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Abstract

Introduction The more accurate is the measurement of the parameters for correcting the deformity of damaged spinal segments the
more accurate will be the restoration of the sagittal profile and original anatomy of the spine. Purpose Substantiation of calculated
indicators for deformity correction in one or two damaged spinal motion segments in the thoracic and lumbar spine according to spiral
computed tomography. Material and methods The material for the study was the results of spiral computed tomography (SCT) of
an anatomically unchanged thoracic and lumbar spine in 25 patients (12 women and 13 men aged 18 to 60 years). The study model
consisted of three vertebral bodies and four adjacent discs from T4 to L4. Anterior and posterior dimensions of the vertebral bodies,
intervertebral discs, and segmental deformity angle o (formed by the lower endplate of the overlying vertebra and the upper endplate
of the underlying vertebra) were measured using RadiAnt computer software in the midsagittal projection. Damage to the body of
the middle vertebra with adjacent discs was modeled, the dimensions of which were calculated from the adjacent vertebral bodies
and adjacent discs. Statistical processing of the material was carried out using the computer software SPSS Statistics. Results The
measurement error of the anterior interbody spaces was 1.4 * 0.4 mm, the posterior interbody spaces were 1.3 * 0.5 mm, the error
in calculating the segmental deformation angle o was 2.5 * 0.6 degrees, what indicates the high accuracy of the proposed method.
Discussion The use of absolute deformity values as a standard for surgical intervention in the treatment of vertebral fractures is
complicated by varieties of normal anatomy. Conclusion The proposed calculations for the restoration of the anterior and posterior
interbody distances, as well as the angle of segmental deformity o after a spinal cord injury of the thoracic and lumbar spine provide
an approach to the target individualized anatomical dimensions.
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INTRODUCTION

A good knowledge of the anatomy, morphology and
biomechanics of the spine is a must in the treatment of
vertebral fractures. An important step in the surgical
treatment of post-traumatic deformities in the thoracic
and lumbar spine is accurate reduction and deformity
correction, what is emphasized by many authors [1-3].

Before surgery, in the postoperative period and at
follow-ups, a number of parameters are used to evaluate
radiological results, such as anterior and posterior
vertebral body height, local sagittal angle, regional
sagittal angle, disc angle, and some others. [4-7]. The
emphasis is elimination of angular deformity after
surgery or the loss of deformity correction if individual
anatomy is not considered. What parameters we should
strive for when eliminating segmental deformity is
helped by the knowledge of the morphology of the
vertebrae and intervertebral discs [8—10]. Insufficient
attention is paid to restoring the height of the interbody
space in eliminating segmental deformity, while the
restoration of the posterior dimensions of the body of the
damaged vertebra is taken as the basis and an indicator
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of'the effectiveness of intraoperative distraction, without
considering the dimensions of adjacent discs [11].

The literature data show that a good long-term
outcome with minimal complications can be achieved
only if the biomechanical principles for restoring
the sagittal profile of the spine are observed [12-16].
Excessive or insufficient correction of spinal deformity
contributes to the development of the adjacent level
syndrome [17].

The question of what dimensions should one be
guided by and what dimensions should one be aimed at
in the process of spinal reduction remains controversial.
Accuracy of reduction of the spine is determined “by
eye”, “according to the degree of tension of the capsules
of the vertebral joints” or when “extension reaches the
limits of physiological extension”. The set of angles of
kyphotic spinal deformity proposed for measurement
confuses the assessment of research results, and the
calculations of deformity correction angles proposed by
the authors are approximate, based on a large individual
diversity [18, 19]. It is possible to calculate the exact
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dimensions of the sagittal profile of the injured spine
before surgery only after spondylography of the spine
with the pelvis, taken the day before the operation in
a standing position, and using a variety of spinal and
pelvic parameters, which is difficult to perform in
patients with spinal cord injury [20].

