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Abstract

Congenital spinal deformities in prepubertal children are heterogeneous, progressive,
and frequently accompanied by associated anomalies, making surgical planning
challenging.

Objective: To describe the radiographic and clinical characteristics of a single-center
series of surgically treated prepubertal children with complex vertebral malformations.
Case Presentation. This retrospective descriptive case series included 12 children who
underwent surgery between 2019 and 2023 at a tertiary referral center. Demographic
variables, deformity pattern, associated anomalies, number of surgeries and
hospitalizations, and radiographic parameters were reviewed. All patients underwent
posterior correction and fusion using predominantly transpedicular instrumentation;
growth-friendly techniques were not used. Primary outcomes were pre- to postoperative
changes in scoliosis Cobb angle and, where paired data were available, kyphosis angle.
The mean age at first surgery was 9.2 + 1.6 years (range, 7-11). The mean scoliosis Cobb
angle improved from 30.8° + 12.1° preoperatively to 9.4° + 8.8° at the latest postoperative
follow-up, corresponding to a mean reduction of 21.3° and a 69.2% reduction based on
group means. Eight of the 12 patients achieved >50% coronal correction. Kyphosis
measurements were numerically available in 6 patients preoperatively and as paired
postoperative values in 5; in this paired subgroup, mean kyphosis improved from 49.5°
+30.3° to 23.0° + 15.4°, corresponding to a mean reduction of 26.5°. Associated anomalies
or syndromic conditions were documented in 6 patients (50.0%). The mean number of
surgeries was 1.5 + 0.5 per patient, and the mean number of hospitalizations was 2.2 + 1.1.
No major neurological deficits or deep infectious complications were documented in the
available records.
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Conclusions. In this case series, posterior surgical correction for complex congenital
spinal deformities in prepubertal children provided substantial coronal correction,
clinically meaningful sagittal improvement in patients with available paired
measurements, and a moderate treatment burden.

Keywords: congenital spinal deformity, case series, prepubertal children, vertebral
malformations, spinal surgery, scoliosis, kyphoscoliosis.

1. Introduction

Congenital spinal deformities arise from failures of
vertebral formation, segmentation, or combined
malformations and often become clinically relevant
early in life. In contrast to adolescent idiopathic
scoliosis, these deformities are usually rigid, frequently
progressive, and may be associated with kyphosis,
thoracic insufficiency, and anomalies of other organ
systems [1-3]. In addition to coronal deformity
progression, sagittal imbalance and junctional
problems may substantially affect mechanical outcomes
and overall clinical burden, further complicating
treatment planning [4]. As a result, management
requires not only deformity correction but also careful
consideration of growth potential, neurological safety,
sagittal profile, and associated conditions.

Surgical treatment is generally indicated for
progressive deformity or for curves that have already
reached magnitudes unlikely to remain stable with
observation alone. In younger children, the choice
between definitive fusion and growth-friendly
strategies remains complex. Growth-friendly systems
preserve spinal growth, but they are also associated
with repeated procedures, unplanned returns to the
operating room, and a higher cumulative complication
burden [1,5,6]. Conversely, definitive posterior
correction may reduce the number of interventions in
selected patients with focal or rigid deformities,
particularly when short-segment stabilization is

2. Case Presentation

This retrospective descriptive case series included
12 children who underwent surgery at the National
Scientific Center of Traumatology and Orthopedics
named after Academician N. Batpenov. Institutional
records were reviewed to identify children aged 7-12
years with congenital spinal deformity and multiple
vertebral anomalies who underwent operative
treatment between 2019 and 2023. Only patients with
available preoperative radiographs, latest
postoperative radiographs, and sufficiently complete
clinical records were included. The minimum
postoperative follow-up was 2 years.

All cases represented structural congenital
deformities related to vertebral malformations. The

feasible [2,7]. Recent growth-based decision-making
concepts in congenital scoliosis with multiple vertebral
anomalies further emphasize that surgical strategy
should be individualized according to deformity
morphology, progression risk, and remaining growth
potential [8]. In selected rigid kyphoscoliotic
deformities, posterior-based corrective procedures
have also been shown to provide meaningful
radiographic improvement when appropriately
indicated [9].

