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Abstract

Intraduction. Lenke III type spinal curvature occurs in 11% of all types of deformities in idiopathic
scoliosis. Knowledge of the features of the structure of the bone structures throughout the main curve
of the deformity allows to properly plan the installation of transpedicular supporting elements during
the operation and carry out a specific sequence of correcting manipulations in order to achieve the opti-
mal result. Purpose — to study the anatomical and anthropometric features of the bone structures of the
vertebrae in children with Lenke III idiopathic scoliosis, using a navigation device. Materials and Methods.
The study included 23 patients with S-type idiopathic scoliosis type III according to the classification of
L. Lenke aged 14 to 18 years, of which 22 are female patients and 1 male. All children carried out spinal
X-rays in standard projections (direct and lateral), multislice computed tomography, according to MSCT
in the navigation unit measured anatomical and anthropometric indicators, certain parameters and coef-
ficients were calculated mathematically. Results. The following patterns were determined: pronounced
asymmetry of both the width and height of the bases of the arches of the vertebrae along the concave
and convex sides of the deformity in the thoracic spine and moderately pronounced structural changes
in the bone structures in the lumbar spine. Strong direct correlations between the asymmetry coefficient
of the base areas of the arcs and the asymmetry coefficients of the width and height of the base of the
arcs, as well as a direct correlation between the values of the rotational value of the apical vertebra and
the asymmetry coefficient of the base areas of the arcs in the thoracic region were revealed. In the lumbar
spine, only a directly proportional relationship was found between the asymmetry coefficient of the areas
of the bases of the arches of the vertebrae and the coefficient of asymmetry of the heights of the bases of
the arcs of the vertebrae. Conclusion. An analysis of the anatomical and anthropometric parameters of
the bony structures of the vertebrae in children with idiopathic scoliosis of the Lenke III type has made it
possible to identify certain features, to establish patterns and correlations that characterize this variant
of deformity.
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Introduction

Incidence of idiopathic scoliosis rate
among all orthopaedic pathologies amounts
to 1-1,5% [1]. The most widespread localiza-
tion of deformity in such pathology is tho-
racic spine — Lenke I idiopathic scoliosis.
Lenke III spine deformities in idiopathic sco-
liosis are observed in 11% of cases [2].

Many publications in national and world
literature are dedicated to surgical treatment
of children with idiopathic scoliosis. Such
publications reflect in detail the correction
techniques during surgery as well as late out-
comes of surgery. At present spine systems
with transpedicular support elements are
used for spine curve correction in children
with idiopathic scoliosis [3-6]. Assessment
of anatomical and anthropometric values of
pedicles area, their orientation in respect of
vertebral body along the main deformity al-
lows to perform a precise preoperative plan-
ning for placement of support elements and
their accurate positioning during surgery
[7-10]. Knowledge of bony structures fea-
tures along the main deformity curve allows
to correctly plan insertion of transpedicu-
lar support elements during surgery and to
perform a certain sequence of correction
procedures to achieve the optimal outcome
[11-14].

Only sporadic research is dedicated to
study and evaluation of anatomical and an-
thropometric parameters of vertebral body
structures along the main deformity curve.
Such papers are dedicated to evaluation of
pedicles dimensions and their dimensional
orientation in relation to vertebral body in
patients with thoracic idiopathic scolio-
sis [15, 16]. Some researchers are analyzing
there parameters basing on MRI examina-
tion and/or CT [15]. Other authors state that
study of anatomical and anthropometric fea-
tures of vertebral body structures in patients
with idiopathic scoliosis based on above im-
aging examinations is accompanied by high

inaccuracy percentage and measurement
errors [17, 18]. Evaluation of parameters of
vertebral bodies located along the main de-
formity curve basing on CT data processed
by navigation device allows to visualize bony
structures in children with more precision
and more details [11, 19—21].

Purpose — to study the anatomical and an-
thropometric features of the bone structures
of the vertebrae in children with idiopathic
scoliosis, type Lenke III, using a navigation
device.

Materials and Methods

The study included 23 patients with S-type
idiopathic scoliosis of L. Lenke III aging from
14 to 18 years. Females prevailed — 22 pa-
tients. Thoracic deformity curve averaged
79° (from 35° to 124°), lumbar curve aver-
aged 71° (from 32° to 108°).