In the standing position, relative to the supine position,
lumbar lordosis decreases, pelvic parameters change
towards an increase in the pelvic tilt and a decrease in the
tilt of the sacrum [21]. The radiographic examination in
the supine position does not reflect the true sagittal profile
of the patient, as in the standing position [22]. Unlike
degenerative deformities of the spine, post-traumatic

deformities are a local segmental problem [23]. The use
of absolute deformity values as a standard for surgical
intervention in the treatment of fractures is complicated
by a wide variety of normal spinal anatomy [24]. The
more accurate is the measurement of the parameters for
correcting the deformity of the damaged segment of the
spine, the more accurate will be the restoration of the
sagittal profile and the original anatomy of the spine.

Aim of the study is substantiation of calculated
indicators for the correction of deformity of one or two
damaged spinal motion segments in the thoracic and
lumbar regions according to the data of spiral computed
tomography.

MATERIALS AND METHODS

The material for the study was the results of spiral
computed tomography (SCT) in 25 patients (12 women
and 13 men, aged 18 to 60 years). SCT was performed
in patients with suspected trauma to the thoracic or
lumbar spine. The selection criteria for our study were
patients without congenital anomalies of the spine; lack
of indications of trauma and surgical intervention in the
studied section of the spine; without deformity of the
spinal motion segments due to spondylosis, scoliosis,
spondylolisthesis; without signs of damage to the
studied spine area according to CT data; provided that
the studied segment was two or more vertebrae away
from the injury site. The study model consisted of three
vertebrae with adjacent intervertebral discs (Fig. 1).
Measurements were made using the computer software
RadiAnt after multiplanar reconstruction in the DICOM
format in the midsagittal projection. The extreme points
of the vertebral bodies under assessment were taken for
measurement (Fig. 1, 2).

In modeling the injury to the body of the L1 vertebra
(Fig. 1), measurements were from the T11-T12 disc to
the L2-L3 disc (distance from A to L along the anterior
surface and from A1l to L1 along the posterior surface
of the spine). To study the angle of segmental deformity
(Fig. 2), we used the line |X-I1| that is parallel to the
lower endplate of the overlying vertebra |C1| and
the intersection with the projection line of the upper
endplate of the underlying vertebra |I-I11]. Forty-four
models from T4 to L4 vertebrac were measured. To
reduce the measurement error, the image of the specific
segment of the spine was enlarged to the size of the
screen. The measurement error was 0.15 = 0.07 mm.
The anterior and posterior dimensions of the vertebral
bodies and intervertebral discs, the dimensions of the
vertebral bodies with adjacent discs, and the segmental
deformity angle formed by the lower endplate of
the overlying vertebra and the upper endplate of the
underlying vertebra were measured. The measurement
error was calculated by the formula: X = Ax £t X m,
where Ax is the average measurement difference, t is a
tabular value (for a confidence level of 95% at p = .05,

the t-criterion is 2), m is standard error of the mean.
Statistical processing of the material was carried out
with the SPSS Statistics using descriptive statistics,
comparison of average values with a 95% confidence
interval, determination of the t-test for pairwise
comparisons, Pearson's correlation coefficient.

Fig. 1 Points for measuring the anterior and posterior dimensions
of the vertebral bodies and intervertebral discs according to the
median sagittal projection after multiplanar reconstruction of the
studied spine

Fig. 2 Diagram for measurement of the angle of segmental
deformity o
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RESULTS

I. At the first stage, the measured and calculated
anterior and posterior dimensions of the vertebral
bodies were compared, for which 2 groups were formed:
Group I are actual measurements of the anterior |D-E|
and posterior |D1-Eljsurfaces of 44 vertebrae from
T4 to L4 (average of 4 measurements per vertebra)
in 25 patients (12 women and 13 men aged 18 to
60 years); Group II are calculated dimensions of the
anterior, as half the sum of the size of the anterior
surface of the superior and underlying vertebrae —
(IB-C| + |I-K])/2, and the posterior, as the half-sum of
the dimensions of the posterior surface of the superior
and underlying vertebrae — (|B1-C1| + [I1-K1)/2 in the
same patients. The average dimensions of the anterior
surface in group I were 25.65 mm with a standard
error of 0.62 mm, in the second group 25.58 mm and
0.60 mm, respectively. When statistical calculations
were rounded to tenths, an acceptable error in the
calculations of the anterior surface of the vertebra was
obtained at a 95% confidence interval: 0.7 £ 0.2 mm.
After comparing two groups, Student's t-test was 0.403,
p = 689. A strong correlation was found between the
groups. The Pearson correlation coefficientis r=0.973
(Fig. 3).

