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MATHEMATICAL MODEL OF THREE-DIMENSIONAL 
DETERMINATION OF THE DEGREE OF SPINE DEFORMATION 
IN ADOLESCENT IDIOPATHIC SCOLIOSIS

МАТЕМАТИЧНА МОДЕЛЬ ТРИВИМІРНОГО ВИЗНАЧЕННЯ 
СТУПЕНЯ ДЕФОРМАЦІЇ ХРЕБТА ПРИ ПІДЛІТКОВОМУ 
ІДІОПАТИЧНОМУ СКОЛІОЗІ

Резюме. Відомо, що в Україні кожна четверта дитина має порушення постави. За даними центру гро-
мадського здоров’я МОЗ України, в 2019 р. у 99467 дітей було виявлено підлітковий ідіопатичний ско-
ліоз різного ступеня, а згідно із даними центру медичної статистики МОЗ України, лише під час профі-
лактичних оглядів у 2020 р. було виявлено 92322 дитини із підлітковим ідіопатичним сколіозом піком 
0‑17 р., серед яких 45553 складали хлопики.
Мета – комплексна оцінка виразності деформації хребта у сагітальній, фронтальній та аксіальних площи-
нах з урахуванням первинної сколіотичної кривизни у пацієнтів із підлітковим ідіопатичним сколіозом.
Так як сколіоз являє собою деформацію у трьох площинах, для визначення його ступеню необхідне кіль-
кісне визначення сколіотичного (фронтальна площина), кіфотичного (сагітального) та ротаційного (ак-
сіального) компонентів деформації. Доведено, що візуальний аналіз просторової орієнтації хребців при 
сколіотичній деформації у підлітків на основі двовимірних рентгенограм зазвичай оманливий та не на-
дає достовірних даних, оскільки результати пласких зображень не здатні показати справжні фронталь-
ні (коронарні) та бічні (сагітальні) лінійні параметри анатомічних об’єктів (відповідного хребця). Для 
обчислення ступеню сколіотичної деформації хребта з урахуванням ротаційного зміщення хребців була 
побудована система координат їх певних реперних точок у двох площинах: сагітальній та фронтальній.
На відміну від деяких дослідників, які для вимірювання обертання хребців навколо своєї вертикальної осі, 
використовували показник ширини тіла хребця в ділянці1/2 його висоти, нами в якості базової основи при 
визначенні кута нахилу кожного окремого хребця була обрана площина поверхонь їх замикальних пласти-
нок. Такий вибір є інтуїтивно зрозумілим та об’єктивно обґрунтованим, так як замикальні пластинки, які є 
активними ділянками зон росту хребців у дітей підліткового віку, які найбільш чітко візуалізуються на рент-
генограмах у пацієнтів даного вікового періоду, дозволяючи об’єктивно визначити середину тіла хребця, 
що значно допомагає у побудові схем розрахункового обчислення параметрів даного анатомічного об’єкту.
Висновки. Розроблена та запропонована математична модель визначення справжньої величини викрив-
лення хребта при підлітковому ідіопатичному сколіозі шляхом 3D реконструктивного моделювання 
рентгенологічних двовимірних зображень у фронтальній та сагітальній проекціях, що дозволяє вра-
ховувати компоненти деформацію хребців по всім просторовим векторам, а саме: сколіотичному, кіфо-
тичному та аксіальному (ротаційному). Запропонована розрахункова математична модель визначення 
ступеня викривлення хребта при ідіопатичному сколіозі у дітей можлива до застосування як при право-
бічній так і при лівобічній локалізації патології незалежно від її ступеня виразності. Розроблена модель 
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тривимірного визначення ступеня деформації хребта при підлітковому ідіопатичному сколіозі дозволяє 
прогнозувати перебіг патології в залежності віл локалізації сторони формування патології. Так, при пра-
вобічному сколіозі, за умов максимальних величин нахилу Th2 визначається ІІІ ступінь захворювання. 
Розв’язування відповідних лінійних рівнянь засвідчує більш деструктивні (виразні) прояви при ліво-
бічній локалізації патології, в тому числі характерною є більша частота та виразність реберного горба.
Ключові слова: підлітковий ідіопатичний сколіоз, математичне моделювання, деформація, викривлен-
ня хребта, кут Сobb, 3-D зображення, рентгенограми, діагностика, лікування, прогнозування перебігу.

