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CLINICAL SCENARIO
In the following cases, the clinician
would like to know if the patient has
the clinical syndrome of lumbar spi-
nal stenosis (LSS).

Case 1

A 67-year-old woman for the past year
reports low lumbar pain while she is
standing or walking. She also develops
dull, aching right posterior thigh pain af-
ter ambulating for several minutes, as
well as mild tingling on the soles of both
feet. Her pain is typically relieved when
shebends forwardwhile standing.Onex-
amination, no abnormalities are found
on provocative maneuvers, sensory, mo-
tor, reflex, or balance testing.

Case 2

A 74-year-old man with no major medi-
calproblemsreports right-sidedlowback
and right calf pain that are worse with
prolonged sitting and standing. Walk-
ing neither improves nor worsens his leg
pain, and no particular position pro-
vides relief. On examination, the patient
has no change in pain with bending for-

Context The clinical syndrome of lumbar spinal stenosis (LSS) is a common diagno-
sis in older adults presenting with lower extremity pain.

Objective To systematically review the accuracy of the clinical examination for the
diagnosis of the clinical syndrome of LSS.

Data Sources MEDLINE, EMBASE, and CINAHL searches of articles published from
January 1966 to September 2010.

Study Selection Studies were included if they contained adequate data on the accu-
racy of the history and physical examination for diagnosing the clinical syndrome of LSS,
using a reference standard of expert opinion with radiographic or anatomic confirmation.

Data Extraction Two authors independently reviewed each study to determine eli-
gibility, extract data, and appraise levels of evidence.

Data Synthesis Four studies evaluating 741 patients were identified. Among pa-
tients with lower extremity pain, the likelihood of the clinical syndrome of LSS was
increased for individuals older than 70 years (likelihood ratio [LR], 2.0; 95% confi-
dence interval [CI], 1.6-2.5), and was decreased for those younger than 60 years (LR,
0.40; 95% CI, 0.29-0.57). The most useful symptoms for increasing the likelihood of
the clinical syndrome of LSS were having no pain when seated (LR, 7.4; 95% CI, 1.9-
30), improvement of symptoms when bending forward (LR, 6.4; 95% CI, 4.1-9.9),
the presence of bilateral buttock or leg pain (LR, 6.3; 95% CI, 3.1-13), and neuro-
genic claudication (LR, 3.7; 95% CI, 2.9-4.8). Absence of neurogenic claudication (LR,
0.23; 95% CI, 0.17-0.31) decreased the likelihood of the diagnosis. A wide-based gait
(LR, 13; 95% CI, 1.9-95) and abnormal Romberg test result (LR, 4.2; 95% CI, 1.4-
13) increased the likelihood of the clinical syndrome of LSS. A score of 7 or higher on
a diagnostic support tool including history and examination findings increased the like-
lihood of the clinical syndrome of LSS (LR, 3.3; 95% CI, 2.7-4.0), while a score lower
than 7 made the diagnosis much less likely (LR, 0.10; 95% CI, 0.06-0.16).

Conclusions The diagnosis of the clinical syndrome of LSS requires the appropriate clini-
cal picture and radiographic findings. Absence of pain when seated and improvement of
symptoms when bending forward are the most useful individual findings. Combinations
of findings are most useful for identifying patients who are unlikely to have the diagnosis.
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ward or backward, excellent peripheral
pulses, and a positive right straight leg
raise. The neuromuscular examination
findings are otherwise normal.

WHY IS THE DIAGNOSIS
IMPORTANT?
Lower extremity pain in the setting of
low back pain affects 12% of older men
in the general community1 and 21% of
older adults in retirement communi-
ties.2 The clinical syndrome of LSS in-
volves lower extremity pain, numb-
ness, or weakness, which is frequently
seen in the setting of low back pain.
However, other causes of lower extrem-
ity pain with or without low back pain
abound. Because the clinical syn-
drome of LSS may require specific medi-
cal advice and treatment, the accuracy
of the stenosis diagnosis is para-
mount. Given that the characteristic
signs and symptoms of this clinical syn-
drome are common, the primary care
clinician is left with the question:
“Which patients with lower extremity
and back pain have the clinical syn-
drome of LSS, and which do not?”

A diagnosis of the clinical syn-
drome of LSS requires both the pres-
ence of characteristic symptoms and
signs and radiographic or anatomic con-
firmation of narrowing or stenosis of the
lumbar spinal canal.3 Because many in-
dividuals with radiographic or ana-
tomic lumbar spinal canal stenosis may
not demonstrate the symptoms and
signs of the clinical syndrome of LSS,
the radiographic or anatomic finding of
stenosis is necessary, but not suffi-
cient, to establish a diagnosis of the
clinical syndrome. The primary care cli-
nician should have the objective of rec-
ognizing the clinical syndrome of LSS,
while keeping in mind the fact that, in
common practice, the general term ste-
nosis may be used by other clinicians
without specifying whether they are re-
ferring to the clinical syndrome of LSS,
or radiographic LSS alone. This may
lead to confusion for both clinicians and
patients. In this article, we systemati-
cally review the accuracy of the clini-
cal examination for the diagnosis of the
clinical syndrome of LSS. We use the

terms radiographic or anatomic LSS
when referring specifically to the patho-
anatomic changes of spinal canal nar-
rowing, which may occur with or with-
out the symptoms manifested in the
clinical syndrome. The terminology
used in this article is defined in the BOX.

