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ABSTRACT

BACKGROUND: Various aspects of transitional lumbosacral vertebrae in children remain relevant due to a lack of research
on several critical issues. For instance, the frequency of diagnosis and the distribution of different types and subtypes of this
condition in the pediatric population remain unknown. The clinical features, particularly pain as the main symptom, have not
been sufficiently studied. Furthermore, effective and pathogenetically based approaches to the treatment and prevention
of low back pain associated with transitional lumbosacral vertebrae in different pediatric groups have not yet been developed.
AIM: The study aimed to determine the prevalence and structure of transitional lumbosacral vertebrae in children with pelvic
fractures.

METHODS: This study included 41 children who sustained pelvic fractures between 2022 and 2024, with transitional lumbosa-
cral vertebrae in 10 patients. The diagnostic protocol adhered to the standard for patients with pediatric trauma and included
mandatory computed tomography of the lumbar spine and pelvis. Pelvic fractures were classified according to the Tile/AQ
classification system. Acetabular fractures were assessed using the classification criteria proposed by Judet et al. Transi-
tional lumbosacral vertebrae types and subtypes were categorized based on the Castellvi classification.

RESULTS: The diagnostic frequency of transitional lumbosacral vertebrae was found to be 24.4% + 6.7% of clinical cas-
es. Subtype lla was the most common, accounting for 50.0% + 15.8% of cases, followed by subtype lllb, which occurred
in 30.0% + 14.5% of patients. Subtypes la and IIb each represented 10.0% + 9.4% of the observed cases. The study revealed
that, unlike in adult patients, a distinguishing feature of the condition in children was the absence of the main symptom,
namely, pain in the lumbosacral junction.

CONCLUSION: The high diagnostic frequency of this condition, which often remains latent for some time, highlights the im-
portance of targeted radiological assessment of the lumbosacral junction. Once transitional lumbosacral vertebrae are identi-
fied, patients should be informed of their presence to support the joint development of individualized strategies for preventing
lumbosacral pain.
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lMepexoaHble NOACHUYHO-KPECTLLOBbIE NO3BOHKM
y AeTel, NONYYMBLUMX NepesioMbl KOCTEW Tasa:
YacToTa AMarHoCTUKHU, CTPYKTypa TUNOB

U NoATMNOB 3aboneBaHus

E.I. Ckpsbun', A.10. KpuBuios?

" TioMeHCKWIA roCy1apCTBEHHbIA MeaMLMHCKMIA yHuBepcuTeT, TioMeHb, Poccus;
2 06nacTHas KMHUYecKas bonbHuua N2 2, TioMeHb, Poccus

AHHOTALUA

06ocHoBaHMe. Pa3ninyHble acneKTbl NepPexofHbIX MOSCHUYHO-KPECTLOBbIX NO3BOHKOB Y AETEN COXPAHAIOT CBOKO aKTyabHOCTb
M0 NPUYMHE HEU3YYEHHOCTM MHOTUX BaXKHEWLLMX BOMPOCOB. TaK, HanpuMep, HEM3BECTHA YacToTa AMArHOCTUKM U CTPYKTYpa
Pa3NMyHbIX TUMOB U MOATUMOB 3Toro 3aboneBaHus cpeau AeTeii. He m3yueHbl 0CODEHHOCTU KIMHUYECKOW CUMMTOMATMKY,
Mpex[e BCero 0CHOBHOIO ee cumntoMa — 6onu. He paspabotaHbl addeKTMBHbIE 1 NATOreHETUYECKM 060CHOBaHHbIE METOABI
NeyeHns M NPOGUNAKTUKA MOACHMYHOM BONKM, CBA3aHHOM C NMEPEXOLHBIMM MO3BOHKAMM CPeaM PasfiMyHbIX Tpynn AeTCKoro
HaceneHus.

Lienb — ycTaHOBUTB YacToTy W CTPYKTYPY NEPEXOAHbIX NOSACHUYHO-KPECTLIOBLIX MO3BOHKOB Cpeay AeTeu, MONy4YMBLLMX Nepe-
NOMBI KOCTelh Tasa.

