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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 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.
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Introduction
The lower jaw of a human is the part of the hu-

The load on the jaws and the nature of their dis-
tribution, in the norm, is the basis for the study of 
many issues of orthopedics, maxillofacial surgery, 
etc.

In the work the method of boundary elements is 
applied to the calculation of the lower jaw of a per-
son (Fig. 1).

Figure 1 General view of the Lower Jaw

Billions of people chew their food every day, 
several times a day; thousands of scientists are ex-
ploring this process in our time and in the past. The 

question of the exact determination of stress-strain 
state (SSS) remains relevant.

In the process of bite (with the inclusion of two 
front incisors), the lower jaw can be represented in 
the form of a symmetrical frame with a symmetrical 
action of chewing load, which allows to consider 
only half of the system, as a flat frame [1-4].

The scheme of the lower jaw is presented in 
Fig. 2 in the form of a flat frame is a mechanism that 
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.

Figure 2 Estimated diagram of the lower jaw

Analysis of the publications
In the case of a bite, following the work partly 

[5], we represent the lower jaw in the form of a flat 
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

)(l = )(l )0( + )(l )(l )0( )(l = )(l )(l ),0( l = )(l . (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-

ment the FEM algorithm. 

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-
sults at n> 1000 have not been specified.

Table 1 Results of the calculation of the design of the lower jaw

WCF BEM
Engineering 
method

[1]

FEM
(10

FEM
(40

FEM
(100

FEM
(1000

1zN ( ) 1,383 1,322 1,349 1,354 1,357

1yQ ( ) 1,169 1,160 1,161 1,161 1,161

1xM ( ) 0,642 0,618 0,6105 0,613 0,613 0,613

2zN ( ) 0,741 0,689 0,668 0,678 0,684

2yQ ( ) 0,36 0,3011 0,30 0,303 0,304

2xM ( ) 1,110 0,986 1,108 1,108 1,109 1,108

3zN ( ) 2,345 2,284 2,3 2,313 2,316

3yQ ( ) 1,138 1,130 1,131 1,131 1,131

3xM ( ) 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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