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Objective. To conduct a comparative analysis of surgical treatment results for idiopathic thoracic scoliosis in patients during active bone 

growth and to identify the most effective methods of scoliosis correction for the considered age group.

Material and Methods. The results of surgical treatment of 343 patients aged 10–14 years with continued active growth and progressive 

idiopathic thoracic scoliosis were analyzed. The patients were operated on in 1998–2018 using five surgical techniques: hybrid fixation 

with and without anterior stage, transpedicular fixation, and laminar fixation with and without anterior stage.

Results. Statistically significant deformity progression was observed in patients operated on using laminar (Group IV) and hybrid 

(Group I) fixation. An additional anterior stage (discectomy and interbody fusion) in combination with laminar fixation (Group V) 

does not prevent deformity progression after surgery. In patients who underwent hybrid fixation in combination with the anterior stage 

(Group II) or total transpedicular fixation (Group III), no statistically significant progression of scoliotic deformity was observed in the 

postoperative period. Patients operated on with total transpedicular fixation (Group III) show improvement in all domains of the SRS-24 

questionnaire: no increase in pain throughout the entire follow-up period, higher assessment of appearance after surgery and satisfaction 

with the treatment result. In groups II and III, there was no negative dynamics of topographic parameters in the long-term period after 

treatment; the initial correction of the deformity was maintained throughout the entire postoperative follow-up.

Conclusion. Total transpedicular fixation provides the best correction of scoliosis in the absence of progression in the long-term postopera-

tive follow-up in children during the period of active bone growth (age 10–14 years). According to the survey data, patients operated on 

with total transpedicular fixation demonstrate improvement in the following domains: the absence of pain syndrome throughout the entire 

postoperative follow-up period, the highest assessment of appearance after surgery and satisfaction with the result of surgical treatment. 

Hybrid fixation in combination with the anterior stage and total transpedicular fixation ensure the absence of negative dynamics of topo-

graphic parameters in the long term after surgery with maintenance of the initial surgical correction of spinal deformity.
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The effectiveness of surgical treatment 
of idiopathic scoliosis provides, first of 
all, the planning of the treatment pro-
cess: technique, surgical stages, and the 
choice of a particular type of hardware to 
achieve the maximum result of deformity 
correction. Most surgical techniques for 
idiopathic scoliosis treatment are of only 
historical interest to modern researchers. 
Others are actively used nowadays [1, 2].

To date, there is no single universal 
technique and approach to the correc-
tion of scoliotic deformity that could be 
applied in rapidly growing patients [3]. 
This is confirmed by a vast number of 
domestic and foreign papers devoted to 
the issue [4–7].

The relevance of the topic is out of 
the question since idiopathic scoliosis is 
the most common form of spinal defor-
mity. Meanwhile, the issue of anterior 
interventions in patients of the consid-
ered age group remains open due to the 
onset of modern posterior instrumenta-
tion [7].

Today, our clinic has a considerable 
experience in the treatment of spinal 
deformities, including different tech-
niques and approaches to the correction 
of scoliotic deformities of various etiolo-
gies. This allows for an objective analysis 
of their effectiveness.

The objective is to conduct a com-
parative analysis of surgical treatment 

results for idiopathic thoracic scoliosis in 
patients during active bone growth and 
to identify the most effective methods of 
scoliosis correction for the considered 
age group.

Material and Methods

The study is a single-center cohort non-
randomized controlled with a retro- and 
prospective collection of material. The 
level of evidence is 3A.

Patients
The results of the surgical treatment 

of 343 patients included in the study 
were assessed by the following criteria:
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– the presence of idiopathic thoracic 
scoliosis;

– age – from 10 to 14;
– incomplete bone growth (Risser test 

at the time of surgery – 0–3);
– the scoliotic deformity magnitude is 

40° or more;
– the period of postoperative follow-

up is at least 24 months;
– no neurological deficit at the time 

of surgery;
– patients operated on for the first 

time for the underlying disease.
Patients were divided into the fol-

lowing groups depending on the surgi-
cal option used:

– Group I (n = 55) – hybrid spine fixa-
tion without anterior stage;

– Group II (n = 16) – hybrid fixation 
in combination with the anterior stage;

– Group III (n = 98) – total transpe-
dicular fixation without anterior stage;

– Group IV (n = 43) – laminar fixation 
without anterior stage;

– Group V (n = 131) – laminar fixa-
tion in combination with the anterior 
stage.

