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Diagnosis of Lumbar Spinal Stenosis
A Systematic Review of the Accuracy of Diagnostic Tests
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Study Design. Systematic review of diagnostic studies.
Objective. To investigate the diagnostic performance

of tests used to detect lumbar spinal stenosis.
Summary of Background Data. Little is known about

the diagnostic accuracy of tests in detecting lumbar spinal
stenosis. A systematic review will provide more insight in
this topic.

Methods. We performed a literature search in Medline
(PubMed) and Embase for original diagnostic studies on
lumbar spinal stenosis, in which one or more different
tests were evaluated with a reference standard, and diag-
nostic values were reported or could be calculated. Two
reviewers independently checked all abstracts and full
text articles for inclusion criteria. Included articles were
assessed for their quality using the Quadas tool. Study
features and diagnostic values were extracted from the
included studies.

Results. Of the 24 articles included in this review, 15
concerned imaging tests, 7 evaluated “clinical tests,” and
2 reported on other diagnostic tests. The overall quality
was poor; only 5 studies scored positive on more than
50% of the quality items. Estimates of the diagnostic
value of the tests differed considerably. The imaging stud-
ies showed no superior accuracy for myelography com-
pared with CT or MRI. Overall, there is considerable vari-
ation in the clinical tests; some studies show high
sensitivity, whereas others show high specificity.

Conclusions. Because of heterogeneity and overall
poor quality, no firm conclusions about the diagnostic
performance of the different tests can be drawn. Better-
designed studies exploring the accuracy of diagnostic
tests are needed to improve the diagnostic policy.

Key words: lumbar spinal stenosis, diagnostic perfor-
mance, systematic review. Spine 2006;31:1168–1176

Diagnoses are made to predict prognosis of symptoms
and are meant to guide decisions about treatment. In the
ideal situation, there is a clear diagnostic entity with an
agreed gold standard to prove its existence as well as
knowledge about natural course and effectiveness of
treatments. In cases where the gold standard test is not

directly available, other diagnostic tests (proxies) are de-
veloped to come close to this gold standard. At the
present stage of development of the diagnostic entity
lumbar spinal stenosis, this entity is defined as any type of
narrowing of the lumbar spinal canal, causing compression
of the content of the spinal canal, due to a conflict between
the available space in the canal and its content. Symptoms
are thought to be caused by direct mechanical compression
or indirect vascular compression of the nerve roots or the
cauda equina.1,2 Symptoms are reported to be diverse;
patients often complain of pain in the legs and the classic
neurogenic claudication that is characterized by pain
during walking, numbness, tingling, weakness, and radi-
ating pain down to ankles. Symptoms are provoked by
standing and relieved when sitting. Taking a flexed pos-
ture also reduces symptoms because in that way the
available space in the lumbar spinal canal increases.1,3

Lumbar spinal stenosis is a result of degenerative, de-
velopmental, or congenital disorders. The degenerative
type is often due to arthrotic changes of intervertebral
discs, facet joints, and ligaments surrounding the verte-
bral canal. The degenerative type occurs most often, es-
pecially in those 50 to 60 years of age.1,4–6 People with
the congenital type may complain earlier in life; their
stenosis is a result of congenitally anatomic changes or
malformations, e.g., an excessive scoliosis or excessive
lordotic curves.1,4,6 Developmental spinal stenosis is a
condition in which the narrow spinal canal is caused by a
growth disturbance of the posterior elements in the spi-
nal canal.7

Lumbar spinal stenosis may occur at different local-
izations in the spinal canal, sometimes at more than one
location at the same time. In central canal stenosis, nerve
roots in the cauda equina may be compressed. Lateral
recess stenosis and foraminal stenosis may cause com-
pression of the nerve roots leaving the spine.4,8

Various tests are currently used to diagnose lumbar
spinal stenosis. It is important to know the value of these
diagnostic tests because a false-positive test result may
lead to unnecessary surgery (e.g., laminectomy) and/or
expensive or invasive additional diagnostic interven-
tions. Reduction of false-negative test results is also im-
portant because maybe patients with this chronic disease
could be successfully treated (either with surgery or con-
servative therapy).