Another important feature of congenital spinal
deformity is its association with extracolumnar and
intraspinal abnormalities. Prior studies have reported
cardiac, genitourinary, craniofacial, and neural axis
anomalies in a substantial proportion of patients,
underscoring the need for multidisciplinary
preoperative evaluation [3,10,11]. Against this
background, reporting institutional surgical experience
remains valuable, especially for centers managing
complex congenital deformities in resource-constrained
settings.

The aim of this study was to present a single-center
retrospective case series of prepubertal children with
complex vertebral malformations who underwent
surgical correction, with emphasis on radiographic
correction, associated anomalies, and overall treatment
burden.

operative strategy consisted of posterior deformity
correction and fusion using predominantly
transpedicular instrumentation. Hooks were used
selectively in the upper thoracic or cervicothoracic
region when pedicle anatomy was unfavorable. Short-
segment fusion was preferred whenever it was
technically and biologically appropriate. Growth-
friendly techniques were not used in this series.

For each patient, the following variables were
extracted from the clinical and operative records: year
of first surgery, age at first surgery, deformity type,
associated anomalies or syndromic conditions, number
of spinal operations, number of hospitalizations related
to spinal treatment, and radiographic parameters.

https://doi.org/10.52889/1684-9280-2026-77-2-jt0049
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Coronal deformity was assessed using the scoliosis
Cobb angle measured on standing radiographs before
surgery and at the latest available postoperative follow-
up. Sagittal deformity was assessed using the kyphosis
angle when this variable was numerically recorded in
the chart. For patients who underwent more than one
operation, the latest available postoperative radiograph
after completion of the treatment course was used for
analysis.

The primary outcome was the change in scoliosis
Cobb angle from the preoperative assessment to the
latest postoperative follow-up. Secondary descriptive
outcomes included change in kyphosis angle in patients
with paired measurements, frequency of associated
anomalies, number of surgeries, and number of
hospitalizations. Because the series was small and
clinically heterogeneous, the statistical analysis was
limited to descriptive methods. Continuous variables
are presented as mean * standard deviation, and
categorical variables as counts and percentages.

The study was conducted in accordance with
institutional ethical standards and the principles of the
Declaration of Helsinki. All data were anonymized
before analysis. Because of the retrospective design and
the use of non-identifiable information, individual
consent for study participation was not additionally
required; however, consent for diagnostic and surgical
procedures had been obtained from parents or legal
guardians as part of routine care.

Key results

12 children met the eligibility criteria. The mean
age at first surgery was 9.2 + 1.6 years (range, 7-11).
Four patients (33.3%) were classified as having scoliosis
and eight (66.7%) as having kyphoscoliosis. Associated
anomalies or syndromic conditions were documented

in 6 patients (50.0%). These included cardiac anomalies
or variants in three patients, Klippel-Feil syndrome in
two, syringomyelia in one, hypermobility syndrome in
one, and craniofacial anomalies in one; several patients
had more than one associated condition.

All patients underwent posterior surgical
correction. The mean number of spinal operations was
1.5 + 0.5 per patient (range, 1-2); six patients required
one operation and six required two procedures. The
mean number of hospitalizations related to spinal
treatment was 22+1.1 (range, 1-5). No major
neurological deficits or deep infections were
documented in the available records.

Radiographic correction in the coronal plane was
observed in nearly all cases. The mean scoliosis Cobb
angle decreased from 30.8° + 12.1° preoperatively to 9.4°
+ 8.8° at the latest postoperative follow-up,
corresponding to a mean absolute reduction of 21.3°.
Based on the difference between group means, this
represented a 69.2% reduction in coronal deformity.
Eight of the 12 patients achieved more than 50%
correction. In one patient, the scoliosis angle remained
unchanged at 20° preoperatively and postoperatively;
however, this case was characterized by a
predominantly kyphotic deformity, with kyphosis
improving from 86° to 17°.

