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Background. Pathological vertebral fractures are rare and occur in inflammatory, tumor, and dystrophic lesions.
Aim. This study aimed to analyze clinical features and morphological structure of pathological fractures of the spine
in children.

Materials and methods. The authors examined and operated 62 children aged 2-17 years for pathological vertebral
fractures. We investigated the clinical, radiological, and morphological features.

Results. The average age of children at the time of hospitalization was 10 years. Lesions of thoracic vertebrae
prevailed (78%) with the maximum frequency of occurrence at the apex of physiological kyphosis Th, ¢. In 10 cases,
multiple lesions were noted, including the pathology of other parts of the skeleton. In 69% of observations, clinical
symptoms were not dominated by mechanical back pain. Palpation pain (34%) and local spinal deformation (27%) were
noted. On average, local kyphosis was 24°. Eleven patients (18%) manifested a neurological deficiency, of which nine
fractures were a consequence of the tumor process. In 16% of observations, the fracture of the vertebra was detected
to be an accidental X-ray finding. Among the radiation manifestations, all cases (12 patients) registered the decrease
in the height of the vertebral body in the form of collapse. Destruction was manifested by various options other than
blastic. Therapeutic and diagnostic interventions were performed in 56 patients, and in six children, manipulation was
limited to trepan biopsy. The pathological fracture was caused by an inflammatory process in 50% of observations and
tumors in 42%, of which 31% is malignant.

Conclusions. Pathological spinal fracture in children should be considered as a syndrome, which in most cases is based on
an inflammatory or tumor process. The high frequency of neoplastic, including malignant processes, requires active invasive
diagnosis. Therapeutic tactics are determined by the clinical, radiation, and morphological characteristics of pathology.

Keywords: vertebral fractures; spondylitis in child; kyphosis; spine reconstruction children; pathological fractures;
tumor of spine.
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O6ocHoBanue. [TaTonornyeckue nepeoMbl IO3BOHKOB Y AeTell BCTPEYaloTCst OTHOCUTENIBHO PEIKO MPY BOCIIA/IUTENb-
HBIX, OITYXO/IEBBIX ¥ AUCTPODUUECKMUX MOPAKEHNAX.

Ienp — aHanmM3 0cobeHHOCTeN KIMHIYECKOI KaPTUHBL U MOP(OIOINIeCcKOll CTPYKTYpPbl IIATONOTNYECKUX TIepeIOMOB
ITO3BOHOYHMKA Y JeTel.

Marepuansl U MeTOABI. VI3ydeHbl KIMHNYECKUE U JTyd4eBble 0COOEHHOCTH, MOP(OIOrnIecKasl CTPyKTypa MaTOMOTH-
YeCcKUX IepeloMOB IO3BOHKOB y 62 fieTell B Bo3pacTe OT 2 0 17 yeT, 06CIeOBaHHBIX U OIepUMpPOBAaHHBIX B KJIM-
HIUIKE.

Pesynbrarpl. CpegHnii BO3pacT fieTell HA MOMEHT TOCIMTAIM3aluy cocTaBuI 10 jieT, Kakux-1mbo reHIepHBIX 0CO-
6eHHOCTell BBIABIEHO He 6bUI0. IIpeobmasany nmopakeHyUs TPYSHBIX IO3BOHKOB (78 %), Hambo/mee 4acTO Ha YpOBHe
BepIIMHEI ¢usnonorndeckoro kudosa Th, . B 10 HabmOAeHNAX OTMeYeHbI MHOXKECTBEHHbIC MOPa)KEHMUsA, BKIII0YAsT
HATOJIOTUIO JPYTUX OTHENOB CKeleTa. B KIMHMYeCKoil CHMIITOMaTHKe Ipeobafamy HeMeXaHWdeckas (He CBsA3aHHas
¢ pBDKeHMeM) 6omp B cnmHe (69 % HabmiomeHuit), 60nMe3HeHHOCTs Ipy manbpranuy (34 %) u nokanbHas gedopma-
LV TI03BOHOYHMKA (27 %) TpM cpefHell BeMM4MHe IoKaabHOro kudosa 24°. Hepponorndecknuit feduUnUT BBLIBICH
y 11 6onpHbIx (18 %), 13 HuUX y 9 mepesioM ObIT CIE[CTBIEM OIYXO/IEBOro mpolecca. B 16 % HabmofeHnit mepenom
ITO3BOHKA OKA3aJICA CIIy4YaliHOI JIy4€BOJ HAaXOJKOIA.

Cpenn my4eBbIX CMMIITOMOB IIAaTOJIOTMM CHYDKEHME BBICOTHI Tela ITO3BOHKA OTMEYEHO BO BCeX C/Ty4asX, Y 12 mammeH-
TOB — B BIJie KO/UIANCa. JeCTPyKIysl MpOsB/Is/IACh Pas/IMIHbIMY BapMaHTaMM, KPOMe 6IaCTIIEeCKOTO.
Jleye6HO-IVMATHOCTIYECKVe BMEIIATe/IbCTBA BBIIIOJIHEHDI 56 IalVieHTaM, y 6 JeTeil MaHMIY/IALUY OTPaHUYeHbI Tpe-
naH-6uoricueit. B 50 % cnydaeB maTONOIMYECKuil IepesioM 65U 00YC/IOB/IEH BOCIIA/IMTENIBHBIM IIPOLIECCOM, B 42 % —
OIYXO/IbI0, 3 HUX B 31 % cmy4aeB — 3710Ka4eCTBEHHOI.

