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Malocclusions and discrepancies in dental arch form remain highly prevalent among
children and adolescents worldwide, significantly affecting oral health, facial aesthetics
and quality of life. Accurate, population-specific prediction of individual dental arch
parameters based on cephalometric and odontometric characteristics is therefore
essential for personalized planning of orthodontic and orthognathic treatment in
young patients with normal occlusion. The aim of the study is to construct and analyze
regression models of the dimensions required for constructing the correct dental arch
form in Ukrainian young men and women with physiological occlusion depending
on teleroentgenometric indices according to the Schwarz method and computed-
tomographic tooth dimensions. In the OnyxCeph®*™ application, 3DPro version (Image
Instruments GmbH, Germany) teleroentgenometric indices according to the Schwarz
method were performed on conventionally obtained lateral teleroentgenograms and
on teleroentgenograms created in the 3D Slicer v5.4.0 software with points marked
on 3D objects in 41 Ukrainian young men and 68 young women with physiological
occlusion. Also, in these young men and women, using the software applications
i-Dixel One Volume Viewer (Ver.1.5.0) J Morita Mfg. Cor and Planmeca Romexis
Viewer (ver. 3.8.3.R 15.12.14) Planmeca OY, measurements of the dimensions of the
teeth of the maxilla and mandible and the linear parameters of the dental arches were
performed on computed tomograms. Using the licensed software package “Statistica
6.0” regression models were constructed for the parameters of the correct dental
arch form depending on the characteristics of the cephalometric parameters and
computed-tomographic tooth dimensions. It was established that in young men all 18
possible significant models with a coefficient of determination greater than 0.6 were
constructed (R2=0.680-0.893, p<0.001); and in young women only 6 significant models
with a coefficient of determination greater than 0.6 were constructed (R2=0.611-0.800,
p<0.001). In the analysis of the frequency with which computed-tomographic tooth
dimensions and teleroentgenometric indices entered the regression equations it was
established: in young men the variables most frequently included in the models are
crown width in the vestibulo-oral and mesio-distal planes, cephalometric parameters
and tooth length; and in young women cephalometric parameters and crown width
in the mesio-distal and vestibulo-oral planes. In the analysis of the frequency with
which individual teeth entered the regression equations it was established that in
young men the teeth most frequently included in the models are maxillary incisors,
mandibular incisors, maxillary premolars, mandibular premolars and maxillary canines;
and in young women maxillary incisors, mandibular incisors, mandibular canines and
mandibular premolars.

Keywords: dentistry, teleroentgenometry by the Schwarz method, computed
tomographic dimensions of teeth and dental arches, regression analysis, Ukrainian
young men and women with normal occlusion.

Capyright © 2025 Spodaruk A. L. et al. This is an open access articie distributed under the Creative Commons Attribution License. 59
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



https://morphology-journal.com
mailto:spodaruk-nastya@ukr.net

Regression models of parameters required for constructing an appropriate dental arch form depending on the characteri

Introduction

Pathology of the dentoalveolar system occupies one
of the leading positions in the structure of dental morbidity
in children, and its incidence tends to increase in most
countries. The global distribution of the main occlusal classes
in permanent dentition is approximately 74.7 % for class I,
19.6 % for class Il and 5.9 % for class Ill, as reported by
Athammadi M. S. et al., which demonstrates that the overall
burden of malocclusion is high [3]. Another systematic
review on the prevalence of malocclusion in children and
adolescents revealed that the proportion of individuals with
various types of malocclusion generally ranges from about
40 % to more than 90 % in different regions, which indicates
not only extremely high variability but also the mass character
of this pathology as a worldwide public health problem [8].

Regional studies corroborate the high prevalence
of malocclusions in schoolchildren in countries with
diverse socio-economic conditions. A high prevalence of
malocclusions and a high percentage of children in need of
orthodontic treatment have been recorded in the northern
regions of Saudi Arabia, which is attributed both to the
characteristics of craniofacial growth and to limited access to
specialized services [1]. Studies in Turkey and in major cities
of China (Shanghai, Xi'an) have demonstrated that various
types of malocclusion are found in a significant proportion
of children aged 10-12 years and in the mixed dentition
stage, with the structure of anomalies differing considerably
according to age, sex and place of residence [4, 29, 30].

In view of their high prevalence, malocclusions have
not only medical but also pronounced social and psycho-
emotional importance, affecting the quality of life of children
and adolescents. Brazilian studies have shown an association
between orthodontic treatment need and oral health-related
quality of life, demonstrating that a considerable number
of adolescents require some type of orthodontic treatment
according to public health criteria, and that the presence
of severe dentoalveolar anomalies is related to worse
OHRQoL, impaired self-esteem and reduced satisfaction with
appearance [7]. In a study of 8-12-year-old schooichildren
it was demonstrated that the presence of moderate and
severe malocclusion has a signficant negative impact on
functional aspects and on emczcnal and social well-being
related to oral health. which sucooms ;e societal benefits of
early orthodontic interventon a: 2n 222 wnan disturbances in
dental arch form can be csiszi=z 2nc comecied (28]

The morphology anc shape of T3 S=ni3l arches are key
components in the develcom=m of scols

position and shape of individual teeth, which emphasi:
role of individual dental arch parameters in the develc
of complex dentoalveolar conditions [24].

