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Abstract: The regeneration of an intervertebral disc can only be successful if the cause of the degener-
ation is known and eliminated. The lumbosacral transitional vertebrae (LSTV) offer itself as a model
for IVD (intervertebral disc) regeneration. The aim of this work is to support this statement. In our
scoliosis outpatient clinic, 1482 patients were radiologically examined, and ambiguous lumbosacral
junction underwent MRI examination. Patients with Castellvi classification type II–IV were included
and the results are compared with the current literature in PubMed (12 October 2022). The LSTV
are discussed as a possible IVD model. A total of 115 patients were diagnosed with LSTV Castellvi
type II–IV. A Castellvi distribution type IIA (n-55), IIB (n-24), IIIA (n-20), IIIB (n-10) and IV (n-6)
can be found. In all, 64 patients (55.7%) reported recurrent low-back pain (LBP). Scoliosis (Cobb
angle >10◦) was also confirmed in 72 patients (58 female and 14 male) and 56 (75.7%) had unilateral
pathology. The wide variation in the literature regarding the prevalence of the LSTV (4.6–35.6%) is
reasoned by the doubtful diagnosis of Castellvi type I. The LSTV present segments with reduced to
absent mobility and at the same time leads to overload of the adjacent segments. This possibility of
differentiation is seen as the potential for a spinal model.

Keywords: lumbosacral; transitional; vertebrae; intervertebral disc; scoliosis; Castellvi
classification; lumbalgia

1. Introduction

In the introduction, the state of knowledge of the lumbosacral transitional vertebrae
(LSTV) is shown on the basis of the current literature. The degeneration of the intervertebral
discs is the focus of the work. The literature is reviewed for links between degeneration
and regeneration of the intervertebral discs. Attention is paid to the clinical symptoms of
lumbar complaints and radiological criteria.

The lumbosacral transitional vertebrae (LSTV) are a congenital malformation of the
spine. It is characterized by enlargement of the L5 transverse process(es), with potential
pseudoarticulation or fusion with the sacrum. It leads to altered rotational movement of the
lower spine, which gives rise to low-back pain (LBP). A diagnosis of Bertolotti syndrome is
given to patients experiencing pain caused by the presence of the LSTV. Estimates of the
prevalence of the LSTV in the general population vary widely in the literature, ranging
from 4.0% to 35.9%. Apazidis et al. have found that type IA is the most common, with a
prevalence of 14.7%. However, type I is generally considered to be clinically insignificant [1].

In the Castellvi classification, only type I uses a dimension of >19 mm. Castellvi
types II–IV, on the other hand, are defined by a structural change as pseudarthrosis or
ossification. This is important because a differentiation between normal structure without
altered biomechanics and pathological structure with expected symptoms of discomfort
cannot be justified by a measurement of 19 mm. The scattering of the prevalence, which is
repeatedly found in the literature, is only one indication of this (Figures 1 and 2).
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The topic of the inaccuracy of the representation of the L5 transverse process will 

therefore be discussed in detail at this point. In Figure 1, Castellvi type I is represented as 

a sketch in such a way that a slight to more severe restriction of the mobility of the affected 

segment can be assumed (Figure 1). As reflected in the review of the following 

international literature, this problem has not yet been conclusively addressed. The 

problem of the imaging quality of the LSTV is presented in a value-neutral manner, even 

though this topic is repeatedly addressed in the further course. Depending on the pelvic 

shape and pelvic tilt, the radiological ap image of the lumbosacral junction leads to 

superimpositions in the case of an enlarged L5 transverse process, which do not always 

permit measurement and assignment with certainty. The measurement of the L5 

transverse process (>19 mm) is thus not guaranteed. As outlined in Figure 3, the imaging 

result is significantly influenced by the radiological beam path. The imaging technique 

according to Fergusion with a tube tilt of 30°–40° cranially and caudally suggests 

improved imaging (Figure 3). However, the dimension of 19 mm remains a variable 

dependent on many factors (patient body size, tube–object distance, object–film distance, 

etc.). The pelvic setting in relation to the spine is not only crucial for visualizing pathology, 

but also an important criterion for possible causes of complaints. Especially the expected 

disc load in the context of the LSTV is crucial. If now again the question of the cause of 

complaints in Castellvi type I arises, it becomes clear that a cause differentiation between 
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Figure 2. Castellvi IIIA (dotted area shows pathology).

