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Objective. To analyze anatomical and anthropometric parameters of vertebrae in children with Lenke type V idiopathic
scoliosis using 3D-CT navigation.

Material and Methods. The study included 15 patients aged 14—18 with thoracolumbar/lumbar idiopathic scoliosis of
grades III and IV according to VD Chaklin. Anatomic and anthropometric features of the thoracic and lumbar vertebrae
were assessed based on CT data in the navigation system. The total Cobb angle of the scoliotic curve, rotation of the apical
and periapical vertebrae, external transverse and longitudinal diameters of the pedicles at the T2—L5 levels, and the coef-
ficients of asymmetry of vertebral bone structures were determined.

Results. The angle of scoliosis ranged from 39.8° to 84.3° (average — 59.5°), the angle of rotation of the apical vertebra — from
17.7°to 50.5° (average — 34.6°). Anatomical dimensions of the transverse and longitudinal diameters of the pedicles on the
concave and convex sides at the apex of a primary curve exceeded 4.0 mm. A strong correlation between the apical vertebral
rotation, the Cobb angle, and the coefficient of asymmetry of longitudinal diameters of the pedicles of the apical vertebra
was revealed. The coefficient of asymmetry of pedicle areas is an integral indicator of the severity of asymmetry in scoliosis.
Conclusion. A different degree of asymmetry of the bone structures of the main arch apical vertebrae was revealed in the
thoracic and thoracolumbar/lumber scoliosis.
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Over the past decade the use of trans-
pedicular fixation in surgical treatment
of spine deformities in children with
idiopathic scoliosis has been holding a
prominent position in toolbox of spi-
nal surgeons dealing with this problem.
According to research, these spinal sys-
tems have a number of advantages over
laminar dorsal systems when used for
spine deformity correction in patients
with idiopathic scoliosis [1, 3, 6,8, 11, 13].

It was shown in some studies [2, 9]
that surgical correction of spine defor-
mity (in particular, of thoracolumbar
and lumbar localization) was performed
using both anterior and posterior trans-
pedicular systems. Similar results were

obtained in these studies. They demon-
strated that these systems are efficient
in correcting the deformity and the
achieved outcome of intervention is sta-
ble in the long-term postoperative period.
However, the application of anterior sys-
tems for correction of thoracolumbar/
lumbar spine deformities in patients with
idiopathic scoliosis is limited by a num-
ber of factors: the magnitude and length
of the primary spinal deformity.

At the same time, there are also some
studies devoted to comparative analy-
sis of surgical management of patients
with idiopathic thoracolumbar and lum-
bar scoliosis that support the advantages
of using posterior transpedicular spinal
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systems over the anterior ones. These
advantages include the possibility to
achieve greater correction of scoliotic
deformity and reduce the postoperative
length of stay [10, 12]. The greater the
magnitude of scoliosis curve, the more
significant the severity of anatomical
and spatial changes in bone structure of
the vertebrae in the primary deformity
curve [4]. Anatomical and anthropomet-
ric features of the vertebrae in the pri-
mary deformity curve potentially impose
technical challenges for proper place-
ment of transpedicular support elements
of spinal instrumentation during the sur-
gery. Due to these factors, it is impot-
tant to know the regularities of spatial
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relationships between the vertebral bone
structures and the ratios between their
anatomical and anthropometric features
in terms of their correlation relationships
during scoliotic process.

No studies analyzing the anatomical
and anthropometric parameters of ver-
tebrae on the basis of 3D-CT navigation
data in patients with Lenke type V idio-
pathic scoliosis and evaluating the regu-
larities of these features depending on
the magnitude of scoliosis curve are cur-
rently available.

This study continues our earlier publi-
cation focused on investigation and ana-
lysis of the anatomical and anthropomet-
ric features of vertebrae in children with
thoracic idiopathic scoliosis [4].

The aim of this work was to deter-
mine the features of anatomical and
anthropometric parameters of vertebrae
in children with Lenke type V idiopathic
scoliosis using 3D-CT navigation.

