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Aim. Treatment of patients with multiple congenital anomalies of the spine is a complex problem, demanding both
correction and stabilization to be performed as early as possible without disturbing the growth of the spinal column.
To achieve the latter, different instrumentation, such as rib-based distractors, may be useful. Little is known this
treatment of congenital spine deformities. We aimed to investigate the results of treatment in our patients with the use
of out-of-spine-based metal implants.

Material and methods. During 2012-2016, there were 44 procedures performed in 20 patients at an age of 2 years
to 12 years. In 13 cases, the deformity was located in the thoracic spine and in the thoracolumbar regions in 7 cases.
We used bifocal rib-rib connections in 18 procedures, and a rib-spine connection in 26 cases. Results were evaluated based
upon the amount of achieved correction after each procedure, amount of stages of treatment, and complication rates.
Results. The mean curve magnitude was 68.7°. The mount of staged procedures varied from 3 to 7. The mean
amount of achieved correction was 15.1°. In all cases, deformity was lower than at the beginning of the treatment.
The complication rate was 15.9%.

Conclusion. We assume that out-of-spine-based metal implants may be used in treatment of patients with multiple
congenital spine and thorax anomalies, as this technique allows effective correction and stabilization of the deformity,
as well as increases the volume of the hemithorax.

Keywords: congenital scoliosis, surgical treatment, rib synostosis, children.
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AKTyanbHOCTb. VIIeosnorus nedeHns MannueHToB ¢ BPOXKAEHHBIMHU fedopMalisIMU O3BOHOYHMKA Ha (pOHE M3O0MUPO-
BaHHBIX IIOPOKOB Pa3BUTHA Te/l MO3BOHKOB 3aK/TIOYACTCS B IIPOBENEHUN KOPPEKLUM M CTabuamMsanun fedopMarium
B MaKCUMaJIbHO pPaHHEM BO3pacTe C COXPAHEHMEM BO3MOXXHOCTHU JHajbHeiimero pocra. OfHaKoO [y /€4eHNs HeTeil
C BPOXKIEHHOIT fleopMaliyerl Ipy MHOXECTBEHHBIX U KOMOMHMPOBAHHBIX aHOMAJIMAX PasBUTUA IIO3BOHKOB U pebep
IpUMeHeHMe JaHHOI TaKTUKY 3aTpyAHMUTeNbHO. C 9TO 1ebI0 BCe MMPe UCIONb3YI0T BHEIIO3BOHOYHbIE METa/I/IOKOH-
CTPYKLVIM, OTHAKO IyOIMKAaINMM, OTPaXKAIOIJe pe3y/IbTaThl MX IPUMEHEHN, HeMHOTOYVIC/ICHHBI.

ITenp — aHanmM3 pe3ynbTATOB JIeUeHM MALMEHTOB C MHOXKECTBEHHBIMY aHOMA/IMAMY Pa3sBUTHUsA TO3BOHOYHMKA U IPY/-
HOJI KJIETKM ITOC/Ie STAIIHBIX ONlePaTMBHbIX BMEIIATENbCTB C MCIIOIb30BAHMEM BHEIIO3BOHOYHbBIX METa/TJIOKOHCTPYKLIMIL.
Matepuansl u meroppl. 3a nepuop, ¢ 2012 mo 2016 r. mpoBefieHO XMUpyprudeckoe nedenne 20 manueHTOB B BO3pacTe
OoT 2 70 12 y1eT, KOTOPhIM BBIIOTHEHBI 44 oNepaTUBHBIX BMellaTenbCcTBa. CpegHMII BO3PACT MallMEHTOB HA MOMEHT
BMeEIITaTe/IbCTBA COCTaBW 6,9 rofa. B 13 Habmonennax megopMarys vMena rpyaHYIO TOKaIN3anuio, y 7 geTeit — Ipy-
HOMOsCHNYHYI0. Brdokanpublil pebepHO-pebepHbIil 3aXBaT IPUMEHIIN B 18 HAOMIO[EHISX, peGepPHO-TI03BOHOYHbIE
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META/UIOKOHCTPYKOUN — B 26 Cnydasax. Pe3y71bTaTbI XPpYPIrm4€CKOro BMENIaTe/IbCTBa OLICHMBA/IN 110 BEIMYINHE KOP-
pexnun CKOMMOTUYECKOI ayrm ;[e(bopMam/m HETIOCPENCTBEHHO ITIOC/I€ OIEPATUBHOTO BMEIIATE/IbCTBA, TAKXKE OLI€HN-
Ba/IM KOJIMYECTBO 3TAIIOB IIPOBENEHHOIO OIEPATVBHOTO JI€YEHNS, JaCTOTY U XapaKTep OCJIOKHEHUIL.

