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Abstract

AIM: To evaluate two simple angle measurements for
predicting lumbosacral transitional vertebra (LSTV)
in magnetic resonance imaging (MRI) studies of the
spine.

METHODS: The lumbar spine MRI studies of 50 sub-
jects with LSTV and 50 subjects with normal lumbosa-
cral anatomy were retrospectively evaluated. In each
study, the mid-sagittal T2-weighted image was used
to measure the angle formed by a line parallel to the
superior surface of the sacrum and a line perpendicular
to the axis of the scan table (A-angle), as well as the
angle formed by a line parallel to the superior endplate
of the L3 vertebra and a line parallel to the superior
surface of the sacrum (B-angle).

RESULTS: The total study population consisted of 100
subjects (46 males, 54 females, 51 + 16 years old).
There were no differences in age and sex between the
two groups. Both A-angle and B-angle were significant-
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ly increased in subjects with LSTV compared to controls
(P < 0.05). The optimal cut-off values of A-angle and
B-angle for the prediction of LSTV were 39.8° (sensitiv-
ity = 80%, specificity = 80%, accuracy = 83%; 95%
confidence interval = 74%-89%, P = 0.0001) and
35.9° (sensitivity = 80%, specificity = 54%, accuracy
= 69%; 95% confidence interval = 59%-78%, P =
0.0005), respectively.

CONCLUSION: On sagittal MR images of the lumbar
spine, an increased A-angle and/or B-angle should alert
the radiologist to the presence of LSTV.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Lumbosacral transitional vertebra (LSTV) is a develop-
mental spinal anomaly, in which the lowest lumbar ver-
tebra shows elongation of its transverse process and
varying degrees of fusion/failure of segmentation from
the sacrum!”, LSTV has been reported to alter the bio-
mechanics of the lumbar spine and contribute to low
back pain””. However, controversy still exists regarding
the actual clinical significance of this entity'®”, which has
an incidence of 4%-30% in the general population'. The
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radiologic identification and reporting of LSTV may pro-
vide the clinician with a potential cause for the patient’
s symptoms and prevent erroneous numbering of the
lumbar vertebrae, which may have serious implications
in cases where spinal surgery is contemplatedp’sj. The an-
teroposterior radiograph of the lumbar spine remains the
reference standard method to detect the above entityp],
but is not always available to the magnetic resonance
imaging (MRI) reader. On MRI studies of the lumbar
spine, LSTVs can be detected either on coronal images
which highlight the transitional lumbosacral anatomy, or
on axial images of the lumbosacral junction which depict
the pseudoarthrosis or fusion of the last lumbar vertebra
with the sacrum. However, coronal images are not usu-
ally acquired in MRI examinations of the lumbar spine,
whereas the lumbosacral junction may be erroneously
identified at the L4-L5 level in sagittal scout images of
subjects with LSTV, resulting in incomplete axial cover-
age of the transitional level. As a result, LSTVs may be
missed on MRI.

We hypothesized that transitional lumbosacral anato-
my is associated with alterations of the lumbosacral cur-
vature, the assessment of which could assist in detecting
the entity on MRI. To validate this hypothesis, we applied
two specific angle measurements in lumbar spine MRI
studies of patients with and without LST'Vs.

MATERIALS AND METHODS

Institutional review board approval was granted and in-
formed consent was waived for this HIPAA-compliant
retrospective study. The MRI database of our institu-
tion was searched for examinations of the lumbar spine
performed in adults over a period of 6 mo (from Janu-
ary to June 2010). Two radiologists, who were blinded
to the original reports of the MRI studies, consecutively
evaluated examinations from newer to older on a picture
archiving and communication system workstation (Ultra-
visual, Emageon, AL, United States), in order to enroll
50 subjects with LSTV (study group) and 50 subjects
without LSTV (control group). In each examination, a
vertebra was defined as LSTV when (1) on sagittal im-
ages, it was separated from the sacrum by disc material;
and (2) on axial images, it exhibited uni- or bilateral pseu-
doarthrosis or fusion with the sacral ala™®”"". Subjects
with scoliosis, listhesis greater than grade 1, and/or his-
tory or MRI findings of spinal trauma, tumor, surgery or
infection were excluded. After the selection of the study
sample, a software-based goniometer tool was used on
the mid-sagittal T2-weighted image of each MRI study in
order to measure: (1) the angle formed by a line parallel
to the superior surface of the sacrum and a line perpen-
dicular to the axis of the scan table (A-angle); and (2) the
angle formed by a line parallel to the superior endplate of
the L3 vertebra and a line parallel to the superior surface
of the sacrum (B-angle) (Figure 1).

The patient’s age and sex, angle measurements of
the respective MRI study and side(s) of pseudoarthrosis
were registered for each case. In subjects with LSTV, the
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Figure 1 Mid-sagittal T2-weighted fast spin-echo image of the lumbar
spine illustrates the angle measurements which were performed in the
study. A-angle was defined by a line parallel to the superior surface of the sa-
crum and a line perpendicular to the axis of the scan table. B-angle was defined
by a line parallel to the superior endplate of L3 vertebra and a line parallel to
the superior surface of the sacrum.

