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MODELING OF GNATOMETRIC INDICES DEPENDING ON PARAMETERS OF BASAL CRANIAL
STRUCTURES IN BOYS AND GIRLS WITH ORTHOGNATHIC BITE

Summary. For the possibility of forming an objective basis for determining the diagnosis and creating the ultimate goal of orthodontic
treatment, it is necessary to have a clear understanding of the individual variables of the basic metric characteristics of certain indi-
vidual parameters of bone structures and soft facial tissues.

The aim of the study — to construct and analyze the regression models of gnatometric indices, depending on the parameters of
basal cranial structures in boys and girls with orthognathic bite.

Materials and Methods. Teleroentgenography and computed tomography studies were performed on 38 boys (aged from 17 to 21)
and 55 girls (aged from 16 to 20 years) who had a physiological bite as close as possible to orthognathic. The construction of regres-
sion models of gnatometric indices, depending on the parameters of basal cranial structures, was carried out in the licensed package
"Statistica 6.0".

Results and Discussion. As a result of the regression analysis conducted in the boys with orthognathic occlusion, the following
models of gnatometric parameters were constructed depending on the parameters of the basal cranial structures: effective length of
the maxilla = - (16.11+1.01)xdistance Se_N + 0,45xmagnitude of the base of the maxilla + 0.28xdistance S_E (determination factor
is 0.612); length of the upper jaw = - (15.42+0.50) xdistance Se_N + 0.50xthe size of the base of the upper jaw (the determination
coefficient is equal to 0.550); angle SND = 107.8 — 0.47xH-angle + 0.39xmagnitude of the base of the upper jaw — 0.38xdistance S_E
(determination coefficient is equal to 0.502); distance S_L = (13.05+1.51) xdistance Se_N — 0.87xH-angle — 0.86xdistance S_E +
0.63xmagnitude of the base of the upper jaw (determination coefficient is 0.626).

Conclusions. Of the 43 possible regression models of gnatometric indices, depending on the parameters of the basal cranial struc-
tures in boys with orthognathic occlusion, only 4 valid models with a determination coefficient greater than 0.5 were constructed,
namely, effective length of the upper jaw, maxilla length, SND angle and distance S_L. In girls with orthognathic bite, models with a

determination coefficient greater than 0.5 are not built at all.

Key words: regression analysis; gnatometric indices; sizes of basal cranial structures; boys and girls with orthognathic bite.

INTRODUCTION The most valuable and accessible
method for analyzing the ratio of cranio-facial structures is
the lateral teleroentgenography, which allows obtaining
standardized images of the bone and soft tissue structures
of the patient's head and conduct their linear and angular
metric research. With the onset of the application of this di-
agnostic method, average normative values were proposed
that have significant fluctuations, depending on the recom-
mendations of a particular author proposing their normative
values, and which are usually considered as some mean
value and its permissible deviations [8, 17, 24], or as the
value determined by means of other more stable key indica-
tors [18, 19, 23]. Some authors [7, 17] substantiate the ex-
pediency of using as the base plane — the Frankfurt horizon-
tal, others suggest using structures located closer to the
sagittal plane or on its own [4, 12]. The third group of re-
searchers does not consider any normative values of a
separate indicator and suggest to consider a whole complex
of indicators, so-called floating norms, which should be in a
harmonic ratio [15, 20].

The search for an understanding of the basic principles
of development of the main department of a person is active-
ly continuing and is now not limited to the study of only cra-
nio-maxilla relations. It is also dedicated to the study of the
connections of the craniofacial complex with the character-
istics of the dental arch [25], the oropharynx [21], the dys-
function of the temporomandibular joint [3], and even the
dependence of the condition of the teeth on the type of face
growth [13].