Adolescent idiopathic scoliosis (AIS), according 
to current concepts, is a systemic disorder of the body, 
the main manifestation of which is a three-dimensional 
(3D) spinal deformity in the sagittal, frontal, and 
horizontal planes, accompanied by lateral deviation of 
the spine and vertebral rotation in the frontal plane. The 
prevalence of AIS in the pediatric population ranges 
from 0.47% to 5.2%, with girls being affected several 
times more often than boys. The sex ratio depends on 
the magnitude of the Cobb angle: at 10‑20° – 1.3:1, 
at 20‑30° – 5.4:1, and when exceeding 30° – 7.0:1 
or more. The term «AIS» was first introduced by 
Kleinberg in 1922. Although several types of scoliosis 
exist, AIS is the most common, accounting for up to 
80% of scoliosis cases and partially depending on the 
geographical latitude of the patients’ residence [1, 2].

In Ukraine, approximately every fourth child 
has postural disorders. According to the Public Health 
Center of the Ministry of Health of Ukraine, in 2019 
AIS of varying severity was detected in 99.467 
children, and during preventive examinations in 
2020 – in 92.322 children aged 0‑17 years, of whom 
45.553 were boys [3, 4].

The etiology and pathophysiology of AIS 
remain not fully elucidated. Morphological studies 
of vertebral bodies and intervertebral discs based on 
two-dimensional radiographs have shown that discs 
have a more wedge-shaped appearance than vertebral 
bodies, which corresponds to the Hueter-Volkmann 
law (1862‑1873) and explains the secondary nature 
of vertebral body deformation and the rotational 
component of the deformity [5]. Recent studies have 
established that the main factors contributing to curve 
progression include the sex of the patient, the curve 
pattern, and the physiological maturity of the child 
[6]. Prognostically, it has been shown that girls with 
right-sided thoracic curves exceeding 100° according 
to Cobb, who have not yet reached menarche, have 
a  high risk of progression, whereas in boys the 
greatest tendency to progression is observed in right-
sided lumbar curves. Left-sided thoracic curves 
generally demonstrate a more benign course due to 
a  low tendency to progress [7]. Diagnosis of AIS 
and determination of its severity are complicated by 
the variability of curve localization and the patient’s 

age due to discrepancies between the Cobb angle 
measured radiographically and clinical assessments, 
particularly the Adams test. The accuracy of early 
diagnosis depends on evaluating the relationship 
between the angle of trunk inclination and the Cobb 
angle as acceptable criteria [8]. After Cobb proposed 
a method for digital determination of vertebral axial 
displacement using coronal radiographs, vertebral 
rotation began to be assessed using 2D radiographs, 
3D bone modeling, rasterstereography, and CT [9]. 
The magnitude of 3D spinal deformity in AIS is 
individual and depends on the number and length 
of curves, the degree of rotation, and the angular 
curvature around the axis; therefore, qualitative and 
quantitative assessment is possible only when taking 
into account parameters in the frontal, sagittal, and 
axial planes [5, 10]. The study by Ketenci I. E. et al. 
(2018) demonstrated that the minimal rotational angles 
were observed at Th12, with slightly greater angles on 
the concave side than on the convex side, and with 
the greatest difference at Th7–Th8 due to intravertebral 
rotation of the apical segment [11, 12]. CT remains one 
of the most accurate imaging methods for evaluating 
bony structures, and considering 3D deformity, the true 
axial plane of each vertebra is defined as the plane of 
inclination. For measurements, multiplanar thin slices 
(0.6 mm) of the thoracic and lumbar spine are used. 
Limitations of such methods include the complexity 
of sagittal plane measurements and comparison with 
normative values, given that discs contribute more to 
3D deformity than bony structures [5].

The main challenge in AIS is predicting the 
course of the pathology upon initial presentation [13]. 
Approximately 10% of patients require conservative 
treatment, while 0.1‑0.3% require surgical intervention 
when the Cobb angle exceeds 40° [1, 14].

The aim of the study is to comprehensively 
assess the severity of spinal deformity in the sagittal, 
frontal, and axial planes, taking into account the 
primary scoliotic curvature in patients with adolescent 
idiopathic scoliosis.

