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

MATEMATHUYHA MOJEJb TPUBUMIPHOI'O BUSHAYEHHA
CTYHEHSA JE®@OPMAILII XPEBTA ITPU NIJIITKOBOMY
IJIOMATUYHOMY CKOJIIO3I

Pe3tome. Bigomo, mo B YKkpaiHi Ko’kHA YeTBEpPTa AUTHHA Ma€ MOPYIISHHS MOCTaBH. 3a JAHUMHU LIEHTPY TPO-
Mazickkoro 310poB’st MO3 Vkpainu, B 2019 p. y 99467 niteii Oyino BUABICHO MiJTITKOBUH 110MaTHYHUHI CKO-
J1103 Pi3HOTO CTYTICHSI, a 3T1IHO 13 JaHUMH IIEHTPY MeaudHo1 cratuctuku MO3 Ykpainu, nurmie mix gac mpodi-
nakTHYHUX onsiAiB y 2020 p. Oyno BusBiaeHo 92322 MUTHHM 13 MiATITKOBUM iJiONaTUYHUM CKOJII030M IMiKOM
0-17 p., cepen stkux 45553 ckiramamy XJIOMHKH.

MerTa — KOMIUIEKCHA OITiHKa BUPa3HOCTI medopMartii xpedTa y cariTanbHil, PpoHTaIBHIN Ta aKCiaTbHUX TUTOIIH-
HaX 3 YpaxyBaHHSIM IIEPBUHHOI CKOJIIOTHYHOI KPUBU3HH Y TIAIIIEHTIB 13 MiAJIITKOBUM 1/110TTAaTHYHAM CKOJIIO30M.
Tak sik cKoJ1103 sIBJIsiE€ 00010 ehopMallito y TPHOX IUIOIIKMHAX, )11 BU3HAYCHHS HOT0 CTYIIEHIO HEOOXITHE KiJlb-
KiCHE BU3HAUEHHS CKOJIIOTHYHOTO ((ppOHTANbHA IUIOIMIKHA), KIPOTHYHOTO (cariTajJbHOr0) Ta pOTaIiifHOTO (aK-
claJIbHOT0) KOMITOHEHTIB Aedopmartii. JloBeneHo, 1110 BizyalbHUI aHalli3 MPOCTOPOBOI OpieHTalliT XpeOLliB MpH
CKOJIIOTUYHIH JedopMarii y miATiTKiB Ha OCHOBI TBOBUMIPHUX PEHTTEHOrpaM 3a3BHUail OMAaHIMBHMA Ta HE Ha-
Jla€ JOCTOBIPHUX JaHUX, OCKIJIBKH PE3yJbTaTH IIACKUX 300pakeHb HE 31aTHI MOKa3aTH CHPaBKHI (pOHTAIIb-
Hi (KopoHapHi) Ta OiuHi (cariTagpHi) JiHIMHI TapaMeTpH aHATOMIYHUX 00’€KTiB (BiAmoBiAHOTO Xpediyst). s
OOYMCIICHHS CTYIICHIO CKOJIIOTHYHOI AedopMaliii xpeOTa 3 ypaxyBaHHIM pOTAL[i{HOTO 3MillIeHHs XpeOLiB Oyna
noOyIoBaHa CHCTEMa KOOPJMHAT iX IEBHUX PENepHUX TOUOK Y JBOX IUIOLUIMHAX: CariTadbHii Ta GpOHTATIbHIN.
Ha BigmiHy Bij IesSKUX OCHTIHUKIB, sIKi JUTS BUMIPIOBaHHS 00epTaHHs XpeOlliB HABKOJIO CBOET BEPTUKAIBLHOI OCi,
BHUKOPHCTOBYBAJIM TIOKa3HUK IIUPUHU Tijla XpeOls B AisHIN 1/2 HOro BUCOTH, HAMH B SIKOCTi 0a30BOi OCHOBH TIpH
BU3HAUECHHI KyTa HAXWIy KOXXHOTO OKpeMOro xpeOiist Oyiia oOpaHa IUIOLIMHA IOBEPXOHb iX 3aMHUKaIbHUX IIACTH-
Hok. Taxwii BHOIp € iHTYITHBHO 3p0O3yMIJIIM Ta 00’ €KTUBHO OOTPYHTOBaHUM, TaK SIK 3aMHUKaJIbHI INIACTHHKH, SIKi €
AKTUBHUMH JUITHKAMH 30H POCTY XPEOIliB Y MITEH ITiATITKOBOTO BiKY, SIKi HAHOLTBIIT 9iTKO Bi3yasIi3ylOThCS Ha PSHT-
TeHOTpaMax y TAITiEHTIB TaHOTO BIKOBOTO TEPIiOMY, TO3BOJILIIOUN 00’ €KTUBHO BH3HAYUTH CEPEAMHY Tijla XpeOris,
10 3HAYHO JTOTIOMArae y mooOyIoBi CXeM PO3paxyHKOBOTO OOYHCIICHHS IMapaMeTpiB JaHOTO aHATOMIYHOTO 00’ €KTY.
BucHoBku. Po3pobinena Ta 3anponoHoBaHa MaTeMaTHYHA MOJIE]Tb BU3HAUCHHS CIIPABKHBOT BETMYNHHI BUKPUB-
JIeHHs1 XpeOTa MpH IiUTITKOBOMY 1IOMAaTHYHOMY CKOJi031 HIISIXOM 3D peKOHCTPYKTHBHOTO MOIETIOBAHHS
PEHTTEHOJIOTIYHUAX TBOBUMIPHUX 300pa)keHb y (POHTANBHINA Ta cariTajabHId MPOEKIIisX, M0 A03BOJIE Bpa-
XOBYBATH KOMIIOHEHTH Jie(pOopMalliro XpeOIliB 10 BCiM IPOCTOPOBUM BEKTOPaM, a caMe: CKOJIIOTUIHOMY, Kido-
TUYHOMY Ta aKciaJbHOMY (poTaliifHOMYy). 3allporioHOBaHa pO3paxyHKOBa MareMaTHYHa MOJAETbh BU3HAYCHHS
CTYIICHS! BUKPHBJICHHS XpeOTa MpH 1110MaTHYHOMY CKOJIi031 y AiTel MOXKIIMBA 10 3aCTOCYBAHHS SIK [IPU MPaBO-
O1uHiii TaK i mpu J1iBOOIUHIHN JOKaNi3aLii MaToorii He3aleXHo Bif i cTyneHs Bupa3sHocTi. Po3pobnena moznennb
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TPUBUMIPHOTO BU3HAYEHHS CTyIeHs Aedopmaltii xpeOTa mpH MiTITKOBOMY iA10IaTHYHOMY CKOJIi031 T03BOJISIE
MIPOTHO3YBATH MEPeOir MaToJorii B 3a1eKHOCTI B JTIoKatizalii cTopoHu ¢popMmyBaHHs naroiorii. Tak, mpu mpa-
BOOIYHOMY CKOJi03i, 32 YMOB MakCUMaJbHUX BennuuH Haxuiny Th2 Busznadaetses 111 cTyninbs 3axBoproBaHHS.
Po3B’s3yBaHHs BiANOBIAHUX JNiHIHHUX PIBHSIHB 3acBiIuye OUIBII AECTPYKTUBHI (BUpa3Hi) MPOSBU HPH JIiBO-
O1uHiH JTOKaITi3allii MaToJorii, B TOMY YHUCIIi XapaKTepPHOIO € OLIbIa YaCcTOTa Ta BUPA3HiCTh pedepHOro ropoa.