Little is known about the diagnostic accuracy of dif-
ferent tests available in detecting lumbar spinal stenosis.
In 1992, Kent et al performed a systematic review of the
diagnostic performance of MRI, CT, and myelography.9

However, other diagnostic studies have since been intro-
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duced, possibly with increasing quality on study designs.
Moreover, it is important to explore the accuracy of all
the available tests, including clinical tests.

Therefore, we performed a systematic review of stud-
ies evaluating the diagnostic value of imaging, clinical
and other tests used to detect lumbar spinal stenosis.
Although the clinical decision tree in lumbar spinal ste-
nosis shows gaps in diagnostic knowledge as well as in
prognostic and therapeutic knowledge, our scientific in-
ventory focuses on the diagnostic level of the decision
tree.

Methods

Search Methods. An optimal search strategy for identifying
diagnostic accuracy studies was recently published.10 We used
this strategy and added disease-specific items relevant for the
present question. A search was conducted in Medline (PubMed)
and Embase for relevant articles up to March 2004 using the
following strategy:

1. sensitivity OR specificity OR screening OR “false posi-
tive” OR “false negative” OR accuracy OR “predictive
value” OR “predictive values” OR “reference value”
OR “reference values” OR “reference standard*” OR
roc OR likelihood

2. stenos* OR verbiest OR “neurogen* claudicat*” OR
“claudicat* spinalis” OR LSS

3. low back OR “low back” OR lumbar OR spinal OR
lumbosacral

4. diagn* #1 AND #2 AND #3 AND #4

Selection. The following selection criteria were used:

1) The study investigated the diagnostic accuracy of imag-
ing, clinical, and other tests in detecting lumbar spinal
stenosis, in an adult study population.

2) One or more different diagnostic tests as well as a refer-
ence test should be included within the design.

3) Diagnostic values (sensitivity, specificity, predictive val-
ues, and accuracy) are reported or can be calculated.

4) If the results concern a subgroup of patients with lumbar
spinal stenosis, these should be analyzed separately in
the same article.

5) The article should be written in English, German,
French, or Dutch.

Two reviewers read all abstracts, independently of each
other. Full text was retrieved of articles that could not be ex-
cluded based on title and abstract. These full text articles were
read and checked for inclusion by two persons independently.
If there was no agreement, a third reviewer was asked to make
the final decision.

Reference lists of all included articles and one meta-analysis
were reviewed to search for relevant references that were not
found by our search strategy.

Quality. To assess the articles for their quality, we used the
“Quality assessment for diagnostic accuracy studies” (Quadas)
tool.11 The quality items are shown in Figure 1. Two reviewers
independently scored the included articles; a final score was
made by agreement. The kappa value was calculated to assess

Figure 1. The separate items of
the Quadas tool for methodologic
assessment of diagnostic stud-
ies.11
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Table 1. Study Characteristics of the Included Diagnostic Studies on Imaging Tests

N

Participants
on Whom

Results Are
Based (N)*

Mean Age
(range) % Male Characteristics of Participants

Setting and
Design§ Type Stenosis

Ilkko (1988)13 116 116 44 (10–79) 58 Indication for radiologic examination,
because of: sciatica (n � 69),
suspected spinal stenosis (n � 18),
chronic lumbar pain (n � 15),
spondylosis and spondylolisthesis
(n � 4), suspected fracture, pain
associated with degeneration,
piriformis syndrome, discitis,
polyneuropathy and MS (n � 10)

Setting: tertiary;
design:
prospective

Central spinal stenosis,
including bony and
soft tissue (disc
protrusion,
ligamentum flavum)

Rankine (1997)14 79 79 48.8 42 Indication for MRI; symptoms: low
back pain, with or without sciatica

Setting: unknown;
design:
retrospective

Central canal stenosis

Tervonen (1889)15 76 76 42 (21–63) 45 Indication for examination by CT or
myelography; symptoms: unknown

Setting: tertiary;
design:
prospective

Central spinal stenosis

Eberhardt (1994)16 65 65 51.8 (23–80) 42 Surgery for lumbar complaints;
symptoms: radicular complaints

Setting: unknown;
design:
prospective

Spinal stenosis: osseous
narrowing of the
spinal canal, with
liquor disturbance,
subgroup is
spondylolisthesis