Material and methods. In constructing the 
mathematical model, morphometric data obtained 
through linear measurements on radiographs of 45 
patients of both sexes with previously diagnosed grade 
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I‑II scoliosis were used. The age of the patients ranged 
from 10 to 18 years (mean age 15.2 ± 0.45 years), 
which, according to the United Nations definition, 
corresponds to adolescence [1, 15]. Among the 
examined individuals, the left-sided form of scoliosis 
was observed in 21 patients, whereas the right-sided 
form was found in 24 children. Measurements of 
the selected anatomical parameters were performed 
simultaneously on two two-dimensional radiographic 
projections of the spine – frontal and sagittal. For each 
projection, the localization of reference points was 
performed at the upper endplate of Th2 and the lower 
endplate of Th11. Thus, in all clinical observations, the 
measurement distance for assessing deformity severity 
was limited to the arc between Th2-Th11 [9, 10]. All 
radiological examinations were performed on the same 

digital X-ray machine with identical (standardized) 
projection magnification by the same specialist. To 
reduce potential errors and image discrepancies, all 
radiographs were obtained in the vertical position 
(standing) in two projections: frontal and sagittal, 
during morning hours [16].

Research results and their discussion. 
Fundamentals of methodology and stages of 
constructing the mathematical model. In the normal 
vertical position of the torso, all vertebrae are 
subjected to axial compression, and specific spinal 
regions experience additional multidirectional shear 
loads depending on their spatial orientation. It has 
been proven that posteriorly directed loads reduce the 
rotational stability of a segment compared with regions 
subjected to anterior shear loading [17] (Fig. 1).

Fig. 1. Diagram of spinal regions that, in the vertical position, are subjected to posteriorly directed (red arrows) and 
anteriorly directed (green arrows) shear loads

Taking this into consideration, along with the 
Hueter-Volkmann’s law and the fact that AIS is a three-
dimensional spinal deformity, diagnostic measures 
aimed at determining its severity should not rely solely 
on radiographic data obtained in the frontal plane. 
Pathological changes in other projections must also 
be considered, acknowledging that frontal and sagittal 
deformities are interrelated, and therefore changes in 
the frontal plane induce pathological deformities in the 
sagittal plane. At the same time, sagittal spinopelvic 
deformities in AIS are directly associated with rotational 
vertebral displacement, which collectively determine 
the magnitude of the Cobb angle [18]. An important 
related aspect is the formation of thoracic cage 
deformities in AIS, ranging from underdevelopment 
of the thoracic cage to rib prominences or rib humps, 
which arise due to the rotational component of the 
spinal deformity [6, 17, 19].

Since scoliosis represents a deformity in three 
planes, determining its severity requires quantitative 

assessment of the scoliotic (frontal plane), kyphotic 
(sagittal plane), and rotational (axial plane) 
components of deformation [20]. A plane in three-
dimensional Euclidean space is defined using three 
non-collinear points. It has been shown that visual 
analysis of vertebral spatial orientation in adolescents 
with scoliotic deformity based on two-dimensional 
radiographs is generally misleading and does not 
provide reliable information, as flat radiographic 
images cannot accurately depict the true frontal 
(coronal) and lateral (sagittal) linear parameters of 
anatomical structures (the corresponding vertebra) 
[21]. To calculate the degree of scoliotic deformity 
considering vertebral rotational displacement, 
a  coordinate system of specific reference points 
was constructed in two planes: sagittal and frontal. 
Unlike some researchers who measured vertebral 
rotation around the vertical axis using vertebral body 
width at half its height, we selected the plane of the 
vertebral endplate surfaces as the basic reference for 



Клінічна анатомія та оперативна хірургія – Т. 25, № 1 – 2026 �   9

ISSN 1993-5897 (Online) �  Оригінальні дослідження

determining the inclination angle of each individual 
vertebra [9, 22]. This choice is intuitively clear and 
objectively justified, as the endplates, which represent 
active growth zones in adolescents, are the most 
clearly visualized structures on radiographs in patients 

of this age group, allowing for objective identification 
of the midpoint of the vertebral body. This greatly 
facilitates the construction of computational schemes 
for calculating the parameters of this anatomical 
structure (Fig. 2).

 
	 A	 B
Fig. 2. Diagram of determining the coordinates of vertebral reference points in the sagittal (A) and frontal (B) planes

The upper boundary of the computational model 
of the scoliotic spinal arc was schematically positioned 
precisely along the plane of the upper portion of the 
Th2 endplate (according to standing radiographs in 
the sagittal and frontal projections), corresponding 
to points P1, P2, P3, while the lower boundary of the 
arc corresponded precisely to the plane of the lower 
endplate, corresponding to points Q1, Q2, Q3.

