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RETROSPECTIVE STUDY

Spectrum of magnetic resonance imaging findings in
congenital lumbar spinal stenosis

Theodoros Soldatos, Majid Chalian, Shrey Thawait, Alan J Belzberg, John Eng, John A Carrino,

Avneesh Chhabra

Theodoros Soldatos, Majid Chalian, Shrey Thawait, John
Eng, John A Carrino, Avneesh Chhabra, Russell H Morgan
Department of Radiology and Radiological Science, the Johns
Hopkins Hospital, Baltimore, MD 21287, United States

Alan ] Belzberg, Department of Neurosurgery, the Johns Hop-
kins Hospital, Baltimore, MD 21287, United States

Avneesh Chhabra, Department of Radiology and Orthopaedic
Surgery, University of Texas Southwestern Medical Center, Dal-
las, TX 75390-9178, United States

Author contributions: All the authors solely contributed to this
paper.

Correspondence to: Avneesh Chhabra, MD, Associate Pro-
fessor, Section Chief, Department of Radiology and Orthopae-
dic Surgery, University of Texas Southwestern Medical Center,
5323 Harry Hines Blvd, Dallas, TX 75390-9178,

United States. avneesh.chhabra@utsouthwestern.edu
Telephone: +1-214-6482122
Received: May 15,2014
Accepted: November 17,2014
Published online: December 16, 2014

Revised: October 30, 2014

Abstract

AIM: To investigate whether congenital lumbar spinal
stenosis (CLSS) is associated with a specific degenera-
tive changes of the lumbar spine.

METHODS: The lumbar spine magnetic resonance
imaging studies of 52 subjects with CLSS and 48 con-
trol subjects were retrospectively evaluated. In each
examination, the five lumbar levels were assessed for
the presence or absence of circumferential or shallow
annular bulges, annular tears, anterior or posterior
disc herniations, epidural lipomatosis, Schmorl’s nodes,
spondylolisthesis, pars defects, and stress reactions of
the posterior vertebral elements.

RESULTS: Compared to control individuals, subjects
with CLSS exhibited increased incidence of circumfer-
ential and shallow annular bulges, annular tears, disc
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herniations and spondylolisthesis (P < 0.05).

CONCLUSION: CLSS is associated with increased inci-
dence of degenerative changes in specific osseous and
soft-tissue elements of the lumbar spine.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Congenital lumbar spinal stenosis is associated
with increased incidence of degenerative changes in
specific osseous and soft-tissue elements of the lumbar
spine. Describing the spectrum of the respective imag-
ing findings, this article can assist radiologists in provid-
ing more detailed magnetic resonance imaging reports.
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INTRODUCTION

Since the first reports describing congenital (or devel-
opmental) lumbar spinal stenosis (CLSS), the clinical
implications of this entity have been the subject of
several scientific studies”. Based on the original etio-
logical classification described by Arnoldi ez al”, CLSS
is a developmental narrowing of the spinal canal, which
is secondary to a bone dysplasia. Radiographically, the
respective subjects have a shorter pedicular length and
as a result a smaller cross-sectional spinal canal area”. In
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usual practice, the above subjects tend to present clini-
cally in the fourth or fifth decade of life with various
neurogenic complications and relatively few radiographi-
cally evident degenerative spondylotic changes[sl. Except
for scattered articles reporting radiographic and cross-
sectional measurements to define CLSS, there have been
no studies evaluating whether the entity is associated
with degenerative changes in specific osseous and soft-
tissue elements of the lumbar spine. In our practice with
magnetic resonance imaging (MRI) studies of the lumbar
spine, we have experienced that individuals with CLSS
tend to exhibit an increased incidence of specific imaging
features, including foraminal disc protrusions, as well as a
particular type of annular disc bulge, in which the poste-
rior concavity of the intervertebral discs is preserved. To
validate our observations and potentially extend our un-
derstanding of CLSS from an imaging point of view, we
investigated the association between CLSS and degenera-
tive changes in various osseous and soft-tissue elements
of the lumbar spine.