Despite a wide range of studies on the previ
of malocclusion and its impact on quality of life, s
important issues remain insufficiently resolved, inc
the quantitative description of dental arch form ai
construction of regression models aimed at linking
characteristics of the dentitions with cephalometrit
and odontometric indices, especially in adolescents
probable reason is that most existing studies on di
types of anomalies focus primarily on the frequenc
qualitative characteristics of malocclusion types and «
consider individual craniofacial morphology or spatial
dimensions, although precisely these approaches
potentially be used to predict the optimal dental arck
and to individualize orthodontic care. Given the giob:
local significance of dentoalveolar pathology and its p
relationship with arch morphology, which contributes
formation of malocclusions, research on regression m
of parameters necessary for designing an adequate ¢
arch form in healthy young men and women with ni
occlusion acquires scientific and practical relevance [3, ¢

The aim of the study is to construct and analyze regre
models of the dimensions required for constructini
correct dental arch form in Ukrainian young men and wt¢
with physiological occlusion depending on cephalon
parameters according to the Schwarz method
computed-tomographic tooth dimensions.

Materials and methods

From the database of the Department of Pedi
Dentistry and the Research Center of National Pir
Memorial Medical University, Vinnytsya primary comp
tomograms of 41 Ukrainian young men (aged from 1
21 years) and 68 Ukrainian young women (aged fror
to 20 years) with physiological occlusion were obtai
All teleroentgenographic (using the dental cone-b:
tomograph Veraviewepocs 3D Morita, Japan) and compt
tomographic (using the dental cone-beam tomogr
Planmeca ProMax 3D Mid, Finland) examinations v
carried out on the basis of the principle of volun
informed consent in the private dental clinic “Vinintern
and in the “Center for Maxillofacial Diagnostics Planm
3D". Committee on Bioethics of National Pirogov Mem
Medical University, Vinnytsya (protocol Ne 8 From 9.09.2(
found that the studies do not contradict the basic bioeth
standards of the Declaration of Helsinki, the Counc
Europe Convention on Human Rights and Biomedic
(1977), the relevant WHO regulations and laws of Ukra

On conventionally obtained lateral cephalograms :
cephalograms created in the 3D Slicer v5.4.0 software s
points marked on 3D objects, measurements accordint
the method of Schwarz A. M. [26, 27] were performed in
OnyxCeph®™ application, 3DPro version, Image Instrume
GmbH (Germany).

2 r=lzzonships and
in maintaining stability sfisr orswacoanc w=zmment. Recent
studies indicate that chilcr=n Wt mormz! occhesion and
those with various types of maoeoiunan SF=r sicadicantly
in dental arch form anc gim=nsions =n2 T3= cewatons of
transversal and sagina == = =
with the developmen: 2f 2=2m2
Certain groups of patiens=, for swsmols Tlc=s Wi Ci=
lip and/or palate. show meme=z Emgss & c=o=soiar
arch morphology and 2 nigh cememmas of ssomEies - s
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In accordance with the Schwarz method the following
craniometric (Fig. 1), gnathometric indices (Figs. 2, 3) and
soft tissue profile indices (Fig. 4) were determined: angle
F (°) — facial angle, formed by the lines Se-N and N-A and
defining the position of the anterior contour of the maxilla in
the sagittal plane relative to the cranial base; angle H (°) —
the angle formed by the lines Po-Or (Frankfurt plane (Fp))
and Pn ((nasal perpendicular, the perpendicular line from
point N’ (cutaneous nasion) te the line Se-N)), defining the
inclination of the Frankfurt plane to the cranial base; angle |
(°) — inclination angle, defining the angle of inclination of the
makxilla (spinal plane) to the nasal perpendicular, the angle
formed by the line ANS-PNS and Pn (nasal perpendicular,
the perpendicular line from point N’ to the line Se-N); angle
T (°) — profile angle T, formed by the lines Sn-Pog’ and Pn
(nasal perpendicular); angle B (°) —basal angle, indicating the
angle between the maxilla and mandible, formed by the lines
ANS-PNS (palatal plane SpP) and Im-Me (mandibular plane
MPS according to Schwarz); distance N-Se (mm) — distance
from point Se to point N, or the length of the anterior part of
the cranial base; distance Max (mm) — maxillary length, the
distance from the projection of point A onto the line ANS-PNS
to point PNS; angle Max1-SpP (°) — formed by the lines Ap1u-
Is1u (inclination of the central axis of the maxillary central
incisor) and ANS-PNS (palatal plane, SpP); angle Hl (°) -
interincisal angle, formed by the lines Ap1u-Is1u (central axis
of the maxillary central incisor) and Ap1L-Is1L (central axis
of the mandibular central incisor); angle G (°) — gonial angle,
mandibular angle, formed by the lines ppCond-MT2 and MT1-
Me, which intersect at point tGoS; distance L-Mand (length
of mandible) (mm)— mandibular length; the distance from the
projection of point Pog onto the line MT1-Me to point tGoS;
distance R.asc. (mm) — ramus length; the distance from the
constructed point R.asc to the constructed point tGoS; angle
Mand1-MP (°) — formed by the lines Ap1L-Is1L and Me-Im
and defining the position of the axes of the mandibular incisors
relative to the mandibular plane according to Schwarz; angle
MM (°) — maxillo-mandibular angle, defining the angle at which
the maxilla is positioned relative to the mandible in the sagittal

