flex forward to relieve pain,” “relief when
using a shopping cart or bicycle,” “motor/sensory,”
“disturbance while walking,” “normal/symmetric
foot pulses,” “lower extremity weakness,” and “low
back pain” [7]. Based on physical examination, it is
usually sufficient to diagnose for LSS, and MRI/CT
diagnosis is often reserved for patients who are being
considered for surgery after conservative management
has failed.

Treatment Options

Conservative Management

For decades, the mainstay of LSS included physical ther-
apy, exercise, and stretching. Other nonsurgical treat-
ment has included bracing, analgesic medications,
epidural injections, and lifestyle interventions.

Physical Therapy

Physical therapy is commonly described as the initial
treatment method for LSS. Patients typically require four
to six weeks of physical therapy, attending two to three
times a week [8]. In a systematic review by Slater et al.
[9], the authors demonstrated that exercise is effective to
reduce pain, disability, and pain medication intake and
that it provides physiological stability by decreasing an-
ger, depression, and mood disturbance. Furthermore,
patients who eventually will go on to have spine surgery
and who have performed physical therapy show faster re-
covery [10]. The use of lumbosacral braces may further
provide pain relief and may increase walking distance
when compared with patients who do not wear braces
[11]. There is, however, limited evidence supporting the
use of physical therapy for the long-term treatment of
LSS, and many patients fail to commit to physical ther-
apy protocols. Bracing also does not cure LSS.

Medications

The use of analgesic medication for treatment of LSS usu-
ally begins as firstline treatment and is often combined
with physical therapy. However, there is limited evidence
to determine the effectiveness of medication as it is often
combined with other treatment modalities. Further, any
pain medication may interact with other medications a
patient is taking. Although nonsteroidal anti-
inflammatory drugs provide short-term pain relief, long-
term use has been associated with gastric ulcers or other
gastrointestinal issues and, depending on a patient’s pain
level, and may not provide enough pain relief [12]. Other
analgesics such as acetaminophen may not reduce pain
adequately and generally cannot be used long term.
Other medications, such as gabapentin and pregabalin,
have been shown to be effective to reduce neuropathic
pain. When used in patients with LSS, gabapentin was
shown to increase walking distance and improve pain
scores. It also allowed for recovery of sensory deficits
[12]; however, the study had a short follow-up period,
and no long-term benefits have been proven. When there
is still inadequate pain control, opioid therapy may be
cautiously considered. However, opioid therapy can
cause constipation, dependence, and drowsiness, and
there is limited evidence of the efficacy of opioids in the
treatment of LSS [8].

Other Conservative Treatment

Other treatment modalities include manipulation and
lifestyle changes. Manipulation therapies are aimed at re-
ducing stenosis of the ligament around the spine, decreas-
ing intradiscal pressure, and expanding the intervertebral
foramen, which may aid in the recovery of damaged spi-
nal nerves and functional recovery of the surrounding
structures. In a study by Murphy et al., distraction ma-
nipulation and neural mobilization were associated with
improved clinical outcomes and a decrease in pain up to
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16 months [13]. When compared with conservative man-
agement (physical therapy), flexion-distraction manipu-
lation therapy showed a greater decrease in pain and
greater reduction of disability, as shown by the Oswestry
Disability Index (ODI) [14]. However, there is limited ev-
idence on the use of manipulation, and the long-term
benefits of manipulation are currently unknown.

Lifestyle changes may be part of conservative manage-
ment, as patients with LSS are at a risk for diseases such
as obesity. A pilot study by Tomkins-Lane et al. [15] sug-
gested that a spinal stenosis pedometer and nutrition life-
style intervention was feasible, attractive to participants,
and led to a decrease in fat mass and symptom severity
and an increase in mental health. Although not many
clinical trials have investigated the effectiveness of life-
style changes on LSS, they should be considered as part
of the treatment program to improve general health and
decrease comorbidities in patients.

