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INTRODUCTION
A correct and bright smile has become a kind of “business 
card” of a person, and thus symbolizes his position in public 
life. That is why achieving such a result – an excellent “business 
card” has become the main goal of dentistry in recent decades.

Building a dentition is a complex process that requires a 
comprehensive approach. To get a harmonious smile, the 
doctor cannot act in a formulaic fashion. It should be based on 
the features of the patient’s face, considering anthropometric 
points, and features of the teeth, considering odontometric 
parameters.

The fact of the relationship of the cranial skull with the pa-
rameters of the upper and lower jaws is proved. Differences of 
transversal sizes of lower and upper jaws in girls and boys with 
different head shapes revealed [1]. Specifics were also found in 
such odontometric parameters as the root length of the incisors 
and canines on the upper and lower jaws. Higher values of the 
investigated parameters were found in the representatives of 
mesocephals compared to brachycephals [2]. Face types affect 
the ratio of dental arches of the upper and lower jaws [3].

Equally important is the ethnic and regional component. 
Bedoya A. et al found significant differences in the bite force, 
dental arch transversal width, and bizygomatic width scores from 
representatives of three different tribes living in the Amazon. [4]. 
In this regard, there is a need to conduct research on individual 
populations, considering ethnicity. Such works are actively ap-
pearing in different corners of the world, which testifies to the 
significant relevance of this topic [5, 6]. Of particular note is the 
work on the study of the relationship between the type of dental 
arches and face for different types of occlusion [7, 8].

Only the inclusion of the maximum number of variables 
(the maximum number of anthropometric points and lines on 
the brain and facial part of the skull; the maximum number 
of odontometric indicators) can ensure the completeness and 
integrity of the study [9].
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The aim – development and analysis of regression models 
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ABSTRACT
The aim is development and analysis of regression models of linear dimensions necessary for the construction of the correct form of dental arches in young men with a wide 
face, depending on the features of odontometric and cephalometric indicators.
Material and methods: Primary computed tomographic indices of tooth size and cephalometric parameters of 44 young men with normal occlusion were obtained from 
the data bank of the National Pirogov Memorial Medical University, Vinnytsya. Face type was determined using the Garson morphological index. In licensed statistical package 
“Statistica 6,0” developed regression models of linear dimensions necessary for the construction of the correct form of dental arches.
Results: As a result of researches, it is established that all 18 reliable models of the sizes used for construction of the correct form of dental arches, depending on peculiarities 
of odontometric and cephalometric indices with a coefficient from 0.645 to 0.944 are constructed. Built models in adolescents with a broad face type more often include 
odontometric than cephalometric indicators. The most commonly used odontometric indices are: the width of the crowns of the teeth in the mesio-distal and vestibulo-oral 
directions, as well as the distance from the middle of the cutting edge to the apex of the root of the teeth in the vestibulo-oral direction.
Conclusions: In adolescents with a broad type of face with normal occlusion, all 18 possible reliable regression models of reproduction of the individual characteristics of the 
dental arches of the upper and lower jaws were determined and analyzed.
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correct form of dental arches in young men with a wide 
face, depending on the features of odontometric and ceph-
alometric indicators.

MATERIAL AND METHODS
Primary computed tomographic indices of tooth size and 
cephalometric parameters of 44 young men and 50 young 
women with normal occlusion close to orthognathic occlu-
sion (determined by 11 points by MG Bushan et al. [10]) 
obtained from the data bank of the research center of Na-
tional Pirogov Memorial Medical University, Vinnytsya. All 
surveys of young men and young women were conducted 
on the informed consent principle. Bioethics Committee of 
National Pirogov Memorial Medical University, Vinnytsya 
(Protocol No. 3 of March 16, 2017) found that the studies 
carried out comply with the bioethical and moral require-
ments of the Declaration of Helsinki, the Council of Europe 
Convention on Human Rights and Biomedicine (1977), 
the relevant provisions of WHO and the laws of Ukraine 
under the order of the Ministry of Health of Ukraine No. 
281 of 11.01.2000.

