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Abstract

Objective. The study aims to create a diagnostic support tool to indicate the likelihood of the presence of lumbar 

spinal stenosis (LSS) using a cluster of elements from the patient history and observational fi ndings. Design. The 

study is case based and case controlled. Setting. The study was performed in the tertiary care of a medical 

center. Subjects. There were a total of 1,448 patients who presented with a primary complaint of back pain with 

or without leg pain. Methods. All patients underwent a standardized clinical examination. The diagnosis of LSS 

was made by one of two experienced orthopaedic surgeons based on clinical fi ndings and imaging. Data from the 

patient history and observational fi ndings were then statistically analysed using bivariate analysis and contingency 

tables. Results. The most diagnostic combination included a cluster of: 1) bilateral symptoms; 2) leg pain more 

than back pain; 3) pain during walking/standing; 4) pain relief upon sitting; and 5) age >48 years. Failure to meet 

the condition of any one of fi ve positive examination fi ndings demonstrated a high sensitivity of 0.96 (95% 

CI = 0.94–0.97) and a low negative likelihood ratio (LR−) of 0.19 (95% CI = 0.12–0.29). Meeting the condition 

of four of fi ve examination fi ndings yielded a LR+ of 4.6 (95% CI = 2.4–8.9) and a post-test probability of 

76%. Conclusion. The high sensitivity of the diagnostic support tool provides the potential to reduce the incidence 

of unnecessary imaging when the diagnosis of LSS is statistically unlikely. In patients where the condition of four 

of the fi ve fi ndings was present, the post-test probability of 76% suggests that imaging and further workup are 

indicated. This is an inexpensive but powerful tool, with a potential to increase diagnostic effi ciency and reduce 

cost by narrowing the indications for imaging. Copyright © 2010 John Wiley & Sons, Ltd.
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Introduction

Lumbar spinal stenosis (LSS) is a clinical syndrome that 

involves the narrowing of any part of the lumbar spinal 

canal (Joaquim et al., 2009), and is associated with sub-

stantial functional disability (Stucki et al., 1994). LSS is 

classifi ed as congenital or acquired. Acquired is the 

most common type of stenosis and occurs in conjunc-

tion with degenerative changes of the lumbar disc and 

facets, or secondary to hypertrophy of one or more of 

the following elements: ligamentum fl avum, posterior 

longitudinal ligament, epidural fat and osteophytic 

disease of the vertebral body (Kirkaldy-Willis et al., 

1978; Katz and Harris, 2008; Kalcihman et al., 2009). 

Stenosis may occur centrally, laterally or in the foram-

ina (Joaquim et al., 2009) and represents one of the 

most common conditions affecting the spine. An epi-

demiologic study of the general population found the 

prevalence of absolute acquired stenosis, defi ned as a 

sagittal diameter of 10 mm or less on axial imaging, and 

was 19.4% in patients between 60 and 69 years of age 

(Kent et al., 1992). Relative stenosis, defi ned by a sagittal 

diameter of 12 mm, was present in 47.2% of patients 

between 60 and 69 years of age (Kent et al., 1992).

Although stenosis is a commonly encountered disor-

der, there is an absence of a universally accepted diag-

nostic criterion standard for LSS (Kalcihman et al., 

2009). At present, the criterion standard most often 

used for the diagnosis of LSS includes pertinent clinical 

fi ndings that are corroborated by imaging fi ndings, 

most notably magnetic resonance imaging (MRI) and 

computed tomography (CT) (Jensen and Schmidt-

Olsen, 1989; Kent et al., 1992; Mann et al., 1993; Katz 

et al., 1995; Fritz et al., 1997; deGraaf et al., 2006). 

Diagnosis made solely by diagnostic imaging may lead 

to error as CT and MRI are often not specifi c meaning 

(Wiesel et al., 1984; Boden et al., 1990; Joaquim et al., 

2009) that these imaging techniques identify anatomic 

variants that often are not clinically relevant. These 

tools also fail to associate symptoms with the degree 

and location of nerve compression (Katz et al., 1995). 

Other modalities, such as electromyography, are not 

typically warranted for the diagnosis of lumbar steno-

sis, but may be useful to differentiate conditions such 

as neuropathy in patients with diabetes (Katz and 

Harris, 2008).