Pesynbrarbl. CpefHaAA BeMM4MHA CKOMOTUYECKOI fedopMaluy 10 XUPYPriw4eckoro BMeNIaTe/IbCTBa COCTaBmIa 68,7°
o Cobb. KonmnuecTBO 9TalHBIX BMELIATeIbCTB BapbUpoBano 0T 3 Ko 7. CpegHsAs BeMYMHA KOppeKuuu fedopMarm
II0C7Ie XMPYPTMYECKOTO BMeIIaTeNnbCTBa cocTaBmia 15,1°. B oTnaneHHOM mepnofe mocie MpOBefieHHbIX TAIIHbIX OIle-
paumii y Bcex 20 manueHTOB BeIMYMHA ne(bopMauMM He IIpeBbIlIajia UCXOAHYI0. YacToTa OCNIOXKHEHNUIT B ITOCIeonepa-

LIMOHHOM Ilepuofie cocrtasuna 15,9 %.

3akmroueHne. VIcrionb3oBaHye BHEMO3BOHOYHBIX META/VIOKOHCTPYKIMIT B JIeU€HNI MAlJIEHTOB C BPOXK/IEHHBIMI CKO-
moTrdecKuMy fedopmannaMu Ha GpoHe KOMOMHMPOBAHHBIX aHOMAJIMII Pa3BUTUA IIO3BOHKOB JM OJLHOCTOPOHHETO
CMHOCTO3a pebep IMO3BOMAET YMEHBIINTD MMEIILIYIOCsS AeOpPMALUIO, IPUOCTAHOBUTD TEMIIBI €€ IIPOrpeCcCHpPOBAHIIS

U YBeMMYUTb 0OBEM TeMUTOpAKCa.

KiroueBble cToBa: BpOXXIAEHHBII CKOINO3, XUPYPrUUeCKOe JIedeHne, CUHOCTO3 pebep, HeTi.

Background

Despite the relatively low incidence of orthopedic
pathology in children, congenital deformities
of the spine represent a serious problem in the
vertebrologist’s practice. The most severe in this
category are congenital deformities with multiple
abnormalities of development of vertebral bodies
and rib synostosis. This is due to the nature of the
curvature of the spinal column in such deformities
and abnormalities of rib development during
childhood. Such congenital spinal abnormalities are
characterized by their severity and rigidity, steady
and rapid progression, formation of compensatory
arcs of curvature, associated with a significant
decrease in quality of life and life expectancy
[1-6]. There is a high mortality in this group of
patients from rare cardiopulmonary diseases [7],
with the development of restrictive lung disease
and subsequently, pulmonary hypertension (cor
pulmonale). This condition was first described by
Campbell as “thoracic insufficiency syndrome”
[8]. It is generally recognized that conservative
treatment with brace-therapy, physiotherapy or
gradual plaster correction is unsuccessful [9, 10].
In the vast majority of cases, such patients require
surgical treatment, aimed at restoring or improving
trunk balance, preventing development of the
thoracic insufficiency syndrome and neurological
disorders, along with maintaining the length of the
spinal column.

The approach to management and surgical
treatment of infants with isolated congenital thoracic
and lumbar spine deformities are well described
[1, 11]. These include stabilization of the deformity
in situ, as well as definitive repair by extirpation/
partial resection of abnormally developed bone

structures followed by stabilization with metal
implants mounted on the spine [11-14]. However,
treatment of patients with multiple vertebral
developmental abnormalities and rib synostosis with
these techniques are not always acceptable due to
the risk of developing secondary deformities and
reducing chest size, associated with the syndrome of
thoracic failure [15, 16]. In addition, in this category
of patients with a radical congenital curvature,
surgical intervention at an early age does not enable
single step correction; the necessity for multiple,
staged surgical interventions during child growth
risks the development of neurological disorders and
complications of internal organs [17-19].