For morphometric measurement of vertebral 
tilt in the corresponding plane, horizontal lines were 
drawn through the center of the upper (Th2) and lower 
(Th11) endplates, at half the width of the vertebral 

body. The value h, representing the distance from 
the horizontal line to the perpendicularly determined 
reference point, constituted the linear magnitude of 
the vertebral inclination angle at the upper and lower 
limits of the scoliotic arc.

The basis for developing a three-dimensional 
method for calculating the degree of scoliotic 
deformity was the Cobb scheme. According to 
the Cobb scheme, after determining the spatial 
localization of the Th2 and Th11 planes, the angle of 
their intersection (α) corresponded to the true 3D 
magnitude of the scoliotic spinal deformity (Fig. 3).

Fig. 3. Determination of the angle of intersection between two planes in scoliotic spinal deformity
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If the coordinates of three points on the vertebral 
surface are known, and these points are not collinear, 
then a unique plane can be constructed.

We obtain the equation of a plane passing through 
the points ( ) ( ) ( )1 1 1 1 2 2 2 2 3 3 3 3, , ; , , ; , ,P x y z P x y z P x y z . The 
plane passes through point P1 and has the following 
equation:

( ) ( ) ( )1 1 1 0A x x B y y C z z− + − + − = , 
where A, B, C are the coordinates of the normal vector.

The plane under investigation passes through 
point P2; therefore, the following equality must hold:

( ) ( ) ( )2 1 2 1 2 1 0.A x x B y y C z z− + − + − =

Point P3 also lies on the plane, and its coordinates 
satisfy the equation:

( ) ( ) ( )3 1 3 1 3 1 0.A x x B y y C z z− + − + − =

These three equations contain three unknown 
parameters – the coordinates of the normal vector of 
the required plane. These equations are linear with 
respect to the unknowns A, B, C. Thus, we obtain 
a system of linear algebraic equations:

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

1 1 1

2 1 2 1 2 1

3 1 3 1 1

0
0
0

A x x B y y C z z
A x x B y y C z z
A x x B y y C z z

 − + − + − =
 − + − + − =
 − + − + − =

Solving this system of linear algebraic equations 
yields the equation of the plane passing through the 
three points on the vertebral surface.

For example, in right-sided scoliosis, the coordinates 
of the points on the upper surface of the Th2 vertebra 
a r e :  ( ) ( ) ( )1 2 34,25;0; 3 ; 4,25;0;3 ; 0;3,25;0P P P− − . 
The plane equation defined by these three points is as 
follows: =12 17 0.x z+ =  (1)

For the lower surface of the Th11 vertebra, the 
coordinates of the three points are: 

( ) ( ) ( )1 2 36,75;0;3 ; 6,75;0; 3 ; 0;4,75;0Q Q Q− − . 

The plane equation defined by these three points 
is as follows: 4 9 0.x z− =  (2)

To calculate the angle between the two planes 
(Fig. 4), which are defined by the following equations: 

1 1 1

2 2 2

0;
0.

A x B y C z
A x B y C z

+ + =
+ + =

use formula: 

1 2 1 2 1 2

2 2 2 2 2 2
1 1 1 2 2 2

arccos .
A A B B C C

A B C A B C

 + +
 α =
 + + + + 

Fig. 4. 3D modelling of the scheme for determining angle α depending on the spatial localisation of the reference points 
Th2 and Th11
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For right-sided scoliosis, according to equations 
(1) and (2), the intersection angle between the two 
planes was calculated. The same approach was used 
to analyse the plane-intersection angles for kyphosis, 
as well as for right-sided and left-sided scoliosis.

The next stage of our study was the development 
of a  predictive model for the degree of scoliotic 
deformity depending on the inclination of the Th2 
and Th11 vertebrae in the frontal and sagittal planes, 
i. e. taking into account the rotational displacement of 
the respective vertebra. Separate calculations were 
performed for right-sided and left-sided deformities.

The predictive model of scoliotic deformity was 
constructed by developing separate linear equations 
describing the dependence of the position of reference 

points on the value of h, which represented the 
true rotational displacement of Th2 and Th11 in the 
corresponding plane for right- and left-sided scoliosis.

