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DETERMINATION OF THE STRESSED-DEFORMED STATUS OF THE LOWER JAW
NUMEROUS-ANALYTICAL OPTIONAL METHOD OF BOUNDARY ELEMENTS

One of the important moving parts of the human skeleton is the lower jaw. People chew food several
times a day every day. The lower jaw of a human is the part of the human’s skeleton that is most injured. The
paper analyzes existing methods for studying the lower jaw of a person, reveals their shortcomings. A review
of the results of many years of research shows that the use of the finite element method and the boundary
element method is the most promising for determining stress and strain in biosystems. For the first time, a
numerical-analytical version of the boundary element method was used to calculate the lower jaw in the
form of a flat non-rectangular frame. An algorithm is developed for a numerical-analytical version of the
boundary element method and its calculated relationships for flat frame structures. The finite element meth-
od is implemented in a modern universal software package. All research results are in good agreement.

Keywords: boundary element method, computer modeling, algorithm, stress-strain state, jaw, flat frame.

JI. B. Kosiomienn, A.17.H., B. ®@. Opobeii, 1.1.H., O. M. JIlumapenko, k.T.H., A. C. J/lumapeHnko, c.H.C.

BU3HAYEHHSA HATIPY)KEHO-IE®@OPMOBAHOI'O CTAHY HUKHBOI IEJEITA
YNCEJBbHO-AHAJIITUYHUM BAPIAHTOM METOAY 'PAHNYHUX EJIEMEHTIB

Ooniero 3 eadicnusux pyXaugux ma Hauvyacmiule mpagMoGaHux Yacmun CKeaemy JIOOUHU € HUICHA uje-
aena. Jloou xooicen derv nepesdicogyiomn iicy no oexinoka pazie na oensv. Huowcns wenena moounu — vacmu-
Ha ckenema JOOUHY, AKa Hauyacmiwe mpasmyemuvcs. OYiHIoBaHHA HAGAHMAJICEHb HA Weleny ma XapaKme-
PV IX po3nooiny € ocHo8oI0 Oiisl 8UEHeHHs. 0A2AmMbOX NUMAHL OPMONEOIL, weaento-iuye6oi xipypeii mowo. 3
NOABOK CYYACHUX KOMN Tomepis, 3acobie izyanizayil, po36umkom Yuciogux Memoois po3paxyHKy, NUMAHHA
MOYHO20 GUIHAYCHHS HANPYICEHO-0ePOPMOBAHOL0 CIANY 3ANUMAEMBCSL OYIICe BANCTUBUM.

B oanuii uac é po3paxynxogiii npakxmuyi 6ce 0i1bul020 NOWUPEHHS HAOYBAIOMy YUCebHI Memoou, OCKi-
JIbKU 8OHU 0COOIUBO ehekmuUuBHi i OOCTIONCEHHS OPMONeOUUHUX KOHCMPYKYill. B pobomi suxonano ananiz
iCHYIOUUX MemoO0i8 O0CIONCeHb HUNCHLOT ujeient T00UuHY, euasieHi ix neooniky. Q2110 pesyirvmamis 6aea-
MOPIUHUX O0CNIOdNCEeHb NOKAZYE, WO OJI GU3HAYEHHs Hanpydicensb | Oeghopmayii 6 Oiocucmemax HaubiLuL
NepCneKmMuGHUM € BUKOPUCIIAHHA Memo0a CKIHYeHHUX eJleMenmié ma Memooie cpanuyHUx el1eMeHmie.