X-rays in standard views were made in all
patients. X-rays were used to evaluate the
angle of the main deformity curve by Cobb
in AP and lateral views, to identify deformity
type by location of deformity curve apex and
their structuring.

All patients underwent multi-layer spi-
ral CT (MSCT) of deformed spine segment
on computer tomograph ,Brilliance CT64"
(Philips, USA) from Th1 level to S1.

CT scans were uploaded into the software
of the optical navigation system SpineMap
3D to evaluate anatomical and anthropo-
metric features of vertebras in the deform-
ity curve. Basing on the large array of scans
SpineMap 3D software built a three dimen-
sional model of the spine. For each vertebra
in the deformity curve an own spatial plane
was selected to ensure equal positioning in
relation to three mutually perpendicular
planes. Upon achieving such conditions the
authors measured height (Ingd) and width
(trd) of pedicles of each vertebra along the
deformity curve on the right (R) and left (L)
side (Fig. 1).
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Fig. 1. Measurement of pedicle width (a) and height (b), green line marks the site of measurment

Apart from evaluation of the main de-
formity curve magnitude in thoracic and
lumbar spine as well as measuring of
height and width of pedicles along the de-
formity, the authors measured rotation of
apical vertebras (RAV) in thoracic and in
lumbar curves. Rotation was measured by
a method developed by the authors (pat-
ent of Russian Federation 2587035) which
was described in the previous publication
[22].

Obtained measurements were recorded
and tabulated individually for each patient.
The pedicle square was calculated as the
product of width value into height value and
the resulting values were entered into aggre-
gate table. Trd and Ingd values and square
values were arranged as mean and standard
deviations.

The following coefficients were calcu-
lated to identify consistencies in scoliotic
process:

— coefficient of pedicle width asymmetry
(KAtrd) calculated as ratio of trdR x trdL;

— coefficient of pedicle height asymmetry
(KAlng) equal to ratio of IngdR to IngdL;

- coefficient of asymmetry of pedicle
square (KAS) as ratio of SR to SL.

Statistical analysis

Kolmogorov-Smirnov test and Lilliefors
test were used to verify normalcy of distribu-
tion. Box plot of Tukey revealed interdepend-
encies and correlations between the signs,
and the correlation analysis (method of cor-
relation constellations by V.P. Terentiev) was
applied for the same purpose. Hotelling’s
T-squared distribution (T2) was used for
multivariate dispersion analysis of trd and
Ingd values.

STATISTICA10 (StatSoft, Inc) software was
used for statistical processing of the data.

Results

Pedicle width and height parameters,
pedicle square values and asymmetry coef-
ficients were obtained in result of the study
(Table 1-3).
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Pedicle width and height parameters in patients with Lenke III Table 1
idiopathic scoliosis (n = 23)
Left Right
Vertebra
trdL, mm IngdL, mm trdR, mm IngdR, mm
Th2 5.8+1.2 12.2%1.5 4.6%1.6 11.2+1.4
Th3 5.3%1.0 12.1#1.7 3.3%1.2 11.8+1.9
Th4 5.0£1.0 11.4%1.4 3.4%1.1 12.4%1.7
Th5 4.4%1.2 10.7£1.9 4.3%1.1 12.9%1.6
Thé 3.8+1.0 10.5+2.2 4.8+0.9 13.5+1,8
Th7 3.3%1.0 10.7£2.0 5.2%1.2 14.0+2.1
Th8 3.5%1.3 11.2+2,2 5.5%1.4 13.5+1.5
Th9 4.2+1.4 13,3%2.7 5.8+1.5 14.2%1.8
Th10 5.5%1.4 16.5%2.8 6.2%1.7 16.3%2.3
Thil 7.91.8 19.0%3.1 7.3%2.3 16.7+2.8
Th12 7.7+1.8 17.5+2.4 6.4%1.4 15.542.1
L1 6.2%1.6 15.6%2.4 6.12.0 14.5%2.5
L2 6.5%1.4 15.5%1.6 7.1£2.3 14.6%2.1
L3 8,4%1.7 15.0+1.8 8.4%2.1 14.8+1.7
L4 10.9%2.4 14.11.9 10.1£2.2 14.5%1.9
L5 14.9%3.3 13.0£1.5 13.4%2.5 14,6%1,4
Table 2
Left and right pedicles square in patients with Lenke III idiopathic scoliosis
(n = 23)
Left curve Right curve
Vertebra
SL, mm? SR, mm?
Th2 71.5+19.6 52.1%21.7
Th3 65.7+17.7 39.7+17.4
Th4 57.0+16.1 42.4*17.5
Th5 47.7%17.9 56.4%18.2
Thé6 41.2%15.2 64.7+15.3
Th7 35.8+15.2 73.9+22.6
Th8 40.4+20.0 74.8+24.4
Th9 56.7+25.4 83.4+27.3
Th10 93.6+35.2 102.8+35.3
Thil 153.6%54.1 122.2%43.8
Th12 136.6%47.7 101.4%32.7
L1 97.0+33.4 90.4+40.4
L2 101.1+28.7 105.8+48.2
L3 125.6+31.3 125.1%40.3
L4 154.044.9 145.9+38.6
L5 193.0+46.5 195.8+45.4
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Table 3