Dental cone-ray tomograph – Veraviewepocs 3D, Morita 
(Japan) was used for the study. The studies were conducted 
according to the scheme developed by Gunas I.V., Dmi-
triev N.A. and Marchenko A.V. [11] within the following 
characteristics: three-dimensional image volume – 8x8 cm 
cylinder, 0.2/0.125 mm layer thickness, 11-48 μSv irradia-
tion dose, 60-90kV/2-10mA voltage and current.

Metric indices of central (medial) and lateral (lateral) 
incisors, canines, first and second premolars, as well as 
the first molars of the upper and lower jaws were studied. 
Since in the previously conducted by Gunas I.V., Dmitriev 
N.A. and Marchenko A.V. studies [11] did not establish 
significant or trending differences when comparing CT-to-
mography sizes of the same teeth of the right and left sides, 
we further use the average values of the corresponding 
teeth on the upper and lower jaws: upper (11) or lower (41) 
central incisors; upper (12) or lower (42) lateral incisors; 
upper (13) or lower (43) canines; upper (14) or lower (44) 
first premolars; upper (15) or lower (45) second premolars; 
upper (16) or lower (46) first molars.

Measurement of the width of the crowns of the teeth 
(VSHIR, mm) and the width of the teeth at the level of 
the anatomic neck (MDDEG, mm) in the mesio-distal 
direction; width of tooth crowns (TSHIR, mm), width of 
teeth at the level of anatomic neck (VDEG, mm), distance 
from anatomical neck to apex of root (VLROOT, mm) 
and distance from middle of cutting edge to apex of root 
(L, mm) in vestibulo-oral (vestibulo-lingual) direction; as 
well as root and incisor root lengths (ALROOT, mm) in 
the mesio-distal direction were performed in the i-Dixel 
One Volume Viewer [Ver.1.5.0] J Morita Mfg. Cor.

The following cephalometric dimensions were also 
measured (using a soft centimeter tape and Martin’s 
compass, mm) [12]: AL_AL is the width of the base of 
the nose (distance between the alar points); AU_AU – ear 
diameter (biauricular width); AU_GL is the distance from 

the auricular point to the glabella (averaged); AU_GN – 
distance from auricular point to chin (average); AU_GO 
is the distance from the auricular point to the angle of the 
mandible (average); AU_N is the distance from the au-
ricular point to the nasion (averaged); AU_SN – distance 
from auricular point to subnasion (averaged); AU-I is 
the distance from the auricular point to the interincisors 
point (averaged); CHI_CHI is the width of the mouth slit; 
DUG_AU_AU is a transverse arc measured by a ribbon 
from the right tragus point to the left; DUGS_G_OP is a 
sagittal arch measured by a ribbon from a glabella to the 
occipital point; DUG_G_OP – the largest girth of the head 
due to the glabella and nasion; EK_EK – exterior (biorbit-
al) width (direct size between the outer corners of the eye 
slits); EU_EU – maximum head width (occipital diameter); 
FMT_FMT – smallest width of head (frontal diameter); 
G_OP – the greatest length of the head, is the distance from 
the glabella to the opisthocranion; GO_GN – mandibular 
body length (average); GO_GO – width of mandible (width 
between corners of mandible); LS_LI – height of red lip 
border; MF_MF is the inter-orbital (anterior inter-orbital) 
width (straight distance between the inner corners of the 
eye pits); N_GN – morphological length of the face (direct 
distance from the nasion to the gnathion); N_I is the dis-
tance between the nasion and the interincision point; N_PR 
– distance between nasion and prosthion; N_PRN – length 
of nose (distance between nasion and pronasion); N_SN 
– the height of the nose (distance between the supra-nasal 
and sub-nasal points); N_STO – the height of the upper 
part of the face (distance from the nasal to the oral points); 
SN_PRN – depth of nose (distance between sub-nasal point 
and pronaіion); SN_STO – height of upper lip (distance 
from sub-nasal point to sthomion); STO_GN – height of 
lower part of face (distance from mouth to chin point); 
STO_SPM – height of lower lip (distance from sthomion 
to supramental); TR_GN – physiological length of face 
(distance from trichion to gnathion); TR_N – forehead 
height (straight distance between trichion points (hairline) 
and nasion); V_GOL – the projection distance from the 
crown of the head (vertex) to the upper edge of the ear hole; 
ZM_ZM – average width of face (distance between zygo-
maxillary (zygomatic maxillary) points); ZY_ZY – width 
of face (distance between zygomatic points).