B nayxosomy oOocniodcenHi po3eisiHymo nepuiuii eman QOpMYSaHHS PO3PAXYHKOBOI cXeMU HUICHbOT
weneny — NI0CKAa cmepoicHesa cucmema y euenaoi I'-noodionoi pamu na wiapuipuux onopax. B cmammi pose-
JIAHYMO GUKOPUCIIAHHS CYYACHO20 MemOoOy KOMR IOMEPHO20 MOOENI0BAHHA HANPYICeHO-0ePOPMOBAHO20
cmaHny xicmok oonuuus. Ilpedcmasieno aneopumm cCmeOpeHHA iMImMayitiHux KoMn IomepHux mooesell Ha-
HPYIHCEHO-0ehOPMOBAHO20 CINAHY HUIICHLOI wjenenuy. Bnepute 3acmocoeano yuceivHo-ananimuyHuil gapianm
MemoQy ZPAHUYHUX eNeMEeHMIE 00 PO3PAXYHKY HUNCHLOI welienu y 6ueisioi NI0CKOI HenpsMOKYmoi pamu.
Po3pobneno aneopumm vucenvHO-aHANiMUYHO20 6aPIiAHNTY MemMOOY ePAHUYHUX eleMeHMI6 i 11020 PO3PAXYH-
KO8 CNiGGIOHOUeH S Ol NIOCKUX PAMHUX KOHCMPYKYii. Memoo cKinyeHHUuX ejleMeHmie peanizo8ano 8 cy-
YyacHoMy 6aeamoyinb080My NPOSPAMHOMY KOMHIAEKCL. Bci pesynsmamu oocniodcens 000pe y32002cyiomscs
Midic coboro. B moii oice uac pe3ynomamu yuceibHO-aHanimuuHo20 6apianmy Memooy epaHuiHux eiemeHmie
Oewo 3a6uUyeri HACIOOK, AK NPeOCMABIAEMbCA, He8PAXYBAHHs Oedhopmayii po3may8ants NPAMONIHINIHUX
CMEPIICHIB 6 NOYAMKOGUX PIGHAHHAX 32UHAHHAL.

Knwuogi croea: memoo epanuunux eiemenmis, Memoo CKIHUeHHUX e1eMeHmie, KOMR I0mepHe Mooenio-
BAHHS, ANICOPUMM, HANPYICEHO-0ePOpMOsanuii Cman, weend, niocka pava.
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ONPEJEJEHUE HANIPSI)KEHHO-TE®OPMUPOBAHHOI'O COCTOSTHUSI HUKHEN
YEJIIOCTH YNCJEHHO-AHAJIMTUNYECKUM BAPUAHTOM METOJA 'PAHUYHBIX
SJIEMEHTOB

OO0HOU U3 BAJICHBIX NOOGUNCHBIX YACMEl CKellema Yelo8exa SA6Aemcs HUdNCHASL yentocmn. Jloou kaoic-
Oblll OeHb Nepedcedvi8alon! NUWLY N0 HeCKOIbKO pas 6 oenb. Oyenka Hazpy30K HA Yeiocmu U Xapakmepa ux
pacnpeoeiieHust A618emcsi 0CHOBOU OJisL U3YUEHUSE MHO2UX BONPOCO8 OPMONEOUH, Uea0CHHO-TUYe80U Xupyp-
euu u m.0. B pabome evlnonnen ananuz cywecmeyioujux Memooos uccie008anuil HUNCHel Yeaiocmu yenose-
Ka, evisenenvl ux Heoocmamku. O030p pe3yivbmanos MHO2ONENHUX UCCIeO08AHUT NOKA3LIGACH, YMO Ol
onpeoeneHus Hanpsjicenull u depopmayuii 8 buocucmemax Hauboiee nepcneKmMuUSHbIM A818emcs UCHOIb30-
8aHUe Memood KOHEUHbIX JIeMEHMO8 U Memood CPAHUYHLIX daeMeHmos. Bnepgvie npumenen uucienuo-
AHAUMUYECKUTL 8APUAHTI MEMOOA SPAHUYHBIX DJIEMEHMO08 O/ pacuema HUMMCHell Yealocmu 8 8ude NioCKou
HEenpAMoyeoibHol pavsl. Paspaboman ancopumm 4ucieHHO-AHATUMUYECKO20 8APUAHMA MemoOd 2PaAHUY-
HBIX DIEMEHMO8 U €20 pacyemmuvie COOMHOUECHUS O NIOCKUX PAMHBIX KOHCMpYKyuu. Memoo KoHeuHwvlx
971eMEeHMO08 Peaiu308aH 8 COBPEMEHHOM YHUBEPCATbHOM NPOCPAMMHOM KoMNAeKce. Bce pezynomamul uccie-
008AHULL XOPOULO COCNACYIOMCS MeANCOY COOOI.