There are a number of studies that have investigated 

the diagnostic accuracy of patient history and clinical 

examination fi ndings in association with LSS. Such 

studies involved both prospective and retrospective 

designs, included a maximum of 99 patients with and 

without stenosis, and typically involved acquired steno-

sis in all forms of the condition (i.e. central, lateral, 

recess and foraminal) (deGraaf et al., 2006). Pain in 

the buttocks was a sensitive fi nding, whereas no pain 

during sitting, wide-based gait, and sensory or motor 

fi ndings were more specifi c (Katz and Harris, 2008). 

Pain during walking has been reported as both sensitive 

and specifi c (Bridwell, 1994; Lin and Lin, 2005; Konno 

et al., 2007a).

Each individual assessment performed during a clin-

ical examination is designed to improve a clinician’s 

capacity for an accurate diagnosis and/or prognosis of 

the condition (deGraaf et al., 2006). With LSS, patient 

history and observational fi ndings are critical for 

making the diagnosis. Up to 95% of patients who seek 

surgical solutions for LSS lack positive physical exam 

fi ndings but have subjective symptoms only, such as 

pain during walking (Pheasant and Dyck, 1982; Ray, 

1987; Jonnson and Stromqvist, 1993). Physical exam 

remains an important element of the complete eva-

luation, but lumbar spinal stenosis should not be 

eliminated when the physical exam is unrevealing. Con-

sequently, we analysed individual and grouped associa-

tions between the history and observational fi ndings 

from a standardized examination using the criterion 

standard of the surgeon’s clinical diagnosis. The fi ndings 

may outline which history and observational fi ndings 

are most closely associated with LSS.

Patients and methods

Study design, setting and 
procedural guidelines

The study was performed in a division for adult spine 

disorders within a department of surgery of a tertiary 

institution in the United States. Data were prospectively 

collected by two orthopaedic physicians, who per-

formed all clinical examination methods, including 

observational, patient history and imaging assessments. 

Procedural guidelines for this study followed the Stan-

dards for the Reporting of Diagnostic Accuracy Studies 

(STARD) guidelines set forth by Bossuyt et al. (2003). 

Briefl y, the STARD standards are used to improve 

reporting processes for diagnostic accuracy studies and 

involve 25 items associated with topics germane in a 

typical case control design. Topics are oriented towards 

the description of participant, statistical analysis, results 



Patient History and Findings for LSS C. Cook et al.

172 Physiother. Res. Int. 16 (2011) 170–178 © 2010 John Wiley & Sons, Ltd.

and conclusions of fi ndings. The study protocol was 

approved by the Institutional Review Board of the Duke 

University Health System.

Study participants

The study included 1,448 consecutive patients seen at a 

spine surgery center at Duke University from 2005 to 

2009. All patients with suspicion of a condition associ-

ated with origin at the lumbar spine were eligible for 

the study if a clinical diagnosis was made and if imaging 

was performed or available for review.

Standardized clinical examination

All patients received a standardized clinical exam-

ination that consisted of self-report, observational, 

physical examination, and imaging assessment.  A stan-

dardized clinical examination was implemented in 2005 

to improve outcome reporting and data capture at the 

institution. Both physicians involved in the study were 

board-certifi ed orthopaedic surgeons, one with 22 years 

of orthopaedic surgical experience and the other with 

4 years of orthopaedic surgical experience.

The standard patient history included standard 

demographics capture and questions on the location, 

constancy, characteristics, and severity of pain in 

general and by location. In addition, questions regard-

ing provocative movements (e.g. walking, sitting or 

standing), alleviating movements (e.g. walking, sitting, 

rest or standing), exercise frequency and participation, 

and previous treatment were captured. Standardized 

outcome measures such as the Short Form 12 (SF12) 

(split by the Physical Component Summary [PCS] and 

Mental Component Summary [MCS]) and the Oswes-

try Disability Index (ODI) were also captured.

