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Abstract
Introduction The resultant cause of pain syndrome in the lumbosacral spine in the contemporary population are dysplasia and 
anomalies of the development of vertebral segments, among which the sacralization of the L5 vertebra (Bertolotti syndrome) is 
often diagnosed. In the domestic medical literature, few publications on this pathology have been found. Methods Scientific studies 
for this literature review were obtained from PubMed, eLIBRARY, CYBERLENINNKA. Eighty scientific articles were used. The 
search for literature sources was carried out with the following keywords: sacralization of the L5 vertebra, Bertolotti Syndrome. 
Results and discussion In the course of the analysis, it was established that the rate of diagnosis of sacralization of the L5 vertebra 
ranges from 4 to 36 % of cases. It is equally detected among males and females. This pathology is frequently found in children and 
adolescents. Pain in the lumbar spine and sacrum is the leading clinical symptom of the disease. The severity of pain on the visual 
analogue scale mainly corresponds to 5 points. Scoliosis, spondylolistesis, herniated disks, spina bifida posterior may exacerbate the 
clinical symptoms of the associated sacralization of the L5 vertebra. During the examination of patients, plain radiography, computed 
tomography and magnetic resonance imaging are used. Cases of sacralization of the L5 vertebra are divided into 7 types, according 
to the classification of A.E. Castellvi et al. (1984). Treatment of vertebrogenic pain syndrome is carried out both conservatively (drug 
therapy, therapeutic blockades) and surgically (resection of the L5 transverse process, decompression of the stenotic intervertebral 
foramina, transpedicular fusion, radiofrequency ablation).
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INTRODUCTION

TThe lumbar spine and sacrum are the anatomical 
areas of the body that patients of various age groups 
complain of discomfort most frequently [1]. In the 
structure of their complaints, the incidence of pain in 
the lumbosacral area takes one of the first places [2]. 
It turns out that pain most often is caused by dysplasia 
and developmental anomalies in the spinal motion 
segments, among which sacralization of the L5 
vertebra is frequently [3, 4]. In the domestic medical 
literature, there are few publications devoted to this 
particular pathology. If it is mentioned in the articles, 
then along with other types of dysplasia and anomalies 

in the development of the lumbosacral area, only the 
incidence of its diagnosis is stated. Much more has been 
published in foreign studies devoted to various aspects 
of the sacralization of the L5 vertebra [5, 6]. Given, on 
the one hand, the obvious lack of domestic scientific 
publications on the sacralization of the L5 vertebra, 
and, on the other hand, the significant frequency of 
diagnosing this vertebral anomaly in the population, we 
decided to review the literature on this topic.

The purpose of the work is to analyze the main 
domestic and foreign publications on the sacralization 
of the L5 vertebra.

MATERIALS AND METHODS

Scientific publications for writing a literature review 
on the topic "Sacralization of the L5 vertebra (Bertolotti 
syndrome): a literature review" were obtained by 
searching for them in the PubMed database, electronic 
libraries eLIBRARY, CYBERLENINKA. In total, 80 
scientific articles were studied and worked out, which 

reflect the most pressing problems and aspects of the 
topic under this study. Domestic literary sources were 
seven 7 (8.25 %), and foreign ones were 73 (91.25 %). 
Literature sources were searched for with the following 
keywords: sacralization of the L5 vertebra (L5 vertebra 
sacralization), Bertolotti Syndrome.

RESULTS AND DISCUSSION
Ulrich et al. defined the term "sacralization" as 

"lumbosacral dysplasia which results in the acquisition 
by the lower lumbar vertebra of the signs characteristic 
of the sacral vertebrae: uni- and bilateral synchondrosis 
of the transverse process of the L5 vertebra with the iliac 
wing or complete fusion of L5 body with S1 body” [7]. 

This pathology was first described by the Italian scientist 
Mario Bertolotti in 1917, and since that time this variant 
of dysplasia bears his name, Bertolotti syndrome, in the 
English medical literature [8].

Sacralization of the L5 vertebra and lumbarization 
of the S1 vertebra are referred to dysplasia of the 
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lumbosacral transitional vertebrae (LSTV) that is laid 
in utero as a result of the exposure of a pregnant woman 
and fetus to a large number of damaging endogenous 
and exogenous factors [9, 10] . It is under the influence 
of these factors that disturbances occur in the formation, 
migration, differentiation, and segmentation of somite 
sclerotomes [11].

If the minimum rate of diagnosing sacralization of 
the L5 vertebra is 4 %, as determined by almost all 
authors [12, 13], the maximum rate of its occurrence 
reported by current researchers is varying. Thus, 
Ugokwe et al. reported that the highest rate of 
detection of this pathology is 8 % of clinical cases [14]. 
Approximately twice as often sacralization was 
diagnosed by Sharma et al. and Ucar et al., 14.1 % and 
17.2 %, respectively [15, 16]. Bulut et al. analyzed 
500 radiographs of the lumbosacral spine and revealed 
sacralization of the L5 vertebra in 21.2 % of the cases 
examined [17]. Ravikanth et al. diagnosed a similar 
pathology in 26.8 % of cases [18]. Finnish authors, 
Hanhivaara et al., conducted a vertebrological analysis 
of 3,855 computed tomograms of the abdominal cavity 
of patients, diagnosing radiological symptoms indicating 
the presence of sacralization in 29.0 % of patients [19]. 
The maximum rate of diagnosing this pathology among 
patients with lumbar pain was reported by Adams et al. 
and Crane et al. According to the first group of authors, 
the incidence of this variant of lumbosacral dysplasia 
among the population was 35 % of cases [20], according 
to the second group of researchers, it was up to 36 % of 
clinical cases [21].