Engel (1985)17 67 19 Unknown Unknown Symptomatic spine patients, not all
patients had symptomatology
warranting myelogram or surgery;
symptoms: low back pain, with or
without radiation down one or
both legs

Setting: tertiary;
design: unknown

Focal stenosis isolated
or superimposed on
diffuse (including
herniated disc)

Donmez (1990)18 50 50 (21–61) 56 Patients were preoperatively
evaluated by CT; symptoms: low
back pain, leg pain, paresthesia,
neurogenic claudication

Setting: unknown;
design:
prospective

Lateral recess and
central spinal
stenosis

Freund (1997)19 25 25 44 64 Clinical indication for myelography,
suspected for spinal canal
stenosis; symptoms: unknown

Setting: unknown;
design:
prospective

Degenerative osseous
spinal canal stenosis

Modic (1986)20 60 48 46 (19–73) Unknown Clinical history and physical exam
that indicated a strong probability
of disc herniation or canal
stenosis with a likelihood of
required surgery; symptoms:
unknown

Setting: unknown;
design:
prospective

Neural foramina, lateral
recess, central canal
stenosis as one group

Bischoff (1993)21 57 28 (20–79)¶ 51¶ Surgically explored for suspected
disc herniation (n � 47) or spinal
stenosis (n � 28); symptoms:
unknown

Setting: tertiary;
design:
retrospective

Spinal stenosis including
nerve root
compression due to
facet joint arthritis,
foraminal, lateral
recess stenosis as
one group

Feldmeyer (1982)22 38 7 (16–81)¶ 55¶ Suspected disc herniation (n � 18),
or canal stenosis (n � 13),
suspected for other spinal
diseases (n � 7) with indication
of preoperative myelography;
symptoms: bilateral radiation,
sciatica, neurogenic claudication
and absence of Lasègue

Setting: unknown;
design:
prospective

Canal stenosis including
narrow canal only, or
associated with
herniated disc or
bony protrusions

Arrault (1987)23 60 60 Unknown 58 Surgically confirmed central and
lateral spinal stenosis; symptoms:
unknown

Setting: tertiary;
design:
retrospective

Central stenosis, lateral
stenosis (only osseous
or associated with
herniated disc)

Bell (1984)24 122 46 Unknown Unknown Surgically confirmed disc herniation
(n � 76), spinal stenosis (n � 46)
or both; symptoms: unknown

Setting: unknown;
design:
retrospective

Spinal stenosis including
nerve compression
due to facet joint
abnormalities and
lateral recess
stenosis

Bolender (1985)25 55 24 (36–85)¶ Unknown¶ Surgery for suspected central,
lateral and foraminal stenosis;
symptoms: pain, neurogenic
claudication, sensory changes,
weakness and absence of reflexes
in the lower extremities

Setting: tertiary;
design:
retrospective

Central stenosis

Herkowitz (1982)26 30 18 59 (21–95) 50 Surgically confirmed disc herniation
(n � 12) or stenosis (n � 18);
symptoms: sciatica

Setting: unknown;
design:
retrospective

Spinal stenosis

(Continued)
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the interobserver variation of the initial assessment of both
reviewers.

Linear regression was performed to investigate whether the
quality of the studies increased over time. The dependent vari-
able was the quality score, and the independent variable was
year of publication, adjusted for type of study (imaging tests,
clinical tests, and other tests).

Data Extraction. Study characteristics of the included studies
were extracted; in order to gain insight in the diagnostic accu-
racy, we focused on the sensitivity, specificity, and the negative
and positive likelihood ratio of the test at issue.

All reported calculations and results in the studies were
checked. When the diagnostic outcomes were not reported, we
calculated them if sufficient data were presented. The confi-
dence intervals (CI) of the sensitivity and specificity were also
calculated. When the sensitivity and specificity were not re-
ported and could not be calculated, we extracted other values
such as accuracy, positive predictive value (PPV), and negative
predictive value (NPV).

When possible, diagnostic values of the tests are statistically
pooled; otherwise, the results are summarized in a qualitative
manner.