Recently, in patients with infantile forms of
scoliosis, step-wise interventions with the use of
“growing” metal implants have become widespread.
In particular, extravertebral systems are being used,
which enable mediated correction and stabilization
of the spinal deformity until the child reaches the
age when final surgical intervention is possible.
We apply these metal implants extravertebrally;
rib-rib, rib-pelvic or rib-vertebral fixation and are
not accompanied by extensive stabilization of the
spine (more than one vertebral-motor segment)
and bone grafting. The main indication for their
use is the presence of a congenital abnormality of
the thorax (rib synostosis). The first and one of
the most widely used devices is VEPTR (Vertical
Expandable Prosthetic Titanium Rib), introduced
by Robert Campbell and Melvin Smith in 1989 to
treat a patient with a thoracic failure syndrome
[20]. There are reports of the successful use of
these devices in various types of application (rib-rib
connection, rib-vertebral, with pelvic bone support)
in patients with neurogenic forms of scoliosis [21].
However, it should be emphasized that there is
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limited experience with their use in patients with
congenital deformities of the spine with multiple
vertebral defects and rib synostosis.

The aim of the present study is to analyze the
use of rib-rib and rib-vertebral metal implants in
the surgical treatment of pediatric patients with
congenital deformity of the thoracic and lumbar
spine with multiple abnormalities of development
of vertebrae and rib synostosis.

Materials and methods

Between 2012 and 2016, 44 procedures were
performed in twenty children aged 2-12 years at
the Department of Pathology of The Spine and
Neurosurgery of The Turner Scientific and Research
Institute for Children’s Orthopedics of the Russian
Ministry of Health. The average age of patients
at the time of intervention was 6.9 years. All the
patients (or their representatives) voluntarily signed
informed consent to undergo surgical intervention
and participate in the study. In all patients, the
scoliotic deformity was caused by multiple combined
abnormalities of vertebral development (asymmetric
butterfly-shaped vertebrae, lateral non-segmented
rod, multiple semi-segmented posterolateral half-
vertebrae) and unilateral rib synostosis. The study
group did not include patients with concomitant
pathology of the spinal cord and the spinal canal
(spina bifida, different variants of fixation of the
spinal cord), as well as patients who underwent
deformity correction at the time of introduction of
the surgical technique. No neurological disorders
were observed in any child.

In 13 cases, the deformity was thoracic; it was
the thoracolumbar in the remaining seven (Fig. 1).

Arch localization

® Thoracolumbar

Thoracic

Fig. 1. Distribution of patients according to the level
of the deformity localization

Eighteen surgical interventions were performed
using metal implants with bifocal rib-rib connection
and 26 interventions with rib-vertebral systems,
involving step-wise interventions. Some of them
were accompanied by a replacement of the corrective
implant (Fig. 2).

Indications for the surgical intervention
included severe congenital deformity of the spine
with multiple developmental abnormalities of
the vertebrae and unilateral rib synostosis, rapid
progression of the existing curvature (more than 10°
per year) and sharply reduced volume of hemithorax
on the side of the rib block. The degree of scoliotic
deformity was determined by the Cobb method
on X-rays of the spine in a frontal projection, in
the prone position. Computerized tomography was
performed to confirm the nature of the defect,
determine the volume of hemithorax on the
concave side of the deformity and to evaluate the
anatomical and anthropometric parameters of the
vertebrae and the nature of the curvature of the rib
cage. To exclude intra-channel pathology, magnetic
resonance imaging was performed. In patients with
congenital deformity of the spine in the thoracic
region with multiple abnormalities of development
of vertebral bodies and unilateral rib synostosis,
surgical intervention was performed using a rib-
rib metal implant. The aim of the surgery was to
restore the shape of the chest along with mediated
correction and stabilization of congenital curvature
of the spine. This was carried out with a metal
implant with the formation of rib-rib connection on
the upper and lower boundaries of synostosed ribs
along the scoliotic arch of the deformity (Fig. 3).

