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Abstract

The main purpose of the study is to build 3D model of temporomandibular joint and mandible using programs 
for modelling and design, research stress and strain in cartilage and bone of model depending on different contraction 
of chewing muscles (especially lateral pterygoid muscle). There were used such methods as computer tomography data, 

finite element method and analysis topography of lateral pterygoid muscle on cadavers. In results of study was obtained 
maximal stress in anterior and distal parts of articular disc between 1,4–3 MPa and 0,4–1 MPa. Thus, static loads of 
articular disc were different, depends on force of contraction lateral pterygoid muscle. Muscle disturbances (hyperfunc-

tioning, atrophy etc.) should be considered in treatment of temporomandibular dysfunction and examined on magnetic 
resonance investigation if it is present in the same patient.

Keywords: temporomandibular joint, lateral pterygoid muscle, finite element analysis, 3D model.

DOI: 10.21303/2504-5679.2016.00088   © Roman Palyvoda, Vladyslav Malanchuk, Mykola Kryschuk, Oksana Volovar

1. Introduction

Medicine is an industry that is constantly evolving. At the beginning of 21st century, an inte-

grated approach provides a combination of many related disciplines, which allows taking treatment 
and getting a positive result in each clinical case.

Computer modeling is a revolutionary introduction to the subject using mathematical and 
experimental models [1–3]. Finite element method (FEM) was firstly used in dentistry, is an in-

novative and progressive solution of static and dynamic problems in biological systems including 
bone structures and cartilage [4–6].

Today, the creation of individual finite-element models is a perspective area of biomechan-

ical research. This method starts to be widely implemented in practice as an important component 
of planning maxillofacial operations (reconstructive and orthognathic surgery), accurate prediction 
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of complex biomechanical reactions of implants, conducting osteotomy and osteosynthesis facial 
bones etc. [7, 8].

The use of finite-element analysis in cases of temporomandibular joint (TMJ) dysfunction and 
condylar fractures is important, requires high skills in engineering and computer mechanics, knowl-
edge, medical analytics, as expensive equipment and additional methods of examination [9, 10]. Thus, 
in addition to it also can be used the data obtained from cadavers and MRI measurements [11, 12].

2. Aim of research

To build computer three-dimensional model of mandible and TMJ, investigate features of 
forces and stress-strain distribution making by chewing muscles and improve diagnosis of TMJ’s 
dysfunction using this model.

3. Materials and methods 

We performed TMJs section from both sides of 3 cadavers used for teaching students at the 
Department of human anatomy of Bogomolets National medical university. The cadaver’s ages 
ranged from 50–70 years (60±6,5 years). Cadavers were partially dentate. There were two cadaver’s 
bodies and one cadaver’s head. 

We used data of computer tomography (Toshiba/Activion 16) and took into account patient 

with no clinical manifestations of the pathology of maxillofacial area and dysfunction of mastica-

tory system. We applied FEM to analyze distribution of stress and strain with license CAD – CAM 
programs (Mimics 12.3 (Materialize, Belgium), SolidWorks 2013 x64 Edition (Dassault Systèmes 
SolidWorks Corp., USA) and Ansys Workbench 14.5 (Ansys Corp., USA) (Fig. 1).

Fig. 1. An algorithm for constructing the finite-element model of the mandible and TMJ

In this way lower jaw and part of temporal bone were cut off other bone of skull, made a 
correction of circuits (divide or remove individual pixels (voxels)) delete some errors or artefacts. 

Thereby data of CT was converted into 3D virtual model using program of engineering design and 
analysis (CAD/CAE – system). We performed usual virtual finite element models with the real 
parameters. These models made solving goals of our study.
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In semi-automatically mode, we formed border lines of cortical and sponge layers of bone, 
compared relative measures of articular fossa, condylar process and articular disc of TMJ. Due to 
Mimics Materialize, 3D model was imported into Solid Works computer software.

Each one from 544 closed lines is composed one to another, have put together sketches, 

created space and got solid-state model. Used abstraction and simplification of the model geometry, 
however, created the basic elements of the TMJ [13–16].

Bone and cartilage tissues considered homogeneous, physical and mechanical properties 

were set in the form of an isotropic material with elastic characteristics and the linear case [17, 18].

For studying the normal biomechanics of the joint, we reviewed including functional loads 
and contact interactions at the point of contact anatomical structures (Table 1, 2).

Chewing loads simulated by the vector in punctum mobile the muscles of the lower jaw and 
a single vector of force in the area of the dentition.

Table 1

Standard loads of computer model of chewing muscles (Cartesian coordinate system)

Chewing muscles F, H

Components of

Cartesian coordinate system

X Y Z

M. temporalis 59,1 – 24 54

M. masseter 54,92 – 10 54

M. pterygoideus medialis 30,27 – –4 30

Force pointed on dentition 100,02 – 20 –98

Table 2

Standard loads of computer model of m. pterygoideus lateralis (Cartesian coordinate system)

F (min), H F (N), H F (max), H

m. pterygoide-

us lateralis

Upper belly,
F1

X 0

3,1

x 0

5,1

x 0

7,1Y –3 y –5 y –7

Z 1 z 1 z 1

Lower belly,
F2

X 0

7,1

x 0

10,1

x 0

13Y –7 y –10 y –13

Z –1 z –1 z –1

Σ F Σ F1,2, H 10,2 Σ F1,2, H 15,2 Σ F1,2, H 20,1

In the Ansys software was simulated attachment of several main TMJ ligaments using elastic 
elements (stiffness was not considered). It was created a grid of discrete volumes (finite element), 
representing a collection of irregularly shaped objects with complex geometries – 10-node tetrahe-

dral elements with quadratic approximation functions. Conducted calculation of stress-strain state 
of the mandible and TMJ, rated the distribution of the main stresses and equivalent in Mises stress.