Spinal Injections

ESI

Interlaminar and transforaminal epidural steroid injec-
tions (ESIs) with or without local anesthetic are the most
commonly performed nonsurgical spinal procedure, with
65.5% of patients with lumbar spinal stenosis undergo-
ing at least one ESI. In a study by Adogwa et al. [8], the
authors reported 18,494 ESIs that were performed be-
tween 2007 and 2016 in a subgroup of adults with de-
generative spinal diagnosis that underwent an index 1-,
2—, or 3-level decompression and fusion. In a systematic
review by Manchikanti et al., it was demonstrated that
caudal epidural injections and lumbar interlaminar epi-
dural injections of local anesthetic with or without ste-
roid provided effective and significant improvement in
pain and function in central spinal stenosis [16]. In con-
trast, in a meta-analysis by Liu et al., it was shown that
epidural steroid injections provide limited improvement
in short-term and long-term benefits in LSS patients [17].
There are limited data demonstrating the long-term effi-
cacy of ESI. The Spine Outcomes Research Trial
(SPORT) results further did not support the use of ESI
[18, 19]. In general, ESI is suggested to provide short-
term pain relief (two weeks to six months) in patients
with neurogenic claudication or radiculopathy. There is,
however, conflicting evidence concerning long-term
(21.5-24 months) efficacy [1, 20].

Nerve (Medial Branch) Block and RFA
Lumbar RFA is considered a treatment for lumbar spon-
dylosis or facet joint arthropaty [21, 22]; however, be-
cause of its degenerative etiology, many patients with
LSS also have degenerative spondylosis and associated
symptoms.

In a comparative study by Park et al. [23], it was
shown that nerve (medial branch) block and radiofre-
quency neurotomy were effective in the treatment of LSS

in elderly patients with back pain, radiculopathy, and
neurogenic claudication. Excellent and good results were
shown in 64% of the patients with nerve block, com-
pared with 71% of the patients with radiofrequency neu-
rotomy. Poor results were shown in 8% of the patients
after nerve block, compared with 3% of the patients after
radiofrequency neurotomy. The results, however, were
limited to patients who had mild to moderate stenosis,
and long-term benefits were not assessed for all
treatments.

Radiofrequency Thermal Ablation

In a study by Jacobson et al. [24], the authors investi-
gated the use of radiofrequency thermal ablation (RFA)
in patients with soft tissue stenosis. Results up to six
months showed 58% relief of clinical symptoms, back
pain, and claudication with increased spinal movement
and required no further intervention. Ten (22%) of the
patients who did not have relief of clinical symptoms or
who did not maintain favorable results went on for surgi-
cal treatment. No detrimental effects of the RFA were
observed in patients who required surgery.

In general, in patients who have mild to moderate LSS
and who initially received medical or interventional treat-
ment and were followed for two to 10years, approxi-
mately 20-40% will ultimately require surgical
intervention. Of the patients who do not require surgical
intervention, eventually 50-70% will have improvement
in their pain [1].

Surgical Interventions

When conservative treatment fails, surgical treatment
options may be considered. Predictive factors for surgery
are, for example, patients with cauda equine symptoms,
degenerative scoliosis or spondylolisthesis, and a long
disease duration [12]. The purpose of surgery in patients
with LSS is to decompress the spinal canal while main-
taining spinal stability and to prevent or slow further
structural deterioration. Surgical options range from
minimally invasive decompression surgery for indirect
lateral and central stenosis using interspinous spacers to
more conventional invasive decompression surgery, ei-
ther with or without fusion.