*plane, formed by the lines A-B and ANS-PNS; distance Sn-
Pn (mm) — defining the position of point Sn relative to the
perpendicular Pn; distance Pog’-Por (mm) — distance from
point Pog’ to the orbital perpendicular Por, defining the position
of the chin relative to the perpendicular to the Frankfurt
plane drawn through the orbit; angle GI’LsPog’ (°) — formed
by the lines GI-Ls and LsPog’, defining facial convexity;
angle SnPog’-Pn (°) — formed by the lines SnPog’ and the
perpendicular Pn; distance Li-SnPog’ (mm) — defining the
position of point Li relative to the line SnPog’.

For the morphometric study of the teeth of the maxilla
and mandible and the dimensions of the dental arches the
software applications i-Dixel One Volume Viewer (Ver.1.5.0) J
Morita Mfg. Cor and Planmeca Romexis Viewer (ver. 3.8.3.R
15.12.14) Planmeca OY were used.

For the anterior group of teeth, namely for the incisors and
canines of the maxilla and mandibie, crown width and the width
of the dentinoenamel junction of the tooth were determined in

Fig. 1. Craniometric indicators according to the Schwarz methoa
1-angleF,2-angleH 3-anglel. 4-angle T

Fig. 2. Gnathometric indicators according to e Schwarz method
5 — angle B, 6 — distance N-Se, 7 — distance Max. 8 - angle
Max1-SpP, 9 — angle II.

Fig. 3. Gnathometric indicators according to e Schwarz method.
10 —angle G, 11 — distance L-Mand, 12 — distance R.asc.. 13 -
angle Mand1-MP, 14 — angle MM

Vol. 31, Ned, Page 59-68
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Fig. 4. Soft tissue profile indicators according to the Schwarz
method. 1— Sn-Pn distance; 2 — Pog’-Por distance; 3 - GI'LsPog’
angle; 4 — SnPog’-Pn angle; 5 — Li-SnPog’ distance.

the mesiodistal (MdK and MdC, respectively) and vestibulo-
oral (VoK and VoC) projections, the length of the whole tooth
(MdLD —identical in both projections), as well as crown height
(MdLK and VoLK) and root length (MdLR and VoLR) relative
to the cervical line in the corresponding projections.

For the premolars of the maxilla and mandible the crown
width was determined in the mesiodistal and vestibulo-oral
projections, as well as tooth length, which was measured
between the cusp tip of the buccal cusp and the root apex
in the vestibulo-oral projection (if the premolar had two roots
tooth length was determined to the apex of the buccal root).

For the first molars of the maxilla and mandible the crown
width was determined in the mesiodistal and vestibulo-oral
projections.

Since in previous studies [17]. when comparing
computed-tomographic dimensions of corresponding teeth
on the right and left sides. no significant differences or trends
toward differences were found. we used mean values of
the corresponding teeth in the maxilla and mandible: 11
or 41 — maxillary or mangaicular central incisors, 12 or 42 —
maxillary or mandibular lgteral inc'sers. 13 or 43 — maxillary
or mandibular canines, 14 or 4 — maxillary or mandibular
first premolars, 15 or 43 — maxilary o mandibular second
premolars. 16 or 46 - m ciouiar first molars.

The parameters of & =
three cranial planes In
were measurec. CEINSST TS CusC
33_43Bugr)anc roct apices 112
maxillary and manciculsr canmes &
the apices of the mescowsca nege 2

'
| s
1
)
[¥]

Iy O

M m W

s=== (mapex_B).
distobuccal roots {Szoi B 3ms B Sucsmhiousss (WesiSM) of

the maxillary first ~cz=
(mapx_46) anc cisis
molars: the distance tta

(PonM) Pont's poini= i s maails, 20 @ e zasT3 Dens
the distances wers messw= t=mmss B rosa soges O
the central incisors zns &= IPSs oo T s TUSsS

(DL_C), the premolar (DL_F)and molar (DL_S) Pont’s points
in the maxilla (Fig. 7). In the vertical plane distances were
measured that characterize the position of the occlusal plane
at the level of the canines (GL_1), first premolars (GL_2) and
molars (GL_3) relative to the hard palate (Fig. 8).

Fig. 5. Determination of the distance between the cusp tips (1)
and root apices (2) of the maxillary canines.

‘Fig. 6. Determination of the distances between the apices of the
mesiobuccal (1), palatal (2) and distobuccal roots (3) and the
buccal cusps (4) of the maxillary first molars.

