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Abstract BACKGROUND CONTEXT: Developmental lumbar spinal stenosis is a maldevelopment of the
dorsal spinal elements involving short pedicles and a trefoil bony spinal canal that increases the
likelihood of neural compression at an earlier age.
PURPOSE: To identify radiographically the anatomic variations caused by the maldevelopment of
the infrequently characterized dorsal spinal elements.
STUDY DESIGN: A prospective, control-matched comparative analysis.
METHODS: Magnetic resonance imaging (MRI) and anteroposterior (AP) plain radiographs of 66
patients (mean age, 40.7 years) selected and randomized prospectively and compared with images
of 45, age- and gender-matched control subjects. Variables assessed included spinal canal cross-
sectional area (CSA), thecal sac AP and transverse canal diameters (CSA), and interpedicular dis-
tance. All were expressed in ratios with vertebral body diameter (VBD), interlaminar angle, stenosis
grade, and MRI evidence of disc degeneration.
RESULTS: In the stenosis cohort, global pathology and multilevel involvement with L3, L4, and
L5 segments were involved more commonly and severely. Severe stenosis, at L1, L2, and S1 occurs
infrequently. Multivariate analysis demonstrated a statistically significant reduction in spinal canal
CSA-to-vertebral body CSA ratio, AP spinal canal diameter-to-VBD ratio on axial and sagittal
magnetic resonance images, and plain radiograph interpedicular distance-to-VBD ratio at all levels.
Interlaminar angle and the transverse spinal canal diameter-to-VBD ratio were reduced significantly
in the stenosed cohort at all levels, except L1. No statistically significant difference regarding the
incidence of disc degeneration on MRI between the two cohorts, as well as thecal sac CSA-to-spinal
canal CSA ratios across all levels were observed, except for L3 and S1 (p!.05).
CONCLUSIONS: Three spinal canal morphologies were identified: (1) ‘‘flattened’’ canal with
predominantly reduced spinal canal AP diameter, (2) spinal canal with predominantly reduced in-
terlaminar angle, and (3) global reduction of all canal parameters. Early age at presentation and sub-
tle spondylosis, although typical, should not be considered the identifying, differentiating
factors. � 2014 Elsevier Inc. All rights reserved.
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Introduction

Developmental spinal stenosis is caused by a maldevel-
opment or growth disturbance of the dorsal spinal elements
that result in an ‘‘anatomic conflict’’ between the available
space in the spinal canal and its contents. This disorder
manifests primarily after birth, hence the term developmen-
tal [1,2]. Patients may present with clinical symptoms at an
early age, and with fewer degenerative hypertrophic
changes than the more common degenerative cohort [1,3–
6]. The anatomic radiologic variations in these patients
has been characterized infrequently in the literature, and
patients with developmental spinal stenosis are intermixed
frequently with, and not distinguished from, degenerative
or congenital varieties of stenosis [1–21]. Congenital ana-
tomic changes or malformations (eg, an excessive scoliotic
or lordotic curve) invariably characterizes the congenital
type [1,7].

Early studies had linked developmental spinal stenosis
traditionally to the trefoil-shaped bony spinal canal and fur-
ther assessed spinal canal development from intrauterine to
adult life [8–11]. Quantitative bony canal parameters defin-
ing developmental spine stenosis, however, are known to be
of questionable significance [12]. As magnetic resonance
imaging (MRI) has become the imaging standard for intra-
spinal pathology, several authors have attempted to define
quantitatively and qualitatively the imaging parameters as-
sociated with spinal stenosis—the prevailing assessments
being measurements of spinal canal or dural sac cross-
sectional area (CSA) as assessed by either computed to-
mography or axial MRI sequences [13–18]. Regardless of
the type of stenosis, spinal canal CSAs of less than 100
mm2 or 75 mm2 represent respectively relative and absolute
central spinal stenosis [19,20]. The majority of cases eval-
uated in these studies, however, were of the degenerative
type with hypertrophic degenerative changes [14,17–23].
Singh et al. [4], in a comparative study of 15 patients with
congenital stenosis, specified quantitatively the radio-
graphic parameters of congenitally stenotic spinal canals
as having a shorter pedicle length (mean critical value,
6.5 mm), resulting in a smaller cross-sectional spinal canal
area (mean critical value, 213 mm2).

The importance of the imaging definition of this sub-
group of patients with stenosis is clear. A more global pa-
thology with possible multiple levels of involvement
necessitates morphometric evaluation of the entirety of
the lumbosacral vertebrae complex. The current study ad-
dresses specific imaging parameters based on axial and
sagittal magnetic resonance (MR) images and anteropos-
terior (AP) plain radiographic comparisons of 66 symp-
tomatic patients who were given a diagnosis of
developmental stenosis. The images for this group were
compared with the images of 45 asymptomatic age- and
gender-matched control subjects without stenosis. To our
knowledge, this is the largest patient series analyzed in
a comparative study.

Materials and methods

Selection criteria for patients given a clinical diagnosis of
developmental stenosis include patients younger than 50
years of age with neurogenic claudication symptoms for at
least 2 months, with rest relief of symptoms and with mini-
mum plain radiological degenerative manifestations. Pa-
tients in the developmental stenosis cohort were compared
with a gender- and age-matched control group of 45 non-
smoking subjects who had undergone MRI for a single event
of acute low back pain lasting no more than 7 to 10 days,
which is within the population’s prevalence for acute back
pain events. Primary health-care records demonstrated no
history of prior back pain or surgery, nor any history of clau-
dication or gluteal, thigh, or leg symptoms. Although direct
clinical comparisons are precarious, morphologic compari-
sons are not, and were examined in the current study. All pa-
tients were evaluated after informed consent was obtained
according to institutional review board approval.

Sagittal and axial MR images at multiple levels from L1–
S1, and AP lumbar plain radiographs were obtained for indi-
viduals in both cohorts. A reliable qualitative grading for the
severity of lumbar spinal stenosis based on the morphology
of the dural sac on axial MR images was used to evaluate
study patients and control subjects (Table 1) [24]. Patients
with deformity or radiographic evidence of instability were
excluded from the study cohort. To minimize selection bias,
patients with minor grade A radiologic stenosis (Table 1)
were excluded. Ensuring that minor radiological spinal canal
stenosis is the etiology behind clinical symptoms in patients
in the grade A subgroupmay prove difficult, and thusmay in-
troduce inclusion and selection bias.

From these stringent clinical and radiologic selection cri-
teria, 66 patients (44 men [66.7%] and 22 women [33.3%])
with a mean age of 40.7 years (range, 17–50 years) were
identified prospectively and compared with 45 control sub-
jects (31 men [68.9%] and 14 women [31.1%]) with a mean
age of 39.5 years (range, 16–50 years).

Patients given a diagnosis of developmental stenosis
were treated with both surgical decompression (43% of

Table 1

Schizas qualitative grading for the severity of lumbar spinal stenosis based

on the morphology of the dural sac [24]

Stenosis grade Description

Grade A CSF is clearly visible inside the dural sac, but its

distribution is inhomogeneous.

Grade B The rootlets occupy the entire dural sac, but they

can still be individualized. Some CSF is still

present, giving a grainy appearance to the sac.

Grade C No rootlets can be recognized, with the dural sac

demonstrating a homogeneous gray signal

with no CSF signal visible. There is epidural

fat present dorsally.

Grade D In addition to no rootlets being recognizable,

there is no dorsal epidural fat.

CSF, cerebrospinal fluid.
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