For this purpose, a separate table was compiled, 
summarising the minimum and maximum reference 
values of h for the main reference points of Th2 and 
Th11, taking into account the direction of deviation 
(indicated by «+» or «–») from the horizontal line 
drawn through the centre of the respective endplate 
(upper or lower) of each vertebra (Table 1).

The predictive assessment of the magnitude of 
spinal deformity correlated with the classification 
criteria of the current scoliosis severity grading and 
with SOSORT recommendations based on the Cobb 
angle (Table 2) [8].

Table 1
Reference values of h for left-sided and right-sided scoliosis in the frontal and sagittal projections

Vertebral level Measurement 
point

h value (mm)
Direction of h measurement

Min Max
Pathology and projection 
of examination

Right-sided scoliosis.
Frontal radiographic projection.

Th2 P1 0 3 Upward from the horizontal line
Th11 Q1 0 -3 Downward from the horizontal line
Pathology and projection 
of examination

Left-sided scoliosis.
Frontal radiographic projection.

Th2 P3 0 3 Upward from the horizontal line
Th11 Q3 0 -7 Downward from the horizontal line
Pathology and projection 
of examination

Right-sided / left-sided scoliosis.
Sagittal radiographic projection.

Th2 P2 1 4 Upward from the horizontal line
Th11 Q2 -3 -5 Downward from the horizontal line

Table 2
Distribution of scoliosis severity according to classification criteria based on Cobb angle

Degree of classified  
pathological manifestations

Spinal curvature magnitude  
according to Cobb angle

Normal 00

Scoliotic posture 1‑30

Scoliosis І st. 4‑100

Scoliosis ІІ st. 11‑300

Scoliosis ІІІ st. 31‑600

Scoliosis IV st. 610 and above

Among the cohort of patients included in this 
study, the maximum Cobb angle was 26°, which, 
according to the classification criteria, corresponded 
to grade II pathology. Based on the obtained reference 
values of h for right-sided and left-sided scoliosis and 

the classification distribution of pathology according 
to the Cobb angle, corresponding linear dependency 
graphs for the Th2 and Th11 ver tebrae were 
constructed and transformed into linear equations 
(Figs. 5, 6, 7, 8).
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Fig. 5. Linear graph of the dependence of Th2 vertebral tilt angle on the value of h in right-sided scoliosis

Fig. 6. Linear graph of the dependence of Th11 vertebral tilt angle on the value of h in right-sided scoliosis

Fig. 7. Linear graph of the dependence of Th2 vertebral tilt angle on the value of h in left-sided scoliosis
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Fig. 8. Linear graph of the dependence of Th11 vertebral tilt angle on the value of h in left-sided scoliosis

Solving the linear equations, we obtained the 
following predictive values for the course of the 
pathology. For right-sided scoliosis, the impact of 
the displacement (tilt) of the Th2 vertebra exceeds 
the corresponding displacement of Th11 by a factor of 
1.47. Moreover, at the maximum Th2 tilt, grade III 
scoliosis is determined. Regarding left-sided scoliosis, 
according to the obtained data, the influence on Th2 
displacement is 1.78 times greater than that on Th11. 
In addition, the results of solving the linear equations 
convincingly indicate that left-sided scoliosis shows 
a  stronger tendency for progression. The data 
obtained during the development and calculation 
of the mathematical model also explain the causal 
relationship for the higher frequency and greater 
prominence of the rib hump in left-sided scoliosis. 
The predominance of Th2 displacement in left-sided 
scoliosis, in our view, prognostically indicates a higher 
latent potential vulnerability of the left-sided spinal 
deformity, which must be considered at all stages of 
treatment and patient follow-up.

Conclusions. 1. A mathematical model has been 
developed and proposed for determining the true 
magnitude of spinal curvature in adolescent idiopathic 
scoliosis through 3D reconstruction of 2D radiographic 
images in the frontal and sagittal projections. This allows 
the consideration of vertebral deformity components 
along all spatial vectors: scoliotic, kyphotic, and axial 
(rotational). The proposed computational mathematical 
model for determining the degree of spinal curvature 
in children with idiopathic scoliosis can be applied for 

both right- and left-sided pathology, regardless of its 
severity. 2. The creation and solution of linear equations 
describing the mutual dependence of Th2 and Th11 tilt 
angles in right- and left-sided adolescent idiopathic 
scoliosis shows that, for right-sided pathology, the 
displacement of Th2 is 1.47 times greater than Th11, 
while for left-sided pathology, Th2 displacement relative 
to Th11 increases by 1.78 times, i. e., by 17.42%. 3. The 
developed 3D model for determining the degree of 
spinal deformity in adolescent idiopathic scoliosis 
allows prediction of the pathology course depending 
on the side of the deformity. In right-sided scoliosis, 
with maximum Th2 tilt, grade III disease is determined. 
Solving the corresponding linear equations indicates 
more destructive (pronounced) manifestations in left-
sided pathology, including higher frequency and greater 
prominence of the rib hump.