Patients in groups I, II, and III were 
operated on from 2009 to 2018; IV and 
V – from 1998 to 2009.

Techniques
Before surgery, patients underwent a 

standard preoperative examination: an 
X-ray of C7–S1 in the standing position 
in frontal and lateral projections, as well 
as functional spondylograms in the posi-
tion of lateral inclination towards cur-
vature; MSCT and MRI to exclude con-
genital anomalies of the development of 
bone structures and spinal cord.

Apical vertebral rotation of the 
main scoliotic curve was assessed in all 
patients according to the Sullivan et al. 
formula [8]:

AVR (apical vertebral rotation)/ Sul-
livan torsion = 0.26 (kyphosis of T5– 
T12) + 0.34 (Cobb angle) – 5.38.

The postoperative examination 
included an X-ray of the C7–S1 verte-
brae in the patient’s standing position 
in frontal and lateral projections to eval-
uate the correction of the main curve 
and the counter curve, the degree of 
postoperative progression of deformi-
ties, and the dynamics of changes in the 

sagittal contour. The time of surgery, the 
blood loss volume, and the number of 
spinal motion segments included in the 
instrumentation zone were considered. 
All patients in the pre- and postopera-
tive periods were examined by a neu-
rologist to identify possible neurological 
complications. 

The postoperative control program 
also includes a questionnaire method 
using the Russian-language version of the 
SRS-24 questionnaire [9, 10]; 333 ques-
tionnaires filled at 6, 12, 24, and more 
months after surgery were analyzed. 

Back surface topotraphy (BST) using 
the the COTM (computer optical topo-
graphic method) [11] was done before 
and after a surgery at the stages of out-
patient control. This was done to eval-
uate the main topographic parameters 
describing the trunk’s position in space, 
as well as the relative position of indi-
vidual regions of the back, including the 
shoulder girdles, pelvis, and spine. A total 
of 338 topograms were analyzed.

Statistical analysis
Before statistical processing of the 

data, a preliminary verification was made 
to ensure completeness and the presence 
of input errors; an exploratory data ana-
lysis was carried out to identify abnor-
mal values (outliers). Some patients with 
abnormal values were excluded from the 
study for these reasons. Due to this, it 
was possible to form a final sample of 
343 patients.

The incomplete volume of the collect-
ed data of the COTM in the study groups 
should be attributed to the statistical 
study limitation.

A statistical analysis is an exploratory 
analysis, descriptive statistics, correlation 
analysis, and regression analysis.

Results

Table 1 presents cumulative general sta-
tistical data on operated patients.

The groups are fully compatible in 
terms of gender and age structure, which 
enabled an analysis of the parameters 
characterizing the corrective effect of 
the surgeries.

According to the received data 
(Table 2), it can be concluded that statis-

tically significant postoperative progres-
sion was noted in the groups where lami-
nar fixation was used (groups IV and V). 
Meanwhile, additional anterior interven-
tion could not prevent the deformity 
from progressing in the postoperative 
period. No statistically significant pro-
gression of the main scoliotic curve in 
the postoperative period was noted in 
groups II and III.

According to the study results, the 
best outcome of the correction of the 
apical vertebral rotation as one of the 
elements of idiopathic scoliosis forma-
tion, as well as the absence of correc-
tion loss of this parameter after 2 years 
from the moment of surgical treatment 
were found in Group III (transpedicular 
fixation).

The comparative analysis of the 
blood loss volume and surgery duration 
between these groups is given in our pre-
vious publications [12].

There were no neurological complica-
tions in the early and long-term postop-
erative periods.