Results

Search and Selection
Our search strategy in Medline (PubMed) resulted in
1,514 references and Embase yielded an additional 17
references. Reviewing of the reference lists resulted in 42
additional abstracts. In total, 138 articles were retrieved
in full text; one article could not be retrieved.12 Finally,
24 articles were included in this review. Main reasons for
exclusion were: lack of a reference standard, a descrip-
tion of symptoms and signs in lumbar spinal stenosis in a
case series only, no separate diagnostic outcomes for
lumbar spinal stenosis were reported, only known cases
of lumbar spinal stenosis were evaluated, only cervical or
thoracal spinal stenosis were diagnosed, and the study
was a case report, or an intervention study. Some articles
were excluded for more than one reason.

Type of Studies
Fifteen articles concerned imaging tests (e.g., CT,
MRI, myelography, plain radiography, and ultra-
sound) for diagnosing lumbar spinal stenosis,13–27 and
7 articles evaluated “clinical tests”,28 –34 e.g., stan-
dardized history, physical examination, and pain
drawings (drawings in which patients indicate pain
patterns). Two articles reported other diagnostic tests:
dermatomal somatosensory-evoked potentials and selec-
tive lumbar root sheath infiltration (the selective inacti-
vation of nerve roots, with evaluation of the effect on the
experienced pain).35,36

The characteristics of the included studies on imaging
tests are shown in Table 1, and the characteristics of the
included studies on clinical tests and other tests are shown
in Table 2.

Quality
Results of the quality assessment are shown in Appen-
dix 1. The overall quality was poor; only five studies
scored positive on more than 50% of the quality items;
these studies were considered to be high-quality stud-
ies.13,14,15,28,29 Most of the imaging studies13–27 scored
negative on the following items: not all people or a ran-
dom selection received the same reference standard, not
all people received the same reference standard regard-
less of the index test result, and the reference test was not
interpreted without knowledge of the index test result. In
almost all studies, selection criteria were not clearly de-
scribed, the execution of the reference standard was not
described in sufficient detail to allow replication of the
test, uninterpretables and withdrawals often were not
mentioned. The time interval between the index test and
reference test (item 4) was often not reported; only four
studies reported this time interval.13–16

The kappa value for interobserver variation in the
initial quality assessment of the reviewers was 0.73.

Table 1. Continued

N

Participants
on Whom

Results Are
Based (N)*

Mean Age
(range) % Male Characteristics of Participants

Setting and
Design§ Type Stenosis

Jia (1991)27 78 27 41 (25–67)¶ 65¶ Surgically confirmed disc herniation
(n � 65), including 10 with
concurrent osseous lateral
recess stenosis and 4 with
hypertrophic ligamentum flavum;
nerve root canal or lateral recess
stenosis only (n � 8) and central
stenosis (n � 5); symptoms:
unknown

Setting: unknown;
design: unknown

Central canal, nerve
root canal, lateral
recess stenosis
as one group

*No. of patients with (suspected) lumbar spinal stenosis, or no. of patients receiving reference, in case results are only based on this subgroup.
†When it was possible to report the mean age of the participants on who results are based, this age was reported. When it was not possible, the mean age of
the total group was reported.
‡When it was possible to report the percentage male on who results were based, this percentage was reported. When it was not possible, percentage male of
the total group was reported.
§Retrospective or prospective design.
¶Based on total N, not given on no. of participants on whom results are based.
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The linear regression showed a positive association be-
tween year of publication and quality of the study (� �
1.36, P � 0.034).

Data Extraction
Because of the heterogeneity of the tests, study popula-
tion, and reference standards, statistical pooling was not

Table 2. Study Characteristics of the Included Diagnostic Studies on Clinical Tests and Other Tests

N

Participants
on Whom

Results Are
Based (N)*

Mean Age
(range)¶ % Male¶

Characteristics of
Participants

Setting and
Design§ Type Stenosis

Clinical tests
Roach (1997)28 106 99 55 (19–88) 51 Symptoms: recurrent or

chronic low back pain
Setting: tertiary;

design: prospective
Spinal stenosis: narrowing

of the spinal canal or
foramina of
developmental or
degenerative origin

Jensen
(1989)29

23 23 55 (23–72) 57 Indication for myelography;
symptoms: neurogenic
claudication, unilateral
in 14 cases, bilateral in
9 cases

