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The aim of our study was to examine the locational distribution of paraspinal
structures on MRI and to determine any predictable parameters that may be used
for the identification of transitional vertebra (TV). We enrolled 534 patients who
underwent MRI of their lumbosacral spine. The locations of the paraspinal struc-
tures, such as aortic bifurcation (AB), IVC confluence (IC), right renal artery
(RRA), celiac trunk (CT), SMA root (SR), and iliolumbar ligament (ILL), were
determined using ‘‘cross link’’ in PACS. We also assessed the morphology of the
TV. The MRI showed that the most common site of the paraspinal structures in the
normal group was AB at the lower L4, IC at the L4-5 disc space, RRA at the L1-2
disc space, CT at the T12-L1 disc space, SR at the upper L1, and ILL at the L5. The
frequency of TV was 23.8% (lumbarization, 9.9%; sacralization, 13.9%). The par-
aspinal structures of the S1 lumbarization were positionedmore toward the caudal
location, whereas the paraspinal structures of the L5 sacralization were positioned
more toward the cephalic location (P < 0.01). In conclusion, AB, IC, RRA, CT, SR,
and ILL are useful landmarks for predicting the presence of TV on MRI. TV is possi-
ble when these paraspinal structures are in positions outside of the frequent loca-
tions. Clin. Anat. 20:905–914, 2007. VVC 2007 Wiley-Liss, Inc.
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INTRODUCTION

A transitional vertebra (TV) is a common congenital
anomaly in the lumbosacral area. Precise localization of
the vertebral segment on lumbosacral images is important
(Tini et al., 1977; Castellvi et al., 1984; Williams et al.,
1989a; Hahn et al., 1992; Lee et al., 2004). In lumbar
magnetic resonance imaging (MRI), radiologists usually
determine the level of the lumbar vertebra from the verte-
bral body morphology, the lumbosacral angle on a sagittal
view, and the configuration of the intervertebral discs
(MacGibbon and Farfan, 1979; Nicholson et al., 1988).

However, inaccurate results occur frequently when the
location is only determined from a lumbar radiograph or

when MRI is used alone. The reason for such results in
most cases is due to the presence of an accompanying TV.
Moreover, surgery could be performed on areas other than
those intended because the localization of the condition
could be potentially flawed (Tini et al., 1977; Hahn et al.,
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1992; Malanga and Cooke, 2004). For a TV of the lumbo-
sacral area, an anatomically S1 vertebra that appears
morphologically as an L5 vertebra is referred to as lumbari-
zation. In contrast, an L5 vertebra that appears as an S1
vertebra is referred to as sacralization (Tini et al., 1977;
Castellvi et al., 1984; Williams et al., 1989a; Hahn et al.,
1992; Lee et al., 2004).

The incidence of TV has been reported to range from 3
to 21% (Tini et al., 1977; Hahn et al., 1992; Lee et al.,
2004). Despite the fact that TV has a pattern that is mani-
fested relatively frequently, not many reports have been
produced on the anatomical characteristics of TV nor have
predictive markers been determined by various imaging
studies. Therefore, our study was designed to evaluate the
locational distribution of the paraspinal structures that are
located in a relatively constant area and to investigate any
predictable parameters for TV.

MATERIALS AND METHODS

Patient Population

The study was approved by our medical ethics commit-
tee. Informed consent for the review of patient records and
images was not a prerequisite for the approval and was not
obtained. Among the patients who underwent lumbar MRI
at our hospital during a 6-month period, we excluded cases
with inadequate images, spinal deformities, vertebral
anomalies (Klippel-Feil syndrome), vertebral compression
fractures, vascular anomalies, and extremely tortuous aorta
that may distort the paraspinal structure. We obtained lum-
bar radiographs from a total of 534 cases. The mean age of
the study subjects was 44.5 years (18–66 years) and the
male to female ratio was 263:271.