But the most interesting and popular direction of research
is the ability to determine the parameters of the tooth-jaw
complex, which are prone to adverse phenotypic factors (bad
habits, injuries, abnormalities of function, etc.) from the most
resistant to external influences of structures. This structure
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is the basis of the skull, which plays a key role in the deve-
lopment of all its components [14]. It performs a unifying
function in spatial and functional sense, supports the brain
and allows the brain and the facial units to adapt and develop
during formation.

The aim of the study — to construct and analyze the
regression models of gnatometric indices, depending on the
parameters of basal cranial structures in boys and girls with
orthognathic bite.

MATERIALS AND METHODS In the course of the study,
38 young men (aged from 17 to 21 years) and 55 girls (aged
from 16 to 20) were selected, having a physiological bite as
close as possible to the orthognathic one, which is determined
by 11 points of M. G. Bushan et al. [1], a harmonious face
and an aesthetic smile. Teleroentgenography and computed
tomography studies were conducted. For the teleroentge-
nography study, a dental cavity-ray tomography scanner
Veraviewepocs 3D Morita (Japan) was used in a cephalo-
metric study mode. Subsequently, OnyxCeph3™ software,
3DPro version, Image Instruments GmbH, Gemania were
used for cephalometric analysis. Software license NeNWNE-
VS2J is registered at M. O. Dmitriev. The following methods
of teleroentgenography analysis were used by A. M. Schwarz,
J. Mc Namara, B. B. Downs, R. A. Holdway, P. F. Schmuth,
C. C. Steiner and C. H. Tweed.

For a cone-ray computed tomography study, a dental
cone-ray tomograph — Veraviewepocs 3D Morita in a com-
puter tomography mode was used. The research was carried
out within the following characteristics: voltage at generator
60-80 kV; current strength on generator 1-10 mA; focal spot
0.5 mm; exposure time at high quality mode was 9.4 s; the
rotation angle at the tomographic study was 180 degrees;
the size of the scanned part was 8x8cm; the minimum size
of the voxel — the element of the three-dimensional image
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was 0.125 x 0.125 x 0.125 mm. The data were stored in the
i-Dixel database and a three-dimensional image was analyz-
ed in the software package of the i-Dixel One Volume View-
er [Ver.1.5.0] J. Morita Mfg. Cor.

Actual image of measurements and the location of
teleroentgenography and computed tomographic points are
described in detail in previous studies [2].

The construction of regression models of gnatometric indi-
ces, depending on the parameters of the basal cranial structures,
was carried out in the license package "Statistica 6.0".

RESULTS AND DISCUSSION The issue of development
and the principles of the formation of the skull in general is
constantly arousing interest and discussion among anato-
mists, physiologists and doctors whose professional activity
is associated with changes in the bone and soft structures
of the skull. Since the practical realization of accumulated
knowledge in most cases occurs in the area of the facial skull,
where there are usually high aesthetic demands, then, and
accordingly, practitioners have questions that are clear, and
in the metric sense, the definition of the necessary changes
and modifications to be made for complete rehabilitation of
the patient both in functional and aesthetic terms. And for the
possibility of forming an objective basis for defining the diag-
nosis and creating the ultimate goal of the doctor's treatment,
itis necessary to have a clear understanding of the individual
variables of the main metric characteristics, and to have tools
for identifying certain individual parameters of bone structures
and soft facial tissues.

As a result of the regression analysis conducted in the
young men, it was found that the dependent variable of the
models of effective length of the upper jaw for 61.2 % depends
on the total complex of basal cranial structures included in
the regression polynomial (determination coefficient Rl =
0.612). The part of the coefficients of this model has a suffi-
ciently high reliability, only for the independent variable and
distance S_E p>0.05. Given that F = 17.36, which exceeds
the calculated value of Fisher's criterion (F critical is 3.33),
we can assert that the regression linear polynomial is highly
significant (p<0.001), which is confirmed by the results of the
dispersion analysis. The model has the form of the following
linear equation: effective length of the upper jaw = - 16.11 +
1.01 x distance Se_N + 0.45 x the size of the base of the
upper jaw + 0.28 x distance S_E, where (here and thereafter)
the sizes of the basal cranial structures —in mm.

