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Abstract 

In the functional dynamics of the mandible, only hinge and propulsion movements are encountered as pure movements, 

the other types of movements being included in the combined movements that the mandible performs. From this wide 

range of movements, the individual will subconsciously choose those that allow mastication as easy as possible, with 

maximum efficiency with as little stress as possible on the masticatory muscles and periodontal tissues. The stereotype is 

established on the basis of morphological peculiarities at the level of the temporomandibular joints, jaws and dental arches, 

aimed at the shape of the mandibular condyles and the inclination of the slope of the articular tubercles, the general shape 

of the mandible and the opening of the mandibular angle, the dental-dental relationships that are created over time, the 

masticatory muscles. For the simulator operating, the tribological parameters testing facility specific to the biomaterials 

used in hip endoprosthesis was adapted, using the cam-spring-tachet loading system, but with the spring replaced. 

Key words: dynamics of the mandible, masticatory cycle, masticatory muscles, biomechanical 

simulators 

 

 

The mandible presents the most 

complex movement patterns known to the 

human body, generated by the possibilities and 

originatiti of mandibolari dynamics and the 

numerous muscle insertions existing on the 

mandibular bone. 

The fundamental movements of the 

mandible are: the rotation movement and the 

translation movement, which can be realized in 

the three planes: sagittal, horizontal and frontal. 

The rotation movement is achieved 

when each point of the mandible travels a 

curved trajectory whose length increases 

proportionally with the distance from the center 

of rotation to a point taken into consideration. 

The translational movement is achieved 

when each point of the mandible will move 

along an approximately linear trajectory, 

covering equal distances from the point of 

origin[1]. 

In the sagittal plane, the limit 

movements and the limit perimeter in the 

sagittal plane were studied for the first time by 

Posselt. From the maximum protrusion 

position, the subject executes a maximum 

opening movement, with the mandible 

maintained in propulsion. Then another test 

movement follows, which records a movement 

of maximum opening starting from the initial 

point of centric relation. As a whole, the 

perimeter of limit movements in the sagittal 

plane is a triangle with the upper base and the 

lower oriented apex. 

In the horizontal plane, the first graphic 

records belonged to Gysi and Hesse . Posselt 

later resumed the research, defining the limit 

movements of the mandible and the limit 

perimeter of the movements in the horizontal 

plane. 

mailto:erar_dr.kamel@yahoo.com


198 
 

The perimeter of the limit movements 

in the horizontal plane is a rhombus with the 

sharp angles placed laterally, closing the 

geometric place of all the movements that the 

mandible can do in the horizontal plane. 

The spatial representation of the 

geometric place of all the movements that the 

mandible can perform by corroborating the 

limit movement perimeter in the sagittal plane 

with the horizontal one, gives a geometric 

shape named by Posselt bicuspoid[2]. 

 

In the functional dynamics of the 

mandible, only hinge and propulsion 

movements are encountered as pure 

movements, the other types of movements 

being included in the combined movements 

that the mandible performs. From this wide 

range of movements, the individual will 

subconsciously choose those that allow 

mastication as easy as possible, with maximum 

efficiency with as little stress as possible on the 

masticatory muscles and periodontal 

tissues[3,4,5]. 

 

 

Modern recording, radio-

cinematography or mechanoelectric transducer 

techniques have allowed the three-dimensional 

recording of mandibular movements during the 

act of mastication. It was found that during 

mastication the mandible performs complex 

movements, which cannot be accurately 

reproduced by voluntary command. These are 

presented under the form of successive cyclic 

movements that constitute the masticatory 

cycles. Regardless of the way they are 

recorded, they have as common features the 

predominantly vertical-oblique direction, the 

transverse and oblique laterality component, 

accompanied by sliding at the level of 

occlusion. 

 

A masticatory cycle starts from the 

resting position of the mandible or from the 

position of maximum intercuspation, takes 

place outside the centric relation in a 

predominantly vertical direction and finally, 

through sliding movements in the horizontal 

plane, the mandible returns to the initial 

starting position or as close as possible to 

it[6,7,8]. 