3aknrouenne. IlaTonornueckuiti mepesoM NMO3BOHOYHNUKA Y ZAeTeil CAeyeT pacCMaTpMBaTh KaK CMHAPOM, B OCHOBe
KOTOPOTO B OONBIIMHCTBE CTy4YaeB JIOKUT BOCIANUTENbHbI MO0 OIYXOJIeBbIN Hmpolecc. BemencTeue BhICOKON Ya-
CTOTBI HEOITACTUYECKMX, B TOM UMCJIe 3JI0Ka4eCTBEHHBIX, NIPOIeCCOB HeoOXOAMMa aKTMBHAsA MHBA3MBHAs JUArHO-
cTuka. Jlede6HasA TaKTUKA ONpefieNAeTcsl KIMHUYECKVMMMY, Ty9eBbIMU ¥ MOPQOIOTMYECKVMI XapaKTepUCTUKAaMU Ma-
TOJIOTVM.

KaroueBbie cmoBa: II€pe/IoM IIO3BOHOYHMKA; CIIOHAVINT; OETU; KI/Iq)OS; PEKOHCTPYKIIMA ITO3BOHOYHMKA; ITaTOJIOTMNYE-

CKIe II€pEIOMBI; OITyXO/Ib IO3BOHOYHMKA.

Vertebral fractures in the structure of childhood
injuries in the Russian Federation account for
0.55% with significant regional variations [1, 2],
whereas pathological fractures among them are
not officially taken into account. Indirectly, this
gap is filled by regional studies that include the
prevalence of tumors and tumor-like diseases of
the spine; thus this indicator amounted to 1.93
per 100,000 children population in the children
population of the Leningrad Region [3].

Pathological vertebral fractures in adults are
analyzed much more extensively, enabling the
identification of certain patterns. In particular, the
destructive and lytic pathology of the cervical spine,
which is manifested by a complicated pathological
fracture, is caused in more than half of cases by
tumor processes [4], and in the overwhelming
majority, it is metastatic in nature [5] with
a relatively rapid (up to 28 days) manifestation

of neurological disorders [6]. Another common
cause of pathological vertebral fractures in adults
is inflammatory processes, which often have an
immunopathological and multilevel nature [7, 8].

The simplest method to verify the etiology of
pathological vertebral fractures is a cytological and
histological examination of the material from the
affected site. Material collection by percutaneous
trepanobiopsy is considered as the main method for
determining the treatment approach. Its informa-
tion content reaches 75% in adults and 85% in
children [9], whereas computed tomography (CT)
navigation enables to increase the effectiveness of
the procedure [10].

Among benign tumors leading to a pathological
vertebral fracture in pediatric patients, special
attention is paid to an aneurysmal bone cyst.
The treatment approach of which currently involves
the use of exclusively surgical methods, and also
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as an independent method, which is repeated
embolization or a combination thereof [11, 12].

Among the
pathological vertebral fracture in children is
Langerhans cell histiocytosis. The frequency
of neurological disorders in such children is
much lower than with pathological fractures in
adults [13]. Nevertheless, the relative benignity of
Langerhans cell histiocytosis, which according to
the international classification of tumors belongs
to processes with “nonspecific, limited or unknown
malignancy” [14], explains the lack of uniform
recommendations for its treatment.

With the rapid development of neurological
disorders in the presence of lymphomas and
Langerhans cell histiocytosis of the thoracic
vertebrae in children, emergency decompression of
the spinal cord with simultaneous open biopsy is
recommended [15]. At the same time, similar long-
term (more than 3 years) orthopedic and oncological
results of treatment of neurologically complicated
Langerhans cell histiocytosis during 360° spinal
reconstruction (stabilization and spinal fusion of
the anterior and posterior columns of the spine)
were obtained, as well as with isolated posterior
decompression with transpedicular fixation, with
less trauma of the latter intervention [16]. A positive
effect in the form of restoration of the vertebral body
over several years can be achieved with curettage in
combination with chemotherapy. Also, the use of
exclusive methods of chemotherapy and radiation
therapy has been described, especially for multilevel
lesions, including in combination with neurological
manifestations. At that, the absence of the effect
of conservative therapy or the rapid increase in
neurological symptoms is considered indications of
decompression [17-20].

Ewing sarcoma is one of the malignant
processes that cause a pathological vertebral
fracture in children. In a monocenter analysis of

most common causes of

Ewing sarcoma, vertebral lesions were noted in 2 of
27 cases (7.4%) [21].

Thus, pathological spinal fractures in children
represent an etiologically diverse group of lesions,
united by the syndromic principle. Most of the
publications on this subject are either individual
cases or limited clinical series focused on a possible
oncological etiology of the process in the absence of
unity in the choice of therapeutic approach, even in
the case of neurological complications.

Having some experience in treating children
with pathological spinal fractures, we consider it
possible to share the results of our analysis of the
clinical and morphological structure of such lesions.