Setting: unknown;
design: prospective

Spinal stenosis

Katz (1995)30 93 75 65 (40–91) 31 Symptoms: low back pain
with or without radiation
to the lower extremities

Setting: tertiary;
design: prospective

Spinal stenosis:
compression of nerve
roots by narrowing of
the spinal canal or
neural foramina

Mann (1991/
1992)31–33

250 (A) 25
(randomly
selected);

(B � C) 250

Unknown Unknown Five categories of patients
were selected, with 50
patients in each
category: benign back
pain, herniated nucleus
pulposus, spinal
stenosis, serious
underlying disorders or
psychogenic regional
pain disturbance;
symptoms: unknown

Setting: tertiary
design: retrospective

Spinal stenosis: narrowing
of the spinal canal and
foramina of congenital,
developmental or
degenerative origin

Fritz (1997)34 45 45 58 Unknown All patients had
previously undergone
MRI or CT; symptoms:
low back and lower
extremity pain and self-
reported limitations in
walking tolerance

Setting: tertiary;
design: prospective

Spinal stenosis: any
narrowing of the spinal
canal and/or nerve root
canals

Other tests
Snowden
(1992)35

58 (A) 40
(B) 18
(C) 58

64 (23–85) 69% High index of suspicion
for spinal stenosis by
history and physical
examination, indication
for DSEP, previously
examined by MRI and/
or CT. symptoms:
unknown

Setting: tertiary;
design: retrospective

Central, lateral, recess or
foraminal stenosis, as
one group

Castro (1991)36 30 30 53 Unknown Suspicion of nerve root
compression by
degenerative changes;
symptoms: upper leg
pain, aggravating when
standing, typical
neurogenic claudication
(n � 9), segmental pain
in a dermatome (n � 12),
long history of back
complaints

Setting: unknown;
design: prospective

Degenerative stenosis of
the nerve root canal or
lateral recess, as one
group

*No. of patients with (suspected) lumbar spinal stenosis, or no. of patients receiving reference, in case results are only based on this subgroup.
†When it was possible to report the mean age of the participants on who results are based, this age was reported. When it was not possible, the mean age of
the total group was reported
‡When it was possible to report the percentage male on who results were based, this percentage was reported. When it was not possible, percentage male of
the total group was reported.
§Retrospective or prospective design.
¶Based on total N, not given on no. of participants on whom results are based.
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possible. Therefore, the results are summarized in a qual-
itative manner.

Imaging Tests, Surgery as a Reference Standard
Table 3 presents data on the diagnostic performance of
the imaging tests.

In 12 studies, surgical confirmation was used as a reference
standard.16–27 None of these studies had a “high quality.”

Of these 12 studies, 6 reported the sensitivity for
CT,18,20,22–25 which ranged from 21%25 to 100%.22 When
the study with the lowest quality (only 14% of the items
scored positive)25 was not taken into consideration, the
sensitivity ranged from 74% to 100%.18,20,22–24

Ten articles reported the sensitivity for conventional
myelography,16,19,20–27 which ranged from 54%20 to
100%.19

One study reported the sensitivity for CT myelogra-
phy, which was 87%.21

Three showed diagnostic values for MRI20,21,27 with
a sensitivity ranging from 77%20 to 87%.21 Two studies
reported that the sensitivity for three-dimensional mag-
netic resonance myelography (three-dimensional MRM)
was 100%.16,19

Of the 9 studies that investigated myelography as well
as CT, MRI, or three-dimensional MRM, 5 studies
showed a higher sensitivity for MRI, three-dimensional
MRM, or CT than for myelography,16,20–23 and 4 stud-
ies showed the same sensitivity for myelography as for
CT or MRI.19,21,23,25 A higher sensitivity for myelogra-
phy was reported in 3 studies.24,25,27 The specificity of
myelography is slightly higher than that of CT and MRI,
in the two studies that reported the specificity of these
tests.20,21

Ultrasound was evaluated in one of the studies that
used surgery as a reference standard; in this study a sen-
sitivity of 95% was reported.17

The specificity of most imaging studies that used sur-
gical confirmation as a reference standard could not be
estimated; only in 3 studies was this possible.18,20,21 In
these cases, sensitivity and specificity were estimated
based on involved levels or nerve roots.