Material and Methods

Fifteen patients aged 14-18 years with
idiopathic thoracolumbar/lumbar
scoliosis of grade IIl and IV according to
Chaklin’s classification were examined.
The sex distribution was typical of spine
deformities in patients with idiopathic
scoliosis: 1 male and 14 female patients.
In all cases, they had thoracolumbar/
lumbar left-sided scoliotic deformity.
Twenty patients with idiopathic thoracic
right-sided scoliotic deformity reported
in our earlier publication [4] constituted
the reference group in order to reveal the
severity of structural changes at the level
of the apical vertebra.

The diagnosis of idiopathic scolio-
sis was made according to the routine
examination which included clinical and
neurological, instrumental, and radiologi-
cal methods (X-ray and CT), MRI of the
craniovertebral area, thoracic and lum-
bar spine.

The anatomical and anthropometric
features of thoracic and lumbar vertebrae
were assessed using the CT data. Exami-
nation was carried out on a Brilliance
CT64 computed tomography scanner
(USA), with patients in the prone posi-
tion in order to achieve maximum simi-

larity to patient’s position on an opet-
ating table. CT images (1 mm thick)
were imported into the navigation sys-
tem with “SpineMap 3D” software using
a data storage device; all the required
measurements wete performed using this
software. We find the terms “longitudinal
diameter of the pedicle” and “transverse
diameter of the pedicle” most appropri-
ate for the measured parameters. These
terms emphasize the elliptical mod-
el of the pedicle that we chose to use.
Under this model, they correlate with
the concepts of the principal diameters
of ellipse used in geometry and mechan-
ics to denote the sections connecting
the opposite points on an ellipse or their
lengths [5, 7).

The sequence of procedures in analyz-
ing the anatomical and anthropometric
parameters of the vertebrae was as fol-
lows. The total Cobb angle, rotation of
the apical vertebra (RAV), as well as prox-
imal (RPPV) and distal (RDPV) periapical
vertebrae, the external transverse (trd)
and longitudinal (Ingd) diameters of the
right (R) and left (L) pedicles at the T2-
L5 levels inclusive were determined.

The areas of the right (SR) and left
(SR) pedicles were calculated as the
product of the trd and Ingd of a pedicle.
In order to reveal regularities in the sco-
liotic process characterized by asymmet-
ric development of the vertebral bone
structures, we used the coefficients KAtrd

- the asymmetry coefficient of the trans-
verse diameters of pedicles determined as
the trdR/trdL ratio; KAlng — the asymme-
try coefficient of the longitudinal diame-
ters of pedicles determined as the IngdR/
IngdL ratio; and KAS is the asymmetry
coefficient of the pedicle areas deter-
mined as the SR/SL ratio.

The descriptive statistics were calcu-
lated in order to compare all the ana-
tomical and anthropometric parameters
of the vertebrae and different asymme-
try coefficients under study. The Kol-
MmOogorov—Smirnov test was used to verify
the normality of distribution.

The box plots were built; the histo-
gram analysis (window closing) and cot-
relation analysis (the method of correla-
tion pleiades modified by VP Terentjev)
were used to reveal the regularities and
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relationship between the parameters.
Student’s t-test and Fischer’s F-test were
used to identify the differences between
the parameters in groups of patients.

Results

According to the data obtained in this
study, the Cobb angle determined using
the aforedescribed procedure ranged
from 39.8 to 84.3° (mean, 59.5°). The
angle of RAV ranged from 17.7 to 50.5°
(mean, 34.6%); the angle of RPPV, from
15.3 to 42.8° (mean, 28.3°); the angle of
RDPV, from 16.2 to 35.7 (mean, 25.2°).

Tables 1-3 list the absolute values of
the transverse and longitudinal diameters
of vertebral pedicles, areas of pedicles
and their asymmetry coefficients.

The data on the transverse and lon-
gitudinal diameters of pedicles and their
areas are present in tables as M & m; for
asymmetry coefficients, the data are pres-
ent as Me (min-max).

Visual analysis of box plots was used
for more meticulous consideration of the
differences between the diameters of the
right and left pedicles and for determin-
ing the regularities in changes of their
dimensions, as well as the asymmetry
coefficients, depending on spine section.