MATERIALS AND METHODS
Study population

Institutional review board approval was granted and in-
formed consent was waived for this HIPAA-compliant
study. The MRI database of our institution was searched
for examinations of the lumbar spine performed in
adults of less than or equal than 50 years of age, an age
limit arbitrarily employed to limit the inclusion of sub-
jects with age-related degenerative spine changes. Two
radiologists with 16 (A.C.) and 6 (T.S.) years of radiology
experience, respectively, who were blinded to the original
reports of the MRI studies, evaluated the examinations
in consensus on a picture archiving and communication
system workstation (Ultravisual, Emageon, AL, United
States). All examinations were performed on 1.5T or 3.0T
MR scanners and included axial and sagittal T1- and T2-
weighted images, as well as sagittal STIR images of the
lumbar spine.

In each study, the T2-weighted images were used to

calculate the mid-sagittal spinal canal diameter and mid-
sagittal thecal sac diameter at the mid-vertebral levels of
all five lumbar vertebrae. Subjects with mid-sagittal spinal
canal diameter of less than 14 mm on at least one level
were considered as having CLSS and were included in
the study group, whereas subjects with mid-sagittal spinal
canal diameter of equal or greater than 14 mm at all five
levels were included in the control group. Examinations
were consecutively evaluated until a study group of 52
subjects and a control group of 48 subjects were formed.
Patients with achondroplasia or a known history of spinal
surgery, trauma, infection and/or tumor were excluded.

Image analysis

In each study, the average value of mid-sagittal thecal sac
diameter was calculated, and thereafter, the intervertebral
levels from L1-L.2 to L.5-S1 were evaluated for the pres-
ence or absence of (1) circumferential annular bulge,
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defined as generalized extension of greater than 50%
of the outer boundary of the intervertebral disc beyond
the border of the adjacent bone, with loss of posterior
disc concavity; (2) shallow annular bulge, defined as the
extension of the intervertebral disc by greater than 50%
from the outer boundary of the adjacent bone, with
preservation of the posterior disc concavity; (3) annular
tear(s), defined as focal area(s) of increased signal inten-
sity within the outer layer of the intervertebral disc on
fluid-sensitive images; (4) uni- or bilateral foraminal disc
herniation(s), defined as extension(s) of less than 50% of
the outer boundary of the intervertebral disc beyond the
border of the adjacent bone, centered on one or both fo-
ramina; (5) central or paracentral disc herniation, defined
as extension of less than 50% of the outer boundary of
the intervertebral disc beyond the border of the adjacent
bone, protruding centrally or subarticulatly within the spi-
nal canal, respectively; (6) epidural lipomatosis, registered
when the epidural adipose tissue assumed an anteriotly
convex border and a thickness of greater than 7 mm'%; (7)
Schmotl’s node(s); (8) spondylolisthesis (antero- or ret-
rolisthesis), registered when the vertebral body exhibited
anterior or posterior displacement of equal or greater
than 1 mm over the vertebral body below; (9) uni- or
bilateral pars defect(s); (10) anterior disc herniation; and
(11) stress reaction (increased signal intensity on fluid-
sensitive images) of the posterior vertebral elements. For
each of the above featutes, the total incidence observed
throughout the five intervertebral levels was documented
for each subject.

Statistical analysis

For all evaluated quantitative parameters, the difference
between the study and control groups was assessed using
Student’s 7 test, whereas sex distribution was evaluated
using Zz test. A probability level of 0.05 was accepted as
statistically significant. All data were stored on a spread-
sheet (Excel 2010, Microsoft, Seattle, WA, United States)
and analysis was performed using a commercially available
statistical package (MedCalc 8.0, Mariakerke, Belgium).

RESULTS

Table 1 summarizes the demographics of the study popu-
lation, the incidences of the features evaluated, as well as
the results of the vatious statistical compatisons between
the study and control groups. The two groups were simi-
lar in terms of age and sex distribution. Subjects with
CLSS exhibited increased incidence of citcumferential
and shallow annular bulges, foraminal and anterior disc
herniations, annular tears, and spondylolisthesis. There
was no difference between the two groups regarding the
incidences of central and paracentral disc herniations,
epidural lipomatosis, Schmorl’s nodes, pars defects, and
stress reaction of the posterior vertebral elements.