In patients with congenital curvature of the
thoracic and lumbar spine with rib synostosis,

Type of metal implant

M Rib-rib

B Rib-vertebral

Fig. 2. Patient distribution by type of the metal
implant used
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Fig. 3. X-rays of the patient S., 5 years old. Diagnosis of congenital scoliosis with multiple spinal abnormalities
(posterolateral Th2(S), Th6(S) semi-vertebrae, right-sided non-segmented rod Th4-Th7, synostosis of the ribs 2-7 on the
right): a — before the surgery; b - after the surgery.

a rib-vertebral metal implant was used. Following
this, the upper rib connection was formed at the
level of the upper part of the synostosed ribs, and
the lower support elements (transpedicular screws)
were inserted in the lumbar spine along the concave
side of the deformity (Fig. 4).

The support platforms made were connected by
means of two rods. All patients underwent several
(2-3) longitudinal osteotomies of the ribs along the

a

blocked ribs, and a distracting action was performed
along the rods. The step-wise correction of the spinal
deformity was made by separating the sliding part
of the metal implant and subsequent distraction
once every 6-9 months. The results of surgery were
assessed by the degree of correction of the scoliotic
arch immediately after the surgery. The number of
stages of surgical treatment, and the frequency and
nature of complications were evaluated.

Fig. 4. Radiographs of the patient O., 4 years. The diagnosis of congenital scoliosis with multiple abnormalities of the
development of the spinal column (posterolateral semi-vertebra Th9 (S), right-sided non-segmented rod Th6-L1, synostosis
of 6-9 ribs on the right): a — before surgery; b — after the surgery
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Results

The mean level of scoliotic deformity before
surgery was 68.7° (36 to 94°) assessed by the Cobb
method. The number of interventions varied from 3
to 7. Mean deformity correction after surgery at the
end of the follow-up period (from 1 year to 4 years)
was 15.1°. The mean correction at each stage of
intervention was 11.4°. On detailed analysis of each
stage, it was found that the first surgical intervention
had the most corrective effect. Later, a slow but
stable decrease in the degree of the correction was
noted (Fig. 5).

The mean correction with rib-rib metal implants
was 8.6°% with rib-vertebral metal implants it was
18.6°.

On long term follow up (from 1 to 4 years)
after step-wise surgeries, the degree of deformity
did not exceed the initial value in any patient. This
suggested absence of progression of the congenital
curvature. In the postoperative period, on multi-
slice computed tomography, a nearly 2-fold increase
in the volume of hemithorax and lung on the side
of the intervention was seen (Fig. 6).

The incidence of complications in the
postoperative period was 15.9%. In four cases,
destabilization of the metal implants was noted
(fracture of the rod); in three cases, trophic changes
in soft tissue around the surgical site on the side
of the installed metal implants was noted. The first

25,0

20,0 o
15,0 et =
10,0

50

0 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage

Fig. 5. Dynamics of the correction value of scoliotic
component of deformity at each stage of surgical treatment

group of complications was explained by significant
degree of the scoliotic arch of the spinal deformity
and the progressive nature of the curvature along
with the continued growth of the child; the
second group of complications was due to patient’s
hypotrophy, as well as the absence of a pronounced
muscular and subcutaneous fat layer on the concave
side of the thorax, which created technical difficulties
in covering the metal implant. The destabilization of
the metal implant required repeated interventions
to replace the rods. The second group, characterized
by delayed wound healing, was successfully managed
with conservative measures.

Discussion

The course of congenital scoliotic deformities,
with combined abnormalities of development of
spine and unilateral rib synostosis, is characterized
by an early onset, rapid and steady progression as