The type of face was determined using the Garson mor-
phological index – the ratio of the morphological length 
of the face (the direct distance from the nasion to the 
gnathion) to the width of the face in the area of zygomatic 
arches [13]. With a value of up to 78.9 young men were 
referred to a group with a very wide face; 79.0-83.9 – wide 
face; 84.0-87.9 – average face; 88.0-92.9 – narrow face; 93.0 
and above – very narrow face. The following distribution 
was established: with a very wide face – 6, with a wide face 
– 25, with an average face – 6, with a narrow face – 6, with 
a very narrow face – 1. Therefore, only young men with a 
wide face were selected for modeling.

In licensed statistical package “Statistica 6,0”, using direct 
stepwise regression analysis, constructed mathematical mod-
els of the following characteristics of dental arches (mm),  
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depending on the features of odontometric and cephalomet-
ric indices: distances between the apexes of the palatine roots 
of the upper first molars (NAPX_16), between the apexes of 
the distal buccal roots of the upper first molars (DAPX_16), 
between the apexes of the medial buccal (vestibular) roots 
of the upper first molars (MAPX_16), between the apexes 
of the medial roots of the lower first molars (MAPX_46), 
between the apexes of the distal roots of the lower first 
molars (DAPX_46), between the molar points by Pon 
(PONM), between the premolar points by Pon (PONPR), 
between the vestibular medial cusp of the upper first molars 
(VESTBUGM), and between the cusp of the upper canine 
(BUGR13_23), between the apexes of the roots of the upper 
canine (APX13_23), between the cusp of the lower canine 
(BUGR33_43), between the apexes of the roots of the lower 
canine (APX33_43); as well as canine sagittal distance of the 
maxillary dental arch (DL_C), premolar sagittal distance of 
the maxillary dental arch (DL_F), molar sagittal distance of 
the maxillary dental arch (DL_S), depth of palate at the level 
of canine (GL_1) (GL_2) and palate depths at the level of 
the first molars (GL_3).

The following conditions were considered in the regres-
sion analysis: the final variant of the obtained equation 
must have a coefficient of determination (R2) of at least 
0.60; an F-criterion value of at least 3.0; the number of free 
members should be as low as possible. Residue analysis 
was also performed: when the obtained results fell within 
±3 standard deviations from the mean, re-analysis with 
and without emissions was performed to ensure that they 
did not have any effect on the displacement of the final 
results [14].

RESULTS
In adolescents with a wide face type, regression models of 
linear dimensions necessary to construct the correct form 
of dental arches, depending on the odontometric and ceph-
alometric indicators have the following linear equations:
NAPX_16 = –0,316 + 5,930 × MDDEG_42 + 3,670 × 

VSHIR_12 – 3,402 × TSHIR_15 + 0,069 × DUGS_G_OP – 
0,639 × L_41 + 1,308 × TSHIR_44 (R2=0,845; F(6,18)=16,34; 
p<0,001);
DAPX_16 = 64,63 + 3,723 × VSHIR_45 + 3,244 × 

