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Objective. To analyze results of final surgical treatment for scoliosis in the first decade of life.

Material and Methods. In 2008–2016, a total of 95 patients with infantile and juvenile scoliosis were operated on using VEPTR instrumentation. 

The final stage of surgical treatment was performed in 14 patients (9 girls, 5 boys). The average age at the start of treatment was 5.4 ± 2.1 years, 

average follow-up period – 2 years (6–36 months).

Results. Average value of the primary scoliotic curve before surgery was 83.0° ± 14.8°, thoracic kyphosis 41.1° ± 11.9°, lumbar lordosis 49.5° ± 4.9°. 

At the last follow-up average value of the primary scoliotic curve was reduced to 56.8° ± 14.1°, thoracic kyphosis to 24.5° ± 8.5°, lumbar lordosis 

to 38.4° ± 5.1° (p < 0.05). Space available for lung before surgery was 84.5 ± 8.7 %, after surgery 94.8 ± 6.7 %, at the last follow-up it increased to 

98.6 ± 5.4 %. Complications included 9 cases of instability of implant anchors and 1 case of suppuration. There were no neurological complications.

Conclusion. Stage correction using different instrumentations is a method of choice for surgical treatment of infantile and juvenile scoliosis.
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This paper continues in part the 
previously published review on the 
modern surgical methods to treat 
scoliosis in the first decade of life [1, 2].

The long-term assessment of surgical 
outcomes and quality of life of patients 
with scoliotic spinal deformities has tra-
ditionally permitted one to choose the 
most appropriate method of treatment. 
Optimal correction and stabilization of 
spinal deformity is the primary goal in 
adolescent scoliosis. In children who are 
actively growing it is necessary to pre-
pare the spine for the final stage of treat-
ment and allow growth while controlling 
the growth process. Spinal stabilization 
is not an optimal option, as it can limit 
further spine growth and lead to thoracic 
insufficiency syndrome [3, 8, 9]. Posterior 
fusion can cause uncontrollable progres-
sion of spinal deformity and make curve 
correction in adolescence impossible. 
Several techniques have been recently 
focused on the solution of these issues. 

The main techniques include VEPTR, 
growing rods technique, the Shilla tech-
nique, vertebral stapling, and vertebral 
tethering [10]. The variety of techniques 
enables one to identify in more detail the 
indications for surgical treatment, and 
most importantly, to start the treatment 
in time as early as at the child’s age of 
6–12 months. The final stage of treat-
ment involves using posterior segmen-
tal instrumentation and removal of the 
inserted growing implant.

The purpose of the study is to analyze 
the outcomes of the final surgical treat-
ment of scoliosis in the first decade of life.

Material and Methods

In 2008–2016, a total of 95 patients with 
infantile and juvenile spinal deformities 
of various etiologies were operated 
on using the VEPTR technique at the 
Clinic of Children and Adolescent Spine 
Surgery of Novosibirsk Research Institute 

of Traumatology and Orthopaedics n.a. 
Ya.L. Tsivyan. The final stage of surgical 
treatment was performed in 14 patients.

The inclusion criteria for study groups 
according to generally accepted indica-
tions for surgical treatment were age 
before 10 years, progressive scoliotic 
curve of various etiologies, and a Cobb 
magnitude of more than 40°.

The disease was diagnosed before 3 
years of age. The VEPTR device when 
choosing the posterior segmental instru-
mentation is indicated for: 1 – above 6 
months of age; 2 – the prevention of tho-
racic insufficiency syndrome; 3 – con-
genital constrictive deformity of the tho-
rax; 4 – massive concave rib fusions with 
progressive thoracic scoliosis without 
vertebral abnormality; 5 – progressive 
thoracogenic, neurogenic, and idiopathic 
scoliosis; 6 – hypoplastic thorax syn-
dromes (Jeune syndrome, Jarcho–Levin 
syndrome); 7 – progressive spinal defor-
mities without rib abnormality in chil-
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dren. The distribution according to etiol-
ogies was as follows: 5 – idiopathic juve-
nile scoliosis, 2 – congenital scoliosis, 3 

– Jarcho–Levin syndromes, 4 – syndromic 
scoliosis (1 – type 1 neurofibromatosis, 
1 – Larsen syndrome, 1 – Kartagener’s 
syndrome, 1 – Russell–Silver syndrome). 
There were 9 girls and 5 boys among the 
patients.  Thoracic scoliotic deformities 
mostly dominated. The average age at 
the start of treatment was 5.4 ± 2.1 years.

