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Abstract
Background Context—The prevalence of lumbar spinal stenosis (LSS) in the general
population and association with low back pain (LBP) remains unclear.

Purpose—1) to evaluate the prevalence of congenital and acquired LSS observed on computed
tomography (CT) in a community-based sample; 2) to evaluate the association between LSS and
LBP.

Study design/Setting—Cross-sectional observational study. This study was an ancillary
project to the Framingham Heart Study.

Sample—3529 participants underwent multi-detector CT. 191 were enrolled in this study.

Self-report Measures—LBP in the preceding 12 months was evaluated using a self-report
questionnaire.

Physiologic Measures—LSS (congenital and acquired) was characterized using two cut-
points: 12 mm for relative LSS, and 10 mm for absolute LSS.

Methods—Using multiple logistic regression we examined the association between LSS and
LBP, adjusting for sex, age and BMI.

Results—In the congenital group, relative LSS was found in 4.7% and absolute LSS in 2.6% of
patients. Acquired LSS was found in 22.5% and in 7.3%, respectively. Acquired LSS showed
increasing prevalence with age: <40 years, the prevalence of relative and absolute LSS was 20.0%
and 4.0%, respectively; in those 60–69 years the prevalence was 47.2% and 19.4%, respectively.
The presence of absolute LSS was associated with LBP with an odds ratio of 3.16 (95% CI: 1.05–
9.53).
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Conclusions—The prevalence of congenital and acquired LSS in a community-based sample
was characterized. The prevalence of acquired stenosis increased with age. LSS is associated with
a three-fold higher risk of experiencing LBP.

Keywords
spinal stenosis; low back pain; computed tomography; spine; prevalence; community-based
sample

Introduction
Despite the fact that lumbar spinal stenosis (LSS) is one of the most commonly diagnosed
and treated pathologic conditions affecting the spine, very little is known about the
epidemiology of stenosis in the general population. The prevalence of acquired, so-called
“degenerative” lumbar stenosis has been suggested as ranging from 1.7 to 13.1% [1–3].
However, previously reported studies have utilized asymptomatic populations or selected
clinical populations undergoing imaging studies for other reasons. Furthermore, the methods
of LSS evaluation were often not described or inappropriate. There have been no prevalence
rates reported in unselected populations. Given the increasing use of diagnostic imaging, the
unclear association of spinal stenosis radiographic findings with symptoms, and the fact that
spinal stenosis is one of the most common indications for spinal surgery a clear
understanding of the prevalence of spinal stenosis in the community and its association with
symptoms is greatly needed.

One major difficulty in performing any epidemiologic analysis is the absence of universally
accepted diagnostic criteria for spinal stenosis [4]. Magnetic resonance imaging (MRI) and
computed tomography (CT) are the most frequently utilized diagnostic modalities in clinical
practice, but strict measurements defining the presence of clinically significant canal,
subarticular, or foraminal narrowing do not exist. The concept that overall rates of spinal
stenosis reflect the relative contribution of two distinct types of stenosis, congenital (or
developmental) and acquired (or degenerative), is however generally acknowledged [5].

Recognizing these limitations, the aims of the present study were: 1) to evaluate the
prevalence of congenital and acquired radiographic spinal stenosis in an unselected
community-based population; and 2) to evaluate the association between spinal stenosis
observed on CT and the risk of experiencing low back pain (LBP).

Methods
Study design

Cross-sectional study.

Sample
This study was an ancillary project to the Framingham Heart Study. The Framingham Heart
Study began in 1948 as a longitudinal population-based cohort study of the causes of heart
disease. Initially, 5209 men and women between the ages of 30 and 60 years living in
Framingham, Massachusetts were enrolled. Biennial examinations were conducted by
trained research staff at the study clinic located in Framingham. In 1971, 5124 offspring
(and their spouses) of the original cohort were entered into the Offspring cohort. In 2002,
4095 men and women who were children of the Offspring cohort were enrolled in the Third
Generation cohort. A description of the Offspring and Third Generation cohorts has been
previously reported [6]. 3590 participants of the Framingham study (participants in both the
Offspring and Third Generation cohorts) aged 40–80 years underwent abdominal and chest
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multi-detector CT scanning to assess coronary and aortic calcification. The recruitment and
conduct of CT scanning have also been previously reported [7]. During the latter part of the
CT study, 191 participants were consecutively enrolled in this ancillary study to assess the
association between radiographic features of the lumbosacral spine and LBP. We were
limited to this size sample due to concerns about participant burden from the parent heart
study investigators.