Kuaro4oBi cjioBa: miuTiTKOBHI 1110NaTHYHAN CKOJII03, MaTeMaTHYHE MOJISITIOBaHHS, 1e(popMaltisi, BAKPUBJICH-
Hs XxpebTa, KyT Cobb, 3-D 300paxkeHHs1, peHTTeHOTpaMu, 1iarHOCTHKA, JIIKyBaHHS, IPOTHO3YBaHHS Hepeoiry.

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, rasterstercography, 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 Th,,, with slightly greater angles on
the concave side than on the convex side, and with
the greatest difference at Th.~Th, 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-1I 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 Th, and the lower
endplate of Th,,. Thus, in all clinical observations, the
measurement distance for assessing deformity severity
was limited to the arc between Th -Th  [9, 10]. All
radiological examinations were performed on the same
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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).
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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
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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
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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).

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
Th, endplate (according to standing radiographs in
the sagittal and frontal projections), corresponding
to points P, P,, P,, while the lower boundary of the
arc corresponded precisely to the plane of the lower
endplate, corresponding to points Q , Q,, Q..

For morphometric measurement of vertebral
tilt in the corresponding plane, horizontal lines were
drawn through the center of the upper (Th,) and lower
(Th,,) 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 Th, and Th  planes, the angle of
their intersection (o) 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 P (xlﬂyl’zl); ]32(x2,y2,22 s B (x3,y3,z3)- The

plane passes through point P, and has the following
equation:

A(x—x1)+B(y—y1)+C(z—zl)=O,
where A, B, C are the coordinates of the normal vector.

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

A(xz—xl)+B(y2—y1)+C(zz —zl)=0.

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

A(x3 —xl)+B(y3 —yl)+C(z3 —Zl)=0.
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:
A(x—xl)+B(y—y1)+C(z—zl)=0
A(x, —xl)+B(y2 —yl)+C(z2 —z])z
A(x3 —x1)+B(y3 —yl)+C(z —zl)

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 Th, vertebra
are:  P(4,25,0,-3); B,(—4,25;0;3); P, (0;3,25;0) -
The plane equation defined by these three points is as
follows: =12x+17z=0. (1)

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

0,(6,75,0;3); 0,(-6,75;0;-3); 0, (0;4,75;0)

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

To calculate the angle between the two planes
(Fig. 4), which are defined by the following equations:
Ax+By+Cz=0;
Ax+B,y+C,z=0.

use formula:

|4,4,+ BB, + C,C,| J'

oL = arccos
JA + B +C A2 + B2+ C:

Qufz)=—1,25

Fig. 4. 3D modelling of the scheme for determining angle o depending on the spatial localisation of the reference points
Th2 and Thil
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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 Th,
and Th, 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

OpuczinanvHi 00cnidiceHHs

points on the value of h, which represented the
true rotational displacement of Th, and Th,, 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 Th, and
Th, , 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

h value (mm
Vertebral level Measurement - value (mum) Direction of h measurement
point Min Max
Pathology and projection Right-sided scoliosis.
of examination Frontal radiographic projection.
Th, P, 0 3 Upward from the horizontal line
Th,, Q, 0 -3 Downward from the horizontal line
Pathology and projection Left-sided scoliosis.
of examination Frontal radiographic projection.
Th, P, 0 3 Upward from the horizontal line
Th,, Q, 0 -7 Downward from the horizontal line
Pathology and projection Right-sided / left-sided scoliosis.
of examination Sagittal radiographic projection.
Th, P, 1 4 Upward from the horizontal line
Th,, Q, -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 0°
Scoliotic posture 1-3°
Scoliosis I st. 4-10°
Scoliosis IT st. 11-30°
Scoliosis IIT st. 31-60°

Scoliosis IV st.

61° 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 Th, and Th  vertebrae were
constructed and transformed into linear equations
(Figs. 5, 6, 7, 8).
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a=f(P1;P2) at Q1;Q2=const right sided scoliosis
o, degree

y= 11,806k + 24,955

—a—02=-15 —e—0QZ2=30 | mem=-- Posture
Ist. o me——— st —  me—— i st
......... Linear [Q2=-1,5):------- Linear [0z=-30)
Fig. 5. Linear graph of the dependence of Th2 vertebral tilt angle on the value of h in right-sided scoliosis

o=f(P1,P2) at Q1,Q2=const right sided scoliosis

v = 11,806k + 24,955

y=11882x + 13,359

Position of point Py, P, mm

—a—02=-15 ——02=30 | === Pasture
lst. —  mm—— nmst. — —e———- I st
......... Linear [Q2 ==-1,5) +ermnnene Linear (02 =-3,0)

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

o=f{Q1;Q2) at P1;P2=const left sided scoliosis
o, degree

Y=661B2x+37,636 g

40
7 e RN o e OIS AP, g
20
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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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o=f(P1,P2) at Q1,Q2=const left sided scoliosis
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Fig. 8. Linear graph of the dependence of Thll 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 Th, vertebra exceeds
the corresponding displacement of Th, by a factor of
1.47. Moreover, at the maximum Th, tilt, grade III
scoliosis is determined. Regarding left-sided scoliosis,
according to the obtained data, the influence on Th,
displacement is 1.78 times greater than that on Th, .
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 Th, 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 Th, and Th | tilt
angles in right- and left-sided adolescent idiopathic
scoliosis shows that, for right-sided pathology, the
displacement of Th, is 1.47 times greater than Th, ,
while for left-sided pathology, Th, displacement relative
to Th,, 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 Th, 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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Kageopa zazanvnoi xipypeii ma yponoeii (3as. — npogh. B. I1. I[lonvosuii) 3axiady euuyoi oceimu Bykosuncbkoeo
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IHNPAKTHUYHI ACIIEKTHU JIAT'HOCTHUKH ETIOJOI'TYHHOI'O
YUHHUKA XPOHIYHOI'O BAKTEPIAJIBHOI'O ITPOCTATUTY
Y HYOJIOBIKIB MOJOA0T'O BIKY