Signs and Symptoms of the
Clinical Syndrome of LSS

Thediagnosisof theclinical syndromeof
LSS is complicated by the range of pos-
sible clinical presentations. The neuro-
genic claudication and radicular pain
subtypesoftheclinicalsyndromearebest
describedintheliterature,6-9andhavebeen
usedasclinicalcriteriaforinclusioninthe
Spine Patient Outcomes Research Trial
(SPORT), the largest randomized trialof
treatmentfortheclinicalsyndromeofLSS
todate.10,11 Themostcommonsymptom
associated with the clinical syndrome of

LSSisneurogenicclaudication,avariable
pain or discomfort with walking or pro-
longedstanding that radiatesbeyondthe
spinal area into one or both buttocks,
thighs, lower legs, or feet.3 Neurogenic
claudication classically exhibits typical
provocativefeatures,suchasimprovement
withsittingor lumbar flexion, andwors-
ening with lumbar extension. Some in-
dividualsmaynotexperiencemarkedpain
or discomfort but present instead with
more subtle symptoms including a sub-
jectivefeelingofweakness,abnormalsen-
sations,or fatigueaffecting the lowerex-
tremities, or signs including weakness,
sensoryloss,andgaitchanges.12,13 Incon-
trast, radicularpainorpolyradicularpain
may also be present in the clinical syn-
dromeofLSS6-8 andmayoftennotexhibit
the provocative features seen in neuro-
genicclaudication.Theneurogenicclau-
dication and radicular subtypes of the

Box. Common Terminology Used in Reference to the Clinical
Syndrome of Lumbar Spinal Stenosis (LSS)

Clinical Syndrome of LSS

Requires both the presence of

A characteristic clinical presentation, including neurogenic claudication,
radicular pain, or both, and

Radiographic or anatomic LSS

Neurogenic claudication
Pain or other discomfort with walking or prolonged standing that radiates into
one or both lower extremities and is typically relieved by rest or lumbar flexion

Radicular pain
Unilateral or bilateral radiating pain in the distribution of 1 or more dermatomes
that is present irrespective of activity

Radiographic LSSa

The finding of spinal canal narrowing on cross-sectional imaging

Central canal stenosis
Central canal narrowing between the medial edges of the 2 zygapophysial
(facet) joints

Lateral recess or subarticular stenosis
Canal narrowing between the medial edge of the zygapophysial (facet) joint and
the medial pedicle border4

Neuroforaminal stenosis
Narrowing of the neural foramina defined by the medial and lateral pedicle borders

Anatomic LSS
The finding of spinal canal narrowing noted intraoperatively

aSimplified radiographic definitions stated in terms of anatomic zones of canal narrowing.5
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clinicalsyndromeofLSSmayoverlap,con-
tributing to theheterogeneouspresenta-
tionof theclinical syndrome.14 Lowback
pain is often considered a characteristic
featureof theclinical syndromeofLSS.15

Indeed,ahistoryoflowbackpainissome-
timesusedasa feature todistinguishvas-
cularclaudicationfromneurogenicclau-
dication.16 Nevertheless, surgery for the
clinical syndromeofLSS is typicallyper-
formed to relieve lower extremity pain,
and not for the relief of low back pain.17

The role of low back pain as part of the
clinical syndromeofLSS iscontroversial,
and it is possible that the association of
low back pain and the clinical syndrome
of LSS is driven in large part by the com-
monfactorof spinaldegenerationcausal
to both conditions.

Radiographic and Anatomic LSS

Anatomic stenosis may occur in the
central spinal canal, in the area under
the facet joints (subarticular or lateral
recess stenosis), or more laterally, in the
neural foramina (FIGURE). Acquired de-
generative spinal stenosis is the most
common type of anatomic LSS and is
often due to a combination of disk bulg-
ing or herniation, hypertrophy of os-
teoarthritic facet joints, and hypertro-
phy or infolding of the ligamentum
flavum.3 Biomechanical interrelation-
ships between these spinal structures,
as well as supporting muscles and liga-
ments, are thought to be important to
the development of anatomic LSS over
time.18,19 Although a commonly held
clinical paradigm connects lumbar cen-
tral canal stenosis to the symptom of
neurogenic claudication and lateral re-
cess or foraminal stenosis to radicular
symptoms,20-22 diverse clinical presen-
tations can be seen in patients with
similar radiographic findings.23

