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Variations in the number of vertebrae among Iranian patients with adolescent
idiopathic scoliosis

Abstract
Introduction: Correct-level surgery is one of the most important concerns in the treatment of patients with
adolescent idiopathic scoliosis (AIS). Variations in vertebral number can potentially result in wrong-level
surgery. It is possible that the incidence and type of these variations be affected by different factors such as
ethnicity. In the current retrospective study, the prevalence of these variations in Iranian AlS patients was
investigated.
Methods: Between 2012 to 2017, spinal fusion was performed for the treatment of AIS in 125 patients. The
thoracic and lumbar vertebrae were enumerated on posteroanterior radiographs. The first thoracic vertebra
was the one attached to the first pair of ribs. Enumeration was continued in a caudal direction. The lumbar
level initiated just below the last vertebra with a pair of associated ribs.
Results: Abnormal vertebral enumeration was found in 18 patients (14.4%). The prevalence of abnormal
lumbar enumeration was higher than thoracic vertebrae (10.4% versus 4%). Eleven thoracic vertebrae were
found in 5 patients (4%). Four lumbar vertebrae were found in eleven patients (8.8%). There were two
patients with six lumbar vertebrae (1.6%). There was no patient with abnormal enumeration of both
thoracic and lumbar vertebrae.
Conclusion: The current study showed a relatively high rate of atypical number of thoracic and lumbar
vertebrae in Iranian AIS patients. It is necessary to enumerate the vertebrae on the basis of an organized
protocol preoperatively to prevent wrong-level surgery in AlS patients.
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This retrospective study included 158 patients
who underwent spinal fusion for the
treatment of AIS from 2012 to 2017.The
institutional review board approved the
proposal before the study. Clinical and
demographic characteristics of the patients
were obtained from the patients’ medical files.
Inclusion criteria consisted of the diagnosis of
AlS, treatment with spinal fusion, and the
availability of preoperative full-length spinal
radiographs (posteroanterior (PA) and lateral
views). Patients with other types of scoliosis
were excluded from the study.

The radiographic images were reviewed by
three observers including two spine surgeons
and one general practitioner to determine the
number of ribs and thoracic and lumbar
vertebrae based on the guidelines represented
by spinal deformity study group(ls’. On the PA
radiographic view, the first thoracic vertebra
was the one attached to the first pair of ribs.

1.

and
x-rays of an AIS patient with eleven thoracic vertebrae.

Fig. Postoperative anteroposterior
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Enumeration was continued in a caudal
direction. All vertebrae with the rib
attachments were considered as thoracic
vertebrae. The Ilumbar level initiated just
below the last vertebra with a pair of
associated ribs. In case of any uncertainty
about the presence of the 12th pair of the ribs,
if there were 6 vertebrae below the T11, the
vertebra just below the T11 was considered as
T12. Lumbosacral junction was evaluated to
detect the presence of lumbarization or
sacralization.

The study was completed with 125 patients
because the x-rays of the rest of the patients
were unavailable or incomplete. Among them,
there were 116 (92.8%) females and 9 (7.2%)
males aged 15.68+2.81 years (range: 11-26
years). Abnormal vertebral enumeration was
found in 18 patients (14.4%). (Table 1)

Fig. 2. Preoperative anteroposterior
x-rays of an AIS patient with one less
lumbar vertebrae.
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Table 1. The types of abnormal

vertebral enumerations and other
deficiencies in AIS patients.

. Lumbar Thoraci Other
Patien c .
tID vertebr vertebr abnormaliti
al count es
al count
1 5 11 -
2 5 11 Cervical rib
3 4 12 -
4 4 12 -
5 4 12 -
6 4 12 -
7 5 11 Cervical rib
3 4 12 Sacralized
vertebra
9 6 12 -
Single-sided
10 4 12 sacralized
vertebra
11 4 12 -
12 6 12 -
13 4 12 -
14 4 12 -
The ribs of
15 5 11 one side
were
absent.
16 4 12 -
17 4 12 -
18 5 11 -

One less lumbar or thoracic vertebra was the
most  frequent abnormal enumeration
observed in the current study (16 patients).
Five patients had one less thoracic vertebra
(4%) (fig. 1) and 11 had one less lumbar
vertebra (8.8%) (fig. 2). Two patients had one
more lumbar vertebra (1.6%). Atypical number
of both thoracic and lumbar vertebrae was not
found. Cervical rib and sacralized L5 were each
detected in two patients (each in 1.6%).
Interestingly, there was no wrong-level surgery
occurrence in the current study.

The frequency of the abnormal vertebral
number was higher in lumbar level compared
to the thoracic level (10.4% vs. 4%,
respectively). Furthermore, the incidence of
loss of a vertebra and gain of a vertebra was
12.8% and 1.6%, respectively.
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Unfortunately, wrong-site surgery still occurs
most commonly in orthopedic surgeries in
spite of all the guidelines introduced to
prevent it. Wrong level surgery is one of the
most challenging events that can lead to
serious complications for the patients and also
suing spine surgeons.

Since self-assessed surveys are the only
provided information about the incidence of
wrong-level surgery, it is difficult to determine
its true frequency(g' 8 However previous
studies show that 12%-68% of spine surgeons
have experienced wrong-level surgery during
their practice 8 For example, in a self-
reporting study by Jhawar et al the true
incidence of wrong level lumbar surgery was
about 4.5 cases in every 10,000 surgeries(g).
Wrong level surgery in spinal disorders
including AIS may result in several legal, social
and mental consequences and, also, medical
complications such as inadequate correction of
the deformity, postural imbalance and
decompensation and be associated with
increased financial burden on the patient and
health care systemm'z”.