Pe3rome. HesBaxarouu Ha MOSIBY CydaCHHX BHCOKOCIICITU(IYHUX METOMIB BUSBICHHS 30YyHHKIB 3arajbHOTO
MIPOIIECy, IarHOCTHKA iH(EKIIHHOTO areHTa Mpu XpoHigHOMY OakTepianbHoMy mpocraruti (XbBIT). nameka Bin
orntumainbHol. Tect Meares-Stamey 3aHIIA€ThCS «30J0THM CTAHIAPTOMY JUIS JIOKaTi3alii iHpeKIii, ane BiH
TEXHIYHO CKJIaJHUH 1 He 3aBKAN BUKOHY€ETHCSI, TOMY MPAKTUYHO 3aCTOCOBYIOTh CIIPOLICHI BapiaHTH LIbOTO TeC-
Ty i/a60 xoMOiHyI0Tb 13 [1JIP Ta 3aciBamu Ha )KMBUIIBHI cepeoBHIAa MeToI0 T0CIiKeHHsI 0ylI0 BCTAHOBHTH
0COOIUBOCTI MIKPOOHOTO CIIEKTPY B ypeTpi Ta mpocrati B 4omnoBikiB i3 XbII Ta ocobarBoCTi BUKOpUCTAaHHS
PI3HUX METOAIB BUSBICHHS 30yTHIKA 3aIAJIbHOTO MPOIIECY Y TAHOTO KOHTHHICHTY XBOPHX.

Ob6ctexxerHo 326 4YONOBIKIB MOJIOAOTO BiKY, B SKHX J[iarHOCTOBAaHO XPOHIYHMN OakTepialbHUI MPOCTaTUT
(XBII). Yci Bonn Oynu oOCTeKeHi 3a TOTIOMOTOI0 PyTHHHOT MIiKpOCKOTIi TpenapariB, iMyHO(IyopeceHIIii,
MoJIiMepa3Ho-JaHLIOTOBOI peakilii, 3aciBiB Ha cepenoBHIIa. Pe3ynpraru cBim4aTh, IO YyTIUBICTH aHANI3y
Ma3Ka 3 ypeTpH 3HAYHO [TOCTYMAEThCS YyTIIMBOCTI aHANI3y COKY MPOCTATH AJISl BUSBICHHS XPOHIYHOT iH(peKIil
CTaTeBUX LUIAXIB YOJIOBIKiB (0COONMBO TPUXOMOHAM), IPUCYTHICTH AKUX Y 80,8% BHIIaAKIB CyNPOBOIKY€ETh-
Cs1 OTHOYACHUM BHSIBIICHHSIM XJIaMi/Tii Ta MOJNIKYTiB. MOHOIH(EKIIisl CTATEeBUX OPTaHiB AiarHOCTY€ETHCS TITBKU
y 7,6-13,7% BumnaakiB Ta HAKOLIBII XapaKTepHA IS XJIaMidiid, HaiiMeHI — s npeactaBHuKiB KbO.

Byro 3po06ieHo BUCHOBOK, IO Y MOJOMX YOJIOBIKIB aTHIIOBI MIKPOOPTaHI3MH € BAKIMBAMHE €TIONOTTYHUMH (PaKTo-
pamu XBI1 iy s kareropist marieHTiB 000B’SI3K0BO TIOBUHHA OyTH 00CTEXeHa BIATIOBiTHIME MeTonamH. byro moka-
3aHO, 10 Yy TIMBICTh aHaJIi3y Ma3ka 3 ypeTpHy 3HATHO ITOCTYIIAETHCS Ty TIMBOCTI aHAJTI3Y COKY MPOCTATH JIjIsl BUSIBIICH-
HS XpOHIYHOT iH(EKIIii cTaTeBHX NUTIXIB YONMOBIKIB. [ [prcyTHICTS TpXOMOHA y cTareBux nunsixax y 80,8% BurmaakiB
CYTIPOBOKYETHCS OTHOYACHUM BUSIBIIEHHSIM XJ1aMifii Ta MomikyTiB. MoHoiHdektist ipr XbII miarHocTyeThest Tib-
Kku 'y 7,6-13,7% Bumnankip Ta HAHOLTHIN XapaKkTepHa TSI XJIaMiliid, a OJHOYaCHA TIEPCUCTEHITIS TpencTaBHuKiB KbD
3 TIATOTEHHUMH 30y/THUKaMH CIIOCTEPIraeThCsl 3HAYHO YaCTIIIe, HIXK TIOEHAHHS TAKUX 30y/THUKIB MK COOOFO.
KurouoBi ciioBa: mpoctatut, 00CTeKEeHHsI, XJIaMiil, TPHXOMOHAIH, MONIKYTH.

3HayHi 3MiHN MIKpOOHOTO TTel3axKy IpH iH(DeK-
LiIHHOMY ypaskeHHI CTaTeBOi CHCTEMH, SIKi BiIOYyIHCh
OCTaHHIMH pOKaMH, TPUMYIITYIOTh HAYKOBIIB Ta MPaK-
TUYHUX JIIKapiB [0 HOBOMY ITIAXOAUTH JIO JIarHOCTH-
KH Ta JIIKyBaHHA TakuX namieHTiB. O3HaueHi 3MiHH
CTOCYIOTbCS SIK BUIY 1H(EKIIHHUX areHTiB, Tak 1 iX
PO3IMOBCIOIKEHHS Ta 301IbIIICHHS YaCTOTH MOJiMi-
KpoOHUX acorianiii. He3Baxkarouu Ha mosiBy cydac-
HUX BUCOKOCHCIIM(IYHUX METOJ[iB BUSBICHHS 30y/I-
HUKIB 3aIaJIBHOTO MPOIIECY, SIKICTh SK €TiONOTIYHOTO,
Tak i TonorpadivyHOTO AiarHO3y JaJieKa BiJ OINTHU-
ManbHOI. TecT Meares-Stamey 3alIHMIIaeTbCs «30710-
THUM CTaHAAPTOMY IS JoKaizamii indekmii [1], ame
BiH TEXHIYHO CKJIAJHHUH 1 HE 3aBXKIH BUKOHYETHCS,
TOMY MPAKTHYHO 3aCTOCOBYIOTH CIIPOIICHI BapiaHTH
IBOTO TeCTy i/ab60 koMOinyroTh 13 IIJIP Ta 3aciBamu

