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Aims
The study was aimed at the comparative analysis of the efficacy of the correction of spinal deformity 

and changes in the hemithorax volume with the use of rib endocorrectors and spinal hardware in children 
with congenital deformities of the thoracic spine on the background of multiple defects of its development 
and synostosis of the ribs. 

Materials and methods
The examination and treatment of 13 patients with spinal deformities on the background of multiple 

malformations was carried out. Patients were subdivided into 2 groups: in patients of group 1 (n = 6), the 
abnormal vertebrae were removed, the local deformation was corrected, and the spinal motion segment was 
stabilised; in patients of group 2 (n = 7), rib endocorrectors were placed and step-wise distraction was car-
ried out every 6–8 months. Based on the X-ray study (radiography and MSCT), the effect of interventions 
on the scope of correction of scoliotic and kyphotic deformation components as well as the volume of the 
lungs was assessed in both groups of patients after primary intervention. 

Results
After surgical treatment, the scoliotic deformity correction value in the first group of patients was 63.7%, 

kyphotic – 18.7%; in group 2, the scoliotic deformity correction value was 8.5%, kyphotic – 7.8%. The 
total lung volume in patients of group 1 and 2 prior to treatment was 972.8 + 339.1 and 990.6 + 399 cm3, 
respectively. The total lung volume in patients of group 1 and 2 after treatment was 994.8 + 346.1 and 
1,484.2 + 407.1 cm3, respectively. 

Conclusions
It was found that congenital deformity correction of the thoracic spine in children with multiple verte-

bral anomalies via spinal systems is more effective than via rib endocorrectors. Radical local deformation 
correction and stabilisation of spinal motion segments by means of spinal hardware do not adversely affect 
the development of the chest organs. 
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INTRODUCTION
Surgical treatment of congenital spinal 

deformity in children is a complex yet ur-
gent problem of today’s orthopedics. Recent 
papers cover the treatment of thoracic and 
lumbar spine curvature in children, in whom 
vertebrae deformities and fusions are iso-
lated. The papers detail the tactics and meth-
odology of surgical treatment of such pa-
thology [1; 2]. It should, however, be noted 
that treating children with congenital spinal 
deformity associated with multiple vertebral 
abnormalities is an issue yet to be resolved. 

Thoracic insufficiency is one of the neg-
ative consequences that vertebral column 
curvature might have when coupled with 
multiple vertebral malformations; it might 
also be caused by unilateral rib synostosis, 
especially in the thoracic segment. This 
condition disables normal pulmonary venti-

lation and development as the child grows; 
clinically, it manifests itself in the form of 
respiratory failure and impaired motility 
of the thoracic walls [3]. Mehta et al. have 
proven the vertebral column growth to be in 
direct correlation with the thorax develop-
ment. Their data suggest that any pathology 
in any of those compartments will inevita-
bly result in scoliotic spinal deformity, as 
well as in a severe thoracic deformity [4]. 
Karol et al., Emans et al. have confirmed 
the negative impact of early arthrodesis. 
They state that fusing over 60% of the tho-
racic spine in a child aged 8 or younger may 
reduce the pulmonary function to 50% of 
its normal value [5; 6]. Thus, a surgery of 
spinal deformity coupled with multiple 
malformations should always seek to fully 
fix the deformity while not restraining spi-
nal growth [7]. 
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Metal structures have been designed to 
that end that enable hemithoracic growth 
on the concave side of the deformity (cos-
tal block osteotomy is performed in many 
cases for that reason). Implanting such a 
structure does not require any intervention 
on the spine itself. This enables spinal 
growth and further development of tho-
racic organs [8]. The VEPTR (vertical ex-
pandable prosthetic titanium rib) was the 
first such structure to be proposed and gain 
traction [3]. Clinical studies demonstrated 
mediated reduction in spinal deformity, 
improved external respiration as shown by 
treadmill tests and blood Hg level tests, 
improved SAL (space available for the 
lung) or other X-ray readings [3; 9; 10]. 
However, Redding et al. believe that a 
larger hemithorax does not equal better ex-
ternal breathing [11]. At the same time, 
Mehta et al. suggested that a metal implant 
placed to limit the rib excursion, coupled 
with the postoperative scarring, would im-
pact external respiration as adversely as 
the deformity itself [4]. There are reports 
of a spontaneous vertebral fusion occur-
ring in patients subjected to staged surger-
ies using such structures; reports indicate 
that such surgeries have a negative impact 
on the frontal torso balance or may cause 
kyphosis of the sagittal profile [12]. A sig-
nificant drawback of such surgeries is that 
they are prone to complications that occur 
in 32% to 72% of all cases, mainly due to 
the loosening of metal supports, poor heal-
ing of the operative wounds due to an in-
fection, and pleural wounding [13]. 