Matepuanbl U Metoabl. B rpynne u3 41 pebenka, nonyumBlUMX nepenoMebl KocTei Tasa B 2022-2024 rr., y 10 naumeHToB
AMarHoCTUpOBanyu NepexofHble NOSCHUYHO-KPECTLOBbIE NO3BOHKW. 06BbeM NPOBEAEHHOTO UCCNENOBaHMA Dbl CTaHAAPTHBIM
Ans 60nbHbIX TpaBMaToNorMyeckoro npodunsa u B 06s3aTeNbHOM NOPAAKE BKIKOYaN NPOBEAEHWE KOMIMbOTEPHOM TOMOrpa-
(UM nosicH4HoOro 0TAENa NO3BOHOYHWKA W Ta3a. [Ing ycTaHOBNEHUs TUNa NOMyYeHHbIX AEeTbMU MOBPEXAEHUA KOCTel Tasa
ucnonb3oBanu knaccuduxaumio Tile/AO. Tpu oLeHKe NepenoMoB BEPTITYIKHOW BMaAMHbI UCMOMb30BaAM KpUTEPUM Knaccudm-
Kauum R. Judet 1 coasr. lNepexoaHble MOACHUYHO-KPECTLIOBbIE MO3BOHKW pacnpefensiv Ha TUMbl U NOATUMbI B COOTBETCTBUM
¢ Knaccudumkaumen A.E. Castellvi u coasr.

Pesynbtatbl. B xofe uccienoBaHusa YCTaHOBMEHA YacToTa AMArHOCTUKU NEPexXofHbX MO3BOHKOB: 24,4+6,7% KIMHUYECKUX
HabntopeHui. B cTpykType natonorum npeobnagan noatvn lla 3abonesanus: 50,0+15,8% cnydaes. Ha BTopoM paHroBom Me-
CTe Haxoawnucb naumeHTsl ¢ nogTunoM lllb 3abonesanus: 30,0+14,5% 6onbHbIX. Ha fonto naumeHToB ¢ noatvnamu la u llb
npuwwnock no 10,0+£9,4% knuHuyeckux HabnopeHuin. B xofe nccnenoBaHus YCTaHOBMEHO, YTO OTIMYUTENBHOW 0COBEHHOCTBIO
TeueHus 3aboneBaHms, B CpaBHEHUM C NaLMeHTaMW 3penoro Bo3pacTa, bbino oTcyTCTBME OCHOBHOMO cuMnToMa — 6onu, Jio-
KanuaytoLeiics B SIloMO0-CaKpanbHOM Nepexoje.

3aknoveHune. BbICOKMIN NPOLIEHT YacTOTbl AMArHOCTUKK 3aboneBaHus, NPOTEKALLEro 0 ONpefeneHHOr0 BpEMEHU NaTeHT-
HO, CBMAETENLCTBYET O TOM, YTO HEOBXOAMMO LieNleHanpaBneHHO U3y4aTb JIY4EBYH0 KapTUHY NOMBO-CcaKpanbHOro nepexofa
W NpU BbISIBNIEHUM MEPEXOAHBIX MO3BOHKOB MH(OPMMPOBATL NALMEHTOB 06 MX HanMuWM C LieNblo COBMECTHOW pa3paboTku
WHAMBULYaNbHBIX Mep NPOdUNAKTUKM NOSCHUYHO-KPECTL0BOW Bomu.