The available data on radiographic LSS
prevalence are limited to assessments of
central canal stenosis and by the use of
variable definitions of stenosis and small
sample sizes. The prevalence of radio-
graphic LSS in a community-based
sample of older adults aged 60 to 69 years
was 47% for relative radiographic LSS
(�12 mm sagittal diameter) and 19% for
absolute radiographic LSS (�10 mm sag-

ittal diameter).24 Although criteria for
qualitative radiographic LSS grading vary
between different clinicians, a general
guideline classifies mild stenosis as nar-
rowing of the normal central canal cross-
sectional area by one-third or less, mod-
erate stenosis by between one-third and
two-thirds, and severe stenosis as more
than two-thirds.4 The prevalence of ra-
diographic LSS using qualitative crite-
ria in asymptomatic older adults 55 years
or older has been estimated at 21% to
30% for moderate stenosis and 6% to 7%
for severe stenosis.25 These data make it
clear that incidental radiographic LSS on
spine magnetic resonance imaging (MRI)
is common in asymptomatic patients.
This underscores the importance of the
history and physical examination in de-
termining whether the clinical presen-
tation reflects the clinical syndrome of
LSS or an alternative diagnosis.

Differential Diagnosis of the
Clinical Syndrome of LSS

Lower extremity pain with or without
low back pain, which is seen in the clini-
cal syndrome of LSS, may also be found
in other spinal disorders, extraspinal
musculoskeletal disorders, and other
medical diagnoses.26 TABLE 1 depicts
common problems that affect older
adults with lower extremity pain with or
without low back pain. Vascular inter-
mittent claudication due to peripheral ar-
terial disease in particular is often con-
sidered when leg pain occurs with
walking. Unlike neurogenic claudica-
tion, vascular claudication is typically not
improved by changes in posture such as
lumbar flexion.27 The discomfort of vas-
cular claudication may be more consis-
tently reproducible with a specific dis-
tance and time of ambulation than
neurogenic claudication.16 When the di-
agnosis is uncertain by clinical evalua-
tion, it can be confirmed by diagnostic
testing including ankle brachial indices
(ABIs), duplex ultrasound, computed to-
mographic angiography, or magnetic
resonance angiography.16 Lower extrem-
ity pain can also be caused by other spi-
nal and extraspinal musculoskeletal di-
agnoses, including lumbosacral radicular
pain due to nerve root impingement, re-

ferred pain from spinal structures in-
cluding the lumbar intervertebral disks
and zygapophysial (facet) joints, lum-
bar vertebral compression fractures, and
hip osteoarthritis.3 Low back pain when
present may be conceptualized in terms
of specificpaingenerators28 (Table1),but
it is also influenced by psychosocial fac-
tors unrelated to pathoanatomy.29 The
differential diagnosis of the clinical syn-
drome of LSS is complicated by the fre-
quent coexistence of many of the above-
described conditions in older adults.

In common practice, a referral for tests
not readily accessible in most primary
care clinics may aid in distinguishing the
clinical syndrome of LSS from other di-
agnoses. Bicycle testing and treadmill
testing protocols can be performed in
physical therapy or rehabilitation cen-
ters and may yield useful information
about whether the clinical syndrome of
LSS is likely.30 Electrodiagnostic testing
may also yield information about other
potential masqueraders of the clinical
syndrome of LSS, including general-
ized peripheral neuropathies and focal
neuropathies.

METHODS
The MEDLINE (1966-2010), EMBASE
(1980-2010), and CINAHL (1982-
2010) databases were searched for En-
glish-language diagnostic accuracy stud-
ies of the clinical syndrome of LSS in
adults (eMethods available at www.jama
.com). Two reviewers (P.S. and L.K.) re-
viewed all abstracts to assess adherence
to review criteria. Inclusion criteria con-
sisted of the following: (1) diagnostic ac-
curacy study of the history, physical ex-
amination, or both for the diagnosis of
the clinical syndrome of LSS, with or
without spondylolisthesis (a displace-
ment of 1 vertebra atop another); (2) re-
porting of sensitivity, specificity, accu-
racy, predictive values, likelihood ratios,
or prevalence in cases and controls; (3)
index tests that were either clearly speci-
fied or described or that were used in
common practice and could be per-
formed in a routine clinic visit without
specialized equipment; and (4) use of an
appropriate reference standard that was
clearly specified or described. Studies
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were excluded if they consisted of a
mixed population including stenosis in
nonlumbar areas or red flag condi-
tions31 (ie, trauma, infection, or malig-
nancy), if they included only patients
with scoliosis or congenital stenosis, or
if they consisted of case series. We de-
termined quality using levels of evi-

dence for the Rational Clinical Exami-
nation.32

The gold standard for diagnosis of the
clinical syndrome of LSS is the impres-
sion of an expert clinician, with radio-
graphic or anatomic corroboration of
spinal canal narrowing. The expert cli-
nician impression is a common refer-

ence standard in musculoskeletal medi-
cine because the production of pain
cannot be assessed by a single labora-
tory or imaging test.33 We required ex-
pert opinion based on a combination
of clinical assessment and imaging
evaluation by computed tomography
(CT), MRI, or myelography, or expert

