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Management of lumbar spinal stenosis
Jon Lurie,1 Christy Tomkins-Lane2

Introduction
Lumbar spinal stenosis (LSS) is a degenerative condition 
in which changes in the discs, ligamentum flavum, and 
facet joints with aging cause narrowing of the spaces 
around the neurovascular structures of the spine. These 
changes lead to pain in the legs and back, as well as 
impaired ambulation and other disabilities.1 

LSS is the most common indication for spinal surgery 
in people older than 65 years.2 However, there is no single 
objective standard for identifying LSS and diagnosis relies 
on complex judgments that integrate symptoms, signs, 
imaging findings, and comorbid conditions. Clinical care 
and research in LSS are complicated by the heterogene-
ity of the condition and the lack of standard criteria for 
diagnosis and for inclusion in studies.3 

Central stenosis with associated neurogenic claudica-
tion, lateral stenosis with radiculopathy, and combined 
syndromes are sometimes included under the label of 
LSS or evaluated separately, which can make interpreta-
tion of the literature challenging. Similarly, subgroups 
of LSS can be lumped together to create heterogeneous 
cohorts. Such subgroups include—but are not limited 
to—LSS related to degenerative changes but with normal 
spinal alignment, LSS associated with isolated degen-
erative spondylolisthesis, and LSS with some associ-

ated degenerative scoliosis. Recent studies have begun 
to focus on more clearly defined cohorts but much more 
work is needed to obtain the most clinically relevant data 
to guide care. The aims of this review are to organize and 
summarize the vast and diverse literature on the diagno-
sis and management of LSS. The impact of this condition 
is expected to grow as the aging population rises, while 
overall the available evidence remains of low to moderate 
quality at best.

Incidence and prevalence
LSS affects more than 200 000 people in the United 
States, resulting in substantial pain and disability, and it 
is the most common reason for spinal surgery in patients 
over 65 years.4 In 2007 more than 37 000 laminectomies 
for spinal stenosis were performed in Medicare alone with 
an aggregated hospital bill for these procedures of nearly 
$1.65bn (£1.1bn; €1.55bn).5 Data from the national 
ambulatory medical care survey and the National Spine 
Network indicate that 13-14% of patients with low back 
problems who see a specialist and 3-4% who see a gen-
eral physician may have spinal stenosis.6 In the Framing-
ham population study, 19-47% of Americans over age 
60 had evidence of anatomic spinal stenosis on cross 
sectional imaging, depending on the criteria used.7 The 
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ABSTRACT

Lumbar spinal stenosis (LSS) affects more than 200 000 adults in the United States, 
resulting in substantial pain and disability. It is the most common reason for spinal 
surgery in patients over 65 years. Lumbar spinal stenosis is a clinical syndrome of 
pain in the buttocks or lower extremities, with or without back pain. It is associated 
with reduced space available for the neural and vascular elements of the lumbar 
spine. The condition is often exacerbated by standing, walking, or lumbar extension 
and relieved by forward flexion, sitting, or recumbency. Clinical care and research 
into lumbar spinal stenosis is complicated by the heterogeneity of the condition, the 
lack of standard criteria for diagnosis and inclusion in studies, and high rates of ana-
tomic stenosis on imaging studies in older people who are completely asymptomat-
ic. The options for non-surgical management include drugs, physiotherapy, spinal 
injections, lifestyle modification, and multidisciplinary rehabilitation. However, few 
high quality randomized trials have looked at conservative management. A system-
atic review concluded that there is insufficient evidence to recommend any specific 
type of non-surgical treatment. Several different surgical procedures are used to treat 
patients who do not improve with non-operative therapies. Given that rapid deterio-
ration is rare and that symptoms often wax and wane or gradually improve, surgery 
is almost always elective and considered only if sufficiently bothersome symptoms 
persist despite trials of less invasive interventions. Outcomes (leg pain and disabil-
ity) seem to be better for surgery than for non-operative treatment, but the evidence 
is heterogeneous and often of limited quality.
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prevalence of diagnosed LSS is expected to continue to 
increase with the aging of the population and increased 
use of advanced imaging.8

Sources and selection criteria
We searched the Cochrane Library and PubMed database 
using the search term “lumbar spinal stenosis”, with a 
filter for systematic reviews in PubMed. We identified 
systematic reviews published from January 2000 to May 
2015 and screened the reference lists from these reviews 
for additional relevant articles. Clinical articles with 
lumbar spinal stenosis in the title were considered for 
inclusion. The breadth of the topic precluded a formal 
systematic review. 

Definition
LSS may have been described as early as the 1880s,9 but 
the modern description dates back to 1949, when Verbi-
est reported “a particular form of narrowing of the lumbar 
vertebral canal not associated with any other anomaly of 
the spine . . . On walking and standing these patients pre-
sented signs of disturbance of the cauda equina: bilateral 
radicular pains, disturbances of sensation and impair-
ment of motor power in the legs. When the patient was 
recumbent the symptoms immediately disappeared and 
neurological examination during rest revealed nothing 

abnormal . . . Myelography showed a block with the 
appearance of extradural compression.”10 LSS is cur-
rently recognized as “a clinical syndrome of buttock or 
lower extremity pain, which may occur with or without 
back pain, associated with diminished space available for 
the neural and vascular elements in the lumbar spine” 
associated with certain characteristic provocative and 
palliative features.11

Causes
In LSS a narrowing of the central spinal canal, lateral 
recesses, or intervertebral foramen (or a combination 
thereof) causes compression of associated neurovascular 
structures. LSS can be classified as congenital (develop-
mental) or acquired (or both).