DISCUSSION

CLSS has been attributed to an abnormal anatomic de-
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Table 1 Demographics of the 100 patients of the study along with the imaging features which were evaluated on the respective

magnetic resonance imaging studies

Parameter Subjects with CLSS Control subjects P

Subjects 52 48 -

Age 3810 38+8 0.4930
Sex (males/females) 28/24 22/26 0.2742
Average mid-sagittal thecal sac diameter 1.31+0.13 1.51+0.18 -

Circumferential annular bulges 59 (1.13 £ 0.95) 35 (0.73 £ 0.79) 0.0116"
Shallow annular bulges 80 (1.54 +1.06) 47 (0.98 + 0.93) 0.0031"
Foraminal disc herniations 31 (0.60 + 0.82) 13 (0.27 £ 0.54) 0.0111"
Central/paracental disc herniations 22 (0.42 + 0.70) 15 (0.31 + 0.55) 0.1917
Epidural lipomatosis 33 (0.63 +1.09) 17 (0.35 £ 0.76) 0.0701
Schmorl’s nodes 24 (0.46 + 1.00) 13 (0.27 £ 0.68) 0.1352
Spondylolisthesis 53 (1.02 +0.96) 29 (0.60 +0.71) 0.0081"
Pars defects 0 (0.00 + 0.00) 2 (0.04 £ 0.20) 0.0699
Annular tears 56 (1.08 +1.01) 25 (0.52 + 0.80) 0.0004"
Anterior disc herniation 63 (1.21 £1.16) 25 (1.51 £ 0.18) <0.0001"
Posterior elements stress reaction 4 (0.08 +0.33) 2(0.04 +0.20) 0.2644

Subjects and sex are expressed are number of cases, age as yr + SD, and spinal and thecal sac diameters as average value in cm * SD. All imaging param-

eters are presented as total incidence (average incidence + SD). Features marked with an asterisk (') indicate significant difference between the two groups.

CLSS: Congenital lumbar spinal stenosis.

Figure 1 Mid-sagittal T2-weighted (3230, 120) image of the lumbar spine
in a 50-year-old male with congenital lumbar spinal stenosis. The lumbar
spine shows loss of the lordotic curve, multilevel spondylolisthesis, and de-
generative disc disease manifested as loss of disc height, circumferential disc
bugles, anterior disc herniations, Schmorl's modes and a central disc protru-
sion. In this subject, the mid-sagittal spinal canal diameter ranged from 1.45 cm
at the L1 level to 1.03 cm at L4 level. The average mid-spinal canal diameter
was 1.26 cm.

velopment of the spinal canal. The etiology of the entity
is unknown, except from some cases which are induced
by achondroplasia[5’7]. CLSS differs from degenerative
lumbar spinal stenosis in that the spinal canal stenosis is
not limited to one or two intervertebral levels, but is uni-
formly distributed throughout the lumbar spine (Figure
1). As a result, the surgical treatment of CLSS commonly
necessitates multi-level intervention, as opposed to de-
generative lumbar spinal stenosis, which requires more
focal proceduresm. Subjects with CLSS are vulnerable
to even minimal degenerative changes that compromise
the already narrowed spinal canal, and tend to experience
symptoms in the fourth and fifth decades of life, as op-
posed to patients with degenerative lumbar spinal steno-
sis, who demonstrate symptoms primarily after the sixth
decade of life™".

Although the incidence of CLSS in the general popu-
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lation is unknown and probably varies among different
races and ethnic groups, MRI readers commonly en-
counter this entity in studies of the lumbar spine. CLSS
has been described as eatly as the 1950s", however the
imaging evaluation of this entity has been limited to de-
lineating radiographic and cross-sectional criteria for its
definition, and reporting limited degenerative spondylotic
changes as a typical radiographic feature of the respective
subjects. The definition of CLSS is not uniform across
authors, with studies suggesting cut-off values of mid-
sagittal spinal canal diameter varying between 10 and 17
mm, and not clarifying whether spinal canal narrowing
needs to be documented on at least one or more spinal
levels™™"". Some authors consider the cross-sectional
area of the spinal canal as the criterion to define CLSS,
a measurement, probably more accurate, but also time-
consuming and impractical for everyday use. In addi-
tion, all previous studies have been limited in the vague
description of ossecous degenerative changes, and mostly
using radiographs! >’ This study focused on specific
osseous and soft tissue elements of the lumbar spine and
employed a mid-sagittal spinal canal diameter of less than
14 mm on at least one mid-vertebral level to define CLSS.
The latter value “summates” previous reports, has been
illustrated in a large previous study by Singh ez a/” and is
the one used by radiologists and orthopaedic surgeons in
our institution. A recent study which compared subjects
with and without CLSS by means of MRI and antero-
posterior radiographs of the lumbar spine, reported that,
in the CLSS cohort, global pathology and multilevel in-
volvement with 1.3, .4, and L5 segments were involved
more commonly and severely, whereas severe stenosis, at
L1, L2, and S1 occurred infrequently. The authors also
described three spinal canal morphologies in the CLSS
group: (1) “flattened” canal with predominantly reduced
spinal canal AP diameter; (2) spinal canal with predomi-
nantly reduced interlaminar angle; and (3) global reduc-
tion of all canal parameters'
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Figure 2 Axial T2-weighted (5000, 102) images of the lumbar spine in a
48-year-old female with congenital lumbar spinal stenosis exhibits a shal-
low annular disc bulge.

