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Abstract: 

Background: Lumbosacral transitional vertebrae (LSTV) is a 

congenital anomaly of the L5-S1 junction. An LSTV must be 

identified to ovoid surgical mistakes. Although LSTVs can be 

detected on all imaging modalities, i.e. Ferguson radiographs (AP 

radiographs tilted cranially at 30°)., MR imaging is more 

frequently recommended. Aim: The goal of this study is to 

determine the superiority of MRI in identifying LSTV and related 

anomalies as well as to evaluate the contribution of anatomical 

landmarks to precise lumbar vertebral counting.  Patients and 

Methods: This retrospective study included 53 patients, with low 

back pain, most of patients had done MRI as a first investigation. 

The cases under study were collected from Benha University 

Hospitals and radiology Masr scan in the period between 

September 2022 to October 2023. The study was approved by the 

ethical committee (MS 9.6.2020). Adult patients between 18 

years to 66 years, attending MRI unit and fulfilling the inclusion 

and exclusion criteria recruited in the study. Sagittal T2, coronal 

T2, and proper axial T2 sections of the lumbar region using 

Siemens a 1.5-Tesla MRI. Results: This study establishes that 

MRI is gold standard in assessing LSTV and associated 

abnormalities. Approximately 28.4% of female patients and 

26.4% of male patients had sacralization of the lumbar vertebra, 

whereas 26.4% of female patients and 18.8% of male patients 

had lumbarization, according to MRI features of the LSTV. 

Conclusion: MRI is a dependable and accurate method for 

identifying LSTV, associated abnormalities and surgical planning. The classification system 

for LSTV using MRI aids in management and improve the effectiveness of surgical 

intervention at the correct level. 
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Introduction 
Lumbosacral transitional vertebra (LSTV) 

is a developmental spinal anomaly. LSTVs 

are common in the general population, 

with a reported prevalence of 4%–30%
 (1)

 

in which the lowest lumbar vertebra shows 

elongation of its transverse process and 

varying degrees of fusion/failure of 

segmentation from the sacrum
(2)

. 

Definite manifestations are lumbarization 

of S1 (nonfusion between the first two 

sacral segments) or sacralization of the 

fifth lumbar vertebra (fusion between L5 

and the first sacral segment).
 (3)

 

LSTV may present with back pain and 

must be put into consideration while 

evaluating MRI images for back pain. MRI 

also facilitates identification of any other 

associated pathologies that may related to 

this anatomical variant
 (4)

. 

Symptoms can originate from the 

anomalous articulation itself, the 

contralateral facet joint (when unilateral), 

instability and early degeneration of the 

level cephalad to the transitional vertebrae, 

and nerve root compression from 

hypertrophy of the transverse process. The 

symptoms associated with each of the 

above processes are treated differently, 

requiring reliable techniques to not only 

identify LSTVs but also determine the 

type and site of the pathology generated by 

the transitional segment.  

Although not always available to the 

reader of magnetic resonance imaging 

(MRI), the anteroposterior radiograph of 

the lumbar spine IT continues to be the 

important for identifying the aforesaid 

phenomenon
 (5)

 

LSTVs can be seen on axial imaging of the 

lumbosacral junction, which show the 

pseudo-arthrosis or fusion of the last 

lumbar vertebra with the sacrum, or on 

coronal views of the lumbar spine, which 

highlight the transitional lumbosacral 

anatomy. While the lumbosacral junction 

may mistakenly be recognized at the L4-

L5 level in sagittal scout pictures of people 

with LSTV, leading in insufficient axial 

coverage of the transitional level, lumbar 

spine MRI studies typically do not obtain 

coronal images. LSTVs may thus go 

unnoticed on an MRI. 

It is evident that the contour of the sacral 

concave surface appears to be convex at 

lumbarization in that kind of sacralization 

and lumbarization according to this study, 

therefore the orientation of the anatomy of 

that region is useful prior to surgical 

procedures. The purpose of this hypothesis 

is to demonstrate a useful technique for 

determining whether the sacralized L5 or 

lumbarized S1 vertebral segment makes up 

the lumbosacral transitional vertebra in 

order to accurately detect the S1 vertebral 

body, which is crucial for figuring out 

sagittal balance, avoid making the wrong 

measurements, and avoid having the 

wrong level surgeries
 (6)

 

Other morphologic characteristics of 

transitional vertebrae include squaring of 

the upper sacral segment when it is 

lumbarized and wedging of the lowest 

lumbar segment when it is sacralized 
(1)

. 