There are no gender differences in the incidence of 
sacralization, according to Indian authors Ravikanth et 
al., who studied 500 radiographs of the lumbar spine 
and sacrum [18]. However, Japanese researchers, 
Sugiura et al., provide information about the 
predominance of this pathology in females [10], and 
an international group of scientists from Mexico and 
the United States confirms this information reporting 
60 % in a cohort of patients with sacralization of the 
L5 vertebra [22]. The opposite opinion is held by 
Jancuska et al., who reported that the incidence of 
sacralization among males reaches 28 % of cases, and 
among females 11 % of clinical cases [23].

Due to the fact that the sacralization of the L5 vertebra 
is a congenital pathology, it seems natural that it is 
often diagnosed in children and adolescents examined 
for vertebrogenic pain syndrome [24, 25, 26, 27]. 
Nevertheless, the main category of patients in whom 
this developmental anomaly is detected is people of 
mature and old age [9, 17].

It is the pain syndrome in the lumbar spine and 
sacrum that is the leading clinical symptom of 
sacralization of the L5 vertebra [28]. Pain is aggravated 
by prolonged standing, lifting and carrying heavy 
objects, turning and bending the torso [12, 29]. Pain 

is frequently accompanied by numbness, paresthesias 
in the lumbosacral region, pain on palpation in the 
projection of the spinous processes of the lower lumbar 
vertebrae and along the crest of the sacrum [30].

The initiation and progression of pain in patients 
with sacralization is primarily due to the disorder of the 
normal anatomy and biomechanics in the lumbosacral 
spine [3, 31]. Further on, due to the emerging (or 
formed) “pseudarthrosis” between the transverse 
processes of the L5 vertebra and the wings of the 
iliac bones (or the lateral masses of the sacrum), the 
phenomena of osteochondrosis, spondylarthrosis and 
spondylosis, stenosis of the intervertebral foramen 
develop, and conditions are created for compression of 
the extraforaminal section of the nerve root L5 [ 23, 32]. 
Similar, more or less pronounced pathomorphological 
changes also occur in the spinal motion segments 
overlying the L5 vertebra, what exacerbates clinical 
symptoms [5, 29].

Pain may radiate to one of the sacroiliac joints, 
to one of the inguinal regions, to one of the lower 
extremities [21, 33]. The severity of the pain syndrome, 
including during treatment and in the study of long-
term results, is determined using a visual analogue 
scale [34, 35, 36, 37]. Prior to the start of treatment 
procedures, the severity of pain syndrome assessed with 
VAS in patients with sacralization of the L5 vertebra 
corresponds, on average, to 5.2-5.5 points [18, 30, 35], 
but can “reach” an 8-point value [6].

It should be noted that sacralization of the L5 vertebra 
is not accompanied by pain in all cases. An interesting 
study in this regard was conducted by Turkish authors, 
Bulut et al., who studied 500 radiographs of patients 
with back pain (main group) and 500 radiographs of 
patients without back pain (control group). It turned 
out that various types of sacralization in the main group 
were diagnosed in 21.2 % of cases while in the control 
group they were encountered in 16.8 % of clinical 
cases [17]. Information that this pathology is often 
detected occasionally during a radiological examination 
of the spine, for example, due to injuries, was also 
reported by other authors [38, 39].

Other nosological forms of vertebrogenic pathology, 
such as scoliosis [13], spondylolytic spondylolisthesis [40], 
osteochondrosis in the stage of sequestration of the 
intervertebral disc [41], non-union of the posterior part 
of the vertebral arches (spina bifida posterior ) [42] that 
accompany sacralization of the L5 vertebra aggravate 
clinical symptoms.

Data published in the literature on the incidence of 
multiplanar scoliotic spinal deformity in this category 
of patients are contradictory. Most of the authors inform 
readers that the frequency of diagnosing scoliosis 
in patients with sacralization is 6-18 % of clinical 
cases [43, 44]. However, Jain et al. report that they 
have experience in conservative and surgical treatment 
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of 20 patients with Bertolotti syndrome, and all their 
patients, 100 % of cases, had clinical and radiological 
symptoms of lumbar scoliosis [37].

The rate of diagnosing spondylolytic 
spondylolisthesis of the L4 vertebra in patients with 
sacralization can reach 60 % of clinical cases [45]. 
According to Kim et al., the displacement of the L4 
vertebra is more pronounced than in patients who did 
not have dysplasia and anomalies in the development 
of the lumbosacral area [46]. Their conclusion is 
confirmed by the results of studies by a group of Chinese 
scientists [47]. Of interest is the publication of Russian 
authors who revealed sacralization of the L5 vertebra 
in 6.3 % of children and adolescents with a diagnosis 
of high grade spondylolisthesis [48]. It is paradoxical, 
but true. In regard to such pathology as degenerative 
spondylolisthesis, most authors do not consider 
sacralization as a probable etiological mechanism of 
this disease [49].