a

b

Fig. 6. Computed tomography data show an increase in lung volume from 390.7 cc (a — prior to the surgery)
to 713.0 cc (b — after the surgery). The size of the scale base of figures a and b is 5 and 10 cm, respectively
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the child grows and develops. The difficulty in
treating such patients is the lack of a single stage
procedure for definitive repair of the congenital
deformity and stabilization of the spine in a
physiologically correct position. The inability to
achieve this result is due to multiple abnormalities
of the vertebrae and rib synostosis and a high risk
of developing secondary deformities of the spinal
column, during rapid growth and development
of the child. One of the treatment options of this
category of patients is the use of metal implants
that enable to reduce or stabilize the congenital
deformity by altering the rib cage, avoiding direct
interventions on the spine. This therapeutic
approach helps prevention of rapid progression
of the congenital curvature of the spine till bone
growth ceases. At this stage, it is possible to
perform the final stabilizing surgical intervention,
and increase the volume of the thorax to help lung
development. Our results show the possibility of
correction of the congenital deformity, increasing
the length of the spine on the side of deformity
by an average of 8.0 mm/year and improving lung
function. Radioisotope scanning has demonstrated
improved pulmonary perfusion and computed
tomography has demonstrated increased volume
of lung tissue in previous studies. [22-26]. We
observed an increase in volume of lung tissue
on multi-slice computer tomography. However,
there are reports of a negative impact of this
method on lung function due to the presence of
a metal implant and postoperative scars limiting
rib excursion [27]. In this situation, choosing the
ideal age for intervention is important, because in
patients who underwent an increase in hemithorax
volume over the age of 6 years, an emphysematous
expansion of lung tissue was observed, without
significant improvement in the lung function, as
opposed to younger patients [27]. This is explained
by the findings of Dimeglio et al., which reveal
that the alveolar development occurs most actively
during the first 5 years of a child’s life; after
7-8 years their numbers do not change [28, 29].
Hence, only surgical interventions performed at an
early age will improve lung function.

The disadvantage of this type of intervention
is a high incidence of complications (according
to some authors, up to 72%), mainly associated
with impaired surgical wound healing, infective

complications, pleural injuries, migration of
support elements and damage to the brachial
plexus [30, 31]. In our study, the incidence of
complications was 15.9%, limited to fracture of
the metal implant rod and delayed surgical wound
healing. In order to prevent complications, we
consider it important to carefully mobilize the
periosteum of the ribs and the parietal pleura
intimately. This technique prevents damage to the
pleura during correction with requirement for
drainage of the pleural cavity. At the same time,
it should be noted that during step-wise surgical
interventions, regardless of timing, we were faced
with spontaneous formation of a significant bone
block between the ribs in the zone of the primary
surgery. We had to perform repeated osteotomies
to enable step-wise correction. It is worth noting
that, despite the fact that the surgery did not
include vertebrotomy, we noted a decrease in the
degree of deformity to the correction that occurs
at the level of the spinal-motor segments adjacent
to the anomaly. This also correlates with the fact
that when using the rib-vertebral locks, the degree
of correction was greater. The rate and frequency
of stage distractions is not established-similarly
with the use of “growing rods,” they are performed
on average 6-9 months before reaching the bone
maturity, which is sufficient for completing the
final surgical intervention. In our patients, we
were guided by the rate of growth of the child
and the degree of progression of the deformity; in
many patients it was different due to the variable
type of defects. Several authors have noted the
regularity which was confirmed in our study,
characterized by gradual decrease in the degree of
correction during step-wise surgical interventions
[32]. The latter fact may indirectly indicate that,
despite the intervention, unilateral stabilization
with metal implant, without direct skeletization of
the vertebrae directly, leads to a gradual reduction
of the degree of correction of the congenital
deformity. From our point of view, this corrective
system has limited indications. The technique can
be used in children with congenital deformity of
the spine, caused by multiple abnormalities in the
development of the vertebrae and/or ribs, if it is
impossible to perform a one-stage or a series of
surgical interventions that enable to completely
correct the congenital curvature of the spine.
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Conclusion

Our study demonstrates that the use of rib-
rib and rib-vertebral systems in the treatment of
congenital scoliotic deformities with combined
vertebral developmental abnormalities and
unilateral rib synostosis enables effective correction
of the existing deformity (on average by 15.1°);
Besides, it prevents rapid progression as the child
grows, and increases the volume of hemithorax.
However, a significant number of complications
may be associated with this technique. Hence, wide
application of this technique may not be feasible and
a search for more effective techniques of correction
of congenital deformity in children with multiple
abnormalities of vertebral development and rib
synostosis is warranted.
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