The study of questionnaire data 
in dynamics in all groups as a whole 
extracted the following trend. The back 
pain indicators were favorable during the 
entire period of postoperative follow-up 
(Table 3).

The general appearance indicators 
were stable throughout the entire period 
of postoperative follow-up with a slight 
decrease in Group V from 4.42 ± 5.18 
points to 3.81 ± 0.48 points.

The highest evaluation rate of 
appearance after surgical treatment was 
observed in Group III: an increase from 
4.23 ± 0.45 points to 4.66 ± 0.39 points, 
while in the other groups this indicator 
had the opposite trend.

The indicators of spinal function and 
general activity steadily improved after 
surgery in all groups. Only in Group IV, 
by the year from the moment of surgery, 
there was an increase in spinal functions. 
Within 2 years the patients returned to 
the level corresponding to the indicators 
of 6 months after surgery (Table 4).

A consistent strong performance was 
noted in the domain corresponding to 
satisfaction with the conducted surgical 
treatment (Table 4).
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Patients of Group III operated on 
using total transpedicular fixation 
showed improvement in all domains. 
They did not have an increase in pain 
during the entire postoperative period; 
the highest indicators of appearance 
evaluation after surgery and satisfac-
tion with the result of treatment were 
observed (Table 4).

There was no comparison of the ques-
tionnaire data depending on the gender 
of patients due to the small number of 
men in the study sample.

The study of COTM data in dynam-
ics in all groups showed the following 
outcomes. A positive trend of the trunk 
decompensation parameter in the fron-
tal plane was found throughout the 
entire period of postoperative follow-up 
in groups II and III. An increase in this 
parameter in the long-term period was 
found in groups I, IV, and V (Table 5).

The evaluation of the dynamics of 
distortions (inclination) of the shoulder 
and pelvic girdles in the frontal plane 
showed an improvement in these param-
eters after surgery in all groups:

–  shou lde r  d i s to r t ion  t r end : 
Group I – correction of 3.13°; Group II – 
3.43°; Group III – 1.45°; Group IV – 2.12°; 
and Group V – 2.46°;

–  p e l v i c  d i s t o r t i o n  t r e n d : 
Group I – correction of 0.95°; Group II – 
0.23°; Group III – 1.25°; Group IV – 0.48°; 
and Group V – 0.36°.

After surgery and at the follow-up 
stages, patients of groups I, II, and III 
have a stable positive trend of reducing 
the parameters of shoulder and pelvic 
distortions in the frontal plane. Shoul-
der girdle: Group I – from 1.84° ± 1.23° 
to 1.59° ± 1.42°; Group II – from 1.90° 
± 1.76° to 1.80° ± 1.75°; and Group III – 
from 2.58° ± 2.43° to 1.24° ± 1.26°. Pel-
vic girdle: Group I – from 2.06° ± 1.79° 
to 1.98° ± 1.10°; Group II – from 1.93° 
± 1.40° to 0.96° ± 1.17°; and Group III – 
from 1.48° ± 1.71° to 0.97° ± 1.21°.

The reverse trend was observed in 
groups IV and V. There was an increase 
in the parameters of the shoulder dis-
tortion 2 years after surgery in compari-
son with the postoperative data in the 
groups from 1.62° ± 1.35° to 2.30° ± 1.74° 
and from 2.01° ± 1.54° to 2.68° ± 1.99°, 

respectively. The change in pelvic dis-
tortion parameters in these groups also 
had negative trends: in Group IV – from 
1.57° ± 1.43° to 1.89° ± 1.36°; in Group V – 
from 2.39° ± 2.19° to 2.45° ± 1.78°.

In addition to the main clinical and 
topographic indicators, the dynamics of 
additional topographic parameters of the 
frontal plane, which have no clinical ana-
logs, were assessed. These include the 
lateral asymmetry angle of the primary 
curve, which is similar to the Cobb angle, 
and the lateral deviation of the primary 
curve. There was a pronounced decrease 
in the lateral asymmetry angle after sur-
gery in all groups (Table 6). By the end 
of the postoperative period, an increase 
in this parameter was found in groups I, 
IV, and V. This corresponds to the analy-
sis of X-ray photographs at the observa-
tion stages, indicating the progression 
of the main scoliotic curve with partial 
loss of correction. A similar trend was 
observed regarding the dynamics of the 
lateral deviation parameter of the main 
curve (Table 6).