Ha XUBWIBHI cepenoBuina [2-4]. Kpim Toro, BnacHe
BUKOHAHHS [[bOTO TE€CTY HANpsMy BIUIMBA€ HA SIKICTh
pe3ynsrariB [5]. OcTaHHIME pOKaMH 3’ SIBIITUCH OUTBIIT
CyYacHi TeCTOBI CHCTEMH, SIKi JO3BOJISIOTH OMHOYACHO
JOCITIIHKYBATH IUTHN psajt OaKTepiid, B TOMY YHCII aTH-
moBuXx [6, 7]. llle omHUM Ba)KJITMBUM MOMEHTOM € JIO-
KaJTi3ariss MiCITsl 3HaXOMKCHHS 1HQEKITi1, 0 KPUTUIHO
JUISL OITHMAaITBHOTO JTikyBaHHS [8]. Jloci Hemae y3ro-
JUKEHOCTI SIKUH cyOCcTpaT HallKpaliie BUKOPUCTOBYBATH
JUTSL TOCITIPKEHHS — cedy, CIiepMy, BUIIEHHS 3 ype-
TpH um cekpet npoctaru [9, 10]. Kpim Toro, nossa
PE3UCTEHTHHX IITaMIB Ta MOJIMIKPOOHUX acoliamii
3HAYHO yCKJIaJHHJIA SIK 11arHOCTHUKY, TaK 1 JTiKyBaH-
Hs Takux namienTis [11]. Tomy B mitepaTypi iCHYIOTb
Pi3Hi TOUKH 30py Ha cydacHi 0COOIMBOCTI KOJOHI3aLil
CEYOBHX LIUISIXiB TA CTATEBUX OPraHiB Pi3HUMHU MIKpO-
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OpraizMamy Ta X acolialisiM{, a TAKOXK Ha MTPaKTHY-
Hi T1JIXO/TU JIO AIarHOCTUKY Ta JIIKYBaHHS 3alaJIbHOTO
mporiecy [3, 4]. bpakye Takox 1aHUX PO 0COOIUBOCTI
MOTIMIKPOOHUX acowialiid Ta CIiBBiAHOLICHHS YacTo-
TH 1X OIIHOYAaCHOTO BUSBJICHHS B YpeTpi Ta MPOCTaTi.
Mera J0CTiIKEHH: BCTAHOBUTH OCOOIMBOCTI Mi-
KPOOHOTO CIIEKTPY B YpeTpi Ta MPOCTAaTi B YOJIOBIKIB i3
XPOHIYHIM OaKTepialbHUM IPOCTaTHTOM Ta 0COOITUBOC-
Ti BUKOPHCTAHHS PI3HUX METOIB BUSBICHHS 30yTHIKA
3aMaIbHOTO MPOLECY Y AAHOTO KOHTUHICHTY XBOPHX.
Marepiaa i MeTonu. by o6cTexxeni marmieH-
TH 13 XpOHIYHIM OakrepianbHuM npocrarutoM (XBIT)
(326 gom.) BikoM Bix 19 o 59 pokiB (cepenHiii Bik
27+5,2 pokiB). Yci nanieHTH OyiH CeKCyallbHO aKTHB-
HUMH reTepocekcyaiaMi. 3araibHUiA PoLec JIOKai3y-
BABCA B YPETPI, MPOCTaTi, JOAATKaX SIEY0K Y PI3HUX KOM-
OiHarlisX. Yci malieHTH MiAysraiy 3aralbHOKIIIHIYHOMY
Ta YPOJIOTTYHOMY O0CTEKEHHIO, TPAaHCAOOMIHATEHOMY
Ta TpaHcpekTaabHOMY Y 3/] mpocTaTy, ciM’THUX MiXyp-
uiB Ta Y3J1 opraniB kanuTku. BuseineHHs 30y HUKIB
MPOBOAMIIOCS METOAaMH PYTHHHOT MiKpOCKOIIi ITpena-

pariB, IMyHO(ITyOpECIIEHIIii, IToJIiMepa3HO-JIaHITFOTOBOT
peaxirii, 3aciBiB Ha cepemoBHINA. 3a pe3ylIbTaTaMu
KOMITJIEKCHOT OIIIHKH BCiX pe3ysbTaTiB 00CTeXEHb IPH-
HAMaoch pIIIeHHS PO €TIONOTIYHY TPHPOLLY 3araibHO-
T'0 TIPOIIECy Y KOXKHOMY BHIIJIKY.

Craructnuny 00poOKy TPOBOIMIIN 3 BUKOPHC-
TaHHAM y2-Tecty [lipcoHa.

Pe3ynbTaTu noc/igxeHHs Ta ix 00roBopeHHs.
VYei nauienTd Oyau po3MOAiNeHi Ha HACTYIHI TPyIH
BIJIMOBIJTHO JIO BUSBJICHUX MIKpPOOHMX YMHHUKIB: i3
XJIaMiiiHOIO 1H(EKUi€l0, 13 TPUXOMOHAIHOIO iH(eK-
Ii€10, 13 HASABHICTIO MOJIIKYTIB Ta MAI[iEHTH 3 YMOBHO-
MaTOTEHHOKO (DIIOPOFO, 10 IKUX MU BKITFOUMIIA KOKOBO-
OanmnsipHy (IIOpy Ta rapIHEpesH.

VYV oOctexennx 326 maiieHTiB MaibKe 3 OIHAKO-
BOIO JaCTOTOIO BUABILSINCH XaMimii (175 Joi., abo
53,7%), momikyTtu (170 gox., abo 52,1%) tra Kb®
(171 gom., abo 52,5%), memo piame — TPEXOMOHA-
au — 125 goi., ado 38,3%.

Bbinbm getanbHi pe3yaprati 00CTEXEHHS Talli-
CHTIB HajaHi B Ta0. 1-4.

Tabnuys 1
Ilepcucrenuiss Mikpodguiopu B yperpi Ta npocrari B 00CcTe:KeHUX NALIEHTIB
Ypetpa
Tpuxo- Tpubicu | Koxoso- Tapaue-| Ypea- | Miko- .
monamu | PO danmasipua eJIM | IJIa3MH | IJ1a3MH Xaaminii
™| Candida ¢aopa P
Busgsieno mramis 9 2 50 55 40 22 97
% 3.2 0,7 17.9 19,7 14,3 7.9 34,8
IIpocrara

BussieHo mramis 115 17 147 90 103 66 161
% 37.0 5,5 47.3 28.9 33,1 21,2 51,8
CuiBBIIHOIIEHHS IPOCTaTa/ypeTpa 11,5 7.6 2.6 1,5 2.3 2.7 1.5
X’ KPUTHYHHH 100,93 10,64 56,94 6,75 28,25 | 20,61 17,28
BiporigHicTs BigM.MiXK YPEeTpOIO
Ta IPOCTATON p<0,001 | p<0,01 p<0,001 | p<0,01 |p<0,001 [p<0,001| p<0,001