Thus, the existing data suggest the prob-
lem remains complicated, with no univer-
sal treatment, while surgical intervention 
remains questionably effective when it 
comes to treating congenital spinal defor-
mity coupled with multiple vertebral devel-
opment abnormalities and costal synostosis 
in children. Besides, there are no studies 
that have compared two fundamentally dif-
ferent methods: spinal systems and costal 
implants. 

The goal hereof was to compare the per-
formance of spinal deformity treatment and 
hemithorax volume adjustment by means of 
costal implants and spinal metal structures 
in children with congenital thoracic spine 
deformity coupled with multiple spinal 
malformations and costal synostosis. 

MATERIALS AND METHODS
The study involved 13 patients (8 girls 

and 5 boys) aged 33 months to 5 years; 
all of them had congenital thoracic spine 
deformity coupled with multiple vertebral 
malformations; the children were treated 
surgically at the Spinal Pathology and Neu-
rosurgery Unit, Turner Scientific Research 
Institute for Children’s Orthopedics. 

The study protocol followed guidelines 
for experimental investigation with human 
subjects in accordance with the Declaration 
of Helsinki and was approved by the ethics 
committee. Written informed consent was 
obtained from each patient (or official rep-
resentative) before the study.

The children were split into two groups 
depending on which technology was used 
to treat the congenital spinal column 
curvature. 

Group 1, 6 patients: abnormal vertebrae 
were removed though the anterolateral or 
posterior approach. The local congenital 
deformity was treated by placing a dor-
sal metal structure directly upon the spine 
while also performing local anterior fusion 
and posterior spondylodesis at the level of 
the deformed vertebral-motor segment, see 
Figure 1. 

Group 2, 7 patients. Treatment consisted 
in placing single costocostal metal structures 
(n = 4) or costovertebral structures (n = 3) 
while also performing osteotomy of fused 
ribs if necessary. Further treatment consisted 
in staged surgery for mediated treatment of 
the congenital spinal deformity to improve 
torso balance and increase the hemithoracic 
volume on the concave side of the curva-
ture. Fusion and spondylodesis were not 
performed in these patients, see Figure 2. 

Treated patients were followed up and 
exposed to checkups and scanning every 
6 months in the postoperative period. X-
rays were used to estimate the spinal defor-
mity and the position of metal structure sup-
ports. Scoliotic and kyphotic deformations 
were assessed by the Cobb method. CT data 
were used to verify correct posture of the 
spinal structure supports, to estimate the 
hemithorax size, and to evaluate the bone 
fusion rate in the vertebral motor segments 
where spinal systems were used. The lung 
volume was measured by the Philips soft-
ware; tissue was segmented and cut off in 
a 3D reconstruction for further calculation. 
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Fig. 1. X-ray, Patient Y., aged 2 years 9 months, Group 1. Congenital thoracic scoliosis, posterolateral 
hemivertebra Th9(D), butterfly vertebra Th5, abnormal segmentation of lateral body surfaces in Th7 
to Th10 (S), unilateral costal synostosis (S): A – before surgery; B – after removing the posterolateral 

hemivertebra Th9(D) and implanting a multi-support metal structure to fix the deformity; C – after 
removing the butterfly vertebra and fixing the deformity with a multi-support transpedicular system 

A                                                               B 

Fig. 2. X-ray of a Group 2 patient before surgery (A) and one year after surgery (B) 
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 Volume was measured for the lung on 
the concave deformity side; the total lung 
volume was measured as well. The data 
thus obtained were processed statistically. 

If there were any indications for that, 
a patient was subject to the next surgical 
treatment stage according to the method 
(the removal of the abnormal vertebrae 
with local deformity treatment; or distrac-
tion of the costocostal system) and their 
specific spinal deformity. Each patient was 
followed up for 3 years thereafter. 

RESULTS
In all patients, the spinal deformity was 

due to multiple malformations (butterfly 
vertebrae, lateral and posterolateral hemi-
vertebra, unsegmented bars, unilateral cos-
tal synostosis) in various combinations. 
Patients were aged 3.6 + 0.98 years in 
Group 1, 5 + 1.4 years in Group 2. Before 
surgery, scoliotic deformity averaged 39.7° 
+ 25.1°, kyphosis averaged 26.7° + 4.6° in 
Group 1; 69.7° + 21.7° and 32.3° + 13.5°, 