Overall, the studies showed no superior accuracy for
myelography compared to CT, MRI, or three-dimensional
MRM, with three-dimensional MRM showing the highest
sensitivity.

Imaging Tests, Other Reference Standards
In three studies evaluating imaging tests, other reference
standards were used. These three studies had a “high
quality.”

In a study that used three-sequence MRI as a reference
standard, a sensitivity of 60% was shown for a single-
sequence MRI14; the specificity was 95%.

For ultrasound, a sensitivity of 90% and a specificity
of 96% were found in a study in which myelography or
CT was used as a reference standard.15

The sensitivity and specificity of plain radiography, as
shown by one study in which CT was used as a reference
standard,13 were 66% and 93%, respectively.

In summary, three-sequence MRI appeared to be
more sensitive than single-sequence MRI, and the accu-
racy of ultrasound appeared to be almost equal to that of
CT or myelography.

Clinical Tests
Table 4 presents data on the diagnostic performance of
the clinical tests.

Two of the studies that investigated clinical tests had a
“high quality.”28,29

The “clinical tests” consisted of questionnaires,28,34

treadmill tests evaluated in two different ways,29,34 stan-
dardized history and physical examination,30 and pain
drawings analyzed in three different ways but in the same
study population.31–33 The reference standards were: a
combination of clinical, radiologic, and other diagnostic
tests,28,31–33 myelography,29 expert opinion,30 and MRI
or CT.34 As shown in Tables 3 and 4 (available online
through Article Plus), there is considerable variation in
tests and in test results.

Only twice were almost comparable items investi-
gated in two separate studies. In the study by Fritz et al,
“pain in the legs relieved when sitting” had a sensitivity
of 81% and a specificity of 16%, in which all partici-
pants had previously undergone MRI or CT (that also
served as the reference standard) for low back pain and
lower extremity pain, with self-reported limitations in
walking tolerance.34 However, in the study by Katz et al,
in which an expert opinion served as a reference stan-
dard, “no pain when seated” had a sensitivity of 46%
and a specificity of 93%; included in this study were
patients with low back pain with or without radiation to
the lower extremities.30 Both of these studies were per-
formed in a tertiary setting.

In the “high-quality” study by Roach et al, in which a
combination of clinical, radiologic, and imaging tests are
used as a reference standard, again in a tertiary setting,
using a population with chronic or recurrent low back
pain, pseudoclaudication had a sensitivity of 63% and a
specificity of 71%.28 In the study by Katz et al, “worse
when walking” had a sensitivity of 71% and a specificity
of 30%, and used an expert opinion as a reference stan-
dard.30

Two studies with a “high quality” showed sensitivity
above 75% in the following items and tests: “radiating
leg pain” and the “Pain Response to Activity and Posi-
tioning questionnaire” in patients with disc disease with
spinal stenosis,28 and “any change of neurologic sta-
tus.”29 Other items with a sensitivity above 75% in stud-
ies with a low quality were: “age �65 years,” “pain
below buttocks,” “no pain with flexion,”30 “prolonged
recovery after level walking,” “pain in legs relieved by
sitting,” and “best/worst posture with regard to symp-
toms.”34

In “low-quality” studies, items and tests with a spec-
ificity above 75 are: “expert evaluation of pain draw-
ings,”32 “statistical analysis of pain drawings,”31 “no
pain when seated,” “symptoms improve when seated,”
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“wide-based gait,” “abnormal Romberg,” “pinprick
deficit,” “weakness,” “vibration deficit,” “absent Achil-
les reflex,”30 “earlier onset of symptoms with level walk-
ing,” and “longer total walking time during inclined
walking.”34

Only the model based on a discriminate analysis (with
the variables “time to onset of symptoms” and “recovery
time”), investigated in a study with low quality, showed
both a sensitivity and specificity above 75%, respec-
tively, 77% and 95%.34

Overall, there is considerable variation in the clinical
tests. Some findings show high sensitivity, while others
show high specificity. Only in one low-quality study
were both sensitivity and specificity above 75%, and this
concerned a modeled combination of symptoms.34

Other Tests
Table 4 presents data on the diagnostic performance of
the other tests.