[pumitka: *p<0,05 mpu MOpiBHAHHI YaCTOTH BUAUICHHS OCHOBHOTO 30yIHUKA Y TPYIIi 3 TPUXOMOHAIO0 (HaliMeHIIa) Ta
y BIAMOBIMHMX TpyTax, Ta y TPyIi 3 XJIamigiero (Haibinpina) mopiBHAHO 3 iHImUMHU Tpymnamu; “p<0,05 mpu mopiBHSHHI

YaCTOTH BUSIBIIEMOCTI XJIaMiii

Tabnuys 2

Komoinauist MikpoopranizMiB, BUSIBJICHUX B ypeTpi (110 TOPM30HTAJI) 32 JTAHUMH JOCTI’KeHHs] Ma3KiB
TA OCHOBHMX 30yIHHMKIB, BUSIBJICHHX B CTATeBUX HLIAXaX MPH KOMILIEKCHOMY 00CTeskeHHi (110 BEPTHKAJII)

36yammK Tpuxo- I pnﬁ.lcn KED TI'apane- Ypea- Miko- Xnamizis
MOHAJa Candida peaa IJia3Ma mia3sMa

ToHXOMOHALA N 9 1 16 22 14 8 28
p A % 8.4* 0.9 15.0 20.6 13.1 7.5 26.2#

Xraniist N 3 1 28 33 16 8 97
A % 1.9 0.6 17.8 21.0 10.2 5.1 61.8%

Y T — N 5 1 28 29 40 22 46
Y % 34 0.7 18.8 19.5 26.8* 14.8* 30,9

KED N 3 1 50 55 21 10 56
% 2.0 0.7 34.0%* 374 14.3 6.8 38.1#

[pumitka: N — KITBKICT MALIIE€HTIB 13 JaHUM 30yAHUKOM, % — BiJICOTOK y aHIi TPyYIIi;
*p<0,05 pu MOPIBHAHHI YaCTOTH BUALIEHHS OCHOBHOTO 30yIHHKA Y TPYIIi 3 TPHXOMOHAI0K0 (HaliMEHINa) Ta Y BiIIOBI THIX
rpymax, Ta y Tpymi 3 XjiaMmigieto (Hai0Oinpina) mopiBHSAHO 3 iHIIUMH TpynamMu;#p<0,05 mpu mopiBHAHHI YaCTOTH

BUABIIAEMOCTI XJIaMiaiil
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Tabnuysa 3

Komo0inaniss Mikpooprasizmis, BUsiBJIeHMX B IPOCTATi (110 TOPU3OHTAJI) 32 JaHUMH JOCTIIKEHHS COKY
NMPOCTATH TA OCHOBHHUX 30yIHUKIB, BUSIBJICHMX B CTaTeBUX LIJIAXAX MPH KOMILUIEKCHOMY 00CTeKeHHi
(mo BepTHKAJI)

36yammK Tpuxo- l“pnﬁfm Tepec KE®D I'apn- VYpea- Miko- XJH.!Mi-
moHaaa | Candida HepeJa | mia3mMa | mia3ma Jist
Tpuxo- N 118 7 0 57 36 31 24 60
MOHaJa % 94,4 5,6 0,0 45,6 28,8 24,8%* 19,2 48,0#
Xonamizis N 59 8 0 91 56 48 28 163
% 34,1 4,6 0,0 52,6 324 27,7* 16,2 94,2
MoKyt N 60 11 0 80 58 104 66 74
% 35,7 6,5 0,0 47,6 34,5 61,9 39,3 23,5
KED N 59 11 0 147 91 61 37 95
% 34,5 6.4 0,0 86,0 53,2 35,7* 21,6 55,6#

Ipumitka: N — KiJIbKICTh MAIIEHTIB 13 JAaHUM 30yIHUKOM, % — BIICOTOK y JaHii IpyIii.
#p<0,05 momo 9acTOTH BUABISIEMOCTI Xnamiaiit; *p<0,05 moao yacToTu BUSIBISIEMOCTI ypeariasmu B rpymi 3 Kbd

MOPIBHSHO 3 IHITMMHU

Tabnuys 4

YacroTa aconianiii AeKiJbKOX 30yATHUKIB 32 JaHMMH KOMILIEKCHOTO JOCTiI7KeHHS
(ypeTpH, IPOCTATH TA KPOBi) y rpynax namieHTiB 3 pi3HUMH iHeKniiiHUMHU areHTaMHu

TpuxomoHaaa MoJaikyTH XJaamigis Kb®

1 3GymHmK N 12 22 24 13
% 9,6 12,9%* 13,7* 7,6%

2 sGymmKa N 44 60 63 61
% 35,2 35,3 36,0 35,7

3 sGymHmKa N 49 66 67 74
% 39,2 38,8 38,3 43.3

Binwme 3 N 20 22 21 23
30YIHUKIB % 16,0 12,9 12,0 13,5
Veboro N 125 170 175 171
% 100,0 100,0 100,0 100,0

[Mpumitka: N — KiNbKiCTh MALi€HTIB i3 1aHUM 30yTHUKOM, % — BIJIICOTOK Y JJaHill rpyrii;
*p<0,05 npu nopiHsHHI Tpynu Kb® 3 rpynamu 3 MonikyTaMu Ta XJaMiieto

[pwm ix aHami3i ¢ 3BepHYTH yBary Ha HaCTYIIHI
(haxtm. [Ipu MiKpoOiOIOTIIHOMY OOCTEKEHHI YPETPH
(mpoBenenHo B 278 marrieHTiB) Ta mpocTaru (IpoBee-
HO B 315 mamieHTiB) HAWYACTIIIE TPATIISUIACS XJIaMi-
nii (34,8% B ypetpi Ta 51,8% y mpocrari), KOKOBO-
Oanunspua daopa (17,9% rta 47,3% BiaAmoBiaHO),
TpuxomoHana (3,2% rta 37,0% BignosinHo, Tabm. 1).
[MommpenicTh ycix 30yIHHUKIB Y IpOCTaTi B AEKiJIbKa
pa3iB mepeBHILyBajia TaKy B ypeTpi, IPUUOMY MiHi-
MaJbHi BI/IMIHHOCTI CIIOCTEpIirajiucs BiJHOCHO XJja-
Miziii Ta rapaHepen (B 1,5 pa3u), MakcuMalbHi — BiJl-
HOcHO TpuxoMoHazu (B 11,5 pasu). IlosicHenHs Takum
(hakTam MU B niTeparypi He 3HaWmIIH. MOXXHA TIpH-
ITyCTUTH, 0 CaMe OCOOIMBOCTI TPOITHOCTI TPHUXOMO-
HaJI IO ETITENiI0 MPOCTaTHYHUX IIPOTOK 3yMOBITIOIOTH
TaKui HEPIBHOMIpPHUN pO3Moii 30yAHUKa. 3 1HIIIOTO
00Ky, T1e MOKe OyTH 3yMOBJICHO W THM, IIIO TPHXOMO-
HaJ¥ 3aCeJIFOTh 37e01IBIIIOT0 IPOKCUMAITBHI YaCTHH!
YPETpH, BHACIIOK YOTO aHalli3, B3ATUN 13 TUCTAb-
HOTO Bi/IJIITy, 9aCcTO HE BUSBIISAE 30yaTHUKA. Buxomsan

3 OTPUMaHUX JAaHUX, MOKHA JIATH IO Ba)KIMBOTO
NPaKTUYHOTO BUCHOBKY PO 3HAYHE 3MEHLICHHS YyT-
JUBOCTI aHaJi3y Ma3Kka 3 ypeTpH (HaBiTh Cy4YacCHUMU
METOIaMH ) JUUIs BUSIBJIIGHHS XpOHIYHO1 iH(peKii craTe-
BUX IIUISIXiB YOJIOBIKIB.