Machines

Thorax radiographs as well as lumbar radiographs were
obtained from all the study subjects. The MRI was per-
formed using a 1.5 T (Tesla) machine (Sonata, Siemens,
Germany). The MRI sequences that were performed on all
the patients were sagittal T1-weighted, axial T1-weighted,
coronal T2-weighted, sagittal T2-weighted, and axial T2-
weighted fast spin-echo imaging as well as T2-weighted
Cervico-Thoracic sagittal localizer imaging. The T1 weighted
image (WI) was approached with a short TR and TE com-
pared with the long TR and TE of the T2 WI.

Vertebrae Numbering

To accurately determine the location of the vertebral
body on MRI, the C1 vertebra must be counted. Therefore,
we obtained cervico-thoracic sagittal localizer images (C-T
localizer) from the C1 to T12 vertebrae in addition to the
conventional lumbar MRI. We used an oil capsule as a skin
marker at the level of the lower thoracic spine by palpating
the xiphoid process located between T10 and T11. The
number of cervical, thoracic, and lumbar vertebrae was 7,
12, and 5, respectively. Using the C-T localizer, we counted
the vertebral body from C1 to the oil capsule area and the
vertebral body level from the oil capsule area to S1 on the
lumbar sagittal images.

Determining the Locational Distribution of
the Paraspinal Structures on MRI

After the vertebrae were numbered, we examined the
location of the paraspinal structures. The paraspinal struc-
tures including the aortic bifurcation (AB), inferior vena
cava confluence (IC), proximal right renal artery (RRA), ce-
liac trunk (CT), SMA root (SR), and iliolumbar ligament
(ILL) were detected in a constant area. We used the follow-
ing method to determine the location of the paraspinal
structures. The site of the AB was defined as the point
wherein both common iliac arteries were seen on an axial
T2-weighted image (WI) as complete independent circles in
addition to a fat signal between the two arteries. AB was
evaluated using the ‘‘cross-link function’’ of the PACS (pic-
ture archiving and communication system) to determine
the relationships among the sagittal, axial, and coronal
images (Figs. 1, 2A, and 3A). The IC was difficult to deter-
mine accurately as a point on the MRI and therefore was
defined as the area where the left common iliac vein was
detected in the space between both common iliac arteries
on an axial T2 WI (Figs. 2B and 3B). The location was also
determined using the PACS cross-link function. The RRA
was defined as the area that is a small round signal void on
a sagittal T1 and T2 WI between the IVC and aorta. The
location of the RRA was determined by drawing a vertical
line from the signal void to the adjacent vertebral body
(Figs. 2D and 3D). The locations of the CT and the SR were
determined on a sagittal T1 and T2 WI by drawing a vertical
line to the vertebral body that was adjacent to the site of
their origin (Figs. 2E and 3E). The ILL is the structure that
connects the transverse process of the lumbar vertebra and
the ilium. This ligament was assessed on an axial T1, axial
T2, and coronal T2 WI. The location of the ILL was deter-
mined using the cross-link function (Figs. 2F and 3F).

On the basis of the assumption that the height of the
disc is comparable to half of the vertebral body height, we
divided the location of the above-mentioned paraspinal
structures into the upper vertebral body, the lower verte-
bral body, and the disc space. For the statistical analysis,
we defined the T11/T12 disc space as 0 and the L5/ S1 disc
space as 18. For example, the upper half of the L1 was
defined as 4. On a sagittal image, the L5 vertebra usually
has a rectangular shape and the S1 vertebra exhibits a
rhombus shape. However, if the TV was accompanied, the
morphology of the L5 may be seen as a rhombus shape or
the shape of the S1 is seen as a rectangle, which may
cause confusion when determining the vertebral location.
Therefore, to examine the morphology of L5 and S1, we
assessed the ratio of the endplates (ER) by measuring the
length of the upper and lower endplate of each vertebral
body and we defined the ratio as the value of the inferior
endplate length divided by the length of the superior end-
plate of each vertebral body.