Table 1 Demographics of the study and control groups,

along with the angle measurements of the respective magnetic
resonance imaging examinations

Feature Study group Control group P value
Age (yr) 53 £17 48 +14 0.1465
Sex (males/females) 22/28 24/26 0.4205
A-angle (degrees) 463+7.8 359+77 < 0.0001
B-angle (degrees) 46.7 8.4 41.6 £10.0 0.0035

side(s) of the pseudoarthrosis/fusion was additionally
recorded. Differences in age, A-angle and B-angle be-
tween the study and control groups were evaluated using
Student’s ~test for independent samples, and difference
in sex using ZZ. Receiver operating characteristic (ROC)
curves were computed to determine the optimal cut-
off values of A-angle and B-angle for the prediction of
transitional lumbosacral anatomy. A probability level of
0.05 was considered statistically significant. All data were
stored on a spreadsheet (Excel 2010, Microsoft, Seattle,
WA, United States), and analyses were performed using
a commercially available statistical package (MedCalc 8.0,
MedCalc Software, Mariakerke, Belgium).

RESULTS

The total study population consisted of 100 subjects
(46 males, 54 females, 51 = 16 years old). Table 1 sum-
marizes the demographics of the two groups, along with
the angle measurements of the respective MRI examina-
tions. A graphic representation of the results obtained
during angle measurements in subjects of the study and
control groups is demonstrated in Figure 2. There were
no differences in age and sex between the two groups.
Both A-angle and B-angle were significantly increased in
subjects with LSTV as compared to controls (P < 0.05,
Figure 3). In the study group, the pseudoarthrosis/fu-
sion was located on the left side in 19 (38%) cases, on the
right side in 6 cases (12%) cases, and bilaterally in 25 (50%)
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Figure 2 Graphic demonstration of the results obtained during measurements of the A-angle (A) and B-angle (B) in the two groups of the study. On each
column, a set of horizontal lines represents the average value (long line) + SD (short lines).

Figure 3 T2-weighted images of the lumbar spine. A: The mid-sagittal T2-weighted image of the lumbar spine exhibits increased A-angle (49.38°) and B-angle
(53.04°); B: Correspinding axial fast spin-echo image in this 42-year-old female subject with transitional lumbosacral anatomy demonstrates bilateral pseudoarthrosis
of the transitional vertebra with the sacral ala (arrowheads).
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Figure 4 Receiver operating characteristic curves showing the predictive value of A-angle (A) and B-angle (B) for the presence of transitional lumbosacral
vertebra.

cases. Based on the ROC curves, the optimal cut-off val- = 0.737-0.894, P = 0.0001), and 35.9° degtees (sensitiv-
ues of A-angle and B-angle for the prediction of LSTV ity = 80%, specificity = 54%, atea under the ROC curve
were 39.8° (sensitivity = 80%, specificity = 80%, area = 0.687; 95% confidence interval = 0.586-0.776, P =

under the ROC curve = 0.825; 95% confidence interval 0.0005), respectively (Figure 4).
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DISCUSSION

Since the first reported association between LSTVs and
low back pain by Bertolotti e al"in 1917, there has been
considerable debate and controversy among authors re-
garding the clinical relevance of the above entity. It has
been suggested that articulation between a LSTV and the
sacrum protects the intervening intervertebral disc by
limiting motion across the pseudoarthrosis and transmit-
ting stress to superior lumbar segments, thereby resulting
in its early degeneration. In subjects with LSTV, low back
pain can originate from the pseudoarthrosis, resultant
instability and degeneration of the level cephalad to the
LSTV, compression of the nerve root from hypertro-
phied transverse process, and the contralateral facet joint,
when the articulation is unilateral®™. Clinicians who con-
sider LSTV as a cause of low back pain and physicians
who are involved with interventional procedures on the
lumbar spine would benefit from MRI reports which de-
scribe the presence of this anatomical variation and pro-
vide accurate numbering of the lumbar vertebrae. MRI
of the lumbar spine lacks the panoramic perspective of
radiography and the spatial resolution of computed to-
mography, and unless the radiologist actively interrogates
for this entity, the detection of LSTV may be missed.

In our experience, subjects with LSTV frequently
demonstrate exaggerated lumbar lordotic curvature and
lack of sharp angulations at the lumbosacral junction
on the mid-sagittal MR image. Hence, we employed two
simple angle measurements, the A-angle and the B-angle,
which quantify the lumbosacral angulation and sacral in-
clination on sagittal MRI images, respectively. The A-angle
is identical in measurement to the lumbosacral angle
measured on lateral radiographs of the spine, increased
values of which have been previously reported to be as-
sociated with low back painm]. The B-angle was defined
by the superior sacral surface and the superior endplate
of L3 vertebra, as we have observed that, in most cases,
the main curvature of the lumbar spine extends along the
above levels.