The work aimed to analyze the characteristics
of the clinical presentation and the morphological
structure of pathological vertebral fractures in
children.

Materials and methods

The study design represents a retrospective
monocentral 4-year clinical cohort.

The material was obtained based on the
following inclusion criteria:

e examination and treatment of patients in the
clinic from 1 January 2015, to 31 December 2018;

e under 18 years of age at the time of hospi-
talization;

e the availability of radiology data confirming
a pathological vertebral fracture. The criteria
for establishing a diagnosis include signs of
a decrease in the height of the vertebral body
along with disorders of its bone structure; and

e verification of the pathological process based
on morphological, immunohistochemical,
bacteriological, and molecular genetic studies of
material obtained from the affected area during
the examination/treatment in the clinic.
Lesions accompanied by a hyperplastic bone

process with an increase in the size of the vertebra

without a decrease in the height of its body were
excluded from the analysis.

Over the period indicated, the data of 62 children
met the listed inclusion criteria.

The study examined the following:

e age and gender structure of the group;

e clinical symptoms, including aspects of
neurological status;

e aspects of radiation semiotics of spinal lesions;

e morphological structure of the processes, which
led to the pathological fracture; and

e structure and outcomes of the surgical
interventions in history.

During the period analyzed, patients with
pathological spinal fractures accounted for about
20% of all patients with destructive vertebral lesions
treated in the clinic. The average age of patients was
10 + 0.43 years, and no gender asymmetry in the
study group was noted.
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Table 1

Main clinical manifestations of pathological vertebral
fractures in pediatric patients (n = 62)

Table 2

Frequency of neurologic impairment depending
on the nature of the tumor process

Clinical Amount
manifestations (%)

Back pain, including: 43 (69)
local (tactile and palpation) 21 (34)
provoked by movement 10 (16)
Spinal deformity 17 (27)
Neurological symptoms 11 (18)
Asymptomatic course 10 (16)

Clinical and radiological characteristics of the
pathology. At the onset of the disease, an episode of
trauma was recorded in 25 (40%) pediatric patients;
in other cases, the pathology was identified based on
complaints or during examination for a concomitant
pathology. Table 1 presents the characteristics of
the clinical manifestations of pathological vertebral
fractures in pediatric patients.

It is noteworthy that in the presence of back
pain, half of the pediatric patients did not report
their localization in the pathology zone, and the
pain was induced by motor activity only in 16% of
cases. With a relatively low overall frequency of
neurological complications (8 out of 11 cases),
their severity indicated gross motor disorders and
corresponded to types A and C on the Frankel scale
in 2 and 6 cases, respectively. In 8 out of 11 patients
with neurological disorders, the tumor nature of
the lesion was further verified in the absence of
a significant relationship between neurological
disorders and the nature of the oncological process
(Table 2).

14

—_ —
(e} \S]

Number of vertebrae affected
[o}e]

C, C,

Nature Number of cases |Significance
of the tumor with neurological of
process symptoms differences
Benign, 4 (22 %)
n=18 Pf* = 0.197
Malignant, 4 (50 %) (p>0.05)
n=38

Note. Pf is Fisher’s exact test.

In all cases, radiation aspects of pathological
vertebral fractures were represented by a decrease in
the height of the body of the vertebra affected (which
was an inclusion criterion), including its collapse
in 12 cases with preservation of the contacting
upper and lower arch laminae only, sometimes
with a complete absence of bone structures. Nine
pediatric patients had polysegmental (more than
two) vertebral lesions, including five with multilevel
lesions. Combined and multiple lesions involving
other parts of the skeleton systems were diagnosed
in 10 cases.

Analysis of the pathology distribution
in individual vertebrae showed a significant
predominance of lesions at the apex of the physio-
logical kyphosis of Th, ¢ (Fig. 1).

The nature of the destructive changes correspon-
ded to the lytic process in 25 patients (including
12 with the vertebral body collapse). In 15 cases,
A decrease in the height of the vertebral body
was accompanied by its induration (sclerosis).
Lytic changes were combined with sclerotic ones

12

6
|3
lll

C6 Thl ThZ Th3 Th4 ThS Thé Th7 Ths ThQ Tth Thll ThlZ Ll

L,

Fig. 1. The level structure of the distribution of pathological vertebral fractures
(81 affected vertebrae)

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 8.

Issue 1. 2020



ORIGINAL PAPERS

in 13 patients, and destruction was of the nature
of the marginal cortical lesion in 9 patients.
The extravertebral (paravertebral) soft-tissue com-
ponent was detected in 12 cases, whereas the
epidural propagation with spinal stenosis and spinal
cord compression was recorded in 9 cases.

The local kyphotic deformity was noted in
17 pediatric patients (27%), and its average value
was 24° + 3°. According to magnetic resonance
imaging (MRI), disks adjacent to the abnormal
vertebra were involved in the pathological process in
only three cases, and their height and hydrophilicity
were reduced.

Despite the clinical presentation, the diagnostic
phase in the study group was quite long, including
in the presence of neurological symptoms, as
the average diagnostic pause was 2.7 months
(min 2 months; max 5 months).