Due to the fact that sacralization is frequently 
characterized by concretion of the L5-S1 spinal motion 
segment, it seems obvious that there is a high probability 
of excessive mobility at the higher levels that may 
result, over time, in the formation of an intervertebral 
hernia [32, 36]. Jin et al. conducted a targeted study in 
200 patients with Bertolotti syndrome (main group) and 
200 patients who did not have radiographic symptoms 
of this developmental anomaly (control group). The 
aim of the study was to determine the occurrence of 
intervertebral hernias in the studied cohorts. It turned 
out that the rate of diagnosing intervertebral hernias 
was 71.5 % in the main group and 34.0 % in the control 
group. Moreover, the intervertebral disc L4-L5 was 
most often affected [9]. This predominant level of 
intervertebral hernia was confirmed by the publication 
of Zhang et al. According to these Chinese authors, the 
L4-L5 intervertebral disc is affected by a degenerative 
process in 81.3 % of cases, followed by the formation 
of a sequestered hernia at this level, while the 
L5-S1 intervertebral disc undergoes similar changes in 
18.7 % of cases [25]. The research of Ahn et al. showed 
that patients with herniated intervertebral discs resulting 
from Bertolotti syndrome are more prone to recurrence 
of herniated protrusions after microdiscectomy than 
those patients who do not have anomalies of the 
lumbosacral area [50].

A group of Dutch researchers led by J.L. Bron 
emphasizes that degenerative changes in the 
intervertebral discs are recorded at a younger age 
in patients with sacralization of the L5 vertebra, but 
this difference disappears as the patients grow older, 
“masked” by other involutive processes in the spine 
[51]. These include stenosis of the spinal canal at the 
lumbar level [52] and abnormal tropism of the lower 
lumbar spinal motion segments [53], which exacerbate 
the clinical symptoms of sacralization [54].

Many authors that study the Bertolotti syndrome 
indicate that this developmental anomaly is frequently 
combined with defects in the posterior parts of the 
bodies of the lower lumbar and upper sacral vertebrae, 
spina bifida posterior [55] and fixed spinal cord 
syndrome [56]. Turkish authors, Fidan et al., studied 
radiographs of the lumbosacral spine in 3,132 young 
men aged 17 to 22 years. They revealed that 28.3 % 
of them had, as the authors indicate, "asymptomatic 
spinal anomalies". The structure of these anomalies 
was dominated by variants of spina bifida posterior in 
16.2 % of cases and transitional lumbosacral vertebrae 
in 12.9 % of clinical cases [57]. In the cohort of patients 
with fixed spinal cord syndrome, various types of 
sacralization of the L5 vertebra were diagnosed in 63 % 
of patients [58].

The leading method of objective diagnostics 
of sacralization of the L5 vertebra is radiographic 
examination of the spine and sacrum [59]. For the 
examination of patients, depending on the level of 
the medical institution, plain radiography [9, 25], 
computer [5, 19] tomography and magnetic resonance 
imaging [60, 61] are used. These methods of radiological 
diagnostics are used both separately and in combination, 
in order to choose an approach to the planned therapy, 
including indications for surgical treatment [28, 37].

Plain radiography of the spine and sacrum is 
performed to obtain an overview of the state of this 
anatomical region, as standard radiographs in the 
anterior-posterior projection do not always provide 
information about the type of sacralization of the 
L5 vertebra [61, 62]. In these cases, it is preferable to 
perform radiography of the lumbosacral spine in the 
anterior-posterior projection at a cranial angle of 30º 
(Fergusson projection) [59]. The results of multislice 
computed tomography are more demonstrative, and 
on their basis, as a rule, a conclusion is made about 
the type of sacralization of the L5 vertebra [42, 62]. 
The use of magnetic resonance imaging for diagnostic 
purposes provides reliable information on the presence 
and severity of extraforaminal stenosis, impingement, 
and edema of the L5 spinal nerve root [60], and in some 
cases, the L4 and S1 spinal nerve roots [63, 64].

The use of positron emission tomography for 
diagnosing Bertolotti syndrome was reported in several 
publications by foreign authors [65].

The cases of sacralization of the L5 vertebra 
diagnosed with the help of radiological imaging methods 
are classified according to the recommendations of 
Castellvi et al. The classification developed by these 
American authors in 1984 distinguishes seven types 
(types I, II, III, in turn are subdivided into subtypes "a" 
and "b" and IV) of sacralization of the L5 vertebra and 
focuses on the degree and nature of the concretion of the 
transverse process (processes) of this vertebra with the 
iliac wing (unilateral or bilateral) or the lateral mass(s) 
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of the sacrum [66]. Modern authors present different 
rates of occurrence of the types of sacralization of 
the L5 vertebra in the cohorts studied by them. Thus, 
Hanhivaara et al. inform readers that type I was diagnosed 
in 68 % of cases, type II in 16 %, type III in 13 %, type 
IV in 3 % of clinical cases [29]. Chinese researchers 
Yao et al., who studied transitional lumbosacral 
vertebrae in patients with herniated intervertebral discs 
and spondylolisthesis, do not report on the incidence of 
types I or IV, while type II was diagnosed in 45.92 %, 
type III in 54.08 % of cases [47].

For practitioners, the published information that 
types Ia, IIa and IIIa, that are cases of unilateral 
sacralization, is valuable as they have more pronounced 
clinical symptoms [13], while pseudoarthrosis and 
concretions are more often localized on the left 
side [23]. The study of McGratha et al. found that the 
rate of diagnosing the left-sided forms of sacralization 
of the L5 vertebra is 48.03 % of cases, of the right-sided 
ones is 23.54 %, and bilateral are 28.43 % of clinical 
observations [5].

Despite the fact that the classification of 
Castellvi et al. was accepted as a guide to action by 
all interested specialists, research in the development 
of new questionnaires, scales and classifications 
continues. Thus, Knopf et al. presented their own four-
point Onyike Grading Scale based on the assessment of 
location, severity and characteristics of pain in patients 
with sacralization of the L5 vertebra [67].