The acceptable error in the calculations of the
posterior surface of the vertebra was 0.7 £ 0.2 mm,
Student's t-test was 1.534 at p = 0.132. The correlation
coefficient r was 0.959. The calculated anterior and
posterior dimensions of the vertebral bodies were close
to the anatomical dimensions.

II. To compare the anterior and posterior sizes of the
intervertebral discs, 3 groups were formed.

Group I — the actual size of 44 discs from T4-T5 to
L4-L5 in 25 patients (12 women and 13 men aged 18
to 60 years).
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Group II — the size of the discs was half the sum of
the sizes of two adjacent discs in the same patients;

Group III — disc sizes taken from table data
(J.G. Fletcher [25] for the thoracic and K. Bach [26] for
the lumbar), matching by sex and age.

We formed group III in order to compare how
individual sizes of intervertebral discs differ from
the average sizes of discs of the chosen location and
specified sex and age.

The average size of the disk anteriorly in group I
was 6.08 mm with a standard error of 0.52 mm; in the
second group, the average size of the disk anteriorly was
6.02 mm, the standard error was 0.48 mm; in the third
group — 5.88 mm and 0.27 mm, respectively (Fig. 4, a).
Pearson's correlation coefficient between groups I and
IT— 0.982; between groups I and III — 0.87. The average
difference in modulus in calculations in groups I
and II is 0.7 mm, in groups I and III — 1.6 mm. The
error in calculations by comparing groups I and II is
0.7 £ 0.2 mm, groups I and Il is 1.6 + 0.36 mm.

The average dimensions of the disc from posterior:
in group I — 4.07 mm, standard error — 0.32 mm; in the
second group, the average disk size was 3.9 mm, the
standard error was 0.28 mm; in the third group —4.29 mm
and 0.25 mm, respectively (Fig. 4, b). The Pearson
correlation coefficient between groups I and II is 0.939;
between groups I and IIT — 0.73. The average difference
in the size of the back of the disk between groups I and
II is — 0.1 mm (modulo 0.6 mm); between groups I and
111, the average difference was 0.2 mm (modulo 1.2 mm).
The error in calculations by comparing groups I and II is
0.6 £ 0.2 mm, groups I and lIl is 1.2 + 0.3 mm.

II. Calculations for modeling the sizes of the
vertebral body with the overlying disc. Three groups
were formed (Table 1).
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Fig. 3 Average dimensions of the anterior (a) and posterior (b) surfaces of vertebral bodies in two groups by location
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Fig. 4 Anterior (a) and posterior (b) sizes of discs in three groups by location

Table 1

Groups for calculating the size of the vertebral body with the overlying disc

Group |

Actual 44 measurements of anterior |C-E| and posterior |C1-E1| vertebral body surface with overlying disc
from T4 to L4 in 25 patients (12 women and 13 men, aged 18 to 60 years)

Group 11

of the dimensions of the adjacent discs

Calculated 44 sizes of anterior (|B-C| + |[-K])/2 + (JA-B| + [E-1|/2) and posterior (|B1-C1| + |[1-K1[)/2 +
(JA1-B1 |+|E1-11}/2) vertebral surfaces with overlying disc in the same patients. Moreover, the dimensions
of the anterior and posterior surfaces of the vertebral bodies were half the sum of the dimensions of the
adjacent vertebral bodies, and the anterior and posterior dimensions of the overlying disc were half the sum

Group III

Calculated 44 sizes of anterior ((|B-C| + [I-K|)/2 + |C-D| — from tables) and posterior ((|[B1-C1]| + [[1-K1[)/2 + |C1-D1| -
from tables) surface of the vertebrae with the overlying disc in the same patients. Moreover, the
dimensions of the anterior and posterior surfaces of the vertebral bodies were half the sum of the sizes of
adjacent vertebral bodies, and the size of the overlying disc was from table data (J.G. Fletcher — for the
thoracic [25] and K. Bach — for the lumbar spine[26])