Diagnostic and surgical procedures. All pa-
tients underwent invasive diagnostic and
therapeutic interventions, including trepanobiopsy
of the affected vertebra in six cases. In the case of
diagnosing a malignant process in the absence of
neurologic impairment and indications for spine
reconstruction, the child was transferred to an
oncology hospital for chemotherapy. The nature of
surgical interventions performed in other cases is
presented in Table 3.

Indications for surgery, in addition to the
proven tumor nature of the process, included
spinal deformity, neurological complications,
spine instability with a provoked pain syndrome,
and insufficient information about trepanobiopsy.
Among 26 patients with tumor lesions, the spine
instability neoplastic score in the series was
9.2 + 0.45 points. When conducting anterior
reconstruction and posterior instrumental fixation,
both stages of the surgery were performed during
one surgical session using titanium mesh-cages with
autobone for anterior spondylodesis. The posterior
instrumental fixation was ensured by the installation
of laminar, transpedicular, and hybrid structures.

Morphological structure of the pathology. Fig. 2
presents the results of morphological diagnostics.
In the prevalence of inflammatory changes
detected in 31 cases (50%), the infectious process
was confirmed bacteriologically only in one case
(inoculation of Staphylococcus aureus). Dystrophic
(osteonecrotic) changes, which traditionally could
be assessed as Calve disease, were diagnosed in only

9
Table 3
Structure of surgical interventions
Surgical intervention Quantity
Posterior instrumental fixation 3
Vertebroplasty 4
Front reconstruction of the spine 19
(titanium mesh-cage [Harms nets] +
autobone)
Anterior reconstruction + 30
posterior instrumental fixation
Total surgeries 56
Table 4
Age structure of the group depending
on the pathological process morphology
Average age .
Morphology (years) Difference
Inflammation (n = 31) 9.3 +0.47 U,pp = 268.5
Ucrit =287
Oncology (n = 26) 11 £0.73 (p <0.05)
Dystrophy (n = 5) 8.8 +2/10 -

Hemangioma (4%)
Histiocytosis (9%)
MS (2%) 7 (3%)
. Ewing sarcoma (3%)
Mts (3%)

Lymphoma (2%)

Dystrophy (5%)

Inflammation (31%)

Fig. 2. Etiological structure of the pathology verified

according to the histological examination of the material

from the affected area. ABC, aneurysmal bone cyst;
MS, myeloid sarcoma; Mts, tumor metastasis.

20 19
18
16
14
b 11 12
10

8 6 6

6

4

2 1 1

0 5

0-3 4-6 7-11 12-18
years years old years old years old
—— Inflammation Oncology

Fig. 3. The number of pediatric patients with inflammatory
and tumor lesions of the spine, depending on the
age group
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five cases (8%). The tumor process was verified in

the remaining 26 (42%) pediatric patients, whereas

the tumor was malignant in 8 (31%) cases.

An analysis of the relationship of morphological
aspects of pathology with age revealed that tumor
lesions significantly prevailed compared with
inflammatory and dystrophic processes in older
pediatric patients (Table 4 and Fig. 3). In particular,
a decrease in the frequency of inflammatory lesions
was noted in pediatric patients over 11 years of
age, and pathological spinal fractures were more
common along with the tumor process.

Aspects of postoperative management of
patients. During verification of the malignant
process, the surgery was considered as the first
stage of combined treatment. And immediately after
it, the child was transferred under the supervision
of an oncologist. In one patient with Ewing sarcoma
diagnosed through trepanobiopsy, continued tumor
growth was registered, which resulted in fatal
outcome, during ineffective chemotherapy.

In the case of the diagnosed inflammatory
process, the pathology was considered a vertebral
form of nonbacterial osteomyelitis because of which
the patient was further observed by a pediatric
rheumatologist.

Intraoperative and postoperative complications
were recorded in 9 of 56 patients (16%), including
the following:

e one case of hemorrhage from epidural vessels
in combination with liquorrhea in a pediatric
patient with a Th, pathological fracture with
nonbacterial osteomyelitis, which was stopped
intraoperatively;

e one case of transient neurological disorders
(independent regression), surgical site infection,
and surgical hardware instability (revision
interventions and hardware reinstallation were
performed) in the early postoperative period
(the first 30 days after the surgery);

e four cases of spinal deformity progression (two
cases of anterior spinal fusion failure and two
cases of contact kyphosis at the upper border of
the anterior spinal fusion); and

o three cases of repeat operation because of late
complications (more than 3 months after the
surgery).

In other patients without intraoperative
and postoperative complications, pain and the
development of a local destructive process were

stopped during the case follow-up. In patients with
neurological disorders, complete (four cases) and
partial (six patients) regression of symptoms were
achieved. However, there were no changes in time
in one case.

The restoration of stability of the anterior column
of the spine with the formation of a complete
anterior spinal fusion (7.5 £ 2.7 months) enabled to
dismantle further the posterior metal structure on
average within 14 * 2.2 months.

Clinical case

A girl, 8 years old, was hospitalized in the
clinic with complaints of back pain and inability
to move independently. A space-occupying lesion,
Th, pathological fracture, and vertebral canal
stenosis, as well as lower spastic paraparesis, were
diagnosed.