In young men, the dependent variable of the maxillary
length model of 55.0 % depends on the total complex of
basal cranial structures included in the regression polynomial
(determination coefficient Rl = 0.550). Most of the coeffi-
cients of this model have a fairly high reliability, only for the
independent variable p>0.05. Given that F = 20.80, which
exceeds the calculated value of Fisher's criterion (F critical
is 2.34), we can assert that the regression linear polynomi-
al is highly significant (p<0,001), which is confirmed by the
results of the dispersion analysis. The model has the form
of the following linear equation: length of the upper jaw =
-15.42 + 0.50 x distance Se_N + 0.50 x the size of the base
of the upper jaw.

In young men, the dependent variable of the angle SND
model by 50.2 % depends on the total complex of basal cra-
nial structures included in the regression polynomial (determi-
nation coefficient Rl = 0.502). Most coefficients of this model
have a high reliability, only for the distance S_E p>0.05.
Taking into account that F = 11.08, which exceeds the calcu-
lated value of Fisher's criterion (F critical is 3.33), we can
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assert that the regression linear polynomial is highly significant
(p<0.001), which is confirmed by the results of the dispersion
analysis. The model has the form of the following linear equa-
tion: angle SND = 107.8 - 0,47 x H-angle + 0.39 x magnitude
of the base of the upper jaw — 0.38 x distance S_E.

In young men, the dependent variable of the distance
S_L model is by 62.6 % dependent on the total complex of
basal cranial structures included in the regression polynomial
(determination coefficient RI = 0.626). Most of the coefficients
of this model have a fairly high reliability, only for the inde-
pendent variable and the size of the base of the maxilla,
p>0.05. Given that F = 13.40, which exceeds the calculated
value of Fisher's criterion (F critical is 4.32), we can assert
that the regression linear polynomial is highly significant
(p<0.001), which is confirmed by the results of the dispersion
analysis. The model has the form of the following linear
equation: distance S_L =13.05 + 1.51 x distance Se_N—-0.87
x H-angle — 0.86 x distance S_E + 0.63 x size of the base
of the upper jaw.

All other models of gnatometric indices (39), depending
on the parameters of basal cranial structures in men with
orthognathic bite, have a determination coefficient of less
than 0.5 and therefore have no practical significance for
medicine. In girls with orthognathic bite, models of gnatomet-
ric indices are not constructed at all, depending on the pa-
rameters of the basal cranial structures with a determination
coefficient greater than 0.5.

Many studies have been devoted to the study of the re-
lationship between the teleroentgenography characteristics
of the skull base and the metric characteristics of the tooth-jaw
complex, but they are highly controversial in relation to the
influence of the basal angle (which practically does not
change with the growth of the child), the length of the ante-
rior and posterior cranial bases on the formation of tooth-ma-
xillary anomalies [6]. Studies by many scientists [9, 16] indi-
cate a significant effect of the properties of the base of the
skull on sagittal inter-jaw relationships.

In the work of G. B. Hopkin et al. [9] there is an evidence
that the angle of the base of the skull clearly correlates with
the type of tooth-jaw disease. So with progeny (the front
position of the mandible, 3rd class by Engle), the BaSN
angle is smaller in men and women (respectively 122.4° and
122.2°) than in the posterior position of the mandible (or
second grade in Engle) at which the BaSN angle is more
open and has larger values (respectively 126.7° and 128.8°).
Similar results show the work of other researchers [10, 11].

At the same time, other studies [5, 26] show a lack of
clear influence of the cranial angle on the tooth-jaw system.
There were no differences between normal occlusion and
different pathological classes in Engle.