The topic of the inaccuracy of the representation of the L5 transverse process will
therefore be discussed in detail at this point. In Figure 1, Castellvi type I is represented
as a sketch in such a way that a slight to more severe restriction of the mobility of the
affected segment can be assumed (Figure 1). As reflected in the review of the following
international literature, this problem has not yet been conclusively addressed. The problem
of the imaging quality of the LSTV is presented in a value-neutral manner, even though
this topic is repeatedly addressed in the further course. Depending on the pelvic shape and
pelvic tilt, the radiological ap image of the lumbosacral junction leads to superimpositions
in the case of an enlarged L5 transverse process, which do not always permit measurement
and assignment with certainty. The measurement of the L5 transverse process (>19 mm) is
thus not guaranteed. As outlined in Figure 3, the imaging result is significantly influenced
by the radiological beam path. The imaging technique according to Fergusion with a tube
tilt of 30◦–40◦ cranially and caudally suggests improved imaging (Figure 3). However, the
dimension of 19 mm remains a variable dependent on many factors (patient body size,
tube–object distance, object–film distance, etc.). The pelvic setting in relation to the spine
is not only crucial for visualizing pathology, but also an important criterion for possible
causes of complaints. Especially the expected disc load in the context of the LSTV is crucial.
If now again the question of the cause of complaints in Castellvi type I arises, it becomes
clear that a cause differentiation between the LSTV and a pathological pelvic setting is
currently hardly possible. No conclusive answer can be found in the literature either. An
interaction between the LSTV and a hip complaint can be assumed in individual cases. We
therefore always recommend a simultaneous hip examination (Figures 3 and 4).
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Figure 4. Pelvic setting.

The availability of an MRI examination significantly improves the diagnosis. However,
even this examination technique must be specific to the question of the LSTV. Initial referrals
of our own to various institutes yielded astonishing results that rarely allowed a diagnosis
to be made. This ranged from imaging of only the sagittal and axial slices, which is often
sufficient for disc assessment, to imaging that did not portray the L5 transverse process.
The combination with a 1.5 Tesla device and a delivered slice thickness of 3 mm also does
not allow a more accurate Castellvi type I assessment. These experiences led to arranging
for standardized images, as described in the method below, after consultation with one
MRI institute. These findings of our own and the still sparse literature at the beginning of
the evaluation period led to the decision not to pursue Castellvi type I further for the time
being (Figure 5).
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Figure 5. Representation of the L5 transverse process(es) in MRI or CT.

In a special issue on the subject of “Intervertebral Disc Regeneration”, the question
of the ligamentous situation at the lumbosacral junction must also be considered. The
findings available in the literature to date are presented, and the question of the quality of
the imaging is part of the problems described above. In particular, the question of mobility
restriction of the affected segment and the associated intervertebral disc stress becomes the
focus of consideration. This makes it obvious that the Castellvi classification type I is not
suitable for differentiating between a normal segment L5/S1 with a pronounced L5 trans-
verse process and a pathological change. This illustration should clarify why the assessment
of Castellvi type I was excluded in this study, although these changes are crucial not only
for disc degeneration but even more so for the outcome of disc regenerative treatment.
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In the work of Min Tang, a prevalence of 15.8% for the LSTV is diagnosed in
5860 radiographs. In all, 44.8% of them are classified as type I [2]. Regarding the question
of diagnosis of the LSTV comparing X-ray and MRI, a good agreement was established
very early [3].

In the work of the last 10 years, the problem of classification of the LSTV is increasingly
worked on. Thus, the imaging quality and reliable assignment of the LSTV, especially of
type I, is becoming the focus of discussion.

Farshad et al. advocate measuring segmental differences. Measurement methods in
the sagittal slices of MRI images are described for identification of LSTV. However, the
variability of the vertebral bodies makes it difficult to accurately define L5 and S1 [4].

Of importance is the total number of vertebral bodies diagnosed with 23 (sacralization)
or 25 (lumbarization) with a normal value of 24 vertebral bodies. Thus, a total imaging of
the spine is necessary [5].

Quantitative measurements are used to try to find new parameters for the diagnosis and
differentiation of the LSTV. Especially LSTV type I with a height of the transverse process
of >19 mm forms an uncertainty in the presentation and therefore in the diagnosis. The
previously mentioned large differences in the prevalence of the LSTV are partly due to this [6].