[Moganemuil mOrmuOIEeHUNA aHalli3 Hali€HTIB
3 PO3MOILIOM Ha BKa3aHi BUIIE TPYITH IMOKa3aB IIEB-
Hi 0COOTMBOCTI epeliry iHPEKITIHHOTOo TPoIecy MpH
pi3HEX 1HMEKIIIHHNX areHTax 3a HassBHOCTI 1 CX1THAX
O3HaK.

VY rpymi mamieHTiB i3 J1arHOCTOBAHUM XJIaMi-
JIAHUM MTPOLIECOM XJIaMifist OyJia BHSBJICHA B Ma3Kax
3 yperpu y 61,8% marieHTiB, B aHaJIi31 COKY MPOCTa-
™ — Yy 94,2% nauienris (tadn. 2, 3). Yactora BusB-
JICHHS] OCHOBHOTO 30yIHUKA B ypeTpi y Wiii rpymi Oyna
BIpOTiIHO HAHOIBIIOIO cepell YCiX iHMUX TPy, MO0
CBIIUUTH MPO YACTy XJaMiJiiHy iHBa3il0 ypeTpH.
VY mpocTari noegHaHHs XJIaMifii 3 ypearia3Moro 0yio
BIpPOT'iTHO MEHIII YaCTUM, HIXK Y ITIO€THAHHS ypearuias-
mu 3 Kb® y BianoBianiit rpymi. [Hmux Biporiganx
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PO301XKHOCTEH 1O PO3MOBCIOMKEHOCT] iHQEKIIHHUX
areHTiB B ypeTpi UM MPOCTaTi 3 IHIIUMHU IPyIIaMu MH
HE BIAMITHIIN.

Haftuacrime 3a 1aHUMH KOMILJIEKCHOTO JTOCIi-
JUKeHHS (Ta0l1. 4) BiI3HAYAIOCh O THAHHS XJIaMiTii
3 Kb® (57,7%), momnikytamu (46,3%), Ta TpUXOMOHa-
1o (36,0%). Ilpubnuzno y 2/3 namienTiB Oyno gia-
THOCTOBAHO OTHOYACHY acoIliallito 3 MOJIIKyTaMH Ta
TPUXOMOHAIaMH. 3a TIOPIBHSHHSAM 3 1HIIMMU TpyTa-
MH TIpH XJIaMigifHOMYy ypakeHHI HaMEHIIIAa 9acToTa
MTOETHAHHS 3 MOJIIKyTaMH, X04a IPU CTAaTHCTUIHOMY
aHautizi Oys10 3HAIEHO BIpOTiIHY BIIMIHHICT TUTBKH
MIOPiBHSAHO 3 Tpymoio 3 aiarHoctoBanoro Kb®d. Kpim
TOTO, Yy I[ili rpymi OyJo MiarHOCTOBAaHO HAWMEHIINN
BiJICOTOK OJTHOYACHOTO TTOETHAHHS 3 TPUXOMOHAIaMH
Ta MOJIIKYyTaMH, SIKUI BIpOTiTHO BiIpi3HSIBCA Big Ipy-
U 3 TPUXOMOHATHAM YPasKeHHSIM.

Xmamifgisi Ik MOHOIH(EKIIis NiarHOCTyBallach
TiTbKU y 13,7% naiiienTiB, M0 TpUOIU3HO JIOPiBHIO-
BaJIO aHAJIOTIYHOMY MOKa3HUKY Y TPYIIi 3 MOJNIKyTa-
MU Ta OyJ10 BiporigHo vacTtime, Hik y rpynu 3 Kb®
(tabm. 4). Y Toii ke yac, mpuOIM3HO y TIOJIOBUHH XBO-
pUX Bi3HaYaNaCh MPUCYTHICTH 3 Ta Ouible 30y HH-
KiB 3aMaJIbHOTO TIPOIIECY, IO OYJIO BiTHOCHO HMKUHM,
HIX B IHIIUX TpyNax, aine 0e3 CTaTHCTUYHO BipOTiTHOI
BIJIMIHHOCTI.

Cepe MamieHTiB 3 TPHXOMOHAIHAM yPaKCHHIM
BHSBIISIEMICTh TPUXOMOHAIM B ypeTpi Oyna HalHMK-
YO0 Cepel YCIX TPYI — yChoro v 8,4% maIieHTiB, 1mo
BIpOTiJTHO HWKYE, HIXK JIarHOCTYBaHHS OCHOBHOTO
30yIHUKa B ypeTpi B yCiX iHIIMX Tpymax, y mpocra-
Ti — Ha piBHI iHIMX rpyn (94,4%). Y wiii rpymi Takox
BipOTiIHO HWXKYe MOpiBHSHO 3 rpynoto 3 Kb® nia-
THOCTYBAJIUCh XJIaMifil SIK B YpeTpi, TaK i B MPOCTaTi,
a TaKoXX ypearia3ma B mpocrari (tadm. 2, 3).

[Noemnanns 3 MonikyTamu, xiamigismu Ta Kbd
3a JaHUMH KOMILJIEKCHOTO OOCTEKEeHHS BiI3HAYAIOCh
MIPaKTUYHO OAHAKOBO YacTo — Ha piBHI 50-52%. V Toii
e gac, KOMOIHAIlis TPUXOMOHAIN 3 MOJIKyTaMH Ta
XJIAMi/TiSIMH JTIarHOCTYBaJIach BipOTiHO YacTille, HixK
TaKa ke KOMOIHaIlisl B TpyIi 3 XJIaMiTisiMH Ta B TPYIIi
3 MoJTiKyTaMu (Tab:1. 4). Y OLIBIIO] YaCTHHM TAITi€HTIB
(54,2%) wiei rpynu criocTepiranock OIHOYACcHO 3 Ta
OipIie 30yAHMKIB 3aMMaIbHOTO MIPOIIECY, IO 3aXOIUTh-
Ccsl Ha PiBHI IHIINX TPYTI.