Average dimensions |C-E| in group I were 31.9 mm,
standard error of the mean value was 1.4 mm; in group II,
the average sizes |C-I| —31.7 mm, standard error of the mean
value — 1.5 mm; in group I — 31.3 mm with a standard
error of the mean value of 1.3 mm. The Pearson correlation
between groups I and 11 is 0.984; between groups I and 111 -
0.947. The average difference between the compared sizes
in groups I and II is 0.3 mm; in groups I and I1I — 0.6 mm.
The average difference in modulus in calculations in groups
I and IT is 1.0 mm, in groups I and III — 1.8 mm. The error
in calculations when comparing groups I and 11 is 1.0 + 0.4
mm, groups I and I1I is 1.8 = 0.5 mm.

Average sizes |[C1-El| in group I — 30.4 mm,
standard error of the mean value — 0.8 mm; in group II,
the average sizes |C1-E1] — 30.6 mm, standard error of
the mean value — 0.7 mm; in group III — average sizes
|C1-E1| — 30.1 mm and standard error of the mean —
0.7 mm. Pearson correlation between groups I and II —
0.956, between groups I and III — 0.874. The average
difference between the compared sizes in groups I and
IT is 0.9 mm; in groups I and III — 0.5 mm. The average
difference of measurements by module in groups I and
II is 1.2 mm, the standard error of the mean value is
0.21 mm; in groups I and III — the average difference of

measurements in modulus — 1.8 mm and the standard
error of the mean value — 0.27 mm. The error in
calculations between groups I and II was 1.2 + 0.5 mm,
and between groups I and III — 1.7 + 0.5 mm.

IV. At the next stage of the study, injury to the
vertebral body with adjacent discs was modeled. The
grouping is the same (Table 2).

Average dimensions |C-I| in group I were 38.9 mm,
standard error of the mean value was 1.6 mm; in
group II, the average dimensions were 38.7 mm, the
standard error of the mean was 1.5 mm; in group III —
38.3 mm with a standard error of the mean value of
1.3 mm. T-test of paired samples in groups I and II —
0.697, P=0.49; in groups l and III: t = 1.026; P=0.311.
The Pearson correlation between groups I and II is
0.986; between groups I and III — 0.957. The average
difference between the compared sizes in groups I and
II'is 0.2 mm; in groups I and III — 0.6 mm. The average
difference in modulus in the calculations in groups I and
II was 1.37 mm, the standard error of the mean value was
0.17 mm; in groups I and III, the mean difference was
3.17 mm, the standard error of the mean was 0.39 mm.
The error in calculations when comparing groups I and
Il'is 1.4 + 0.4 mm, groups I and I1I is 3.2 £ 0.8 mm.
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Table 2
Groups for calculating the vertebral body sizes with adjacent discs n

Group |

Actual 44 measurements of the anterior |C-I| and posterior |C1-11| surfaces of vertebral bodies with
adjacent discs from T4 to L4 in 25 patients (12 women and 13 men, aged 18 to 60 years)

Group 11

Calculated 44 sizes of anterior (|B-C| + |I-K])/2 + (JA-B| + [K-L|) and posterior (|B1-C1| + [I1-K1[)/2 +
(JA1-B1| + |[K1-L1|) surfaces of the vertebrae with adjacent discs. Moreover, the dimensions of the anterior
and posterior surfaces of the vertebral bodies were half the sum of the dimensions of the adjacent vertebral
bodies, and the dimensions of the adjacent discs were the anterior and posterior dimensions of the discs a
level above and below the injured ones

Group III

Calculated 44 sizes of anterior ((|B-C| + |I-K|)/2 + (JC-D| + |E-I|) — from tables) and posterior ((|BI-C1| +
[I1-K1])/2 + (|C1-D1]| +| E1-11|) — from tables) vertebral surfaces with adjacent discs in the same patients.
Moreover, the dimensions of the anterior and posterior surfaces of the vertebral bodies were half the sum
of the sizes of adjacent vertebral bodies, and the dimensions of adjacent discs were taken from table data

(J.G. Fletcher — for the thoracic [25] and K. Bach - for the lumbar spine [26])