Hence, the trdR values in the
upper thoracic spine decreased, start-
ing from the T2 level (5.8 = 0.7 mm)
and reached the minimum at the T4
level (3.7 £ 0.9 mm). The size then
increased in the craniocaudal direction
to reach its maximum at the T11 level
(64 = 1.5 mm). Next, a small decrease
in the parameter until the L1 level
(4.7 = 1.7 mm) was observed. In the cau-
dal segments of the lumbar spine, the
trdR value increased starting from the
L2 level (5.7 = 1.0 mm) to the L5 level
(13.3 £ 1.6 mm).

The following regularity of changes
in the trdL values on the box plot was
observed. The size of vertebrae changed
gradually starting from the T2 level
(5.8 £ 0.7 mm) with the minimum val-
ues achieved at the T7 level (3.5 £ 0.5
mm). The trdL values then increased
towards the T11 vertebra to reach
the value 7.1 £ 1.6 mm. Next, the val-
ue decreased to the L1 level (5.6 % 1.2
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mm). Starting from the L2 level (6.0 £
1.1 mm), the direction of changes in trdL
dimension was characterized by rising
size of transverse diameters of pedicles
in the craniocaudal direction, with the
maximum values reached at the L5 level
(15.1 £ 2.7 mm; Fig. 1).

Visual analysis of the pattern of
changes in Ingd of pedicles showed sim-
ilar regularities for the IngdR and IngdL
values for the thoracic and lumbar spine.
Hence, the IngdR value slightly increased
from the T2 level (11.3 = 1.3 mm) to
the T3 level (11.8 + 1.6 mm), followed
by a decrease to 10.6 + 1.3 mm at the
T4 level. Starting from the T5 level (11.0
+ 1.1 mm), the IngdR value smoothly
increased to reach its maximum at the
T11 level (15.0 £ 1.5 mm) and subse-
quently decreased at the L1 level (13.3+
1.3 mm). Next, the IngdR value increased
again to reach its maximum at the L3
level (14.2 + 1.1 mm). It subsequently
decreased in the craniocaudal direction;
the minimal values were observed at the
L5 level (12.8 = 1.9 mm).

An analysis of the distribution of the
parameter IngdL in the thoracic spine
showed a slight increase starting from

the T2 level (11.3 £ 1.8 mm) to the T3
level (11.5 = 2.3 mm), followed by a
decrease to 10.9 + 1.5 mm at the T5 lev-
el. Next, starting from the T6 vertebra
level, IngdL increased from 11.1 £ 1.5
mm to reach its maximum at the T11
level (18.8 = 2.3 mm). The IngdL value
then decreased again in the craniocau-
dal direction, starting from the T12 level
(16.3 + 1.8 mm) and reaching the min-
imal values (11.7 = 2.0 mm) at the L5
level (Fig. 2).

Evaluation of the asymmetry coeffi-
cients for trd and Ingd of the pedicles in
the thoracic and lumbar spine revealed
the following regularities.

KAtrd in the upper thoracic spine
until the T5 level inclusive was close
to unity. Significant deviation of KAtrd
from 1.15 (0.72-1.46) to 1.24 (0.58-
1.50) was observed at the T6-T9 level.
These changes demonstrated that the
trdR parameter of pedicles predominated
over trdL at this level. At the T10 and T11
level, KAtrd was close to unity again. In
the area of apical vertebrae at the T12-L1
level, the maximum deviation of KAtrd
from unity was 0.81 (0.59-1.29), which
showed that the trdL parameter predom-

inated over the trdR parameter. Then,
KAtrd was close to unity in the lumbar
spine, starting from the L2 vertebra to
the L5 vertebra inclusive.

The revealed regularities in asymmetry
were different for KAlngd. Hence, start-
ing from the T2 to T10 level, KAlngd was
close to unity. The zone of maximum
deviation of the KAlngd values from
unity lied at the T11-T12 level (0.82
and 0.87, respectively). In the lumbar
spine, the KAlngd were close to unity,
thus characterizing the absence of pro-
nounced structural changes (Fig. 3).

Evaluation of the parameters of the
pedicle areas identified the following reg-
ularities. The SR value decreased from the
T2 level (66.0 £+ 12.1 mm?2) and reached
its minimum at the T4 level (39.3 + 11.6
mm?2). Then it increased in the cranio-
caudal direction, with the maximum at
the T11 level (964 + 28.3 mm2). The SR
value then decreased up to the L1 lev-
el (63.3 + 24.8 mm2), followed by an
increase in craniocaudal direction, with
the maximum values (174.5 £ 31.1 mm2)
observed at the L5 level (Fig. 4).