LBP evaluation
All study participants who underwent multi-detector CT scan were asked to complete the
modified Nordic Low Back Questionnaire [8]. This validated questionnaire defines
significant LBP as “low back pain on most days of at least one month in the last 12 months”
and is widely used in studies of work-related LBP. In addition, participants were asked if
they experienced pain in the buttocks or thighs, pain in a lower leg (below the knee),
numbness or tingling in the leg or foot, or weakness in the leg or foot.

Imaging parameters
Study participants were imaged with an eight-slice multi-detector CT scanner (Lightspeed
Ultra, GE, Milwaukee, WI, USA). Each subject underwent unenhanced abdominal multi-
detector CT performed using a sequential scan protocol with a slice collimation of 8 mm ×
2.5 mm (120 KVp, 320/400 mA for .220 lbs body weight, respectively) during a single end-
inspiratory breath hold. For the abdominal scan, thirty contiguous 2.5-mm thick slices of the
abdomen were acquired covering 150 mm above the level of S1.

Spinal stenosis evaluation
CT scans were evaluated in a blinded fashion with respect to clinical and demographic data.
The axial plane was used for measurements of congenital and acquired LSS. Bone windows
were used for measurements of congenital LSS. The antero-posterior diameter of the spinal
canal was measured at the mid-vertebral body level. This level was selected on the basis of
providing the most readily recognizable landmark for measurement of the bony canal and is
considered more precise than the mid-sagittal view commonly used in clinical practice due
to avoidance of inaccurate measurements resulting from scoliosis or improper patient
positioning [9]. Measurements for congenital LSS were obtained for vertebral levels L2 to
L5 and for acquired LSS - for L2/L3, L3/L4, L4/L5 and L5/S1 levels. For measurements of
acquired LSS, soft tissue windows were used. The antero-posterior diameter of the canal at
the level of the intervertebral disc was measured (between intervertebral disc, anteriorly and
meeting point of two ligamenta flava, posteriorly (Figure 1)). Measurements were obtained
for the L2/L3 to L5/S1 disc levels.

As previously explained there are no universally accepted definitions of LSS and no
generally accepted radiologic diagnostic criteria. For the purposes of this study, two
previously proposed threshold measurements were selected to identify the presence of spinal
stenosis in the study population: ≤12 mm (“relative” stenosis) and ≤10 mm (“absolute”
stenosis) for both congenital [10] and acquired [11, 12] types of stenosis. Although
somewhat arbitrary, these cutoffs have been utilized in multiple studies [10–16].

Reliability of CT readings
A reading protocol for evaluation of spinal stenosis based on the previously defined
measurements was developed. Using this protocol, intra- and inter-rater reliability was
calculated for two readers. To evaluate for reader-drift, intra-rater reliability was
periodically reassessed by inserting one repeated “reliability” scan for every 10 new scans.
Before analyzing each new set of CT scans, 5 previously analyzed CTs were reevaluated to
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“recalibrate” the readings to a standard. Intra-observer reliability varied at different spinal
levels between 0.95 and 0.98 for congenital LSS and between 0.92 and 0.98 for acquired
LSS. The inter-observer reliability ranged from 0.80 to 0.92 and from 0.86 to 0.96,
respectively. This range of kappa statistics represents fair to excellent reproducibility that is
much higher than was previously reported in studies of non-quantitative measures [15, 17].

Body mass index (BMI)
BMI was computed as the ratio of weight (in kg) divided by height (in square meters).

Statistical analysis
The prevalence of congenital LSS, acquired LSS, and LSS of either type was calculated. The
association between spinal stenosis and age, sex and BMI was also evaluated using simple
logistic regression analyses.

Stepwise multiple logistic regression analyses were used to examine the association between
LBP, as a dependent variable, and spinal stenosis (relative and absolute), age, sex and BMI,
as independent variables. All statistical analyses were performed using SAS software, (SAS
Institute Inc, Cary, NC, release 9.1).

Results
The study sample included 191 study participants, 104 (55.6%) males and 87 (44.4%)
females. The mean age was 52.6±10.8 (age range: 32–79) and the mean BMI was 27.8±5.0.
This subsample was representative of the whole group of individuals that underwent multi-
detector CT scanning (N=3590). The percent of males in whole sample was 51.8%, mean
age 52.7±11.8 and mean BMI 27.8±5.3. The comparison tests showed that there was no
difference between the whole sample and the sub-sample studied here in age (p=0.95), BMI
(p=0.92) or prevalence of males (p=0.31). In our sub-sample 37 (19.4%) subjects reported
experiencing LBP on most days of at least one month in the last 12 months. Among those
who complained of LBP, 14 (37.8%) reported pain in a buttocks or thighs, 13 (35.1%)
reported pain in lower leg, 8 (21.6%) numbness in the leg or foot, and 5 (13.5%) weakness
in the leg or foot. There was an overlap between subjects with these distal symptoms. In
total, among 37 subjects that complained of LBP, 28 also complained also of distal
symptoms.