In the article by Konin et al., attention to the identification and correct numbering
of the LSTV and recognition of imaging findings related to the development of LBP are
comprehensively addressed [7].

In previous work, the iliolumbar ligament is recommended for identification of
L5/S1 [8]. However, attempts to identify L5/S1 using the iliolumbar ligament have not
been successful to date [9].

The iliolumbar ligament in its anatomical structure and as a possible cause of com-
plaints is currently coming into focus. In an MRI study by McGrath et al., unilateral
pathology (types IIA and IIIA) shows a thinner ligament than on the unaffected side. Bilat-
eral pathology (types IIB, IIIB, and IV) shows no side difference and no difference from the
healthy control group. However, the differentiation of LSTV type I is not answered [10].

For a special issue, “Intervertebral Disc Regeneration II”, the cause of LBP and disc
degeneration is the focus of the LSTV.

The relationships between IVD degeneration (intervertebral disc degeneration) and
the LSTV are differentiated in the literature. In LSTV type I, the highest numbers are
reported in some papers; however, no pathological effect on the disc segment is described.
In contrast, in LSTV type II–IV, the adjacent cranial disc segment is reported as the segment
most exposed to degeneration. The distinction between unilateral and bilateral pathology
forms another focus, which is also associated with the question of scoliotic change. A clear
prediction cannot be derived so far.

Pathologies of adjacent structures as a cause of complaints are also increasingly subject
to clarification. The segmental nervous assignment was examined thereby, too.

The disc degeneration is concentrated on the cranially adjacent segment L4/5. In contrast,
the disc of the affected segment of the LSTV type II–IV is mechanically protected by the
restriction of movement. However, this general statement still lacks a differentiated assessment
dependent on the type of the LSTV. The biomechanical workup of motion restriction and the
associated disc loading or unloading are at the beginning of scientific interest [11].

A paper by Ashour et al. states that the incidence of disc herniation is decreased in the
segment of the LSTV. In contrast, the incidence of disc herniation or spondylolisthesis in
the cranial segment L4-5 is increased in the presence of the LSTV. Therefore, the LSTV are
considered a risk factor for degenerative disc changes in the level above the transitional
vertebra [12]. In the LSTV type II group, compression of the L5 nerve due to a bony or
synovial cause of nearthrosis has also been reported [13]. The question of nerve innervation
in the LSTV has also been raised by intraoperative EMG studies, and no pathological
distribution was found compared with the normal spine [14]. A significant association
between lumbar stenosis and the LSTV is described in a retrospective cross-sectional
study [15]. The bony structures show altered trabecular distribution in the LSTV compared
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to healthy spine in a cadaveric study [16]. In a prospective cadaver study by Golubovsky
et al. the segmental mobility of the affected segment and adjacent segments was measured
and described as follows:

The results of this study suggest that patients with Bertolotti syndrome have significantly
altered spinal biomechanics and may develop pain due to increased loading forces at the
LSTV joint during ipsilateral lateral flexion and axial rotation. In addition, increased motion
in the upper levels in the presence of the LSTV can lead to degeneration over time [17].

After outlining the pathological changes and movement limitations, the focus turns to
the possible causes of LBP:

There are different answers to the question of whether LSTV type I causes symptoms,
although diagnostic uncertainty remains as described above. There is also no clear answer
to the distinction between unilateral and bilateral changes as the cause of symptoms.
However, the more stable the constructs of the LSTV are (type II–IV), the more likely
degeneration of the cranially adjacent segment is responsible for the complaints.

Lumbar complaints (LBP) in the presence of the LSTV were originally noted by Mario
Bertolotti in 1917 and are therefore referred to as “Bertolotti syndrome” [18].

Quinlan et al. found Bertolotti syndrome in 769 MRI scans of LBP patients in 4.6% of
the patients studied. In patients with LBP younger than 30 years, 11.4% showed LSTV [19].

A high frequency of the LSTV was found in young male patients with LBP, and it was
mostly subtype I. LSTV type I and associated disc and facet degeneration were notable in
this group [20].

A review of the literature on the problem of discomfort in the LSTV (Bertolotti syn-
drome) shows that comparable changes are found with and without discomfort.

LSTVs pose a diagnostic dilemma for the treating physician, as they may remain
undetected on plain radiographs and even on advanced imaging; moreover, even if the mal-
formation is recognized, patients with the LSTV may be asymptomatic or have nonspecific
symptoms, such as low-back pain with or without radicular symptoms.