An analysis of the asymmetry coeffi-
cient of the areas of pedicles showed that

Table 1

Transverse diameters of the pedicles (M + m) and their asymmetry coefficients Me (min—max)

Vertebrae trdR, mm trdL, mm
T2 58+£0.7 58+£0.7
T3 44+0.8 43+0.7
T4 3.7+£0.9 40+0.7
T5 38+1.0 3.8+£0.8
T6 41+1.0 3.6+0.7
T7 40+1.2 3.5+£0.5
T8 42+1.0 3.6 £ 0.6
T9 4.7+0.9 40+0.7
T10 53+1.1 53+1.1
T11 6.4+ 1.5 7.1+1.6
T12 56+20 6.8+ 1.7
L1 4.7+ 1.7 56+1.2
L2 57+1.0 6.0+ 1.1
L3 7.3+1.9 76+t1.4
L4 90+1.2 10.2+1.9
L5 13.3+ 1.6 15.1 £ 2.7

trdR — the transverse diameter of the right pedicle; trdL — the transverse diameter of the left pedicle; KAtrd — the asymmetry coefficient of the transverse

diameters of a vertebral pedicle, which is determined as the trdR/trdL ratio.

KAtrd

1.00 (0.89—1.23)
1.02 (0.80—1.50)
0.93 (0.53—1.56)
1.03 (0.61—1.34)
1.20 (0.62—1.66)
1.24 (0.58—1.50)
1.15 (0.72—1.46)
1.23 (0.84—1.38)
1.02 (0.82—1.30)
0.93 (0.64—1.37)
0.82 (0.52—1.11)
0.81 (0.59—1.29)
0.92 (0.59—1.33)
0.97 (0.78—1.09)
0.90 (0.73—1.05)
0.90 (0.77—1.05)
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Table 2

Longitudinal diameters of the vertebral pedicles(M + m)and their asymmetry coefficients Me (min—max)

Vertebrae IngdR, mm IngdL, mm
T2 11.3+13 11.3+1.8
T3 11.8 + 1.6 11.54+ 2.3
T4 10.6 £ 1.3 11.1+ 1.6
T5 11.0+ 1.1 109+ 1.5
T6 114+ 1.2 11.1+ 1.5
T7 119+1.2 11.5+ 1.5
T8 11.5+1.2 120+ 1.6
T9 126 £ 1.2 13.3+1.9
T10 142+1.3 16.1 + 1.6
T11 150+ 1.5 18.8 + 2.3
T12 14.1+1.8 16.3+ 1.8
L1 13.3+1.3 151+1.4
L2 13.4+1.5 14.8 + 1.6
L3 142+ 1.1 13.8 £ 1.5
L4 13.5+ 1.9 120+ 1.2
L5 128+ 1.9 11.7 + 2.0

IngdR — the longitudinal diameter of the right vertebral pedicle; IngdL — the longitudinal diameter of the left vertebral pedicle; KAlngd — the asymmetry

coefficient of the longitudinal diameters of the vertebral pedicles, which is determined as the IngdR/IngdL ratio.

KAlngd

0.99 (0.88—1.21)
1.04 (0.82—1.22)
0.95 (0.80—1.08)
0.99 (0.85—1.20)
1.03 (0.88—1.23)
1.02 (0.89—1.19)
0.96 (0.75—1.11)
0.94 (0.85—1.18)
0.91 (0.75—0.99)
0.82 (0.69—0.90)
0.87 (0.73—0.96)
0.92 (0.72—1.00)
0.94 (0.74—1.02)
1.02 (0.92—1.19)
1.08 (0.98—1.42)
1.05 (0.89—1.57)

Table 3

determined as the SR/SL ratio.