Staged surgical correction was per-
formed with intervals of 8–12 months. 
The average number of stages for a 
child was 6. The final stage was per-
formed using segmental instrumenta-
tion with hybrid fixation. After surgery, 
vertical postural adaptation was started 
approximately on the 3–5th day. Exter-
nal immobilization was not performed. 
The patients were discharged from the 
hospital on the 10–11th day. The aver-
age postoperative follow-up period was 
2 years (6–36 months). Statistical pro-
cessing of the results was performed 
using the Microsoft Excel and Statistica 
6.0 software. A preliminary assessment 
shows that the original data follow the 
normal distribution. A p value <0.05 was 
considered statistically significant.

Results and Discussion

According to the Scoliosis Research 
Society (SRS) Consensus Statement 
publ i shed in 2015,  Ear ly  Onset 

Scolioses (EOS) include deformities 
revealed before the age of 10. This 
group includes both infantile and 
juvenile scoliosis of different etiologies 
(idiopathic, congenital, neuromuscular, 
and syndromic). The choice of surgical 
treatment method depends on more than 
a dozen of factors; the most significant 
factors are age, gender, etiology and 
severity of deformity, the rate of curve 
progression, bone tissue maturity, and 
the severity of comorbid pathology [4, 5, 
6, 7, 11]. The total number of performed 
surgeries in 14 patients using the VEPTR 
instrumentation was 78, including the 
primary and staged corrections. The 
following configurations were used: rib 

– spine, rib – rib, and rib – pelvis. The 
time of the primary correction was 96.0 
± 8.1 min, blood loss was 15.4 ± 2.5 ml, 
and the magnitude of distraction was 
within 3–4 cm. The time of a staged 
correction was 15.2 ± 3.4 min, the mean 
blood loss per a stage was 7.2 ± 2.2 ml, 
and the magnitude of distraction was 
within 1.5–2 cm.

At the final stage, two patients under-
went an anterior surgical stage (discec-
tomy, interbody fusion), intraoperative 
skeletal skull-leg traction was addition-
ally used in all patients. The length of an 
anterior surgical stage was approximate-
ly 54.3 ± 12.1 min, blood loss was no 
more than 67.4 ± 9.8 ml, and the length 
of spinal fusion included 3–4 segments. 
The operative time at posterior surgical 

stage was approximately 112.4 ± 16.1 
min, blood loss was no more than 195.4 
± 14.2 ml, and the length of the fusion 
included 10–13 segments.

The dynamics of the main magnitudes 
characterizing the deformity is presented 
in Table.

The changes in the trunk balance (the 
reduction of pelvis obliquity and fron-
tal imbalance) are favorable prognostic 
criteria in curve progression associated 
with malignant tumors. The magnitudes 
of kyphosis and lordosis retain within 
the physiological norm (their changes 
are associated with the adaptation of the 
instrumented spine to vertical loads). At 
the last follow-up, a noticeable correc-
tion of the primary scoliotic curve and 
its stabilization were achieved (Figs. 1–4).

As known, malignant progression of 
spinal deformity and the thorax in chil-
dren can aggravate impaired lung func-
tion and lead to thoracic insufficiency 
syndrome. When using VEPTR technique, 
the space available for lung was 84.5 ± 
8.7 preoperatively, it increased to 94.8 ± 
6.7 postoperatively, and it was 98.6 ± 5.4 
at the last follow-up.