Average dimensions |C1-I1]in group I were 35.4 mm,
standard error of the mean value was 0.9 mm; in group
II, the average dimensions were 34.9 mm, the standard
error of the mean was 0.8 mm; in group IlI, the average
dimensions were 35.1 mm and the standard error of the
mean was 0.7 mm. Pearson's correlation between groups
I and II is 0.953, between groups I and III is 0.864. The
average difference of measurements by module in groups
T and II is 1.29 mm, the standard error of the mean value
is 0.25 mm; in groups I and III — the average difference
of measurements by modulus — 2.7 mm and the standard
error of the mean value — 0.27 mm. The error in
calculations between groups I and II was 1.3 + 0.5 mm,
and between groups I and III, 2.7 + 0.5 mm.

V. Modeling of segmental deformation angle a. The
angle was formed between the lower endplate of the
overlying vertebral body and the upper endplate of the
vertebral body underlying the injured body (Fig. 2). The
studies were carried out in 3 groups, the principle of
group formation is given Table 3.

Table 3

Groups for calculation of segmental deformity angle o

The actual angle a between the cortical plates

Group I |\ 1) and 111

Calculated angle a according to the formula:
sin-1 x (|C-I| — |C1-11])/|I-11] , where the
dimensions |C-I| and |[C1-11| were taken from
Table 2, group II and actual sizes |I-11|

Group II

Calculated angle a according to the formula:
sin-1 x (|C-1| — |C1-11|)/|I-11|, where |C-I| and

Group III |C1-11| taken from Table 2, group III and

actual dimensions |I-11]

To measure the angle o in group I, a line parallel to
C-C1 was drawn until it intersected with the line I-11
(Fig.2). In groups Il and 111, the angle o was calculated by
the formula: sin-1 x (|JC-I| — |C1-11|)/[I-I1]. This formula
was used because the lines connecting the interbody
spaces |C-I| and |C1-I1], as a rule, are perpendicular to
the line drawn along the lower endplate of the overlying
vertebra |C-C1|. Therefore, the triangle X-I1-1 is close
to a right triangle with a hypotenuse [I-11], which allows
using trigonometric functions in angle calculations.

The mean angle difference o between groups I and II
by the module was 2.48 degrees, the standard error of the
mean value was 0.31 degrees; between groups I and I1I,
the mean angle difference a was 3.62 degrees, the standard
error of the mean was 0.56 degrees. Pearson correlation
for groups I and II — 0.95, at p < 0.01; for groups I and
III - 0.83, at p < 0.01. The error in the calculation of the
angle o between groups I and Il was 2.5 + 0.6 degrees,
and between groups [ and 111 — 3.6 £ 1.1 degrees.

All stages of the measurements are shown in Figure 5,
which includes the bodies of L2, L3, L4 vertebrae
with adjacent discs, as an example of measuring the
indicators described above.

8.49 mm -

4.95 mm

— »

2.89 cm

4.09 em

2.67 em
7.84 mm

Fig. 5 Measurement of interbody spaces and angle o

The calculated anterior interbody distance was
482 mm; the calculated posterior interbody distance
was 40.7 mm. The actual dimensions of the anterior and
posterior interbody spaces were 48.4 mm and 40.9 mm.
The calculated angle o was 14.3 degrees, the measured one
was 13.9 degrees. In this example, our calculations on the
dimensions of the interbody gap differ from the actual ones
by 0.2 mm, and the calculated angle by 0.4 degrees. The
calculations obtained are close to the actual dimensions,
what indicates the high accuracy of the proposed method.
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DISCUSSION

The height of the vertebrae is not only race-specific, but
also depends on gender and region of residence [27]. The
height of the vertebrae gradually increases from T4 to L3,
but then decreases at the level of L4 and L5. In both sexes,
the ratio of vertebral sizes was the same, but male vertebrae
were statistically bigger than those of females (Fig. 6).

The anterior and posterior sizes of the vertebral bodies
are shown on diagrams for inhabitants of the United
States, mainland China and Hong Kong, according to
L. Ning et al., 2017 [27], and Turkey, according to B.
Abuzayed et al., 2010 [28] (Fig. 7).