TSHIR_13 – 0,424 × GO_GO – 1,601 × L_42 + 1,111 × 
L_14 + 0,752 × VLROOT_43 – 0,588 × SN_PRN (R2=0,883; 
F(7,17)=18,33; p<0,001);
MAPX_16 = 15,33 + 2,206 × VSHIR_45 + 5,748 × 

TSHIR_41 + 0,943 × SN_STO – 0,285 × G_OP + 0,699 
× SN_PRN + 0,102 × TR_N (R2=0,900; F(6,18)=27,14; 
p<0,001);
MAPX_46 = 15,90 + 2,250 × TSHIR_16 + 1,497 × 

L_43 – 3,870 × MDDEG_41 – 0,290 × N_SN – 1,265 × 
VLROOT_11 + 2,428 × VSHIR_13 (R2=0,936; F(6,17)=41,54; 
p<0,001);
DAPX_46 = –0,170 + 0,326 × SN_STO + 4,992 × 

VSHIR_14 – 3,805 × VDEG_42 + 1,886 × MDDEG_12 
+ 1,511 × TSHIR_16 – 1,359 × TSHIR_14 (R2=0,793; 
F(7,16)=8,73; p<0,001);

PONM = 6,372 + 1,373 × TSHIR_15 + 0,205 × AU_GN 
+ 2,825 × VDEG_43 – 0,367 × N_SN – 2,155 × VDEG_42 
+ 2,490 × VSHIR_44 – 0,520 × TSHIR_14 (R2=0,893; 
F(7,17)=20,34; p<0,001);
VESTBUGM = –6,515 + 1,213 × TSHIR_15 + 0,313 × 

AU_GN + 2,441 × VSHIR_43 – 0,234 × N_SN + 0,685 × 
L_44 – 0,388 × L_13 (R2=0,914; F(6,18)=31,76; p<0,001);
PONPR = –8,931 + 1,404 × VSHIR_43 + 1,116 × 

VSHIR_16 + 0,077 × ZM_ZM + 0,982 × VSHIR_12 + 
1,401 × TSHIR_11 – 0,261 × VLROOT_41 + 0,178 × L_12 
(R2=0,942; F(7,17)=39,31; p<0,001);
BUGR13_23 = –59,91 + 3,618 × VSHIR_11 + 0,107 × 

DUG_G_OP + 2,863 × VDEG_43 + 0,960 × ALROOT_42 
– 0,328 × L_42 – 0,268 × N_STO – 1,116 × MDDEG_11 
(R2=0,904; F(7,17)=22,82; p<0,001);
APX13_23 = 57,98 + 0,686 × L_14 + 1,562 × MDDEG_12 

– 3,119 × VSHIR_43 – 0,418 × VLROOT_41 – 0,155 
× TR_N + 0,495 × LS_LI – 0,151 × V_GOL (R2=0,875; 
F(7,16)=16,04; p<0,001);
BUGR33_43 = 8,675 + 2,529 × VSHIR_12 + 0,724 × 

L_44 – 0,619 × ALROOT_11 – 1,921 × MDDEG_12 + 
2,243 × VDEG_42 – 0,311 × L_14 (R2=0,944; F(7,17)=41,25; 
p<0,001);
APX33_43 = 6,277 + 0,177 × AU_GO – 0,603 × STO_

SPM + 1,115 × VSHIR_43 – 1,359 × VLROOT_11 + 0,812 × 
L_43 + 1,493 × VSHIR_12 (R2=0,768; F(6,18)=9,91; p<0,001);
DL_C = –26,14 + 1,775 × VSHIR_11 + 0,103 × EU_EU 

+ 1,160 × MDDEG_42 (R2=0,645; F(3,21)=12,72; p<0,001);
DL_F = –10,64 + 2,038 × VSHIR_11 + 0,682 × VSHIR_43 

+ 1,208 × VSHIR_41 (R2=0,701; F(3,21)=16,38; p<0,001);
DL_S = 16,01 + 2,154 × VSHIR_11 + 2,735 × VSHIR_44 

– 1,945 × MDDEG_12 – 0,066 × AU_AU + 0,259 × MF_MF 
+ 0,521 × ALROOT_11 – 0,499 × VLROOT_12 – 0,944 × 
VSHIR_16 (R2=0,937; F(8,16)=29,88; p<0,001);
GL_1 = –8,194 – 1,674 × VLROOT_12 + 0,427 × AL-