Numeric preoperative kyphosis values were
available in 6 patients, whereas paired postoperative
sagittal measurements were available in 5. In this paired
subgroup, mean kyphosis improved from 49.5° + 30.3°
to 23.0° £ 15.4°, corresponding to a mean reduction of
26.5°. The largest sagittal corrections were observed in
patients with marked preoperative deformity,
including reductions from 62° to 12° and from 86° to 17°.

Table 1 - Radiographic outcomes at baseline and latest postoperative follow-up

Outcome measure Preoperative Postoperative . Mean
improvement

Scoliosis Cobb angle (all patients, n = 12) 30.8+12.1 9.4 +8.8 -21.3° (69.2%)

Kyphosis angle (paired subgroup, n =5) 49.5 + 30.3 23.0£154 —26.5° (53.5%)

Note: Kyphosis analysis was limited to patients with paired numeric pre- and postoperative measurements

4. Discussion

This single-center retrospective case series
suggests that posterior surgical correction in
prepubertal children with complex congenital
vertebral malformations can achieve substantial
coronal correction with an acceptable overall treatment
burden. The mean scoliosis Cobb angle decreased from
30.8° to 9.4°, corresponding to a 69.2% reduction based
on group means, and eight of the 12 patients achieved
more than 50% correction. Although direct comparison
across studies remains difficult because congenital

deformities are morphologically heterogeneous and
surgical indications vary, the present findings are
consistent with the broader concept that timely and
individualized operative management may prevent
progression and provide meaningful deformity control
in selected patients with congenital scoliosis [2,6,9].
Sagittal correction was also clinically relevant in
the subgroup with available paired measurements. In
these patients, mean kyphosis improved from 49.5° to
23.0°, corresponding to a mean reduction of 26.5°.
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Importantly, in one patient the scoliosis angle
remained unchanged at 20° preoperatively and
postoperatively; however, this case was characterized
by a predominantly kyphotic deformity, with kyphosis
improving from 86° to 17°. This observation indicates
that coronal correction alone may underestimate the
overall surgical benefit in selected patients with
combined deformities. Restoration of sagittal
alignment is clinically important because persistent
kyphotic deformity and junctional malalignment may
adversely affect mechanical outcomes and increase the
burden of spinal deformity surgery [4]. Similar
meaningful radiographic improvement after posterior-
based corrective procedures has been reported in
pediatric patients with severe rigid kyphoscoliosis [9].
In addition, although our cohort was not focused
specifically on cervical deformity, the broader
pediatric literature also highlights the importance of
carefully addressing kyphotic alignment in the
cervicothoracic region when present [12]. At the same
time, sagittal radiographic data were incomplete in
part of the present cohort, and the small number of
paired cases precludes firm conclusions regarding
sagittal outcomes across the entire series.

An important practical observation in this study is
the moderate treatment burden. All patients were
managed without growth-friendly techniques, and no
child underwent more than two procedures. This
contrasts with the repeated lengthening strategy often
required in growth-friendly constructs, which has been
associated with higher rates of complications,
reoperations, and unplanned returns to the operating
room in pediatric spinal deformity surgery [1,6]. From
a health-service perspective, treatment burden is also
relevant because pediatric deformity surgery may be
associated with prolonged hospitalization,
readmission, and additional resource utilization [5].
Nevertheless, such comparisons should be interpreted
cautiously, because our cohort consisted of selected
prepubertal patients with congenital vertebral

5. Conclusions

In this retrospective single-center case series,
surgical correction of complex congenital spinal
deformities in prepubertal children achieved
substantial coronal improvement and clinically
meaningful sagittal correction in patients with available
paired measurements. The treatment burden remained
moderate, with one or two procedures per patient, and
no major neurological deficits or deep infections were
documented in the available records. These findings
support carefully selected posterior correction and
fusion as a reasonable treatment option for prepubertal
patients with complex vertebral malformations, while

malformations who were managed using a different
clinical rationale and age-specific strategy. In this
context, our findings are in line with recent growth-
based decision-making concepts emphasizing that
surgical strategy in congenital scoliosis with multiple
vertebral anomalies should be individualized
according to deformity pattern, progression risk, and
remaining growth potential [8].