This state of affairs can be explained by the fact that the
research data were conducted in different ethnic and age
groups, different samples and may be using different diag-
nostic approaches and methods of data analysis. After all,
with the use of a more detailed approach, the results of re-
search may be quite different, than when analyzing an entire
heterogeneous population. So, in his studies, S. Sidiropoulou
[22] came closer to correlation analysis and divided the
subjects under the type of face. His scholarly works illustrat-
ed the dependence of the NSBA angle on the face type. For
retrograde, orthognathic and prognostic types for men, the
angle values are 133-138°, 126-132°, and 120-125°, and
for women, they are 136-143°, 130-135°, and 122-129°,
respectively.
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It should be borne in mind that the craniofacial complex
is a rather complicated structure for study, since it combines
function and form, genetically determined parameters and
those that are prone to external influence. The existence of
such a controversial situation necessitates further detailed
research in this direction.

CONCLUSIONS Among 43 possible regression models
of gnatometric indices, depending on the parameters of the
basal cranial structures in boys with orthognathic occlusion,
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BiHHUYbKuUli HayioHasbHUll Medu4Huli yHisepcumem imeHi M. I. lNMupozosa*
HayioHasbHUli Mmedu4yHul yHisepcumem imeHi O. O. Bo2zomobys?

MOAENOBAHHA THATOMETPUYHNX MOKA3HUKIB 3ANTEXXHO BIA MAPAMETPIB BA3A/IbHUX KPAHIANTbHUAX CTPYKTYP
FOHAKIB TA AIBYAT 3 OPTOrHATUYHUM NMPUKYCOM

Pestome. 119 MOXNMBOCTI (hopMyBaHHS 06’€EKTUBHOTO NIAIPYHTA BU3HAUYEHHS fiarHo3y Ta CTBOPEHHS KiHLIEBOI MeTUW NiKyBaHHA op-
TOAOHTA, HEOOXIAHO MaTK YiTke PO3yMIHHA NPO iIHAVBIAYasbHI BapiaTUBHI 3HAYEHHA OCHOBHMX METPUYHMX XapaKTepPUCTUK NEBHUX
iHAVBIAYa/IbHNX NOKA3HUKIB KICTKOBUX CTPYKTYP Ta M'AKUX TKaHWH NMLA.

MeTa pgocnigxeHHs — nobyayBaTy i NPOBECTY aHani3 perpeciiinx Mofenei rHaTOMeTPUYHUX NMOKA3HWKIB 3a/1eXHO Bif, napameTpiB
6a3asIbHUX KpaHiaslbHUX CTPYKTYP Y OHakKiB Ta AiByar i3 OpTOrHaTUYHUM MPUKYCOM.

Marepianu i meTogu. ¥ 38 toHakiB (Bikom Bif 17 fo 21 poky) Ta 55 giBuaT (BikoM Big 16 f0 20 poky), siki Manu i3ioNnoriyHnii npmkyc
MakCcMMasibHO HabIMKEHNI A0 OPTOrHATUYHOrO, By/10 NPOBEAEHO TeNepeHTreHorpaciuHi Ta koMn'toTepHoTOMOrpadiuHi AOCNiAKEeH-
HA. MobyaoBy perpeciiiHnx Mofene rHaToMeTPUYHNX NOKA3HMKIB 3aU1€XKHO Big, NapaMeTpiB 6a3asibHMX KpaHiaslbHUX CTPYKTYp Npo-
Be/leHO B NileHsiiiHoMy nakeTi Statistica 6,0.