Fig. 7. Determination of the distances between the canine cusps

1. the premolar (2) and molar (3) Pont's points, and the distances
cetween the incisal point and the canine (4), premolar (5) anc
molar (6) lines in the maxilla.
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1. 8. Determination of the distance that characterize the
=tion of the occlusal plane relative to the hard palate at the
= of the canine (1), premolar (2) and molar (3) lines.

Jsing the “Statistica 6.0” license package, regression
acels were built (using the stepwise regression analysis
#nod) of the dental arch parameters depending on the
“aracteristics of teleradiometric indicators and computed
=ography dimensions of the teeth.

Results .

n Ukrainian young men with physiological occlusion the
“owing significant regression models (with a coefficient of

==mination R%>0.60) of the linear dimensions required
* onstructing the correct dental arch form depending on
= cnaracteristics of cephalometric parameters according
- ~e Schwarz method and computed-tomographic tooth
“m=nsions were constructed:

Zstance DL_C (young men)= -14.89 + 0.814xMdK11 +
3xVoK41 + 0.081xMM - 0.403xVoLK41 + 0.744xMdC11

© 281MdLK13 - 0.155VoLR13 (R?=0.849, F,,,=26.45,
001, Std.Error of estimate=0.575);

mstance DL_F (young men)= -9.443 + 1.570xMdK11
© 240xVoK15 - 0.381xVoLK42 - 0.590xVoK45 +
1=3xVoC42 - 0.323xMdLR42 + 0.166xMdLR41 +
~22xGl'LsPog’ (R?=0.849, F . =22.51, p<0.001, Std.Error
] (8.32)

‘==mate=0.669);

@stance DL_S (young men)= 6.145 + 1.905xMdK11
" 248xVoK15 + 0.861xVoK46 - 0.071xMand1-MP -
= TxVoK45 - 0.336xMdLR12 + 0.370xVoK14 (R?=0.893,
. =39.35, p<0.001, Std.Error of estimate=0.675);

=siance GL_1 (young men)=17.66 + 0.201xMax1-SpP
© =22xMdK46 + 1.333xVoK15 - 0.255xH + 0.122xMax +
157 +VoC42-0.581xMdLR12 + 0.325xMdLD13 (R?=0.727,
. =10.63, p<0.001, Std.Error of estimate=1.417),

ssfance GL_2 (young men)= -2.572 + 0.173xMax1-
o - 0.683xVoLR13 - 0.980xMdLD45 + 2.864xVVoK12 +
T MdLK13-0.654xMdLD41 +0.477xMdLK11 (R?=0.680,
~.=70.00, p<0.001, Std.Error of estimate=1.641);

ssrance GL_3 (young men)=-0.775 + 0.120xGl'LsPog’
 27xMdLD45 + 0.910xMdLD11 + 0.065xL-Mand -
S22 MdK16 + 1.002xVoK15 + 1.726xMdK14 (R?=0.753,
~.=74.40, p<0.001, Std.Error of estimate=1.141),

astance PonPr (young men)= 5.701 + 1.366xMdK12

+ 1.573xMdK15 - 0.478xMdLR12 + 2.217xMdK45 +
2.042xMdK41 - 0.319xMdLD14 (R?=0.801, F,_ ., =22.80,
p<0.001, Std.Error of estimate=1.002);

distance PonM (young men)= 35.38 + 2.544xVoK15 +
0.7561xMdLD44 - 0.494xMdLD14 - 0.124xG - 0.157xSn-
Pn - 1.808xVoK42 + 1.453xVoK43 (R?=0.758, F .. =14.75,
p<0.001, Std.Error of estimate=1.392);

distance VestBM (young men)= 48.12 + 2.526x\VoK15 +
1.282xMdLD44 - 0.569xMdLD42 - 0.625xMdLD45 - 0.122xG
- 0.074xMax (R?=0.786, F634=20.87, p<0.001, Std.Error of
estimate=1.326); 4

distance 13_23Bugr (young men)=7.992 + 2.502xMdK12
+ 1.849xMdK13 - 0.487xVoLR12 - 0.913xVoK14 +
1.396xMdK41 + 1.171xMdC41 (R?=0.764, F_, =18.34,
p<0.001, Std.Error of estimate=1.058);

distance 13_23Apx (young men)= 38.82 + 0.205xMax1-
SpP + 0.322xLi-SnPog’ - 1.357xVoK16 + 2.037xVoK45
- 2.229xVoK13 + 1.742xMdK12 + 0.450xMdLD14 -
2.237xMdK13 - 0.072xL-Mand - 0.124xB (R?=0.771,
F(1029)=9.14, p<0.001, Std.Error of estimate=1.270);

distance napx_6 (young men)= 37.58 + 3.061xMdC42
- 2.737xVoK16 + 4.664xMdK12 - 0.732xVoLR13 +
0.762xMdLD45 - 0.800xVoLR11 - 0.097xMax (R?=0.715,
F(7 33)=11.84, p<0.001, Std.Error of estimate=1.876);

distance dapx_6 (young men)= -23.49 + 2.973xVoK15
+ 3.030xMdK46 - 5.057xMdC13 + 1.121xVoLK13
+ 2.296xMdK12 + 3.452xMdK15 + 2.377xVoC13 -
1.996xMdK16 (R?=0.764, F_, =12.95, p<0.001, Std.Error
of estimate=2.374);