Hotelling’s T-squared distribution (T2) test results for comparison
of distribution of right and left pedicles’ diameters

Spine segment Trd Ingd
Th2-12 (thoracic) T2 =206.3 T2 =58.0
p<0.00017 p=0.041
L1-5 (lumbar) T2=11.2 T2 =42.5 p<0.00089
p=0.16

The following consistencies were observed
during analysis of pedicle width on concave
and convex sides of deformity. The authors
observed that width values on concave side
trdL in thoracic spine are decreasing from
Th2 level (5.8+1.2) to Th7 level. From level
Th7 until Th11 the authors observed increas-
ing width values (7.9+1.8). From Thll to L1
level the width parameters are decreasing
(6.2%1.6) with another increase in caudal di-
rection. On the convex side of deformity the
values of pedicle width in thoracic spine on
level of Th2 equals to 4.6*1.6. Levels Th3
and Th4 feature insignificant decrease of val-
ue and then width value increases up to level
Th11 (7.3%2.3) and then decreasing up to lev-
el L1 (6.1%2.0) followed by another gradual
increase until level L5 (13.4+2.5).

Ingd values feature the following con-
sistency: on concave side from Th2 to Thé
(10.5%2.2) the parameter demonstrates a
gradual decrease, then from Thé6 to Thll
(19.0+3.1) an increase is observed with a cer-
tain decrease by L5 level (13.0+1.5). On con-
vex side the pedicle height increases from
Th2 to Thll (16.7£2.8) with insignificant
decrease at level Th8 (13.5+1.5) and gradual
decrease from Th11 until L5.

Table 2 contains values of left and right
pedicles square measured as the prod-
uct of width into height. The analysis of
square variances demonstrated the follow-
ing consistency. On concave side squares
decrease almost twofold from Th2 to Th7
levels (35.8%+15.2), followed by value in-

crease from Th7 to Th11l with a maximum
value on this level (153.6%54.1). In the area
from Thll to L1 square values decrease
(97.0+33.4) with a gradual increase again
in caudal direction. On the convex side of
deformity the authors observed a contrary
situation. Pedicles squares decrease from
Th2 to Th3 level with following increase
up to Thll level (122.2%#43.8). Parameter’s
value decreases until L1 level (90.4+40.4)
with gradual increase by L5 level.

Thus, value of pedicles squares along the
deformity curve in patients with Lenke III
idiopathic scoliosis upon concave and con-
vex sides demonstrated the similar varia-
tions consistency to their absolute values.

Multivariate dispersion analysis was ap-
plied to trd and Ingd parameters to com-
pare distribution of left and right pedicle
diameters for thoracic and lumbar verte-
bras (Table 3). Outcomes of Hotelling’s
T-squared distribution (T2) test demon-
strate an unambiguous and contrasting dif-
ference between aggregate of pedicle width
in thoracic spine and length of pedicles in
lumbar spine, at the same time there is an
insignificant aggregate difference in width
in lumbar spine and marginal aggregate dif-
ference in pedicle height in thoracic spine.