 

The graphic recordings in the frontal 

plane show that a masticatory cycle consists of 

an eccentric lowering of the mandible which is 

a downward abduction movement of the 

maxillary face followed by a lifting movement 

of the mandible and finally a horizontal sliding 

movement and return to intercuspation, so a 

movement global adduction. The movement is 

very effective for crushing and grinding food 

due to the friction that occurs between the two 

dental arches(Fig.1). 
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Fig. 1- Posselt's diagram 

 

A masticatory cycle represents the 

basic structure of the functional movements of 

the mandible during mastication. At the 

beginning of mastication, the masticatory 

cycles take place on trajectories with higher 

amplitudes that then become smaller and 

smaller as the food is broken up and mixed with 

saliva. The duration of a masticatory cycle is 

0.5-0.6-0.7sec with the vertical amplitude of no 

more than 1/2-3/4 of the maximum opening of 

the mouth and the speed with which the cyclic 

movement is executed is 7.5m/sec slightly 

greater when raising the mandible than when it 

is lowered. 

The masticatory cycles take place in the 

form of series that start as soon as the food is 

introduced into the oral cavity and continue 

until the food is swallowed. Together they 

constitute a masticatory process. The number 

of masticatory cycles that are executed during 

a masticatory process can vary from 17-19 to 

32-34. Based on the frequency with which the 

masticatory cycles follow and the duration of 

the masticatory process, it is said that there are 

fast and slow masticators, and in relation to the 

distribution of the masticatory cycles, there is a 

type of rhythmic masticator characterized by 

the distribution regular masticatory waves and 

an arrhythmic type with an irregular 

distribution of these waves. An individual 

preserves his own mastication pattern over time 

both in the shape of the masticatory cycles and 

in the frequency and distribution of the 

masticatory waves. 

 

The masticatory cycle can be broken 

down into three phases, namely: the opening 

phase during which the mandible descends, the 

closing phase during which the mandible rises 

and finally, the last phase, returning to the 

maximum intercuspidation 

position[9,10,11,12]. 

 

According to other authors, the 

mastication cycles would take place in five 

phases: 

 

phase 1 - preparation, in which the 

opening of the mouth is done quickly 

and is accompanied by a slight sliding 

of the mandible towards the non-

working side, followed by a quick 

lifting movement from the working 

side. 

 

phase 2-establishing the contact 

between food and the occlusal surfaces 

of the teeth, the analysis by the 

periodontal receptors of the consistency 

of the food, of the resistance of the food 

ball, 

 

phase 3 - crushing food through a 

slightly eccentric movement, under the 
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action of isometric and isotonic muscle 

contractions 

 

phase 4-is an extension of phase 3, the 

teeth coming into contact and 

predominating isometric contractions 

 

phase 5 - the contact between the arches 

when the food bowl is in the plastic 

phase, the isometric contraction is 

reduced 

 

Masticatory cycles can be unilateral 

alternating left-right or unilateral persistent. 

Multidirectional mastication is ideal for 

stimulating the support structures, for the 

stability of the occlusion and the maintenance 

of the oral, joint and muscle tissues[13,14,15]. 

 

Masticatory stereotypes 

In the newborn, before the stabilization of 

mastication patterns, a stabilization of the 

positioning reflexes of the mandible takes 

place. During this period, the movements of the 

mandible necessary for sucking support a 

tactile-kinesthetic control which, with the 

development of the stomatognathic system and 

the individual food experience, turns into - a 

tactile-gustatory-kinesthetic reflex control. The 

act of sucking was studied by Andran who 

analyzed mandibular dynamics during bottle 

feeding. During this period, the mandible 

performs up and down movements, the bottle 

being compressed between the tongue and the 

edentulous maxillary arch. Due to the 

morphological changes that occur over time at 

the level of the stomatognathic system that also 

attract functional changes, any individual at 

some point reaches an individual model of 

mastication called a dynamic masticatory 

stereotype[17,18,19].     

  

A dynamic stereotype is perfected and 

established definitively in three successive 

stages: 

• immediately after birth,  

• during the period of eruption of 

temporary teeth and  

• during the period of eruption of 

permanent teeth.  