The prevalence rates for both congenital and acquired LSS in the study population are
shown in Table 1. Congenital LSS was observed in 4.7% of the population in relative terms
(12 mm limit) and in 2.6% in absolute terms (10 mm limit). Acquired LSS was found in
22.5% in relative terms and in 7.3% in absolute terms. When subjects with any type of LSS
(congenital and/or acquired) were totaled, the prevalence of relative LSS was 23.6% and of
absolute LSS 8.4%. Further analysis of the subsample of asymptomatic individuals
demonstrated that congenital LSS occurred in 4.0% for relative and 2.7% for absolute LSS;
very similar to general sample.

However for acquired LSS the numbers were lower: 20.5% and 4.6%, respectively. For any
type of LSS the prevalence was 22.5% and 6.0% respectively.

Prevalence of LSS of any type in subsample of individuals with LBP was 29.7% for relative
and 18.9% for absolute LSS.

In the studied population there were 2 subjects with congenital and 10 subjects with
acquired LSS that suffered from LBP. 35 subjects without congenital LSS and 27 subjects
without acquired LSS had LBP. 7 subjects with congenital LSS and 33 subjects with

Kalichman et al. Page 4

Spine J. Author manuscript; available in PMC 2013 September 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



acquired LSS did not suffer from LBP. 147 subjects without congenital LSS and 121
subjects without acquired LSS did not have LBP.

Analysis of the association between LSS (of any type, congenital or/and acquired) and age,
sex, and BMI (Table 2) showed no statistically significant association between sex and LSS
(p=0.87 for relative LSS, and p=0.72 for absolute LSS). Significant positive associations
were observed between relative LSS and age as well as between relative LSS and BMI;
however, these associations were non-significant for absolute LSS.

To demonstrate the change of LSS prevalence (congenital and acquired) with age we
divided the sample to four age groups: <40, 40–49, 50–59, 60+. The prevalence of
congenital LSS did not change with age (p=0.455 for relative LSS, and P=0.601 for absolute
LSS). However, as expected, the prevalence of acquired LSS increased with age (p=0.015
for relative LSS, and P=0.034 for absolute LSS) in the study population (Figure 2). The
prevalence of relative and absolute LSS increased from 16.0% to 38.8% and from 4.0% to
14.3% between age <40 years and 60+ years, respectively.

The results of multiple logistic regression analyses revealed that age, sex and BMI as well as
relative LSS were not significantly associated with LBP; and therefore these variables were
removed from the model (p>0.05). However, absolute LSS was found to be significantly
associated with LBP in the study population: OR=3.16 (95% CI: 1.05–9.53; p=0.042).

Discussion
Although LSS is one of the most commonly diagnosed spinal disorders, is the major reason
for surgery in older adults [18], and is considered a major cause of pain and disability, little
is known regarding the epidemiology of this condition. This is the first cross-sectional study
to describe the prevalence of radiographic LSS in a community-based population. There are
few previously published reports that include any estimate of the population prevalence of
LSS. De Villiers and Booysen [1] in a report of 850 myelograms with a water-soluble
contrast medium found a 6% prevalence of LSS. However, the authors did not accurately
describe the study sample and did not explicitly define their criteria for diagnosing
radiographic LSS. Fanuele et al. [3] reported a prevalence of 13.1% among 17,744 patients
who presented for evaluation and treatment at multiple spine centers. This study of a
selected patient population utilized a multicenter clinical database to identify patients self-
reporting their diagnosis on an initial visit questionnaire. No information was provided
regarding how LSS diagnosis was established.

There have been multiple studies reporting the occurrence of spinal stenosis in
asymptomatic individuals [19, 20]. In an MRI study of 67 individuals who had never had
LBP, sciatica, or neurogenic claudication, Boden and colleagues [19] found LSS in one
percent of individuals younger than 60, and 21% in individuals over 60 years old. Wiesel
and colleagues [20] reported that among 52 asymptomatic individuals over 40 years of age,
50% of CT scans were abnormal with the most common diagnoses being LSS and facet
degeneration. Haig and colleagues [16] found 23% prevalence of LSS (11.5 mm cut-point)
in 31 asymptomatic individuals. The prevalence of relative LSS in our sample of
asymptomatic individuals is very close to those presented by Haig and colleagues [16].
However, even clinically more relevant, absolute LSS was prevalent in 6.0% of
asymptomatic individuals vs. 18.9% in individuals with LBP. Our study showed no
difference in prevalence of radiographic LSS between men and women. To our knowledge,
there are no previous studies regarding sex differences in prevalence of radiographic spinal
stenosis in the general population. Jansson and colleagues [21] published statistics of spinal
stenosis surgery in Sweden between 1987 and 1999. Among 11,283 cases, no statistically
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significant differences between sexes were found. No difference was found also among 2751
patients admitted to William Beaumont Hospital, Royal Oak, Michigan with symptomatic
LSS [22]. Therefore, we conclude that there is no significant sex difference in the general
population prevalence of LSS.

