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ABSTRACT
Background: Lumbosacral Transitional Vertebrae (LSTV) is one the common spinal anomalies 
encountered in patients with low backache. The aetiology of back pain is idiopathic, however 
low back ache causes substantial loss of productivity.   LSTVs include various types such as 
Lumbarization, Sacralization, and the vertebrae with morphology such as complete fusion to 
the broadened transverse process. Low back pain associated with LSTV is due to anomalous 
articulation or may arise from the level above the transition, the contralateral facet when 
unilateral. Hence, the present study is planned to assess the prevalence of subtypes of LSTV in 
patients with low back aches and to determine the association of the different subtypes of LSTV 
with low back pain in a South Indian population. Materials and Methods: In this study, data 
was collected from 1000 patients of both sex in the age group of 15 to 90 years with complaints 
of low back ache attending the outpatient department of Orthopaedics of Saveetha Medical 
College, Chennai. The patients were sent to the Department of Radiology where radiographic 
images of the lumbar spine, anteroposterior view, and transverse view were taken. The patients 
were clinically and radiologically assessed and documented. Results: Out of the 1000 patients 
with complaints of low back ache, the incidence was more common in females (51.5%), than in 
males (48.5%). 155 patients in the study population showed imaging features of LSTV in which 24 
(15.5%) showed Castellvi type I, 88 (56.7%) showed Castellvi type II, 18 (11.6%) had Castellvi type 
Type III and 25 (16.1%) showed Castellvi type IV. Out of these patients, type IA was observed in 
13.1% and type IB in 2.5%. Maximum exhibited Castellvi type II in which type IIA was 22.2% and 
type IIB was 34.5%. Among Castellvi type III, 6.4% exhibited type IIIA, 5.2% type IIIB and 16.1% 
showed Castellvi type IV. Conclusion: Our study shows the association of LSTV type II with low 
back pain with more prevalence of low back pain noted in females. Therefore, LSTV should be 
considered part of the differential diagnosis of back pain, especially in cases of refractory pain.

Keywords: Transitional vertebra, Low back pain, Lumbarization, Sacralization, Castellvi 
classification.

INTRODUCTION

Lumbosacral Transitional Vertebrae (LSTV) is an anomalous 
vertebra with intermediate morphologic characteristics between 
the sacral and the lumbar vertebrae1,2 its transverse processes are 
enlarged and can articulate with the sacrum or the ilium.3 The 
association between LSTV and low back ache has been disputed 
for a long and is generally known as Bertolotti’s syndrome.4,5 The 
resulting combination of attributes has a mixture of lumbar and 
sacral spine resulting in Lumbar sacral transitional vertebrae. 
Lumbarization means a caudal shift of the first sacral segment 

which assumes some characteristics of the lumbar vertebra.3,4 
Sacralization means a cranial shift where the last lumbar 
vertebra assumes sacral characteristics and frequently becomes 
incorporated into the sacrum.6 Depending on the direction of 
the shift, the affected patient may have significant biomechanical 
and clinical implications.7 Studies have shown that there are 
many reasons supporting the possibility of transitional vertebra 
being associated with Low Back Pain (LBP). The suspected causes 
are spinal stenosis, disc degeneration, disc prolapse, olisthesis, 
muscle strain or sprain, sacroiliac joint pain, chemical irritation 
and nerve impingement.8,9 Due to the common presentation of 
low back pain and its multifactorial causes as observed in the 
populace, it is necessary to identify the cause for low back pain 
due to transverse mega-apophysis contact with the sacrum and 
differentiate it from back pain in patients with LSTV.10 Pain in 
the presence of an LSTV may also arise from disc herniation 
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or degeneration, facet joint arthrosis, spinal canal or foraminal 
stenosis.8 In many patients the exact cause is unclear.11 The 
above-mentioned suspected causes could be due to the presence 
of LSTV. According to Castellvi, LSTV is divided into 4 types.12 
Though the presence of an LSTV disrupts normal spine 
biomechanics, reduction of muscle volume and is associated with 
low back pain still conflicting reports exist about whether LSTV 
could cause low back aches or not.13,14

So, the objective of the study was to assess the prevalence of 
transitional vertebrae and their role in the etiopathogenesis of 
low back ache among the south Indian population.

