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Objective: This study aimed to assess the types of
vertebral segments at the thoracolumbar junction, as
they relate to the most caudal ribs, to evaluate the
reliability of this assessment using axial CT with curved
planar reformatting (CPR) images, to describe the
morphologic characteristics of a thoracolumbar transi-
tional vertebra (TLTV), to introduce a new classifica-
tion system for the TLTV and to evaluate the reliability
of the classification system using axial CT with
CPR images.

Methods: This was a retrospective review of 744 consec-
utive patients who underwent spine CT imaging that
included the thoracolumbar junction. Two radiologists
(Readers 1 and 2) independently evaluated the axial CT
with CPR images for all cases (n =744). Each radiologist
differentiated the vertebral segments at the thoracolum-
bar junction as TLTV or non-TLTV (thoracic segment or
lumbar segment). In addition, each radiologist classified
the 94 patients with the TLTV using a novel classification
system. Interobserver agreement between the two radi-
ologists regarding the differentiation of vertebral

INTRODUCTION

In the typical method of spinal enumeration,'® the last
thoracic vertebra is defined by counting down from the
second cervical vertebra (C2) or the first thoracic vertebra
(T1) under the assumption that there are 12 thoracic ver-
tebra. However, this method may be prone to error because
the number and distribution of thoracic and lumbar seg-
ments exhibit considerable variation, even though the cer-
vical spine has a relatively stable morphology and a fixed
vertebral count of seven.” "% In addition, acquisition of
whole-body spine radiographs, MR scans or CT scans are
needed for this method. Nonetheless, this method remains
widely used.">*™® Wigh et al suggested that the true nature
of lower vertebral segmentation can be established by using
images that include the thoracolumbar junction.'"'* In such
images, hypoplastic true ribs can be differentiated from large
transverse processes, thereby allowing correct identification

segments at the thoracolumbar junction was analysed
with kappa statistics. Similarly, intra- and interobserver
agreement regarding TLTV classification was analysed
with kappa statistics.

Results: Interobserver agreement between the two read-
ers with respect to the differentiation of vertebral seg-
ments at the thoracolumbar junction via axial CT with
CPR images was nearly perfect (k-value: 0.959). Interob-
server agreement between the two readers with respect
to TLTV classification using axial CT with CPR images was
nearly perfect (k-value: 0.846). In addition, intracbserver
agreement for Reader 1 was also nearly perfect
(k-value: 0.877).

Conclusion: Morphologic analysis of the thoracolumbar
junction may help accurate spinal enumeration.
Advances in knowledge: Consideration of various var-
jants at the thoracolumbar junction should help radiol-
ogists and clinicians to interpret the morphology of the
thoracolumbar junction. This may facilitate communica-
tion with the referring clinician, thereby reducing the
error in spinal enumeration.

of the L1 vertebral body.'"'* Farshad-Amacker et al' also
proposed that ribs or rib equivalents are more reliable for
numbering the lumbar vertebra. Several studies have labelled
the rib-bearing vertebra as the thoracic vertebra.®'*'*
However, these studies did not establish definite criteria by
which ribs can be differentiated from rib equivalents®'*
(Table 1). Without classifying bones as either ribs or rib
equivalents, any vertebra showing an attached bone is con-
sidered to be a thoracic vertebra."’

Accurate spinal enumeration is necessary to establish the
correct level in spinal surgery. In some cases, spine sur-
geries are performed on unintended levels because of
various spinal variants.”'>'® In contrast to the lumbosacral
transitional vertebra, very little is known about the thor-
acolumbar transitional vertebra (TLTV). Indeed, the pre-
cise definition of the vertebra is still debated.
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Table 1. Comparison of enumeration methods

Park et al

System of enumeration

Advantages

Disadvantages

Counting down from the second cervical
vertebra (C2) or the first thoracic vertebra (T1)
under the assumption that there are 12 thoracic
vertebra'®

e Counting the number of presacral segments

Prone to error because the number and
distribution of thoracic and lumbar segments
exhibit significant variation (e.g. 22, 23 or 25
presacral segments, 13 rib-bearing thoracic
vertebra with 4 lumbar-type vertebra, 11
rib-bearing thoracic vertebra with 6
lumbar-type vertebra)

Acquisition of whole-body spine radiographs,
MR scans or CT scans are needed. If no such
images have been acquired, the patient must

be recontacted

Labelling the rib-bearing vertebra as the
thoracic vertebra®'>!*

e Possible without whole spine images
e Allows segmentation of the lumbar and
thoracic vertebra