Congenital stenosis is an uncommon condition (2.6-
4.7% in the Framingham study),7 which involves spinal 
canal narrowing caused by abnormalities or disorders in 
postnatal development.12 Most cases of LSS are degen-
erative, resulting from changes in the spine with aging.13 
Changes of the spine that may lead to LSS include facet 
joint hypertrophy, loss of intervertebral disc height, disc 
bulging, osteophyte formation, and hypertrophy of the 
ligamentum flavum (fig 1). 

It has been suggested that the degenerative process 
underlying stenosis often begins with changes in the 
intervertebral discs (loss of disc height and bulging) and 
then moves to the facet joints.14 Acquired degenerative 
stenosis can also be caused by excess scar tissue or pro-
liferation of bone after surgery, or as a result of infection 
or trauma.12 Although anatomic narrowing of the spinal 
canal or foramen is a necessary component of LSS, it is 
not sufficient for the clinical syndrome to be expressed—
the degree of narrowing must be such that the compres-
sion of the neurovascular structures compromises nerve 
or vascular function.13

LSS also has an important dynamic component.15 The 
association between standing or walking and leg symp-
toms and relief of symptoms when sitting down or bend-
ing forward correlate with dynamic changes in the spine 
with positioning. This is because extension of the lumbar 
spine reduces the size of the lumbar spinal canal, as does 
axial loading.16 These changes occur in normal spines 
and the effects are magnified in degenerated spines with 
baseline narrowing.17

Symptoms and signs
Pain is often the main symptom and main reason for seek-
ing care.18‑20 The most common sites of reported pain are 
the lower back, buttocks, thighs, and legs. The discomfort 
associated with LSS is often described as a cramping or 
burning feeling.13 Symptom patterns vary from a gradual 
onset of dull aching pain in the sacroiliac area and pos-
terolateral thighs to sharp radicular pain in the thighs, 
legs, and feet.21 In people with central canal LSS the pain 
may be bilateral but usually not entirely symmetrical. By 
contrast, patients with exclusively foraminal or lateral 
recess stenosis often report symptoms resembling uni-
lateral radiculopathy.22 

Patient also commonly report problems with balance,23 
sensory loss (numbness or tingling), and weakness of the 

Fig 1 | Degenerative spinal stenosis: frontal (A), sagittal (B), and axial views (C). Thickening of 
the tissue surrounding the dural sac is shown in purple. The axial figure depicts only a relatively 
minor degree of stenosis to allow visualization of the different structures. Reproduced with 
permission from the department of orthopedic surgery at Dartmouth-Hitchcock Medical Center
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neurological decline seems to be rare in mild to moder-
ate stenosis.11 A recent study that followed 34 patients 
with LSS diagnosed by magnetic resonance imaging for 
10 years concluded that 60% of patients did not progress 
dramatically, despite progressive anatomic changes.36 
Others suggest that clinical spinal stenosis is a fluctuat-
ing and potentially improving continuum,37 where the 
current function of patients predicts their future function.

Pathophysiology
The physiological mechanism behind neurogenic claudi-
cation is unclear. The two main theories are the ischemic 
theory and the venous stasis theory,13 which are both based 
to some degree on the mechanical compression of nervous 
and vascular structures during lumbar extension. 

The ischemic theory suggests that compression of the 
microvasculature causes nerve root ischemia, which 
leads to symptoms including paresthesias, pain, and 
weakness.38  39 By contrast, the venous stasis theory 
suggests that the underlying mechanism is inadequate 
oxygenation and accumulation of metabolites in the 
cauda equina due to venous pooling in multilevel ste-
nosis.26  40  41 In addition to neurogenic claudication, LSS 
may present with postural aggravation of radiculopathy 
as a direct result of compression of the neural elements.42 
Of note, there is no strong evidence for acute inflamma-
tion as a cause for the symptoms of spinal stenosis.43

As discussed in more detail below, anatomic narrowing 
and neurovascular compression are fundamental to the 
pathogenesis of LSS; however, these imaging findings are 
often seen in asymptomatic people and the association 
between anatomic narrowing and clinical symptoms is 
unclear.44 Similarly, symptoms typically wax and wane 
over time, whereas the degree of anatomic narrowing, 
with the exception of the dynamic components related 
to posture, remains relatively stable or gradually worsens 
over time. 

A possible link between venous congestion from car-
diovascular disease and symptoms of stenosis has been 
suggested.45 Overall, the lack of a detailed understand-
ing of the underlying pathophysiology linking anatomic 
stenosis to patients’ symptoms remains a key barrier to 
advancing research and clinical care in LSS.

Diagnosis
There is no objective standard for the clinical diagnosis of 
LSS.46 In the absence of valid objective criteria it has been 
suggested that expert opinion be considered the “gold 
standard” in diagnosis.29 The clinical syndrome of LSS is 
generally diagnosed using a combination of clinical signs 
from the history, physical examination, and imaging.47

The most useful findings from the history are age, 
radiating leg pain that is exacerbated by standing up or 
walking, the absence of pain when seated, the improve-
ment of symptoms when bending forward, and a wide 
based gait.48 Balance impairment, neuromuscular defi-
cits in the lower extremities including decreased strength 
(weakness), sensory deficits (numbness), and absent or 
decreased reflexes (Achilles tendon and patellar) are also 
highly associated with LSS.29 Although neurogenic claudi
cation is the cardinal symptom of LSS, it is usually seen 

muscles of the lower extremities.19  24 Patients with LSS 
nearly always have low back pain, but low back pain 
alone, with no leg symptoms, is usually not thought to 
be caused by LSS even in the presence of severe anatomic 
stenosis, although in some cases this is controversial. 
Nearly all the studies considered here required patients 
to have leg symptoms, either neurogenic claudication or 
radicular pain, and confirmation of stenosis by imaging.