KnioueBble cnosa: getu; nepexonHble NOACHNYHO-KPECTLOBbIE MO3BOHKKU; 4acCTOTa AWMArHOCTUKKU; CTPYKTypa 3aboneBaHus;
rnepesioMbl KOCTeu Ta3a.
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CLINICAL STUDIES

BACKGROUND

Current scientific data on various aspects of transitional
lumbosacral vertebrae in children and adolescents are
limited. As this is a congenital condition, it could most
probably be diagnosed during childhood [1]. However, this
is usually not the case; signs of the condition are often
incidentally detected during imaging studies conducted
for other reasons, most commonly for traumatic injuries
to the spine or pelvis [2]. In addition, delayed transitional
vertebrae diagnosis is frequently associated with numbering
errors [3] or decreased attention from medical personnel
when interpreting imaging results [4]. The relevance of this
issue is further emphasized by the fact that the prevalence
of this condition across pediatric populations remains
unknown [5]. Clinical symptoms observed in adults are
often mechanically extrapolated to growing patients without
considering the anatomical and physiological characteristics
of the developing spine [6]. Moreover, there is no standardized
approach to effective treatment, especially for adequate pain
management for L; radiculopathy [7].

These challenges are critical from a research
perspective and in improving the quality of life for children
with transitional lumbosacral vertebrae, who were unaware
of their congenital lumbosacral anomaly before sustaining
pelvic bones injuries [8].

The work aimed to determine the prevalence and dis-
tribution of transitional lumbosacral vertebrae in children
with pelvic fractures.

METHODS

This study included longitudinal observations of 41 children
aged 5-18 years who sustained pelvic fractures between
2022 and 2024. As part of a comprehensive diagnostic
workup, including computed tomography (CT), transitional
lumbosacral vertebrae were found in 10 of the 41 patients
(24.4% + 6.7%). These 10 children formed the study's focus
group. The mean age of the patients was 13.6 + 2.8 years.
The cohort included four boys (40.0% + 15.5%) and six girls
(60.0% + 15.5%). The scope of the investigation was standard
for trauma patients: recording of complaints and medical
history, clinical examination conducted by relevant specialists,
and comprehensive radiological assessment, with mandatory
pelvic CT.

Pelvic fractures were classified using the Tile/AQ
system [9]. The classification by Judet et al. was used
to assess acetabular fractures [10]. Transitional lumbosacral
vertebrae were categorized into types and subtypes based
on the classification by Castellvi et al. [11].

Statistical analysis involved calculating the relative value
of each indicator as a percentage (P) and the standard error
of representativeness (xm).
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RESULTS

Clinical and radiological assessment of the injured children
allowed for identifying the nature of the pelvic injuries.
The pelvic trauma in eight clinical cases (80.0% + 6.2%) was
classified as type “a” according to accepted classification
systems. In two patients (20.0% + 6.2%), the fractures—
specifically, acetabular fractures—were classified as type “b”
injuries.

In evaluating pelvic imaging findings, particularly
3D CT scans, special attention was given to assessing
the lumbosacral junction and sacrum for the presence
of transitional lumbosacral vertebrae. When such vertebrae
were detected, the type and subtype of the anomaly were
determined using axial CT slices (scans). Table 1 presents
the results of the CT analysis of the lumbosacral junction
in 10 injured patients with diagnosed transitional vertebrae.

The data in Table 1 indicates that in half of the clinical cases
(50.0% =+ 15.8%), the diagnosed condition of the lumbosacral
junction corresponded to type Il, subtype a, according
to the Castellvi classification (Fig. 1).

The subtype lla presented in Fig. 1 is characterized
by an enlarged transverse process (either left, as in this case,
or right) of the vertebra above the sacrum, which articulates
with the sacral ala via a pseudoarticulation [11].

The second most common subtype of the diagnosed
transitional vertebrae was subtype lllb, which was observed
in 30.0% + 14.5% of the clinical cases (Fig. 2).

Analysis of the CT scans shown in Fig. 2 focused
on the sacrum, which exhibits five pairs of sacral foramina.
Normally, five sacral vertebrae fuse by the age of 22-24 years
to form the sacrum (os sacrum), which has four pairs
of sacral foramina [12]. A sacrum with five pairs of sacral
foramina, as revealed by 3D reconstruction, is an indicator
of transitional vertebrae type Il or IV [11].