There was an episode of injury (fall) and back
pain in history. The patient was hospitalized in the
in-patient facility 4 days after the injury; the space-
occupying lesion and Th, pathological fracture were
diagnosed during an examination. Treatment in
a federal clinic was recommended, and the waiting
period for hospitalization was 2.5 months. During
this time, a disorder of movements in the lower
extremities occurred, and the child lost the ability
to walk.

On admission, there was a serious condition
due to lower spastic paraparesis, Frankel type C.
The function of the pelvic organs was preserved. CT
and MRI (Fig. 4, a and b) revealed a pathological
fracture with osteolytic destruction of the body
and the Th, arch with paravertebral and intracanal
components, vertebral canal stenosis, and spinal
cord compression. According to scintigraphy,
there was a mild local hyperfixation of the
radiopharmaceutical agent (120%).

Because of the presence of neurological
disorders, it was decided to conduct a diagnostic
and treatment surgery in the amount of
reconstruction of the Thg ,, spine with total
removal of the Th, vertebra with a tumor and
decompression of the spinal cord. Anterior spinal
fusion was performed with a titanium mesh-
cage with an auto-rib, and posterior instrumental
fixation of Th, ,; was performed with deformity
correction. The surgery was carried out with the
posterior approach; the revision revealed a soft
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Fig. 4. Pathological fracture of the Th, vertebra with an aneurysmal bone cyst in an 8-year-old pediatric patient. (a and b)
Preoperative mid-sagittal computed tomography and magnetic resonance imaging sections: osteolytic destruction of the
ventral and dorsal elements of the Th, vertebra, local kyphosis of 21°, and compression of the spinal cord with the
epidural component of the tumor with a myeloblastic lesion. (¢ and d) Intraoperative photographs (arrows indicate
a tumor and a defect formed after its removal); (e and f) control postoperative radiographs; (g) imprint smear (stained
with hematoxylin and eosin, x100): red blood cells and osteoblast-type giant multinucleated cells. SC, spinal cord

tissue tuberous formation of 6 x4 cm in size,
completely destroying the right half of the arch,
articular processes, and the Th, vertebral body.
Pathological tissues with adjacent intervertebral
discs were isolated from the surrounding tissues
and removed using electrosurgical and ultrasound
bone instruments within adjacent Thg ,, vertebral
endplates. Spinal cord membranes were circularly
released (no signs of invasive growth were detected).
The morphological study revealed an aneurysmal
bone cyst (Fig. 4, c-g). Neurotropic and vascular
therapy was started, as well as physical therapy
classes. The patient was verticalized in an orthosis
during positive neurological dynamics after 3

weeks. Partial regression to Frankel type D during
the year after the surgery was noted. The patient
walked with the help of walkers.

Discussion

Pathological spinal fractures in pediatric
patients are relatively rare, but in the structure of
patients with destructive lesions of the skeleton,
they represent a significant group. A pathological
vertebral fracture can be characterized by a clinical
presentation similar to traumatic injury and
provoked by trauma, although in some cases, there
are no symptoms [22].
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Pathological fracture of the spine
(suspected)
Clinical examination, SCT, MRI,
scintigraphy
( Complicated ) ( Uncomplicated j

Open biopsy during

Trepanobiopsy

decompression stabilizing
surgery

—

L (diagnostic and treatment biopsy)

Inflammation, W (
L dystrophy | § Tumor j
Rheumatologist, ( Malignant ) ( Benign )
orthopedist |
( Oncologist, CT, RT )
Pain, deformity,
instability
Radical reconstructive intervention,
stabilization

Fig. 5. Tactical algorithm for pathological spinal fracture. SCT, spiral computed tomography; MRI, magnetic resonance
imaging; CT, chemotherapy; RT, radiation therapy

If a pathological nature of the process is
suspected, an in-depth multistage diagnostic is
necessary [23], which according to our data, is
long lasting, which is associated with organizational
reasons, whereas pathological changes progress, and
the treatment pause increases.

Since the causes of a pathological fracture
are varied, it is necessary to not only observe
the principle of interdisciplinary interaction of
specialists such as a pediatric surgeon, orthopedist,
oncologist, and rheumatologist but also conduct
etiological verification of the disease [24, 25].
In most cases, the material can be obtained through
a minimally invasive procedure, percutaneous
trepanobiopsy. A subsequent surgical approach
is determined by the nature of the process and
the complex of vertebrological (instability and
deformity), neurosurgical (vertebral canal stenosis
and neurologic impairment or risk of it), and
oncological criteria.

Taking into account interdisciplinary coope-
ration, it is advisable to provide diagnostic and
surgical care to pediatric patients with a pathological
fracture of the spine in a specialized center where

the pediatric patient needs to be referred in a short
time. And in case of neurological disorders or
risk of their development, the patient must be
hospitalized urgently. Fig. 5 presents the tactical
and therapeutic algorithm for pathological spinal
fractures in pediatric patients.

Conclusion

The morphological structure of pathological
spinal fractures in pediatric patients is diverse, and
processes of an inflammatory (noninfectious) and
tumor nature predominate. Since the probability
of a malignant process as a cause of a pathological
fracture is quite high, the principle of oncological
alertness must be observed when choosing the
treatment and diagnostic approach.