Special attention should be given to younger patients under 30 years of age with chronic
lumbar symptoms. Here, diagnostic exclusion or confirmation of the LSTV is required [21].

In lumbalgia, differences in muscle mass distribution are also associated with lordosis
of the lumbar spine [22]. The LSTV are associated with a reduction in muscle volume
and an increase in muscle degeneration of both the lumbar and trunk muscles compared
to healthy individuals [23]. A differential relationship between lumbalgia and the type
of the LSTV can be established. However, the segment affected by the LSTV must be
distinguished from the adjacent segment as the cause of the symptoms [24]. Unilateral
LSTV result in asymmetric biomechanical stresses. The side with the extra L5/S1 joint
bears a greater proportion of the load, resulting in lateral tilt with scoliotic curvature. This
local loading leads to greater wear and unilateral muscle activity. In addition, asymmetric
motion may also affect disc degeneration [25]. The LSTV may also be associated with spina
bifida occulta as another pathological change [26,27].

The topic of scoliosis is addressed in 16 papers. In a study in the Turkish Army, the
LSTV were diagnosed in 12.9% of 3132 men [28]. Another regional assignment of prevalence
to the southern European population is reported by Vinha A. et al. with 24.9% for the group
LSTV Castellvi type II, III and IV [29]. In the work of Garg B. et al., a prevalence of LSTV in
198 patients with scoliosis is found in 18.2% [30].

The change in segmental mobility is measured in a paper by Becker L. et al. and
summarized as follows: Patients with the LSTV show reduced range of motion in the
transitional segment and a significantly increased distribution of motion to the cranially
adjacent segment on flexion–extension radiographs. The increased proportion of mobility
in the cranial adjacent segment may explain the higher rates of degeneration within the
segment [31]. The influence of the LSTV on pelvic alignment with acetabular orientation is
also described by the same group [32].

The impact of the LSTV on surgical interventions is also scientifically discussed but is
not the focus of this article. An improvement of the patients’ quality of life is described
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by surgical interventions. This concerns both the lysis of LSTV and the fusion of the
segment depending on the degenerative changes [33]. However, surgical problems due to
the altered anatomy, especially of the ventral vascular plant, must also be considered in
surgical planning [34].

The LSTV have a wide range in diagnosis, especially in type I, which is reflected
in the widely scattered prevalence data. The biomechanical limitations and the possible
causes of the symptoms are not yet sufficiently differentiated. In particular, there is little
information about the intervertebral disc in the LSTV. The aim of this paper is to investigate
the diagnosis of the LSTV in relation to LBP. The prevalence of the LSTV in the literature
and in our own work should be documented with respect to the problem of diagnosis of
LSTV, especially of Castellvi type I.

2. Materials and Methods

The present article follows the current PRISMA criteria from 2020. The structure of the
contribution is shown in a flow diagram [35] (Table 1).

Table 1. Structure of the contribution.

(1) Introduction:

Presentation of current literature of LSTV:
Prevalence, diagnosis, Castellvi classification, LBP, Bertolotti syndrome, scoliosis, etc.

Flow diagram to Disc: PubMed (12 October 2022):

LSTV n = 150
Prevalence n = 50

Castellvi classification n = 51
LBP n = 59

Bertolotti syndrome n = 19
Disc n = 45

Scoliosis n = 16
Surgery n = 80

(2) Materials and Methods:

- Current literature focusing on LSTV
- The own LSTV-data (2014–2021)
- Gender, age, Castellvi classification, total number of vertebral bodies, low-back pain,

scoliosis, concomitant pathologies, family history.
- Comparison of international literature with own data
- Discussion of segmental limitation according to Castellvi classification.
- LSTV degeneration mechanism as a model for the mechanical limits of IVD regeneration.

(3) Results:
Results of own LSTV-data (2014–2021) (gender, age, Castellvi classification, total number of
vertebral bodies, low-back pain, scoliosis, concomitant pathologies, family history).
Castellvi classification

total number of vertebral bodies
low-back pain (Bertolotti syndrome)

scoliosis
gender

age
concomitant pathologies

family history

(4) Discussion of the literature and own data of LSTV:

- Diagnostic limits of LSTV Castellvi type I
- Functional segmental limitation according to Castellvi classification
- LSTV degeneration mechanism as a model for the mechanical limits of IVD regeneration

(5) Summary:
LSTV as an experimental model for intervertebral disc degeneration/regeneration
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Diagnosis of LSTV: In our scoliosis outpatient clinic 1482 patients were examined by
one consultant orthopaedic surgeon (2014–2021) with more than 25 years of experience in
that field.