distance mapex_6 (young men)=-44.74 + 3.792xMdK45
+4.363xMdK15 + 3.178xMdK12 + 0.309xH + 1.630xMdC41
-0.567xMdLR42 - 1.567xVoK15 + 1.476xVoK12 (R?=0.872,
F(832)=27.14, p<0.001, Std.Error of estimate=1.328);

distance 33_43Bugr (young men)=-0.244 + 1.476xMdK12
+ 2.401xMdK42 - 0.420xMdLR11 + 0.376xMdLD43 -
0.243xVoLR13 + 0.202xMdLR42 (R?=0.704, F_,,=13.45,
p<0.001, Std.Error of estimate=0.871);

distance 33_43Apx (young men)= 22.05 + 0.884xMdLD43
-0.124xMax + 4.785xVoK43 - 2.772xVoC43 - 1.923xVVoK42
- 0.468xMdLD45 - 1.865xMdK15 (R*=0.751, F .. =14.21,
p<0.001, Std.Error of estimate=1.273);

distance mapx_46 (young men)=13.14 + 1.487xMdLK12
+ 2.458xMdK45 + 2.978xVoK16 - 0.664xMdLD45 -
2.050xVoK46 - 0.083xR.asc. + 2.985xMdK42 (R?=0.782,
F73,=16.43, p<0.001, Std.Error of estimate=1.401);

distance dapx_46 (young men)= 23.21 + 0.143xMand1-
MP - 0.169xMax + 1.552xVoK16 + 1.910xMdC12 -
2.452xVoK12 + 1.978xVoK15 (R2=0.747, F _..=16.26,
p<0.001, Std.Error of estimate=1.551);

where, here and in the following equations, R? — coefficient
of determination; F  =! - critical | and obtained (!) Fisher’s test
value; p — confidence level; Std.Error of estimate — standard
error of estimate.

In Ukrainian young women with physiological occlusion
the following significant regression models (with a coefficient
of determination R?>0.60) of the linear dimensions required

(6.34)

(7.33)

(6 34)

(8.32)

(6.34)

(733)

(6.33)
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for constructing the correct dental arch form depending on
the characteristics of cephalometric parameters according
to the Schwarz method and computed-tomographic tooth
dimensions were constructed:

distance DL_F (young women)= 1.379 + 1.202xMdK11
+ 0.141xLi-SnPog’ + 0.879xVoK12 + 0.101xSn-Pn -
0.043xMand1-MP + 0.186xVoLR11 (R?=0.680, Feen=21.59,
p<0.001, Std.Error of estimate=0.817);

distance DL_S (young women)= 7.206 + 1.201xMdK11
+ 0.211xLi-SnPog’ + 0.706xVoK12 + 0.351xMdLK11 -
0.068xMand1-MP + 0.627xMdK16 + 0.239xMdLD41
(R*=0.800, F,,,=34.29, p<0.001, Std.Error of
estimate=0.776);

distance GL_2 (young women)=4.175 + 0.368xMdLK42
+ 0.193xMax1-SpP + 1.600xMdK46 - 1.610xVolLK43 -
0.259x%| + 1.161xVoLK41 + 1.128xVoK46 - 1.464xMdK16 +
1.133xMdK45 (R?=0.635, F ., =11.20, p<0.001, Std.Error
of estimate=1.557);

distance 13_23Bugr (young women)= -12.68 +
1.122xMdK11 + 0.132xGI'LsPog’ - 0.039xMdC43 +
0.882xMdK43 + 0.352xVoLK11 + 0.290xMdLK42 +
0.820xVoC12 (R?=0.632, F,. =14.71, p<0.001, Std.Error
of estimate=1.090);

.distance mapx_46 (young women)= 25.26 +
1.640xMdK16 - 0.066xMdC43 - 0.190xT + 1.096xMdLK13 -
0.368x%Li-SnPog’ + 1.938xMdK15 - 1.215xVoK44 (R?=0.611,
F 7 54=12.13, p<0.001, Std.Error of estimate=1.820);

distance dapx_46 (young women)= 17.87 - 0.197xT
+ 0.954xMdLD45 - 0.455xVolLK11 + 2.311xMdC12 +
0.152xGl'LsPog’ - 0.444xMdLR41 - 0.841xVoK44 (R?=0.698,
F(7 54)=17.81, p<0.001, Std.Error of estimate=1.886).

Since, in young women in the constructed reliable
distance models, DL_C, GL_1, GL_3, PonPr, PonM, VestBM,
13_23Apx, napx_6, dapx_6, mapex_6, 33_43Bugr and
33_43Apx the coefficient of determination of the regression
equations is from 0.340 to 0.594, these models do not have
important practical significance for dentists.

(9.58)

(7.60)

Discussion

Thus, in Ukrainian young men with physiological occlusion
all 18 possible significant (p<0.001 in all cases) models of
the linear parameters of the dental arches depending on
the characteristics of cephalometric parameters according
to the Schwarz method and computed-tomographic
tooth dimensions were constructed with a coefficient of
determination greater than 0.6 (R?= from 0.680 to 0.893).

