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BACKGROUND: Segmentation disorder of the vertebral body lateral surfaces develops progressive spinal deformity. Sur-
gical interventions in different variants are the only effective way of treatment. Thus, this study reviews the use of corrective
vertebrectomy in patients with congenital scoliosis with impaired segmentation of the vertebral body lateral surfaces.

AIM: To evaluate the surgical treatment outcomes in children with congenital scoliosis with impaired segmentation of the
vertebral body lateral surfaces.

MATERIALS AND METHODS: A single-center retrospective study following the Department of spine surgery and neuro-
surgery from 2014 to 2020 included 33 patients with 17 girls and 16 boys. The age range was 36—211 months. All patients
underwent a one-stage corrective wedge vertebrectomy. Statistical processing was performed by comparing the reliability of
differences in distributions using the Wilcoxon t-criterion.

RESULTS: The median Cobb preoperative scoliotic deformity was 31° (interquartile interval [IQR] = 30.5). The median
preoperative lordotic deformity was 29° Cobb (IR = 29.5). The correction magnitude of the scoliotic deformity component
was 64% (median value after intervention: 5° according to Cobb, I1QR = 14.5). The correction magnitude of pathological tho-
racic spine lordosis was 42% (median value after intervention: 17° according to Cobb, IQR = 14.5). The obtained results were
statistically significant (p < 0.05).

CONCLUSIONS: Corrective wedge vertebrectomy is an effective method for surgical treatment of children with congenital
spinal deformity with impaired segmentation of the vertebral body lateral surfaces. This treatment method achieves an aver-
age of 64% correction of scoliotic deformity and 42% correction of pathological lordosis.
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OcTeoTOMMS NO3BOHOYHUKA B JIeYEHUU AeTeM

C BPOXXAEHHbIM CKOJIMO30M NPU HapyLLIEHUU
cerMeHTauumM 60KOBbIX NOBEPXHOCTEH TeNl NO3BOHKOB
(npepBapuTenbHbie pe3ynbTarthl)

C.B. Buccapuonos, M.C. Acapynaes, M.A. Xapaukos, A.C. LLiabyHuH, H.0. XycanHos,
K.A. KapraBeHKo

HauwmoHanbHbIi MeAMLMHCKUA UCCNenoBaTeNbCKUiA LIEHTP [eTCKoii TpaBMaTtonorum v optoneanu uMenn [U. TypHepa, CankT-TeTepbypr, Poccusa

06ocHoeaHue. HapylueHne cerMeHTauum HOKOBbLIX NOBEPXHOCTEN T MO3BOHKOB NMPUBOAMT K Pa3BUTUIO NpOrpeccupyio-
wen gedopMaummu NO3BOHOYHUKA. EAMHCTBEHHBIM 3DhEKTUBHBIM CNOCOBOM NleueHUs ABNAETCA XUPYPTrUYECKUA B pasfiny-
Hbix BapuaHTax. B pabote paccMoTpeH MeTog KoppurupytoLLen BepTebpoToMIUW, MCMONBb30BaHHBIA MPU NIEYEHUN NaLMEHTOB
C BPOKIEHHBIM CKOMIMO30M U HapYLLIEHUSIMU CErMEHTaLMK HOKOBbIX MOBEPXHOCTEN Tesl MO3BOHKOB.

Llesb — oUeHUTb pe3ynbTaThl XMPYPrUYECKOr0 NIEYEHUS LETel C BPOXAEHHBIM CKONIMO30M Ha (OHe HapyLLeHUs CerMeH-
Taumn HOKOBbIX MOBEPXHOCTE! TN NO3BOHKOB C NMPUMEHEHUEM KOPPUTMpYIOLLEN BepTeOpOTOMUM.

Mamepuanel u Memodel. MoHoLEHTPOBOE PETPOCMEKTUBHOE UCCNefoBaHWe Ha base KIIMHMKW NaTonorui No3BOHOYHUKA
u Henpoxvpyprum HMULL neTckoii TpaBMatonorum u optonegum uM. [W. TypHepa 3a nepuog c ceHTsbpsa 2014 no ceHTabpb
2020 r. B uccnenoBanue BrUIOYeHbl 33 naumeHTa: 17 fgeBodek U 16 ManbumKoB. BospacTtHon gnanason — ot 36 o 211 Mmec.
BceM nauveHTaM BbINOMHANM OMepaTMBHOE BMELLATENbCTBO B 06 beMe 0HOMOMEHTHON KOPPUTMPYIOLLEN KIIMHOBUEHOMN Bep-
TebpoTomum. Cratuctnyeckyto 06paboTKy MaTepuana NpoBoAWM NyTEM CPaBHEHWSA [OCTOBEPHOCTM PasfinuuiA pacnpeaeneHui
C MOMOLLbHO {-KpUTEPKS YUNKOKCOHa.