Subtypes la and llb each accounted for 10.0% of the clinical
cases. The radiological characteristics of these subtypes
were typical: hypertrophy of one of the transverse processes
of the vertebra above the sacrum (in subtype la) and bilateral

Table 1. Frequency of diagnosed types and subtypes of transitional
vertebrae in children with pelvic fractures

Number of cases

Type and subtype
of the condition n %
| a 1 10.0 + 94
b _ _
[ a 5 500 £ 158
b 1 10.0 + 94
I1l a - -
b 3 30.0 £ 145
v - -
Total 10 100.0
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Fig. 1. Three-dimensional reconstruction (a) and CT scan (b) of the low-
er thoracic and lumbar spine, pelvic bones, and hip joints of a 16-year-
old female patient. Subtype Illb injury of the left side of the pelvis
(acetabular and iliac wing fractures). Transitional lumbosacral vertebra,
subtype lla.

Fig. 2. Three-dimensional reconstruction (a) and CT scan (b) of the lower
lumbar spine and sacrum of a 16-year-old female patient. Type a sacral
injury (right iliac wing fracture). Transitional lumbosacral vertebra, type I,
subtype b.

pseudoarticulations between the hypertrophied transverse
processes of the lowest lumbar vertebra and sacral alae
(in subtype lib).

Avulsion fractures of the cartilaginous pelvic structures,
such as the anterior superior iliac spines and anterior
inferior iliac spines, are classified as pediatric-specific
injuries [13]. In the study group, a 13-year-old girl sustained
an avulsion fracture of the right iliac crest after falling from
a horse. Comprehensive assessment confirmed the avulsion
fracture and presence of a transitional lumbosacral vertebra
(Fig. 3).

The presence of a transitional vertebra was first indicated
by the sacrum with five pairs of sacral foramina (Fig. 3a—c).
Further analysis of the radiological findings revealed that,

Tom 13, Ne 2, 2025

ODTOHCJ:LMH, TpaBMatonorna
1 BOCCTaHOBMTENIBHAA XMPYypria AETCKOro Bo3pacta

unlike the clinical case shown in Fig. 2, the two cranial
vertebrae were separated by pseudoarthrosis at the level
of the sacral wings on the left and right sides, classifying
this clinical case as subtype IIb (Fig. 3d).

A critical finding of the present study was none
of the 10 patients diagnosed with transitional vertebrae during
evaluation for pelvic injuries had reported any complaints
related to the spine or sacrum prior to the trauma. This was
confirmed by the parents of the injured children.

DISCUSSION

The term transitional lumbosacral vertebrae was
introduced by Durr over 160 years ago. In 1860, he published
an article in the German journal Zeitschrift fiir rationale
Medizin, where he proposed this term to describe vertebrae
that had “adopted” the shape and functions of two adjacent
spinal regions. The modern interpretation of transitional
lumbosacral vertebrae is reflected in the classification
proposed in 1984 by a group of American orthopedic surgeons
led by Castellvi, which has remained widely accepted
among specialists. Fig. 4 shows a schematic representation
of the classification by Castellvi et al. [11].

The Castellvi classification is based on the analysis
of the size of the transverse processes of the lowest lumbar
vertebra and type of contact (pseudarthrosis or synostosis)
between these processes (or one of them) and the sacral
wings on one or both sides. This condition originates in utero,
between weeks 4 and 6 of gestation [14].

Scientific data indicate that the prevalence of transitional
vertebrae in the general population greatly varies, ranging
from 4% [15] to 36% [16]. According to Vaidya et al. [17],
this variation is due to differences in the study populations,
imaging techniques used, and interpretation of the findings.

Currently, CT is considered the most effective method
for objectively diagnosing transitional vertebrae. In a scientific
publication, Hanhivaara et al. [18] used the phrase “superior
diagnostic efficacy” to describe the capabilities of this
imaging modality.

As previously noted, in 50.0% + 6.7% of the clinical cases
in our cohort, transitional vertebrae of type II, subtype a were

Fig. 3. Three-dimensional reconstructions (a, b, and c) and CT scan (d) of the lower lumbar spine, pelvic bones, and hip joints of a 13-year-old female
patient. Avulsion fracture of the right iliac crest (a and b). Transitional lumbosacral vertebra, type II, subtype b (a, ¢, and d).