Half of the patients in this series had associated
anomalies or syndromic conditions, including cardiac
findings, Klippel-Feil syndrome, syringomyelia,
hypermobility syndrome, and craniofacial
abnormalities. This observation is consistent with
previous reports showing that congenital scoliosis is
frequently accompanied by extracolumnar and
intraspinal anomalies [3,10,11]. Accordingly, our
findings support the need for comprehensive
multidisciplinary preoperative assessment, including
evaluation for neural axis and systemic abnormalities
that may influence timing of surgery, perioperative
safety, and overall treatment planning.

The present study has several limitations. First, it
is a retrospective case series from a single institution
with a small sample size, which limits generalizability.
Second, the cohort was clinically heterogeneous with
respect to deformity morphology and associated
anomalies. Third, sagittal radiographic data were
incomplete, so kyphosis analysis could only be
performed in a subset of patients. Fourth, the study did
not include standardized functional or health-related
quality-of-life outcomes. Fifth, despite a minimum
postoperative follow-up of 2 years, the absence of a
comparison group precludes any inference regarding
superiority of one surgical strategy over another.
Despite these limitations, the study provides a realistic
description of institutional experience in managing
complex congenital deformities during the prepubertal
period and may be useful for contextualizing surgical
decision-making in similar clinical settings.

also underscoring the importance of multidisciplinary
evaluation and cautious interpretation of results in
small, clinically heterogeneous series.
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Tyiingeme

[IpenryOepTaTThIK >KacTarbl OaJalapiarbl OMBIPTKAHBIH Tya OiTkeH JedopMaumsaiapbsl KYPBLABIMABIK
9pTeKTiAiriMeH, yAeMmeai aFbIMBbIMEH >KoHe KaTap >KYpeTiH aHOMaAusAapAblH XKHUi Ke3jecyiMeH cuIlaTTadaabl, Oya
XUPYPTIUAABIK eMAeYAl KocIapAayAbl KypaeAeHaipeai.

3epTTeyAiH MaKcaThl: XUPYPTUAABIK €M aAfaH KypdeAl OMBIpTKa aHOMaaAmsdapsl Oap IpernyOepTaTTBIK
>KacTarsl OasdaaapablH Oip OpTaABIKTaFLI CepMACEIHAA PajViOAOTIVIAABIK JKoHe KAMHNKAABIK CUIIaTTaMalapAsl Talaay.

Kannukaarsik >Kargaiaapabl cunarray. 3eprrey 2019-2023 Xbplagap apaablfblHAa MaMaHAaHABIPBLAFaH
OopTaABIKTa OTa >KacaafaH 12 OaaaHBI KAMTBIFaH peTPOCHEKTUBTI CUMIaTTaMaAbIK, KAMHMUKAABIK, JKaFAalidap cepusCchl
HerisiHAe Xypriziaai. demorpadusaiblk kepcetkimrep, gedpopmanys Typi, Karap KypeTiH aHOMaaAmsAap, OTalap
MeH rocnuTaAM3aluusAlap caHbl, COHJAAlM-aK paAMOAOIMAABIK IlapaMeTpaep TaajaHAbl. bapablk HaykacTapra
TpaHCIeAUKYASPABl PUKCAIMAHB KOAJaHa OTHIPHII apTKBl KOAXKETIMAIAiK apKBIABI TY3eTy >KoHe CIIOHAMAOAEe3
opriHAaaAn;; growth-friendly Texmoaormsaapsl KoagaHblAFaH >KOK. Herisri HoTIDKeaiK KepceTKilTep peTiHge
ckoanos Kesingeri Cobb OypHIIIBIHEIH OTa AeifiHTi >KoHe OTaJaH KelliHTi e3repicrepi, aa >KyIlTaaraH gepeKkTep 00AFaH
>Karjaiiga Kudo3 OYpHIIIBIHBIH AMHAMMKaChl OaraaHABbL.