Each radiological, structurally ambiguous assignment of the lumbosacral junction was
submitted to further MRI examination with a 3.5 Tesla device (sagittal, coronal, axial and
adjustment to the segment L5/S1 with a slice thickness of 3 mm, Siemens Medical Group).

Patients with Castellvi I classification (height of L5 transverse process >19 mm) are
not included in the study. This decision was made in the initial phase of the study, because
in our own unpublished studies the imaging inaccuracy allows an exact measurement of
the L5 transverse process only in the Ferguson image. However, this additional X-ray is not
permitted for reasons of radiation hygiene. On the other hand, 19 mm should be evaluated
differently for a very tall person than for a short person.

Only patients with Castellvi classification type II–IV are included in the study.

3. Results

In 1482 spine patients examined, 115 patients were diagnosed with LSTV Castellvi
II–IV (male n-32, female n-83).

In the Castellvi IIA (n-55) and IIB (n-24) groups, spondylolysis of the adjacent segment
was seen in two patients and lumbarization in one patient, respectively. In patients with
Castellvi IIIA (n-20), spondylolysis of the adjacent segment was found in three patients
and there was lumbarization in one patient. In classification IIIB (n-10), spondylolisthesis
(Meyerding 2) was seen. Six patients showed Castellvi type IV.

A total of 64 (55.7%) of all patients reported recurrent LBP. Of these, 23 patients showed
orthograde lumbosacral transition and 41 patients showed scoliosis.

In unilateral pathology (IIA, IIIA, n-75), 39 complained of symptoms, and in bilateral
pathology (IIB, IIIB, IV, n-40), 26 patients did. Only five patients belong to group IIIA and
thus have neither unilateral nor pseudarthrosis as cause of pain.

In lumbalgia, a clear age-dependent differentiation is evident. In children and adoles-
cents <16 years, 26.7% complained of chronic complaints. In the age group 16–30 years, it
was 35.5%, and in >30 years it was 88.6% who reported chronic complaints.

Five patients were therefore already in psychological treatment. In the anamnesis,
up to 30 visits to the doctor for lumbalgia can be recorded up to the time of the diagnosis
of LSTV. Three patients with recurrent lumbalgia have already undergone spinal surgery
without the LSTV being known to the patients.

In 72 patients, LSTV Castellvi II–IV and scoliosis was confirmed (58 female and
14 male). The curvature extent of scolioses showed a mean Cobb angel of 24.3◦ with a range
from 11◦–55◦ (n-42) in children and in adults a mean of 32.4◦ with a range from 12◦–66◦

(n-30) in the adults.
Of the 72 patients with scoliosis, 56 showed unilateral pathology (IIA and IIIA) and

16 bilateral pathologies (IIB, IIIB, IV, Table 2).
A positive family history existed in 20 patients from the scoliosis group (n = 72). In

one family, the mother and daughter were affected type IIA, and in another case it was
twins with IIB with scoliotic component. Other malformations were raised: longitudinal
malformation of the right upper extremity, spina bifida, other vertebral body malformations
(n-3), a sacral cyst, syringomyelia (n-2) and a fork rib.

When comparing our own data with the results in the literature, it should be noted
that in our own data only LSTV Castellvi type II, III and IV are collected. The data from the
literature refer to the total sum of LSTV Castellvi type I–IV. If Castellvi type I is shown in
the data, the value is given in parentheses (Table 3).
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Table 2. Data of the own investigation.

Spine patients (all) n-1482

LSTV (all) ♀n-83 ♂n-32 n-115

Castellvi IIA n-55 IIB n-24

IIIA n-20 IIIB n-10

IV n-6

Lumbalgia (all) ♀n-46 ♂n-18 n-64

Castellvi IIA n-30 IIB n-13

IIIA n-11 IIIB n-5

IV n-5

Scoliosis (all) ♀n-58 ♂n-14 n-72

Castellvi IIA n-42 IIB n-11

IIIA n-14 IIIB n-3

IV n-2

Table 3. Own data in comparison to the literature.