The analysis of current scientific publications devoted 
to various aspects of the sacralization of the L5 vertebra 
shows that the most important problem is errors in 
clinical diagnosis, and they are associated mainly with 
incorrect numbering of the vertebrae [68]. Many authors 
state with regret that patients with lumbodynia rarely 
have radiographs of the entire spine; most often, only the 
results of an X-ray examination of the lumbar spine are 
available for evaluation [69]. In such cases, difficulties 
often arise with the numbering of the vertebrae, since 
it is not always possible to accurately differentiate, for 
example, hypoplasia of the ribs from the transverse 
processes in the thoracolumbar junction [59]. In these 
cases, such anatomical formations as the iliac wing [70], 
iliopsoas ligament [71], right renal artery, superior 
mesenteric artery, aortic bifurcation, medullary cone [72] 
should serve as landmarks. However, the listed anatomical 
formations are unstable, subject to individual variability, 
which can lead to frequent diagnostic and then therapeutic 
errors [44]. In clinical practice, such errors occur with a 
frequency of 33 % [5] to 54 % [39]. According to the 
unanimous opinion of all authors involved in the study 
of the sacralization of the L5 vertebra, there is no reliable 
way to count the vertebrae without analyzing the results 
of high-quality imaging of the entire spinal column, 
starting from the level of the C2 vertebra and caudally, 
down to and including the sacrum [59, 69, 70]. It is this, 

the most reliable method of numbering vertebrae that 
enables to determine the type of sacralization of the 
L5 vertebra and develop a treatment strategy aimed at 
relieving vertebrogenic pain syndrome [38, 73].

The treatment begins, as a rule, with conservative 
methods, which consist in prescribing physiotherapeutic 
procedures and drug therapy with analgesics and anti-
inflammatory drugs [21, 28]. If the therapeutic effect 
is insufficient, local blockades are performed in the 
projection of the articulation between the transverse 
process (processes) of the L5 vertebra and the lateral mass 
(masses) of the sacrum [35] and/or transforaminal epidural 
injections of drugs from the group of glucocorticosteroids 
are performed [34]. The clinical results of conservative 
therapy are usually assessed using VAS: a reduction of 50 
% from the baseline or a score of less than 3 after injection 
is considered adequate pain relief [37]. In some cases, the 
short-term positive effect obtained from local anesthesia 
is considered as a criterion for surgical intervention at the 
level of the lumbosacral junction [74].

The most common and widely used operation that 
satisfies patients is pseudoarthroectomy or resection of 
the enlarged transverse process(s) of the L5 vertebra 
from the posterior approach [6, 75]. This operation is 
used for sacralization of types I and II according to the 
classification of Castellvi et al., including in adolescent 
patients [26, 27]. A team of Australian surgeons used 
a retroperitoneal approach to resect the transverse 
process of the L5 vertebra, emphasizing that they had 
not previously encountered similar approaches to the 
pseudarthrosis of L5-S1 described in the literature [76].

Minimally invasive surgery using endoscopic 
instrumentation and intraoperative 3D navigation 
has also found application in the treatment of clinical 
manifestations of Bertolotti's syndrome [74, 77, 78]. 
The advantage of these operations is that they allow 
decompression of stenotic intervertebral foramina of the 
L5-S1 spinal motion segment with a good therapeutic 
effect [6, 21].

Transpedicular fusion has not been widely used, but 
is also used as a method of surgical intervention even 
in types III and IV of Bertolotti's syndrome [20]. In the 
few literature papers on this subject, the question of 
fusion extension has been primarily discussed in order 
to preserve the maximum possible movements in the 
lumbar spine [73, 79].

A number of authors consider impulsive 
radiofrequency ablation of L5-S1 a promising method 
of minimally invasive surgery in patients with pain due 
to Bertolotti's syndrome [32].

When analyzing the literature sources presented in 
this review, our attention was drawn to an interesting 
fact. None of the publications outlines measures to 
prevent the formation of lumbosacral transitional 
vertebrae, including sacralization of the L5. This is 
due, in our opinion, to the fact that the studied anomaly 
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in the development of the lumbosacral area is formed 
in utero, under the influence of many known and not 
yet established factors. Clinical researchers, whose 
study results are presented in this review, face already 
formed anomalies, the development of which is of a 
progradient nature. The proposal to conduct a preventive 
radiographhic examination of the lumbosacral spine 

in childhood and adolescence, which is proposed by 
a team of Russian authors [30], is also not aimed at 
preventing intrauterine development and the formation 
of sacralization of the L5 vertebra in fetuses and, if 
seriously discussed, would cause a large number of 
skeptical questions and comments from specialists in 
various fields.

CONCLUSION

This literature review, based on a comprehensive 
analysis of 80 current scientific studies, provides 
information about the most important aspects of such 
a congenital pathology of the lumbosacral spine as 
sacralization of the L5 vertebra (Bertolotti's syndrome). 
However, some issues of practical interest have not been 
reflected in the analyzed literature sources. Thus, the 
dynamic course of sacralization of the L5 related to age 
has not been studied. It is unclear whether it is possible in 
a patient with type IIa sacralization to state the presence 
of the same pathology but already of type IIIa or type 

IV after a few years of radiographic assessment. If yes, 
what factors influence the progradient course of this 
pathology? Of undoubted interest is information about 
whether there are clinicoradiological parallels between 
the severity of pain and the type of sacralization. 
The literature does not provide information on the 
presence or absence of family forms of this disease. The 
unexplored questions lie “on the surface”. It is expected 
that further study of various aspects of sacralization of 
the L5 vertebra (Bertolotti's syndrome), including at the 
genetic level, will be continued.



Genij ortopedii. 2022. Vol. 28, no. 5731

Literature review

17. Bulut M., Uçar B.Y., Uçar D., Azboy I., Demirtaş A., Alemdar C., Gem M., Ozkul E. Is sacralization really a cause of low back pain? 
ISRN Orthop., 2013, vol. 2013, 839013. DOI: 10.1155/2013/839013.