MATERIALS AND METHODS

In this prospective cross-sectional study, data was collected from 
1000 patients in the age group of 15 to 90 years with complaints 
of low back ache attending the outpatient department of 
Orthopaedics of Saveetha Medical College, Chennai. The patients 
were sent to the Department of Radiology where radiographic 
images of the lumbar spine, anteroposterior view, and transverse 
view were taken. The patients were clinically and radiologically 
assessed and documented.

Radiographs belonging to both sexes from the states of Tamil 
Nadu, Kerala, Karnataka, Andhra Pradesh, and Telangana 
with complaints of low back pain were included in the study. 
Post-traumatic patients with lumbar and sacral vertebral 
fractures, pregnant women, and prior history of surgery to the 
lower lumbar region were excluded.

Institutional ethical committee approval and written informed 
consent of the patient for participation in the study was obtained. 
All radiological images used in the study were anonymized 
by removing patient identifiers. The diameter of the bilateral 
transverse processes of the L5 lumbar vertebra, as assessed 
on AP lumbosacral spine X-rays, was one of the criteria used 
to determine the presence of LSTV. If present, the Castellvi 
radiographic categorization was applied to further categorize the 
LSTV into four kinds.12 Castellvi classification of Lumbosacral 
transitional vertebra is presented in Table 1.12

Radiographs were obtained by digital radiography using a 
computed radiography system with Allengers 650 ma X-ray 
machine. The factors kept for image acquisition were (a) KVp- 80 
mAs- 45 for AP projection and (b) KVp - 80 mAs - 140 for lateral 
projection. Two radiologists with a combined experience of more 
than ten years interpreted and classified plain radiographs using 
the Castellvi radiographic categorization method.

RESULTS

Among 1000 patients with complaints of low back ache, 51.5% 
were females, 48.5% were males and 155 (15.5%) exhibited LSTV 
features. Of the 155 patients, 4% were in the age group of 15 to 
20yrs, 47.5% were in 21-40 years of age, 40.5% were in 41-60 

yrs age group and 8% were more than 60 yrs of age. Prevalence 
of LSTV was higher in females when compared to males in the 
40-60 and >60 age group, whereas a higher prevalence in males 
was noted in the 20-40 age group (Figure 1).

According to the Castellvi system, 24 (15.5%) patients had 
type I, 88 (56.7%) showed type II, 18 (11.6%) had type III and 
25 (16.1%) showed type IV. Out of these patients, type IA was 
observed in 13.1% (Figure 2) and type IB in 2.5%. Maximum 
exhibited Castellvi type II in which 22.2% showed Castellvi type 
IIA (Figure 3) and 34.5% belonged to type IIB (Figure 4). Among 
Castellvi type III, 6.4% exhibited type IIIA (Figure 5), 5.2% type 
IIIB (Figure 6) and 16.1% showed Castellvi type IV (Figure 7and 
Table 2).

DISCUSSION

The association between an LSTV and low back pain known as 
Bertolotti’s syndrome, is a controversial subject which has been 
both supported and disputed since it was first described in 1917. 
Varying etiologies are thought to be the cause of low back pain 
in this syndrome which were seen successively emerging from 
various locations. The association of LSTV with the enhanced 
prevalence of low back pain may be due to the overwhelming 
effect of other spinal disorders.15 In the present study, the overall 
incidence of LSTV was 15.5% which was in agreement with the 
study of Tang et al.16 The incidence was higher in females when 

Castellvi Type Definition
LSTV type I: A-Unilateral, 
B-Bilateral.

The dysplastic transverse 
process with height > 19 mm.

LSTV type II: incomplete 
Lumbarization/sacralisation. 
A-Unilateral, B-Bilateral.

Enlarged transverse process 
with pseudoarthrosis with 
adjacent sacral ala.

LSTV type III: complete 
Lumbarization / sacralisation. 
A-Unilateral, B-Bilateral.

Enlarged transverse process 
which has a complete fusion 
with adjacent sacred ala.

LSTV type IV: mixed. Type II on one side and Type 
III on other.

Table 1:  Castellvi classification of Lumbosacral transitional vertebra.

Figure 1:  Prevalence of LSTV in different age groups.
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compared to males in the older age group which could be due to 
the slow decline in the protective effect of estrogen in females with 
advancing age. The majority of the patients showed Castellvi type 
II which is supported by the findings of Jeffrey et al.17 However 
Shaikh et al.18 indicated the presence of transitional vertebrae 
with both type II as well as type III. Recent findings highlighted 
a similar association of LSTV with type IIA and type IIB in the 

European population which was significantly correlated with 
low back pain.19 This could be due to the fact that type II LSTV 
showed profound effects in advancing transitional and adjacent 
disc degeneration.20

Interestingly, the association between LBP and LSTV subgroups 
demonstrates that LSTV types II and IV are affiliated with the 
presence of pain, as well as pain severity and frequency. However, 

Figure 3: Psudoarticulation of Right L5 transverse process – LSTV type 
II A.