Own Data
Type II–IV

Literature
Type I–IV

LSTV total 7.8% 20.9% (+14.7% Type I) [1]

15.8% [2]

10.7% (+21.3% Type I) [20]

21.1% [24]

12.9% [28]

9.3% (+19.7% Type I) [36]

31% [37]

LBP total 4.3% 4.6% [19]

Bertolotti syndrome 55.7% 40.0% [13]

30% [11]

24.9% [29]

Scoliosis and LSTV 62.6% 18.2% [30]

4. Discussion

Castellvi type I:

In the initial phase of the examination, the Castellvi type I problem with its enlarge-
ment of the L5 transverse process of >19 mm becomes obvious. The standard radiograph
of the lumbar spine, as well as the spinal X-ray for scoliosis clarification, does not result in
a reliable orthograde representation of the L5 transverse process. Lordosis and pelvic tilt,
as well as scoliosis, prevent standardized imaging. The magnification factor that inevitably
occurs in a radiograph as a function of object–film distance and tube distance make the
height indication of the L5 transverse process an unsuitable measurement for Castellvi I
classification.

Only the Ferguson image (30◦ angle AP radiograph) serves as a standard method for
detecting LSTV. Additional imaging is prohibited for radiation hygiene reasons. However,
the problem of the magnification factor remains.

The alternative is an MRI examination, which provides additional information in all
three planes in space. The standard images for disc assessment (coronal and sagittal) are



Appl. Sci. 2022, 12, 10830 9 of 13

not sufficient for the assessment of LSTV. The frequently used slice thickness of 3 mm and
the quality of the device (<3.5 Tesla) form another uncertainty factor for diagnostics. If
in the literature there are reported (in many cases not specified) investigations with a CT
and MRI slice thickness of 0.6 mm–3 mm, this should not be considered an insignificant
representation and therefore also not an inaccurate measurement [3,4,6,10].

However, the height of the L5 transverse process must also depend on the overall size
of the patient, so that a measurement >19 mm is only of limited use for classification.

In conclusion, the shape of the L5 transverse process could be more indicative of
pathology than the measurement alone.

In our own work, because of the intractability of the exact classification of Castellvi
type I, we did not work on this type further. This does not mean that Castellvi type I cannot
be responsible for complaints [8–10]. It should be emphasized that the scoliosis outpatient
clinic, with its patients and the frequent oblique position of L5 compared to S1, presents an
additional problem of presentation [1,2].

This raises the following questions:
Is pathology of the ligamentous apparatus (iliolumbar ligament) responsible for the

shape of the L5 transverse process? If so, the shape of the L5 transvers process would be
the expected identifying feature.

A standardized clarification of the ligamentous apparatus and appropriate classifica-
tion must be required.

If it is a pathology with an effect on the intervertebral disc, then any interventional
procedure on the intervertebral disc must also take into account a possible pathology due
to LSTV. This assessment, at first sight very critical, becomes crucial when a new treatment
modality is aimed at repairing the disc [37–39].

If the incidence of the LSTV indeed reaches values as reported in some literature
between 4% and 35.9% and the LSTV leads to treatment failure, this would be crucial for
success and failure for this new treatment modality [21].

LSTV type II:

In unilateral or bilateral pseudarthrosis, limitation of motion of the L5/S1 segment is
assured. Therefore, the pseudarthrosis and the intervertebral disc must be differentiated
as the cause of the complaint. It is to be expected that the pseudarthrosis cannot follow
the age-related process of height reduction in the intervertebral disc without complaints.
Corresponding complaints are thus to be expected. For this differentiation, further MRI
criteria have to be defined.

We would like to point out another aspect to this.
As patients age, degenerative de novo curvatures or increases in curvature occur. This

can lead to a contact zone of the L5 transverse process with the os sacrum (os ileum). If
there is no previous X-ray from youth, the assignment as Castellvi II is also fraught with
uncertainty. For the question of the IVD, which is the focus of this article, this may have no
clinical significance. The literature provides the following evidence in this regard:

Type II LSTV had significant effects in promoting transitional and adjacent
disc degeneration.

Thus, Castellvi type III/IV LSTV predisposed the adjacent spinal components to
degeneration and protected the transitional discs [31,40].

LSTV type III:

In its unilateral form, stress loading is inevitable. In its bilateral form, stability of the
L5/S1 segment is assumed. In both cases, L4/L5 overload is expected due to the lack of
L5/S1 mobility [17,31].