Fig.1 

Similarly, it has been noted that the disc 

space between S1 and S2 is larger when a 

lumbarized S1 is present than the 

rudimentary disc that is typically found in 

spines without transitions. By using 

sagittal MR images, a 4-type 

categorization system for S1-2 disc 

morphology based on the presence or 

absence of disc material and the AP length 

of the disc. Type 1 individuals lack 

transitional segments and display no disc 

material. Type 2 has a little residual disc 

with an AP length that is shorter than the 

sacrum. Most of the patients with this kind 

also lack transitional segments. Type 3 is a 

well-formed disc that spans the sacrum's 

AP length 
 (7)

.Fig.1&2 

LSTV is divided into 4 categories.  Type I 

consists of dysplastic transverse processes 

that are 19 millimeters wide (craniocaudal 

dimension) and can be unilateral (Ia) or 

bilateral (Ib). Type II describes an 

expanded transverse process with a 

diarthrodial joint between it and the 

sacrum and incomplete unilateral (IIa) or 



Benha medical journal, vol. 41, issue 5, 2024 

354 
 

bilateral (IIb) lumbarization/sacralization. 

With full osseous fusion of the transverse 

process (es) to the sacrum, Type III LSTV 

exhibits unilateral (IIIa) or bilateral (IIIb) 

lumbarization/sacralization. When there is 

a unilateral type II at one side and a type 

III on the opposite side, the condition is 

type IV.
(8)

.Fig.2 

 

 

Figure 1: Illustration depicting the O'Driscoll classification system of S1–2 disc morphology. 

 

Figure 2: Illustration demonstrating the Castellvi classification of LSTVs. 

 

Patients and Methods: 

This retrospective study included 53 

patients with low back pain. Most of 

patients had done MRI as a first 

investigation collected from Benha 

University Hospitals MRI unit and 

Radiology Masr scan in the period 

between September, 2022 to October 

2023.  The study was approved by the 

Local Ethical Committee of the Faculty of 

Medicine, Benha University (MS 

9.6.2020). Patients were excluded if there 

was a history of spinal trauma, fractures, 

infection, or previous lumbar spine 

surgery. Only 12 patients have an X-ray 

that revealed a suspect lumbosacral 

vertebra. 

MRI performed using Siemens 1.5 Tesla. 

Technique of lumbosacral MRI  

Sagittal T1&T2 

Axial T1&T2 

Coronal T2  

Sagittal FATSAT 

Numbering techniques: 

The most precise method for counting the 

lumbar vertebrae is whole-lumbar MRI.  
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The tangent sign was tested in LSTV cases 

where it was found to be able to 

distinguish between sacralization and 

lumbarization. 

The right renal artery, the aortic 

bifurcation, and both structures together 

are accurate anatomical landmarks for 

identifying the lumbar vertebral segments 

on an MRI 
 (9)

 

On the sagittal MRI scans, The RRA's 

ostium is typically visible between the 

lower third of the L1 vertebra and the 

upper third of the L2 vertebra, just below 

the level of the superior mesenteric artery 
 

(9)
 

Another technique used to correctly 

number an LSTV is locating the iliolumbar 

ligaments, because they reliably arise from 

the L5 transverse processes to the 

posteromedial iliac crest
 (10)

 

The anatomic importance of AB in finding 

the lumbar vertebral segments was 

examined in 210 cases. The L4 vertebra 

was the location of AB most frequently 
(11)

 

In lumbar spine MRI investigations of 

patients with and without LSTVs, we 

utilized two specific angle assessments. 

Because the transitional lumbosacral 

architecture is linked to changes in the 

lumbosacral curvature.  A-angle, formed 

by a line perpendicular to the axis of the 

scan table and a line parallel to the 

superior surface of the sacrum; B-angle, 

formed by a line perpendicular to the 

superior endplate of the L3 vertebra and a 

line parallel to the superior surface of the 

sacrum. The radiologist was alerted to the 

possibility of an LSTV by an excessive 

lumbar lordosis, an A-angle greater than 

40°, a B-angle greater than 36°, a 

substantial sacral tilt with respect to the 

scan table's axis. Fig.3. 