The cardinal manifestation and most specific symptom 
of central LSS is neurogenic claudication.25 Neurogenic 
claudication consists of the progressive onset of pain, 
numbness, weakness, and tingling in the low back, but-
tocks, and legs, which is initiated by standing, walking, 
or lumbar extension.26 Symptoms are posture dependent, 
appearing with standing and lumbar extension, exacer-
bated by walking, and relieved by sitting or forward flex-
ion.21 The “shopping cart sign,” with the patient walking 
in a flexed or stooped position to relieve or reduce symp-
toms, is a common indicator of neurogenic claudication. 
This stooped posture or the inability to stand fully upright 
may be the presenting problem.

A key diagnostic challenge is differentiating neuro-
genic claudication caused by LSS from vascular claudica-
tion related to peripheral vascular disease, both of which 
present with leg pain during walking. In general, the dis-
tinction centers around the difference between exacerba-
tion of symptoms with posture versus exertion. Patients 
with vascular claudication often improve with rest while 
standing, whereas those with neurogenic claudication 
need to sit down or lean over. A recent study found that 
the combination of triggering of symptoms with stand-
ing, relief with sitting, symptoms located above the knees, 
and a positive shopping cart sign provided strong evi-
dence for neurogenic claudication (likelihood ratio of 13). 
Conversely, the alleviation of symptoms with standing 
(stopping walking but remaining upright) and symptoms 
located below the knees provided strong evidence for vas-
cular claudication (likelihood ratio of 20).27

The symptoms of LSS can have a substantial impact on 
mobility, functional autonomy, and performance (physi-
cal activity in daily life). Most people with symptomatic 
LSS have limited walking capacity; they may require 
walking aids and may even avoid walking altogether.28‑31 
This limitation can have repercussions for overall health 
and physical performance, with most patients exhibiting 
varying degrees of sedentary behavior.32

Natural course of LSS
The natural course of untreated LSS is largely unknown, 
given that most people with the condition, particularly 
those with severe symptoms, seek some sort of treat-
ment.33 However, the frequent misconception that LSS is 
a “degenerative” condition that inexorably worsens over 
time is not supported by evidence. 

The North American Spine Society (NASS) clinical 
guidelines concluded that the natural course is favora-
ble in a third to a half of patients with clinically mild to 
moderate LSS.11 Other reviews suggest that the condition 
may deteriorate in some patients and improve in about 
a third, with most patients remaining unchanged for up 
to eight years of follow-up.33‑35 Rapid or catastrophic 
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elements,21 is currently the recommended method for 
confirming the diagnosis of LSS.48 Computed tomography 
is recommended when MRI is contraindicated or unavail-
able. MRI is used because of its outstanding soft tissue 
contrast, but a systematic review found no evidence that 
it was more accurate than computed tomography in the 
diagnosis of LSS.65 Myelography has been used exten-
sively in the past, but it is not recommended because it is 
invasive and is no more accurate than MRI.48

Although a Delphi study conducted in 2012 found that 
there are no standard quantitative criteria for defining 
anatomic LSS on imaging,66 a systematic review found 
10 parameters that are currently used to quantify LSS.67 
The parameters reported most often for central stenosis 
were anteroposterior diameter (<10 mm) and cross sec-
tional area (<70 mm2) of the spinal canal, whereas height 
and depth of the lateral recess were measured for lateral 
stenosis and neuroforaminal diameter for foraminal ste-
nosis.67 The two qualitative imaging criteria rated most 
important as diagnostic indicators in the Delphi study 
were disc protrusion and perineural intraforaminal fat.66 
A study conducted to determine clinically relevant MRI 
measurements at the spinal level defined developmental 
LSS as anteroposterior diameter of <20 mm at L1, <19 
mm at both L2 and L3, <17 mm at L4, and <16 mm at L5 
and S1.68

A review found that MRI had a sensitivity of 87-96% 
and specificity of 68-75% for the diagnosis of LSS.69 One 
study found that MRI showed substantial reliability for 
assessment of the central canal, but poor to substantial 
reliability for assessment of the subarticular and forami-
nal zones, respectively.70 Newer semi-quantitative grad-
ing schemes based on dural sac morphology and the 
relation of cerebrospinal fluid to nerve roots in the cen-
tral canal have shown initial promise for assessing the 
severity of LSS.71  72 

Recent research has found that the “sedimentation 
sign”—the absence of posterior nerve root settling on 
supine MRI—has excellent reliability and may be useful 
in the diagnosis of severe LSS, although more research is 
needed to fully understand its role in the evaluation of 
LSS.73‑75 A systematic review identified 14 different quali-
tative and semi-quantitative criteria that have been used 
with remarkable variability in individual definitions.76 
Standardization and vigorous evaluation of the clinical 
and prognostic significance of imaging parameters with 
respect to treatment outcomes should be a high research 
priority.77

Although the presence of anatomic narrowing and 
neurovascular compression on imaging is needed for 
the diagnosis of LSS, it is not sufficient. Spinal stenosis 
is a clinical syndrome, not an anatomic or radiological 
finding. An estimated 21% of people with anatomic ste-
nosis on MRI are asymptomatic.78 In fact, although a large 
proportion of older people show some degree of spinal 
stenosis on imaging, most are symptom free.78 Imaging 
must therefore be combined with history and clinical 
presentation before a diagnosis can be made.13  46 

To date, research on the relation between clinical symp-
toms and findings on imaging has produced inconsistent 
results, with some studies finding an association,49 and 

when a patient is walking. In the past, observational tests 
of walking have not been used in clinical diagnosis, but 
this type of assessment is becoming more popular when 
assessing functional capacity. Tests used for this purpose 
include treadmill protocols,31  49‑ 55 the gait loading test,56 
and the self paced walking test.55 Tests of lumbar exten-
sion loading have also been proposed for use in the diag-
nosis of LSS.57 