18. Ravikanth R., Majumdar P. Bertolotti's syndrome in low-backache population: Classification and imaging findings. Ci Ji Yi Xue Za 
Zhi, 2019, vol. 31, no. 2, pp. 90-95. DOI: 10.4103/tcmj.tsmj_209_17.

19. Hanhivaara J., Määttä J.H., Niinimäki J., Nevalainen M.T. Lumbosacral transitional vertebrae are associated with lumbar 
degeneration: retrospective evaluation of 3855 consecutive abdominal CT scans. Eur. Radiol., 2020, vol. 30, no. 6, pp. 3409-3416. 
DOI: 10.1007/s00330-020-06691-2.

20. Adams R., Herrera-Nicol S., Jenkins A.L. 3rd. Surgical Treatment of a Rare Presentation of Bertolotti's Syndrome from Castellvi 
Type IV Lumbosacral Transitional Vertebra: Case Report and Review of the Literature. J. Neurol. Surg. Rep., 2018, vol. 79, no. 3, 
pp. e70-e74. DOI: 10.1055/s-0038-1667172.

21. Crane J., Cragon R., O'Neill J., Berger A.A., Kassem H., Sherman W.F., Paladini A., Varrassi G., Odisho A.S., Miriyala S., Kaye 
A.D. A Comprehensive Update of the Treatment and Management of Bertolotti's Syndrome: A Best Practices Review. Orthop. Rev. 
(Pavia), 2021, vol. 13, no. 2, pp. 24980. DOI: 10.52965/001c.24980.

22. Kershenovich A., Macias O.M., Syed F., Davenport C., Moore G.J., Lock J.H. Conus Medullaris Level in Vertebral Columns with 
Lumbosacral Transitional Vertebra. Neurosurgery, 2016, vol. 78, no. 1, pp. 62-70. DOI: 10.1227/NEU.0000000000001001.

23. Jancuska J.M., Spivak J.M., Bendo J.A. A Review of Symptomatic Lumbosacral Transitional Vertebrae: Bertolotti's Syndrome. 
Int. J. Spine Surg., 2015, vol. 9, pp. 42. DOI: 10.14444/2042.

24. Babu H., Lagman C., Kim T.T., Grode M., Johnson J.P., Drazin D. Intraoperative navigation-guided resection of anomalous 
transverse processes in patients with Bertolotti's syndrome. Surg. Neurol. Int., 2017, vol. 8, pp. 236. DOI: 10.4103/sni.sni_173_17.

25. Zhang B., Wang L., Wang H., Guo Q., Lu X., Chen D. Lumbosacral Transitional Vertebra: Possible Role in the Pathogenesis of 
Adolescent Lumbar Disc Herniation. World Neurosurg., 2017, vol. 107, pp. 983-989. DOI: 10.1016/j.wneu.2017.07.095.

26. Louie C.E., Hong J., Bauer D.F. Surgical management of Bertolotti's syndrome in two adolescents and literature review. 
Surg. Neurol. Int., 2019, vol. 10, pp. 135. DOI: 10.25259/SNI-305-2019.

27. Dhanjani S., Altaleb M., Margalit A., Puvanesarajah V., Jain A. Pediatric Back Pain Associated with Bertolotti's Syndrome: A Report 
of 3 Cases with Varying Treatment Strategies. JBJS Case Connect., 2021, vol. 11, no. 4. DOI: 10.2106/JBJS.CC.21.00068.

28. Kumar J., Ali S., Zadran N., Singh M., Ahmed Z. A Rare Case of Bertolotti's Syndrome in a Young Patient: A Case Report and 
Literature Review. Cureus, 2020, vol. 12, no. 10, E10957. DOI: 10.7759/cureus.10957.

29. Hanhivaara J., Määttä J.H., Karppinen J., Niinimäki J., Nevalainen M.T. The Association of Lumbosacral Transitional Vertebrae 
with Low Back Pain and Lumbar Degenerative Findings in MRI: A Large Cohort Study. Spine (Phila Pa 1976), 2022, vol. 47, no. 2, 
pp. 153-162. DOI: 10.1097/BRS.0000000000004244.

30. Iulin V.S., Shpagin M.V., Kolesnikov M.V. Sindrom Bertolotti [Bertolotti's syndrome]. Trudnyi Patsient, 2020, vol. 18, no. 3, 
pp. 13-16. (in Russian) DOI: 10.24411/2074-1995-2020-10012.

31. Alonzo F., Cobar A., Cahueque M., Prieto J.A. Bertolotti's syndrome: an underdiagnosed cause for lower back pain. J. Surg. Case Rep., 
2018, vol. 2018, no. 10, pp. rjy276. DOI: 10.1093/jscr/rjy276.

32. Kanematsu R., Hanakita J., Takahashi T., Minami M., Tomita Y., Honda F. Extraforaminal entrapment of the fifth lumbar spinal nerve 
by nearthrosis in patients with lumbosacral transitional vertebrae. Eur. Spine J., 2020, vol. 29, no. 9, pp. 2215-2221. DOI: 10.1007/
s00586-020-06460-1.

33. Kawtharani S., Bsat S.A., El Housheimy M., Moussalem C., Halaoui A., Sunna T. A case of Bertolotti's syndrome as a cause of 
sciatica. Surg. Neurol. Int., 2021, vol. 12, pp. 516. DOI: 10.25259/SNI_756_2021.