Statistical analysis: The statistical 

software for social science (IBM SPSS) 

version 26.0was used to arrange, tabulate, 

and statistically analyze the acquired data. 

Mean and standard deviation (SD) were 

used to express quantitative data. Relative 

frequency and percentage were used to 

depict qualitative data. Data were 

displayed using graphs, tables, and 

numerical presentations. P-values of 0.05 

or lower were regarded as statistically 

significant. 

 

 

 

 

 

 

 

 

 

 

 
Fig.3: Proposed A-angle and B-angle from Chalian et al.

 (5)
 Midsagittal T2-weighted image of the 

lumbar spine. First, a line is drawn parallel to the superior sacral surface. The A angle is determined 

by the intersection of this line and a line perpendicular to the axis of the scan table. The B angle is 

determined by the intersection between the first line and a line parallel to the superior surface of L3. 

Reused with permission from Chalian et al.
(5)

  

Results: 
Fifty-three individuals with transitional 

vertebra were enrolled in this study, with 

24 men (45, 3%) and 29 women (45, 7%) 

being females. As can be seen in (Table 1), 

their ages ranged from 18 to 66 years. All 

patients have (100%) lower back pain. 

Approximately 28.4% of female patients 

and 26.4% of male patients had 

sacralization of the lumbar vertebra, 

whereas 26.4% of female patients and 
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18.8% of male patients had lumbarization, 

according to MRI features of the 

transitional lumbosacral vertebra. 

Proper distribution of the level of the 

aortic bifurcation in sacralized L5 and 

lumbarized S1 (Table 2). In patients with a 

sacralized L5, the level of the aortic 

bifurcation is approximately 0.5–1 level 

higher cranially.  22 (41.5%) individuals 

had aortic bifurcation in the L3-L4 region, 

with L5 (28.3%) having sacralization and 

7 (13.2%) having lumbarization. Fig.4. 

At L4 level 20 (37.7%) patients 11(20.8%) 

in sacralization and 9 (17%) of 

lumbarization.  

At L4-L5 11(20.8%) patients 3 (5.6%) in 

sacralization and 8(15.1%) in 

lumbarization. 

The right renal artery is seen at L1 level 

in16 (30.2%) patients 7(13.2%) in 

sacralization and 9(17%) in 

lumbarization.(Table 3). 

At level L2,4 (7.5%) 0 in sacralization and 

4(7.5%) in lumbarization. 

L1-L2 in 32(60.4%), 22(41.5%) in 

sacralization and 10(18.9%) in 

lumbarization. 

D12-L1 1(1.9%), 0 in sacralization and 

1(1.9%) in lumbarization.  

Superior mesenteric artery is seen in L1 

20(37.7%), 3(5.6%) in sacralization and 

17(32.1%) in lumbarization.( Table 4) 

 At level of D12 11(20.8%), 9(17%) in 

sacralization and 2(3.7%) in 

lumbarization. 

At D12-L1, 17(32.1%) in sacralization and 

5(9.4%) in lumbarization. 

At D11-D12:5(9.4%), 5 (9.4%) in 

sacralization and 0 on lumbarization as 

shown in (Fig.4) 

Iliolumbar ligament 

At level L4, 20 (37.7%), 15(28.3%) in 

sacralization and 6(11.3%) in 

lumbarization 

At L5, 11(20.8%), 6(11.3%) in 

sacralization and 14(26.4%) in 

lumbarization. 

L4-L5,17 (32.1%), 8(15.1%) in 

sacralization and 2(3.7%) in lumbarization 

At L5 -S1,5(9.4%), 0 in sacralization and 

2(3.7%) in lumbarization as shown in 

(Table 5) 

Only 27 patients out of 53 subjects had the 

tangent iliac crest cross the lumbar spine 

above the lower fourth of the L4-vertebral 

body (Table 6), where it occurred most 

frequently. In other words, only 27 out of 

53 individuals (12%) had more than 11/4 

vertebra below the tangent iliac crest. 
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Fig.4: Different anatomical landmarks in lumbosacral transitional vertebrae Subgroups 
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Table (1): Comparison between sacralization and lumbarization regarding personal 

demographic data of the studied subjects 

Demographic data No. (%) 
Sacralized  

No = 29 

Lumbarized 

No = 24 
P-value Sig. 