Transitional Vertebra: Anatomical
Significance and Localization of the
Paraspinal Structure

We examined the incidence of TV in the 534 patients.
We classified lumbarization in the TV cases when the shape
of the S1 was similar to L5. In contrast, we classified sacral-
ization of the L5 in the TV cases when the shape of the L5
was difficult to distinguish from the S1.
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Fig. 1. Determination of paraspinal structures on MRI. Aortic bifurcation: Using
the ‘‘cross link’’ function on the PACS program, both of the common iliac arteries
are completely separated at the upper half of the L5 as the point of aortic bifurca-
tion (arrow).
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We also divided lumbarization into the following three
types of classification (Fig. 4): (1) Complete lumbarization,
in which both transverse processes of the S1 did not form a
joint with the transverse process of the S2 and appeared to
be separated; (2) Incomplete lumbarization, in which both
transverse processes of the S1 formed a pseudoarthrosis
with the transverse process of the S2, or only one side
formed a pseudoarthrosis and the other side showed normal
fusion; and (3) Mixed lumbarization, in which one side was a
complete type and the other was incomplete or normal.

In addition, we classified three types of sacralization (Fig.
5): (1) Complete sacralization, in which both transverse pro-
cesses of the L5 were completely fused with the transverse
process of the S1; (2) Incomplete sacralization, in which both

transverse processes of the L5 formed a pseudoarthrosis with
the transverse process of the S1, or one side formed a pseu-
doarthrosis and the other side showed normal separation; and
(3) Mixed sacralization, in which one side was a complete type
and the other was incomplete or normal.

We examined the incidence of each type of lumbarization
and sacralization according to the earlier classifications. For
each classification, we also examined the anatomical loca-
tion and distribution of the paraspinal structures on the
MRI. We included the dysplastic transverse process, which
is frequently known as one particular type of TV, as the
normal group for this study.

On the basis of these findings, we analyzed the differen-
ces in the locational distribution of the paraspinal structures

Fig. 2. Forty-eight-year-old man with S1 lumbari-
zation. Note that the paraspinal structures are located
more caudally than normal. A: Axial T2 WI shows aortic
bifurcation at the level of the L4-5 disc space. B: Axial
T2 WI shows IVC confluence at the level of the L5-S1
disc space. C: In the lumbar AP radiograph, the S1
vertebra shows complete lumbarization. D: Sagittal T2
WI shows the proximal right renal artery (arrow head)

at the upper half of the L2. E: Sagittal T1 WI shows the
celiac trunk at the upper half of the L1 and the root of
SMA (open arrow) at the lower half of the L1. F: Coronal
T2 WI shows the iliolumbar ligament (arrow) from
transverse process of the S1. When the vertebral seg-
ment is counted using the L5 morphological standard,
the paraspinal structures are located at a higher place
than normal.
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that were determined from the normal, lumbarization, and
sacralization groups, and we also classified the TV based on
the findings generated by the plain radiographs and MRI.
Furthermore, we evaluated the parameters that allowed the
TV to be predicted.

Data and Statistical Analysis

For analysis, we divided the 534 patients into normal,
lumbarization, and sacralization groups and statistically ana-
lyzed the average values for AB, IC, RRA, CT, SR, ER of L5,
and ER of the S1 using one-way ANOVAs with the Tukey
method. We performed frequency analysis for the ILL meas-
urements on the MRI that did not have a normal distribution.
For the subdivision of the lumbarization group, we performed

multiple comparisons of the paraspinal structures. However,
for the sacralization group, we combined the mixed type with
the incomplete type due to the small number of mixed-type
cases (n = 5 mixed-type cases). Consequently, we divided
the sacralization group into complete group and incomplete
group and compared their mean values (t test). We consid-
ered P values <0.05 to be statistically significant.