34. Son K.M., Lee S.M., Lee G.W., Ahn M.H., Son J.H. The Impact of Lumbosacral Transitional Vertebrae on Therapeutic Outcomes 
of Transforaminal Epidural Injection in Patients with Lumbar Disk Herniation. Pain Pract., 2016, vol. 16, no. 6, pp. 688-695. 
DOI: 10.1111/papr.12315.

35. Glémarec J., Varin S., Cozic C., Tanguy G., Volteau C., Montigny P., Le Goff B., Darrieutort Laffite C., Maugars Y., Cormier 
G. Efficacy of local glucocorticoid after local anesthetic in low back pain with lumbosacral transitional vertebra: A randomized 
placebo-controlled double-blind trial. Joint Bone Spine, 2018, vol. 85, no. 3, pp. 359-363. DOI: 10.1016/j.jbspin.2017.05.003.

36. Sahoo R.K., Kar R., Patel R., Jadon A. Low back pain from Bertolotti's syndrome: A not-so-uncommon aetiology. Indian J. Anaesth., 
2020, vol. 64, no. 8, pp. 729-731. DOI: 10.4103/ija.IJA_348_20.

37. Jain A., Agarwal A., Jain S., Shamshery C. Bertolotti syndrome: a diagnostic and management dilemma for pain physicians. Korean 
J. Pain, 2013, vol. 26, no. 4, pp. 368-373. DOI: 10.3344/kjp.2013.26.4.368.

38. Karki S., Paudel R., Phuyal A., Bhandari A. Lumbosacral Transitional Vertebrae amongst the Individuals Undergoing Magnetic 
Resonance Imaging of the Whole Spine in a Tertiary Care Hospital: A Descriptive Cross-sectional Study. JNMA J. Nepal Med. 
Assoc., 2021, vol. 59, no. 242, pp. 975-978. DOI: 10.31729/jnma.6336.

39. Nakagawa T., Hashimoto K., Tsubakino T., Hoshikawa T., Inawashiro T., Tanaka Y. Lumbosacral Trasnsitional Vertebrae Cause 
Spinal Level Misconception in Surgeries for Degenerative Lumbar Spine Disorders. Tohoku J. Exp. Med., 2017, vol. 242, no. 3, 
pp. 223-228. DOI: 10.1620/tjem.242.223.

40. Skriabin E.G., Iakovlev E.O., Galeeva O.V. Luchevaia kharakteristika displazii i anomalii razvitiia poiasnichno-kresttsovoi lokalizatsii 
u detei so spondilolistezom nizhnikh poiasnichnykh pozvonkov [Radiological characteristics of dysplasias and anomalies in the 
development of the lumbosacral localization in children with spondylolisthesis of the lower lumbar vertebrae]. Rossiiskii Elektronnyi 
Zhurnal Luchevoi Diagnostiki, 2021, vol. 11, no. 4, pp. 75-83. (in Russian) DOI: 10.21569/2222-7415-2021-11-4-75-83.

41. Shin E.H., Cho K.J., Kim Y.T., Park M.H. Risk factors for recurrent lumbar disc herniation after discectomy. Int. Orthop., 2019, vol. 
43, no. 4, pp. 963-967. DOI: 10.1007/s00264-4201-7.

42. Morimoto M., Sugiura K., Higashino K., Manabe H., Tezuka F., Wada K., Yamashita K., Takao S., Sairyo K. Association of spinal 
anomalies with spondylolysis and spina bifida occulta. Eur. Spine J., 2022, vol. 31, no. 4, pp. 858-864. DOI: 10.1007/s00586-022-
07139-5.



Genij ortopedii. 2022. Vol. 28, no. 5 732

Literature review

43. Lee C.S., Ha J.K., Kim D.G., Hwang C.J., Lee D.H., Cho J.H. The clinical importance of lumbosacral transitional vertebra in 
patients with adolescent idiopathic scoliosis. Spine (Phila Pa 1976), 2015, vol. 40, no. 17, pp. E964-E970. DOI: 10.1097/
BRS.0000000000000945.

44. Garg B., Mehta N., Goyal A., Rangaswamy N., Upadhayay A. Variations in the Number of Thoracic and Lumbar Vertebrae in 
Patients with Adolescent Idiopathic Scoliosis: A Retrospective, Observational Study. Int. J. Spine Surg., 2021, vol. 15, no. 2, pp. 
359-367. DOI: 10.14444/8047.

45. Moreau P.E., Flouzat-Lachaniette C.H., Lebhar J., Mirouse G., Poignard A., Allain J. Particularities of anterior fusion in L4-L5 
isthmic spondylolisthesis. Orthop. Traumatol. Surg. Res., 2016, vol. 102, no. 6, pp. 755-758. DOI: 10.1016/j.otsr.2016.05.006.

46. Kim N.H., Suk K.S. The role of transitional vertebrae in spondylolysis and spondylolytic spondylolisthesis. Bull. Hosp. Jt. Dis., 
1997, vol. 56, no. 3, pp. 161-166.

47. Yao X., Ding R., Liu J., Zhu S., Zhuang J., Liu Z., Jiang H., Qu D., Zhu Q., Chen J. Association between lumbar sacralization and 
increased degree of vertebral slippage and disc degeneration in patients with L4 spondylolysis. J. Neurosurg. Spine, 2019, pp. 1-5. 
DOI: 10.3171/2018.11.SPINE18900.

48. Skriabin E.G. Spondylolysis and isthmic spondylolisthesis of the lower lumbar vertebrae in children and adolescents. Genij 
Ortopedii, 2017, vol. 23, no. 1, pp. 71-73. DOI: 10.18019/1028-4427-2017-23-1-71-73.