The SF12 is a generic measure and does not target a 

specifi c age or disease group. The SF12 is a shortened 

version of the Short Form 36 and is weighted and 

summed to provide an interpretable measure of quality 

of life (Ware and Kosinski, 2001). The ODI is a multi-

dimensional scale and has been used to document 

changes in muscle activity, pain, psychological factors 

and work status (Taylor et al., 1999). The ODI has been 

used to evaluate pre- and post-surgical outcomes, as 

well as a benchmark for the determination of treatment 

effectiveness. Four versions of the ODI are available in 

English and in nine other languages. The data for the 

ODI provide both validation and standards for other 

users and indicate the power of the instrument for 

detecting change in sample populations (White and 

Velozo, 2002). The ODI was tabulated to identify the 

severity of disability for this sample.

The observational examination included assessment 

of gait, which was characterized as normal or abnormal 

(ataxic, wide based or poor coordination). Physical 

examination tests included were a battery of motor, 

sensory and refl ex tests; use of the straight leg raise; and 

range of motion assessment of the spine and upper 

motor neuron assessment. Physical examination fi nd-

ings were not included in the clustered patient history 

and observational assessment. All clinical examination 

fi ndings were inputed into a structured Excel compat-

ible database that allows real-time Internet-based 

interface.

Diagnosis

The two board-certifi ed orthopaedic surgeons were 

responsible for the diagnosis of each subject. At present, 

there is no consensus regarding the criterion standard 

for the diagnosis of LSS (Kalcihman et al., 2009). This 

lack of consensus is confi rmed by past studies and the 

guidelines set forth by the North American Spine 

Society (2007) and others (Wiesel et al., 1984; Jensen 

and Schmidt-Olsen, 1989; Kent et al., 1992; Mann et al., 

1993; Katz et al., 1995; Fritz et al., 1997; deGraaf et al., 

2006). In our study, a diagnosis of spinal stenosis 

required a convincing history and description of symp-

toms, including pertinent clinical fi ndings such as lower 

extremity weakness, gait impairment, or refl ex changes 

and patient complaints of leg pain generally greater 

than back pain, symptoms that were worse with stand-

ing/walking, which were generally relieved with sitting 

(often more relieved still with supine) (deGraaf et al., 

2006). Clinical differential diagnosis included vascular 

claudication versus neurogenic claudication.

The imaging method most commonly used by our 

surgeons was the T2 MRI (aa combination of axial and 

sagittal images) (Kent et al., 1992). In addition, radio-

graphic evidence of degenerative listhesis on standing 

lateral lumbar fi lm is often positively correlated with 

foraminal stenosis on MRI, and was used as further 

confi rmation in some cases. An MRI was obtained on 

all patients (a radiograph was not) and was always 

reviewed by each surgeon, and in most cases there were 

also reviews included by radiology.

In cases where imaging fi ndings did not support the 

clinical representation, yet the clinical fi ndings sup-
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ported the clinical diagnosis of presumed LSS, these 

patients were diagnosed with LSS and were typically 

referred for conservative care methods (physical therapy, 

medications or injections). In our study, imaging served 

as confi rmation only, consequently, when clinical fi nd-

ings did not support the diagnosis of LSS yet the MRI 

or radiograph did; a competing diagnosis (e.g. spondy-

lolisthesis only) was provided. In most cases, a clinical 

diagnosis of LSS was not exclusive. A concomitant 

primary or secondary diagnosis of acquired spondylo-

listhesis, congenital spondylolisthesis and degenerative 

scoliosis was made in over 65% of the cases. All forms 

of LSS were merged for this study, including the location 

of the stenosis (central, lateral, recess or foraminal ste-

nosis), which was treated as one group.

Variables

The targeted variables for the study included predictive 

demographic, patient history and observational vari-

ables. Descriptive variables included the self-reported 

fi ndings of age; bilateral nature of symptoms; leg pain 

worse than back pain; pain with walking or standing; 

alleviation of pain during sitting; gait abnormality; 

report of severity of back, buttock, and leg pain and 

pain constancy.

Data analysis

Data downloaded from the Internet-based Excel system 

were transferred to SPSS 13.0 for Windows (SPSS Inc., 

Chicago, IL; 60606–6307). Descriptive statistics were 

captured and sequestered into groups of patients with 

and without a diagnosis of LSS. Bivariate analyses 

between patients with and without a clinical diagnosis 

of LSS were performed. A p value of ≤0.05 was consid-

ered signifi cant.