Researchers have also recently begun to assess the 
impact of LSS on daily physical activities and on gait 
characteristics using accelerometry. Preliminary reports 
suggest that changes in gait parameters, including pos-
tural sway, associated with claudication during continu-
ous walking, can be detected using accelerometers.58 
Although the gait and performance parameters specific 
to LSS have yet to be fully defined, these techniques may 
be useful for diagnosis in the future.59

Electrodiagnostics
Electrodiagnostic methods including electromyography 
may also be used in the differential diagnosis of LSS,60 
and in assessing the physiological consequences of ste-
nosis. Electromyography is not used routinely but is most 
useful when the clinical picture and imaging results do 
not correlate and in differentiating the condition from dis-
eases with a similar presentation, including peripheral 
vascular disease (vascular claudication), hip osteoarthri-
tis, and spinal cord lesions.61 

One quantitative electromyographic protocol called 
paraspinal mapping has been shown to be useful in the 
diagnosis of LSS, showing statistically significant differ-
ences between people with clinical stenosis and those 
with mechanical back pain and asymptomatic volun-
teers.62 In one study, this technique was found to be 93% 
sensitive in the diagnosis of radiologically confirmed 
symptomatic LSS.63 A recent study focusing on lateral 
stenosis found that paraspinal electromyographic find-
ings correlate significantly with lateral stenosis seen 
on magnetic resonance imaging (MRI) and with patient 
symptoms, including pain and disability.64 This study 
concluded that electromyography may be useful in detect-
ing lateral LSS. 

However, several other conditions can increase par-
aspinal mapping scores, including inflammatory radic-
ulopathy, polyneuropathy, myopathy, motor neuron 
diseases, and previous surgery, thereby decreasing the 
specificity in clinical practice.63 To date, the diagnostic 
accuracy of other techniques, including dermatomal 
somatosensory evoked potentials and magnetic stimula-
tion remain unclear.48

Imaging
Current LSS guidelines state that imaging provides the 
most definitive diagnostic information for patients with 
symptoms thought to be related to LSS.48 Yet imaging is 
generally reserved for diagnostic confirmation and proce-
dure planning for patients considering invasive interven-
tions for LSS rather than as a routine part of the initial 
evaluation. 

MRI, which allows examination of the size, shape, 
and anatomic associations between spinal and neural 
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limited. Single small trials suggest that some drugs, 
including prostaglandins, gabapentin, and vitamin B1 
improve pain and walking distance, although evidence 
is of low or very low quality.90 Evidence from several small 
trials and a recent meta-analysis suggests that calcitonin 
is no better than placebo or acetaminophen (paraceta-
mol) in the treatment of LSS.93‑96

Given their analgesic and anti-inflammatory properties, 
non-steroidal anti-inflammatory drugs (NSAIDs) ought 
to be effective in LSS, but the evidence suggests they are 
no more effective than acetaminophen.25  97 Opioids and 
muscle relaxants are also prescribed for pain control in 
LSS, although they have not been shown to be more effec-
tive than acetaminophen or NSAIDs in well controlled 
studies.25  97 

The role of long term opioid use in LSS is currently 
unclear.25 It has also been suggested that prostaglandin 
E1 may improve symptoms by improving blood flow to 
the cauda equina and nerve roots through vasodilation 
and antiplatelet aggregation effects. A recent review con-
cluded that overall prostaglandin E1 improved clinical 
outcome measures including pain, Japanese Orthopedic 
Association score, and walking distance, although most 
of the studies had only short term follow-up.98 

Finally, although both corticosteroids and antidepres-
sants are often prescribed for patients with LSS, their 
efficacy remains unclear because of the lack of well con-
trolled studies.

Physiotherapy
Physiotherapy is an accepted treatment for LSS. Physio-
therapy related treatments include, but are not limited to:
•   Exercise (aerobic, strength, flexibility)
•   Specific exercises in lumbar flexion (cycling)
•   Body weight supported treadmill walking
•   Muscle coordination training
•   Balance training
•   Lumbar semi-rigid orthosis
•   Braces and corsets
•   Pain relieving treatments (heat, ice, electrical 

stimulation, massage, ultrasound)
•   Spinal manipulation
•   Postural instruction. 

One study found that treatments most commonly used 
by patients are massage (27%), strengthening exercises 
(23%), flexibility exercises (18%), and heat or ice (14%), 
whereas physiotherapists most often advocate flexibility 
exercises (87%), stabilization exercises (86%), strength-
ening exercises (83%), heat or ice (76%), acupuncture 
(63%), and joint mobilization (62%).99

Unfortunately, there has been very little rigorous 
research into the efficacy of physiotherapy for LSS. A 
recent systematic review of non-operative treatments for 
patients with neurogenic claudication and imaging con-
firmed LSS found low quality evidence from a single trial 
that exercise provides short term benefit for leg pain and 
function compared with no treatment.93 The review also 
found that walking and stationary cycling provide simi-
lar, limited results. No trials have shown a strong effect 
of physiotherapy on walking capacity or performance. 
To date, evidence that physiotherapy is better than no 

others not.52  79‑ 82 The lack of association might partly be 
explained by most imaging studies being conducted with 
the patient supine, whereas symptoms of LSS generally 
present during standing or walking.46 Nonetheless, the 
exact mechanism by which a constrained canal or nerve 
foramina manifests itself in symptoms has yet to be elu-
cidated.