49. Smorgick Y., Mirovsky Y., Fischgrund J.S., Baker K.C., Gelfer Y., Anekstein Y. Radiographic predisposing factors for degenerative 
spondylolisthesis. Orthopedics, 2014, vol. 37, no. 3, pp. e260-e264. DOI: 10.3928/01477447-20140225-58.

50. Ahn S.S., Chin D.K., Kim S.H., Kim D.W., Lee B.H., Ku M.G. The Clinical Significance of Lumbosacral Transitional Vertebrae on 
the Surgical Outcomes of Lumbar Discectomy: A Retrospective Cohort Study of Young Adults. World Neurosurg., 2017, vol. 99. 
pp. 745-750. DOI: 10.1016/j.wneu.2016.05.073.

51. Bron J.L., van Royen B.J., Wuisman P.I. The clinical significance of lumbosacral transitional anomalies. Acta Orthop. Belg., 2007, 
vol. 73, no. 6, pp. 687-695.

52. Rabau O., Smorgick Y., Tal S., Tamir E., Levshin M., Mirovsky Y., Anekstein Y. Association between lumbosacral transitional 
vertebrae and spinal pathologies based on T2 whole-spine sagittal magnetic resonance imaging. Skeletal Radiol., 2021, vol. 50, 
no. 12, pp. 2503-2508. DOI: 10.1007/s00256-021-03809-5.

53. Alonso F., Kirkpatrick C.M., Jeong W., Fisahn C., Usman S., Rustagi T., Loukas M., Chapman J.R., Oskouian R.J., Tubbs R.S. 
Lumbar Facet Tropism: A Comprehensive Review. World Neurosurg., 2017, vol. 102, pp. 91-96. DOI: 10.1016/j.wneu.2017.02.114.

54. Can T.S., Yilmaz B.K., Ozdemir S. Sacralization may be associated with facet orientation and tropism but not degenerative changes 
of the lumbar vertebrae. Pol. J. Radiol., 2021, vol. 86, pp. e387-e393. DOI: 10.5114/pjr.2021.107726.

55. Kundi M., Habib M., Babar S., Kundi A.K., Assad S., Sheikh A. Transitional Vertebra and Spina Bifida Occulta related with Chronic 
Low Back Pain in a Young Patient. Cureus, 2016, vol. 8, no. 10, pp. e837. DOI: 10.7759/cureus.837.

56. Tu A., Steinbok P. Occult tethered cord syndrome: a review. Childs Nerv. Syst., 2013, vol. 29, no. 9, P. 1635-1640. DOI: 10.1007/
s00381-013-2129-1.

57. Fidan F., Çay N., Asiltürk M., Veizi E. The incidence of congenital lumbosacral malformations in young male Turkish military 
school candidates population. J. Orthop. Sci., 2021, S0949-2658 (21)00226-8. DOI: 10.1016/j.jos.2021.07.008.

58. Apaydin M. Tethered cord syndrome and transitional vertebrae. Surg. Radiol. Anat., 2020, vol. 42, no. 2, pp. 111-119. DOI: 10.1007/
s00276-019-02341-5.

59. Konin G.P., Walz D.M. Lumbosacral transitional vertebrae: classification, imaging findings and clinical relevance. 
AJNR Am. J. Neuroradiol., 2010, vol. 31, no. 10, pp. 1778-1786. DOI: 10.3174/ajnr.A2036.

60. Byun W.M., Kim J.W., Lee J.K. Differentiation between symptomatic and asymptomatic extraforaminal stenosis in lumbosacral 
transitional vertebra: role of three-dimensional magnetic resonance lumbosacral radiculography. Korean J. Radiol., 2012, vol. 13, 
no. 4, pp. 403-411. DOI: 10.3348/kjr.2012.13.4.403.

61. Farshad-Amacker N.A., Lurie B., Herzog R.J., Farshad M. Interreader and intermodality reliability of standard anteroposterior 
radiograph and magnetic resonance imaging in detection and classification of lumbosacral transitional vertebra. Spine J., 2014, 
vol. 14, no. 8, pp. 1470-1475. DOI: 10.1016/j.spinee.2013.08.048.

62. Hou L., Bai X., Li H., Gao T., Li W., Wen T., He Q., Ruan D., Shi L., Bing W. Lumbar plain radiograph is not reliable to identify 
lumbosacral transitional vertebra types according to Castellvi classification principle. BMC Muskuloskelet. Disord., 2020, vol. 21, 
no. 1, pp. 333. DOI: 10.1186/s12891-020-03358-3.

63. Bezuidenhout A.F., Lotz J.W. Lumbosacral transitional vertebra and S1 radiculopathy: the value of coronal MR imaging. 
Neuroradiology, 2014, vol. 56, no. 6, pp. 453-457. DOI: 10.1007//s00234-014-1361-z.

64. Ju C.I., Kim S.W., Kim J.G., Lee S.M., Shin H., Lee H.Y. Decompressive L5 Transverse Processectomy for Bertolotti's Syndrome: 
A Preliminary Study. Pain Physician, 2017, vol. 20, no. 6, pp. E923-E932.

65. Usmani S., Ahmed N., Marafi F., Al Kandari F. Bertolotti Syndrome Demonstrated on 18F-NaF PET/CT. Clin. Nucl. Med., 2017, 
vol. 42, no. 6, pp. 480-482. DOI: 10.1097/RLU.0000000000001632.

66. Castellvi A.E., Goldstein L.A., Chan D.P. Lumbosacral transitional vertebrae and their relationship with lumbar extradural defects. 
Spine (Phila Pa 1976), 1984, vol. 9, no. 5, pp. 493-495. DOI: 10.1097/00007632-198407000-00014.