As a result of the analysis of the frequency with which
cephalometric parameters according to the Schwarz method
and computed-tomographic tooth dimensions entered
the regression equations in young men the following
percentage of inclusion of these parameters in the models
was established: crown width in the vestibulo-oral (22.66 %)
and mesio-distal plane (21.88 %), cephalometric parameters
according to the Schwarz method (17.97 %), tooth length
(13.28 %), root portion length in the mesio-distal (6.25 %)
and vestibulo-oral plane (4.69 %), cervical portion width in

the mesio-distal (4.69 %) and vestibulo-oral plane (3.13 %),
and crown portion length in the mesio-distal (3.13 %) and
vestibulo-oral piane (2.34 %).

As a result of the analysis of the frequency with which
the corresponding teeth entered the regression equations
in young men the following percentage of inclusion of
these parameters in the models was established: 22.86 %
maxillary incisors (of which 15.24 % lateral and 7.62 %
central), 19.05 % mandibular incisors (of which 11.43 %
lateral and 7.62 % central), 18.09 % maxillary premolars (of
which 12.38 % second and 5.71 % first), 13.33 % mandibular
premolars (of which 11.43 % second and 1.90 % first),
12.38 % maxillary canines, 5.71 % maxillary first molars,
4.76 % mandibular canines and 3.81 % mandibular first
molars.

In Ukrainian young women with physiological occlusion,
of 18 possible models only 6 significant (p<0.001 in all
cases) models of the linear parameters of the dental
arches depending on the characteristics of cephalometric
parameters according to the Schwarz method and computed-
tomographic tooth dimensions were constructed with a
coefficient of determination greater than 0.6 (R?= from 0.611
to 0.800).

As a result of the analysis of the frequency with which
cephalometric parameters according to the Schwarz method
and computed-tomographic tooth dimensions entered
the regression equations in young women the following
percentage of inclusion of these parameters in the models
was established: cephalometric parameters according to
the Schwarz method (27.91 %), crown portion width in the
mesio-distal (23.26 %) and vestibulo-oral plane (11.63 %),
crown portion length in the mesio-distal and vestibulo-oral
plane (9.30 % each), cervical portion width in the mesio-distal
(6.98 %) and vestibulo-oral plane (2.33 %), tooth length
(4.65 %), and root portion length in the mesio-distal and
vestibulo-oral plane (2.33 % each).

As a result of the analysis of the frequency with which
the corresponding teeth entered the regression equations
in young women the following percentage of inclusion of
these parameters in the models was established: 35.48 %
maxillary incisors (of which 22.58 % central and 12.90 %
lateral), 16.13 % mandibular incisors (of which 9.68 % central
and 6.45 % lateral), 12.90 % mandibular canines, 12.90 %
mandibular premolars (of which 6.45 % first and 6.45 %
second), 9.68 % maxillary first molars, 6.45 % mandibular
first molars, 3.23 % maxillary canines and 3.23 % maxillary
second premolars.

Our findings support the feasibility of formulating sex-
specific regression models of the linear variables of the dental
arches that include both cephalometric indicators according to
Schwarz and computed-tomographic odontometric features.
In Ukrainian young men with physiological occlusion, it was
possible to construct all 18 significant models, with R? values
ranging from 0.680 to 0.893 (p<0.001), whereas in young
women only 6 models with R? values from 0.611 to 0.800
(p<0.001) were obtained [16, 20, 21, 22].
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Among the correlations between CT-derived
~easurements of the dental arches and jaws, the most
“umerous are those involving mesiodistal crown dimensions
£3.5 %) and buccolingual crown dimensions (50.7 %),
= well as the width of the dentinoenamel junction in the
accolingual direction (54.2 %) [14]. This is consistent with
=e fact that in our models for young men the frequency of
sclusion of crown width in the vestibulo-oral and mesiodistal
#=nes was 22.66 % and 21.88 %, respectively, while tooth
=gth was included in 13.28 % of cases, that is, these
zrameters constitute the “core” of predictability for the
=ear dimensions of the dental arches. Similarly, in young
wmen the largest proportion of predictors was represented
% cephalometric characteristics (27.91 %) and by crown
“cth in the mesiodistal (23.26 %) and vestibulo-oral planes
= 63 %), which mirrors the structure of relationships
escribed in the studies by Marchenko A. V. on different
mniofacial types [14, 15].

Our findings also agree with the conclusions of the
“vew by Ryabov T. V., based on multiple studies of tooth
2= versus cranial parameters, which suggests that most
“relations between tooth dimensions and cranial factors
we moderate or greater strength (often r>0.4-0.5, p<0.05)
¢ should be considered separately for different sexes,
Je-elated stages of development and facial patterns [25].

n the works of Brotskyi N. O. and co-authors regression
wcels of the linear dimensions required for the formation of
=ect dental arch shape were constructed on the basis
~ sleradiography according to Ricketts and computed-
w=cgraphic tooth dimensions in boys and girls with wide and
' wide facial types; high coefficients of determination were
mned, and mesiodistal and vestibulo-oral crown diameters
== identified as particularly important predictors [5, 6].