Figure. Radiographic Features of Lumbar Spinal Stenosis
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A, left, axial T2-weighted magnetic resonance image (MRI) at the L3-L4 level; right, normal radiographic appearance of the spinal canal includes patent central canal,
lateral recesses, and neural foramina. B, left, axial T2-weighted MRI at L4-L5 level; right, radiographic features seen with lumbar spinal stenosis include intervertebral
disk bulging, ligamentum flavum hypertrophy, and facet joint osteorthritis. Stenosis may occur in the central canal, the lateral recess, or the neural foramina.
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opinion based on a combination of
clinical assessment and a clearly de-
fined, prospectively established proto-
col for intraoperative evaluation. Simple
surgical confirmation or verification of
a prior diagnosis without clearly stated
pre hoc criteria for inclusion and ex-
clusion was considered insufficient as
an intraoperative diagnosis.

Sensitivities and specificities were cal-
culated from the raw data where pre-
sented, and contingency tables were
created using reported prevalence, sen-
sitivities, and specificities where raw
data were not available. Likelihood ra-
tios (LRs) for the diagnosis of the clini-
cal syndrome of LSS were calculated for
positive test results [LR�=(sensitiv-
ity/ (1−specificity)] and negative test re-
sults [LR−=(1−sensitivity)/specific-
ity]. We calculated 95% confidence
intervals (CIs) according to the method
of Simel et al.34 We used Excel 2007
(Microsoft, Redmond, Washington) for
statistical analyses and checked these
values using SAS version 9.2 (SAS In-
stitute Inc, Cary, North Carolina).

RESULTS
Study Characteristics

The literature review for diagnostic ac-
curacy studies identified 4722 citations
with 20 additional citations identified
from the bibliographies of review ar-
ticles and the authors’ libraries (eFig-
ure); 118 full-text articles were re-

Table 1. Differential Diagnosis for Lower Extremity Pain With or Without Low Back Pain

Diagnosis Clinical Characteristics

Spinal disorders
Lumbosacral radicular pain

secondary to nerve root
impingement

Lumbosacral radicular pain (with or without low back pain) in
the setting of lumbar disk herniation may be accompanied
by a positive straight leg raise test or femoral stretch test

Referred pain from lumbar spine
structures (zygapophysial [facet]
joints, intervertebral disks)

Low back pain and proximal lower extremity referred pain in
nonradicular pattern, usually not below the knee

Lumbar vertebral compression
fracture

Low back pain or thoracic pain in an older patient, often of
acute onset, with or without specific history of recent injury

Extraspinal disorders
Musculoskeletal diagnoses

Hip joint referred pain Groin pain, buttock pain, with or without low back pain, or
referred symptoms distal to the knee, often with weight
bearing; may have limited internal rotation of the hip

Sacroiliac joint referred pain Low back pain overlying the posterior superior iliac spine, with
or without radiating posterior buttock and lower extremity
pain

Trochanteric bursitis Lateral hip and thigh pain, with tenderness over the greater
trochanter; low back pain may or may not be present

Piriformis syndrome Pain localized over the piriformis muscle in the buttocks, with
or without radiating posterior buttock and lower extremity
pain; tight hip external rotators may be appreciated

Muscle strain or tears Strains or tears to hip adductors, hip abductors (gluteus
medius and minimus), and hip flexors may present with
lower extremity pain, with or without low back pain.

Myofascial referred pain Pain can be reproduced by pressing on tender points or
trigger points (eg, gluteus medius and minimus)

Other diagnoses
Intermittent claudication due to

peripheral arterial disease
Leg-muscle discomfort, cramping, tightness, or tiredness in

the buttock or lower extremity that is induced by exercise,
often consistently reproduced after walking a certain
distance, relieved rapidly with rest, eased with standing,
and not affected by trunk posture12,16; decreased pulses or
impaired ankle brachial index may be present

Compartment syndrome Tightness in the calf after exercise, induced by strenuous
exercise, and relieved slowly with limb elevation

Peripheral neuropathy Pain, numbness, and tingling in the distal lower extremities,
particularly the feet and ankles, not substantially affected
by posture or exertion

Visceral referred pain Low back pain, lower extremity pain, or both may be referred
from structures in the abdomen and pelvis, including the
gastrointestinal tract and genitourinary system

Table 2. Study Characteristics

Source

No. (%) of
Patients With

Clinical
Syndrome of LSS

Level of
Evidencea

Recruitment
Method

Presenting
Symptoms, Age, y Setting

Diagnostic
Test Reference Standard

Konno
et al,35

2007b

469 (47) 1 Consecutive
patients

Pain or numbness
in the legs,
mean (SD),
65 (14)