ROOT_13 + 0,116 × DUG_G_OP – 0,637 × L_43 – 0,198 
× AU_GO + 0,735 × ALROOT_11 – 0,271 × AL_AL 
(R2=0,905; F(7,17)=23,14; p<0,001);
GL_2 = 22,52 + 1,252 × VLROOT_13 – 0,242 × EK_EK 

+ 4,779 × VSHIR_44 – 5,757 × VSHIR_14 + 1,307 × 
TSHIR_14 – 1,366 × VSHIR_12 (R2=0,901; F(6,18)=27,12; 
p<0,001);
GL_3 = –69,49 + 0,364 × EU_EU + 2,722 × TSHIR_43 

– 0,148 × EK_EK – 0,282 × N_I + 0,113 × DUG_G_OP – 
0,041 × DUGS_G_OP (R2=0,795; F(6,18)=11,60; p<0,001).

DISCUSSION
The data obtained allow us to supplement the picture we ob-
tained in previous studies and to make comparisons.

Of the 18 possible computed tomography sizes used to con-
struct the correct dental arch shape, for young men with a wide 
face type constructed all 18 reliable models, depending on the 
characteristics of odontometric and cephalometric indicators 
with a coefficient of determination from 0.645 to 0.944. In 
previous studies of Marchenko A.V. with colleagues [15, 16, 
17] on a similar sample, it was found that the young men of the 
general group and mesocephals had 17 reliable models each 
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(respectively R2 from 0.640 to 0.889 and 0.806 to 0.980), and 
in brachycephals – also all 18 models (R2 from 0.894 to 0.965).

As a result of the analysis of our data, it is found that models 
built for young men with a wide face type more often include 
odontometric (69.7 %, of which 20.2 % are on the upper incisors; 
12.8 % – on the lower incisors; 4.6 % – upper canines; 11.0 % – 
lower canines; 10.1 % – upper premolars; 7.3 % – lower premolars; 
3.7 % – upper molars) than cephalometric (30.3 %) indicators. 
Among the odontometric indices, the most commonly models 
include: width of crowns of teeth in mesio-distal direction (22.9 %, 
of which 12.8 % on upper jaw); the width of the crowns of the 
teeth in the vestibulo-oral direction (11.9 %, of which 9.2 % on 
the upper jaw) and the distance from the middle of the cutting 
edge to the apex of the root of the teeth in the vestibulo-oral di-
rection (11.9 %, of which 7.3 % on the lower jaw). Cephalometric 
indicators most often include: the largest head circumference and 
nose height (2.8 % each); sagittal arch, greatest width of head, 
exterior eye width, height of forehead, height of upper lip, depth 
of nose, distance from auricular point to chin and distance from 
auricular point to angle of lower jaw (1.8 % each).

In researches of Marchenko A.V. with colleagues [15, 16, 17] 
found that the models built also more often include odonto-
metric (in the general group – 71.3 %; in mesocephals – 56.3 %; 
in brachycephals – 74.5 %) than cephalometric indicators 
(respectively 28.7 – 43.7 – 25.5 %). The authors proved that 
in the general group and in brachycephals, the models most 
often include incisors sizes (30.4 and 41.8 %, respectively), and 
in mesocephals – incisors (20.6 %) and small angular teeth 
(21.8%). In all groups, among the tooth sizes, the most frequent-
ly included tooth crown sizes were mesio-distal (25.4 % overall; 
mesocephals 13.8 %; brachycephals 16.4 %) and vestibulo-oral 
(respectively 12.3 – 9.2 – 12.7 %) directions; width of the teeth 
at the level of the anatomical neck in the mesiodistal direction 
(respectively 9.0 – 9.2 – 10.0 %); and only in mesocephals – the 
distance from the middle of the cutting edge to the apex of the 
root (10.3 %). Among the cephalometric indicators, the most 
frequently included models were: in the general group – the 
largest girth of the head (4.1 %), the external eye width, the 
transverse arc and the ear diameter (2.5 % each); for mes-
ocephals, the average width of the face and the interoptical 
width (5.7 % each) and the distance between the nasion and 
the prosthion (3.4 %); in brachycephals – sagittal arch, height of 
upper lip, height of lower part of face and height of red border 
of lips (2.7 % each).