67. Knopf J., Lee S., Bulsara K., Moss I., Choi D., Onyiuke H. Onyiuke Grading Scale: A clinical classification system for the diagnosis 
and management of Bertolotti syndrome. Neurochirurgie, 2021, vol. 67, no. 6, pp. 540-546. DOI: 10.1016/j.neuchi.2021.05.002.

68. Farshad-Amacker N.A., Aichmair A., Herzog R.J., Farshad M. Merits of different anatomical landmarks for correct numbering of the 
lumbar vertebrae in lumbosacral transitional anomalies. Eur. Spine J., 2015, vol. 24, no. 3, pp. 600-608. DOI: 10.1007/s00586-014-3573-7.

69. Paik N.C., Lim C.S., Jang H.S. Numeric and morphological verification of lumbosacral segments in 8280 consecutive patients. 
Spine (Phila Pa 1976), 2013, vol. 38, no. 10, pp. E573-E578. DOI: 10.1097/BRS.0b13e31828b7195.

70. Lian J., Levine N., Cho W. A review of lumbosacral transitional vertebrae and associated vertebral numeration. Eur. Spine J., 2018, 
vol. 27, no. 5, pp. 995-1004. DOI: 10.1007/s00586-018-5554-8.



Genij ortopedii. 2022. Vol. 28, no. 5733

Literature review

71. Carrino J.A., Campbell P.D. Jr., Lin D.C., Morrison W.B., Schweitzer M.E., Flanders A.E., Eng J., Vaccaro A.R. Effect of spinal 
segment variants on numbering vertebral levels at lumbar MR imaging. Radiology, 2011, vol. 259, no. 1, pp. 196-202. DOI: 
10.1148/radiol.11081511.

72. Lee C.H., Seo B.K., Choi Y.C., Shin H.J., Park J.H., Jeon H.J., Kim K.A., Park C.M., Kim B.H. Using MRI to evaluate anatomic 
significance of aortic bifurcation, right renal artery, and conus medullaris when locating lumbar vertebral segments. AJR Am. J. 
Roentgenol., 2004, vol. 182, no. 5, pp. 1295-1300. DOI: 10.2214/ajr.182.5.1821295.

73. Golubovsky J.L., Momin A., Thompson N.R., Steinmetz M.P. Understanding quality of life and treatment history of patients with 
Bertolotti syndrome compared with lumbosacral radiculopathy. J. Neurosurg. Spine, 2019, pp. 1-7. DOI: 10.3171/2019.2.SPINE1953.

74. Takata Y., Sakai T., Higashino K., Goda Y., Mineta K., Sugiura K., Sairyo K. Minimally Invasive Misroendoscopic Resection of 
the Transverse Process for Treatment of Low Back Pain with Bertolotti's Syndrome. Case Rep. Orthop., 2014, vol. 2014, 613971. 
DOI: 10.1155/2014/613971.

75. McGrath K.A., Thompson N.R., Fisher E., Kanasz J., Golubovsky J.L., Steinmetz M.P. Quality-of-life and postoperative satisfaction 
following pseudoarthrectomy in patients with Bertolotti syndrome. Spine J., 2022, vol. 22, no. 8, pp. 1292-1300. DOI: 10.1016/j.
spinee.2022.02.010.

76. Malham G.M., Limb R.J., Claydon M.H., Brazenor G.A. Anterior pseudoarthrectomy for symptomatic Bertolotti's syndrome. J. 
Clin. Neurosci., 2013, vol. 20, no. 12, pp. 1762-1766. DOI: 10.1016/j.jocn.2013.02.018.

77. Wu P.H., Sebastian M., Kim H.S., Heng G.T.Y. How I do it? Uniportal full endoscopic pseudoarthrosis release of left L5/S1 
Bertolotti's syndrome under intraoperative computer tomographic guidance in an ambulatory setting. Acta Neurochir. (Wein), 2021, 
vol. 163, no. 10, pp. 2789-2795. DOI: 10.1007/s00701-021-04975-0.

78. Shinonara K., Kaneko M., Ugawa R., Arataki S., Takeuchi K. The effectiveness of preoperative assessment using a patient-specific 
three-dimensional pseudoarticulation model for minimally invasive posterior resection in a patient with Bertolotti's syndrome: a 
case report. J. Med. Case Rep., 2021, vol. 15, no. 1, pp. 68. DOI: 10.1186/s13256-020-02635-y.

79. Lee G.W., Shin J.H., Ryu S.M., Ahn M.W. The Impact of L5 Sacralization on Fusion Rates and Clinical Outcomes after Single-level 
Posterior Lumbar Interbody Fusion (PLIF) at L4-L5 Level. Clin. Spine Surg., 2018, vol. 31, no. 1, pp. E62-E68. DOI: 10.1097/
BSD.0000000000000536.

80. Kanematsu R., Hanakita J., Takahashi T., Tomita Y., Minami M. Pulsed Radiofrequency Treatment for Bertolotti's syndrome 
presenting with low back pain: report of four cases. Pain Pract., 2020, vol. 20, no. 5, pp. 568-570. DOI: 10.1111/papr.12877.

The article was submitted 30.03.2022; approved after reviewing 04.04.2022; accepted for publication 30.08.2022.

Information about the author:

Evgeny G. Skryabin – Doctor of Medical Sciences, Professor, https://orcid.org/0000-0002-4128-6127, SPIN: 4125-9422, 
Scopus ID: 6507261198.

Funding source and conflict of interest The author of the study does not have any financial support or conflicts of interest, which must 
be reported.