The transverse diameters of the vertebral pedicles multiplied by the longitudinal diameters (M + m)and the corresponding asymmetry coefficients Me (min—max)

Vertebrae SR, mm? SL, mm?
T2 66.0 +12.1 65.8 +14.2
T3 51.6 +12.8 49.7 +17.3
T4 39.3+11.6 44.7 + 11.5
T5 41.3+11.1 41.0 +10.9
T6 47.1 +12.3 40.6 + 11.5
T7 46.9 + 14.8 40.4 +6.3
T8 48.5+14.8 43.2 +10.2
T9 59.6 +12.8 53.5+10.4
T10 76.7+21.4 85.6 +22.2
T11 96.4 + 28.3 134.5 + 37.4
T12 78.3 + 28.3 111.6 + 31.0
L1 63.3 +24.8 85.1 +20.9
IL72 76.8 + 18.4 89.0 + 20.9
L3 104.2 + 32.3 104.7 + 24.6
L4 120.8 + 27.0 122.0 + 25.7
L5 170.4 + 36.0 174.5 + 31.1

SR — area of the right vertebral pedicle; SL — area of the left vertebral pedicle; KAS — the asymmetry coefficient of areas of the vertebral pedicles

KAS

0.98 (0.83—1.21)
1.02 (0.66—1.82)
0.88 (0.43—1.59)
1.02 (0.52—1.58)
1.28 (0.54—1.88)
1.41 (0.56—1.75)
1.06 (0.75—1.61)
1.17 (0.78—1.29)
0.97 (0.67—1.15)
0.76 (0.48—1.19)
0.68 (0.48—1.06)
0.67 (0.45—1.19)
0.90 (0.52—1.25)
1.00 (0.72—1.24)
0.99 (0.79—1.24)
0.96 (0.75—1.39)

it deviated from unity at several levels
of thoracic vertebrae in different direc-
tions. Hence, the KAS values were char-
acterized by maximum deviation from
unity at the T4 level — 0.88 (0.43-1.59),
T6 level — 1.28 (0.54-1.88), and T7 level
- 141 (0.56-1.75). Next, at the T8-T10

level inclusive, the KAS values were close
to unity. Then a pronounced asymme-
try in the areas of pedicles was observed
again, starting from the T11 level - 0.76
(0.48-1.19), with the maximum devia-
tion of KAS from unity observed at the
L1 level — 0.67 (045-1.19). In the lumbar
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spine, the KAS values were close to unity
starting from the L2 level, thus demon-
strating that there were no pronounced
structural changes (Fig. 5).

An analysis using the method of corre-
lation pleiades modified by V.P. Terentjev
was carried out for 10 parameters: the
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Cobb angle and nine other anatomical
and anthropometric parameters of the
apical vertebra (Fig. 0).

Fig. 6 shows the two pleiades of
parameters.

The first pleiade at the |f] > 0.8 lev-
el combines the RAV, Cobb angle, and
KAlnd parameters. It illustrates the
clinical significance of the relationship
between RAV as a local parameter of spa-
tial position of the vertebra, the Cobb
angle as a global parametet, and the ratio
between the longitudinal diameters of
pedicles of the apical vertebra that is rep-
resentative of structural deformation of
the apical vertebra. The position of the
apical vertebra joins it at the level of ple-
fade || > 0.6. TrdR, KAtrd and KAS form
another pleiade at the || > 0.6 level.

Comparative analysis of the asymme-
try coefficients of the apical vertebra in
patients with Lenke type I and V idio-
pathic scoliosis showed statistically sig-
nificant differences. They indicate that
the degree of asymmetry of the bone
structures of apical vertebrae is funda-
mentally different when the primary sco-
liosis curve localizes in the thoracic and
thoracolumbar/lumbar spine (Table 4).

The data is present as the geometric
mean (95 % confidence interval). The

values of three coefficients were char-
acterized by lognormal distribution (the
Kolmogorov-Smirnov test). No signifi-
cant difference was observed in variance
of the log of coefficients (Fischer F-test).
Student’s t-test was used for logarithms
of the asymmetry coefficients. The dif-
ferences were statistically significant in
all three cases.

When performing visual analysis of
the histograms of asymmetry coefficients,
the difference in asymmetry coefficients
in the patient groups being compared
can be seen well according to the shift
in the enveloping peaks (Fig. 7).

Greater degree of asymmetry of api-
cal vertebrae in patients with Lenke
type I scoliosis was observed for all the
coefficients compared to that of apical
vertebrae in patients with Lenke type V
scoliosis.