All 10 predictor variables were individually exam-

ined for diagnostic accuracy. Contingency tables (2 × 2) 

were used to calculate sensitivity and specifi city, and 

likelihood ratios (positive likelihood ratio [LR+]; nega-

tive likelihood ratio [LR−]) for each predictive test item. 

Receiver operator characteristic curves were used to 

determine all possible cut-off values for age and report 

of back, buttock and leg pain severity.

The conditionally independent variables from the 

individual 2 × 2 analyses that yielded LR+ above 1.5 or 

LR− below 0.5 were retained for the regression analysis. 

In addition, because past studies have identifi ed pain 

during walking as a sensitive and specifi c measure, this 

variable was included as well in the backward stepwise 

regression. A backward stepwise logistic regression was 

used to select variables, with p values of 0.15 to exit the 

model and 0.10 to enter it. Variables retained by the 

regression model were used to cluster fi ndings and were 

then inputed into 2 × 2 contingency tables that involved 

the conditions of 1 of 5, 2 of 5, 3 of 5, 4 of 5 and 5 of 

5 positive fi ndings. For each condition, sensitivity, spec-

ifi city, and likelihood ratios were analysed. In addition, 

in each condition, post-test probability measures were 

calculated using a pre-test probability of 40.3% (the 

prevalence of LSS in this sample).

Most diagnostic accuracy studies are powered on 

tabulated probabilities of values being lower than 

acceptable confi dence interval (CI) estimates (lower 

levels) for sensitivity values (Flahault et al., 2005), 

whereas clusters involve combining variables which 

often drive up specifi city values at the expense of sen-

sitivity values. Consequently, the study was powered 

using the regression values and the 10 predictor vari-

ables. Using Monte Carlo simulations, Peduzzi et al. 

(1995) reported that an n of 10–20 per predictor is 

appropriate for a boundary level per variable for regres-

sion analyses. This fi nding suggests that 100–150 

patients would provide adequate values for the regres-

sion analysis, whereas larger numbers may be necessary 

to further reduce CIs for the diagnostic accuracy 

statistics.

Results

The study captured 584 (40.3%) patients with a clinical 

diagnosis of LSS and 864 with a competing diagnosis. 

Signifi cant differences in age (p < 0.01), marital status 

(p < 0.01), Body mass index, employment status and 

SF12 MCS were found (Table 1).

Age, self-report of bilateral symptoms, self-report of 

moderate or greater leg pain, report of leg pain greater 

than back pain, and pain that is alleviated by sitting had 

LR+ above 1.5 or LR− 0.50 (Table 2). Of the single 

patient history of observational fi ndings, bilateral 

symptoms demonstrated the highest LR+ (2.3; 95% 

CI = 1.1–4.8), whereas age >48 demonstrated the lowest 

LR− (0.25; 95% CI = 0.21–0.32).

The most diagnostic combination included a cluster 

of: 1) bilateral symptoms; 2) leg pain more than back 

pain; 3) pain during walking/standing; 4) pain relief 

upon sitting; and 5) age >48 years (Table 3). Of the 
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Table 1. Descriptive statistics of the sample

Descriptor Diagnosed with stenosis (n = 584)

Mean (SD)/Frequency

Diagnosed without stenosis

(n = 864)

p Value

Age 62.9 (11.7) 50.1 (16.5) <0.01

Sex 242 = Male 345 = Male 0.56

342 = Female 519 = Female

Race 462 = Caucasian 723 = Caucasian 0.33

67 = Black 75 = Black

9 = Hispanic 9 = Hispanic

14 = Asian 18 = Asian

5 = Other 9 = Other

Marital status 392 = Married 543 = Married <0.01

36 = Single 142 = Single

48 = Widowed 84 = Widowed

62 = Divorced 29 = Divorced

26 = Other 43 = Other

Employment status 140 = Full, part, or paid leave 332 = Full, part, or paid leave <0.01