Kolmogorov-Smirnov test and Lilliefors
test used for analysis of all four parameters
of vertebras as well as for squares of right and
left pedicles did not demonstrate significant
variances from normal distribution for all
vertebrae (p>0.05).
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Tukey box plot was used to evaluate an-
atomical and anthropometric features of
vertebrae in the deformity curve (Fig. 2).
Visual diagrams analysis allowed to evalu-
ate in detail and to verify differences in di-
ameters of right and left pedicle identified
earlier by Hotelling’s T-squared distribu-
tion (T2) test. Figure 3 demonstrated sig-
nificant differences in pedicle width in the
area of apical thoracic vertebrae and insig-
nificant differences for medians of lumbar
apical vertebrae, as well as significant dif-

R -o-Median []25%-75% _I_ Range e Overshoot

ferences in height of right and left pedicles
in the lumbar spine.

During the study the authors calculated
asymmetry coefficients of transverse, lon-
gitudinal diameter and square of pedicles
in children with idiopathic scoliosis along
the deformity curve which allowed to make
comparative evauation of such parameters
with concave and convex sides of deformity
(Table 4). Tukey box plots were used to visu-
alize the difference in pedicle squares value
(Fig. 4).
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Fig. 2. Comparison of distribution for medians of pedicle width.
Vertical lines — medians of thoracic and lumbar apical vertebrae
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Fig. 3. Comparison of distribution for medians of pedicle height
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Table 4

Asymmetry coefficients for width, height and square of pedicles in patients with
Lenke III scoliosis (n = 23), values are presented in form of a median
[minimum; maximum]

Transverse diameter Longitudinal diameter Square
Vertebra
KAtrd KAlngd KAS
Th2 0.80[0.45 ; 1.14] 0.90 10,76 ; 1,18] 0.70[0.36 ; 1.34]
Th3 0.6310.39 ; 0.87] 0.97 [0,67 ; 1,34] 0.52[0.33;0.92]
Th4 0.720.40 ; 1.29] 1.07 [0,76 ; 1,43] 0.71]0.35 ; 1.84]
Th5 0.94[0.47 ; 2.74] 1.21]0.95; 1,81] 1.28 [0.49 ; 4.25]
Thé 1.25[0.91 ; 2.27] 1.30[0.81 ; 2,24] 1.58[0.88 ; 3.54]
Th7 1.70[1.10 ; 2,86] 1.2310.89 ; 2.01] 2.12[1.14 ; 5.45]
Th8 1.50[1.02 ; 3.00] 1.1410.94 ; 2.09] 1.90[1.14 ; 4.88]
Th9 1.5310.87 ; 2.31] 1.06 [0.72 ; 1.43] 1.6310.90 ; 2.70]
Th10 1.17 [0.67 ; 1.53] 0.98 [0.76 ; 1.26] 1.07 [0.68 ; 1.54]
Th1l 0.94[0.46 ; 1.69] 0.85[0.71 ; 1.42] 0.8210.38 ; 1.38]
Th12 0.85[0.51 ; 1.28] 0.89[0.66 ; 1.23] 0.76 [0.44 ; 1.50]
L1 0.96 [0.60 ; 1.61] 0.9210.81 ;1.18] 0.8910.55; 1.70]
L2 1.05[0.67 ; 1.73] 0.92[0.78 ; 1.20] 1.02 [0.57 ; 2.08]
L3 1.00 [0.56 ; 1.26] 0.97[0.85 ; 1.36] 0.98[0.48 ; 1.70]
L4 0.97 [0.65 ; 1,16] 1.07[0.67 ; 1.19] 0.96 [0.43 ; 1.31]
L5 0.871[0,67 ; 1,58] 1.12]0.93 ; 1.33] 0.98[0.86 ; 1.77]

—o— Median [] 25%-75% __ Min-Max

Th2 Th4 Thé Th8

Th10  Th12 L2 L4

and maximum

Fig. 4. Asymmetry coefficients of pedicle squares,
presented in form of a median, minimum
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Analysis of asymmetry coefficient of
pedicle width revealed the following fea-
tures. In lumbar spine asymmetry coeffi-
cient neared 1 with minimum value at level
L5 (0.87), in thoracic spine KAtrd featured a
bigger deviation from 1 of multidirectional
pattern with maximum values at Th3 (0.63)
and Th7 (1.70) levels. Analysis of asymmetry
coefficient of pedicle height demonstrated
that all KAlngd values approximated 1. The
biggest deviation was observed at Th5-Th8
level, maximum — at Thé (1.30), Th11 and
Th12 (0.85; 0.89) levels.