Most complications in children who 
undergo an early surgical treatment 
of spinal deformities are mechanical 
complications (instrumentation frac-
tures, instability of implant anchors). 
These complications were observed in 9 
patients (a total of 16 cases) when using 
VEPTR instrumentation and required a 

Table

Dynamics of main parameters of spinal deformity

Parameter Preoperative Postoperative Before the final stage After the final stage In 24 months 

postoperative

Pelvic obliquity, 

degrees

8.67 ± 5.20 4.30 ± 2.20 4.20 ± 1.90 3.30 ± 2.20 4.40 ± 2.70

Frontal 

imbalance, mm

38.20 ± 12.50 24.00 ± 18.40 32.30 ± 17.40 32.00 ± 9.60 18.00 ± 4.70

Primary curve, 

degrees

83.00 ± 14.80 59.90 ± 10.00 

(Correction 27.9 %)

73.80 ± 11.60 

(Progression 11.1 %)

54.80 ± 11.10 

(Correction 25.8 %)

56.80 ± 14.10 

(Progression 2.7 %)

Kyphosis, 

degrees

41.10 ± 11.90 35.60 ± 10.40 

(Correction 13.4 %)

60.5 ± 10.6 

(прогрессирование 32.0 %)

34.00 ± 9.30 

(Correction 43.8 %)

24.50 ± 8.50 

(Correction 59.5 %)

Lordosis, 

degrees

49.50 ± 4.90 48.60 ± 9.00 

(Correction 1.9 %)

41.30 ± 13.40 

(Correction 16.6 %)

45.50 ± 8.50 

(Correction 9.9 %)

38.40 ± 5.10 

(Correction 6.6 %)
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routine instrumentation re-implanta-
tion simultaneously with a staged dis-
traction without the loss of the achieved 
correction. Intraoperative liquorrhea 
occurred in 3 patients with syndrom-
ic scoliosis at the final stage. Complica-
tions appeared because of a rapid bone 

thinning at posterior portions of instru-
mented vertebrae. Lumbar drainage was 
performed to treat liquorrhea. Suppura-
tion was noted twice in the same case. 
This patient after the 4th stage of cor-
rection with VEPTR instrumentation, 
which was removed, underwent the 

final stage of surgical treatment in 1 year 
using segmental instrumentation. After 
another 12 months, deep suppuration 
was observed requiring the removal of 
instrumentation. There were no neuro-
logical complications.

Conclusion

Treatment of early onset scoliosis in 
children is one of the main challenges 
of modern vertebrology. Currently, there 
is no gold standard in conservative 
or surgical treatment. Conservative 
treatment is commonly ineffective, but 
surgical interventions on the anterior 
and posterior spine departments can 
cause restriction of growth of the 
spine, can lead to uncontrolled curve 
progression and reduction of spaces 
available for lungs. Since 2000, new 
methods of surgical treatment have 
been actively implemented using 
various multi-point endocorrectors with 
the possibility of staged distractions. 
The diversity of techniques gives the 
chance to identify in more detail the 
indications for surgical treatment and 
to conduct early effective surgical 
treatment. The VEPTR instrumentation 
for staged surgical treatment of children 
with scoliosis in the first decade of life 
allows conducting effective final surgical 
correction in adolescence.

Fig. 1
The outcomes of surgical treatment of a patient aged 8 with spinal deformity associated 
with the Russell – Silver syndrome: a – before surgery; b – after correction using the 
VEPTR instrumentation; c – stages of treatment; d – before the final stage of treatment; 
e – after the final stage of treatment using segmental instrumentation

а b
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Fig. 2
The outcomes of surgical treatment of a patient aged 4 with spinal deformity associated with the Russell – Silver syndrome according to 
computed optical tomography data: a – before surgical treatment; b – after surgical treatment

а b
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Fig. 3
The outcomes of surgical treatment of a patient with spinal deformity associated with the Jarcho–Levin syndrome: a – preoperatively;  
b – after correction with the VEPTR instrumentation; c – 3 years after the final stage of treatment using segmental instrumentation
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