Interspinous Spacers

Stand-alone interspinous spacers are designed for the
treatment of symptoms of intermittent neurogenic claudi-
cation secondary to moderate lumbar spinal stenosis and
are implanted by minimally invasive methods through a
cannula. Interspinous spacers aim to provide indirect de-
compression of the lateral and central spinal canal with-
out violating the spinal canal and to support the
segments. Range of motion, flexion, and bending are pre-
served. Interspinous spacers originated with the X-STOP
implant using a novel procedure to indirectly decompress
the lumbar spine by placing an implant between the
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spinous processes. The first studies showed promising
results [25-27], with 45% of the patients experiencing an
improvement at two years compared with 7% in the con-
trol group [27]. An overall complication of 3.3% was
reported in some series. However, more recently higher
complication rates have been reported [28, 29], and
Bowers showed a complication rate of 38%, with 85%
requiring additional surgery [29, 30]. Other interspinous
spacers include the Superion and Coflex implants, which
are both approved by the Food and Drug Administration
(FDA) for mild to moderate LSS. Both implants have dy-
namic stability without rigidity of pedicle screw instru-
mentation. Lauryssen et al. [31] compared Superion vs
decompressive laminectomy. Both treatments provided
effective and durable symptom relief of neurogenic clau-
dication symptoms. Superion patients revealed improve-
ment in back and leg pain severity after 12 and
24 months compared with laminectomy patients (65 vs
52% and 70% vs 62%, respectively). Patients with
Superion implants showed comparable disability, physi-
cal function, and symptoms outcomes and had a slightly
higher improvement by outcome measurement compared
with laminectomy. In another randomized study, these
results were confirmed, with Superion showing
significantly greater individual patient success based on
the Zurich Claudication Questionnaire (ZCQ), no re-
operations at the index level, no procedure-related com-
plications, and no clinically significant confounding
treatments when compared with the X-STOP (52.5% vs
38.0%) up to three years after the procedure [32]. Four-
and five-year follow-up results of the same study showed
the same trend, with decreased pain and improved ODI
scores compared with baseline [33, 34]. Re-operation
rates for interspinous spacers decreased over time, with
14.2% re-operations at one-year follow-up and 3.2% at
five-year follow-up, suggesting that early clinical im-
provement is indicative of long-term sustained clinical
benefit. This is in contrast to laminectomy procedures
that tend to show increased re-operations rates with
time. In general, Superion is minimally invasive with a
shorter procedure time and involves significantly less
blood loss and significantly fewer complications [32, 34,
35] when compared with other interspinous spacers and
laminectomy; it has shown sustained clinical benefit up
to five years [34]. However, not all patients are suitable
for treatment with an interspinous spacer. Patients with
osteoporosis (risk of spinous process fracture) and spon-
dylolisthesis with dynamic instability (risk of posterior
migration of implant) are not appropriate candidates for
interspinous spacers.

Minimally Invasive Lumbar Decompression

Minimal invasive lumbar decompression (MILD) has
been described for direct decompression for central ste-
nosis. This procedure involves inserting a cannula
through a six-gauge portal and using tissue and bone

sculptors to perform a minimal laminotomy and resect
the hypertrophied ligamentum flavum in order to decom-
press the affected dural sac or nerve roots. This proce-
dure is performed using fluoroscopic guidance to
maintain safety. In a prospective clinical trial, 78 patients
were treated with the MILD procedure, and early follow-
up at six weeks showed significant improvements in clini-
cal outcomes on the VAS, ODI, ZCQ, and quality of life
with no major device- or procedure-related events [36].
Similar results were obtained in a retrospective review of
MILD patients who underwent two levels of bilateral de-
compression [37]. In a systematic review by Kreiner et al.
[38], the authors revealed one RCT and 12 studies that
provided information on the use of MILD in patients
with degenerative LSS. All studies showed significant
improvements in pain and functional outcomes when
compared with pretreatment values or compared with a
control group. Although these data seem promising, there
is a lack of high-quality studies, and the long-term bene-
fits of the procedure are currently unknown.