Discussion

Hence, the anatomical parameters trd
and Ingd of pedicles on the concave and
convex sides at the apex of the primary
deformity curve in patients with Lenke
type V idiopathic scoliosis were greater
than 4.0 mm. This indicates that bilateral
total transpedicular fixation can be

performed along the scoliosis curve. This
feature was the fundamental difference
from the scoliotic deformity in patients
with Lenke type I scoliosis, in whom the
average trd parameter of pedicles of the
apical vertebrae on the concave side of
the primary scoliosis curve was 3.6 mm.
An analysis of the KAtrd and KAlngd
parameters of pedicles of the apical
vertebrae showed that the KAtrd and
KAlngd were 0.81-0.82 and 0.87-0.92,
respectively. However, the greatest degree
of asymmetry of bone structures of the
vertebrae detected at the level of the api-
cal vertebra in the thoracolumbar/lum-
bar scoliotic curve was characterized by
the asymmetry coefficient of their areas
(KAS, 0.67-0.68). It should be mentioned
that the changes in KAS also significantly
deviated from unity at the T4 (0.88), TG
(141), and T7 level (1.28), i.e,, outside
the primary scoliotic curve. No similar
changes in KAS for the upper thoracic
spine and the caudal segments of the
lumbar spine were revealed by statisti-
cal analysis. The sensitivity of this coef-
ficient to asymmetry of pedicles and the
visualization of its structural changes in
a diagram give grounds for considering it
as an integral parameter that represents
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Fig. 1
Joint box plot for the transverse diameters of the right (2) and left (b) vertebral pedicles in the thoracic spine

53

SPINE DEFORMITIES



HIRURGIA POZVONOCHNIKA 2016:13(3):49-59

D.N. KOKUSHIN ET AL. 3D-CT ANALYSIS OF ANATOMICAL AND ANTHROPOMETRIC PARAMETERS OF VERTEBRAE IN CHILDREN WITH SCOLIOSIS

~o- Median: ] 25%-75%; [ sample range

-o- Median; [ 25%-75%; 1 sample range

3 B = & 2 B B B

~o- Median: [ ] 25%-75%: | sample range

=x

~o— Median: [ 25%-75%: [ sample range

Te Ts 'I:a Tio

the severity of scoliotic process in differ-
ent types of scoliosis.

The correlation analysis using the
method of correlation pleiades modi-
fied by V.P. Terentjev revealed the ple-
iade (RAV, Cobb angle, and KAlngd) that
was previously identified in patients
with idiopathic thoracic scoliosis. The
regularities of the scoliotic process for

Lenke type [ and V scoliosis were simi-
lar as there was no correlation relation-
ship between the Cobb angle and RAV
and the trdR and KAtrd parameters of
the apical vertebra. Correlation relation-
ships between the AVirdR, KAtrd, and
KAS parameters were revealed in patients
with Lenke type V scoliosis, indicating
that the transverse diameter of pedi-
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cles of the apical vertebrae has a greater
effect on KAS, the integral parameter of
the degree of asymmetry in scoliosis.
The statistical analysis showed a sta-
tistically significant (p < 0.05) difference
consisting in greater degree of asymme-
try of the transverse and longitudinal
diameters of pedicles of apical vertebrae
in Lenke type I scoliosis compared to
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Joint box plot for the areas of the diameters of the right (a) and left (b) vertebral pedicles in the thoracic and lumbar spine
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Fig. 5
Joint box plot for the asymmetry coefficients of the areas of
vertebral pedicles in the thoracic and lumbar spine

those of the vertebrae in Lenke type V scoliosis. We believe
that the features of the KAtrd, KAlngd, and KAS parameters
identified by comparative analysis can be attributed to the fact
that the character and course of scoliosis undoubtedly affects
the anatomical and anthropometric parameters and spatial
relationships between bone structures of the vertebrae in the
primary scoliosis curve. In their turn, the differences between
parameters of bone structures of vertebrae in the scoliosis curve
being analyzed in patients with Lenke types I and V idiopathic
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scoliosis are caused by different localization of the primary
scoliosis curve and the features of the anatomical structure of
thoracic and lumbar vertebrae.