The change in the trunk balance, 
assessed by the slope parameter in the 
sagittal plane, shows similar trends of 
changes in the sagittal and frontal pro-
files of patients in the long-term postop-
erative period (Table 7).

Composite indices are one of the 
most essential indicators of general 
changes in topographic parameters. All 
composite indices of back shape disor-
ders (general, as well as in the frontal 
and horizontal planes) are considerably 
decreased (improved) due to surgical 
treatment with preservation of postop-
erative follow-up in all groups (Table 8).

Discussion

Until recently, two-stage surgical treat-
ment was preferred in actively growing 
patients. In this case, anterior mobiliza-
tion and interbody fusion with autolo-
gous bone grafting were initially per-
formed throughout the main scoliotic 
curve. After that, deformity correction 
with posterior segmental instrumenta-
tion and posterior fusion with autolo-
gous bone grafting was carried out. This 
enabled the formation of a bone block 
to prevent the development of the 
crankshaft phenomenon. Moreover, this 
approach provided additional mobiliza-
tion of the spine before the corrective 
stage [13]. Smith-Petersen osteotomy is 
used as an alternative to anterior mobili-
zation for the treatment of patients with 
severe and rigid deformities of the spine 
[13, 14].

It has been shown to achieve mobil-
ity of spinal deformity, which is required 
for correction with dorsal instruments, 
it is sufficient to perform intraopera-
tive mobilization of soft tissues in most 
patients [15]. Meanwhile, according to 
Cheng et al. [4], even in adolescents aged 
10-14, the use of only posterior segmen-
tal hybrid instrumentation can ensure 
the same correction of rigid idiopathic 
scoliosis with a magnitude of more than 
75°, as well as performing a two-stage 
operation with a mobilizing discectomy. 
Some authors [5, 16] suggest the use of 
intraoperative or preoperative traction, 
which, together with posterior instru-
mentation using transpedicular fixa-
tion, eliminates anterior surgery without 
affecting the treatment outcome of gross 
and rigid idiopathic scoliosis.

Table 1

General description of operated patients, M ± m

Groups Age at the time of 

surgery, y.o.

Follow-up period after 

surgery, months

Gender distribution  

(w: m), n

I 12.60 ± 0.70   46.50 ± 25.70 55f

II   76.50 ± 34.50   76.50 ± 34.50 15f : 1m

III 12.90 ± 1.10   28.20 ± 16.60 91f : 7m

IV 13.10 ± 0.80 154.90 ± 77.10 41f : 2m

V 12.40 ± 1.04    99.60 ± 29.30 113f : 18 m
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Nowadays, there is no universal tech-
nique and approach to the correction 
of scoliotic deformity to be applied in 
actively growing patients. This is proved 

by a huge number of domestic and for-
eign publications devoted to this subject.

In the early stages of of the develop-
ment of scoliosis surgery, the widespread 

use of anterior interventions, including 
discectomy and anterior fusion, was 
quite justified. This is due to the lack 
of hardware at that time to prevent the 
postoperative progression of the scoliotic 
deformity in growing patients.

Simultaneously, there are situations 
when it is not possible to install trans-
pedicular screws on each vertebra of the 
main scoliotic curve due to patients’ ana-
tomical features. In these cases, addition-
al anterior mobilization and stabilization 
will allow for achieving optimal surgical 
correction [17].

The results of our study demonstrate 
the presence of a positive contribution 
of anterior interventions in achieving 
the optimal surgical outcome of idio-
pathic scoliosis correction. In the group 
of patients with incomplete growth, the 
greatest stabilizing effect of anterior 
interventions was found in laminar and 
hybrid fixation. In these cases, the inter-

Table 2

The trend of X-ray parameters in the study groups at the postoperative follow-up stages, M ± m

Groups 1. Before surgery, 

deg.