RESULTS

Incidence of Transitional Vertebra

Among the 534 subjects, we determined that 407 cases
were in the normal group and 127 cases (23.8%) were in

Fig. 3. Thirty-nine-year-old man with L5 sacraliza-
tion. Note that the paraspinal structures are positioned
more cephalad than normal. A: Axial T2WI shows the aor-
tic bifurcation at the level of the L3-4 disc space.B:Axial T1
WI reveals IVC confluence at the lower half of L4. C: In the
lumbar AP radiograph, the L5 vertebra shows the complete
type of sacralization. The 12th rib is also absent.D:Sagittal
T2 WI shows the proximal right renal artery (arrow head)

at the upper half of the L1 vertebra. E: Sagittal T2 WI
reveals the celiac trunk at the lower half of the T12 and the
root of the SMA (open arrow) at the T12-L1 disc space. F:
Coronal T2 WI demonstrates an iliolumbar ligament
(arrow) from the transverse process of the L4. When the
vertebral segment is counted using the L5 morphological
standard, the paraspinal structures are located at a lower
place than normal.
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the TV group. Among the 127 cases in the TV group, we
observed lumbarization and sacralization in 53 (9.9%) and
74 (13.9%) of the cases, respectively. Among the 53 cases
showing S1 lumbarization, we observed the complete,
incomplete, and mixed types in 24 (45.3%), 14 (26.4%),
and 15 (28.3%) cases, respectively. Among the 74 cases
that had L5 sacralization, we observed the complete,
incomplete, and mixed types in 24 (45.3%), 44 (59.5%),
and 5 (6.8%) of the cases, respectively. We also found 153
(37.8%) subjects with dysplastic transverse processes that
were higher than 19 mm, a condition that was previously
defined as a classifier for TV.

Locational Distribution of the Paraspinal
Structures

The AB point was most prevalent at the lower half of L4
(167 cases, 41.2%) in the normal group (Table 1). In most
cases (94.8%), the AB was concentrated on the area
between the upper half of the L4 and the L4/L5 disc space.
In the lumbarization group (Table 2), the AB was most
prevalent in the L4/5 disc space, which was one level lower
than that in the normal group (41.5%) and was concen-
trated in the area between the L4/5 disc space and the

lower half of L5 in most cases (88.7%). In the sacralization
group (Table 3), we found that the AB was primarily in the
upper half of the L4, which was one level higher than that
in the normal group (33.8%) and was distributed in the
area between the L3/4 disc space and the lower half of the
L4 in a substantial number of cases (91.8%). A statistically
significant difference was detected within and between the
three groups (P < 0.01).

The inferior vena cava confluence (IC) was most preva-
lent at the L4/L5 disc space (37.5%) in the normal group
(Table 1) and was concentrated in the area between the
lower half of the L4 and the upper half of the L5 in most
cases (95.5%). In almost all the cases, we detected the IC
in the area approximately one level lower than AB. In the
lumbarization group (Table 2), the IC was most prevalent in
the upper half of the L5 (43.4%) and was concentrated in
the area between the upper half of the L5 and the lower
half of the L5 in most cases (83%). In the sacralization
group (Table 3), the IC was most prevalent in the lower
half of the L4 (39.2%) and was distributed in the area
between the upper half of the L4 and the L4/5 disc space in
a substantial number of cases (85.2%). We detected a stat-
istically significant difference within and between the three
groups (P < 0.01).

Fig. 4. Type of lumbarization. A: Complete lumbari-
zation. Lumbar AP radiograph shows a completely
separated transverse process of the S1 vertebra. The
accessory of a 13th rib is also revealed. B: Incomplete
lumbarization. Lumbar AP radiograph reveals bilateral

pseudoarthrosis of the enlarged S1 transverse process
with the S2 vertebra. C: Mixed type. The right trans-
verse process of the S1 is the complete type, but the
left side is the incomplete type.
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The proximal RRA was most prevalent at the L1/L2 disc
space (43.7%) in the normal group (Table 1) and was con-
centrated in the area between the L1/L2 disc space and the
lower half of the L1 in most cases (77.8%). In the lumbariza-
tion group (Table 2), the RRA was most commonly located in
the upper half of the L2 in 18 cases and was the most preva-
lent (34%) as well as one level lower than the normal group.
In most cases (94.3%), the RRA was concentrated in the
area between the disc space of the L1/L2 and the lower half
of L2. In the sacralization group (Table 3), we located the
RRA in the lower half of the L1 in 29 cases, which was one
level higher than that in the normal group and the most
prevalent (39.2%). Furthermore, we located the RRA in the
L1 vertebral body in a substantial number of cases (71.6%).
We observed a statistically significant difference within and
between the three groups (P < 0.01).