The stereotype is established on the 

basis of morphological peculiarities at the level 

of the temporomandibular joints, jaws and 

dental arches, aimed at the shape of the 

mandibular condyles and the inclination of the 

slope of the articular tubercles, the general 

shape of the mandible and the opening of the 

mandibular angle, the dental-dental 

relationships that are created over time, the 

masticatory muscles. To these factors is added 

the action of psychological and educational 

factors, the way of eating and the diet. 

Classically, it has been established that any 

dynamic mastication stereotype presents two 

processes that take place simultaneously during 

mastication: 

• primarily a mechanical process 

of breaking up food involving 

the teeth, mobilizing muscles 

and the tongue 

• secondly, a physico-chemical 

process of food salivation 

carried out on the tongue, which 

as the food is fragmented forms 

the food ball 

From the classical data it also follows 

that in relation to the way in which the 

mechanical process of crushing food is carried 

out at the level of the lateral teeth, there are 

three main types of mechanical processing that 

establish the three types of masticatory 

stereotype: 

1. a dynamic rubbing mastication 

stereotype achieved through horizontal 

movements of the mandible, especially lateral 

ones, found in individuals with reduced frontal 

overocclusion or "head-to- head". It is 

synonymous with the Ackermann pterygoid 

mastication stereotype 

2. a dynamic chopping mastication 

stereotype achieved through vertical 

movements of the mandible found in 

individuals with pronounced frontal 

overocclusion and pronounced cuspidation of 
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the lateral teeth. It is synonymous with the 

Ackermann masseteric masticatory type. 

3. a dynamic intermediate mastication 

stereotype present in most individuals, a 

stereotype resulting from the combination of 

the two types of movements - horizontal and 

vertical. 

Masticatory force 

The maximum traction that a muscle 

can develop against a resistance defines the 

muscle strength. Mainly related to the 

contractile power of the muscle, the strength is 

directly dependent on the cross-sectional area, 

the parallel arrangement of the muscle fibers, 

the contraction speed related to the load, the 

temperature, the degree of fatigue, state of 

nutrition. Among all the functional acts in 

which the orofacial musculature and the 

mobilizing muscles of the mandible participate, 

during the act of mastication the greatest 

contraction force is developed, resulting 

primarily from the contraction of the levator 

muscles of the mandible. It manifests itself as 

traction at the level of muscle insertion areas 

and as pressure at the level of the dental arches. 

The contraction force of the masticatory 

muscles depends on the degree of development 

of the muscles, which in turn depends on: 

• race 

• regional type: in Eskimos who 

feed mainly on raw food, the 

masticatory force developed is 3 

times higher than in subjects 

who use prepared food 

• age 

• sex 

• food preparation method  

Along with these factors, the 

contraction force is dependent on the 

normal length of the muscle in its 

maximum extension position, as well as 

on the mechanical characteristics of the 

bone lever system (muscle insertion 

mode, joint structure). Theoretically, 

any muscle develops a proportional 

force with its cross-sectional area 

whose maximum value is 10kg/1cm². In 

reality, the force developed by the 

masticatory muscles is lower, and the 

vertical pressures on the teeth are also 

lower, being between 30-80kg or even 

lower if the food has a consistency less. 

Masticatory 

muscles 

Strength / 

cross-sectional 

area (according 

to Gysi 

Teeth Vertical 

pressures 

(after 

Max 

Muller) 

temporal 35kg / 4.3cm² incisors 32 kg 

External 

pterygoids 

28kg/4cm² Canines 35 kg 

masseter 26kg/3.87cm² Premolars 

II 

44 kg 

Internal 

pterygoids 

16kg /2.3cm² _ Molars I 45.7 kg 

  Molars II 64 kg 

Table I.1.-Masticatory forces and pressures (average values) 

Although the value of the masticatory 

forces manifested at the level of the occlusal 

forces increases from the anterior teeth to the 

posterior ones, the pressures exerted on the 

occlusal surfaces decrease in the same direction 

due to the increase of the occlusal surface of the 

lateral teeth. In conclusion, in normal 

mastication, the masticatory muscles develop 

moderate pressures at the level of all teeth that 

do not exceed 1/2-1/3 of the maximum 

theoretical value. 
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The temporo mandibular joint, one of 

the basic components of the stomatognathic 

system, is considered to be the most complex 

joint of the human body, being a bicondylar 

joint that has six degrees of freedom (three 

translational and three rotational movements). 