2. After surgery, 

deg.

3. The last control 

in 2 years, deg.

1–2. Correction, 

deg. (%)

2–3. Loss of 

correction, deg. (%)

Wilcoxon rank 

sum test, p-level

I MSC:  61.00 ± 13.60    MSC:  18.50 ± 10.40   MSC:  24.40 ± 10.10 MSC:  42.50 ± 9.10 

(70.70 ± 12.10)

MSC:  5.90 ± 3.10 

(14.20 ± 8.30)

1–2: <0.001*

2–3: <0.001*

AVR: 22.70 ± 6.41 AVR: 6.90 ± 4.40 AVR: 9.40 ± 4.50 AVR: 15.80 ± 4.70 

(70.80 ± 13.90)

AVR: 2.50 ± 1.60 

(16.90 ± 12.10)

1–2: <0.001*

2–3: <0.001*

II   MSC:  78.80 ± 19.50     MSC:  25.10 ± 12.70   MSC:  27.00 ± 12.30 MSC:  53.70 ± 13.10 

(68.60 ± 10.01)

MSC:  1.90 ± 1.12 

(3.70 ± 2.20)

1–2: <0.001*

2–3: <0.001*

 AVR: 32.10 ± 9.60 AVR: 9.60 ± 6.10 AVR: 9.70 ± 6.10 AVR: 22.50 ± 5.80 

(71.10 ± 9.60)

AVR: 0.10 ± 0.20 

(0.60 ± 1.01)

1–2: <0.001*

      2–3: 0.036*

III   MSC:  68.90 ± 20.26   MSC:  16.10 ± 11.50    MSC:  16.30 ± 11.60 MSC:  52.76 ± 12.44 

(78.20 ± 10.10)

MSC:  0.10 ± 0.50 

(0.20 ± 0.70)

1–2: <0.001*

     2–3: 0.008

AVR: 25.30 ± 9.10 AVR: 6.20 ± 4.60 AVR: 6.30 ± 4.60 AVR: 19.10 ± 6.31 

(77.20 ± 11.40)

AVR: 0.16 ± 0.31 

(0.80 ± 1.70)

1–2: <0.001*

2–3: <0.001*

IV  MSC:  59.40 ± 15.00  MSC:  17.30 ± 8.20    MSC:  30.60 ± 10.80 MSC:  42.07 ± 10.20 

(71.30 ± 9.20)

MSC:  13.30 ± 7.42 

(32.10 ± 16.60)

1–2: <0.001*

2–3: <0.001*

AVR: 22.00 ± 6.90 AVR: 5.70 ± 3.60    AVR: 12.00 ± 4.50 AVR: 16.30 ± 5.00 

(74.90 ± 13.20)

AVR: 6.30 ± 2.70 

(40.50 ± 17.70)

1–2: <0.001*

2–3: <0.001*

V MSC:  82.80 ± 22.60   MSC:  31.20 ± 18.50    MSC:  38.30 ± 20.80 MSC:  51.60 ± 13.60 

(64.30 ± 14.60)

MSC:  7.20 ± 7.50 

(15.00 ± 16.50)

1–2: <0.001*

2–3: <0.001*

AVR: 35.00 ± 13.20 AVR: 15.60 ± 10.10 AVR: 16.90 ± 10.70 AVR: 19.40 ± 7.00 

(57.40 ± 16.40)

AVR: 1.30 ± 1.60 

(11.10 ± 41.00)

1–2: <0.001*

2–3: <0.001*

 * Statistically significantly different measurement parameters; correction of multiple comparisons was performed by the Benjamini-Hochberg procedure. 

M ± m – mean value ± standard deviation; MSC – the main scoliotic curve; AVR (apical vertebral rotation)/torsion by Sullivan.