Clinical prediction rules
Three clinical prediction rules have been developed for 
LSS.83‑86 A systematic review found that older age, pain 
with standing and walking, and relief with sitting or 
bending were common independent predictors of LSS 
across all prediction rules.87 Only one of these prediction 
rules has been validated.84  85 Using this tool, a score of 
7 or more provides a positive likelihood ratio of just 1.6 
(95% confidence interval 1.3 to 2.0), suggesting that this 
rule would have little effect in clinical practice.87

A consensus on criteria to define and classify lumbar 
spinal stenosis is needed.48 Preliminary findings from 
a Delphi study involving an international group of 68 
experts suggest that the six most important factors in 
the diagnosis of LSS are “leg pain while walking,” “flex 
forward while walking to relieve symptoms,” “sit down 
or bend forward to relieve pain,” “normal foot pulses,” 
“relief with rest, and “lower extremity weakness.”88

Management
Non-surgical options
The many options for non-surgical management of LSS 
include drugs, physiotherapy, spinal injections, lifestyle 
modification, and multidisciplinary rehabilitation. Few 
high quality randomized trials have investigated these 
non-operative management strategies for LSS. A system-
atic review published in 2013 on non-operative treat-
ments for patients with neurogenic claudication and 
imaging confirmed LSS concluded that there was insuf-
ficient evidence to recommend any specific type of non-
surgical treatment for LSS.89 It also concluded that a lack 
of clear descriptions of non-surgical treatment protocols 
hinders proper analysis of treatment outcomes. There is 
a clear need for large well designed trials examining dif-
ferent non-surgical management strategies for LSS, with 
clearly articulated treatment protocols. Several ongoing 
trials may provide greater insight to guide appropriate 
recommendations. One trial is comparing usual medical 
care with individualized manual therapy and rehabilita-
tive exercise versus community based group exercise.90 
The other is examining the effects of a pedometer and 
nutrition lifestyle intervention compared with usual 
care.91  92

Despite the lack of consensus around treatment recom-
mendations, most patients who seek care for neurogenic 
claudication are treated conservatively, and a course of 
conservative treatment is typically recommended before 
surgical intervention.89 The main categories of non-sur-
gical treatment are drugs, physiotherapy, and injections.

Drugs
Although various over-the-counter and prescription drugs 
are used to treat LSS, the evidence to guide choices is 
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rior to the caudal approach although the caudal approach 
is superior to the transforaminal one.105

A randomized trial published in 2014 that investigated 
epidural injections for LSS received much attention in 
the media and in the scientific community.106 This large 
double blinded controlled trial found no evidence of a 
treatment effect at six weeks with injection of glucocor-
ticoids plus lidocaine, compared with lidocaine alone. 
These results suggest that the addition of glucocorticoids 
does not improve short term outcome, although it can 
increase the risks, as highlighted by an outbreak of fungal 
meningitis caused by contamination of a steroid prepara-
tion used for epidural injections.107 The most recent sys-
tematic review found immediate improvements in pain 
and function with epidural corticosteroid injections for 
radiculopathy but limited evidence of a lack of effective-
ness in spinal stenosis (fig 2).108

Other non-surgical options
Many older people with low back pain seek out comple-
mentary and alternative medicine, and although studies 
have not always clearly defined the diagnoses some of 
these people probably have spinal stenosis. However, 
little rigorous data are available on the efficacy of these 
alternative treatments in LSS. In the past, LSS with severe 
degenerative changes was considered to be a contrain-
dication to spinal manipulation.15 However, several 
studies have recently looked at the effects of flexion dis-
traction manipulation in LSS. A review of chiropractic 
treatment in LSS from 2009 found limited evidence of 
potential benefit but the evidence was of extremely low 
quality.109 More rigorous comparative studies are look-
ing at this question,110  111 but currently there is no high 
quality evidence of the efficacy of spinal manipulation in 
LSS. Similarly, a systematic review published in 2013 of 
acupuncture in LSS found “that current evidence for the 
use of acupuncture in patients with LSS is limited, due 
to the scarcity of existing clinical trials and high risk of 
bias” and was therefore unable to draw any conclusions 
regarding its effectiveness.112

Surgical options
Several different surgical procedures are used to treat 
patients with LSS who do not improve with non-opera-
tive treatments. Given the rarity of rapid deterioration and 
that the disease often waxes and wanes then gradually 
improves, surgery is almost always an elective procedure 
that is considered only if sufficiently bothersome symp-
toms persist despite trials of less invasive interventions,113 
and clinical practice varies widely.

Between 1979 and 1992, the rate of surgery for LSS 
increased almost eightfold and then plateaued.5  114 
In recent years, although overall rates of surgery have 
been fairly stable, at one to two per 1000, the rates of 
operations that include lumbar fusion have increased 
dramatically.115  116 Rates vary widely across geographic 
regions—an eightfold variation in rates of decompression 
surgery and 14-20-fold variation in the use of fusion sur-
gery.115  116 This variability occurs within the context of a 
lack of consensus among surgeons regarding indications 
for surgery and evidence that decision making in practice 

treatment, oral diclofenac (non-steroidal anti-inflamma-
tory) plus home exercises, or combined manual therapy 
plus exercise at improving walking ability is of very low 
to low quality.93

A systematic review published in 2013 found that no 
conclusions could be drawn about which physiotherapy 
treatments are best for LSS.100 The review found low 
quality evidence that physiotherapy interventions have 
no additional effect over exercise alone.100 When physi-
otherapy was compared with surgical interventions, sur-
gery led to better long term (two year) outcomes for pain 
and disability but not walking distance. 

Finally, a secondary analysis of the non-randomized 
Spine Patient Outcomes Research Trial (SPORT) found 
that use of physiotherapy was associated with no 
improvement in pain but some improvement in self 
reported physical function and a reduced likelihood of 
patients receiving surgery within one year.101 

A subsequent randomized trial published in 2015 
compared surgical decompression with a standardized 
physiotherapy regimen of lumbar flexion, condition-
ing exercises, and patient education.102 It found no dif-
ference in results at one or two years; however, 57% of 
the patients assigned to physiotherapy crossed over to 
surgery, which made it difficult to interpret the effects of 
physiotherapy. 