Specialty and
primary
care

History and
physical
examination

Consensus diagnostic
impression of expert
physicians, confirmation by
x-rays and MRI

Sugioka
et al,36

2008b

374 (47) 1 Consecutive
patients

Pain or numbness
in the legs,
mean (SD),
65 (14)c

Specialty and
primary
care

Questionnaire
items

Consensus diagnostic
impression of expert
physicians, confirmation by
x-rays and MRI

Ljunggren,37

1991
179 (44) 3 Consecutive

patients
Low back pain or

sciatica
Specialty Questionnaire

items
Diagnosis by history, physical,

x-rays, and myelography
Katz et al,38

1995
93 (46) 3 Consecutive

patients
Low back pain, 65

(range, 40-91)
Specialty History and

physical
examination

Diagnostic impression of expert
physicians, with radiologic
confirmation by MRI or CT

Abbreviations: CT, computed tomography; LSS, lumbar spinal stenosis, MRI, magnetic resonance imaging.
aFrom the Rational Clinical Examination series.32

bStudies were reported separately on the same study sample.
cEstimates from the complete study sample (derivation�validation cohorts).
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trieved for full assessment. Four articles
evaluating 741 patients were included in
the final review.35-38 One population was
studied in 2 separate reports: the first in-
volved history and physical examina-
tion findings, and the second, question-
naire items (TABLE 2).35,36

Prevalence of the Clinical
Syndrome of LSS

The prevalence of the clinical syn-
drome of LSS in the eligible diagnostic
accuracy studies varied from 44% to
49%. The highest quality study in-

cluded approximately one-third of pa-
tients recruited directly from primary
care clinics and reported a prevalence
of the clinical syndrome of LSS of 47%
in adults with symptoms of pain or
numbness in the lower extremities.35

These patients had a mean (SD) age of
65 (14) years and 54% were women.

Accuracy of Historical Features
and Symptoms

The performance characteristics of all
clinically relevant tests with LR point
estimates of 2.0 and higher or 0.50 or

less are listed in TABLE 3 (eTable 1 and
eTable 2 include complete data of all
findings and are available at www.jama
.com). These thresholds were defined
by some authors as producing small but
meaningful changes in posttest prob-
ability.39

Age and Comorbidities

The likelihood of the clinical syn-
drome of LSS increases with age, espe-
cially for individuals older than 70 years
(LR, 2.0; 95% CI, 1.6-2.5). Patients
younger than 60 years are less likely to

Table 3. Diagnostic Accuracy of History and Physical Examination

Test Sensitivity (95% CI) Specificity (95% CI) Positive LR (95% CI) Negative LR (95% CI)

Historical features
Age, y

Age �65 (vs �65)38 0.77 (0.64-0.89) 0.69 (0.53-0.85) 2.5 (1.4-4.2) 0.34 (0.19-0.61)

�7035a NA NA 2.0 (1.6-2.5)

�6035a NA NA 0.40 (0.29-0.57)

Comorbidities
Orthopedic disease36 0.18 (0.13-0.24) 0.91 (0.87-0.95) 2.0 (1.2-3.5) 0.90 (0.83-0.98)

Pain locations
Bilateral buttock or leg37 0.51 (0.40-0.62) 0.92 (0.87-0.97) 6.3 (3.1-13) 0.54 (0.43-0.68)

Pain below buttocks38 0.88 (0.79-0.98) 0.34 (0.18-0.51) 1.4 (1.0-1.8) 0.34 (0.13-0.88)

Thigh37 0.95 (0.90-1.0) 0.14 (0.07-0.21) 1.1 (1.0-1.2) 0.36 (0.12-1.1)

Gluteal37 0.84 (0.75-0.92) 0.05 (0.01-0.09) 0.88 (0.79-0.98) 3.3 (1.2-8.8)

Symptoms reproduced by specific actions
No pain when seated38 0.47 (0.32-0.61) 0.94 (0.85-1.0) 7.4 (1.9-30) 0.57 (0.43-0.76)

Burning sensation around the buttocks, Intermittent
priapism associated with walking, or both35

0.06 (0.03-0.09) 0.99 (0.98-1.0) 7.2 (1.6-32) 0.95 (0.92-0.98)

Improvement when bending forward35 0.52 (0.45-0.58) 0.92 (0.88-0.95) 6.4 (4.1-9.9) 0.52 (0.46-0.60)

Neurogenic claudication35 0.82 (0.77-0.87) 0.78 (0.73-0.83) 3.7 (2.9-4.8) 0.23 (0.17-0.31)

Improve when seated38 0.51 (0.36-0.66) 0.84 (0.72-0.97) 3.3 (1.4-7.7) 0.58 (0.41-0.81)