Pe3ynbTatu gocnigkeHb Ta iX 0GroBOPEHHA. Y pe3ysbTaTi NPOBEAEHOr0 PErpeciiHoro aHasisy B tOHakiB 3 OPTOrHATUYHUM Npu-
Kycom noby0BaHO Taki Mofeni rTHaTOMETPUYHMX NOKa3HWKIB 3a/1eXHO Bif, napameTpis 6a3aibHUX KpaHiaslbHUX CTPYKTYpP: edeKTuBs-
Ha [OBXVHa BEPXHbOT Wenenu = -6,11+1,01xsigcTadb Se_N+0,45xBennunHy 0CHOBM BEPXHBOI LWenenu + 0,28xBigcTtanb S_E (ko-
edilieHT geTepmiHauii gopiBHioe 0,612); AOBXUHA BEpXHbOI wenenn = —15,42+0,50xBigctaHb Se_N+0,50XBennymHy OCHOBMU
BEPXHbOI Wenenun (koediuieHT aeTepmiHauii gopisHioe 0,550); kyT SND = 107,8-0,47xH-kyT + 0,39XBeNNUNHY OCHOBU BEPXHbLOI
wenenu —0,38xBiactaHb S_E (koedilieHT aeTepMiHayii gopisHioe 0,502); BiactaHb S_L = 13,05+1,51xBigctaHb Se_N — 0,87 xH-kyT
— 0,86xBiacTaHb S_E+0,63xBenMunHy OCHOBY BEPXHLOT Lenienn (koedilieHT aeTepmiHauii fopisHioe 0,626).

BUCHOBKMU. 13 43 MOX/IMBUX perpeciiinx Mogenei rHaToMeTPUUHNX NOKa3HWKIB 3aU1€XHO Bif, napameTpiB 6a3asibHUX KpaHiaslbHUX
CTPYKTYP Y tOHaKiB 3 OPTOTHATUYHMM NPUKYCOM NO6YA0BaHO finLle 4 AOCTOBIPHUX MOAENi 3 KoedilieHTOM AeTepmiHauiil 6inbwmnm 0,5,
a came: e(heKTVBHOI JOBXUHN BEPXHLOI LLenenm, AOBXMHM BEPXHBLOT Lenenu, kyta SND Ta BiagcTaHi S_L. Y giByar i3 opTorHaTnyHum
npuKycom B3arani He nobyaosaHi Mogeni 3 koedilieHTom geTepMiHaii 6inbwmnm 0,5.

KniouoBi cnoBa: perpeciiiHuii aHanis; rHaToMeTPUYHI NOKa3HUKU; po3Mipy 6a3asibHUX KpaHia/lbHUX CTPYKTYp; lOHaku i diByarta 3
OPTOrHaTUYHMM MPUKYCOM.

©H. A. AmuTpues?, E. M. Ayauk?, T. B. Yyry?, E. B. YepkacoBa?

BuHHUYKuli HayuoHa/IbHbIl MeOUYUHckuli yHusepcumem umeHu H. U. MNMupozosa*
HayuoHasbHbIl MeOUYUHCcKUli yHusepcumem umeHu A. A. Bozomobya?

MOAENNPOBAHVNE THATOMETPUYECKNX MOKA3ATENEN B 3ABMICMOCTN OT MAPAMETPOB BA3AJIbHbIX
KPAHUANBHbIX CTPYKTYP FOHOLLEV N AEBYLUEK U3 OPTOMHATUYECKM MPUKYCOM

Pe3stome. 1151 BO3MOXHOCTW (DOPMUPOBaHWsi 06 EKTMBHOIO OCHOBaHWS ONPeLEeNeHns AnarHo3a 1 co3faHne KOHeYHOW Lienn neyeHus
OpPTOA0HTA, HEOOXOAMMO UMETH YETKOE NOHUMaHVe 06 UHAVBUAYaSIbHbIX BapyaTUBHbIX 3HAYEHUAX OCHOBHbIX METPUYECKUX Xapak-
TEPUCTVK ONpeseneHHbIX MHANBUAYaNbHbIX NoKa3aTesneil KOCTHbIX CTPYKTYP U MATKMX TKaHel nuua.

Lienb nccnepgoBaHnsi — NOCTPOUTL 1 MPOBECTY aHA/IN3 PETPECCUOHHBIX MOAENEN THaTOMETPUYECKMX NoKasaTenei B 3aBMCMMOCTM
0T NapameTpoB 6a3asibHbIX KpaHUasbHbIX CTPYKTYP Y HOHOLLEN 1 AeBYLIEK C OPTOTHATUYECKUM MPUKYCOM.