Given the dynamic aspects of posture relative to spinal 
canal diameter, flexion exercise may improve the underly-
ing pathophysiology of LSS; alternatively, the main role 
of physiotherapy may be to improve patients’ function 
with LSS rather than improve the LSS itself. Although the 
therapeutic effects may not be manifested at the level of 
the spinal pathology directly, the effects of these interven-
tions may be sufficient to meet the goals and expecta-
tions of some patients with LSS. To this end, preliminary 
results from an ongoing randomized controlled trial (RCT) 
investigating a lifestyle intervention for LSS suggest that 
increased physical activity and weight loss may improve 
function and reduce symptoms in people with LSS. 
Although the mechanisms of these effects are unclear, 
this type of treatment warrants further investigation.

Injections
The results of trials on the effects of epidural injections for 
LSS vary. A systematic review published in 2013 found 
very low quality evidence from a single trial that epidural 
steroid injections improve pain, function, and quality of 
life for two weeks after injection when compared with 
home exercise or inpatient physiotherapy.103 However, 
two trials showed no effect compared with placebo.103 A 
more recent meta-analysis published in 2015 found that 
epidural steroid injections provide limited short term and 
long term improvement in pain and walking distance in 
patients with LSS.104 Minimal evidence shows that epi-
dural steroid injections are better than local anesthetic 
injections alone, regardless of the mode of epidural 
injection.104 Another review of injections for central LSS 
concluded that epidural injections with local anesthetic 
alone, or local anesthetic with steroids, offer some relief 
of low back pain and lower extremity pain for central LSS. 
It also suggested that the interlaminar approach is supe-
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approaches.119 A systematic review of three newer tech-
niques for surgical decompression in LSS found no signifi-
cant difference in self care abilities and leg pain compared 
with conventional laminectomy. However, the quality 
of evidence was low or very low because of the limited 
number of studies available for review and the poor study 
designs.120 The studies considered here typically involved 
different sites of stenosis; in addition, the exact method 
and extent of decompression was determined by the oper-
ating surgeon. This reflects the heterogeneity that compli-
cates the interpretation of the literature in LSS.

Decompression of the neural structures generally 
focuses on relieving the leg symptoms (claudication or 
radiculopathy) associated with LSS and less on improv-
ing any accompanying back pain. Therefore, although 
back pain does improve, the improvement in leg pain is 
usually greater.121 Patients with LSS and predominant leg 
pain have better surgical outcomes and a greater rela-
tive improvement in surgical rather than non-operative 
outcomes than do patients with predominant back pain 
or equally bothersome pain in the legs and the back.122

Several randomized trials and systematic reviews have 
compared the efficacy of surgery versus non-operative 
treatment for LSS. A small RCT of patients with moder-
ate sciatic symptoms and stenosis confirmed by imaging 
found a small persistent advantage for the surgery group 
at 10 years but provided no formal statistical analysis.18 
The long term outcomes of a high quality RCT of moderate 
LSS found a significant early advantage for surgery; this 
advantage narrowed by six years but was still significant 
when viewed over the entire six years.123 SPORT was the 
largest study to compare surgery and non-operative treat-
ment in LSS. It found no differences in the intent to treat 
analyses in the randomized component of the study, but 
high rates of treatment crossover greatly limited the con-
clusions that could be drawn.121  124 As-treated analyses 
of both the randomized and concurrent observational 
cohorts from SPORT showed a significant early benefit to 
surgery, although in the randomized cohort this advan-
tage decreased over time and was no longer significant at 
six to eight years of follow-up.125

A recent review of reviews evaluating surgery com-
pared with non-operative treatment for LSS concluded 
that “surgery appears to result in better outcomes (leg 
pain and disability) with regard to conservative inter-
ventions, but the evidence is heterogeneous and the 
underlying methodology is of low quality.”105 Similarly, 
an updated systematic review found very low quality 
evidence from a meta-analysis of two trials that com-
pared direct decompression (with or without fusion) 
with multimodal non-operative care for the outcome of 
pain related disability, as measured by the Oswestry dis-
ability index.121  126 There was no significant difference 
at six months (mean difference −3.66, −10.12 to 2.80) 
or one year (−6.18, −15.03 to 2.66), but at 24 months a 
significant difference was found favoring decompression 
(−4.43, −7.91 to −0.96). Longer term follow-up data were 
available but a combined analysis could not be performed 
for those end points.127

A recent trial, published since these reviews, com-
pared surgical decompression with a standardized 

is often driven by surgeons’ preferences and enthusiasm 
rather than patient characteristics.8 In addition, there is 
no evidence of benefit for fusion in LSS without spon-
dylolisthesis or scoliosis.117  118

Decompression
The primary goal of surgical intervention in LSS is 
to decompress the neural structures that are being 
encroached upon, theoretically relieving symptoms and 
improving function.