VY rpyri nari€enTiB i3 JiarHOCTOBAHUMH MOJTIKY-
TaMH y CTaTeBHX IIISAXaX 32 JAHUMH KOMILIEKCHOTO
JOCIHIDKEHHSI YacTillle BUSABISIIACH ypeariazma y 1o-
PIBHSIHHI 3 MIKOIUTa3MOI0 (B Ma3Kax 3 ypeTpH BiJIO-
BimHO y 26,8% Ta 14,8% mnarieHTis, y2po3pax.=6,59
npu y2kput.=3,84, B aHami3i coky npoctata —y 61,9%
Ta 39,3% manieHTiB BiAmoBigHO, ¥2po3pax.=17,19 npu
x2xpuT.=3,84). 3BepTac Ha cebe yBary, 10 B ypeTpi
4acTOTa BUSIBJICHHS OCHOBHHX 30yIHHKIB BipOTiTHO

OpuczinanvHi 00cnidiceHHs

HWKYe, HIXK B TPYII 3 XJIaMigissMu. Y TpocTaTi mo-
PIBHSIHO 3 TPUXOMOHATHOIO TPYIIOI0 BipOTiTHO piAlie
JiarHocTyBasnuch xnaminii. [Ipu npomy BiporizHux
PO301KHOCTEH M0 PO3MOBCIOMKEHOCTI IHIIHNX iH(EK-
UifHUX areHTiB B YPETpi UM MPOCTATi 3 iHIIUMHU TPy-
MamM¥u MM He BiaMitwin (Tabm. 2, 3).

Haituacrimre Bii3HAYa0Ch MOETHAHHS MOJTIKYTiB
3 Kb® (56,5%), xnamigiero (47,6%), Ta TpuXxOMOHa-
noto (37,6%). Ilpu npomy wacToTa acoriariiii 3 xia-
Mmizieto (47,6%) Oyna BiporinHo HMXYE, HIX y Ipymi
3 Kb® (tabm. 4). Y 69,4% namienTiB Oyio giarHocTo-
BaHO OHOYACHY aCOIIIaIlii0 3 MOJIIKyTaMH Ta TPUXO-
MoHamamu. [1pu MopiBHSHHI 3 TPYIIOIO 3 TPHXOMOHA/I-
HUM YpakKeHHSIM CITOCTepirajach BipOTiIHO MEHIIA
4acToTa OJJHOYACHOTO MOETHAHHS 3 MOJIKyTaMH Ta
XJIaMiJIi€ero.

MoikyTH ik MOHOIH(EKIIIS JiarHOCTyBalach
y 13,5% mnarieHTiB, 10 NpUOIU3HO TOPIBHIOBAIO
aHAJOTIYHOMY MOKa3HUKY Y TPYIIi 3 XJIaMiJIi€l0 Ta
Oyno BiporigHo dactime, Hixk y rpynu 3 Kb®. V toi
e 4yac, IpuOJIM3HO Yy MOJOBUHU XBOPUX BiA3Haua-
Jach MPUCYTHICTD 3 Ta Oinblie 30yIHUKIB 3anaabHO-
TO TIPOIIECY, 1110 BiAMOBITAIO0 IIbOMY ITOKa3HUKY B iH-
IIUX TpyTax.

Cepen mami€HTiB, Y SKAX BHUSBJICHO 3MillIaHy
Kb®, ii npucytHicTs B yperpi Oyna y 34,0% nami-
€HTIB, IO BipOTiMHO HMXXYeE, HIXK JiarHOCTYBaHHS
OCHOBHOTO 30yTHHKA B YPEeTpi B TPYIIi 3 XJIaMii€lo,
a y mpocrari — Ha piBHi iHmmx rpyn (86,0%). V mii
TpYIIi TAaKOX BipOTiAHO YaCTillle iarHOCTYBAaJIUCh
xJamifaii B yperpi, mpocTarTi (MOpiBHIHO 3 T'PYIOI0
3 TPUXOMOHA/IOI0), & TAKOXK 32 JIAHUMHU KOMIUIEKCHO-
ro J0cHiKkeHHs (OPIBHSHO 3 TPYIOI0 3 MOJKyTa-
Mu). BiporigHo yacrimie Takox BHBIsLUIACh ypea-
Tu1a3Ma MOPiBHAHO 3 TPYIOI0 3 XJaMigiero (Tadi. 2, 3).
KombGinarrist 3 iHImmmMu 30y THUKaMH 33 JAHUMU KOMII-
JIEKCHOTO OOCTE)KEHHS IiarHOCTyBajlach Ha PiBHi 3 iH-
[IMMH TPyTIaMH.

Tinpku Kb® 6e3 iHmuX 30yAHUKIB BUSBIS-
JIach BiTHOCHO PifiKO (BipOTiTHO pijiiie y MopiBHSIH-
Hi 3 TPYIIO0 3 XJIaMilissMu). YaCTHHHM MalieHTIB i€l
TPyNH, y SKUX CIOCTEPIrajJoch OMHOYACHO 3 Ta Oib-
nie 30yAHMKIB 3amansHOro npouecy (56,8%), Oyna
HaWOIIBIIOI0 Cepen IHIMMX TPYII, ajle 0e3 BipoTimHOoT
BIZIMIHHOCTI.