4. Results of research

In all cadavers’ dissections, we found that lateral pterygoid muscles is fixed to anterior or 
anteriomedial part of articular disc and capsule (Fig. 2).

During chewing load model was in a complex stress state (tensile strain, compression, 
bending, and shear). The distribution of stress has been uneven, stress concentration was in 
sectors of expressed and dense cortical layer: the front of mandible (8,4–11,2 MPa), the poste-

rior edge of branch jaw (9,1–10 MPa), external oblique line (7,3–8,9 MPa), torus mandible and 
anterior-medial surface of the condyle (11,4–18,3 MPa). More less power of tension arose in the 
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chin area (4,8–5,4 MPa), internal surface of mandible (l. mylohyoidea) and point of fixation of 
m. digastricus (7,1–8,1 MPa) (Fig. 3).

Fig. 2. A lateral view of the lateral section of maxilla-facial area, TMJ structure and LPM 
(AD – articular disc; C – capsule of TMJ; ZA – zygomatic arch (dissected); UB – upper fascicle 

of lateral pterygoid muscle; LB – lower fascicle of lateral pterygoid muscle; PC – processes 

coronoids (dissected); T – temporal bone; A – a. maxillaris (a. carotis externa))

Fig. 3. Distribution Mises equivalent stresses in the mandible

The uneven distribution of stresses in the bone is obvious, because it is well known that 
the lower jaw is heterogeneous bone structure [19]. These features are contributed to individual 
physical and mechanical properties and functional features that are inherent in the lower jaw.

The maximum stress was in the front and the distal part of articular disc in the range 

1,4–3 MPa and 0,4–1 MPa respectively depend on different conditions of muscular activity. The 
values of the stress in the lateral, medial and middle parts of the articular disc was from 0,1 to 

1,6 MPa, and grew with the increased contraction of lateral pterygoid muscle (Table 3, Fig. 4).
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Table 3

Stress distribution of articular disc depending on contraction force of lateral pterygoid muscle

Force value of LPM, 

F, Н
Stress distribution of articular disc of TMJ, МPа*

Anterior part Posterior part

F=0 1,4 0,4

F=10 (min) 2 0,7

F=15 (N) 2,7 0,9

F=20 (max) 3 1

Note: * – numerical values of maximum stress concentrates

Fig. 4. Comparison of stresses in different parts of the articular disc terminated by the lateral 
pterygoid muscle (F=15H) and without it (LPM – lateral pterygoid muscle)

5. Discussion 

Firstly, researchers investigated static loads on animals (Hohl T. H. and Tucek W. H. [20]; 
Boyd J. P. et al. [21]). However, many scientists can’t extrapolate these data on human organism and 
widely used mathematical models (Chen J. et al. [22]). Perhaps, this is the next step to develop such 
new approach, modern occupation in Ukraine as bioengineering [20].

Coming to the evidence, we conducted the division of Mises equivalent stress and strain in 
different situational positions of masticatory system, taking into account the interaction of com-

ponents of combined model for the static loading conditions, simulating simultaneous reduction of 
symmetric state chewing muscles. There was a symmetrical distribution of stress fields and their 
movement from the chin to condyle of the mandible. 

Finite element method is not also a relatively cost and energy saving level of computer 
science, but the alternative direction of temporomandibular joint study. It helps us to determine 
mechanisms of development of pathological conditions, using the patient’s own three-dimensional 

model of mandible and TMJ (Fig. 5).

Fig. 5. Finite element model of TMJ
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Total amount of the nodal elements is 1817278, finite elements – 1233096. It helped us to 
make necessary calculations and minimized the errors. These results were related with anatomical 

signs and clinical dysfunction. Well known that contraction of LPM on the one side causes lateral 
movement, both muscles – an anterior projection or protrusion of the mandible.

According to the review of literature, from 2 % (P. Bravetti et al. [23]) to 69,8 % (C. J. Tapia 
et al. [24]) of the upper fascicle of LPM is inserted in articular disc. This fact was confirmed in the 
result of cadaver’s dissection also. 

Moreover, the increasing tension in the front of the articular disc is higher than the back part 
by 41,6 %. Enhancing of tension in other parts of the articular disc is equally.

In the beginning of the rotation, and then translational motions of head condylar process the 
anterior part of articular disc begins to perceive loads. Due to the more dense contact of articular 
surfaces distally and ligament tension of retrodiscal area, higher loads exist in the distal articular disc.

The appearance of stress concentrations placed in the anterior, posterior and lateral parts of 

disc coincide with data getting from the direct experiments of articular disc cadaver material. Scien-

tists investigated thinning of layers and perforations of cartilage tissue in some cases (Takamura H., 

Maruyama T. [25]).
The result of study was submitted on scientific council of the dental faculty of Bogomolets 

National medical university and author got a master of sciences degree.

6. Conclusions

1. Computer model of TMJ accurately reflects the mode of deformation of the joint study of 
biomechanical systems that allowed determine the stress concentration gradients, the magnitude 
and direction of the system static conditions deformation. 

2. The maximum value of Mises stresses with working chewing muscles corresponds to the 
topographically buttresses of mandible and are concentrated mainly anteriorly and distally in TMJ 
disc, equivalent values Mises stresses were 3 and 1 MPa respectively. 

3. Taking a treatment of TMJ dysfunction surgeon must investigate the condition of LPM 
(e. g., using magnetic resonance tomography or electromyography).
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