Exacerbation when standing up35 0.68 (0.62-0.74) 0.70 (0.65-0.76) 2.3 (1.8-2.8) 0.46 (0.37-0.56)

Exacerbated while standing up36 0.92 (0.88-0.96) 0.21 (0.15-0.27) 1.2 (1.1-1.3) 0.38 (0.21-0.69)

Other symptoms
Urinary disturbance35 0.14 (0.09-0.19) 0.98 (0.96-1.0) 6.9 (2.7-17) 0.88 (0.83-0.93)

Numbness of perineal region35 0.05 (0.02-0.07) 0.99 (0.97-1.0) 3.7 (1.0-13) 0.97 (0.94-1.0)

Bilateral plantar numbness35 0.27 (0.21-0.33) 0.87 (0.83-0.92) 2.2 (1.4-3.2) 0.84 (0.76-0.92)

Treatment for symptoms needs to be repeated
every year36

0.40 (0.33-0.47) 0.80 (0.75-0.86) 2.0 (1.5-2.8) 0.75 (0.65-0.86)

Wake up to urinate at night36 0.86 (0.81-0.91) 0.27 (0.21-0.33) 1.2 (1.1-1.3) 0.50 (0.33-0.78)

Physical examination
Provocative tests

No pain with flexion38 0.79 (0.67-0.91) 0.44 (0.27-0.61) 1.4 (1.0-2.0) 0.48 (0.24-0.96)

Symptoms induced by having patients bend forward35 0.18 (0.13-0.23) 0.63 (0.57-0.69) 0.48 (0.34-0.66) 1.3 (1.2-1.5)

Neuromuscular tests
Wide-based gait38 0.42 (0.27-0.57) 0.97 (0.91-1.0) 13 (1.9-95) 0.60 (0.46-0.78)

Abnormal Romberg test result38b 0.40 (0.25-0.54) 0.91 (0.81-1.0) 4.2 (1.4-13) 0.67 (0.51-0.87)

Vibration deficit38 0.53 (0.39-0.68) 0.81 (0.68-0.95) 2.8 (1.3-6.2) 0.57 (0.40-0.82)

Pinprick deficit38 0.47 (0.32-0.61) 0.81 (0.68-0.95) 2.5 (1.1-5.5) 0.66 (0.48-0.91)

Weakness38 0.47 (0.32-0.61) 0.78 (0.64-0.92) 2.1 (1.0-4.4) 0.69 (0.49-0.96)

Absent Achilles reflex38 0.47 (0.32-0.61) 0.78 (0.64-0.92) 2.1 (1.0-4.4) 0.69 (0.49-0.96)
Abbreviations: CI, confidence interval; LR, likelihood ratio; NA, not applicable.
aMultilevel (ordinal) LR.
bModified Romberg maneuver performed with patient’s feet together and eyes closed for 10 seconds; result abnormal if compensatory movements required to keep feet planted.
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have the clinical syndrome of LSS (LR,
0.40; 95% CI, 0.29-0.57). Concurrent
orthopedic problems such as osteoar-
thritis, inflammatory arthritis, and frac-
tures increase the likelihood of the clini-
cal syndrome of LSS (LR, 2.0; 95% CI,
1.2-3.5).

Symptoms

Among the most useful symptoms
when examined in isolation were those

that described pain location and pro-
vocative associations. The most useful
symptoms for increasing the likeli-
hood of the clinical syndrome of LSS
were having no pain when seated (LR,
7.4; 95% CI, 1.9-30), having an unex-
plained urinary disturbance (LR, 6.9;
95% CI, 2.7-17), improvement of symp-
toms when bending forward (LR, 6.4;
95% CI, 4.1-9.9), the presence of bi-
lateral buttock or leg pain (LR, 6.3; 95%
CI, 3.1-13), or neurogenic claudica-
tion (LR, 3.7; 95% CI, 2.9-4.8). The
presence of symptoms thought to be re-
lated to cauda equina syndrome, in-
cluding a burning sensation around the
buttocks, intermittent priapism asso-
ciated with walking, or both increased
the likelihood of the clinical syn-
drome of LSS (LR, 7.2; 95% CI, 1.6-
32). However, these symptoms were in-
sensitive and present in only 6% of
patients. The absence of neurogenic
claudication (LR, 0.23; 95% CI, 0.17-
0.31) was the most useful symptom for
decreasing the likelihood of the clini-
cal syndrome of LSS when test results
were negative.