31 = Unemployed 42 = Unemployed

1 = Student 47 = Student

244 = Retired 172 = Retired

104 = Disabled 182 = Disabled

Exercise regularly 230 = Yes 329 = Yes 0.80

294 = No 433 = No

Educational status 16 = <High school 18 = <High school 0.14

115 = High school 217 = High school

138 = Some college 189 = Some college

143 = College degree 205 = College degree

89 = Graduate degree 112 = Graduate degree

Oswestry Disability 21.5 (8.4) 20.9 (9.5) 0.29

SF12 MCS Score 41.8 (6.2) 43.4 (5.8) <0.01

SF12 PCS Score 47.1 (9.2) 46.9 (8.6) 0.75

BMI 27.9 (7.4) 26.8 (6.9) <0.01

BMI = body mass index; MCS = Mental Component Summary; PCS = Physical Component Summary; SF12 = Short Form 12.

p Values of <0.01 in bold were considered signifi cant.

Table 2. Validity of individual measures of lumbar spinal stenosis

Test Item Sensitivity

(95% CI)

Specifi city

(95% CI)

Positive likelihood ratio

(95% CI)

Negative likelihood ratio

(95% CI)

Age > 48 0.88 (0.85–0.89) 0.49 (0.47–0.50) 1.7 (1.6–1.8) 0.25 (0.21–0.32)

Bilateral symptoms 0.03 (0.02–0.04) 0.98 (0.98–0.99) 2.3 (1.1–4.8) 0.98 (0.97–0.99)

Leg or back pain worse 0.16 (0.14–0.18) 0.92 (0.91–0.93) 2.1 (1.5–2.8) 0.91 (0.87–0.94)

Pain with walking/standing 0.67 (0.64–0.69) 0.44 (0.42–0.46) 1.2 (1.1–1.3) 0.75 (0.66–0.86)

Sitting relieves pain 0.26 (0.24–0.29) 0.86 (0.84–0.88) 1.9 (1.5–2.3) 0.86 (0.82–0.91)

Gait abnormality 0.29 (0.27–0.32) 0.81 (0.79–0.83) 1.6 (1.2–1.9) 0.87 (0.82–0.92)

Moderate back pain 0.95 (0.94–0.96) 0.02 (0.01–0.03) 0.97 (0.96–0.99) 2.1 (1.2–3.9)

Moderate buttock pain 0.81 (0.77–0.84) 0.33 (0.31–0.35) 1.2 (1.1–1.3) 0.60 (0.46–0.72)

Moderate leg pain 0.90 (0.88–0.92) 0.24 (0.22–0.25) 1.2 (1.1–1.2) 0.43 (0.32–0.58)

Pain constancy 0.23 (0.20–0.26) 0.78 (0.76–0.80) 1.1 (.86–1.3) 0.98 (0.92–1.04)

CI = confi dence interval.

Useful likelihood ratios appear in bold.
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combinations, failure to meet the condition of one of 

fi ve positive tests demonstrated high sensitivity (0.96; 

95% CI = 0.94–0.97) and a low LR− (0.19; 95% CI = 

0.12–0.29), providing a post-test probability of 11.4% 

if this condition was negative. A combination of four of 

fi ve tests yielded a LR+ of 4.6 (95% CI = 2.4–8.9) and 

a post-test probability of 76%. Three of fi ve yielded a 

higher sensitivity, capturing a larger population of 

patients with LSS, but had a lower LR+ 2.5 (95% CI = 

2.0–3.1) and a post-test probability of 63%.

Discussion

Our diagnostic support tool improved post-test prob-

abilities to 63–76%; thus this cluster of fi ndings may be 

useful to alter pre-test probability prior to physical 

examination testing. When the condition of one of fi ve 

variables was not met, there was a low probability that 

the patient actually had LSS (11.4%). This fi nding is 

useful when one considers ordering imaging to rule out 

LSS as the sensitivity and LR− of our fi ndings are com-

parable with those reported using a CT and an MRI 

(Lurie, 2005). A fi nding of four of fi ve positive examina-

tion fi ndings provides a small to moderate improve-

ment in the LR+ (4.6; 95% CI = 2.4–8.9) and an 

improvement in post-test probability when compared 

with three of fi ve positive examination fi ndings.