Pe3ynemamesl. MefyaHHoe 3Ha4eHWe BENMYMHBI CKONMMOTHUYECKOI aedopMaumm no Cobb fo onepaumn — 31°, MexkBap-
TenbHbIn uHTepBan (IQR) — 30,5. MeauaHHoe 3HayeHMe BEMYMHBI NOPAOTMHECKON AedopMaumMm [0 XMpYPrYecKoro neye-
Hus — 29° no Cobb, IQR — 29,5. BennunHa KoppeKLmMM CKOIMOTUYECKOTO KOMMOHeHTa aedopMauun — 64 % (MeguaHHoe
3HayeHue nocnie BMelwatenbctBa — 5° mo Cobb, IQR — 14,5). BennunHa KoppeKuuy naToioryeckoro sopao3a rpynHoro
oTAeNna no3BoHOYHMKA — 42 % (MenmaHHoe 3HadveHue nocne BMewwatenbctBa — 17° no Cobb, IGR — 14,5). MonydeHHble
pesynbTathl ObiM CTaTUCTMYECKW AocToBepHbIMM (p < 0,05).

3axnmoqenue. Koppvrupytollas KnMHoBMaHas BeptebpotomMus sensetcs 3ddEeKTUBHBIM METOLOM XUPYPrUYecKoro neye-
HWSA JeTen ¢ BPOXAEHHOW fedopMaLmeli N03BOHOYHMKA NPY HapYLUEHWM CerMeHTaLMn BOKOoBbIX NOBEPXHOCTEN Tes MO3BOH-
KoB. [laHHbIN METOA MO3BONSET AOCTUMHYTb B CPeaHeM 64 % KoppeKuuu cKonuoTudeckon fedopMaummn u 42 % KoppeKumm
naToyior14ecKoro 10pao3a.

KnioueBble cnoBa: BpO)K}J,GHHbIVI CKOJIMO03; HapyLleHue cerMeHTauuu; netn; Xupypruyeckoe eyeHue; BepT96p0TOMVIFI; no3Bo-
HOYHUK.
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BACKGROUND

Unilateral blockage of the lateral surfaces of the vertebral
bodies is a congenital abnormality of spinal development,
which is distinguished by rapid deformity progression [1, 2].
Partial blockage of the anterior surfaces of the vertebral bodies
resulted in pathological kyphosis, and impaired segmentation
of the posterior and lateral parts of the vertebrae leads to
pathological lordoscoliosis [3, 4]. An unsegmented bar is
considered in case of impairment of the segmentation of
the lateral surfaces of the vertebral bodies, which represents
the undifferentiated lateral surfaces of two or more vertebral
bodies (Fig. 1).

Anomaly development is possibly caused by impaired
embryonic development in the first trimester of pregnan-
cy [1]. The anomaly is caused by a unilateral disruption
of the segmentation of the primary vertebra, represented
by the mesenchyme, resulting in the formation of an un-
segmented bar connecting two or more adjacent verte-
brae, while the opposite side, on which the growth zones
and part of the intervertebral disc are preserved, devel-
ops normally [5, é]. In this case, the deformity is caused
by the multidirectional growth of the vertebral bodies on
the concave and convex sides. The synostosis of the ribs
that exists in this case often leads to the asymmetric
development of the chest and aggravates the deformi-
ty [4, 71.

The exact incidence of congenital spinal deformity,
associated with the unilateral impairment of the segmentation
of the lateral surfaces of the vertebral bodies in the Russian
Federation, is still unknown [7-9].

Chest deformity in combination with the abnormal
development of the ribs in the form of multiple synostoses
on the side of the unsegmented bar causes progressive
respiratory failure, which, according to some authors, is
the most significant factor in reducing the quality and life
expectancy of patients with congenital scoliosis [3, 6, 10].
Moreover, the objective assessment of respiratory function in
younger children has not been fully investigated [7, 8].