Knrouegwvie cnoea: yucnosi memoou, mMemoo ZPAHUYHLIX 2JEMEHMO08, MemOoO KOHEUHbIX JIeMEHNIO8,
KOMRbIOMepHOe MOOCIUPOsanue, aneopumm, HanpidceHno-0epopmMuposantoe cocmostue, Yeocms, nioc-
Kas pama.
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Introduction question of the exact determination of stress-strain
The lower jaw of a human is the part of the hu-  state (SSS) remains relevant.
man’s skeleton that is most injured. In the process of bite (with the inclusion of two

The load on the jaws and the nature of their dis-  front incisors), the lower jaw can be represented in
tribution, in the norm, is the basis for the study of the form of a symmetrical frame with a symmetrical
many issues of orthopedics, maxillofacial surgery, action of chewing load, which allows to consider

etc. only half of the system, as a flat frame [1-4].

In the work the method of boundary elements is The scheme of the lower jaw is presented in
applied to the calculation of the lower jaw of a per-  Fig. 2 in the form of a flat frame is a mechanism that
son (Fig. 1). can rotate freely around the hinge until any re-

striction occurs. In this case, any tooth-antagonist
may be a limiter of motion, which comes in contact
with the tooth or through the food breast.

|
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Figure 2 — Estimated diagram of the lower jaw

Figure 1 — General view of the Lower Jaw

Analysis of the publications
Billions of people chew their food every day, In the case of a bite, following the work partly
several times a day; thousands of scientists are ex-  [5], we represent the lower jaw in the form of a flat
ploring this process in our time and in the past. The  frame (Fig. 2).
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Articular jaw head is a classic hinge, like in
anatomy and by the peculiarities of functioning.
Before contact with the tooth-antagonist, the lower
jaw may be considered as the simplest mechanism of
lever. If there is movement restriction in the area of
the incisors, it is a flat statically distinctive frame [5-
9], pivotally supported at two points (in the area of
the articular head and in the area of the incisors),
which is schematically shown in Fig. 2 in the form
of fixed and movable hinges.

The reaction that occurs in a fixed hinge, can be
represented as two components (for example, hori-
zontal and vertical, or transverse and longitudinal),
and in the movable hinge as one component.

In contrast to the work [4], it is most expedient
to take the magnitude of the chewing load F as an
external force, which will be the function of reac-
tions in the supports and the internal force factors in
the jaw sections.

At present, numerous methods are becoming
more widespread in computational practice, because
they are especially effective for the study of ortho-
pedic structures.

These methods are based on discrete calculation
schemes. One of the most common numerical meth-
ods today is the finite element method (FEM), which
implies a clear approximation of the solution in
small subdomains.

Coordinate functions of different order are used
for interpolation.

A great quality of literature is devoted to the
theoretical aspects (FEM) [13, 14].

Most modern universal software packages —
ANSYS, Cosmos Works, NASTRAN and others —
work on the basis of FEM.

Simultaneously with FEM, in recent years, an-
other numerical method has been actively developed
— the boundary element method (BEM), where the
basis is not the usual difference schemes, but the
integral equation of the problem and its fundamental
solutions [13, 14].

Not only the whole area of an object is subject-
ed to sampling at the BEM, but only its boundary at
which the necessary parameters are determined from
the system of linear algebraic equations, and the
state at the internal points is calculated from the
integral equations.

It is known that the stiffness matrix of the elas-
tic modulus can be constructed on the basis of BEM
ratios [14].

Main part

To analyze the stress-strain state in the lower
jaw, the chewing load F must be divided into two
components: horizontal and vertical.

In further study of the issues of strength and ri-
gidity of the jaw, it is necessary to know the basic
geometrical characteristics of the section: static
moments, moments of inertia (axial) and moments
of resistance.

Compliance with the model requirements and
the actual jaw when schematizing, the jaw cross
sections causes some difficulties. For axial loads
(tensile or compressive), the cross-sectional area
must be achieved evenly, and for transverse forces
(in shear, bending, and torsion), this applies to the
moments of inertia and the height of the section.