The 2 studies investigating other tests were both of
low quality. One study investigated the diagnostic per-
formance of dermatomal somatosensory-evoked poten-
tials with CT or MRI as a reference standard; this study
showed a sensitivity of 94%.35 The other study investi-
gated the diagnostic performance of the selective lumbar
root sheath infiltration with successful outcome of sur-
gery as a reference standard; this study did not report a
sensitivity or specificity but showed a positive predictive
value of 95%.36

Discussion

The present study investigated the value of imaging, clini-
cal, and other tests in diagnosing lumbar spinal stenosis.
There is no indication suggesting that invasive imaging
(myelography) is more accurate than noninvasive imaging.
Three-sequence MRI appeared to be more sensitive than
single-sequence MRI. In clinical tests, a high sensitivity is
often accompanied by a low specificity and vice versa. Only
one low-quality study, with a modeled combination of
symptoms, reported both sensitivity and specificity above
75%. Selective lumbar root sheath infiltration shows a pos-
itive predictive value of 95% in one study; however, based
on the invasiveness of the test and the low quality of that
study, this test should not yet be recommended.

Because of the heterogeneity, the overall poor quality,
and the small sample size of the studies, it is not possible
to draw definite conclusions about which tests are best
for diagnosing lumbar spinal stenosis.

Heterogeneity
In the investigated studies, there is much heterogeneity in
study design, diagnostic test of interest, test characteris-
tics, patient characteristics, reference standard, and def-
inition of lumbar spinal stenosis. In many studies, it re-
mains unclear what is meant by lumbar spinal stenosis
because it is not further specified. In some articles, results
are only concerned with central canal stenosis; whereas
in others, central, lateral, and foraminal stenosis are
taken together as one group.

Although we acknowledged the fact that it would in-
troduce more variation in the findings, we did not want
to include one single cause (degenerative or congenital or
developmental) or only one location (central or lateral or
foraminal) of stenosis in our review. This choice was
made because in clinical practice one may be confronted
with different locations and causes of stenosis in one and
the same patient.

Quality
Besides the incomparability of the findings, the overall
quality of the studies was poor, although the quality of
the studies did increase slightly over time. The poor qual-
ity is due to defects in study design, resulting in biases
like partial or differential verification bias. Partial verifi-
cation bias occurs when people with positive index test
results are more likely to receive the reference test. Dif-
ferential verification bias occurs when people with a pos-
itive index test receive another, often more invasive
reference test.11 Sometimes the specificity cannot be cal-
culated at all when all people with negative index tests do
not receive the reference test and are therefore excluded
from the study. It should be mentioned that sometimes it
is not possible to avoid verification bias, e.g., in case of
an invasive reference standard such as surgery, or in case
of retrospective studies. Verification bias and other
shortcomings in design, data collection, and reporting
(e.g., evaluating tests in a diseased population and a con-
trol group, interpretation of the reference test with
knowledge of the index test result) affect the estimates of
diagnostic accuracy, mostly resulting in an overestima-
tion.37 In the review by Kent et al investigating the accu-
racy of CT, MRI, and myelography in the diagnosis of
lumbar spinal stenosis, the estimates of sensitivity and
specificity were also considered to be imprecise because
they were based on small studies with potential biases.9

Sensitivity, specificity, and likelihood ratios show the
capacity of a test to distinguish the diseased from the
nondiseased. In many studies, specificity was not re-
ported or could not be estimated, thus leaving us with
only sensitivity. However, a high sensitivity by itself does
not tell much about the diagnostic performance of a cer-
tain test because this test could also be positive in non-
diseased people.

Because specificity based on patients could not always
be calculated, some authors calculated the sensitivity and
specificity based on the involved spinal levels or nerve
roots. We did not consider this to be a valid estimation
because a test must distinguish diseased patients from
nondiseased patients.