Endoscopic Decompression (for Foraminal Stenosis)
Minimally invasive discectomy can achieve decompres-
sion through nucleotomy and indirectly relieves pressure
on the exiting nerve root, whereas minimally invasive
transforaminal endoscopic decompression procedures
can achieve spinal decompression through either a direct
or an indirect approach. These techniques may vary
according to the type of stenosis, including interlaminar,
transforaminal percutaneous endoscopic decompression
or endoscopic lumbar foraminotomy [39]. Sclafani et al.
performed a post hoc analysis of an intracanal endo-
scopic decompression technique evaluating 86 patients
with disc herniation or foraminal stenosis [40]. The
authors showed that there was a significant improvement
in pain and functional outcome scores up to one year
after the procedure. Patients with foraminal stenosis
showed improvement in back and leg pain at one year
but did not show an overall improvement in ODI scores,
with a one-year re-operation rate of 28% compared with
2% in patients with disc herniation. In another study
[41], patients who underwent percutaneous endoscopic
transforaminal lumbar spinal canal decompression for
LSS were evaluated and showed significant improvement
in terms of pain relief and ODI scores at final follow-up
when compared with baseline values. Two (3%) of the
patients had a relapse and had subsequent open decom-
pression surgery. Similar pain relief and functional im-
provement was found for lateral recess stenosis in
geriatric patients using the same percutaneous endo-
scopic decompression via transforaminal approach [42].
In general, minimally invasive techniques are associ-
ated with minimal blood loss, minimal disruption to the
musculature and tissue surrounding the decompression
site, and are mostly done under intravenous sedation at
an outpatient surgery center. However, minimally
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invasive techniques are also associated with a higher
learning curve [43, 44] and may require greater radiation
exposure, longer procedure time, and no visualization of
the surgical technique [45].

Invasive Open Decompression Surgery

Laminectomy has been the standard surgical treatment
for LSS, demonstrating significant improvement in symp-
toms and functioning. Laminectomy can be either with
or without fusion, depending on the disease characteris-
tics and surgeon preference. Different studies have found
conflicting results, with some reporting a more favorable
outcome of decompression surgery alone and others
reporting the opposite [46]. In general, treatment with
decompression alone without fusion was shown to be ef-
fective in 80% of patients with severe symptoms of LSS
[1]. The primary goal of spinal fusion would be to im-
prove regional back pain and improve stability. Another
distinction is made between limited single-level (less than
two to three levels) decompression and multilevel decom-
pression. Several studies have aimed to determine the
best surgical approach, thereby comparing single-level
fusion vs multilevel fusion, or decompression surgery
with or without fusion vs traditional medical/interven-
tional treatment in patients with LSS.

Limited vs Multilevel Decompression Surgery. Limited
open decompression may be performed when one to
three affected segments are involved. However, there
remains controversy concerning how many levels need to
be operated on in case of multilevel LSS for the best clini-
cal outcome. In a randomized controlled trial by Park
et al., nonoperative LSS surgery was compared with sin-
gle-level decompression and fusion and multiple-level de-
compression and fusion [47]. Patients with multiple
stenosis were older and more likely to be male, whereas
single-level patients were more often smokers and had
more depression. No significant differences were
obtained in terms of ODI and pain when comparing one,
two, three, or more levels; only patient satisfaction at
two years was higher in patients that had single-level de-
compression and fusion. For patients with LSS and asso-
ciated degenerative spondylolisthesis, SF-36 bodily pain,
mental health, and ODI showed better results after sin-
gle-level fusion when compared with multilevel fusion.
Blood loss increased with more levels, and an overall
trend toward more complications was reported for multi-
level surgery [47, 48]. In the SPORT study, Weinstein
reported on nonoperative treatment vs single-level de-
compression with or without fusion with significant
crossover between the trials, with one observational and
one randomized cohort. Better improvement in clinical
symptoms and other functional outcomes was obtained
after surgery and was maintained up to four years [19]. A
retrospective study by Adilay and Guclu demonstrated
better functional outcomes scores and less pain in single-

level decompressive laminectomy vs multilevel laminec-
tomy, although no significant differences in complica-
tions were reported between the two procedures. Spinal
instability was found to be higher in multilevel decom-
pressive laminectomy, and four patients had post-
operative spondylolisthesis that required posterior fusion
[49]. In another study, patients with multisegmental LSS
who underwent multilevel decompression without fusion
had significantly less favorable spinal stenosis (SSM)
scores as compared with single-level decompression.
Other functional outcomes were similar between the two
procedures. No differences in intra- or postoperative
complications were reported [50].