The vertebra size of the mainland Chinese
population was smaller than that of the US population,
but was surprisingly bigger than that of the Hong Kong
Chinese, despite being of the same race. In Turkey
nationals, the smaller anatomical dimensions of the
vertebral bodies can be explained by the fact that the
measurements were carried out not in radiographs, but
according to computed tomography. Though, the results
of measurements according to X-rays and computed

——Men
Women

34

32

24

227

T T T T T T T T T T T T T
ThiV. ThV Thvi ThV ThVill THIX ThX Thxl Thal U L v

Vertebra d

tomography can be quite comparable [29]. Data from
different racial populations showed similar size ratios
across all vertebrae. The sizes of the thoracic vertebral
bodies showed a tendency to increase from T1 to T12,
with the posterior height of the vertebral body always
being 1-2 mm bigger [30], and the sizes of the thoracic
vertebrae are always smaller than those of the lumbar
ones [31]. The ratios obtained by us for the sizes of the
vertebral bodies coincide with the literature data.

Calculating the anterior and posterior dimensions of
the vertebral body, it is assumed that their dimensions
are the average of the dimensions of neighboring
vertebrae [32]. A statistically significant correlation was
obtained between the anterior height of the vertebral
body and human age [33]. Thus, the anterior and
posterior height of the vertebral body is almost the same
for all lumbar vertebrae in newborns, then the anterior
height continuously increases in childhood, adolescence
and adulthood and decreases slightly in the elderly due
to osteopenia.
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Fig. 6 Anterior (a) and posterior (b) dimensions of the vertebral bodies in men and women (L. Ning et al., 2017 [27])
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Fig. 7 Anterior (a) and posterior (b) dimensions of the vertebral bodies in individuals of different nationalities (USA, mainland China and Hong
Kong — according to L. Ning et al., 2017 [27]; Turkey — according to B. Abuzayed et al. , 2010 [28])
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The anatomical anterior and posterior dimensions
of the discs in the thoracic and lumbar regions vary
depending on the level of the disc, sex, and age [34, 35].
The disc height at the level of T4-T5 vertebrae is
considered to be the lowest [36], then the dimensions
increase caudally towards the L4-L5 segment in all
subjects [37]. To calculate the disk space, a new approach
has been introduced, and is called the expression of its
adjacent segment. Calculations of the disc height based
on the height of adjacent vertebral bodies have been
proposed [38]. A disc height index was derived, which
takes into account 3 sizes of the intervertebral disc
and neighboring vertebral bodies, along with a fixed
percentage coefficient o [39]. For each segment of the
lumbar spine, the authors calculated the disc-vertebral
index [40]. Correlation coefficients were derived to
calculate the disc height depending on gender and
age [41]. Knowing the obtained morphometric results
on the size of the intervertebral discs, we confirmed in
our calculations that the total size of the adjacent discs is
close to the total size of the discs per segment above and
below the damaged vertebra. Moreover, the individual
sizes of the disks in the calculations are more accurate
than the average sizes of the disks of a given location for
the corresponding sex and age.

Dueto the difference between the anterior and posterior
disc heights, a disc or intervertebral angle is formed.
Similar to disc sizes, disc angles in asymptomatic patients
have been well studied by numerous investigations [42—
44]. The different distribution of physiological angles in
the thoracic and lumbar spine in accordance with 4 types
of posture was theoretically confirmed [45, 46].

To analyze segmental deformity of the spine, various
authors suggest the vertebral wedging angle or the
local sagittal angle [47]; sagittal index and Gardner's
deformity [48]; local segmental angle and segmental
lordosis [49]. All this makes it difficult to compare the
listed criteria. Thus, segmental kyphosis, according to
some authors, is the angle between the lower endplate
of the overlying vertebral body and the upper endplate
of the vertebral body located caudally from the injured
vertebra [50]; according to other data, it is an angle
bounded by the lines parallel to the superior endplate of
the overlying vertebral body and the inferior endplate of
the underlying vertebral body [51].