[IpoBenene mocaimKeHHS JO3BOJIMIO BUSBUTH
0COOJIMBOCTI KOJIOHI3aIiT CTATEBUX HIISAXIB MOJIOANX
CEeKCyaJIbHO aKTMBHHUX Y0JIOBiKiB. Hami mani mifm-
TBEPIKYIOTh 3arajibHOCBITOBI TEHJIEHIII1, sIKi TOJIs-
raloTh y TOMY, IO TIPH NATOTE€HHU, BUICHI IPH TrO-
CTPHX 1 XPOHIYHUX BHIIAJIKAX MPOCTATHTY, IEPEBAKHO
BKIItouaroTh Escherichia coli, Staphylococcus aureus,
Staphylococcus epidermidis, Klebsiella, Proteus
spp., Enterococcus spp., Pseudomonas aeruginosa
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ta Corynebacterium [12]. XBII takox moxe OyTu
CIpPUYMHEHUH aHAepOOHMMH OaKTepisiMH, HAUIO-
IIMPEHINIMMU Cepel AKX € Streptococcus sanguis Ta
Bacteroides. Jlane mocmikeHHs, 5K 1 psJ iHITUX, Ta-
KOX T0KAa3aJI0, 1[0 MiKpOOPTaHi3MH, 10 MEePEIAr0ThCs
CTaTeBUM IUISIXOM, Taki sk Mikorurazma, Chlamydia
trachomatis, Neisseria gonorrhoeae, Bipyc namiio-
mu monuHu Ta Trichomonas vaginalis, Hanexats 10
HalmommpeHimux 30yTHUKIB XPOHIYHOTO IPOCTATUTY
1 Y MOJIOIUX YOJIOBIKiB MOXKYTH 3yCTPIidaTUCh Y Bil-
HOCHO OUTBIIIHM KibKOCTi BUtaAkiB [1, 13]. V 3B’ 3Ky
3 UM OOCTEKCHHS TaKUX YOJIOBIKIB 3 BUKOPHCTAH-
HAM TecTy Meares-Stamey, HaBiTh 13 JOJaBaHHSIM 3a-
CIBY Ha CTaHIAapPTHI )KUBUJIbHI CEPEOBHIIA, YaCTO HE
BUSIBUTH PEAJIbHOTO 30yIHUKA 3aMaleHHs. Y TaKux
BUTIQJIKaX HEKOPEKTHE aHTHOAKTepialbHE JiKyBaHHS
HE TUTBKH HE MPHU3BENe 10 BUIIKOBYBaHHI Nali€HTa,
a 1 Crpusie BUHUKHCHHIO aHTHO10THKOPE3UCTCHTHUX
mTamiB OakTepili Ta MOSBI TOJATKOBUX YCKIIAJIHCHb,
OB’ sI3aHUX 13 JTiKyBaHHsM [14, 15].

BucHoBkm: 1. Y MoJIOAUX 4OI0OBIKIB aTUIIOBI Mi-
KPOOPTaHi3MH € BaYKIIMBUMH €TIONOTIYHIUMHE (HaKTO-
pamMu XpOHIYHOTO OaKTepiabHOTO MPOCTATUTY 1y 1A
KaTeropis MaiieHTiB 000B’I3KOBO MMOBHHHA OyTH 00-

CTe)KEHA BIANOBITHIMA MeToIaMH. 2. Uy T/HBICTh aHa-
i3y Ma3Kka 3 ypeTpH 3HAYHO TIOCTYIAETHCS Ty TIAMBOCTI
aHai3y COKY IMPOCTATH ISl BUABJICHHS XPOHIIHOI 1H-
(exuii cTareBuX NUISAXIB YOJOBIKIB, ¥ 3B’S3Ky 3 UMM
130J1b0BaHE OOCTEKEHHS YPETPH MMOKA3aHO TUIBKU IPU
KJIIHIYHO BUPKEHOMY TOCTPOMY ypeTpuTi. B ycix in-
HINX CUTYAaIIX OOCTEKEHHSI [POCTATH € 000B’ I3BKOBHM.
3. OcoOnMMBOCTSIMH KOJIOHI3aI1Ii1 yPEeTpH € BUCOKA 4aCTO-
Ta AiarHocTyBaHHs xnamiaii (61,8%) Ta HU3bKa — TpH-
xoMoHaz (8,4%). 4. [IpucyTHiCTH TPHXOMOHAJ Y CTa-
TeBux HuIxax y 80,8% BUMAAKIB CYyNPOBOIKYETHCS
OJTHOYACHUM BUSBIEHHSM XJIaMijlii Ta MOIIKYTIB. 5.
OpnnouacHa niepcucteniis npencraBHUKiB Kb 3 ma-
TOTEeHHUMH 30yTHUKaMH CIIOCTEPIra€ThCs 3HAYHO Yac-
Tillle, HiX MOEAHAHHS TaKuX 30yHUKIB MiX c00010. 6.
MoHoiH(pexkI1ist cTaTeBUX OpraHiB AiarHOCTYETHCS TUTh-
KUy 7,6-13,7% BumakiB Ta HAOLIBII XapaKTepHA IS
XJIaMifIii, HaltMeHI — 1t ipeacTaBHUKIB KbO.

IlepcnekTUBH MOJAJBIINX AOCJiIKEHb.
IMomanpiii TOCITIIKSHHS MOXKYTh OyTH CIPAMOBaHI Ha
arnpo0alliro Ta 3acTocyBaHHs crieludiyanX iH eKIii-
HUX MaHeNIeH Ha OCHOBI CyYaCHHUX METO/IIB BUSIBJICHHS
iH(pEKIIHHUX YUHHUKIB, MiI01p SKUX Oy1e BiAMOBIAa-
TH TaKUM Y KOHKPETHOT KOTOPTH MAaLli€HTIB.
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PRACTICAL ASPECTS OF DIAGNOSING THE ETIOLOGICAL FACTOR OF CHRONIC
BACTERIAL PROSTATITIS IN YOUNG MEN

Abstract. Despite the emergence of modern highly specific methods for detecting causative agents of
inflammatory processes, the diagnosis of the infectious agent in chronic bacterial prostatitis (CBP) remains far
from optimal. The Meares-Stamey test continues to be the «gold standard» for localizing infection; however,
it is technically demanding and not always feasible in routine practice. Therefore, simplified versions of this
test and/or combinations with polymerase chain reaction (PCR) and culture on nutrient media are commonly
used. The aim of the study was to determine the characteristics of the microbial spectrum in the urethra and
prostate in men with CBP, as well as the features of using various methods to identify the causative agents of
inflammation in this patient population.

A total of 326 young men diagnosed with chronic bacterial prostatitis were examined. All patients underwent
routine microscopic examination of specimens, immunofluorescence testing, polymerase chain reaction
(PCR), and culture-based microbiological studies. The results indicate that the sensitivity of urethral smear
analysis is significantly lower than that of prostatic secretion analysis for detecting chronic male urogenital
infections, particularly Trichomonas. In 80.8% of cases, the presence of Trichomonas was accompanied by the
concomitant detection of Chlamydia and mollicutes. Monoinfection of the genital tract was diagnosed in only
7.6-13.7% of cases and was most characteristic of Chlamydia and least characteristic of representatives of the
chronic bacterial flora.

It was concluded that atypical microorganisms are important etiological factors of chronic bacterial prostatitis
in young men, and that this category of patients should be examined using appropriate diagnostic methods. The
sensitivity of urethral smear analysis was shown to be significantly inferior to that of prostatic secretion analysis
for detecting chronic male urogenital infections. The presence of Trichomonas in the urogenital tract was
accompanied by the simultaneous detection of Chlamydia and mollicutes in 80.8% of cases. Monoinfection in
CBP was diagnosed in only 7.6-13.7% of cases and was most typical for Chlamydia, whereas the concomitant
persistence of representatives of the chronic bacterial flora with pathogenic microorganisms was observed
significantly more often than combinations of these pathogens with each other.

Key words: prostatitis, examination, Chlamydia, Trichomonas, mollicutes.
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