Conservative methods of treating patients with
congenital spine deformities and impaired segmentation of
the lateral surfaces of the vertebral bodies are ineffective
[1, 4,71

Naturally, the rapid progression of spinal deformity up
to 8°-10° annually in this defect type leads to the formation
of severe and rigid curvatures at an early age [1] and
necessitates surgical treatment [4, 9].

One of the treatment options of patients with impaired
segmentation of the lateral surfaces of the vertebral bodies
is surgery to destroy the growth zones and intervertebral
discs on the side opposite to the unsegmented bar at
age 18 months [3]. This “preventive” surgery helps avoid
the progression of spinal deformity and, ultimately, reduce
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Fig. 1. Schematic representation of impaired segmentation of the
lateral surfaces of vertebral bodies

the risk of neurological complications during the final
corrective surgery in adolescence [3]. However, this surgical
intervention disrupts the growth and development of
the thoracic spine, which further leads to the disruption of
lung development [7, 91.

To address the impaired development of the chest, per-
forming staged surgery using distractible costo-costal, cos-
to-vertebral, and costo-pelvic structures was recommended;
consequently, according to several authors, it is possible to
slow the progression rate of spinal deformity and improve
the quality of life by increasing the space for lung growth and
development [8, 11, 12]. However, with these interventions,
the incidence of destabilization of the hardware and revision
surgeries is high [9].

Generally, single-staged corrective multilevel osteoto-
mies of the spine at the apex of the deformity are the fi-
nal stage of surgical treatment; they are performed after
the bone growth has ended [12, 13]. However, in recent
years, with the improvement of spinal implants and anes-
thesia, this treatment method can be also applied in young
children.

The surgical treatment of pediatric patients with impaired
segmentation of the lateral surfaces of the vertebral bodies
is a complex and urgent issue that does not have a clear
solution [9].

This study presents the outcomes of surgical treatment
of 33 pediatric patients with congenital spine malformation
associated with impaired segmentation of the lateral
surfaces of the vertebral bodies and the methods and results
of surgical treatment according to the literature.

This study aimed to evaluate the outcomes of surgi-
cal treatment of pediatric patients with congenital scoliosis
associated with impaired segmentation of the lateral sur-
faces of the vertebral bodies using corrective vertebrec-
tomy.

00I: https://doi.org/10.17816/PTORS /7239
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MATERIALS AND METHODS

This study was conducted as a retrospective single-center
cohort study. This study analyzed the surgical outcomes of
patients with congenital scoliosis associated with impaired
segmentation of the lateral surfaces of the vertebral bodies,
which underwent surgery to correct the curvature through
one-stage corrective vertebrectomy in the Department of
Spinal Pathology and Neurosurgery from September 2014 to
January 2020. The average follow-up period was 3 (range,
1.5-6) years.

The impaired segmentation of the lateral surfaces
of the vertebral bodies (unsegmented bar) is considered
a congenital spinal deformity caused by a bone block of
the lateral surfaces of the vertebral bodies, transverse
processes, and abnormal development of the posterior bone
structures in the same level.

The inclusion criteria were as follows: congenital
deformity of the spine caused by impaired segmentation of

Fig. 2. Scheme of a one-stage corrective wedge osteotomy at the
top of the unsegmented bar. 1, area of vertebrectomy
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the lateral surfaces of the vertebral bodies, an unsegmented
bar located in the thoracic spine, absence of neurological
disorders, surgical intervention through one-stage corrective
wedge osteotomy (Fig. 2) followed by posterior instrumental
fixation; and patients’ age >2 years and <18 years at the time
of intervention.

The exclusion criteria were as follows: spinal deformity
caused by other abnormalities of development, abnormalities
in the development of the spinal cord and spinal canal,
neurological deficit, severe concomitant somatic pathology
of the internal organs, and refusal of the patient or his/her
representative from surgical treatment and participation in
the study.

The following data were collected: case histories,
radiological examination (X-ray images, multispiral computed
tomography data), and magnetic resonance imaging of
33 patients with congenital deformity of the spine associated
with segmentation disorders of the lateral surfaces of
the vertebrae. Regarding gender, there were 17 girls and
16 boys. The average age at the time of surgical treatment
was 1075 (minimum, 36; maximum, 211 months; M= 101)
months. The patients were distributed by age based on
the classification proposed by Gundobin (Fig. 3).