= research conducted by Prokopenko O. S. in young
= and women with various facial profiles, regression
wczls were constructed for teleradiographic indicators

‘poth position and soft tissue facial profile according to
“warz; these models showed high sensitivity to sex and
=%e %ype [20]. A similar principle was applied in the study
“Warchenko A. V. et al., where mathematical modeling of
irzlometric values according to Schwarz was based on
mic craniometric indices, and in the study by Nesterenko
& =tal., where COGS parameters were modeled in young
=n with a broad facial type [16, 18]. The approach

ted by Dmitriev M. O. for modeling COGS parameters,

t subdivision of indices into three groups, reflects the
B nat not all indices contribute equally to the formation of
‘e arch form and occlusal relationships, emphasizing that
% zart of the indicators makes a substantial contribution
== variability of arch morphology and occlusion [10, 18].
=om a methodological point of view, the justification for

& :se of computed tomography for combined cephalo-
sdontometric assessment is particularly important. In

‘=_dy by Devanna R. a three-dimensional CBCT-based

i~ziometric analysis was developed, which made it
‘mcle to determine 3D cephalometric norms with good

reproducibility of measurements compared with conventional
two-dimensional methods [9]. The study by Lin Y. et al.
in children with operated unilateral cleft lip and palate
showed that CBCT-reconstructed lateral cephalograms
allow detection of differences in craniofacial structures
between clinical groups and are not less informative than the
traditional method [11}. In the systematic review by Raj G.
and colleagues the diagnostic accuracy and reproducibility
of CBCT-synthesized lateral cephalograms were found to
be equivalent to those of conventional lateral cephalograms
in 20 included studies, and in four studies even higher
accuracy of CSLC was reported [23]. Taken together, these
data support the use of CBCT as a high-precision source
of odontometric and cephalometric measurements and
verify our methodological approach, which further develops
teleradiography according to Schwarz by adding detailed
three-dimensional characterization of tooth dimensions.

Given the current discussion regarding the predictability
of classical indices (particularly Pont) with respect to dental
arch width in various populations, our findings gain special
interest. In the Malay sample studied by Alam M. K. and
co-authors using CBCT it was shown that predictions
based on Pont’s index often failed to correspond to the
actual interpremolar and intermolar widths, which raises
questions about the universality of classical formulas [2].
More recently, much more rigorous conclusions were reached
by Mahmood T. M. A. et al., who demonstrated in a Kurdish
sample that actual arch width differed significantly from the
calculated values and that only weak positive correlations
between them were observed; the authors explicitly call
for the development of alternative formulas based on
scan-derived data [13]. The models we constructed, with
high R? values based on real computed-tomographic tooth
dimensions and cephalometric indicators, in fact implement
this approach for Ukrainian young men and women with
physiological occlusion, offering a personalized rather than
a “universal” forecast of dental arch form [2, 5, 6, 13].

A. Potapchuk and co-authors studied dental arch forms
and their correlations with morphotopogeometric facial
parameters and reported that the shape and dimensions
of the dental arches exert a considerable influence on
the morphotopogeometric characteristics of the face and
therefore can be regarded as one of the significant factors
in achieving harmonious aesthetic proportions [19].

Conclusions

1. In Ukrainian young men and women with physiological
occlusion without taking facial type into account significant
regression models of the linear parameters of the dental
arches depending on the characteristics of cephalometric
parameters according to the Schwarz method and
computed-tomographic tooth dimensions with a coefficient
of determination greater than 0.6 were constructed (in young
men all 18 possible models, R?= from 0.680 to 0.893; in young
women only 6, R%= from 0.611 to 0.800).

2.Inthe analysis of the frequency with which cephalometric
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parameters according to the Schwarz method and computed-
tomographic tooth dimensions entered the models in young
men the variables most frequently included in the models are
crown width in the vestibulo-oral (22.66 %) and mesio-distal
plane (21.88 %), cephalometric parameters (17.97 %) and
tooth length (13.28 %); and in young women cephalometric
parameters (27.91 %) and crown width in the mesio-distal
(23.26 %) and vestibulo-oral plane (11.63 %).
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PETPECIAHI MOLENI MAPAMETPIB HEOBXIOHUX ANA NOBYOOBU KOPEKTHOI ®OPMM 3YEHOI YU B 3ANEXHOCTI
BIA OCOBMWBOCTEW TENEPEHTTEHOMETPUYHUX MOKA3HUKIB 3A METOAOM SCHWARZ | KOM'IOTEPHO-
TOMOTPA®IYHUX PO3MIPIB 3YEIB B YKPATHCbKUX IOHAKIB | IBYAT I3 ®I3I0ROMNYHUM MPUKYCOM

Cnodapyk A. /1., lWinkapyk-fjuxosuybka M. M., Banbyyk O. I, Mo3yp T. 11, LieaweHko B. M., Tuxonas C.I., Yepruw A. B.