The CT was most commonly located at the T12/L1 disc
space (39.3%) in the normal group (Table 1) and was con-
centrated in the area between the lower half of T12 and the
upper half of L1 in a substantial number of cases (89.9%). In
the lumbarization group (Table 2), the CT was most com-
monly located in the upper half of the L1 in 23 cases

(43.4%), which was approximately one level lower than that
seen in the normal group. The origin of the CT was located in
the L1 vertebral body in a large proportion of cases (67.9%).
In the sacralization group (Table 3), the CT was most com-
monly found in the lower half of the T12 in 33 cases
(44.6%), which was approximately one level higher than in
the normal group and was located in the area between the
lower half of the T12 and the T12/L1 disc space in a substan-
tial number of cases (86.5%). We observed statistically sig-
nificant differences within and between the three groups (P <

0.01).
The SR was most commonly located at the upper half of

the L1 (44.7%) in the normal group (Table 1), which was
approximately one level lower than the origin of the CT.
The SR was concentrated in the area between the T12/L1
disc space and the upper half of the L1 in a substantial
number of cases (73.8%). In the lumbarization group (Ta-
ble 2), the SR was most commonly located in the lower half
of the L1 in 25 cases (47.1%) and was located in the area
between the lower half of the L1 and the L1/L2 disc space
in many cases (73.6%). In the sacralization group (Table
3), the SR was most commonly located in the T12/L1 disc

Fig. 5. Type of sacralization. A: Complete sacraliza-
tion. Lumbar AP radiograph shows the complete fusion
of the L5 transverse process with the S1 vertebra. The
absence of a 12th rib is also apparent. B: Incomplete
sacralization. Lumbar AP radiograph reveals bilateral

pseudoarthrosis of the enlarged L5 transverse process
with S1 vertebra. C: Mixed type. The right transverse
process of L5 is the complete type, but the left side is
an incomplete type. Hypoplasia of the 12th rib is also
demonstrated.
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space in 26 cases (35.1%) and in the area between the
lower half of T12 and the upper half of L1 in most cases
(87.8%). We observed statistically significant differences
within and between the three groups (P < 0.01).

The average ER of the L5 was 0.97 6 0.04 in the normal
group, while for the TV group, the average ER was 0.99 6
0.04 in the lumbarization group and 0.93 6 0.08 in the
sacralization group. The sacralization group had a signifi-
cantly (P < 0.01) lower value than the other two groups.
This result suggests that the L5 shape of the sacralization
group was similar to the S1. In addition, in the sacralization
group, 18 cases showed an ER lower than 0.9, which is in-

dicative of a rhombus shape. Among them, 15 cases were
in the complete sacralization group and three cases were in
the incomplete sacralization group.

The average ER of the S1 was 0.67 6 0.08 in the normal
group while for the TV group, the average ER was 0.94 6
0.05 in the lumbarization group and 0.66 6 0.07 in the
sacralization group. The lumbarization group showed a sig-
nificantly (P < 0.01) higher ER value than the other two
groups. This suggests that the S1 body of the lumbarization
group showed a rectangular shape, which is similar to L5.
In addition, in the lumbarization group, 45 cases (85%)
had a S1 ER that was more than 0.9 and could be consid-
ered rectangular. Therefore, the shape of S1 was rectangu-
lar in most of the cases from the lumbarization group.

The ILL began from the transverse process of the L5 in
394 cases (97.3%) of the normal group. In seven cases,
the ILL began simultaneously in the transverse process of
the L4 and L5, while in three cases the ILL began simulta-
neously in the L5 and S1. The ILL originated from the S1 in
one case. In the lumbarization group, 34 cases (64%) had
an ILL that originated in the S1, 14 cases (26%) had an ILL
that originated simultaneously in the L5 and S1, and 5
cases (10%) had an ILL that started from the L5. In the
sacralization group, 50 cases (67.6%) had an ILL that origi-
nated in the L5, 14 cases (18.9%) had an ILL that origi-
nated from the L4, and 10 cases (13.5%) had an ILL that
was simultaneously in L4 and L5.