Table 1 and Fig. 3 show that younger children dominated
the study population, which indicated the formation and
progression of gross spinal deformity at an early age.

All patients underwent a comprehensive clinical and radio-
logical examination before and after surgery. Case follow-up
after surgery was performed twice a year. Based on the X-ray
imaging of the spine, performed in two mutually perpendicu-
lar projections, the variant of the developmental anomaly and
location and length of the unsegmented bar were specified.
The size of the scoliotic and lordotic components of the spinal
deformity was estimated using the Cobb method before and
after surgery. Multispiral computed tomography was per-
formed to rule out intracranial pathology, clarify the length
of the unsegmented bar, plan the level of vertebrectomy
and spinal implant placement, and confirm the correct po-
sition of the hardware. Magnetic resonance imaging can
rule out malformations of the spinal cord and spinal canal.

Statistical data processing was performed in the Wolfram
Mathematica 11.0 program. The study parameters were tested
for distribution normality using the Shapiro—Wilk test. For all
parameters, the level of two-sided significance was p > 0.05;
thus, it was impossible to apply the normal distribution
criteria, and the results were presented as histograms of
distributions (Fig. 3). The median values and interquartile
intervals were also used. The significance of the differences
was assessed using the Wilcoxon signed-rank test.

All patients underwent one-stage corrective wedge
osteotomy at the apex of the spinal deformity, followed by
correction and stabilization of the deformity using a double-
rod multi-support hardware.

00I: https://doi.org/10.17816/PTORS /7239
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Surgical technique. A skin incision was made from
the dorsal approach along the midline in the projection of
the spinous processes of the vertebrae; thereafter, the dor-
sal structures of the vertebrae were skeletonized. Following
visual control and radiography using X-ray contrast marks,
the vertebrectomy site was determined, i.e., at the level of
the apical vertebra. Channels were formed in the bodies of
adjacent vertebrae for the installation of pedicle screws.
If transpedicular fixation was not possible, laminar hooks
were used. Vertebrectomy was started after X-ray control
of the correctness of the position of supporting elements.
The transverse process of the apical vertebra, a part of
the arch on the convex side of the deformity, and a frag-
ment of a rib were removed over a distance of 2.0 cm from
the costovertebral joint. Then, wedge-shaped resection of
the vertebral body was performed transpedicularly using
small curets and conchotomes with the apex facing the con-
cave side of the curvature, while the cranial and caudal bone
plates were preserved. Then, the bars bent in accordance with
the physiological profile of the spine were fixed in the sup-
port elements installed on both sides of the deformity, and
segmental correction was performed (Fig. 4). The amount
and position of correction of the supporting elements were
assessed using intraoperative radiography (Fig. 5). The pro-
cedure was completed with spinal fusion using autologous
bone, and the wound was drained and sutured.

RESULTS

In all patients, congenital spinal deformity was caused by
impaired segmentation of the vertebrae in the thoracic spine.
The median age (M) of patients at the time of surgery was
101 (range, 36-211) months.

Fig. 4. Surgical intervention site after wedge osteotomy: A, ver-
tebrectomy site; B, supporting elements installed on both sides of
the deformity, with fixed bars; C, bars bent in accordance with the
physiological profile of the spine after segmental correction

The deformity apex in patients was localized in the Th,~Th,
vertebrae and always corresponded to the middle spinal
motion segment included in the unsegmented bar.

On average, there were six vertebrae in an unsegmented
bar (4-8 thoracic vertebrae).

The indications for surgical intervention to correct
the curvature of the spinal column were progressive congenital
scoliotic deformity and pathological lordosis. Pathological
lordosis in the thoracic spine is caused by the nature of
the congenital curvature and impaired development of
the bone structures of the vertebrae that occurs at this level
and the spine as a whole, during the growth of the child.