Accuracy of the
Physical Examination

Physical examination tests taken in iso-
lation were not as useful as symptoms
(Table 3). A wide-based gait (LR, 13;
95% CI, 1.9-95) and an abnormal Rom-
berg test result (LR, 4.2; 95% CI, 1.4-
13) increased the likelihood of the clini-
cal syndrome of LSS. Two separate
studies examined the effects of lum-
bar flexion on pain and reached simi-
lar conclusions: one study found pain
with lumbar flexion to have an LR of
0.48 (95% CI, 0.24-0.96),38 and a sec-
ond study found symptoms induced by
bending forward to have an LR of 0.48
(95% CI, 0.34-0.66).35

Accuracy of the
Clinical Examination
in Multivariate Analyses

Certain individual tests may be highly
intercorrelated. In these instances, the
independent value of the second test is
diminished once the value of the first
test is accounted for. Multivariate analy-

ses can overcome this problem and
identify the independent, incremental
value of diagnostic tests in the pres-
ence of other tests. Three studies
examined tests in multivariate analy-
ses.35,36,38 One study found that in-
creased age (in years), having no pain
when seated, a wide based gait, and hav-
ing thigh pain with 30 seconds of lum-
bar extension were independently as-
sociated with the degree of expert
physician confidence in the diagnosis
of the clinical syndrome of LSS.38 Two
studies examined multivariate predic-
tors of the clinical syndrome of LSS in
the same sample of patients and used
predictor variables that were indepen-
dently associated with the diagnosis to
create risk scores for diagnosing the
clinical syndrome of LSS35,36 (TABLE 4).
A score of 7 or higher on a clinical di-
agnostic support tool including his-
tory and examination findings in-
creased the likelihood of the clinical
syndrome of LSS35 (LR, 3.3; 95% CI,
2.7-4.0; eTable 3 available at www.jama
.com). Therefore, although sensitivity
was optimized by the combination of
history and examination findings, a
lower overall specificity contributed to
a lower positive LR than what was seen
with some individual tests. A score of
less than 7 on this diagnostic tool made
the clinical syndrome of LSS much less
likely (LR, 0.10; 95% CI, 0.06-0.16). A
score of 5 or higher on a diagnostic tool
including only questionnaire-based
items produced small increases in the
likelihood of the clinical syndrome of
LSS36 (LR, 1.9; 95% CI, 1.6-2.3; eTable
3). A score of less than 5 on this tool
made the clinical syndrome of LSS less
likely (LR, 0.33; 95% CI, 0.23-0.45). On
testing in a validation sample, this ques-
tionnaire-based diagnostic tool yielded
smaller magnitude LRs when positive
(LR, 1.5; 95% CI, 1.1-2.1) and when
negative (LR, 0.50; 95% CI, 0.28-
0.88).

Limitations of the Literature

In an effort to capture all possibly rel-
evant studies, we used an initial search
strategy favoring sensitivity over speci-
ficity and trusted the manual search

Table 4. Prediction Rulesa

History or Examination
Characteristic

Risk Score
Assigned

Konno et al,35 2007
History

Age, y
60-70 (reference, �60) 1

�70 (reference, �60) 2

Absence of diabetes 1

Neurogenic claudication 3

Exacerbation of symptoms
when standing up

2

Symptom improvement
when bending forward

3

Physical examination
Symptoms induced by having

patients bend forward
−1

Symptoms induced by having
patients bend backward

1

Good peripheral artery
circulation

3

AbnormalAchilles tendonreflex 1

Straight leg raising positive
for reproducing pain

−2

Score interpretation
Score range −2 to 17

Positive score �7

Questionnaire Item
Sugioka et al,36 2008

History
Age, y

60-70 (reference, �60) 2

�70 (reference, �60) 3

Onset over 6 mo 1

Symptoms
Improvewhenbendingforward 2

Improve when bending
backward

−2

Exacerbatedwhilestandingup 2

Intermittentclaudication(“Ifyour
symptom occurs while
walking, does it improve
by resting?”)

1

Urinary incontinence 1

Score interpretation
Score range −2 to 10

Positive score �5
aResults were reported separately based on the same study

sample.
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would remove studies not relevant to
the area of research. However, al-
though the topic of the diagnosis of LSS
has been widely addressed in expert
commentaries, surgical case series and
cohort studies of patients with LSS, and
a limited number of diagnostic accu-
racy studies using a purely radio-
graphic reference standard, very few
studies examined the accuracy of the
history and physical examination using
a clearly defined and appropriate ref-
erence standard such as the clinical syn-
drome of LSS. Stringent criteria for qual-
ity were applied in this review.

The included studies had method-
ological differences that did not per-
mit pooling of data in a true meta-
analysis, and generally did not allow
comparison of individual tests be-
tween studies. Three studies of 2 dif-
ferent patient populations excluded
some patients with indeterminate find-
ings by the reference standard.35,36,38

However, 2 of these studies excluded
only 1 patient out of 469, which we
thought was inconsequential.35,36 No
studies permitted stratification by sub-
type of radiographic LSS severity.