A pathological vertebral fracture in a pediatric
patient is a syndromic category; therefore, the
etiological aspect of the material from the affected
area should be verified.

Because of the rarity and complexity of the pa-
thology, it is advisable to perform reconstructive
surgeries in a specialized center with experience in
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such interventions and the possibilities of interdis-
ciplinary interaction (morphologist, surgeon, ortho-
pedist, oncologist, neurosurgeon, and rheumatolo-
gist) when deciding on the nature of the treatment.

Additional information

Source of funding. The work was not financially
supported.

Conflict of interests. The authors declare no
obvious or potential conflicts of interest related to
this publication.

Ethical statement. The study was discussed
and approved by the ethics committee of the Saint
Petersburg Research Institute of Phthisiopulmonology
(protocol No. 64/2019). The patients and their
legal representatives gave informed consent to the
examination, treatment, and publication of the
research results in the scientific literature and the
use of information in the educational process and
other purposes.

Author contributions

V.I. Zorin performed collection and analysis
of literature, development of the study design,
collection of clinical material, analysis of the results,
and writing the article.

A.Yu. Mushkin developed and edited the study
design and edited the article.

T.A. Novitskaya reviewed histological prepara-
tions and analyzed the results of morphological
studies.

All authors made a significant contribution to
the research and preparation of the article and read
and approved the final version before its publication.

References

1. Ckpsabun E.I., CMmupnabix AL Ilepenoms! Ten I03BOH-
KOB B CTPYKType [eTcKoro Tpasmarusma // Tpas-
Martonorus u opromnegua Poccum. — 2012. - Ne 3. -
C. 106-110. [Skryabin EG, Smirnykh AG. Fractures
of vertebral bodies in the structure of children’s
traumatism. Travmatologiia i ortopediia Rossii.
2012;(3):106-110. (In Russ.)]

2. 3aneruna A.B., Buccapuonos C.B., baungypamsu-
m AL, n gp. CTpyKTypa HOBpeX/ieHNI I03BOHOYHIKA
y nmeteii B permonax Poccuiickoit ®epmepaunun //
Xupyprusa nospoHouHuka. — 2017. — T. 14. — Ne 4. -
C. 52-60. [Zaletina AV, Vissarionov SV, Baindura-
shvili AG, et al. Structure of spinal injuries in children
in regions of the Russian Federation. Spine surgery.
2017;14(4):52-60. (In Russ.)]. https://doi.org/10.14531/
§s2017.4.52-60.

10.

11.

Cunmyx B.II., BnagoBckasa M., Buccapuonos C.B.,
u ap. V3bpaHHble acIeKThbl SMUIEMUOTOTUM OIYXO-
JIelt ¥ OIyXO/MenofoOHBIX 3a00/IeBaHNUIT I03BOHOYHMKA
U CIOMHHOTO Mo3ra y gmeteit // Opromenus, TpaBMaro-
JIOTUST ¥ BOCCTQHOBUTE/IbHASI XUPYPIUS JETCKOTO BO3-
pacra. - 2018 - T. 6. — Ne 2. — C. 44-53. [Snishchuk VP,
Vladovskaya MD, Vissarionov SV, et al. Selected aspects
of the epidemiology of tumors and tumor-like diseases
of the spine and spinal cord in children: A 19-year re-
gional cohort study in the Leningrad region. Pediatric
traumatology, orthopaedics and reconstructive surgery.
2018;6(2):44-53. (In Russ.)]. https://doi.org/10.17816/
PTORS6244-53.

Kasanepckuit I'M., Kapanagse A.H., Topgees I.T,,
u fip. JledeHre MATONOIMYECKUX IIEPEIOMOB TeJ IUENi-
HbIX NM03BOHKOB // Xupyprua. JKypuan um. H.M. IIn-
porosa. — 2010. — Ne 1. — C. 54-58. [Kavalerskiy GM,
Karanadze AN, Gordeev GG, et al. The treatment of
pathologic fractures of cervical vertebrae bodies. Khi-
rurgiia (Mosk). 2010;(1):54-58. (In Russ.)]
3aboposckuit H.C., IItamnnkos [.A., Tomysos 3.9,
U Ap. DNMAEMIOJIOTYsI OIYXOJIell I03BOHOYHMKA y T1a-
[[EHTOB, ITOJYYMBIINX CIIELMANTN3NPOBAHHYI0 OPTO-
megndecKyo nomomb // TpaBmaronmorusa m oprore-
musa Poccunm. — 2019. - T. 25. — Ne 1. - C. 104-112.
[Zaborovskiy NS, Ptashnikov DA, Topuzov EE, et al.
Spine tumor epidemiology in patients who under-
went orthopaedic surgery. Travmatologiia i ortopediia
Rossii. 2019;25(1):104-112. (In Russ.)]. https://doi.
0rg/10.21823/2311-2905-2019-25-1-104-112.