Gold Standard
Another problem in diagnostic accuracy studies on lum-
bar spinal stenosis is the fact that there is no consensus
about the gold standard. Determining the true sensitivity
and specificity is hampered because the reference test is
automatically considered to be better than the index test.
Thus, in cases of a false-negative reference test, a positive
index test result will wrongfully be counted as a false
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positive. The reported values therefore should be consid-
ered to be the sensitivity and specificity in diagnosing
“stenosis according to the reference test.” In our review,
we decided that surgical confirmation and a combination
of clinical and radiologic methods are (up to now) the
best available reference standards. However, the surgical
findings depend on positioning of the patient, and the
clinical observation of the anatomy is a gray scale. To
conclude that there is a stenosis or not is very difficult,
except for lateral recess stenosis. Because one has to open
the spinal canal by removing a part or the whole lamina,
one cannot measure the diameter. Only in case of severe
stenosis is there no doubt. Besides, when surgical confir-
mation is used as a reference standard, there are other
problems that affect the design of the study, e.g., prob-
lems with blinding or the fact that not every patient will
undergo an operation, as can be seen by the poor scores
items 5, 6, and 11 of the Quadas tool (Appendix 1).

The study on nerve root blocks,36 described in “Other
Tests” differs from the other studies in the way that they
took a successful outcome of surgery as gold standard
and thereby they were the only study who tried to link
outcome of a diagnostic test with outcome of treatment.
However, only the people with a positive test were of-
fered surgery, and 95% of those who eventually went to
surgery had a successful outcome. This figure is very
high, possibly by the selection of people with this positive
test. To get a selection of people where the positive pre-
dictive value is high, it is exactly what you are looking for
to decide for surgical intervention. However, this figure
alone is not very informative; we also should know how
this compares with successful outcome of surgery with-
out doing this specific diagnostic test or doing another
diagnostic test. Further, nothing is known about out-
come in people with a negative test. There are a lot of
missed opportunities in this study, which also is reflected
in its low-quality score.

Clinical and Radiologic Diagnoses
It should be considered what the diagnosis of lumbar
spinal stenosis actually stands for. In diagnosing this
condition, there is a tendency to focus on imaging stud-
ies. However, it has been reported that in about 30% of
asymptomatic subjects lumbar spinal abnormalities can
be seen on imaging studies.38–40 Even higher percentages
of spinal abnormalities can be seen in a study by Jensen
et al.41 In a study by Boden et al, lumbar spinal stenosis
is seen on MRI in 21% of asymptomatic individuals aged
60 years or older.39 Moreover, there are discrepancies
between clinical symptoms and imaging findings in lum-
bar spinal stenosis.7,42 Hence, there is a difference be-
tween the clinical and radiologic diagnosis of lumbar
spinal stenosis. Therefore, clinical and radiologic find-
ings should be considered together when diagnosing this
disease.

Future Research
Further diagnostic research on lumbar spinal stenosis is
essential. Because of the lack of an adequate reference

standard, follow-up studies (preferably randomized) to
quantify the effect of a diagnostic technology on patient
outcome are needed. Evaluating a test on patient out-
come comprises the evaluation of diagnostic tests plus all
possible administered therapies combined.43 In such
studies, the problem of verification bias is eliminated,
and the clinical decision tree from diagnostic test to effect
of treatment is scientifically evaluated in its entirety. In
this context, the most promising tests retrieved from this
systematic review should be evaluated first.

Because of the poor quality and the incomparability of
the investigated studies, we cannot draw firm conclu-
sions about the diagnostic accuracy of imaging, clinical,
and other tests in diagnosing lumbar spinal stenosis.
Given this situation, at present the most promising tests
are CT or MRI (preferably more than one sequence),
avoiding myelography because of its invasiveness and
lack of superior accuracy. These tests could be combined
with clinical tests with high LR� (�10) such as a com-
bination of time to onset of symptoms and recovery time
in treadmill walking, or wide-based gait during physical
examination. However, also clinical tests with moderate
LR�5–10 can be very useful when the prior chance on
presence of the disease in the study population is between
about 20% and 80%44; this was the case for longer
walking time during inclined treadmill walking, or symp-
toms improve when seating.

Key Points

● The overall quality of studies that investigate the
diagnostic accuracy of tests used to detect lumbar
spinal stenosis is poor.
● There is no indication that any of the imaging
tests has a superior accuracy.
● In clinical tests, a high sensitivity is often accom-
panied by a low specificity and vice versa.
● More prospective studies are needed, which pre-
vent the occurrence of verification bias.
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