The Locational Distribution of the
Paraspinal Structures According
to the TV Subdivision

We divided the lumbarization group into complete, incom-
plete, and mixed groups and found the following statistically
significant results. In the complete group, the RRA, CT, and
SR were located approximately one level lower to the caudal
portion when compared with the incomplete and mixed
groups (P < 0.01). The S1 ER of the complete group was

TABLE 1. Locations of Paraspinal Structures
in Normal Group (n = 407)

CT SR RRA AB IC

T11/12 4
T12(U) 31 3
T12(L) 129 28
T12/L1 159 118 6
L1(U) 68 181 41
L1(L) 16 67 139
L1/2 10 178
L2(U) 37
L2(L) 6
L2/3
L3(U)
L3(L)
L3/4 16 1
L4(U) 119 11
L4(L) 167 117
L4/5 99 152
L5(U) 6 119
L5(L) 7
L5/S1

AB, Aortic bifurcation; IC, IVC confluence; RRA, proximal
right renal artery; CT, celiac trunk; SR, root of SMA; U,
upper half; L, lower half.

TABLE 3. Locations of Paraspinal Structures
in Sacralization Group (n = 74)

CT SR RRA AB IC

T11/12 7
T12(U) 14 6
T12(L) 33 20 1
T12/L1 17 26 7
L1(U) 2 19 24
L1(L) 1 2 29
L1/2 1 13
L2(U)
L2(L)
L2/3
L3(U) 1
L3(L) 3 1
L3/4 21 3
L4(U) 25 17
L4(L) 22 29
L4/5 2 17
L5(U) 7
L5(L)
L5/S1

AB, Aortic bifurcation; IC, IVC confluence; RRA, proxi-
mal right renal artery; CT, celiac trunk; SR, root of
SMA; U, upper half; L, lower half.

TABLE 2. Locations of Paraspinal Structures
in Lumbarization Group (n = 53)

CT SR RRA AB IC

T11/12
T12(U)
T12(L) 6 1
T12/L1 7 4
L1(U) 23 6
L1(L) 13 25 2
L1/2 3 14 17
L2(U) 1 2 18
L2(L) 1 15
L2/3 1
L3(U)
L3(L)
L3/4
L4(U) 2
L4(L) 4 1
L4/5 22 3
L5(U) 19 23
L5(L) 6 21
L5/S1 5

AB, Aortic bifurcation; IC, IVC confluence; RRA, proxi-
mal right renal artery; CT, celiac trunk; SR, root of
SMA; U, upper half; L, lower half.
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somewhat larger than the ER of the incomplete and mixed
groups (P < 0.01). In the complete lumbarization group, the
ILL originated from the S1 in 22 of the cases (65%).

Similarly, the sacralization group could be divided into
complete, incomplete, and mixed groups. The results that
were statistically significant were as follows: the AB and IC
were located more in the cephalic portion, while the L5 ER
and the S1 ER was lower in the complete group than in the
incomplete group. All cases with an ILL that originated from
the L4 (14 cases, 100%) belonged to the complete group,
whereas most cases with an ILL that originated at the trans-
verse process of the L5 belonged to the incomplete group.

DISCUSSION

The TV is frequently encountered anomaly and the most
common site for a TV to occur is at the lumbosacral junc-
tion. The last lumbar vertebra may have some or all of
the anatomic characteristics of the first sacral segment
(sacralization). Conversely, the first sacral segment may
have the radiographic appearance of a lumbar vertebra
(lumbarization) (Castellvi et al., 1984; Elster, 1989; Wil-
liams et al., 1989a; Lee et al., 2004). In 1917, Bertolotti
first described the association between low back pain and
lumbosacral transitional vertebrae, hence this condition is
sometimes referred to as Bertolotti’s syndrome (Elster,
1989; Brault et al., 2001; Connolly et al., 2003; Taskayna-
tan et al., 2005). However, Tini et al. demonstrated no rela-
tionship between low back pain and the presence of a TV in
a study of 4,000 patients (Tini et al., 1977).