Lack of definite criteria by which ribs can be
differentiated from rib equivalents (until the
current study)

Differentiation of vertebral segments at the
thoracolumbar junction as the TLTV or
non-TLTV (thoracic or lumbar) segments
through definitive criteria for differentiating the
most caudal ribs

e Possible without whole spine images, by using
the axial spine CT image with a CPR image.
The patient’s axial chest, abdomen CT or
spine MR image can also be used for morphologic
evaluation, except for the length of bone

o Allows segmentation of the lumbar and thoracic

Requires an axial image that shows the
relationship between the vertebra and most
caudal ribs

vertebra

CPR, curved planar reformatting; TLTV, thoracolumbar transitional vertebra.

Direct visualization of the thoracolumbar junction would be
helpful for evaluating the morphologic characteristics of this
region. CT with curved planar reformatting (CPR) imaging is an
appropriate modality for evaluating bone structure at this
junction and for measuring the length of the curves of various
bones, including rib bones.!” Therefore, the purpose of this
study was to classify the vertebral segments at the thoracolumbar
junction as either TLTV or non-TLTV (i.e. thoracic or lumbar
segment) according to the most caudal ribs. We also aimed to
evaluate the reliability of this approach using axial CT with CPR
images, to describe the morphologic characteristics of the TLTV,
to introduce a new classification system for the TLTV and to
evaluate the reliability of the classification system using axial CT
with CPR images.

METHODS AND MATERIALS

Case selection

This study was a retrospective review of 744 consecutive patients
who underwent CT of the spine, including the thoracolumbar
junction, for back pain between January 2012 and December
2014. Our institutional review board approved this study, and
the requirement for informed consent was waived.

Spine CT

All CT examinations were performed on a dual-source CT
scanner (Somatom® Definition® Flash; Siemens Healthcare,
Erlangen, Germany) equipped with two X-ray tubes. All spine
scans were acquired by using an identical protocol (detector
collimation, 128 X 0.6 mm; pitch, 0.7; gantry rotation time,
0.5s) with combined modulation (CARE Dose 4D®). Standard-
of-care spine CT imaging was performed at 275 quality reference
mAs. Images were reconstructed with 1-mm section thickness
and 0.7-mm reconstruction increments.

Definition and nomenclature of ribs

A rib is defined as a separated bone that articulates with the facet
at the body or pedicle of the vertebra.'>'® The pedicle is one of
the paired parts that connects the lamina to the vertebral body."’
In this study, the anterior and posterior borders of the pedicle
were defined as the posterior margin of the vertebral body and
the anterior margin of the lamina, respectively.'” However, the
anterior margin of the lamina has not been clearly defined in the
anatomic literature and, thus, is somewhat ambiguous. The
lamina has been defined as the flattened posterior portion of the
vertebral arch from which the spinous process extends.*’ Based
on this definition, the anterior margin of the lamina was defined
as the point at which the concavity turns into a straight line at
the posterior portion of the vertebral arch.

Farshad-Amacker et al' proposed that most caudal ribs can be
classified into one of four types: normal rib, hypoplastic rib
(short rib), unfused transverse process (accessory ossification
centre) and mixed type. However, the nomenclature for the
most caudal ribs is often confusing. Several reports have used
different terms when referring to the most caudal ribs."”%'*?!
For example, short ribs (as we refer to them in the present
study) have been referred to as hypoplastic ribs, diminutive ribs
and rudimentary ribs."”'>"> A short rib has been defined as
a separated bone <3.8cm in length that articulates with the
facet at the pedicle of the vertebra, as described by Wigh et al."?
In addition, the vertebral body was included in the location of
the articular facet for the rib heads in this study. Although the
articular facets for the rib heads at the lower thoracic vertebral
segments are usually located on pedicles,'® we have observed
that they are sometimes located at the vertebral bodies. This
observation is based on years of reading spine CT images in our
division. A short rib was thus defined as a separated bone,
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Figure 1. Schematic illustration of thoracolumbar transitional vertebra (TLTV) classification using axial CT with curved planar
reformatting images. Type | includes paired ribs with more than one short rib; Type IIA, a 3.8-cm or longer rib on one side and an
accessory ossification centre or transverse process on the contralateral side; Type IIB, a short rib on one side and an accessory
ossification centre or transverse process on the contralateral side; Type lll, a unilateral or bilateral mixed type rib; and Type 1V,