respectively, in Group 2. The scoliotic de-
formity was greater in Group 2, as these 
patients were older, i.e. their deformity had 
progressed further. Total kyphosis was ap-
proximately the same in both groups and 
within the normal physiological range. The 
lung volume totaled 972.8 + 339.1 and 
990.6 + 399 cm3 in Groups 1 and 2, respec-
tively. Before surgery, the lung volume on 
the concave deformity side was 465.0 + 
144.9 cm3 (47.8% of TLV) in Group 1, 
479.7 + 203.8 cm3 (48.4% of TLV) in Group 
2. After staged surgery, scoliotic deformity 
averaged 14.4° + 11.9° (reversed by 63.7%), 
and kyphosis averaged 21.7° + 3.8° (re-
versed by 18.7%) in Group 1; 63.8° + 16.3° 
(8.5%) and 29.8° + 12.2° (7.8%), respec-
tively, in Group 2. The lung volume totaled 
994.8 + 346.1 and 1,484.2 + 407.1 cm3 in 
Groups 1 and 2, respectively. After surgery, 
the lung volume on the concave deformity 
side was 487.9 + 126 cm3 (49% of TLV) in 
Group 1, 691.5 + 187.6 cm3 (46.6% of TLV) 
in Group 2, see Figure 3. 

A                                                                             B
Fig. 3. 3D reconstruction of a Group 2 patient’s lungs, see Figure 2 for X-rays. 

A: before surgery; B: one year after surgery.  
The total lung volume doubled, the implant-side lung volume rose by 45% 
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Group 1 patients had two surgeries on 
average, while their Group 2 counterparts had 
three. It should be noted that Group 1 patients 
had their surgeries upon abnormal vertebrae 
as the deformity progressed; Group 2 patients 
had staged repeated surgeries within 6 to 
8 months after the first surgery. 

Loosening metal structures were detected 
in 2 patients (28.6%) in Group 2, both had a 
costovertebral system. All the cases required 
repeated surgery to stabilize the structure. 

DISCUSSION
Choosing the surgical tactic to treat 

congenital spinal deformities coupled with 
multiple malformations is a relevant and 
unresolved issue. The current use of “grow-
ing” structures, whether costocostal or cos-
tovertebral, is drastically different from the 
radical local treatment of deformity cou-
pled fixing the vertebral motor segments; 
the fundamental difference lies in how the 
two techniques affect the spinal column as 
well as in their use (or non-use) of arthrod-
esis. The research data generally shows that 
prolonged stabilization has an adverse im-
pact on thoracic growth and development; 
meanwhile, cases of fixing a minimum 
number of vertebrae are ignored. The use 
of costocostal or costovertebral corrective 
implants does not have a universally prov-
en positive effect on external respiration; 
besides, it is associated with spontaneous 
bone fusion, negative effects on the frontal 
and sagittal spine profiles, while resulting 
in no significant deformity reversal. 

This study has shown that in Group 1, 
where the intervention included removing 
abnormal vertebrae and fixing as few as 
possible vertebral motor segments, scoli-
otic deformity reversal (63.7%) and kypho-
sis reversal (18.7%) were far greater than 
in Group 2 (8.5% and 7.8%, respectively). 
On a separate note, radical local treatment 
of congenital deformity coupled with us-
ing spinal systems to stabilize the vertebral 
motor segments did not have negative ef-
fects on the thoracic organ development 

and hemithorax volume. These patients had 
a slightly larger lung volume (TLV and on 
the concave side of the deformity) several 
years after the staged surgeries were com-
plete, likely due to growth. 

The present study indicates a zero sta-
tistically significant impact of this interven-
tion on the TLV-to-CSLV (concave-side 
lung volume) ratio (percentage-wise). De-
spite a greater absolute TLV in Group 2, no 
relative increase in CSLV was noted, while 
the TLV-to-CSLV ratio (percentage-wise) 
remained at the pre-surgery levels. Group 
2 patients were somewhat older, and the ob-
served increase in the TLV was likely due 
to their intensive growth typical of children 
aged 5 to 7. 

CONCLUSIONS
Thus, the outcomes of the surgical treat-

ment of congenital thoracic spine deformity 
coupled with multiple vertebral malforma-
tions and costal synostosis prove preferable 
staged surgery performed directly on the 
spine to remove the bodies of malformed 
vertebrae, coupled with the radical treat-
ment of local curvature, fixing a minimum 
number of vertebral motor segments, and 
osteoplasty. Stabilization must be provided 
by structures with transpedicular supports; 
such structures must only be placed on the 
bodies of the vertebrae adjacent to the mal-
formed vertebra. It should also be noted that 
spinal systems did not have any notable ad-
verse effects on thoracic development and 
the lung volume. This initial data proves 
staged surgery to be feasible and recom-
mendable for fixing the local deformity and 
stabilizing the vertebral motor segments in 
patients with congenital spinal curvature 
and multiple vertebral malformations. 
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