In agreement with our observations, both angles were
significantly increased in subjects with LSTV as compared
to controls (Figure 2). The two angles exhibited similar
levels of sensitivity; however, the A-angle demonstrated
higher specificity. Since most radiologists start the evalu-
ation of lumbar spine MRIs from the sagittal images, it is
suggested that a measurement of the A-angle or B-angle
or at least a gross assessment of the sacral inclination and
lumbar lordosis should be performed before proceeding
to the detailed study assessment. An A-angle of greater
than 40°, a B-angle of greater than 36°, a large inclination
of the sacrum grossly with respect to axis of the scan
table, or an exaggerated lumbar lordosis should alert the
radiologist for the possible presence of an LSTV. Com-
pared to the A-angle, the B-angle may be more difficult
to measure (e.g, the forming lines may intersect out of
the image) and is also harder to assess grossly by visual
inspection. Of course, exaggerated lumbar lordosis may
also result from significant degenerative disc disease, age
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or larger degrees of listhesis. The results of this study
suggest that this finding should be carefully scrutinized in
young subjects to avoid missing an LSTV.

Previous studies have reported several predictive si-
milar signs which can suggest the presence of LSTV
in lumbar spine MRIs. O’Driscoll ¢ a/'" described two
types of intervertebral discs, which present at the lum-
bosacral junction in subjects with LSTV. The “type 17
disc is smaller than the superior one, maintains its high
T2 signal intensity, has no intranuclear cleft, and extends
along the entire anteropostetior space without any fusion
between the adjacent endplates, and has been considered
indicative of an LSTV. However, the specificity of the
above findings is questionable, as in cases of pseudoar-
throsis the transitional disc may appear normal. A “type
I disc is a rudimentary disc which is smaller than the
transitional one, maintains its signal intensity, has no in-
tranuclear cleft, and is associated with fusion of the an-
terior endplates, both of which appear concave". Again,
these signs are non-specific since a residual disc may exist
at the S1-S2 level in up to 58% of cases, leading to ovet-
diagnosis of LSTV". On axial images, the identification
of the iliolumbar ligaments, arising from the L5 vertebra,
enables precise detection of LSTV and accurate num-
bering of the lumbar vertebrae”; however, in cases with
segmentation anomalies of the thoracolumbar spine, the
recognition of L5 vertebra may be incorrect™. Another
study demonstrated that LSTVs commonly assume a
“squared” appearance in lateral radiographs, with the ra-
tio of the anteroposterior diameter of the superior end-
plate to the inferior endplate being less than 1.37M,

By design, retrospective case-control studies are sus-
ceptible to selection bias; therefore a limitation of our
study is that the studied material is not representative of
the general population. Another limitation is the absence
of correlation with radiographic findings, and the iden-
tification of the transitional anatomy being exclusively
based on MRI. As a result, from the four classical types
of LSTVs described by Castelvi e a/°, we were able to
identify the LSTVs which exhibited pseudoarthrosis or
fusion with the sacrum (types I , Il and IV), but not
those with dysplastic transverse processes, measuring at
19 mm in craniocaudal dimension (type I ). Therefore,
we cannot exclude the possibility that one or more cases
were erroneously included in the study or the control
group. However, the intent of the study was to predict
LSTV on MR imaging alone, as these simple measure-
ments may help MRI readers in their routine practice
when radiographs have not been performed, or are not
available at the time of read out. Future prospective stud-
ies in larger populations may re-evaluate the predictive
values of the angles we present in this paper.

COMMENTS

Background

Lumbosacral transitional vertebra (LSTV) has been reported to alter the biome-
chanics of the lumbar spine and has been postulated to be an important con-
tributor to low back pain. On magnetic resonance imaging (MRI), the detection
of LSTVs is not always straightforward, and an unknown number of cases are
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missed. Sagittal MRI images constitute the initial search front for the readers to
detect abnormalities of curvature and vertebral numbering. If the LSTV is not
suspected on the sagittal image, it is easy to overlook the transitional vertebra
on the axial image and lose the normal count. A simple means to detect LSTV
on sagittal MRI studies of the lumbar spine may assist radiologists in providing
more accurate reports.

Research frontiers

This paper describes two simple angle measurements used on sagittal MR im-
ages of the lumbar spine to predict LSTV.

Innovations and breakthroughs

Previous authors have described angle measurements which can be used to
predict LSTV on radiographs, but there have been no respective reports on
MRI. This is a novel and important paper, which describes easy and accurate
means of predicting LSTV on MR studies of the lumbar spine.
Applications

The angle measurements described are helpful for detecting LSTV, particularly
in cases where radiographs have not been performed, or are not available at
the time of read out.

Terminology

LSTV is a developmental spinal anomaly, in which the lowest lumbar vertebra
shows elongation of its transverse process and varying degrees of fusion/failure
of segmentation from the sacrum.

Peer review

The authors present simple but useful research describing an easy and intui-
tive sign that may give a hint to the radiologist regarding the presence of a
transitional lumbosacral vertebral body. The A-angle is quite easy to assess at
gross visual inspection and may alert radiologists looking for other morphologic
signs which should be regarded as the only real definite evidence of transitional
vertebral anatomy.
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