a unilateral or bilateral accessory ossification centre.
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3.8 cm in length, that articulates with the facet at the pedicle or
the vertebral body in our study. Similar to the short rib, the
accessory ossification centre has also been given several names,
including the lumbar rib and the wunfused transverse
process.”'>** The term “accessory ossification centre” is pre-
ferred because this structure is generally bullous and several
centimeters long.'” Therefore, we used this term in the present
study. Accessory ossification centres refer to additional bones
that can be elongated and rib shaped; these bones articulate with
shortened lumbar costal processes or are linearly adjacent to the
processes, thereby obscuring the observation of this joint as
a true joint.'> An accessory ossification centre was defined as
a structure articulating with a shortened lumbar costal process
or as a structure that was linearly adjacent to such processes in
this study. Accessory ossification centres were not further sub-
typed in our study. As mentioned above, although Farshad-
Amacker et al' reported four types of caudal ribs, they also
noted the difficulty in differentiating most caudal ribs and did
not propose definite definitions for them. Therefore, a separated
bone that did not meet the criteria for a short rib, a normal rib
(>3.8 cm length rib) or an accessory ossification centre at the
thoracolumbar junction was defined as a mixed-type rib in this
study. Its morphologic appearance included a separated bone
articulating with the facet placed on both the pedicle and
transverse process.

Definition of thoracolumbar transitional vertebra or
non-thoracolumbar transitional vertebra

A thoracic vertebra is identified by the presence of paired ribs
that are 3.8 cm or more in length and originate from the facet at
the pedicle (or the body of the vertebra). By contrast, a lumbar
vertebra is defined as a vertebra without articulating ribs, the
absence of facets for a rib on the pedicle (or the body of the
vertebra), with fused transverse processes.12

Different definitions of the TLTV have been proposed.””®!?
Wigh et al'? suggested that the TLTV includes segments with
a short rib, <3.8 cm in length or with an accessory ossification

ok 4l

TYPE IV

centre. However, Thawait et al’” defined the TLTV as the presence
of hypoplastic ribs <3.8 cm in length on the lowest rib-bearing
segment. Carrino et al® defined the TLTV as a vertebra with one
side showing a rib and the contralateral side showing a trans-
verse process. However, these studies are not sufficient to explain
the various morphologies of the TLTV. Moreover, no definitive
criteria have been proposed by which the TLTV can be accu-
rately classified. A transitional vertebra is defined as one with
characteristics of the corresponding superior and inferior seg-
ments,'? whereas the TLTV is defined as a vertebra with partially

Figure 2. Curved planar reformatting images of a rib.
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Table 2. Demographic characteristics of study patients

Characteristic ‘ Value

Total 744 patients

Age (years) (range) 45.9 (11-95)

Male patients, no. (%) 490 (65.9)

Female patients, no. (%) 254 (34.1)

TLTV, no. (%) 94 (12.6)
94 patients with TLTV

Age (years) (range) 43 (18-95)

Male patients, no. (%) 61 (64.9)

Female patients, no. (%) 33 (35.1)

no., number; TLTV, thoracolumbar transitional vertebra.

retained features of the thoracic and lumbar segments at the
thoracolumbar junction.”'* In the current study, any segment
that did not meet the above-mentioned criteria for thoracic or
lumbar vertebra in the thoracolumbar junction was consid-
ered a TLTV.

Establishment of thoracolumbar transitional
vertebra classification

Since no definite criteria for identifying the TLTV have yet been
established, classification was based on observations made in our
division over years of reading spine CT images and previous
literature.””"®'* After several meetings with two radiologists, we
developed a classification system for the TLTV as observed on
axial CT with CPR images. Five types (Types I, IIA, 1IB, III and
IV) were identified according to the length of the separated
bones, the presence or absence of a facet at the pedicle (or body)
of the vertebra and the presence or absence of articulation with
separated bones (Figure 1). Type I includes paired ribs with
more than one short rib; Type IIA, a 3.8-cm or longer rib on one
side and an accessory ossification centre or transverse process on
the contralateral side; Type IIB, a short rib on one side and an
accessory ossification centre or transverse process on the con-
tralateral side; Type III, a unilateral or bilateral mixed type rib;

Park et a/

and Type IV, a unilateral or bilateral accessory ossifica-
tion centre.