Conclusions

The analysis of the features of anatomical and anthropometric
parameters of vertebrae in children with idiopathic
thoracolumbar/lumbar left-sided scoliotic deformity using
3D-CT navigation revealed certain regularities and identified
the correlation relationships between the absolute and relative
values of vertebral parameters in patients with Lenke type V
idiopathic scoliosis. Different degrees of asymmetry of bone
structures of apical vertebrae were observed for the primary
scoliotic curve localized in the thoracic and thoracolumbar/
lumbar spine.

The anatomical dimensions of the transverse and longitu-
dinal diameters of the vertebral pedicles on the concave and
convex sides at the apex of the primary scoliosis curve were
>4.0 mm, enabling bilateral total transpedicular fixation within
the entire length of the scoliosis curve in this group of patients.
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AVtrd L Cobb angle
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Fig. 6

Correlation relationships between the parameters being analyzed in patients with Lenke
type V scoliosis; the relationships between parameters with the nonzero correlation
coefficient r at the significance level P < 0.05: solid lines — the level || > 0.8; dashed
lines — || > 0.6; line thickness is proportional to |t} red lines — positive r values; blue
lines — negative r values; RAV — rotation of the apical vertebra; AV — apical vertebra; L —
left vertebral pedicle; R — right vertebral pedicle; trd — transverse diameter of vertebral
pedicles; Ingd - longitudinal diameter of vertebral pedicles; KAS — the asymmetry
coefficient of the areas of vertebral pedicles; KAlngd — the asymmetry coefficient of the
longitudinal diameters of vertebral pedicles; KAtrd — the asymmetry coefficient of the
transverse diameters of vertebral pedicles

Table 4

Asymmetry coefficients of the apical vertebrae in patients with Lenke type I and V idiopathic scoliosis

Coefficient Lenke I Lenke V t-test F-test
KAtrd 1.77 1.47 (1.26; 1.93) p < 0.028 p=0.168
(1.25;3.11)
KAlngd 1.44 (1.19; 1.90) 1.28 (1.12; 1.46) p < 0.015 p = 0.337
KAS 2.36 (1.50;4.73) 1.66 (1.16; 2.20) p < 0.002 p=0.129

KAtrd — the asymmetry coefficient of the transverse diameters of vertebral pedicles determined as the trdR/trdL ratio; KAlngd — the asymmetry
coefficient of the longitudinal diameters of vertebral pedicles determined as the IngdR/IngdL ratio; KAS — the asymmetry coefficient of the areas of

vertebral pedicles determined as the SR/SL ratio.