Clear consistency was reported after an-
alyzing the variation of asymmetry coef-
ficient of pedicle square. KAS had a maxi-
mum deviation from 1 at Th3 level (0.52)
demonstrating almost twofold prevalence
of pedicle dimensions on concave side as
compared to convex. Afterwards KAS val-
ues gradually increase achieving maximum
at Th7 and Th8 levels (2.12; 1.90). Pedicles
squares dimensions on convex side exceed
squares value on concave side twofold. KAS
values decrease at levels Th11l and Th12 to

®

N\ \\| /" kainge

ThAVlngdR

KAtrd

0.82 and 0.76 respectively. Again it confirms
the present severity of structural altera-
tions in the bony structure of vertebrae in
thoracic spine basing on KAS parameters in
patients with Lenke III idiopathic scoliosis.
At the same time it should be noted that in
the lumbar spine asymmetry coefficient for
pedicle width (0.87 at L5 level; 1.05 — at L2
level), pedicle height (0.92 at L1 and L2 lev-
els; 1.12 — at L5 level) and pedicle square
(0.89 at L1 level; 1.02 — at L2 level) are ap-
proximating 1. The minimal difference be-
tween coefficients of asymmetry for pedicle
width and height in lumbar spine as well as
between coefficients of asymmetry for pedi-
cle square and their approximation to 1 in
children with Lenke III idiopathic scoliosis
confirms moderate structural alterations of
bony structures in spine segment.

Method of correlation constellations of
V.P. Terentiev was used for analysis of 10
anatomical and anthropometric parame-
ters and their parameters of bony structure
of vertebral bodies along deformity curves

(Fig. 5).

@ LAVtrdL RAY

y IS

I Degree
| / \
KAS

A -— -2 4
LAVtrdR ‘
\ .\ % JKAlngd

LAVIngdR

LAVIngdL \ /

KAtrd

Fig. 5. Diagram of correlation constellations of V.P. Terentiev:

a — Thoracic spine; b — Lumbar spine.

Continuous line — Pearson correlation coefficient (r) above 0.8: |[r/>0.8; dotted line: range 0.5<|r|<0.8;
line thickness are proportional to corresponding r-values.

Red lines — positive correlation (r>0), blue — negative (r<0).

AV — apical vertebra; trd — width of pedicle; Ingd — height of pedicle;

L — left pedicle; R — right pedicle.
RAV — rotation of apical vertebra;

Degree — deformity angles according to Cobb in thoracic and lumbar spine respectively;
KAS — coefficient of asymmetry of pedicle squares;

KAlngd — coefficient of asymmetry for pedicle height;

KAtrd — coefficient of asymmetry for pedicle width
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During analysis a constellation |r| = 0.7
(continuous line on Fig. 6a) was observed
consisting of signs RAV, KAS KAtrd and
KAlng. This data emphasizes a strong re-
lation of RAV with asymmetry of laminas
in thoracic spine and the latter is clearly
marked by all three indices. Apart from re-
lation of these indices at the level of con-
stellation |r| = 0.5 (dotted line on Fig. 5a) a
direct correlation with deformity angle by
Cobb is added. Strong negative correlation
is observed between AlllngdL and KAlng
for thoracic vertebrae. Strong negative
correlation is observed for value of pedi-
cle height on concave side and coefficient
of asymmetry for pedicle heights for tho-
racic vertebrae. Diagram of thoracic spine
(Fig. 5b) demonstrated absence of negative
correlation between studied parameters of
bony structure of vertebral bodies along
the main deformity curve. However, a less
strong direct correlation is observed be-
tween KAS, KAtrd. KAtrd, KAlngd and KAS
indices being ratio of the product of right
laminas’ dimensions into left laminas’ di-
mensions, are naturally directly propor-
tional to ,right” diameters and inversely
proportional to ,left“ diameters. It should
be noted that all three parameters of asym-
metry demonstrate the strongest relation
with dimensions of left laminas in thoracic
spine, and with dimensions of right lami-
nas — in lumbar spine.