Others have investigated similar patient report 

and observational diagnostic support tools during 

assessment of LSS. Jarvik and Deyo (2002) reported 

that age >65 is modestly sensitive whereas absence of 

pain when seated has low sensitivity (0.46) but is very 

specifi c (0.93). The most highly specifi c fi nding involved 

wide-based gait (sensitivity 0.43 and specifi city 0.97), 

an independent fi nding that was combined as the 

presence of a gait impairment in our study (Fritz et al., 

1998).

Others have combined fi ndings to develop clinical 

prediction rules. Thigh pain within 30 seconds of 

lumbar extension, age, no pain when seated and wide-

based gait (Katz et al., 1995) has been previously 

reported as useful when combined during examination. 

Konno and colleagues (2007b) advocate a scoring 

system that involves age, self-report symptomatic crite-

ria and physical examination fi ndings, and absence of 

diabetes. Scores of ≥7 were associated with a positive 

likelihood ratio of 3.31 for the diagnosis of LSS. The 

tool was recently validated in a prospective study 

involving 118 patients (Kato et al., 2009). Another study 

(Konno et al., 2008) examined a self-administered 

patient history questionnaire and found small improve-

ments in post-test probability (LR+ = 1.9). Included 

within the questionnaire were queries regarding leg 

pain, pain that worsens when walking, numbness in 

both legs, worse pain during standing and improve-

ment of symptoms during bending over.

In concert with past fi ndings, our study found low 

sensitivity and specifi city associated with pain during 

walking (Katz et al., 1995; Konno et al., 2008), although 

Konno and colleagues (2008) did indicate that pain 

during walking was a specifi c fi nding with LSS. One 

possible reason may be the method in which walking 

was captured on the patient response capture. Patients 

were able to check if they had pain during the activity 

of walking, but were also able to check a number of 

other responses in addition to walking, such as: 1) 

sitting; 2) standing; 3) running; and 4) driving and 

others. Pain with standing was combined with walking, 

which may have diluted the results. The decision to 

include standing was based on the recent fi ndings from 

Table 3. Clustered fi ndings for diagnosis of lumbar spine stenosis (n = 1448)

Clustered results Sensitivity

(95% CI)

Specifi city

(95% CI)

Positive

likelihood

ratio

(95% CI)

Negative

likelihood

ratio

(95% CI)

Post-test

probability if

condition is

present (%)

Post-test

probability if

condition is

absent (%)

1 of 5 positive fi ndings 0.96 (0.94–0.97) 0.20 (0.19–0.21) 1.2 (1.1–1.2) 0.19 (0.12–0.29) 44 11.4

2 of 5 positive fi ndings 0.68 (0.65–0.71) 0.62 (0.60–0.64) 1.8 (1.6–2.0) 0.51 (0.45–0.58) 55 25.6

3 of 5 positive fi ndings 0.29 (0.27–0.31) 0.88 (0.87–0.90) 2.5 (2.0–3.1) 0.80 (0.76–0.85) 63 35.1

4 of 5 positive fi ndings 0.06 (0.05–0.07) 0.98 (0.98–0.99) 4.6 (2.4–8.9) 0.95 (0.94–0.97) 76 39.1

5 of 5 positive fi ndings <0.01 (0.001–0.003) 1.0 (0.99–1.0) infi nite (0.77–infi nite) 0.99 (0.99–1.0) 99+ 40.1

Note: Five fi ndings are included in the rule: 1) bilateral symptoms; 2) leg pain more than back pain; 3) pain during walking/standing; 4) pain 

relief upon sitting; and 5) age >48 years. The associated post-test probability values are based on a pre-test probability of 40.3%.
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Sugioka et al. (2008) who reported a 3.0 odds ratio 

towards LSS in those who reported pain during stand-

ing (sensitivity = 86.3%). Another may be the variations 

associated with the defi nition of pain during walking. 

Zeifang and colleagues (2008) failed to fi nd an associa-

tion between MRI fi ndings of LSS and walking distance 

whereas other investigators have further defi ned leg 

pain using descriptors such as numbness, burning and 

temporal elements such as long-term walking/standing 

(Konno et al., 2007b).