If we consider a fixed reference system, 

at the level of the nasal pyramid Oxs Ysz s  and 

at the level of the mandible a mobile reference 

system Oxm ym zm , we find the existence of 

three translational movements, described by 

the displacements S1, S2, S3 and three rotational 

movements described by the angles a, b and g. 

The movements corresponding to each 

displacement and rotation are given in Table 

I..2 . 

 

ROTATION 

The angle 

of rotation 

Axis of 

rotation 

Rotational movement 

a e1 Sagittal rotation – 

mandibular closing-

opening 

b e 2 Coronal rotation – 

superior-inferior 

condylar movement with 

condyles in opposition to 

movement 

g e 3 Axial rotation – anterior-

posterior condylar 

movement with condyles 

in opposition to 

movement 

TRANSLATION 

movements Direction 

of travel 

Translational movement 

S 1 e 1 Laterotrusion left right 

S 2 e 2 Anterior-posterior 

translation 

S 3 e 3 Superior-inferior 

translation 

 

 

Table I.2.– The movements of the mandible relative to a fixed reference system located at the level of 

the nasal pyramid 

 

Mandibular dynamics 

The main muscles that contribute to the masticatory process are the masseter muscles (on the 

outside of the mandible) and the pterygoid muscles (on the inside of the mandible) laterally and 

medially. The action of these muscles on the mandible is represented in figure 2. 
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Fig. 2 – Left: spatial view of the action of the masseter (M) and pterygoid (P) muscles taking into 

account the insertion points; Right: posterior view of the mandible in which the direction of action of 

the two muscles is shown, as well as the resultant R of these muscles. 

 

Dimensioning and mounting of working 

models in the simulator. 

The models are mounted in the 

simulator taking into account the occlusion 

reports recorded in the surgery but also the 

three rules of mounting: the occlusion plane 

must be parallel to the plane of the table, the 

median line parallel to the median line of the 

simulator and the interincisal point at a distance 

of approximately 90mm from simulator 

axis[20,21,22,23]. 

For mounting, as a reference size, the 

distance between the incisor and the last table 

in the prosthetic work was taken d p (as an 

anthropometric characteristic), making the 

ratio between this distance and the distance 

measured in figure 47, d m (between the incisor 

and the last table ). Thus, the ratio r = d p /d m is 

determined [24,25,26,27,28]. 

The assembly distances were calculated 

by multiplying the previously mentioned ratio 

r with the distances determined in figure 3, 

resulting in the distance between the cylindrical 

joint and the outer surface of the upper and 

lower incisors, the distances between the outer 

parts of the plaster supports and the cylindrical 

joint, as well as the inclination of the 

cylindrical guide. The frontal positioning, in 

the middle, was also taken into account to 

achieve a normal occlusion of the two 

prosthetic elements[29,30]. 

For the simulator operating, the tribological 

parameters testing facility specific to the 

biomaterials used in hip endoprosthesis was 

adapted, using the cam-spring-tachet 

loading system, but with the spring replaced. 

The charging cycle lasts 1.034s. 
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Fig.3– Measurement of dimensions on a skull 

 

The actuation of the occlusion movement is 

done by means of a tachette cam 

mechanism, which has a horizontal 

movement of 2mm, sufficient to achieve the 

complete occlusion of the simulator, and 

which corresponds to the data from the 

literature.The fixed elements are: the jaw 

system and the fixed part of the rotation 

coupler around which the cam rotates . 

The mobile elements are: the tach 

represented by a roller  and the mandibular 

system . 

Also, taking into account the moment 

developed by the masseter and pterygoid 

muscles, and dividing the maximum value 

of the sum of moments by the distance 

between the cylindrical joint and the point of 

force application, , an elasticity constant of 

50N/ mm. 

Conclusions 

The perspective of  this research  aims at 

providing will be represented by the practical 

implementation of the interdisciplinary transfer 

concept of the morpho-functional data of the 

human masticatory system at the level of a 

simulator based on a revolving toolkit, with the 

possibility of individualizing the optimization 

degree of mastication, in correlation with the 

practical application 

of the tribology.    
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