Image analysis

For the thoracolumbar junction evaluation, two radiologists
(Readers 1 and 2) independently evaluated the axial CT with
CPR images for all cases (n = 744). Each radiologist assessed
the types of vertebral segments at the thoracolumbar junction
by classifying each vertebral segment at the thoracolumbar
junction as TLTV or non-TLTV (a thoracic or lumbar seg-
ment). To ensure accurate measurement of bone length, the
desired curves were defined along the ribs in all cases and each
radiologist independently measured the lengths of the ribs on
the CPR images (Figure 2). Rib length was measured by
drawing a line at the midpoint of the rib width from the
proximal head of the rib to the distal body. The length of this
line was considered to be the length of the rib. Each reader was
blinded to the results of the other reader. In cases of TLTV
disagreement, a third radiologist (Reader 3) made a final
decision.

Next, two radiologists independently evaluated the axial CT
findings and CPR images of each patient with TLTV. Each ra-
diologist assessed the TLTV type using the new classification
system described above. Although accessory ossification centres
sometimes resemble fracture fragments, these anomalies are
radiologically different from fractures because they show smooth
and round borders.”> Each reader was blinded to the results of
the other reader. Reader 1 also evaluated the TLTV axial CT and
CPR images after more than 2 months in order to assess
intraobserver agreement. All examinations were reviewed in
a random order to avoid bias.

Statistical analysis

Interobserver agreement between the two radiologists with re-
spect to the differentiation of vertebral segments at the thor-
acolumbar junction was analysed using kappa statistics.
Interobserver agreement between the two radiologists and
intraobserver agreement (Reader 1) regarding TLTV classifi-
cation were also analysed using kappa statistics. The k- values
were categorized as slight (0-0.20), fair (0.21-0.40), moderate

Figure 3. A 52-year-old female with Type | thoracolumbar transitional vertebra. (a) Bilateral short ribs on an axial CT scan.
(b) Reformatted volume-rendered image from the axial CT images of the thoracolumbar junction.
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Figure 4. A 51-year-old female with Type IIA thoracolumbar transitional vertebra. (a) Axial CT scan of a long rib measuring >3.8cm
on the right side and with an accessory ossification centre on the left side. (b) Reformatted volume-rendered image from the axial

CT images of the thoracolumbar junction.

(0.41-0.60), substantial (0.61-0.80) or nearly perfect (0.81-1.00)
agreement.”

RESULTS

The average patient age was 45.9 years (range, 11-95 years). In
total, 490 males (65.9%) and 254 females (34.1%) were in-
cluded in the study. In seven cases, the two readers reached
different results regarding the differentiation of the vertebral
segment type at the thoracolumbar junction. All of these cases
(n=7) included paired ribs originating from the facet at the
pedicle (or the vertebral body). The rib lengths in these seven
cases were also discrepant between the two readers. Therefore,
a third radiologist (Reader 3) made a final decision by in-
dependently measuring the rib length. Finally, all seven cases
were regarded as non-TLTV (thoracic segment), since the
length of the rib was >3.8 cm. In total, 94 patients had TLTV,
a frequency of 12.6% (94/744). The average age of the patients
with TLTV was 43 years (range, 18-95 years); these patients
included 61 males (64.9%) and 33 females (35.1%) (Table 2).
The TLTV was classified into five types (I, IIA, IIB, III or IV)
according to the CT scans and CPR images (Figures 3—7). The
TLTV types for each reader are presented in Table 3. The TLTV

types in order of decreasing frequency were as follows: Type IV,
Type I, Type II, and Type IIL.

Interobserver agreement between the two readers regarding the
differentiation of the vertebral segment type at the thor-
acolumbar junction on CT images with CPR was nearly perfect
(k-value: 0.959). Interobserver agreement between the two
readers regarding TLTV classification on CT images with CPR
was also nearly perfect (k-value: 0.846). Intraobserver agree-
ment for Reader 1 was also nearly perfect (k-value: 0.877).