The reported incidence of TV ranges from 3 to 21% (Tini
et al., 1977; Hahn et al., 1992; Lee et al., 2004; Hughes
and Saifuddin, 2004). However, a higher incidence (23.8%)
was detected in our study. Among our patients, 10%
showed lumbarization of the S1, and 13.8% showed sacral-
ization of the L5. Our study has a higher incidence than
previous studies because the previous studies did not count
the entire number of vertebral bodies and only used lumbar
radiographs to obtain their results (Tini et al., 1977;
Castellvi et al., 1984; Delport et al., 2006). When only lum-
bar radiographs or MRI are used, wrong numbering may
occur in cases involving a supernumerary rib, hypoplastic
rib, or cervical rib. The same result may also be found in
patients with Klippel-Feil syndrome, which is characterized
by the presence of single or multiple congenitally fused cer-
vical vertebrae (Ulmer et al., 1993).

For TV cases, disc surgery at the wrong level is uncom-
mon, but can have significant consequences to the patient
(Malanga and Cooke, 2004). In addition, the position of
lumbosacral dermatomes may vary in the presence of TV
(Seyfert, 1997). Furthermore, vascular injury may occur
during anterior lumbar interbody fusion because of the
altered vascular anatomy (Weiner et al., 2001).

The morphology of the vertebral body on the sagittal
images, the lumbosacral angle on the sagittal view, and the
observed configuration of the intervertebral discs have all
been frequently used as factors for determining the location
of the vertebral body on the lumbar MRI when the C-T lo-
calizer could not be applied (MacGibbon and Farfan, 1979;
Nicholson et al., 1988). Generally, the last vertebral body
that appears as a rectangle is considered to be the L5 ver-
tebra, and the first vertebral body that appears to be a
rhombus is considered to be the S1 vertebra (Castellvi
et al., 1984; Lee et al., 2004). In addition, the level of the

L5-S1 shows a greater lumbosacral angle (MacGibbon and
Farfan, 1979). However, in cases with TV, the S1 was rec-
tangular under conditions of complete lumbarization and
the L5 was a rhombus under conditions of complete sacral-
ization. Hence, errors can be made when determining the
location of the vertebral body. Therefore, paraspinal struc-
tures that appear with a relatively constant pattern on the
MRI need to be used as landmarks. Such paraspinal struc-
tures are the AB, IC, RRA, CT, SR, ILL, the ER of the L5,
and the S1 vertebral body.

The point of the AB in most cases is the anterior aspect
of the L4 vertebral body (Kornreich et al., 1998; Chithriki
et al., 2002; Lee et al., 2004). However, the lower half of
the L4 was the most common site for the AB localization in
our study, which is due to a difference in the definition of
the AB. In our study, the point of the AB was defined to be
the position in which both the common iliac arteries first
appear as a complete independent circular shape. We found
a 95% probability that the disc space showing both com-
mon iliac arteries on the axial image of a lumbar MRI for
the first time was at the L4/5 disc level.

Previous reports have indicated that the IC is most
prevalent at the L4/5 disc space (Williams et al., 1989a;
Kornreich et al., 1998). In many cases, the IVC collapses at
the time it is measured on the MRI and the left common iliac
vein forms a more obtuse angle than the AB angle, which
makes it difficult to measure. Therefore, we defined the IC
point as the point immediately before the left common iliac
vein that forms the confluence, i.e., the point where the left
common iliac veins is detected between both common iliac
arteries. Such a point was easy to find on all images.

We measured the RRA between the aorta and the IVC
and found that the RRA was concentrated in the L1/2 disc
space, a finding which is similar to the previous reports
(Williams et al., 1989a; Verschuyl et al., 1997; Lee et al.,
2004). Therefore, the RRA is a useful paraspinal structure
that could be readily detected and is always located on a
sagittal image.