However, it should be borne in mind that there are single 
works, the results of which indicate that there is no connection 
between the types of face and dental arch. Paranhos L.R. et al. 
[18] didn’t investigate the association between the facial type 
and mandibular arch morphology among Brazilian Caucasians. 
The study included a sample comprised of 51 individuals (21 
male and 30 female) with occlusion and without previous 
orthodontic treatment. The facial type was defined by SN.SGn 
and SN.GoGn. Statistical processing of the obtained results did 
not reveal statistically significant relationships. 

In contrast, the vast majority of works in the analysis of literary 
sources point to the opposite. Anwar N. and Fida M. [19] com-
pare dental arch dimensions and arch forms in various vertical 
facial patterns during the study of 100 persons of 13-30 years (40 

normodivergent, 30 hypodivergent and 30 hyperdivergent facial 
patterns). After statistical processing, it was discovered significant 
differences in arch dimensions in mandibular posterior inter-
molar width (p=0.04) and maxillary total arch length (p=0.03).

Serbian researchers studied what types of faces are most com-
monly present in the population of Serbia and average values for 
the development of dental arches. Study performed on 300 subjects 
with class I dentoalveolar relations, for whom were determined the 
type of face and dental arches. The distribution of face types was: 
narrow – 50.33%, medium type of face – 30.67%, and wide – 19%. 
The average anterior width of the lower dental arch was 35.93 mm 
and for upper was 36.75 mm. And accordingly, posterior – 46.52 
mm and 46.53 mm. Average height of the upper dental arch was 
24.22 mm, and for the lower dental arch 19.32 mm [20].

Al-Taee H.M. and Al-Joubori S.K. [21] processed maxillary 
and mandibular occlusal frontal and lateral facial photographs 
of 90 (45 males and 45 females aged 18-25 years) Iraqi subjects 
to found the relationship between the shape of the dental arch 
and the types of face. Statistical data processing revealed sig-
nificant differences in different groups of malocclusions and 
revealed manifestations of sexual dimorphism.

A similar study was conducted by a group of Indian sci-
entists [22] on 90 untreated persons (45 males, 45 females 
in age 17-24 years) whom were measured the Jarabak ratio 
and performed different dental measurements. As a result, 
the relationship between cephalometric and dental arches 
was identified with manifestation of sexual dimorphism as 
in the previous study.

And as a result, Chinese scientists have conducted research to 
determine effects of transverse relationships between maxillary 
arch, mouth, and face on smile esthetics. They, after statistical 
processing of data, revealed indicators of the ratio of these 
objects with a probable error, which allow us to develop a kind 
of formula of a beautiful face [23].

Thus, the development of regression models, considering both 
craniometric and odontometric parameters, makes it easier for 
dentists. As can be seen from the literature, not only the anthro-
pometric points but also the ethnic and regional characteristics 
play an important role in shaping the final outcome of treatment.

CONCLUSIONS
In adolescents with a wide type of face with normal occlusion, 
close to orthognathic occlusion, all 18 possible reliable (with 
a coefficient of determination from 0.645 to 0.944) regression 
models of reproduction of individual characteristics of dental 
arches of the upper and lower jaw depending on odontometric 
and cephalometric parameters were constructed.
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