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AbSTrAcT 
The problem of temporomandibular joint modeling was considered. The stress-deformation 

state of the joint was defined by the finite element method. Cases of dental intervention were 
discussed when the filling was put either above or below the tooth norm and the influence on the 
jaw deformation. SolidWorks 3-D modeling program (“Dassault Systèmes SolidWorks” Corp., 
USA) was used for temporomandibular modeling. The model was prepared in accordance with 
the geometric sizes taken from the anatomical reference books.

The model consists of the cranial part, joint, and mandible. On the lower jaw we modeled 16 
teeth, which were absolutely identical to the geometry of the natural teeth. The given model was 
imported into ANSYS Program and stress-deformation state calculations were done. Calcula-
tions of ANSYS Program were conducted on the base of the finite element method. 

The geometrical modeling includes creation of the model construction geometry suitable for 
the finite element method taking into consideration all the parameters, which have a significant 
influence on the calculation results. At the stage of creating the net of finite elements it became 
expedient to use different types of finite elements in the studied model. Numerical solution of the 
equilibrium equation system was carried out automatically using the computer technologies. The 
analysis of data obtained was by the tension and deformation distribution law, as well as by cre-
ating essential graphical dependence. 

Regeneration of the net resulted in tension in the contact zone of the temporomandibular joint. 
It was revealed that, when the forces influence symmetrically on the teeth from the right and left 
sides, the tension is similar from the left and right of the temporomandibular joint. The proof is 
evident that in case of increasing the affecting forces in the result of stomatological interven-
tions, when the filling is put higher, the load on the jaw increases and brings to tension changes 
in the temporomandibular joint. 
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matological intervention the tension in the tem-
poromandibular joint changes; with time this lat-
ter can lead to unfavorable deformation of the jaw 
[Dimitroulis G. et al., 1995; Khvatova V., 2007]. 
In order to study the tension occurring in the joint 
calculation of the stress-deformation state of the 
joint is carried out by the finite element method 
[Zenkevich O., 1975; Khvatova V., 1996]. Forma-
tion of the temporomandibular joint model: The 
temporomandibular joint was modelled in Solid-
Works 3-D modeling Program (“Dassault Sys-
tèmes SolidWorks” Corp., USA).

The model (Fig. 1) was done appropriate to the 
geometrical sizes given in the anatomical hand-
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introduction

There is hardly any part in stomatology, where 
so many difficult problems and issues could be en-
countered, as in the treatment of temporomandibu-
lar joint dysfunctions. Generally, normalization of 
the occlusion is the most expedient and effective 
method of treating dysfunctions [Badanin V., 
2003]. Occlusion normalization includes also an 
aspect of biomechanics. It is important to assess 
the tension on teeth and joints. As a result of sto-
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book [Sapin M. et al., 2013]. The model consists of 
the cranial part (1), joint (2), mandible (3). Sixteen 
lower teeth (4), which were precisely identical to 
the geometry of real teeth, were also modeled. 

Afterwards this model was imported into the 
calculating program ANSYS [Kaplun A. et al., 
2003] where the calculations of stress-deformation 
state were conducted. Calculations of ANSYS Pro-
gram are carried out on the base of the finite ele-
ment method.

results and discussion

It was supposed that as bordering conditions the 
cranial part (1) was roughly pinched, the joint (2) 
part had a hinged connection with the cranial part 
and jaw (3). The following forces influencing the 
teeth were undertaken: 80 N towards teeth A and 
B, 60 N – to C and D, 40 N – to E and F, 20 N – to 
G and H, and, symmetrically, on the opposite part 
(Fig. 2) [Basov K., 2002]. The incisor (encoded as 
H) was considered the 1st tooth and the count was 
appropriately taken.

For putting into operation the physical-and-me-
chanical properties the following parameters and 
their significance were implemented [Beloshenkov 
V. et al., 2005] (Table 1).

Temporomandibular joint net was built. It was 
condensed in contact zone sites between the cra-
nial part and joint, between the joint and the man-
dible, as well as in the teeth contact area. As a re-
sult of the net regeneration 69,569 elements and 
118,295 nodes were obtained. In the result, tense 
state was achieved (Fig. 3). Maximal tension oc-
curred exactly in the contact zone of the temporo-
mandibular joint. Figure 3 illustrates that place of 
joint, where tension achieves 2,782.5 MPa. In this 
case, when the forces influence symmetrically on 
the teeth A, B both from the right and the left sides, 
tensions are also the same from the left and the 
right parts of the temporomandibular joint. 

Figure 4 illustrates the character of deformation 
in the temporomandibular joint; it is obvious that 
maximal deformation in the frontal part of the jaw 
(colored red) makes 0.0063 mm.

It is then supposed that the force effecting on 
tooth A increases in the result of the stomatologi-
cal intervention [Tatintsyan L., 2012 a; b]. If the 

Figure 1. Temporomandibular joint model.

Figure 2. Forces applied to teeth.

Figure 3. Tense state of the temporomandibular joint: a) 
general view; b) place of maximal tensions.

Figure 4. Deformation of the temporomandibular joint.
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TAble 1.
Physical-and-mechanical properties of the model

Young's 
modulus, GPa

Poisson’s 
ratio

Cranial bone 81.6 0.3
Mandible 48.4 0.3
Joint 112 0.45

TAble 2.
Stress increase dependence on the forces

Tooth Forces N
A, B, 80 100 100 120
C, D 60 70 80 80
E, F 40 40 40 40
G, H 20 20 20 20
Stress, Pa 1976.84 2118.79 2218.45 2260.74

TAble 3.
Stress decrease dependence on the forces

Teeth Forces N
A, B, 50 60 70 80
C, D 40 40 45 40
E, F 40 40 50 40
G, H 20 20 20 20

Stress, Pa 1735.23 1777.52 1915.87 1976.84

Figure 5. Relation between the tension and the force.
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filling is higher than the occlusal surface of the 
tooth, the jaw load increases and brings to defor-
mation of the jaw over a period of time [Gedygu-
shev I., 1987]. Dependence of the mean stress on 
the force applied to the teeth at highly put filling is 
shown (Table 2; Fig. 5).

The calculations of stress dependence on force 
towards the temporomandibular joint are presented 
as Figure 5. When the filling is higher than occlu-
sal surface of the tooth, the stress continuously in-
creases (Fig. 5, upper line). At lower put filling, 
the process of changes is the same; however, the 
stress takes on lower values (Fig. 5, lower line).

Conclusions
The task of professionals is to define at the 

highest modern level the functional and morpho-
logical changes in the temporomandibular joint, to 
normalize its work and prevent further develop-
ment of the pathological process. Tactics for tem-
poromandibular joint treatment depends on the 
causes of its dysfunction, the type of articular disc 
displacement, and the existing diseases. The main 
direction of treatment is to reduce the load on the 
joint creating normal closure of teeth. For this pur-
pose, diagnosis and treatment should be compre-
hensive, involving all necessary specialists.In cases, when the filling is put lower than the 

occlusal surface of the tooth, the jaw load decreases 
(Table 3; Fig. 5).
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