Discussion

During procedures for correction of de-
formities in children using transpedicular
support elements surgeons do not always
manage to insert the screws into verte-
bral bodies along the whole deformity of
the spine [23, 24] especially in upper and
mid-thoracic spine. This is resulting due
to small side of pedicles and severe spatial
alterations of ratios between pedicles and
vertebral body resulting from rotational
deformity [10, 25]. Considering this fact re-
search of bony structures of vertebral bod-
ies and their spatial relations in children

with various types of idiopathic scoliosis
is an important and relevant topic for fur-
ther studying. According to some authors
the evaluation of anatomical and anthro-
pometric features of bony structures along
the main deformity curve allows to per-
forme a rational preoperative planning of
positioning for transpedicular support ele-
ments for each type of idiopathic scoliosis
and to ensure their correct placement dur-
ing the surgery [22, 26]. Most often radio-
logical examinations are used to study bony
structures parameters of vertebral bodies
in patients with idiopathic scoliosis [12, 15,
27]. However, assessment of anatomical di-
mensions basing on above methods features
rather significant errors in obtained results
especially for rotation. In recent years some
studies appeared where 3D-CT navigation
[17, 18, 22, 28, 29] was used for visualiza-
tion and evaluation of anatomical and an-
thropometric parameters of bony structure
of vertebral bodies in patients with idio-
pathic scoliosis. Unified processes of spine
growth are occurring in case of scoliotic dis-
eases which according to some researchers
[16, 30] is demonstrated by a certain simi-
larity of gradient of pedicle diameters in
craniocaudal direction. However, at the
apex of the main deformity curve the pedi-
cle diameter dimensions are varying in ac-
cordance with progressing scoliotic process
which is demonstrated by asymmetry of
bony structures.

Outcomes of the present study demon-
strated that depending on deformity type,
quantity and curves structure there are
certain consistencies in deviations of ana-
tomical and anthropomentric features of
pedicles, in particular, their transverse and
longitudinal diameters. Children with Lenke
IIT idiopathic scoliosis feature similar devia-
tions of parameters at Th3 and Th4 levels
which were reported in children with Lenke
[ deformity [22].

Analysis of pedicles width and height pa-
rameters and coefficients of asymmetry for
thoracic spine in Lenke III deformity dem-
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onstrated the presence of severe structural
alterations in thoracic curve along convex
and concave sides which is the principal de-
formity curve in patients with such scoliosis
type [31].

Evaluation of the same parameters in
the lumbar spine demonstrated a slight dif-
ference for values of parameters and coef-
ficients of asymmetry on concave and con-
vex sides. The authors explained this by the
fact that lumbar curve is compensatory in
children with such pathology and has no
significant anatomical and anthropometric
alterations of bony structures as compared
to thoracic curve. Thus, evaluating the pos-
sibility for correction of Lenke III deform-
ity by transpedicular implants, relying on
correlation between Cobb angle and coeffi-
cients of asymmetry for pedicles width and
height in thoracic spine the authors came
to the following conclusions: transpedicu-
lar fixation is possible in lumbar spine and
along the convex side of thoracic deformity,
when implanting transpedicular elements
along concave side of thoracic deformity we
should be guided by the angle of the main
deformity curve. Established that the bigger
is the deformity angle of the main deformity
the severity of rotational component at the
apex of deformity is higher and alterations
of spatial relations between pedicle and
vertebral body are more pronounced, which
means less chances to precise insertion of
transpedicular implants at this level.

Conclusion

Analysis of anatomical and anthropo-
metric parameters of bony structures of
vertebrae in children with Lenke III idio-
pathic scoliosis allowed to identify certain
features, establish consistencies and cor-
relations specific for such type of deform-
ity. The study revealed marked variances in
absolute and relative parameters of bony
structures of vertebral bodies and, as a con-
sequence, importance of correlations in tho-
racic and lumbar spine. Thoracic spine fea-

tures stronger direct proportional relations
between asymmetry coefficients of pedicle
squares, pedicle width and height as com-
pared to lumbar spine. Besides, a direct cor-
relation between asymmetry coefficient of
pedicle square and apical vertebra rotation
was observed. These consistencies support
the processes of phylo- and ontogenesis
which are formed and progress in deformed
spine during child growth. Lumbar spine
demonstrated direct proportional relation
between asymmetry coefficient for pedicle
square and asymmetry coefficient for pedi-
cle width. Thus, in children with Lenke III
idiopathic scoliosis we see severe anatomi-
cal and anthropometric alterations of bony
structure of thoracic curve and moderate
structural alterations in lumbar spine.
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