Table 3

Trends in pain in patients of the studied groups according to the SRS-24 questionnaire,  

depending on the surgical technique, 6, 12, and 24 months after surgery, scores (M ± m)

Groups 6 months 12 months 24 months Wilcoxon rank sum test, 

p-level

I 4.10 ± 0.40 4.20 ± 0.40 3.90 ± 0.40 6–12 months: 0.152;

12–24 months: 0.044*

II 3.90 ± 0.40 3.80 ± 0.30 4.10 ± 0.30 6–12 months: 0.797;

12–24 months: 0.009*

III 4.00 ± 0.60 3.90 ± 0.36 3.90 ± 0.40 6–12 months: 0.933;

12–24 months: 0.625

IV 4.00 ± 0.40 4.10 ± 0.40 4.00 ± 0.50 6–12 months: 0.776;

12–24 months: >0.999

V 4.00 ± 0.50 3.90 ± 0.50 3.80 ± 0.40 6–12 months: 0.101;

12–24 months: 0.979

 * Statistically significantly different parameters.
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vention was practically non-competitive 
to exclude postoperative progression 
and the development of the crankshaft 
phenomenon. Under other conditions, 
the use of anterior corrective systems is 
associated with the need for extended 
approaches (thoraco-phreno-lumboto-
my). This is fraught with damage to the 
truncus sympaticus and an increase in 
blood loss volume and surgery duration. 

As for the volume of correction, it has no 
advantages over posterior transpedicular 
systems.

Conclusions

A comparison of various instrumental 
correction techniques for idiopathic 
scoliosis in patients with incomplete 
bone growth showed the following 

results. Firstly, total transpedicular 
fixation provides correction of the 
main thoracic curve and the counter 
curve in the absence of scoliotic 
deformity progression in the long-term 
postoperative follow-up. Secondly, it 
reduces the loss of rotation correction 
of the apical vertebra. Patients operated 
on with total transpedicular fixation 
demonstrate improvement in al l 

Table 5

Trends in the change of trunk decompensation in the frontal plane in the study groups at the treatment stages, deg. (M ± m)

Groups Before surgery After surgery 6 months 12 months 24 months Wilcoxon rank sum test, p-level

I 10.19 ± 8.02 3.75 ± 6.02 5.96 ± 6.37 8.07 ± 7.08 9.86 ± 14.34 Before/after:  <0.05*;

after/24 months: <0.05*

II 18.92 ± 22.95 12.90 ± 14.22 8.33 ± 10.28 8.56 ± 11.25 7.04 ± 9.33 Before/after:  <0.05*;

after/24 months: <0.05*

III 22.00 ± 16.57 20.02 ± 11.07 16.95 ± 10.54 14.48 ± 14.11 10.71 ± 8.00 Before/after:  <0.05*; 

after/24 months:<0.001*

IV 16.75 ± 2.91 5.69 ± 8.41 6.84 ± 8.74 10.47 ± 9.88 13.49 ± 11.15 Before/after:  <0.05*;

after/24 months: <0.05*

V 10.80 ± 14.87 2.19 ± 5.66 2.73 ± 5.88 3.33 ± 7.03 6.25 ± 11.65 Before/after:  <0.05;

after/24 months: <0.05*

* * Statistically significantly different parameters.

Table 4

The survey results of patients according to the SRS-24 questionnaire, depending on the surgical technique,  

6, 12, and 24 months after surgery, scores (M ± m)

Parameters Group I Group II Group III Group IV Group V

Function after surgery

6 months 1.67 ± 0.92 1.20 ± 0.63 1.24 ± 0.56 1.74 ± 0.90 2.12 ± 1.23

12 months 2.87 ± 1.52 2.50 ± 1.18 1.44 ± 0.53 1.96 ± 1.07 2.10 ± 1.31

24 months 2.64 ± 1.43 2.70 ± 1.34 1.75 ± 1.50 2.11 ± 1.24 2.46 ± 1.31

Wilcoxon rank sum test, 

p-level

6–12 months: 0.023*; 

12–24 months: 0.521

6–12 months: 0.053; 

12–24 months: 0.809

6–12 months: 0.072; 

12–24 months: >0.999

6–12 months: 0.352; 

12–24 months: 0.544

6–12 months: 0.909; 