The specific details of the surgical approach vary 
according to the location of the stenosis, number of seg-
ments affected, associated deformity or spinal instability, 
history of previous surgery, and the surgeon’s prefer-
ences.113 The various approaches to achieving decom-
pression include traditional laminectomy, bilateral 
laminotomies, bilateral decompression through unilat-
eral laminotomy, and different forms of laminoplasty.113 

Current evidence does not allow strong conclusions to 
be drawn about the comparative effectiveness of these 

Fig 2 |  Pooled results of epidural steroid injections versus placebo interventions for spinal 
stenosis108 
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dations against it, epidemiological data suggest marked 
increases in the use of fusion in patients receiving sur-
gery for isolated spinal stenosis, and a 14-fold variation 
in rates across the US.115 Increases and variability in rates 
are even more marked for complex fusions involving 
multiple levels or combinations of anterior and posterior 
fusion.5 Fusions, particularly complex fusions, however, 
are also independently associated with increased perio-
perative mortality, major complications, readmission to 
hospital, and cost.5  134

Interspinous spacers
Interspinous spacer devices are an alternative interven-
tion in spinal stenosis designed to separate the spinous 
processes at the stenotic levels, thereby preventing the 
narrowing associated with loading and lumbar extension. 
They are inserted between the spinous processes using a 
minimally invasive technique and are designed to limit 
extension and decompress the nerves.

Biomechanical studies in cadaveric spines have shown 
a significant reduction in the motion from flexion into 
extension at levels implanted with a spacer with no sig-
nificant effect on the kinematics of the adjacent levels.135 
Additional studies in cadaveric spines showed that the 
device increased the spinal canal area during exten-
sion of the spine by 18%, the foraminal area by 25%, 
and the foraminal width by 41%.136 A neurophysiologic 
study showed similar improvement in transcranial motor 
evoked potential with interspinous distraction in severe 
single level spinal stenosis to that seen with decompres-
sive laminectomy.137 A claims based analysis in the US 
showed that a spacer was inserted in about 6% of US 
Medicare beneficiaries receiving surgery for LSS.

One large randomized clinical trial compared an inter-
spinous spacer device with continued non-operative 
therapy consisting of at least one epidural injection and 
drugs or physiotherapy (or both) in 191 patients.138 At 
two years, 48% of the spacer group and only 5% of the 
non-operative group met a composite success measure 
of improved symptom severity, improved physical func-
tion scores, and satisfaction with the treatment. Side 
effects were reported by 11% of those who underwent 
interspinous spacer implantation and 1.1% of the control 
group; these included spinous process fracture, coronary 
ischemia, respiratory distress, hematoma, and death from 
pulmonary edema.139

Recently, three RCTs from the Netherlands, Sweden, 
and Norway compared interspinous spacer implanta-
tion with decompressive surgery for LSS.140‑142 They all 
found lower rates of complications but higher rates of 
re-operation in the spacer group (25-29% v 5-8% in the 
laminectomy group), although outcomes were similar 
between groups at two years. In the US claims analysis, 
patients receiving a spacer alone had fewer major medical 
complications than those undergoing decompression or 
fusion surgery (1.2% v 1.8% and 3.3%, respectively), but 
had significantly higher rates of further inpatient lumbar 
surgery (16.7% v 8.5% for decompression and 9.8% for 
fusion at two years).143 Two recent systematic reviews and 
meta-analyses both found that although interspinous 
spacers may provide some benefit, they are associated 

physiotherapy regimen of lumbar flexion, conditioning 
exercises, and patient education.102 This trial reported 
no difference in results between the surgery and physi-
otherapy groups at one or two years; however, 57% of 
the patients assigned to physiotherapy crossed over 
to surgery, which is even higher than the 43% seen in 
SPORT.102  128 These crossover rates complicate the com-
parison of outcomes between the two treatment groups. 
However, all patients in both studies were considered 
candidates for surgery before randomization, which sug-
gests that expert non-operative therapy in patients with 
LSS who are considered to be suitable for surgery could 
reduce the rate of surgery with good patient outcomes.

A systematic review of predictors of postoperative 
outcomes in LSS found that depression, cardiovascu-
lar comorbidity, disorders that affected walking ability, 
and scoliosis predicted poorer subjective outcomes. By 
contrast, better walking ability, better self rated health, 
higher income, less overall comorbidity, and pronounced 
central stenosis predicted better subjective outcomes.129 
However, it is unclear whether these same factors would 
also predict non-operative outcomes. In a study of predic-
tors of the treatment effect of surgery, smoking emerged 
as a major predictor of worse surgical outcomes and a 
smaller surgical treatment effect. Other predictors of a 
poor response included baseline disability, neuroforami-
nal stenosis, predominant leg pain, not lifting at work, 
and presence of a baseline neurological deficit.130

Role of postoperative rehabilitation
Although the general consensus is that surgery prob-
ably has better outcomes than non-operative treatment 
for LSS, only 60-70% of patients are satisfied with their 
symptoms after surgery.124 A systematic review of post-
operative rehabilitation in LSS found moderate quality 
evidence that postoperative active rehabilitation after 
decompression surgery for lumbar spinal stenosis is more 
effective than usual care in improving both short term 
and long term (back related) functional status. Similar 
findings were noted for secondary outcomes, including 
short term improvement in low back pain and long term 
improvement in both low back pain and leg pain.131

Role of fusion 
One of the major controversies about surgery for spinal 
stenosis is the role of spinal fusion. Spinal arthrodesis 
with the goal of achieving spinal fusion has generally 
been recommended for spinal stenosis associated with 
degenerative spondylolisthesis, recurrent stenosis after 
previous decompression, instability, or scoliosis.113 A 
recent clinical practice guideline recommended that “in 
the absence of deformity or instability, lumbar fusion has 
not been shown to improve outcomes in patients with 
isolated stenosis, and therefore it is not recommended 
(grade C recommendation).132 Similarly, guidelines from 
the North American Spine Society recommend that in 
the absence of associated scoliosis or spondylolisthesis, 
“decompression alone is suggested for patients with leg 
predominant symptoms without instability (grade B).”133

Despite this lack of evidence of an advantage for fusion 
in the absence of deformity or instability, and recommen-
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erative spondylolisthesis include patient education, anal-
gesics, flexion strengthening and stabilizing exercises, 
and physical and cognitive treatments focused on func-
tion and activities of daily living.149