56

SPINE DEFORMITIES



HIRURGIA POZVONOCHNIKA 2016;13(3):49-59

D.N. KOKUSHIN ET AL. 3D-CT ANALYSIS OF ANATOMICAL AND ANTHROPOMETRIC PARAMETERS OF VERTEBRAE IN CHILDREN WITH SCOLIOSIS

20 23 24 L6 I A0 32 M

[7] Lenka | [53] Lanka v/

57

SPINE DEFORMITIES



HIRURGIA POZVONOCHNIKA 2016;13(3):49-59

D.N. KOKUSHIN ET AL. 3D-CT ANALYSIS OF ANATOMICAL AND ANTHROPOMETRIC PARAMETERS OF VERTEBRAE IN CHILDREN WITH SCOLIOSIS

References
Vasyura AS, Novikov VV, Mikhailovsky MV, Dolotin DN, Suzdalov VA, 10. Geck MJ, Rinella A, Hawthorne D, Macagno A, Koester L, Sides B, Bridwell K,
Sorokin AN, Udalova IG. Surgical treatment of scoliosis using transpedicular fix- Lenke L, Shufflebarger H. Comparison of surgical treatment in Lenke 5C ado-
ation. Hir. Pozvonoc. 2011;(2):27-34. In Russian. DOL http://dx.doi.org/10.14531/ lescent idiopathic scoliosis: anterior dual rod versus posterior pedicle fixation sur-
$s2011.2.27-34. gery: a comparison of two practices. Spine. 2009;34:1942-1951. DOI: 10.1097/
Vetrile ST, Kuleshov AA, Vetrile MS, Kisel’ AA. Surgical treatment of thoracolum- brs.0b013e3181a3¢777.
bar and lumbar scoliosis. Hir. Pozvonoc. 2004;(2):12-18. In Russian. 11. Kim YJ, Lenke LG, Cho SK, Bridwell KH, Sides B, Blanke K. Comparative
Vissarionov SV, Kokushin DN, Belyanchikov SM, Murashko VV, Nadirov NN. analysis of pedicle screw versus hook instrumentation in posterior spinal fusion
Surgical Treatment of Spinal Deformities in Children with Idiopathic Scoliosis Using of adolescent idiopathic scoliosis. Spine 2004;29:2040-2048. DOI: 10.1097/01.
Trandpedicular Spinal Systems: A Guide for Physicians. SPb., 2014. In Russian. brs.0000138268.12324.1a.
Kokushin DN, Vissarionov SV, Baindurashvili AG, Bart VA. Analysis of ana- 12. Shufflebarger HL, Geck MJ, Clark CE. The posterior approach for lumbar and tho-
tomical and anthropometric parameters of vertebrae in children with thoracic idio- racolumbar adolescent idiopathic scoliosis: posterior shortening and pedicle screws.
pathic scoliosis using 3D-CT-navigation. Hir. Pozvonoc. 2016;13(1):27-36. In Russian. Spine. 2004;29:269-276. DOIL: 10.1097/01.brs.0000109881.63411.48.
DO http//dx.doiorg/10.14531 /ss2016.1.27-36. 13. Yilmaz G, Borkhuu B, Dhawale AA, Oto M, Littleton AG, Mason DE, Gabos PG,

Mathematical Enciclopedic Dictionaty, ed. by Yu.V. Prokhorov. Moscow, 1988:178. In
Russian.

Mikhailovsky MV, Fomichev NG. Surgery of Spinal Deformities. Novosibirsk, 2011.
In Russian.

Privalov II. Analytical Geometry. St. Petersburg, 2008. In Russian.

Bennett JT, Hoashi JS, Ames RJ, Kimball JS, Pahys JM, Samdani AF. The pos-
terior pedicle screw construct: 5-year results for thoracolumbar and lumbar curves. J
Neurosurg Spine. 2013;19:658-663. DOL: 10.3171/2013.8.spine12816.

Dong Y, Weng X, Zhao H, Zhang J, Shen J, Qiu G. Lenke 5C curves in ado-
lescent idiopathic scoliosis. Neurosurgery. 2016;78:324-331. DOL: 10.1227/
neu.0000000000001055.

Shah SA. Comparative analysis of hook, hybrid, and pedicle screw instrumenta-
tion in the posterior treatment of adolescent idiopathic scoliosis. J Pediatr Orthop.
2012;32:490-499. DOL: 10.1097/bpo.0b013¢318250c629.

Address correspondence to:

Kokushin Dmitrii Nikolayevich

The Turner Research Institute for Children’s Orthopedics,
Parkovaya str., 64—68, Pushkin,

St. Petersburg, 196603, Russia,

partgerm@yandex.ru

Received 18.05.2016

Dmitrii Nikolayevich Kokushin, researcher in the department of spinal pathology and neurosurgery, The Turner Research Institute for Children’s Oriopedics,
St. Petersburg, Russia,

Sergey Valentinovich Vissarionov, MD, DMSc, Deputy Director for Research and Academic Affairs, The Turner Research Institute for Children’s Ortopedics, St. Petersburg,
Russia;

Aleksey Georgyevich Baindurashvili, MD, DMSc, Prof., Director, The Turner Research Institute for Children’s Ortopedics, St. Petersburg, Russia;

Viktor Aleksandrovich Bart, PbD in Physical and Mathematical Sciences, Associate Professor of the department of general mathematics and informatics, St. Petersburg
State University, St. Petersburg, Russia;

Timur Bagaudinovich Bogatyrev, posigraduate fellow in the department of spinal pathology and neurosurgery, The Turner Research Institute for Children’s Ortopedics,
St. Petersburg, Russia.

58

SPINE DEFORMITIES




HIRURGIA POZVONOCHNIKA 2016;13(3):49-59

D.N. KOKUSHIN ET AL. 3D-CT ANALYSIS OF ANATOMICAL AND ANTHROPOMETRIC PARAMETERS OF VERTEBRAE IN CHILDREN WITH SCOLIOSIS

59

SPINE DEFORMITIES