Amues M.J., Tennakos B.B., Kamnmnucros B.E., u gp.
CoBpeMeHHBIe TOAXOAbI K XMPYPIUYECKOMY JIeUeHUI0
MeTacTa30B 3/I0KaYeCTBEHHBIX OIyXoJeil B KocTu //
ITpakTuyeckas onkomorms. — 2001. — T. 2. — Ne 1. -
C. 39-43. [Aliev MD, Teplyakov VV, Kallistov VE, et al.
Sovremennye podkhody k khirurgicheskomu leche-
niyu metastazov zlokachestvennykh opukholey v kosti.
Prakticheskaia onkologiia. 2001;2(1):39-43 (In Russ.)]
Li Y, Liu G, Zhao Y, et al. SAPHO syndrome with
pathological fractures of vertebral bodies: a case report.
BMC Musculoskelet Disord. 2019;20(1):27. https://doi.
org/10.1186/s12891-019-2410-x.

Anderson SE, Heini P, Sauvain M]J, et al. Imaging of
chronic recurrent multifocal osteomyelitis of childhood
first presenting with isolated primary spinal involve-
ment. Skeletal Radiol. 2003;32(6):328-336. https://doi.
org/10.1007/s00256-002-0602-0.

Mymkun A.JO., Anaropues A.B., Manmamamun [I.B.,
u ap. VIHQOopMaTUBHOCTb YPECKOXXHOI TpemaHomo-
ncun B fuddepeHInanbHol fUarHOCTIKe OTPaHIYeH-
HBIX JIECTPYKTUBHBIX MOPaXKEeHMiI IMO3BOHOYHMKA //
Xupyprus nossoHo4Hmka. — 2012, - Ne 1. - C. 62-66.
[Mushkin AY, Alatortsev AV, Malamashin DB, et al.
Informative value of percutaneous trepan biopsy for
differential diagnosis of circumscribed destructive
lesions of the spine. Spine surgery. 2012;(1):62-66.
(In Russ.)]

Spinnato P, Bazzocchi A, Facchini G, et al. Ver-
tebral fractures of unknown origin: role of com-
puted tomography-guided biopsy. Int | Spine Surg.
2018;12(6):673-679. https://doi.org/10.14444/5084.
Geffroy L, Hamel O, Odri GA, et al. Treatment of
an aneurysmal bone cyst of the lumbar spine in
children and teenagers, about five cases. | Pediatr

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 8.

Issue 1. 2020



ORIGINAL PAPERS

Orthop B. 2012;21(3):269-275. https://doi.org/10.1097/
BPB.0b013e32834f16b5.

12. Haymos [I.I., Cnepanckaa E.A., Mymxkun M.A,,
u fp. AHeBpM3Ma/ibHasi KOCTHas KUCTa [O3BOHOY-
HUKa y [leTeil: CUCTeMaTNdecKnit 0630p nuTepary-
pot // Xupyprua mospoHounmka. — 2019. - T. 16. -
Ne 2. - C. 49-55. [Naumov DG, Speranskaya EA,
Mushkin MA, et al. Spinal aneurysmal bone cyst in
children: systematic review of the literature. Spine
surgery. 2019;16(2):49-55. (In Russ.)]. http://dx.doi.
org/10.14531/5s2019.2.49-55.

13. Huang WD, Yang XH, Wu ZP, et al. Langerhans cell
histiocytosis of spine: a comparative study of clini-
cal, imaging features, and diagnosis in children, ado-
lescents, and adults. Spine J. 2013;13(9):1108-1117.
https://doi.org/10.1016/j.spinee.2013.03.013.

14. Fletcher CD, Unni RR, Mertens E World Health Orga-
nization classification of tumors. Pathology and ge-
netics of tumors of soft tissue and bone. Lyon: IARC
press; 2002.

15. Bortoletto A, Rodrigues LCL, Matsumoto MH. Patho-
logical fracture of lumbar vertebra in children with
acute neurological deficit: case report. Rev Bras Ortop.
2011;46(3):315-317. https://doi.org/10.1016/s2255-
4971(15)30202-0.

16. Lu GH, Li ], Wang XB, et al. Surgical treatment
based on pedicle screw instrumentation for tho-
racic or lumbar spinal Langerhans cell histiocyto-
sis complicated with neurologic deficit in children.
Spine J. 2014;14(5):768-776. https://doi.org/10.1016/
j.spinee.2013.06.104.

17. Di Felice F, Zaina F, Donzelli S, Negrini S. Sponta-
neous and complete regeneration of a vertebra plana
after surgical curettage of an eosinophilic granuloma.
Eur Spine J. 2017;26(Suppl 1):225-228. https://doi.
org/10.1007/s00586-017-5063-1.

18. Nakamura N, Inaba Y, Aota Y, et al. Characteristic re-
constitution of the spinal langerhans cell histiocytosis in
young children. J Pediatr Orthop. 2019;39(4):e308-e311.
https://doi.org/10.1097/BP0O.0000000000001283.

Information about the authors

19. Jiang L, Liu XG, Zhong WQ, et al. Langerhans cell
histiocytosis with multiple spinal involvement. Eur
Spine J. 2011;20(11):1961-1969. https://doi.org/10.1007/
s00586-010-1390-1.

20. Luong TC, Scrigni A, Paglia M, et al. Langerhans
cell histiocytosis with vertebral involvement and soft
tissue extension: clinical case. Arch Argent Pediatr.
2016;114(4):e256-259. https://doi.org/10.5546/aap.2016.
€256.