Many studies of LSS include patients with degen-
erative spondylolisthesis but only SPORT evaluated the 
outcomes of surgery versus non-operative treatment in 
patients with LSS and degenerative spondylolisthesis and 
those with normal alignment separately.121  151 As with 
LSS, the study found no difference in intention to treat 
analyses between randomized groups, but the high rates 
of crossover complicated the interpretation of the results. 
Observational analyses (as treated) in the randomized 
and observational cohorts showed a significant advan-
tage for surgery at two and four years.151  152 A combined 
analysis directly comparing results between the degen-
erative spondylolisthesis and isolated LSS cohorts found 
similar baseline levels of symptom severity and disability 
between the groups, greater improvement with surgery 
in the degenerative spondylolisthesis cohort, and simi-
lar non-operative outcomes between the two cohorts. It 
concluded that surgical treatment had a greater effect in 
patients with degenerative spondylolisthesis.150

As mentioned above, in contrast to isolated LSS, 
current recommendations on the surgical treatment of 
degenerative spondylolisthesis include decompression 
and fusion.133 This recommendation is mainly based on 
a prospective study from 1991 that showed better out-
comes in people treated with laminectomy and arthro-
desis rather than laminectomy alone.153 However, with 
the development of less extensive decompression tech-
niques, interest in the use of decompression alone has 
been renewed.154 In SPORT, 6% of patients with degen-
erative spondylolisthesis had decompression alone.155

Another controversy in the surgical treatment of 
degenerative spondylolisthesis is the appropriate role of 
instrumentation when an arthrodesis is performed. A ran-
domized trial comparing instrumented and non-instru-
mented fusion in degenerative spondylolisthesis found 
a significant increase in fusion rate with instrumentation 
but no difference in clinical outcomes.156 Long term fol-
low-up of patients having non-instrumented posterolat-
eral fusion found that those with a pseudo-arthrosis had 
a worse outcome than those who achieved solid fusion. 
However, because this case series had no comparison 
group with instrumented fusion, it provides no direct evi-
dence on the question of instrumentation.157 In SPORT, 
21% of patients with degenerative spondylolisthesis had 
non-instrumented fusion, 56% had fusion with the use 
of posterior instrumentation, and 17% had a circumfer-
ential fusion; clinical outcomes were similar between the 
three groups.155 Current clinical practice guideline rec-
ommendations (grade B) on the use of instrumentation 
in the treatment of degenerative spondylolisthesis state 
that the addition of instrumentation is thought to improve 
fusion rates but not clinical outcomes in patients with 
symptomatic LSS and degenerative spondylolisthesis.133

In a study of predictors of surgical treatment effect in 
degenerative spondylolisthesis, age less than 67 years, 
female sex, absence of stomach problems, neurogenic 
claudication, baseline reflex deficit, opioid use, not 

with a higher incidence of reoperation and higher cost 
compared with decompressive laminectomy, and that 
the indications, risks, and benefits of using these devices 
should be carefully considered before surgery.144  145

The MILD procedure
The minimally invasive lumbar decompression (MILD) 
procedure is an image guided minimally invasive pro-
cedure for treatment of degenerative central canal LSS 
with ligamentum flavum hypertrophy through percuta-
neous decompression of the hypertrophic ligamentum 
flavum.146 A randomized study of 38 patients showed no 
significant difference at six weeks in the Oswestry dis-
ability index for patients treated with MILD versus those 
treated with epidural steroid injections (mean difference 
5.70, 0.57 to 10.83), although improvements in pain 
were greater in the MILD decompression group (2.40, 
1.92 to 2.88). At 12 weeks there were many crossovers, 
which prevented further analysis, and no safety differ-
ences were observed.147 A systematic review found that 
current evidence on MILD is of low quality with risk of 
bias, although the procedure seems to be relatively safe in 
the treatment of symptomatic LSS.148 However, evidence 
for the relative safety and comparative effectiveness of 
MILD compared with standard decompression is lacking.

Associated conditions affecting treatment
Degenerative spondylolisthesis
Degenerative spondylolisthesis is a type of degenerative 
spinal deformity in which one vertebral body slips for-
ward relative to the one below (fig 3) although the neu-
ral arch remains intact.149 This malalignment can cause 
narrowing of the central canal, lateral recesses, and 
neuroforamina, resulting in symptomatic spinal steno-
sis. Degenerative spondylolisthesis is more likely than 
LSS with normal vertebral alignment to occur in women 
and to present with stenosis at a single level.150 Evidence 
on the efficacy or comparative effectiveness of different 
non-operative treatments for this condition is limited and 
there are no rigorous guidelines. Generally recommended 
non-operative treatments for LSS with associated degen-

Fig 3 | Degenerative spondylolisthesis: frontal (A) and sagittal (B) views. Forward slippage of 
one vertebra over the other may cause narrowing of the central canal, lateral recesses, and 
neuroforamina, thereby contributing to lumbar spinal stenosis. Reproduced with permission 
from the department of orthopedic surgery at Dartmouth-Hitchcock Medical Center
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is needed. This should focus on providing patients with 
standardized information on the treatment options, elicit-
ing and clarifying patients’ personal values and goals, and 
tailoring treatment to achieve patients’ symptomatic and 
functional goals. Key information for patients includes the 
typical waxing and waning but generally favorable natural 
course of the disease, in contrast to the rapid and pro-
gressive deterioration that many of them fear, along with 
the expected outcomes and risks of the various treatment 
options. Formal decision aids for spinal stenosis, both 
video161 and paper based,115 are available to help inform 
and engage patients in decision making. More evidence on 
well defined homogeneous phenotypes within the broad 
spectrum of LSS could provide more tailored evidence on 
the likely outcomes for individual patients.
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