DOI: https://doi.org/10.17816/ PTORS6/8050
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Fig. 4. Schematic representation of different types and subtypes of transitional lumbosacral vertebrae according to Castellvi.

diagnosed. These findings are consistent with the results
of a previous analysis conducted by the authors, which
examined the prevalence of different types and subtypes
of transitional vertebrae. That analysis was based on data
from 17 scientific research studies across Europe, Asia,
and the Americas. Collectively, these studies analyzed
the radiological data of 5090 patients of various ages
with transitional lumbosacral vertebrae. Ranking of disease
types and subtypes revealed that clinical cases corresponding
to subtype lla ranked first in diagnostic frequency,
with 26.9% + 0.6% of cases [5].

Scientific data reveal that subtype lla is the most
frequently associated with vertebrogenic pain localized
in the lumbosacral region [19]. The average intensity
of the pain syndrome typically corresponds to 6 points
on the visual analog scale [20]. The main cause of pain
in patients with transitional vertebrae is extraforaminal
stenosis at the lumbosacral junction [21], which significantly
increases the risk of L; and S, nerve root impingement [22].
In addition, Garcia Lopez et al. [23] noted that transitional
vertebrae induce abnormal rigidity (as described in the article)
in the lumbosacral junction, which negatively affects
the spine’s shock-absorbing function. These structural
abnormalities at the lumbosacral junction progress as
skeletal ossification advances during growth [24]. This
may explain the absence of low back pain in 10 pediatric
patients analyzed in the current study despite the presence
of pathognomonic radiological signs of transitional vertebrae.
Interestingly, when characterizing patients with transitional
vertebrae, Tsoupras et al. [25] use the term “skeletally
immature subjects.”

The absence of low back pain in children and adolescents
with transitional vertebrae is further confirmed by another study
conducted by the authors of the present study. In 19 children

with uncomplicated lumbar vertebral fractures who also
exhibited reliable radiological signs of transitional vertebrae,
no vertebrogenic pain was reported prior to trauma [26].
Moreover, the possibility of low back pain has been reported
in pediatric patients with transitional vertebrae [27]. In some
cases, the duration, intensity, frequent recurrence, and limited
efficacy of conservative pain treatment may be indications
for surgical intervention, as in adult patients with the same
condition [28]. In adolescents, surgery generally involves
pseudoarthrectomy of the hypertrophied transverse process
of the lumbosacral transitional vertebra [29].

CONCLUSION

The aim of the study was successfully achieved:
The frequency and distribution of lumbosacral transitional
vertebrae were determined in a pediatric cohort with pelvic
bone fractures. It was found that the diagnostic frequency
of lumbosacral transitional vertebrae in the studied cohort
was 24.4% + 6.7% of clinical cases. Subtype lla was the most
prevalent, accounting for 50.0% + 15.8% of cases. Subtype llib
ranked second, being diagnosed in 30.0% + 14.5% of patients.
Subtypes la and IIb were each found in 10.0% + 9.4% of cases.
No cases of subtypes Ib and llla and type IV transitional
vertebrae were identified. A key distinguishing feature
of the clinical presentation in children was the absence
of the primary symptom, namely, pain in the lumbosacral
region, despite the fact that the radiological features of all
detected subtypes were identical to those observed in adult
patients.

The study results confirm that lumbosacral transitional
vertebrae are a widespread condition in the general popu-
lation, including in pediatric patients. The alarmingly high
detection rate of this condition during imaging examinations
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performed for various injuries to the axial skeleton indicates
the need for focused radiological assessment of the lumbo-
sacral junction. In cases wherein developmental anomalies
of the lumbosacral region are identified, patients and their
parents should be informed of the condition and counseled re-
garding its possible clinical manifestations in the near future.
This is particularly crucial, as pain potentially caused by tran-
sitional vertebrae may be misinterpreted as a consequence
of pelvic fractures, leading to diagnostic errors and hin-
dering the selection of an appropriate treatment strategy.
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