We found that young and middle-aged individuals
with CLSS demonstrate increased incidence of degenera-
tive changes in the specific osseous and soft-tissue ele-
ments of the lumbar spine. In particular, these subjects
exhibit increased incidence of “shallow annular bulges”,
a term which has not been previously established, but has
been used in our practice to describe a particular type of
disc bulge, which involves greater than 50% of the disc
boundary, but does not meet the strict definition of cir-
cumferential bulge, in which a loss of the posterior disc
concavity is also present (Figure 2). Shallow annular bulg-
es preferentially narrow the neural foramina, similar to
foraminal herniations. It may be speculated that, in CLSS,
the thecal sac becomes less pliable due to the uniformly
narrowed spinal canal, as well as less compressible due to
the opposing intrinsic pressure of the cerebrospinal fluid.
As a result, the thecal sac demonstrates increased resis-
tance against posterior disc bulges or herniations in the
initial stages of degenerative disc disease. In the above
setting, a degenerated disc, acquiring the path of least
resistance, tends to project into the foramina rather than
the spinal canal. Consequently, the disc potentially main-
tains its posterior concavity and a shallow annular bulge
is established. The above hypothesis could also explain
the increased incidence of foraminal protrusions and an-
terior disc herniations in CLSS. The spectrum of findings
is completed with increased incidence of circumferential
annular bulges and spondylolisthesis (Figure 3).

Knowledge of the spectrum of MRI findings in
CLSS could not only extend our understanding of the
latter entity, but also assist radiologists in providing more
detailed lumbar spine MRI reports. In most situations,
radiologists begin the assessment of lumbar spine MRI
studies from a quick evaluation of the mid-sagittal image,
therefore establishing CLSS could alert readers for the
presence of the aforementioned features.

This study has certain limitations. First, all studied
subjects reported back pain, therefore the incidence of
degenerative disc disease was probably high in this bi-
ased group, and may have affected the results. Second,
all MRI examinations were evaluated in consensus by the
two readers, therefore the inter-observer variability could
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Figure 3 Axial T2-weighted (3516, 115) image of the lumbar spine in a
29-year-old male with congenital lumbar spinal stenosis demonstrates a cir-
cumferential disc bulge with a superimposed left foraminal disc protrusion.

not be estimated. Third, due to the absence of a widely
accepted cut-off value of mid-sagittal canal diameter to
define CLSS, we used a cut-off value that “summates”
previous reports, and probably provides a good trade-
off between specificity and sensitivity for detecting CLSS.
However, the use of an absolute dividing line between
subjects with and without CLSS is probably arbitrary, and a
continuous zone between the two groups most likely exits.

In conclusion, CLSS is associated with eatly develop-
ment of degenerative changes in specific osseous and
soft-tissue elements of the lumbar spine, which could
reflect altered spinal biomechanics. The spectrum of
imaging findings includes the shallow annular bulge, in
which the posterior concavity of the intervertebral disc is
preserved. Knowledge of the above spectrum could ex-
tend our understanding of CLSS, and assist radiologists
in providing more detailed lumbar spine MRI reports.

COMMENTS

Background

Congenital lumbar spinal stenosis (CLSS) is a developmental narrowing of
the spinal canal, which is associated with early neurogenic complications and
relatively few radiographically evident degenerative spondylotic changes. This
article investigates the association between CLSS and degenerative changes in
various osseous and soft-tissue elements of the lumbar spine.

Research frontiers
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investigate the spectrum of early degenerative changes of the lumbar spine in
the respective entity.
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This is the first article to describe the spectrum of early degenerative changes
of the lumbar spine in subjects with CLSS.
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Providing knowledge of the spectrum of early degenerative changes of the lum-
bar spine in subjects with CLSS this article extends our understanding of the
entity and nay assist radiologists in providing more detailed MRI reports.

Peer review

This is a very interesting article describing uncertain entity as congenital lumbar
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