Although the prevalence of the clini-
cal syndrome of LSS was high in the in-
cluded studies of primarily older adults,
it is important to note the prevalence of
the clinical syndrome of LSS in all pa-
tients presenting to a primary clinic with
leg pain, back pain, or both may be sub-
stantially lower. Only 2 diagnostic ac-
curacy studies, which used the same
study sample, included a substantial
proportion (one-third) of patients re-
cruited from primary care (Table 2).35,36

Therefore, a greater severity of disease in
the specialty clinic populations from
which these accuracy estimates were de-
rived may overestimate sensitivity and
underestimate specificity when these
tests are applied to primary care popu-
lations. In addition to this bias induced
by the spectrum of disease, there is a
problem with incorporation bias
whereby the overall clinical findings are
taken into account in establishing the di-
agnosis. Because a diagnosis of the clini-
cal syndrome of LSS requires informa-
tion from the clinical examination, such

bias is unavoidable. Potential incorpo-
ration bias may have been mitigated in
the included studies by using the con-
sensus diagnosis of multiple expert spine
clinicians,35 blinded examiners,35,38 and
patient-reported data.36,37

The clinical diagnostic support tool
using combinations of history and
physical examination findings by
Konno et al35 was subsequently tested
in a separate validation study that did
not meet inclusion criteria for this re-
view, due to the inclusion of non-
adults. This study by Kato et al40 found
that a positive result on the diagnostic
support tool had an LR of 1.6 (95% CI,
1.3- 2.0) and a negative result had an
LR of 0.13 (95% CI, 0.04-0.41). Taken
together, these data demonstrate that
this diagnostic tool is most useful for
ruling out the clinical syndrome of LSS
but is of limited value for ruling in dis-
ease. This may reflect the heteroge-
neity of the clinical syndrome of LSS,
for which anatomic stenosis at differ-
ent locations and multiple lumbar spi-
nal interspaces may interact with per-
son-specific factors to result in a wide
spectrum of possible disease presenta-
tions and severity on a population level.
Estimates from the validation study of
the clinical diagnostic tool should be
viewed cautiously given methodologi-
cal differences from the derivation
study. In contrast to the clinical diag-
nostic tool using history and physical
examination findings, a validated ques-
tionnaire-based diagnostic tool had
quite modest diagnostic value that is un-
likely to be clinically useful.36

SCENARIO RESOLUTION
Case 1

The primary care clinician should con-
sider the diagnosis of the clinical syn-
drome of LSS for this woman. Several
findings of the history and physical
examination suggest the diagnosis,
including the history of worsened symp-
toms with standing (LR, 2.3), neuro-
genic claudication (LR, 3.7), and report
of symptom improvement with bend-
ing forward (LR, 6.4). The prevalence
of the clinical syndrome of LSS among
older adults in primary care is difficult

to know with certainty, so it is appro-
priate to explore the impact of the find-
ings on a range of prevalence esti-
mates. The pretest probability of the
clinical syndrome of LSS of 47% in the
highest quality study in our review is
likely too high to generalize to a pri-
mary care setting. Assuming a primary
care clinic prevalence of 15% and using
only the finding of symptom improve-
ment with bending forward, the prob-
ability of the clinical syndrome of LSS
increases to 53%. However, if the clinic
prevalence of the syndrome of LSS is
30%, the posttest probability would be
73%.

Case 2

This older man with back pain and leg
pain is unlikely to have the clinical syn-
drome of LSS. Using the clinical diag-
nostic support tool by Konno et al
(Table 4), the combined findings of
being older than 70 years, absence of
diabetes, exacerbation of symptoms
with standing up, good peripheral cir-
culation, and a positive straight leg raise
yield a risk score of 6, a negative result
(LR, 0.10). Assuming a clinic preva-
lence of 15%, the probability of the
clinical syndrome of LSS decreases to
2%. If the prevalence of the clinical syn-
drome of LSS is as high as 30%, the
posttest probability would still be only
4%. An alternative diagnosis such as
lumbar disk herniation is likely in this
patient who has pain when sitting and
a positive straight leg raise test. Other
causes of nerve root impingement, in-
cluding vertebral osteophytosis and
facet joint synovial cysts, should also
be considered; delineation of specific
anatomic factors may require cross-
sectional imaging such as MRI.

BOTTOM LINE
The clinical syndrome of LSS is the most
frequent indication for spinal surgery
in patients older than 65 years of age.41

The presenting symptoms and, to a
lesser extent, the physical examina-
tion findings, may be useful for the di-
agnosis of the clinical syndrome of LSS.
The absence of pain when seated, the
improvement of symptoms when bend-
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ing forward, and a wide-based gait are
the most useful individual findings for
ruling in the diagnosis. However, many
single clinical examination findings
have been elicited in different ways
across studies, and thus require stan-
dardization and further validation. A
simple clinical diagnostic support tool
may help synthesize the independent
diagnostic value of a range of history
and physical examination measures and
can be particularly useful for ruling out
the clinical syndrome of LSS. For the
present, clinicians may find guidance
from the sensitivities, specificities, and
likelihood ratios presented in this re-
view to refine estimates of the likeli-
hood of the clinical syndrome of LSS
and to plan management accordingly.
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