The analysis of the questions of the design
schemes shows that among the simple canonical flat
sections (rectangle, circle and ellipse), the shape of
the ellipse most fully characterizes the contours of
the cross sections of the mandible.

In scientific research, it is necessary to take into
account the difference in mechanical characteristics
for compact and spongy bone [10-12].

The ratio of their density, introduced in [4],
does not, in our opinion, fully reflect the essence of
the question. After all, in the calculation formulas
for the estimation of stiffness (displacements) and
strength (stresses), the density of structural compo-
nents is not taken into account at all.

Note that in the technique of calculating the
characteristics of stiffness and strength of composite
structures, parts of which have different stiffness,
use the method of reduction coefficients. Its essence
for materials that obey the Hooke law is to introduce
a reduction coefficient as the ratio of the modulus of
elasticity of the materials.

In reduced geometric characteristics (areas,
moments of inertia, etc.), the areas of the elements
are conditionally reduced as much as their modulus
is smaller than the modulus of elasticity of the base
material. Described above should be taken into ac-
count when performing any type of research and
calculation, especially when using numerical meth-
ods. Consider the application of a numerically ana-
lytical variant of the boundary element method to
the calculation of the mandible as a flat G-shaped
frame.

Form the BEM equation according to the
scheme for a flat rod system

YO=ADXO)+tB()>A D)X O)-Y =B () > A, () X, (0,H)=-B (). (1)

For straight lines, bending equation with normal forces
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Limit parameters are determined from the sys-
tem of linear algebraic equations (1), and the state of
the structure at internal points is determined by the
equations (2).

The results of the BEM calculation are summa-
rized in Table 1.

Finite element calculation

The ANSYS program was selected to imple-

The calculation model is approximated by the
BEAM3 element from the ANSYS finite element
library. This is a two-node element used mainly for
the calculation of rod structures.

As a result of the FEM calculation, for each
variant of EM partitioning, a deformed shape of the
system, normal force and transverse forces, and
flexural moments are obtained. The calculation re-

ment the FEM algorithm. sults at n> 1000 have not been specified.
Table 1 — Results of the calculation of the design of the lower jaw
Engineering
WCF BEM metho[cli] (Iilgi\g) (Etlgi\g) (1F (%é) (118133;)
N, (xH) 1,383 1,322 1,349 1,354 1,357
0,, (xH) 1,169 1,160 1,161 1,161 1,161
M, (xHwm) 0,642 0,618 0,6105 0,613 0,613 0,613
N_, (xH) 0,741 0,689 0,668 0,678 0,684
0,, (xH) 0,36 0,3011 0,30 0,303 0,304
M, (xHw) 1,110 0,986 1,108 1,108 1,109 1,108
N, (kH) 2,345 2,284 2,3 2,313 2,316
0y, (xH) 1,138 1,130 1,131 1,131 1,131
M, (xHw) 1,547 0,5247 1,517 1,5192 1,519 1,519

The results on the FEM when crushing a finite
element grid are presented in table 1.

The comparisons of these calculations show
that the FEM results can be considered the most
reliable. They agree well with the engineering meth-
od of calculating flat G-shaped frames.

At the same time, the results of the BEM are
somewhat overstated due to the fact that the defor-
mation of the stretching of the straight bars in the
initial bending equations does not seem to be taken
into account.

Conclusions:

1. The analysis of existing methods of modeling
the construction of the lower jaw was performed.
The disadvantages are indicated.

2. It is shown that the methods of finite and
boundary elements are the most effective approaches
for calculating the stress-strain state of the lower
jaw.

3. The algorithm of the boundary element
method and its calculated ratios are presented as a
result of integrating the differential equations of the
static of the rod systems.

4. The finite element method is implemented in
Ansys.

5. The calculations of the VAT of the lower jaw
as a flat L-shaped frame according to the FEM and
BEM algorithms were performed.

The calculation results are in good agreement
with each other, which indicate the reliability of the
created models and calculations.
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