Some authors have reported several factors
that may increase the risk of wrong level spinal
surgery. After evaluating 65 legal files
regarding wrong disc space level surgery, Laska
and Goodkin concluded that misinterpretation
of preoperative radiographic images was likely
to be the main risk factor®. It has been
demonstrated that factors including emergent
surgeries, surgeon’s tiredness, shortage of
time, performing several procedures in one
surgery, inadequate positioning of the patient,
inappropriate preparation of the surgical site,
not benefiting from site markers, unusual
patient anatomy for example severe obesity or
anatomic deformities or anomalies may
potentially increase the risk of wrong-level
surgery (82324 Correct enumeration of the
number of vertebrae is crucial for determining
the appropriate surgical site and to prevent
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errors ?>® put in the case of possible

variations this could be somehow challenging
(1423 gome previous studies declared that
anatomic variations of the spine such as the
presence of transitional vertebrae (LSTV or
TLTV) or change of the total number of the
vertebrae can interfere  with  correct
enumeration and thus increase the risk of
wrong-level surgery(4'6’8'1°’27).ln the spinal
surgery, the first or the last vertebrae with rib
attachments are considered as landmarks of
vertebral enumeration, thus disruption in
proper vertebral segmentation can result in
inaccurate enumeration'”,

Previously, it has been shown that the
incidence of numerical variations in vertebrae
is variable in different geographic areas and
races™ hence it appears to be essential to
determine the amount of these variations in
different regions and populations. To our
knowledge there is no similar study in Iranian
population. In the current study the
prevalence of the vertebral variations in the
lumbar and thoracic vertebrae was evaluated
in AIS patients that underwent surgical
treatment. Such data can play an important
role in raising the awareness of surgeons
about the wrong-level surgery as a result of
numeral variation.

It has been found that an atypical enumeration
of the thoracic/lumbar vertebrae was present
in 14.4% of Iranian AIS patients, who
underwent surgical treatment for the
correction of deformity. In USA, lbrahim et al.
reviewed the standing full-length AP and
lateral radiographs of 364 consecutive AIS
patients undergoing operative treatment to
assess the enumeration of thoracic and lumbar
vertebrae. They found that 10% of the AIS
patients (38 patients) had an atypical number
of vertebrae in the thoracic and/or lumbar
spine. Of note, 7 patients (1.6%) had multilevel
anomalies™. In another study in USA, Spencer
et al found that abnormal rib count or
abnormal lumbar vertebrae count was found
in 18% of American AIS patients W As s
shown, in latter, the incidence of abnormal
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vertebral enumeration in American AIS
population was considerably higher than that
reported by lbrahim et al [13]. Hu et al, in
China, investigated the variations in vertebral
number in 657 AIS patients and compared the
results to 248 normal adolescents. The
incidence of numeral variation was found in
10.6% of AIS patients compared to 10.9% of
normal subjects 12) Ag shown, the incidence of
variations in the number of lumbar and
thoracic vertebrae in the current study (Iranian
population) was higher than the previous
studies 124,

Of importance, in the current study, abnormal
enumeration was more frequent in the lumbar
vertebrae than thoracic vertebra (10.4% vs.
4%, respectively). However, in two studies by
Ibrahim et al (5.8% versus 6.6%, respectively)
and Hu et al (5.6% versus 7.3%, respectively),
the incidence of abnormal thoracic and lumbar

vertebrae count was not different considerably
(12,13)

In the current study, loss of a vertebrate was
more frequent than gain of a vertebrate in
total (12.8% vs. 1.6%, respectively) and in
distinct thoracic and lumbar levels. In contrast,
other authors found that decreased number of
vertebrae was predominant in thoracic level
while increased number of vertebrae was
predominant in lumbar levels. For example, in
the study of Ibrahim et al, 11 and 13 thoracic
vertebrae were found in 3.8% and 1.9%,
respectively. Furthermore, 4 (1.1%) and 20
(5.5%) patients had 4 and 6 lumbar vertebrae,
respectivelym). Furthermore, Hu et al reported
the incidence of 11 and 13 thoracic vertebrae
as 5% and 0.6%, respectively. They found that
2.1% and 5.2% of the patients had 4 and 6
lumbar vertebrae 2.

Fortunately, like the study of Spencer et al and
Hu et al, there was no case of wrong-level
surgery in the current study. It may be as Hu et
al declared due to the utilizing preoperative
whole spine radiography 12 Furthermore,
since during AlS surgery, the fusion levels are
determined by the curve characteristics such
as magnitude, stiffness and sagittal profile, the
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variations in the number of vertebrae may not
change the fusion levels (14, However,
Ammerman et al in two studies highlighted the
necessity of intraoperative radiography to
correctly determine the fusion level?®29),

Like other studies, there were some limitations
in the current study. The current study was
limited by the small sample size. It is obvious
that larger studies can result in more reliable
outcomes. Furthermore, the small number of
the male patients made it impossible for the
authors to compare the incidence of numeral
variations between two genders. In the current
study, the incidence of numeral variations was
not investigated in the normal population.
Thus, it was not possible to compare the
incidence of anomalies between scoliotic
patients and normal population. The patients
studied were selected from one hospital only
while it is necessary to perform such studies
on whole Iranian population.

Conclusic

It seems that the incidence of abnormal
vertebral enumeration is to some extent
higher in the group of Iranian AIS patients
compared to some other regions.
Furthermore, in the current study, the
incidence of decreased number of vertebrae
was higher than the incidence of increased
number of vertebrae, both in total and in
thoracic and Ilumbar regions. Also, the
abnormal enumeration was more frequent in
thoracic spine compared to the lumbar spine.
The current study highlighted the importance
of the enumeration of vertebrae in order to
perform surgery on the correct site in AIS
patients and adopting a system for
enumeration of thoracic and lumbar vertebrae
as part of our preoperative planning.
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