Martepuanbl n meToabl. Y 38 toHoweli (B Bo3pacTe oT 17 o 21 roga) n 55 aesoyek (B Bo3pacTe oT 16 o 20 roga), MeBLUUX hu-
310/10TMYECKNIA MPVKYC MaKCUMasibHO NPUBIVKEHHbIA K OPTOrHaTUYeckomy, Gbiv NPOBEAEHbI TeNEpPeHTreHorpaguyeckme 1 Kom-
NblOTEPHOTOMOrpachnyeckme nccnefoBaHus. NMocTpoeHne perpecCcMoHHbIX Mogeneli rTHaTOMeTPUYECKX Nokasarteneli B 3aBNCMMOC-
TV OT NapameTpoB H6a3asibHbIX KpaHUasbHbIX CTPYKTYP NpoBefeHa B NMLEeH3VOHHOM nakeTe Statistica 6,0.

Pe3ynbTatbl ucCnegoBaHuii U Ux o6eyxaeHune. B pesynbrarte NpoBeeHHOr0 PerpecCMOHHOr0 aHasIM3a B HOHOLLE C OpTorHaTu-
YECKVM MPUKYCOM MOCTPOEHbI CrefytoLime MOAEN THATOMETPUYECKNX MoKasaTesnein B 3aBUCUMOCTY OT napaMeTpoB 6asasibHbIX
KpaHvasbHbIX CTPYKTYp: adpekTuBHas A/MHa BepxHei yentoctn = -16,11+1,01xpaccTtosiHne Se_N+0,45xBeNnUrHy 0CHOBaHUA
BepxHe Yentoctn + 0,28xpaccTtosiHne S_E (koadhdmumeHT aetepmuHaummn paseH 0,612); AnvHa BepxHeii yenocTty = -15,42+0,50xpac-
cTosiHne Se_N + 0,50xBennUrHy OCHOBaHWSA BEpXHEN YentocTu (koachmuneHT getepmmHaumm paseH 0,550); yron SND = 107,8 -
0,47xH-yron+0,39xBeNN4nHy 0CHOBaHWs BepxHeli yentocTy — 0,38xpaccTosiHne S_E (koadihmumeHT aeTepMuHaLmn paseH 0,502);
pacctosHne S_L=13,05+1,51xpacctosHne Se_N — 0,87xH-yron — 0,86xpacctosiHne S_E + 0,63XBENMUYMHY OCHOBaHUSI BEPXHEN
yentocTty (koadhuLumeHT geTepMuHaummn paseH 0,626).

BbiBOAbI. 13 43 BO3MOXHbIX PErPECCUOHHbIX MOAE/EV THATOMETPUYECKMX NOKa3aTe el B 3aBUCMMOCTM OT NapaMeTpoB 6a3asibHbIX
KpaHWasibHbIX CTPYKTYP Y IOHOLLE ¢ OPTOrHaTUYeCKUM NprYKYCOM MOCTPOEHO TOJIbKO 4 [OCTOBEPHbIE MOAENM C KO3hhULMeHToM
feTtepmuHaummn 6onblumm 0,5, a UMEHHO: 3dDEKTUBHON A/IMHbI BEPXHEN YentocTu, ANIMHbI BepxHel Yentoctu, yrna SND 1 paccTos-
HVUA S_L. Y geByllek C opTOrHaTM4yeckum NpukycoM BOOGLLE HE NOCTPOEHbI MOAENN C KO3 ULMEHTOM AeTepMuHaLm 601bLwNM
0,5.

KntoueBble cnosa: perpeCCVIOHHbII?I aHasins; rHaTtomMeTpuveckme nokasaresin, pasmepbl 6a3asibHbIX KpaHWa/lbHbIX CTPYKTYP; OHOLUN
N AeBYLIKN U3 OPTOrHaTU4eCKOM NPUKyCcoMm.
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