12–24 months: 0.280

General activity

6 months 3.31 ± 0.87 2.46 ± 0.42 3.00 ± 0.98 3.15 ± 0.71 3.05 ± 0.81

12 months 3.16 ± 0.57 2.87 ± 0.70 3.15 ± 0.60 3.13 ± 0.69 3.19 ± 0.84

24 months 3.54 ± 0.59 3.50 ± 0.53 3.33 ± 0.94 3.19 ± 0.69 3.25 ± 0.71

Wilcoxon rank sum test, 

p-level

6–12 months: 0.944; 

12–24 months: 0.002*

6–12 months: 0.053; 

12–24 months: 0.090

6–12 months: 0.028*; 

12–24 months: 0.773

6–12 months: 0.968; 

12–24 months: 0.062

6–12 months: 0.158; 

12–24 months: 0.391

Satisfaction with the surgical outcomes

6 months 4.39 ± 0.49 3.90 ± 0.45 4.35 ± 0.46 4.26 ± 0.66 4.26 ± 0.65

12 months 4.28 ± 0.48 4.36 ± 0.29 4.48 ± 0.41 4.28 ± 0.50 4.28 ± 0.62

24 months 4.09 ± 0.55 4.27 ± 0.52 4.67 ± 0.47 4.07 ± 0.62 4.25 ± 0.61

Wilcoxon rank sum test, 

p-level

6–12 months: 0.109; 

12–24 months: 0.136

6–12 months: 0.058; 

12–24 months: 0.723

6–12 months: 0.628; 

12–24 months: 0.789

6–12 months: 0.726; 

12–24 months: 0.269

6–12 months: 0.133; 

12–24 months: 0.957

* * Statistically significantly different parameters.
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Table 6

Trends in the change of additional indicators of the frontal plane in patients of the study groups at the treatment stages, deg. (M ± m)

Parameters Before surgery After surgery 6 months 12 months 24 months Wilcoxon rank sum test, 

p-level

Lateral asymmetry angle of the curve

Group I 59.9 ± 10.9 8.4 ± 5.2 12.7 ± 3.0 9.3 ± 6.7 12.6 ± 4.4 Before/after:  <0.001*;

after/24 months: 0.250

Group II 66.1 ± 21.9 18.3 ±15.0 25.5 ± 16.7 21.3 ± 15.5 16.5 ± 10.8 Before/after:  <0.001*;

after/24 months: 0.742

Group III 45.9 ± 20.2 20.3 ± 12.10 17.7 ± 8.7 19.9 ± 11.8 18.9 ± 11.6 Before/after:  <0.001*;

after/24 months: 0.304

Group IV 56.1 ± 18.2 7.0 ± 5.6 19.03 ± 20.7 15.2 ± 12.2 15.6 ± 10.7 Before/after:  <0.001*;

after/24 months: 0.007*

Group V 82.5 ± 23.1 13.9 ± 11.8 19.9 ± 21.0 22.6 ± 22.6 20.3 ± 21.0 Before/after:  <0.001*;

after/24 months: 0.057

Lateral deviation of the main curve

Group I 25.4 ± 4.6 3.8 ± 2.5 4.4 ± 3.7 5.9 ± 2.0 6.5 ± 2.0 Before/after:  <0.001*;

after/24 months: 0.250

Group II 29.1 ± 10.3 7.2 ±4.2 9.8 ±5.9 10.3 ± 7.8 7.7 ± 5.5 Before/after:  <0.001*;

after/24 months: 0.742

Group III 20.1 ± 11.3 7.4 ± 3.5 8.5 ± 6.6 8.6 ± 6.3 8.7 ± 6.6 Before/after:  <0.001*;

after/24 months: 0.304

Group IV 24.8 ± 7.5 3.4 ± 2.9 6.7 ± 3.9 6.8 ± 5.0 8.7 ± 8.0 Before/after:  <0.001*;

after/24 months: 0.007*

Group V 32.0 ± 8.1 5.5 ± 4.2 9.9 ± 11.5 8.6 ± 9.1 9.1 ± 8.0 Before/after:  <0.001*;

after/24 months: 0.057

* * Statistically significantly different parameters.