Decompression Surgery with or Without Fusion

In a randomized study, Malmivaari compared decom-
pressive surgery with medical/interventional treatment in
patients with moderate LSS. Both groups showed im-
provement in clinical symptoms at two-year follow-up.
Greater improvement was obtained after surgery in dis-
ability and leg and back pain [51]. In another case—
control study, patients were treated with either medical
intervention or decompression alone, depending on the
severity of their symptoms, and one group was randomly
assigned to either surgery or medical intervention [6].
Improved short-term outcomes at six months were
obtained for both treatment groups, with higher im-
provement in the surgery group (70%, 79%). Of the
patients who were randomly assigned to the surgical
group, 92% reported improvement at six months. Long-
term results from this study showed that 70% main-
tained improvement after medical/surgical intervention,
although quite a number of patients had crossed over to
surgery. Other studies showed that there is less blood loss
and shorter hospitalization after decompression alone
compared with decompression with fusion [52]. In a
meta-analysis by Ahmed et al. [46], the authors com-
pared decompression surgery with vs without fusion.
Fusion with decompression surgery was found to have
better functional outcomes and reduced back and leg
pain when compared with decompression alone. Higher
rates of satisfaction and decreased leg pain scores were
observed for patients with lumbar degenerative
spondylolisthesis who underwent decompression and fu-
sion rather than decompression alone. Decompression
with fusion was found to be 2.55 times better as
compared with no fusion in terms of ODI scores. In an-
other meta-analysis [53], however, the authors did not
show a significant difference between decompression
alone and fusion in terms of functional and satisfaction
outcome parameters. However, operation time, blood
loss, and length of hospital stay were remarkably higher
in the fusion group, though no difference in re-operation
rate was reported between both groups [46, 53]. In a
meta-analysis by Phan et al., minimally invasive unilat-
eral laminectomy was compared with open
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Figure 1. Lumbar Spinal Stenosis management algorithm.
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decompression surgery [54]. Higher satisfaction rates
were found in the minimally invasive group, with pain
rates being significantly lower compared with the open
laminectomy group. The operative duration was longer in
the minimally invasive group, but less blood loss, a shorter
hospital stay, and fewer re-operations were reported.

In general, although open decompression surgery
allows for direct visualization of the decompression site
and has been shown to be safe and effective in the major-
ity of patients, the procedure is also associated with
higher morbidity, secondary spinal instability, longer re-
covery time, and more risks and might be less tolerated in
patients with advanced age. The decision of whether to
perform decompression surgery alone or to combine with
fusion is largely based on the clinical judgment of the sur-
geon. Generally, multilevel spinal stenosis involving fo-
raminal and lateral stenosis with significant central canal
stenosis, compounded with multilevel spondylosis with
significant segmental dynamic instability, will require ex-
tensive multilevel decompression including medial face-
tectomy and multilevel spinal fusion.

Algorithm for Spinal Stenosis Treatment

The traditional treatment algorithm for LSS consists of
conservative management (physical therapy, medication,
education, exercise), followed by ESI, and finally open
surgical decompression [55]. As shown in this paper, re-
cently several minimally invasive procedures have been
developed, thereby expanding the treatment options. The
MIST guideline provides guidance on the treatment
choice of different minimally invasive procedures
depending on the patient’s disease characteristics [20].
The algorithm proposed here (Figure 1) serves as a guide
to help clinicians improve treatment selection for patients
diagnosed with LSS or who have a suspicion of LSS. The
following points are considered of special interest:

* Following suspicion of LSS, and based on physical examination
and ZCQ score, conservative treatment may be initiated. The
presence of so-called red flags should always lead to (additional)
imaging studies and consultation with neurological specialists.

*  When physical therapy and medication have failed, other treatments
such as diagnostic medial branch block (MBB), intra-articular facet
injections, and medial branch RFA of the lumbar facet joint nerve
may be considered.

* Assessment of instability is of utmost importance to assess if min-
imally invasive surgical options are suitable for a patient. When
instability is suspected, this may be confirmed by examination of
flexion and extension films, as well as the presence of significant
spondylolisthesis. Other factors that may point to instability are
facet joint hypertrophy with fluid collection or facet cyst forma-
tion. If patients are deemed unstable with grade >2
spondylolisthesis, they are not suitable candidates for minimally
invasive indirect decompression with an interspinous spacer.

* Invasive decompression surgery should be considered in a step-
wise manner: from limited open decompression with one to three
segments to limited level fusion and finally extensive decompres-
sion and fusion.
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