In line with prior studies, age correlated with the 

diagnosis of LSS. With a sensitivity of 0.88 (0.85–0.89), 

age greater than 48 years represents a sensitive measure, 

where the other four elements of the tool are specifi c. 

This fi nding coincides with the pathophysiology of 

acquired LSS that is felt to represent a degenerative 

process often manifesting around the fi fth decade or 

later (deGraaf et al., 2006). A recent epidemiologic 

study by Kalichman et al. (2009) found that the preva-

lence of LSS increased from 16.0% to 38.8% for relative 

lumbar stenosis and from 4.0% to 14.3% for absolute 

lumbar stenosis between ages less than 40 and greater 

than 60 years. While these numbers refl ect the preva-

lence of lumbar stenosis defi ned radiographically, there 

was a statistically signifi cant correlation with low back 

pain in the absolute lumbar stenosis group, adding to 

the clinical relevance.

Sagittal imaging with CT or MRI documenting 

nerve compression is not suffi cient to make a diagnosis 

of LSS because of the frequency of false positive and 

false negative results (Wiesel et al., 1984; Boden et al., 

1990). However, there is no gold standard for making 

the diagnosis of LSS; the need and indications for 

imaging are subject to the physician’s clinical acumen. 

Frequently, the decision to proceed with imaging is 

based on patient history and observational fi ndings. 

This diagnostic tool not only provides an outline for 

fi ve of the critical elements in the history of a patient 

with LSS, but may also help narrow the indications for 

imaging in patients where LSS is unlikely. Further-

more, axial imaging can often be falsely positive in 

asymptomatic patients (Wiesel et al., 1984; Boden 

et al., 1990), but because this diagnostic tool identifi es 

those patients with a history and symptom profi le 

most consistent with LSS, it has the potential to select 

patients most likely to have evidence of LSS by imaging. 

This diagnostic tool has the potential to reduce 

unneeded imaging and identify cases where imaging 

may be helpful.

Limitations

Several limitations should be noted. First and fore-

most, there is no consensus on the actual diagnosis of 

LSS, thus the diagnosis remains clinical (Wiesel et al., 

1984; Jensen and Schmidt-Olsen, 1989; Kent 

et al., 1992; Mann et al., 1993; Katz et al., 1995; Fritz 

et al., 1997; deGraaf et al., 2006; Kalichman et al., 

2009). Consequently, there are risks associated with 

verifi cation bias and incorporation bias. Verifi cation 

bias occurs when a study selectively includes patients 

for disease verifi cation (or exclusion) by criterion 

standard testing, based on positive or negative results 

of preliminary testing, or the study test itself. Our 

study used clinical fi ndings and imaging on all 1 448 

subjects, thus a bias associated with imaging-only ste-

nosis patients did not exist yet the possibility that the 

form of imaging was germane towards LSS does exist. 

Incorporation bias involves the use of the test and 

measure in question towards the actual diagnosis of 

the patient (Mower, 1999). Because LSS is a clinical 

diagnosis, there is a risk that clinical fi ndings infl u-

enced the fi nal diagnostic decision of the surgeons. 

Additionally, the variables for the clustered analysis 

were examined retrospectively and retrospective analy-

sis has been identifi ed as a potential for bias by the 

STARD initiative (Bossuyt et al., 2003). Nonetheless, 

two recent meta-analyses that examined potential 

biasing factors for diagnostic accuracy studies both 

indicated that minimal bias occurs from retrospective 

data (Lijmer et al., 1999; Rutjes et al., 2006), one indi-

cating no difference compared with data that were 

captured prospectively and analysed as such (Lijmer et 

al., 1999). The reliability of the visual assessment of 

gait was not examined in this study and deserves 

further exploration.

Conclusion

LSS is a clinical diagnosis, made through careful assess-

ment of patient history, patient examination and 

imaging confi rmation. Clusters of fi ndings are used to 

improve the fi nal diagnosis in cases of higher preva-

lence and ambiguity. Using the clustered clinical fi nd-

ings of bilateral symptoms, leg pain more than back 

pain, pain during walking/standing, pain relief upon 

sitting and age >48 years, this study was able to identify 

combinations of examination fi ndings that could both 

rule out and rule in LSS. Further validation of the com-

binations is needed.
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