The segmental angles of the spine change evenly by
movements. Thus, the segmental range of motion in the
thoracic region in flexion-extension ranges from 1.9 to
3.8 degrees [52], and it is minimal in the T4-T5 segment.
The total range of motion in the thoracic region, composed
of segmental angles, was 31.7 + 11.3 degrees [53]. During
inhalation and exhalation, the total range of motion in the
thoracic spine is 15.9 + 4.6 degrees [54].

Inthe course of spinal deformity correction, according
to L.Y. Dai [55], the impact is exhibited on the vertebral
body, not on the discs. According to A.B. Tomilova et al,

the vertebral body and adjacent discs are affected after
sustaining injuries [56]. According to our observations,
both the dimensions of the damaged vertebral body and
the angles of adjacent discs change by spinal reduction.
It indicates the need to consider them by correcting
the deformity. Since the physiological shape of the
spine is subject to fluctuations, an individual approach
is required to correct post-traumatic deformity, and
knowledge of the normal values of segmental angles in
the sagittal plane is especially important by reduction of
a spinal fracture. Based on the analysis of a large amount
of radiographs and computed tomography images, the
authors present reference values of segmental angles
in the thoracolumbar junction, which vary greatly
(Table 4) [57].

Table 4
Reference values of segmental angles according to the
authors
Spinal segment Kwon S.M. et al. | Verheyden A.P. et al.
[57] [22]
T9-T11 -5
T10-T12 6.5+3.9 -2
T11-L1 55+4.1 2
T12-L2 22+4.7 7
L1-L3 33+53 10
L2-14 15
L3I-L5 25
L4-S1 40

In this situation, the angle was measured from the
superior cortical plate of the overlying vertebra to the
inferior cortical plate of the body of the underlying
injured vertebra. This angle (Cobb’s angle) was
recognized as the most reliable by measuring deformities
due to a vertebral fracture [58]. The segmental angle
from the lower endplate of the overlying vertebral body
to the upper endplate of the underlying vertebral body
was chosen by us due to the convenience of calculation
and measurement: at the planning stage, during surgery
and at follow-ups. Both the Cobb’s angle and the angle
we chose are bisegmental angles that involve the injured
vertebra and two adjacent discs.

The authors propose the calculation of the sagittal
index in fractures of the thoracolumbar spine, and
namely, the measurement of kyphotic deformity of the
spinal segment (the angle between the lower endplate of
the overlying vertebral body and the lower endplate of
the body of the injured vertebra), corrected for the normal
sagittal contour at the level of the deformed segment [59].
Given that the angle is monosegmental, and therefore
big errors in the calculations are obtained due to a large
individual variety of segmental angles, depending on the
types of posture according to Rossoully.

Uncorrected spinal deformity can lead to incorrect
position of the neighboring segments, changes in the
general statics of the spine, and chronic pain [60, 61].
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The method proposed by us for calculating target
indicators for the restoration of an individual sagittal
profile allows us to reduce the error in assessing the
sagittal contour by averaged target values. In modeling
the dimensions of the interbody spaces and the angle
of segmental deformity, the parameters calculated
using our models are close to the actual anatomical

dimensions. For assessing post-traumatic deformity
in the thoracic and lumbar spine, the calculated
anterior and posterior dimensions of the interbody
spaces should be taken as 100%, and the calculated
segmental angle as 0 degrees. This will allow you to
assess the corrected deformity of the injured segment
of the spine.

CONCLUSIONS

1. In modeling injuries to one or two spinal motion
segments in the thoracic and lumbar spine, it is necessary
to calculate the size of the interbody spaces of the
ventral and dorsal surfaces and the segmental deformity
angle a along the midsagittal section of spiral computed
tomography after multiplanar reconstruction.

angle of segmental deformity a after a spinal cord injury
in the thoracic and lumbar spine, enable to approach
the target individualized anatomical dimensions. The
measurement error of the anterior interbody spaces
was 1.4 + 0.4 mm, the posterior interbody spaces was
1.3 £ 0.5 mm. The error in calculating the segmental

2. The proposed calculations for the restoration of the
anterior and posterior interbody distances, as well as the

deformity angle a was 2.5 + 0.6 degrees, and indicates
the high accuracy of the proposed method.
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