The mean value of scoliotic deformity according to Cobb
was 31.4° (minimum 20°, maximum 80°), with a median

Fig. 5. Panoramic radiograph of the spine in frontal and lateral projections before (a, b) and after (c, d) surgery. A 9-year-old patient; after
corrective wedge osteotomy with correction and stabilization of spinal deformity using a multi-support corrective system

00I: https://doi.org/10.17816/PTORS /7239
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Table 1. Spinal deformity degree in the studied patients before surgery

Age of patients, years

Deformity
0-3 years 3-7 years 7-11 years 11-14 years 14-18 years
Local scoliotic 23.8 28.6 317 45.3 33.2
Local lordotic 32.8 30.8 379 41.8 40.3

Table 2. Spinal deformity degree in the studied patients after surgery

Deformity, degrees Deformity correction, %
Age, years
Local scoliosis Local lordosis Local scoliosis Local lordosis
0-3 13.3 21.8 44.2 33.6
3-7 8.5 15.1 70.2 51.0
7-1 12.4 17.0 60.8 58.4
=14 14.0 245 69.1 413
14-18 13.7 29.8 58.8 26.0

of 31° and interquartile interval (IQR) of 30.5. The mean value
of pathological lordosis in the thoracic spine before surgery
was 34.7° (minimum 15°, maximum 56°), with median
of 29° according to Cobb and IQR of 29.5. No structural
compensatory curves in patients with this type of congenital
deformity were recorded before surgery. Table 1 presents
the distribution of the average value of local spinal deformity
depending on the age group.

All patients underwent wedge osteotomy at the apex of
the curvature, followed by the correction of the deformity
and stabilization of the results achieved. The main aim of

surgery was the correction of congenital spinal deformity
and creation of conditions for the restoration or improvement
of the parameters of the frontal and sagittal profiles of
the thoracic spine.

The degree of correction of the scoliotic component
of the deformity was 61% (median correction, 84%) (me-
dian value after surgery, 5° according to Cobb, IQR 14.5).
The magnitude of lordosis correction was 42% (median cor-
rection, 41%) (median value after intervention, 17° according
to Cobb, IQR 14.5). The distribution of these values according
to age groups is presented in Table 2. The significance of
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Fig. 6. Distribution of deformity values of the thoracic spine (scoliosis and lordosis) before and after the intervention: g, ¢, distribution of
deformity angle values in histogram and box plot for patients with scoliosis; b, d, distribution of deformity angle values in histogram and

box plot for patients with pathological lordosis
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differences in distributions using the Wilcoxon t-test was set
at p <0.05.

In the postoperative period, patients in the younger and
middle age groups wore a corset to facilitate adaptation;
the effect of the orthosis on deformity correction was not
evaluated in this study.

The follow-up period for patients ranged from 2 to
6 years, and the average follow-up period was 3 years after
surgery. Control examination and radiography of the spine
were performed every 6 months. Over the follow-up period,
no progression of the deformity was noted; one patient ha
destabilization of the hardware due to the initial deformity of
the spine of >100° and non-compliance with the orthopedic
regimen.

For all parameters, the level of two-sided significance
was p > 0.05, which indicates that applying the normal
distribution criteria was not possible; therefore, the results
are presented as histograms of distributions, and median
values and interquartile intervals were calculated.

When comparing the significance of distribution differ-
ences using the Wilcoxon t-test, the values of the spinal
deformity before and after surgery were significantly differ-
ent (p < 0.05). Graphs of the distribution of these values are
presented in Fig. 6.

In the early postoperative period, two patients with
an unsegmented bar located at the Th,~Th; level developed
a transient neurological deficit, which was manifested
by a unilateral decrease in the strength of the upper limb
on the side of the transpedicular wedge osteotomy and
development of Horner's syndrome. During the conservative
treatment, neurological symptoms regressed by day 14
after surgery in both patients. In one patient, destabilization
of the hardware was recorded 3 months after surgery in
the form of a rod fracture, which was due to a violation of
the orthopedic regimen. In all other patients, the hardware
position was stable and correct throughout the follow-up
period according to multispiral computed tomography.

The average length of the instrumental block in patients
included in the study ranged from 5 to 9 vertebrae, with
an average of six vertebrae.

During the follow-up period, the achieved correction of
spinal deformity was not lost in patients included in the study.

DISCUSSION

Impaired segmentation of the lateral surfaces of
the vertebral bodies is one of the variants of the vertebral
development anomaly, leading to the formation of severe
and rapidly progressive deformity of the spinal column.
The fastest progression rates are noted during periods of
active growth [9, 14].