 Age  

< 30 Y 6 (11.3%) 6 (11.3%) 0 

0.028*  HS 
 30 – 50 Y 22 (41.5%) 12 (22.6%) 10 (18.9%) 

> 50 Y 25 (47.2%) 11 (20.8%) 14 (26.4%) 

Mean ±SD   45.81   ± 19.78 41.00 ±20.14 51.62 ±18.05 

 Gender 
 Female 29 (54.7%) 15 (28.4%) 14 (26.4%) 

0.638* NS 
 Male 24 (45.3%) 14 (26.4%) 10 (18.8%) 

 

Table 2: Aortic bifurcation at sacralization and lumbarization groups. 

  Aortic bifurcation 
Total 

No. (%) 

Sacralized  

No = 29 

Lumbarized 

No = 24 
P-value Sig. 

 Level  

 L4 20 (37.7%) 11 (20.8%) 9 (17 %) 

0.840  NS  L3-L4 22 (41.5%) 15 (28.3%) 7 (13.2%) 

 L4-L5 11 (20.8%) 3 (5.6%) 8 (15.1%) 

 

Table 3: Right renal artery in lumbarization and sacralization. 

Right renal artery  
Total 

No. (%) 

Sacralized  

No = 29 

Lumbarized 

No = 24 
P-value Sig. 

 Level  

L1 16 (30.2%) 7 (13.2 %) 9 (17 %) 

0.025  HS 
L2 4 (7.5%) 0 4 (7.5%) 

L1-L2 32 (60.4%) 22 (41.5%) 10 (18.9%) 

D12-L1 1 (1.9%) 0 1 (1.9%) 

 

Table 4: Superior mesenteric artery  in lumbarization and sacralization. 

Superior mesenteric artery   
Total 

No. (%) 

Sacralized  

No = 29 

Lumbarized 

No = 24 
P-value Sig. 

 Level  

L1 20 (37.7%) 3 (5.6 %) 17 (32.1 %) 

0.000  HS 
D12 11 (20.8%) 9 (17 %) 2 (3.7%) 

D12-L1 17(32.1%) 12 (22.6%) 5 (9.4%) 

D11-D12 5 (9.4%) 5 (9.4%) 0  

 

 

Table 5: Iliolumbar ligament in lumbarization and sacralization. 

Iliolumbar ligament 

 

Total 

No. (%) 

Sacralized  

No = 29 

Lumbarized 

No = 24 
P-value Sig. 

 Level  

L4 20 (37.7%) 15 (28.3%) 6 (11.3 %) 

0.006  HS 
L5 11 (20.8%) 6 (11.3 %) 14 (26.4%) 

L4-L5 17(32.1%) 8 (15.1%) 2 (3.7%) 

L5-S1 5 (9.4%) 0  2 (3.7%) 
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Discussion 
Lumbosacral transitional vertebrae 

(LSTV) are congenital spinal deformities 

in which the "first" sacral segment and the 

extended transverse process of the last 

spinal lumbar vertebra fuse to varying 

degrees.  

As a morphological orientation, the L5's 

sacralization ranges from partial to 

complete, while its lumbarization ranges 

from partial to complete S1. Fig.5
 (12)

 

There is no connection between 

transitional vertebrae and low back 

discomfort, contrary to this study, that 

patients with LSTV did not have a higher 

incidence of structural pathology (disc 

pathology, spinal and foraminal stenosis, 

etc.) than patients without transitional 

vertebrae.
 (1)

 