Aarammkpl OTa KacaAraH KesJeri opramia xac 9,2 + 1,6 xactel Kypaast (7-11 >xac). Ckoanos xesingeri Cobb
OYPBILIBIHBIH OpTallla MoHi onepaumsira geiiin 30,8° + 12,1°-TaH oTagaH KelliHTi cCOHFBI Oakblaayda 9,4° + 8,8°-Ka aeliiH
TeMeHJeAl, Oy opTamra 21,3°-Ka a3alora >KoHe KOPOHAAABIK AepopMalVLTHBIH 69,2%-Fa Ty3eTiayiHe covikec Keaai. 12
HayKacTbIH 8-iHge KopoHaaAHK Ty3eTy 50%-4aH actel. Kndos xepcerkimrepi orara geiiiH 6 HaykacTa, aa oTajaH
KeIiHTi )XYITaAFaH carTuTTaAAbl eAllleMaep 5 HayKacTa KOAXKeTiMai 604451; Ocpl TonTa KM(PO3AbIH OpTalia MaHi 49,5°
+ 30,3°ran 23,0° + 15,4°-ka geiliH TeMeHJell, opTama 26,5°-ka asaiiapl. Karap >XypeTiH aHOMaausaap Hemece
CUHAPOMABIK >Kafaariaap 6 Haykacra (50,0%) anbikTaaAbl. bip Haykacra mmrakkangarsl oTadapAbIH OpTallia caHsl 1,5 +
0,5, aa rocnuraansanusalapAblH opTamia caHsl 2,2 + 1,1 60aasl. KoaxeTiMai MeaguIIMHAABIK Ky>KaTTapaa aybIp
HEBPOAOTVIABIK HeMece TepeH MHPEeKINAABIK acKbIHyAap TipKeAMereH.

KopsiTeinabr. Ochl KAMHMKAABIK JKaFdaiilap cepMsAChHAA IIpeIryOepTaTTHIK >KacTaFbl OMBIPTKAHBIH Tya GiTkeH
aKayJapbIMeH O KypeTiH Jedopmalriuadapbl Oap ©Oadasapra apTKbl Ty3eTy >KoHe CIIOHAWAOAE3 O KYPIizy
AedopMalVSIHBIH alIKbIH TY3€TiAyiH JKoHe eMAey KYKTeMeciHiH oprallia deHreride 60AFaHbIH KOPCETTI.

Tyi1iH ce3aep: OMBIPTKaHBIH Tya 6iTkeH AepOopMallMsIChl, KAMHNUKAABIK KaFjaiilap CepIChl, IPeryOepTaTThIK,
>KacTarbl 0alasap, OMBIPTKA aHOMaAMsAAaphl, OMBIPTKA XUPYPIUACH, CKOAMO3, KNPOCKOAMO3.
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Pe3iome

BpoxaenHole gedopmanyy IIO3BOHOYHMKA Yy JeTell IIpellyOepTaTHOIO BO3pacTa XapaKTepU3YIOTCS
reTepPOTeHHOCTBIO, IIPOrPeCcCUpPYIOIIUM TeYeHNMeM M JacTBIM cOYeTaHMeM C CONIYTCTBYIOIIMMM aHOMAaAUsAMMU, UTO
3aTpyAHsET IAaHMPOBaHe XUPYPIMIECKOTO AedeHNs.

Lleap mccaeaoBaHMA: ONMCATh PeHTITEHOAOIMYeCKNe Y KAVMHIYeCK)e XapaKTepUCTUKI OAHOLIEHTPOBOI cepum
JeTeil TperyOepTaTHOIO BO3pacTa CO CAOKHBIMM aHOMaAMAMM IIO3BOHKOB, KOTOPBIM OBLAO BBIIIOAHEHO
XUPYpTUJecKoe AedeHne.