Table 7

Trends of the changes in the trunk inclination in the sagittal plane in patients of the study groups at the treatment stages, deg. (M ± m)

Groups Before surgery After surgery 6 months 12 months 24 months Wilcoxon rank sum test, p-level

I 3.5 ± 2.2 3.0 ± 1.6 12.1 ± 2.2 1.2 ± 1.2 1.5 ± 1.7 Before/after:  0.091;

after/24 months: : >0.999

II 2.7 ± 1.8 2.8 ± 1.8 2.8 ± 2.2 1.9 ± 1.3 1.9 ± 2.0 Before/after:  0.465;

after/24 months: : 0.250

III 4.4 ± 2.6 3.6 ± 2.6 2.8 ± 1.8 2.4 ± 1.8 1.8 ± 1.7 Before/after:  0.256;

after/24 months: : 0.055

IV 2.9 ± 2.2 4.3 ± 2.9 2.3 ± 1.6 1.7 ± 1.3 1.9 ± 1.6 Before/after:  0.008*;

after/24 months: : 0.003*

V 3.1 ± 2.2 3.7 ± 2.0 2.1 ± 1.7 1.7 ± 1.3 1.9 ± 1.5 Before/after:  0.091;

after/24 months: : 0.015*

* * Statistically significantly different parameters. 
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questionnaire domains: the absence of 
pain throughout the entire postoperative 
follow-up period, the highest assessment 
of appearance after surgery, and 
satisfaction with the result of surgical 
treatment.

Hybrid fixation in combination with 
the anterior stage and total transpedicu-
lar fixation ensures the absence of nega-
tive dynamics of topographic parameters 
in the long term after surgery with the 
maintenance of the initial surgical cor-
rection of spinal deformity.

In patients with incomplete growth 
operated on using laminar and hybrid 

fixation, an anterior intervention was 
practically non-competitive to exclude 
postoperative progression and prevent 
the development of the crankshaft phe-
nomenon. Nevertheless, it could not pre-
vent the deformity from progressing in 
the postoperative period.

In the case of the use of transpedic-
ular instrumentation in patients with 
idiopathic scoliosis and incomplete 
bone growth, anterior interventions are 
necessary if complete segmental instru-
mentation of the main scoliotic curve is 
not possible. This is due to the individual 
anatomical features of the patient’s spine, 

which do not allow the main scoliotic 
curve apex to be included in the area of 
instrumental spinal fusion. In such cases, 
hybrid fixation in combination with the 
anterior stage is the procedure of choice. 
This is the main difference in the surgical 
approach in children aged 10–14 from 
the one used in patients with completed 
bone growth.

The study had no sponsors. The authors declare that 

they have no conflict of interest.

Table 8

Trends of the changes in the composite indices of back shape disorders in patients of the study groups at the treatment stages (M ± m)

Groups Before surgery After surgery 6 months 12 months 24 months Wilcoxon rank sum test, p-level

I 2.64 ± 0.52 1.59 ± 0.35 1.67 ± 0.33 1.71 ± 0.45 1.78 ± 0.56 Before/after:  0.002*;

after/24 months: : >0.999

II 3.15 ± 0.85 2.75 ± 3.88  3.52 ± 1.35 2.27 ± 1.07  1.97 ± 1.25 Before/after:  0.206;

after/24 months: : 0.008*

III 3.19 ± 0.97 2.32 ± 0.61 2.25 ± 0.76 2.18 ± 0.78 2.00 ± 0.61 Before/after:  <0.001*;

after/24 months: : 0.128

IV 2.65 ± 0.73 1.84 ± 0.41 1.79 ± 0.79 1.85 ± 0.70 1.98 ± 0.66 Before/after:  <0.001*;

after/24 months: : 0.610

V 3.34 ± 0.82 2.52 ± 0.34 2.25 ± 1.28 1.50 ± 0.38 1.63 ± 5.04 Before/after:  <0.001*;

after/24 months: :>0.999

* *Statistically significantly different parameters.
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