Prospects for further research. Further studies 
should focus on validating the proposed mathematical 
3D model in larger clinical cohorts with different types 
and severities of idiopathic scoliosis, as well as on 
comparing its accuracy with modern three-dimensional 
imaging techniques. Integration of the model with 
digital radiographic systems and software for 
automated calculation of spinal deformity parameters 
appears promising, as it may enhance the objectivity of 
diagnosis and dynamic follow-up. Particular attention 
should be paid to using the obtained 3D parameters 
to predict scoliosis progression and to substantiate 
individualized approaches to conservative and surgical 
treatment in children and adolescents.
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MATHEMATICAL MODEL OF THREE-DIMENSIONAL DETERMINATION OF THE DEGREE 
OF SPINE DEFORMATION IN ADOLESCENT IDIOPATHIC SCOLIOSIS
Abstract. It is known that in Ukraine every fourth child has postural disorders. According to the Public 
Health Center of the Ministry of Health of Ukraine, in 2019, 99.467 children were diagnosed with adolescent 
idiopathic scoliosis of varying severity, and according to the Medical Statistics Center of the Ministry of 
Health of Ukraine, only during preventive examinations in 2020, 92.322 children aged 0‑17 were found to 
have adolescent idiopathic scoliosis, of whom 45.553 were boys.
Objective – to comprehensively assess the severity of spinal deformity in the sagittal, frontal, and axial planes, 
taking into account the primary scoliotic curvature in patients with adolescent idiopathic scoliosis.
Since scoliosis is a  deformity in three planes, its grading requires quantitative assessment of the scoliotic 
(frontal plane), kyphotic (sagittal plane), and rotational (axial plane) components. It has been proven that visual 
analysis of vertebral spatial orientation in adolescents with scoliotic deformity based on two-dimensional 
radiographs is usually misleading and does not provide reliable data, as flat images cannot accurately depict 
the true frontal (coronal) and lateral (sagittal) linear parameters of anatomical structures (the corresponding 
vertebra). To calculate the degree of scoliotic spinal deformity considering vertebral rotational displacement, 
a coordinate system of their specific reference points was constructed in two planes: sagittal and frontal.
Unlike some researchers who measured vertebral rotation around the vertical axis using the width of the 
vertebral body at half its height, we selected the plane of the surfaces of the vertebral end plates as the basic 
reference for determining the tilt angle of each individual vertebra. This choice is intuitively clear and objectively 
justified, since the end plates are active growth zones in adolescents, are clearly visualized on radiographs in 
this age group, and allow accurate identification of the midpoint of the vertebral body, significantly aiding in 
constructing computational schemes for assessing the parameters of this anatomical structure.
Conclusions. A mathematical model has been developed and proposed to determine the true magnitude of 
spinal curvature in adolescent idiopathic scoliosis by means of 3D reconstructive modeling of two-dimensional 
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radiographic images in frontal and sagittal projections. This enables consideration of all components of vertebral 
deformity across spatial vectors: scoliotic, kyphotic, and axial (rotational). The proposed computational 
mathematical model for determining the degree of spinal curvature in idiopathic scoliosis in children can be 
applied for both right-sided and left-sided pathology regardless of its severity. The developed three-dimensional 
model for assessing the degree of spinal deformity in adolescent idiopathic scoliosis makes it possible to 
predict the course of the pathology depending on the side of curvature formation. For example, in right-sided 
scoliosis, grade III is determined when Th2 tilt reaches maximal values. Solving the corresponding linear 
equations indicates more destructive (pronounced) manifestations in left-sided pathology, including a higher 
frequency and greater severity of the rib hump.
Key words: adolescent idiopathic scoliosis, mathematical modeling, deformation, curvature of the spine, 
Cobb angle, 3-D images, radiographs, diagnosis, treatment, prognosis.
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