ITpesenTarnust KAMHMYECKMX cAydaeB. B peTpoCneKTMBHYIO ONMCAaTEABHYIO CepUIO KAMHUYECKUX CAydaeB
BKAIOYEHBI 12 geTeli, TepeHecIInx onepannio B nepuog ¢ 2019 o 2023 rog B cieninaan3MpoBaHHOM LIEeHTpe TPeThero
yposH:. [Ipoanaansuposansl geMorpaduaecKkye moxkasaTeAn, TUII AepopMaliiny, COIYTCTBYIOIT/e aHOMAaAU, 9CA0
oIlepaliil ¥ FOCIINTaAM3aL I, a TaKKe peHTTeHOoA0rndeckue IapaMeTpsl. BceM naryeHTaM BBIITOAHEHBI KOPPeKLNs
dedpopmManuy ¥ CIIOHAMAOAE3 U3 3ajHEero AOCTyIla C IpeMMYIIeCTBeHHBIM IIpVIMeHeHMeM TpaHCIIeAVKYASPHON
¢Pukcarun; growth-friendly TexHoaorum He mcroanr3osaayucs. OCHOBHBIMU yMcX0AaMy Obiau m3MeHeHus yraa Cobb
IIPY CKOAMO3€ A0 U IIOCA€ Ollepaluy, a Ipy HaAYNUY ITapHBIX AQHHBIX — U3MEHeHMs yraa Kudoasa.

Cpeanuii Bo3pacT Ha MOMEHT IlepBOli omepanum coctasua 9,2 + 1,6 roga (anamnason 7-11 aer). CpeaHee
3HageHne yraa Cobb mpm ckoamose ymensmmaocs ¢ 30,8° + 12,1° g0 onepanum 4o 9,4° + 8,8° mpu mocaeaHem
I10CAe0NepaIjiIOHHOM Ha0AIOAeH!M, YTO COOTBETCTBOBAAO CpejHEMY CHIDKeHMIO Ha 21,3° um yMeHBbIIeHMIO
KOpOHaabpHOI JedpopMmanum Ha 69,2% IO IPyHIIOBBIM CpeJHMM 3HaueHIMsAM. Y 8 m3 12 manmeHTOB AOCTMIHYTa
KOppeKIIsl KOpOoHaAbHOM aedopMmanym 6oaee yeM Ha 50%. 3HaueHus kudosa ObAM AOCTYIIHBI 4O OIlepanum y 6
[allVIeHTOB, a IIapHble II0CAe0lIepallIOHHbIE AaHHBIE — YV 5; B 9TON ITOATPYIIIle CpeAHMI yroa K1udpo3a YMEHBIINACS C
49,5° + 30,3° a0 23,0° + 15,4°, 4TO COOTBETCTBOBAAO CpeAHEMY CHIKeHMIO Ha 26,5°. ComyTcTByIOIIe aHOMAaAUN UAN
CUHApPOMaAbHbIe COCTOSHI OBLAN 3aperucTpupoBaHsl y 6 naruenTos (50,0%). Cpeanee uncao onepanmii Ha O4HOTO
nanuenTa cocrasnuao 1,5 £ 0,5, a cpegnee uncao rocnuraansanmin — 2,2 + 1,1. TskeabIX HEBPOAOTMYIECKMX HAPYIIIeHUIA
AU TAyOOKMX MHQEKITMOHHBIX OCAO>KHEHNI He OTMEeY€eHO.

BriBoabl. B gaHHOI cepuM KAMHMYECKUX CAy4daeB XMPypruyeckass KOppeKUUs BPOXXAEHHBIX AepopMalinii
IIO3BOHOUHMKA y JeTell IpellyOepTaTHOIO Bo3pacTa U3 3aJHEr0 AOCTyIla oOecreunia 3HAYUMYIO KOPPEKIIUIO
AedopManiuu 1 yMEPeHHYIO Ae4eOHYI0 Harpy3Ky.

Kaiouesble caoBa: BpoXaeHHasd JedpopManusd ITO3BOHOYHMKA, CepUsA KAMHUYECKUX CAydaeB, JeTu
IperrybepTaTHOTO BO3pacTa, aHOMaAMY ITO3BOHKOB, XUPYPIVLI ITO3BOHOYHIKA, CKOAMO03, KNMPOCKOANO3.
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