DISCUSSION

We proposed definitive criteria for differentiating the most
caudal ribs. These criteria involved measuring the lengths of
the separated bones, evaluating the presence or absence of
a facet at the pedicle (or body), and determining the presence
of articulation with the separated bones. Here, we showed that
this method was highly reliable in determining which vertebral
segments at the thoracolumbar junction were TLTV and which
were non-TLTV (thoracic or lumbar) segments. If TLTV was
present, the next caudal vertebral segment could be considered
the first lumbar vertebral segment. This method may help the

Figure 5. A 31-year-old female with Type IIB thoracolumbar transitional vertebra. (a, b) A short rib on the left side and an accessory
ossification centre on the right side on an axial CT scan. (c) Reformatted volume-rendered image from the axial CT images of the

thoracolumbar junction.
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Figure 6. A 35-year-old male with Type Ill thoracolumbar transitional vertebra. (a, b) A mixed-type rib on the right side of the axial
CT scan image. (c) Reformatted volume-rendered image from the axial CT images of the thoracolumbar junction.

numbering of lumbar vertebra on axial CT scans with CPR
images. An advantage of this method is that it does not require
additional modalities and/or images, such as whole body spinal
radiographs, MRI, or CT (Table 1).

We analysed the morphologic characteristics of the TLTV and
identified a set of criteria, based on axial CT and CPR images,
by which the TLTV can be classified. Our TLTV classification
system showed high intra- and interobserver agreement. We
anticipate that our classification system will help establish
a standard definition of the TLTV. The consideration of various
variants at the thoracolumbar junction should help radiologists
and clinicians to interpret the morphology of the thor-
acolumbar junction. Moreover, increased awareness of TLTV
morphology may reduce errors in spinal enumeration.

In this study, the frequency of TLTV was 12.6% (94 of 744).
By contrast, Carrino et al® reported TLTV in 4.1% (6 of 147)
of patients. Carrino et al defined the TLTV as a vertebra with
one side showing a rib and the contralateral side showing
a transverse process. Thus, only those vertebra classified as
Type IIA and IIB in our classification system would have been
defined as the TLTV by the criteria of Carrino et al. This
difference may explain why TLTV frequency varied between
the two studies.

Wigh et al'? proposed that segments with short ribs at the
thoracolumbar junction can be considered the thoracic-type
TLTV, whereas segments with accessory ossification centres can
be considered the lumbar-type TLTV. It may be possible to
achieve a consensus through discussion or additional studies
that Type I vertebra is thoracic-type TLTV and Type IV vertebra
is lumbar-type TLTV. However, Types II and III vertebra are not
easily grouped into thoracic vs lumbar types.

Our study had several limitations. First, a relatively small number
of cases with thoracolumbar transitional vertebra were evaluated.
Therefore, future studies with larger sample sizes are necessary.
Second, most patients in our study complained of pain, so our
study might have been affected by selection bias. In addition, we
did not assess the relationship between pain and TLTV mor-
phology on CT images. As a third limitation, the TLT'V classifi-
cation was based mainly on the length of the separated bones and
the presence or absence of facet joint articulation with the sepa-
rated bones at the pedicle (or the body) of the vertebra. The
morphology of the vertebral body, spinal canal, transverse process
and the direction of the articular facet were not categorized.
However, these features are not likely to be helpful for categorizing
the TLTV using objective standards because of the morphological
complexity and different directions of the vertebra. The fourth
limitation is that rib length measurements are prone to error.

Figure 7. A 29-year-old female with Type IV thoracolumbar transitional vertebra. (a) Bilateral accessory ossification centres on the
axial CT scan. (b) Reformatted volume-rendered image from the axial CT images of the thoracolumbar junction.
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Table 3. Thoracolumbar transitional vertebra (TLTV) classification for each reader

TLTV type Reader 1 Reader 2 Reader 1 after more than 2 months
Type 1 18 20 16
Type 1IA 2 2 2
Type 1IB 10 10 13
Type 111 10 10 9
Type IV 54 52 54

Data are numbers of patients.

Although we used CPR images to reduce error, the images may still
have led to inaccuracies in rib length measurement. Furthermore,
the frequency of Type IV was high in our study because we did not
restrict accessory ossification centres to a given morphology. Ac-
cessory ossification centres have been reported to be occasionally
elongated and rib shaped.'> However, no definitive criteria for the
accessory ossification centres that are elongated and rib shaped
have yet been established. Therefore, we classified all accessory
ossification centres as Type IV in our TLTV classification system.

CONCLUSION

We differentiated the most caudal ribs by measuring the
lengths of the separated bones, evaluating the presence or
absence of a facet at the pedicle (or body) and assessing the
presence of articulation with the separated bones. Using this

method, we differentiated vertebral segments (TLTV or non-
TLTV) at the thoracolumbar junction. We also proposed new
morphologic characteristics for the TLTV and outlined a novel
TLTV classification scheme. Morphologic analysis of the
thoracolumbar junction may facilitate communication with
the referring clinician, thereby reducing the error in spinal
enumeration.
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