AHomanii npuxycy ma po3bixrocmi'y ghopmi 3ybrHux Gye sanuwaiomscs dyxe nouiupeHumu ceped dimed ma nidnimeie y eceomy
ceimi, cymmeso ennnuearoyu Ha 300p0oa’a NOPOXHUHU poma, ecmemuky obnuyqy4s ma skicms xumms. ToMy moyHe, cneyuchivHe
ons rpnynﬂuil’ NpoeHo3ysaHHs iHOusiOyanbHUX napamempie 3ybHux Oya Ha OCHOSI UeghaioMempuyHUX ma 00OHMOMEMPUYHLX
XapakmepucmuKk € 8aXnueuMm O NepCcoHanizoeaHo2o naHysaHHs opmodOHMU4HO20 Ma OPMOZHAMUYHORO0 /IiKyeaHHS y
Monodux nayienmie 3 ghizionoaiyHum npukycom. Mema docnidmeHHs — nobydysamu ma nposecmu aHania pezpeciliHux mModenell
poamipie HeobxiOHux s nobydosu xKopekmHoT hopmu 3yOHOT Byeu 8 yKpaiHCEKUX toHaKig | Bigyam i3 ¢hizionoeiuHuM NpuKycom
3aj1eXXHOCMI 8i0 menepeHmaeHOMemPUYHUX MOKa3HUKIe 3a Memodom Schwarz i KoMm'iomepHO-MoMozpagitHUX poamipie 3ybis.
B sacmocyHky OnyxCeph®™, sepcii 3DPro (komnanisi Image Instruments GmbH, HimeyduHa) Ha ompumanux cmandapmHum
WASXoM mefniepeHmaeHogpamax i cmeopeHux 8 npoepaMHoMy 3abesneuerHi 3D Slicer v5.4.0 menepenmaeHozpamax 3
mapxosaHumu Ha 3D o6’ckmax moukamu y 41 ykpaiHCbkoz2o roHaka | 68 disyam i3 ¢hisionozivHuM NPUKYCOM NposedeHo GUMIPIOGaHHS
menepeHmMaeHOMeMPUYHUX NOKa3HuUkie 3a memodom Schwarz. Takox e oHakie i 8ig4am e npoepamHux 3acmocyHkax i-Dixel One
Volume Viewer (Ver.1.5.0) J Morita Mfg. Cor ma Planmeca Romexis Viewer (ver. 3.8.3.R 15.12.14) Planmeca OY Ha KoMITromepHux
momoapamax npoeedeHo 8uMIpiosarHs poamipia 3ybie eepxHbOl U HUXHBOT wenen ma niHidHux napamempie 3ybHux dye. 3a
Joromozoio nilyeHsiliHozo nakemy «Statistica 6.0» nobydoeaHi peepeciliti Modeni napamempie kopekmHol ¢oopmu 3y6HOI dyau
8 3anex+ocmi sid ocobriueocmell menepeHmaeHOMEMPUYHUX MOKa3HUKI8 | KOMI'IomepHo-momozpaiyHux poamipie 3ybis.
Bemanosnero, wo e roHakie nobydosani yci 18 Moxnueux docmoeipHux modened i3 koegpiuieHmom demepminausi binswum 0,6
(R?=gi0 0,680 do 0,893, p<0,001); a y diguam — nuwe 6 docmosipHux modenel i3 koegbiuieHmom demepmiHauii binswum 0,6 (R?=
8i0 0,611 do 0,800, p<0,001). Mpu aHaniai yacrnomu exo0xxeHHs1 A0 pezpeciliHux PisHAHL KOMITOMEPHO-MOMO2pagiyHUX pO3MiIpia
3ybie i menepeHmMaeHOMempPU4HUX MOKa3HUKIE 8CMAHOBNEHO. & toHaKie Halibinbw yacmo 0o modesnell x00amMs WUPUHE KOPOHKOSOT
yacmuHru 3y6a y eecrmubyno-opansHitl  Mesio-0ucmansHil nNoWUHI, mefepeHmaeHOMeMpUYHi NOKasHUKU ma GoexuHa 3yba; a y
digiam — menepeHmaeHOMeMpPUYHI OKa3HUKU ma WUpPUHa KOPOHKOEOT YacmuHu 3yba y mesio-OucmaneHid i eecmubyno-opansHit
nnowuni. Npu ananisi vacmomu exodxeHHs 00 peepeciliHux pigHsHb 8i0N08IGHUX 3ybie ecmaHoaneHo, Wo e rHakis 80 modenell
Halbinbw yacmo exo0sms 8epxHI pisui, HUXHI Pi3ul, eepxHi Mani Kymui 3y6u, HUXHI Maii KymHi 3ybu ma eepxHi ikna; a y digyam
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— BEDXHI Pi3Uf, HLXKHI DI, HLKHI iKna ma HUXHI Marni kymHi 3y6u.
KnrouoBi cnoBa: cmomamonoeis, menepeHimaeHoMempis 3a Memodom Schwarz, komm'iomepHo-momoepachidHi poamipu 3ybig i
3ybHux Oye, peapecilHull aHani3, yKpaiHCbKU HaKu ma die4ama 3 ¢hizionoaivHuUM MPuKyCcoM.
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