LSTV type IV:

This is a bilateral form with a bony bridging and pseudarthrosis. In this case, an in-
creased load on the adjacent segment L4/L5 may be assumed. Moreover, the pseudarthrosis
may be responsible for discomfort since there is no symmetrical situation.
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Disc degeneration:

In a paper by Ahmed Ashour et al., the incidence for disc prolapse is found to be
decreased in the segment of LSTV. In contrast, the incidence for disc herniation or spondy-
lolisthesis in the cranial segment L4-5 is increased in the presence of LSTV [12]. Hence,
the LSTV are considered a risk factor for disc degenerative changes at the level above the
transitional vertebra level. The IVD only makes sense (can be successful) if it does not affect
the adjacent segment of the LSTV. Thus, a differential diagnosis of the LSTV is important
before any IVD intervention.

Low-Back Pain (Bertolotti syndrome):
Explanation of own data:
A total of 64 patients of the total group (55.7%) reported recurrent LBP (orthograde

lumbar spine n = 23, scoliosis n = 41).
The low number of LBP can be explained by the fact that the age limit of the patients

is very low (scoliosis outpatient clinic). Additionally, the differentiation according to age
shows a rapid increase in complaints in the patient distribution, and the dominance of
scoliosis with 64.1% is striking.

Basis for an intervertebral disc model with different calculable limitation of motion:
A prospective cadaveric study measured the segmental range of motion of the affected

segment and adjacent segments.
A biomechanical analysis of the tissue, joints and associated motion restriction (range

of motion, resulting torques and the LSTV joint forces) and histological assessment of the
segments was performed. The aim of this work is surgical therapy.

This study’s results indicate that patients with Bertolotti syndrome have significantly
altered spinal biomechanics and may develop pain due to increased loading forces at the
LSTV joint with ipsilateral lateral bending and axial rotation. In addition, increased motion
at superior levels when the LSTV are present may lead to degeneration over time.

However, the model can be adapted to address disc treatment issues.
The LSTV are a model given in nature for a differential study of motion restriction on

the affected and adjacent disc segments [17,31].
The preceding illustration suggests the LSTV as a potential model for IVD research.

The LSTV provide segments with reduced to absent mobility and at the same time an
overloaded adjacent segment.

MRI imaging capabilities should differentiate between complaint origin in the LSTV
and disc degeneration.

The model representation should also be suitable for further FEM calculation [36–40].

Disc model:

The work shown here offers the LSTV as a disc model for further investigation. As a
model for the degeneration of the lumbosacral junction and thus clarification of the cause
of the complaint, treatment options become delineable. It can thus lead to a further gain
in knowledge for regenerative disc treatment. We are well aware of the limitations of the
model, especially in the area of Castellvi type I. Knowing the limitations of imaging will be
an advantage for every practitioner and will lead to the avoidance of frustrated therapy
attempts in cases of mechanically persisting pathology.

Limitation of own data:

The data were collected in the spine outpatient clinic with a focus on scoliosis. This
explains the high number of scolioses. This is clearly shown in Table 3 in comparison with
the literature.

The lack of inclusion of LSTV Castellvi I cases prevents direct comparison with the
prevalence data in the literature. A wide dispersion is shown, which cannot be narrowed
down by our own work. This will be discussed in detail in the discussion.

Through cooperation with an MRI institute, an attempt was made to provide stan-
dardized imaging as compensation and thus to ensure a reliable assignment of the patients
LSTV Castellvi II, III and IV.
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5. Conclusions

This paper clarifies the diagnosis of the LSTV as a possible cause of LBP. From the
prevalence of LSTV, in the literature and in our own work, it becomes clear that this is
a clinically non-negligible number of patients. In the wide dispersion of prevalence, the
problem of diagnosis of LSTV Castellvi type I becomes apparent.

Despite these aforementioned diagnostic problems, the LSTV offer the full spectrum
of possible segmental movement limitations. This ranges from a slight limitation of the
range of motion, without clinical relevance, to complete bony fixation. Thus, the cranially
adjacent disc segment is also included in a possible functional model of the IVD.

This in vivo IVD model is thus suitable to provide further insights into the degenera-
tion mechanism. Knowing the cause of degeneration is the basic prerequisite for successful
regeneration treatment using the IVD. For the therapy decision of an IVD regeneration or a
necessary alternative treatment procedure, the presented model can provide information in
the future.
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