Both angles considerably increased in 

persons with LSTV compared to controls, 

supporting our data. The sensitivity of the 

two angles was comparable, while the A-

angle showed more specificity. Since the 

majority of radiologists begin their 

evaluation of lumbar spine MRIs from the 

sagittal images, it is advised that before 

moving on to the detailed study 

assessment, an A-angle or B-angle 

measurement, or at the very least a gross 

assessment of the sacral inclination and 

lumbar lordosis, should be carried out. The 

radiologist should be alerted to the 

possibility of an LSTV by an A-angle 

more than 40° and B-angle more than 36°, 

a significant sacral curvature with respect 

to the scan table's axis, or an extreme 

lumbar lordosis. The B-angle is more 

difficult to visually evaluate and may have 

difficulties to measure than the A-angle 

(the forming lines may overlap beyond of 

the image, for example). Of course, 

substantial degenerative disc disease, 

advancing age, or higher levels of listhesis 

may also contribute to increased lumbar 

lordosis. The findings of this study 

indicate that to prevent missing an LSTV, 

this finding should be carefully examined 

in young participants. When a complete 

spine MRI scan is unavailable, we think 

counting down from C2 or T1 is the most 

accurate method for determining the 

vertebral numbers 
(5)

 Fig 6. 

 

Fig.5: 40 years male patient with low back pain and ipsilateral sciatica 

Lateral (a) and AP (b) lumbosacral X-ray show suspected transitional vertebra and (c) Mid-sagittal 

T2-weighted fast spin-echo image of the lumbar spine illustrates the morphological changes at 

transitional vertebra (wedging shape of S1). 
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Fig.6: 55 years female patient complain from back pain  

(a)Mid-sagittal T2-weighted fast spin-echo image of the lumbar spine illustrates the A and B angle 

measurements which were performed in the study (b) coronal T2-weighted fast spin-echo image of 

the lumbar spine illustrates the positive iliac crest sign in lumbarization of S1 and (c) axial T2-

weighted fast spin-echo image of the lumbar spine illustrates the level of ILL at L5 level so the 

transitional vertebra will be S1  

 

This finding agrees with others 

A whole-spine localizer is also advised to 

make it practicable to identify and count 

LSTV by counting caudad from C2 
(13)

 

Therefore, the limitation of our study 

is absence of radiographic correlation and 

the dependency on MRI for the 

identification of the transitional anatomy. 

To assess the anatomic importance of the 

AB, RRA, and conus medullaris in finding 

the lumbar vertebral segments, 210 cases 

analyzed. The L4 vertebra and, separately, 

the L1-L2 vertebra were where AB and 

RRA were most frequently found. The 

conus medullaris' location was 

inconsistent, with L1 (56% of the time) 

being the most frequent location, which 

was proven to be an unreliable landmark. 

They came to the conclusion that the 

lumbar vertebral segments might be 

identified on an MRI or CT scan using the 

landmarks AB and RRA 
(11)

. 

The conclusion that L5 was always the 

origin of ILL, which was evident on axial 

lumbar spine MRI, was claimed. The study 

proposed that, like our observation, its 

position may be utilized to confidently 

assign lumbar levels in patients with 

LSTV.
 (11)

 

In a previous study 
(14)

, 777 people and 71 

cases of LSTV were investigated. They 

discovered that in 95% of the controls, ILL 

exclusively emerged from the L5 vertebra, 

identifying the L5 vertebra. On the other 

hand, in patients with LSTV, only 25% to 

38% of ILL instances were entirely from 

L5. They came to the conclusion that, as 

we also discovered in our investigation, 

the level of the origin of ILL is unreliable 

for the identification of the L5 vertebra in 

the presence of an LSTV or other 

segmentation anomalies 
(14)

 

In 500 patients, including 67 LSTVs, were 

investigated. L5 was where the ILL was 

found
 (2)

. 

Conclusion: 
In cases when LSTV is suspected, whole 

spine MRI imaging and numeration 

caudally, beginning at C2, is the gold 

standard for vertebral segment numeration. 

The method of iliac crest tangent sign 

obtained on coronal magnetic resonance 

imaging (MRI) has effective findings 

beside morphological changes at L5/S1 

level, for correct numeration of LSTV and 

discriminate its subtypes, in the absence of 

whole spine MRI imaging. Also A and b 

angle in a sagittal magnetic resonance 
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image is a useful tool for prediction of 

transitional vertebra ,When identifying and 

counting spinal vertebral segments, 

anatomical landmarks including the right 

renal artery's origin, the superior 

mesenteric artery, iliolumbar ligament and 

the aortic bifurcation may be helpful  

Limitation: 

The coronal sequence is not done routinely 

for magnetic resonance lumbosacral spine  
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