Figure 5: True articulation of right L5 transverse process – LSTV 
type III A.

Figure 4: Psudoarticulation of bilateral L5 transverse process – 
LSTV type II B.

Figure 2: Dysplastic Left L5 transverse process – LSTV type IA.
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most of the studies that support the link of LSTV with LBP 
with decreased physical activity implicate Castelli types II and 
IV.13,9 Our results differ from those of Tini et al,3 which did not 
demonstrate any evidence of an association of LSTV with LBP 
when using a subtype-specific analysis. Castellvi et al.12 stated 
that Type I was just a form of LSTV and not clinically relevant. 
Even though few studies exist linking the severity of pain to 
physical activity concerning LSTV, Taskaynatan et al.21 showed a 
significant correlation between LSTV and pain severity. The cause 
for the pain is the birth defect in the spine due to the abnormal 
bonding of the sacrum with the vertebra above due to which an 
additional joint is forged between the ala of the sacrum and the 
elongated transverse process of the vertebra above on one or both 
sides. This results in modification of the rotation movement of the 
lower part of the spine which in turn generates the back pain.22

In most of the literature, the implicated types are Castellvi II-IV. 
However, Aihara et al.23,8 determined that short and broad 

iliolumbar ligaments might have a shielding effect on the L5-S1 
disk space and possibly cause destabilization at the L4-L5 level. 
A possible correlation may exist between the broadened long 
transverse processes with iliolumbar ligament morphology. 
Normal biomechanics of the lumbar spine is likely to be affected 
by transitional vertebrae.7

Patients having intense pain are likely to seek professional health 
care, encompassing doctor visits, drugs and surgery. Hence the 
association is clinically relevant. The pain was less frequent in type 
I, which may be suggestive of type I being a shielding factor for 
both LBP and buttock pain. This could be a result of an alteration 
of the spine movement due to a large transverse process. The 
proposed pathophysiological mechanisms of pain associated 
with LSTV types II and IV includes extraforaminal stenosis, disk 
prolapses, and spinal stenosis. Buttock pain that is associated 
with LSTV in types II and IV may result due to compression of 
the nerve.

Type Frequency Castellvi Type Percentage (%)
I 24 I A 13.1

I B 2.5
II 88 II A 22.2

II B 34.5
III 18 III A 6.4

III B 5.2
IV 25 IV 16.1

Table 2:  Types of LSTV in the study group according to Castellvi Classification:

Figure 7: True articulation of left L5 transverse process and 
Psudoarticulation of right L5 transverse process – LSTV type 

IV.

Figure 6: True articulation of right L5 transverse process – LSTV 
type III B.
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The increased prevalence of LBP is associated with the presence 
of LSTV. Types II had the strongest correlation, which could have 
been caused by the pseudo articulation of the transverse process 
of L5 alongside the sacrum. Also, protrusion of the disc was 
observed more at L3/L4 and L4/L5 in type II along with enhanced 
occurrence of type 1 Modic changes.24

Consistent elevation in intensity and recurrence of LBP was 
observed in type II within the study population. Interestingly, the 
correlation between LBP and LSTV subgroups demonstrates that 
LSTV types II followed by type IV are affiliated with the presence 
of pain severity and frequency. The decreased frequency of pain 
observed in patients with LSTV type I and type III could have 
been the shielding factor for low back as well as buttock pain. Our 
study findings indicate the significance of accurately detecting the 
cause of LSTV because of its association with back pain. In any 
case of low back ache, LSTV should be considered as a differential 
diagnosis, specifically when the pain has been persistent with the 
regular mode of treatment.

Limitation

Due to poor image quality or over-projection of bowel structures, 
identification of patients with LSTV was occasionally difficult. 
The scope of this study was further limited by the rarity of this 
condition and the nature of the population.

CONCLUSION

Our study findings indicate the association of LSTV type II 
with low back pain. LSTV must be considered as part of the 
differential diagnosis for back pain, especially when the pain has 
been refractory to the conventional mode of management.
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