21. Kuleta-Bosak E, Kluczewska E, Machnik-Broncel J,
et al. Suitability of imaging methods (X-ray, CT, MRI)
in the diagnostics of Ewing's sarcoma in children —
analysis of own material. Pol ] Radiol. 2010;75(1):18-28.
3389856.

22. ITtamnuxoB [.A., Ycukos B.M., 3acynbckuit @.10.
[Taronornyeckne nepenomsl Kocrel // IlpakTumdeckas
oHkonorusa. - 2006. - T. 7. — Ne 2. - C. 117-125.
[Ptashnikov DA, Usikov VD, Zasul'skiy FY. Pato-
logicheskie perelomy kostey. Prakticheskaia onkologiia.
2006;7(2):117-125. (In Russ.)]

23. Ty6un A.B., Ynbpux 9.B., Mymkun A.IO., n #p.
HeotnoxHasa BepTe6ponoOrysa: LIEHHBINA OTHEN IIO-
3BOHOYHMKA y fieTelt // Xupyprus HO3BOHOYHMKA. —
2013. - Ne 3. - C. 81-91. [Gubin AV, Ul'rikh EV,
Mushkin AY. Emergency vertebrology: cervical
spine in children. Spine surgery. 2013;(3):81-91.
(In Russ.)]

24. Yu L, Kasser JR, O’'Rourke E, Kozakewich H. Chronic
recurrent multifocal osteomyelitis. Association with ver-
tebra plana. J Bone Joint Surg Am. 1989;71(1):105-112.

25. Komyak O.JI., Mymkun A.IO., Koctuxk M.M., Mare-
tuH A.C. Beprebpanphas ¢popma HebaKTepUaIbHOTO
OCTeoMMeNuTa: KIMHUKO-TabopaTopHas XapakTe-
pUCTHKa ¥ O0COOeHHOCTM yedeHus: // Xupyprus mo-
3BOHOYHMKa. — 2016. — T. 13. - Ne 3. — C. 90-101.
[Kopchak OL, Mushkin AY, Kostik MM, Maletin AS.
Vertebral form of non-bacterial osteomyelitis: clinical
and laboratory features and treatment characteristics.
Spine surgery. 2016;13(3):90-101. (In Russ.)]. https://
doi.org/10.14531/ss2016.3.90-101.

Vyacheslav 1. Zorin* — MD, PhD, orthopedic and
trauma surgeon of the Clinic of Children’s Surgery and
Orthopedics, Saint Petersburg State Research Institute
of Phthisiopulmonology; Associate Professor of the
Department of Children’s Surgery, North-Western State
Medical University named after I.I. Mechnikov, Saint
Petersburg, Russia. https://orcid.org/0000-0002-9712-5509.
E-mail: zoringlu@yandex.ru.

Alexander Yu. Mushkin — MD, PhD, D.Sc., Professor, Head
of the Clinic of Pediatric Surgery and Orthopedics, Head of
the Scientific and Clinical Center of Spine Pathology, Saint
Petersburg State Research Institute of Phthisiopulmonology,
Saint Petersburg, Russia. https://orcid.org/0000-0002-1342-
3278. E-mail: aymushkin@mail.ru.

Tatyana A. Novitskaya — MD, PhD, Head of the
Pathoanatomical Department, Saint Petersburg State
Research Institute of Phthisiopulmonology, Saint
Petersburg, Russia. https://orcid.org/0000-0001-5137-5126.
E-mail: nta0666@rambler.ru.

Badecras ViBanoBu4 30puH* — KaHJ. Mefl. HayK, Bpady —
TPaBMAaTOJOT-OpTONE], KAMHUKU [EeTCKOWl XUPYypruu
u opronenuu, ®TBY CII6 HUM® Muusgpasa Poccuu;
moueHT Kadenpel gerckoit xupypruu, ®I50Y BO C3IMY
uMm. V.JI. MeynukoBa MwuH3gpaBa Poccunm, CaHkT-
I[Tetep6ypr. https://orcid.org/0000-0002-9712-5509. E-mail:
zoringlu@yandex.ru.

Anexcanpp IOpbeBny MymIKMH — f-p Mef. HaykK, IIpoO-
deccop, pyKkoBOgUTEeNb KIMHUKU HETCKON XUPYpPrum
U OpTOIefuY, PYKOBOAUTEIb HAYYHO-KIMHMYECKOTO IIeH-
Tpa maronoruy nosponouHuka, ®I'BY CII6 HUM® Mun-
3apaBa Poccuy, Cankr-Iletep6ypr. https://orcid.org/0000-
0002-1342-3278. E-mail: aymushkin@mail.ru.

TatpsiHa AnekcangpoBHa HoBumkasa — xaHpj. Mep.
HayK, 3aBe[ylollad IIaTOIOTOAHTOMMYECKUM OT/e/IeHN-
em, ®IBY CII6 HMN® Mwunsgpaa Poccunu, CaHKT-
ITetep6ypr. https://orcid.org/0000-0001-5137-5126. E-mail:
nta0666@rambler.ru.

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 8.

Issue 1. 2020