Consistent with previous reports and consensus opinion, our results demonstrate that the
prevalence of acquired LSS increases with age.

Verbiest measured the mid-sagittal diameter of the lumbar canal at operation and proposed
two major types of stenosis [10]: absolute stenosis, with diameter 10 mm or less; and
relative stenosis with diameters ranging from 10 to 12 mm. In a CT study, the same author
suggested that midsagittal lumbar canal diameters less than 10 mm represent absolute
stenosis and diameters less than 13 mm represent relative stenosis [13]. Ulrich and
colleagues suggested that the antero-posterior diameter of the spinal canal (measured on
axial plain CT) less than 11.5 mm is small [9]. In another CT study, Lee and colleagues [23]
reported that the sagittal diameter of the lumbar spinal canal is never smaller than 10 mm in
a normal spine. Schonstrom and associates [24] suggested the cross-sectional area of the
dural sac to be a more reliable diagnostic measure and defined cross-sectional areas of
greater than 100 mm2 at the narrowest point as normal, 76 to 100 mm2 as moderately
stenotic, and less than 76 mm2 as severely stenotic. Taking into account the high correlation
(r=0.75) between the sagittal and transverse diameters of the dural sac [24], a sagittal
diameter more than 10 mm was defined as normal, 8 to 10 mm as moderately stenotic, and
less than 8 mm as severely stenotic. Haig et al. [16] demonstrated that antero-posterior
measurements of the spinal canal (using 11.95 mm as a threshold) can distinguish between
patients with clinical spinal stenosis and asymptomatic individuals. Jarvik and colleagues
[25] also found that severe LSS (gestalt measure) is less common in individuals without
LBP and is likely to be diagnostically and clinically relevant. In our community-based study,
individuals with sagittal canal diameters ≤10 mm showed a statistically significant
association with the occurrence of LBP (OR=3.16 (95% CI: 1.05–9.53)).

One concern of this study was the use of CT images as opposed to MRI images in
identifying the presence of spinal stenosis. However, although MRI currently appears to be
the imaging modality of choice, for the purposes of the current study, and in regards to
previously published literature, CT is a reasonable alternative for the evaluation of lumbar
stenosis [26–28]. The purpose of this study was not to argue for a change in standard
imaging modality but merely to better define the epidemiology of spinal stenosis. Moreover,
the reasonableness of CT use in this context is supported by the excellent intra- and inter-
rater reliability of the measurements.

There are several limitations of the present study. First, use of the antero-posterior diameter
of the spinal canal can lead to underestimation of the prevalence of spinal stenosis, for
example, in patients with trefoil shape of the spinal canal [29]. Second, the LBP index used
in this study, although the same measure utilized in work-related LBP studies, is relatively
insensitive and does not provide more specific symptomatic data such as pain radiation, pain
prolongation and severity, which should be evaluated in future studies.

Conclusions
The prevalence of congenital LSS in the US community based sample is 4.71% and 2.62%
for relative and absolute stenosis, respectively. The prevalence of relative and absolute
acquired stenosis increases with age to 47.2% and 19.4%, respectively, in the 60–69 year-
old age group. The very high prevalence of stenosis in the general population aged over 60
years warns against attributing pain and neurological symptoms in this patient population to
LSS based solely on the appearance of radiologic imaging studies. Nevertheless, absolute
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stenosis (sagittal diameter < 10mm) does appear associated with a three-fold higher risk of
experiencing LBP.
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Figure 1.
Schema of measurement of spinal canal at the level of intervertebral disc (acquired stenosis).
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Figure 2.
Prevalence of individuals with acquired LSS (%) according the age groups.
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Table 1

Prevalence of congenital and acquired lumbar spinal stenosis in the population-based sample.

Type of LSS

Relative (≤12 mm)
(N=191)

Absolute (≤10 mm)
(N=191)

N % (95% CI) N % (95% CI)

Congenital 9 4.71% (2.18–8.76%) 5 2.62% (0.86–6.00%)

Acquired 14 22.50% (16.80–29.10%) 14 7.30% (4.07–11.99%)

Any type 45 23.60% (17.73–30.23%) 16 8.40% (4.86–13.25%)
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