The ILL is the ligament connecting the L5 vertebra to the
ilium and has been reported to provide additional stability
to the lumbosacral junction (Luk et al., 1986; Williams
et al., 1989b; Maigne and Maigne, 1991; Basadonna et al.,
1996; Aihara et al., 2005). The ILL originates from the L5
transverse process and is inserted into the iliac crest toward
the posteromedial direction. Sometimes the ILL has a weak
attachment to the L4 vertebrae (Luk et al., 1986; Williams
et al., 1989b; Hughes and Saifuddin, 2006). In our study,
the ILL originated from the L5 in most cases. However, in
more than half of the lumbarization group, the ILL origi-
nated from the S1, while in the sacralization group, the ILL
originated from the L4 in *20% of the group. In addition, a
few cases had two main bands from the L4/L5 or the L5/S1
transverse processes.

The ER could be measured easily on a sagittal MRI and
on the lateral view of a plain radiograph. In our study, the
ER was measured to obtain more objective information on
the morphology of the L5 and the S1 vertebral bodies. A
ratio closer to 1 suggests a rectangular shape, while a ratio
less than 0.9 suggests a rhombus shape. Generally, in
determining the location of the vertebral body, the last ver-
tebra with a rectangular shape is considered to be the L5
and then the vertebral body is numbered from the bottom
to the top. However, as shown in our study, the shape of
the S1 vertebral body was more rectangular in the lumbari-
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zation group than in the other groups. In fact, the L5 verte-
bral body in the sacralization group tended to have a rhom-
bus shape compared with the other groups. Therefore,
errors can occasionally be made if the location of the verte-
bral body is determined only by shape.

For cases of TV, the paraspinal structures had a definite
locational distribution. In the lumbarization cases, the para-
spinal structures such as AB, IC, RRA, CT, and SR tended to
be located from one to three levels more to the caudal por-
tion than in the normal cases (Fig. 2). In the sacralization
cases, these structures had a tendency to be distributed
from one to three levels more to the cephalic portion than
in the normal cases (Fig. 3). The ILL generally originates
from the transverse process of L5. However, in more than
half of the cases in the lumbarization group, the ILL origi-
nated from the S1 and in *20% of cases in the sacraliza-
tion group the ILL arose from the L4 transverse process.

Three factors can be used to predict TV using MRI. First,
when the last vertebral body with a rectangular shape is
assumed to be the L5, ‘‘lumbarization’’ can be suspected if
the location of the RRA, CT, and SR are more toward the
cephalic portion than normal on a sagittal image. On the
other hand, ‘‘sacralization’’ can be suspected if the location
of these parameters is more toward the caudal portion. This
is because in the cases of lumbarization, the vertebra that
is assumed to be the L5 is actually the S1. Hence, paraspi-
nal structures appear to be located in an area higher than
normal. For example, in the case of lumbarization where
the RRA actually appears to be in the upper half of the L2,
if only the sagittal images are examined, the S1 would
appear to be just like the L5. Therefore, the RRA ‘‘pretends’’
to be located in the upper half of the L1. Second, assuming
that the last rectangular-shaped vertebral body on the sag-
ittal image is L5, ‘‘lumbarization’’ can be suspected if the
location of the AB and IC on the axial image is more
towards the cephalic portion than normal. On the other
hand, ‘‘sacralization’’ can be suspected if these parameters
are more toward the caudal portion. Third, the ILL origi-
nates from the L5 transverse process. Therefore, the possi-
bility of TV should be considered in cases where the origin
of the ILL and the location of the other paraspinal struc-
tures are mismatched.

In the case of lumbarization, the shape of the S1 is seen
as rectangular in 85% of the cases. In addition, the above
predictive factors can also be applied. However, in the
sacralization group, the shape of the L5 is seen as a rectan-
gle in a substantial portion of the incomplete and the mixed
groups. Therefore, these three factors cannot be applied in
some cases.

In conclusion, AB, IC, RRA, CT, SR, and ILL are useful
landmarks for predicting the presence of TV on MRI. A TV is
expected when these paraspinal structures are in positions
outside of their main locations. The three predictable fac-
tors described earlier are expected to become useful stand-
ards for the clinical imaging field in the future.
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