A few studies and the variety of clinical and radiological
manifestations of the disease cannot draw clear conclusions

Vol 9 (4) 2021
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regarding the optimal methods of surgical correction of
congenital spinal deformity in this defect type [6, 12, 15].

Nearly all studies known present a small series of
cases with groups of 4-20 pediatric patients with congenital
spinal deformity associated with impaired segmentation of
the lateral surfaces of the vertebral bodies and synostosis
of the ribs.

The classical methods of surgical treatment of severe
spinal deformities, including congenital deformities, use
the 360° approach [13], namely, removal of intervertebral
discs, followed by dorsal instrumentation. This technique is
currently of historical interest and has not been used in recent
years [16]. Given the limited growth of the thoracic spine in
such patients, lung development is inevitably impaired, which
can subsequently decrease the quality and expectancy of life
because of secondary pulmonary hypertension [8].

In the late 1980s, devices have been proposed to provide
simultaneously to allow the development of the organs of
the chest and correct indirectly the congenital deformity.
However, they need to perform staged distractions under
general anesthesia, has high frequency of hardware
destabilization, and causes development of infectious
complications because of trophic disorders of the skin in
the implantation area [17, 18].

Corrective vertebrectomy in young patients is limited by
the need for extended instrumental fixation, which in itself
also disrupted the normal development of the thoracic spine
[17, 19]. However, with the improvement of spinal implants,
surgical technique, provision of anesthesia, and emergence
of blood-saving technologies, this variant of surgical
intervention is increasingly used in young patients [9].

For the first time, an osteotomy of the spine through
a hemivertebra removal was described in 1922 by MacLennan.
Subsequently, this surgical method has been changed, modi-
fied several times, and acquired various forms. The authors
reported deformity correction, balance restoration, and ex-
tremely low complication rate [1, 6]. The advent of modern
low-profile segmental instrumentation enables the use of
modern highly effective methods of surgical treatment in
pediatric patients [8].

Thus, Li and Shen [19] presented the treatment results
of 31 and 12 patients, respectively, with severe scoliosis
(average, 98°). During the studies, patients underwent
anterior release at the height of the spinal deformity,
followed by posterior fixation of the operated segment.
The surgical result was the correction of the initial curvature
by an average of 50%. Moreover, the authors indicate a high
injury rate and several complications associated with damage
to the chest organs.

One of the possible methods of surgical treatment proposed
by Chao Li et al. is a two-level osteotomy of the spine beyond
the zone of an unsegmented bar from the dorsal approach in
combination with the release of the spinal costal joints from

00I: https://doi.org/10.17816/PTORS /7239
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the concave side of the curvature [1]. The authors described
the treatment results of 10 patients with an average age of
17.1 years. The average degree of the frontal plane correction
was 66%, and the average correction of kyphosis was 61%.

Suk et al. used a different approach in the treatment
of congenital deformity of the thoracic spine associated
with impaired vertebral segmentation [20]. The correction
of congenital spinal deformity by posterior VCR, followed
by posterior fixation, was performed in 16 patients. Given
the surgical aid, nearly 60% of the deformity correction was
achieved; the average value of the scoliotic component of
the spinal deformity before surgery was 109° according
to Cobb. After surgery, it was 46° according to Cobb.
However, the authors indicate a high incidence (up to 25%)
of severe complications (including persistent neurological
ones) because of inevitable translation and compression of
the spinal cord during osteotomy.

Our results demonstrate the efficiency of one-stage
corrective vertebrectomy in pediatric patients with spinal
deformity associated with impaired vertebral segmentation.
With the use of transpedicular fixation, the length of
the hardware was minimized, and a significant correction
was obtained, which ensured conditions for continued growth
and development of the thoracic spine. The minimum number
of complications confirmed that this technique is relatively
safe. However, our study was limited by the small number
of patients, which can be due to the low incidence of this
type of defect.

CONCLUSION

The rapid progression of spinal deformity and the lack
of a universal surgical treatment of patients with unilateral
impairment of the segmentation of the lateral surfaces of
the vertebral bodies require searching for the most optimal
surgical technique. Simultaneous corrective vertebrectomy
in pediatric patients with spinal deformity associated with
impaired segmentation of the lateral surfaces of the vertebral
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