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Abstract 
Backround: Physico-chemical degradation of the dental substance is a significant event that can occur 

during interocclusal activities. Aim: The intention of this study is to provide as accurate data as possible, with 

the aim of facilitating possible comparisons between physiognomic dental biomaterials.  Material and methods: 

The material used to investigate the tribological behavior is ceramic (VITA In-Ceram, VITA VM 13). For the 

experimental tests, a simulator was imagined based on some anthropometric measurements, in which the models 

were mounted in the form of microprostheses with the establishment of certain relationships correct 

intermaxilla. A series of experimental determinations concerning the dynamic resistance of the interposed layer 

between the surfaces in contact were carried out. Results: The depth of the worn layer is very small (0.3 

microns) under the conditions of one million cycles, which confirms the wear resistance of ceramic materials. 

Conclusion: In the case of the realization of dental prostheses of small amplitude on opposing teeth, they must 

be made of the same material to avoid differences in resistance to breakage and abrasion. The calculated data 

cannot be compared with those from the specialized literature worldwide, as research in this field is very 

limited. 
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Introduction 

Physico-chemical degradation of the 

dental substance is a significant event that 

can occur during interocclusal activities. 

This process, which is a synergistic 

interaction of mechanical stress caused by 

stress forces and corrosive chemical 

reactions, is called stress corrosion (1, 2, 

3). In addition, the effect of 

piezoelectricity can contribute to the loss 

of tooth substance (piezoelectricity refers 

to a small electrical charge generated when 

teeth are subjected to mechanical 

deformations.) 

As a first step, I will try to highlight 

the wear phenomenon of the dental 

ceramic biomaterial in dry conditions, 

under the action of vertical pressure forces. 

It is the study of the tribological behavior 

of the dental ceramic biomaterial, in a 

simulator made to reproduce mandibular 

movements. 

Unlike other dental biomaterials 

(acrylic resins, diacrylo-composite resins, 

polycarbonate resins, ceromers), ceramics 

are subject to a very low degree of wear 

(4, 5) This research is part of a large study 

aimed at evaluating the wear behavior of 

dental biomaterials listed previously, both 

in a wet environment, using a lubricant 

(artificial saliva) with food simulators, and 

in a dry environment. The study will be 

carried out both between dental 
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biomaterials of the same type, and between 

different biomaterials, tracking their 

degree of wear when opposing posts are 

applied to teeth, but also the degree of 

mutual wear between natural and artificial 

teeth. The intention of this study is to 

provide as accurate data as possible, with 

the aim of facilitating possible 

comparisons between physiognomic dental 

biomaterials. 

 

Material and methods 

The material used to investigate the 

tribological behavior is ceramic (VITA In-

Ceram, VITA VM 13). For the 

experimental tests, a simulator was 

imagined based on some anthropometric 

measurements, in which the models were 

mounted in the form of microprostheses 

with the establishment of certain 

relationships correct intermaxilla. A series 

of experimental determinations concerning 

the dynamic resistance of the interposed 

layer between the surfaces in contact were 

carried out. 

In a first stage, the simulator was 

designed to respect mandibular 

biomechanics, both from a kinematic and 

dynamic point of view, with the aim of 

reproducing the intercondylar distance, the 

curve of the occlusal plane and the 

inclination of the retroincisive slope. 

The basic scheme of the simulator 

includes two couplings (one for rotation 

and one for translation), specific to the 

movements of the temporomandibular 

joint (figure 1). 

Inside the translation coupling there 

is a spring with a low stiffness (k = 

5N/mm), necessary to return the device to 

its initial position when the force applied 

to the simulator is of minimal value (when 

the arch is stretched, there is contact only 

between the incisors, and when the arch is 

compressed between the prosthetic 

elements, a complete occlusion occurs). 

 

 

Figure 1 – Principle diagram of the simulator 1. 

maxillary system; 2. the rotation couple associated 

with the temporomandibular joint; 3. mandibular 

system; 4. translation coupler with cylindrical 

guide for making the protrusion movement; 5. 

prosthetic work 

 

 
The movement of the 

temporomandibular joint was decomposed 

into simple, vertical movements, 

characteristic of the chopping stereotype. 

The models are mounted in the 

simulator taking into account the occlusion 

reports recorded in the office (figure 2), 

but also the principles of GYSSI tooth 

mounting. 

For mounting, as a reference size, 

the distance between the incisor and the 

last tooth from the prosthetic work dr was 

taken, making the ratio between this 

distance and the distance measured 

between the gonion and porion (df) (figure 

2). 
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Figure 2. Measuring dimensions on a 

skull 
 

 

The frontal positioning of the two prosthetic elements was also considered (figure 3). 

 

 

Figure 3. Front view of the simulator 

 

 

The realization of the occlusion movement 

is done by means of a cam-tachet 

mechanism, which presents a horizontal 

movement of 2 mm, sufficient to achieve 

the complete occlusion of the simulator 

(figure 4), and which corresponds to the 

data from the literature (5). 

 

                                                           
Figure 4. General view, showing the cam-tachet system that drives the simulator. 

 

The tests were carried out under dry 

friction conditions, knowing that this is the 

hardest way to test biomaterials for wear, 

for this purpose the coefficient of abrasive 

wear was determined; for its 

determination, the gravimetric wear will 

first be calculated, by weighing the 

ceramic samples before and after the wear 

test. Since ceramic materials have a very 

high resistance to wear, an approximate 

calculation will be made on the volume of 

worn material. 

 

RESULTS AND DISCUSSION 

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

and the lateral and medial pterygoid muscles, whose action is represented in figure 5. 
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A B 
Figure 5. A: spatial view of the action of the masseter (M) and pterygoid (P) muscles 

considering the insertion points; B: posterior view of the mandible showing the 

direction of action of the two muscles, as well as their resultant R. 

 

The variation of the force exerted by the two muscle groups, as well as the moment of 

rotation exerted by them, is illustrated in figure 6. 

 

Figure 6. Variation of the forces and moments 

developed by the masseter and pterygoid 

muscles during the masticatory process 

 

If we consider a fixed reference 

system, at the level of the nasal pyramid 

Oxsyszs (figure 7), and at the level of the 

mandible a mobile reference system 

OxmYmZm, the existence of the three 

translation movements, described by the 

displacements S1, S2, S3 and the three 

rotational movements described by the 

angles ,  and . To realize the 

mandibular kinematics, the movement 

associated with parameters  , S2 and S3 

characteristic of the chopping stereotype 

were taken into consideration. 

 

           

Figure 7. Movements of the mandible relative to a 

fixed reference system located at the level of the 

nasal pyramid 

 

The variation of the experimentally obtained translation and rotation parameters depending 

on time or mandibular closing or opening are represented in figure 8. 
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Figure 8. Representation of the variation of the 

rotation and translation parameters: 

A, B: variation of angles and displacements for a 

single trial, starting with translation, followed by 

simultaneous translation with rotation (around the 

xs axis) and ending with a rotation 

C, D – illustration of the variation of the dominant 

parameters , S2 and S3 for 5 trials 

 

 

So, at the level of the 

temporomandibular joint, rotation and 

translation movements are performed in 

two planes: sagittal and transverse. In the 

sagittal plane, the movements are 

performed around a bicondylar axis of 

rotation up to a mandibular-cranial 

opening of 12 when the mouth opening is 

19-27mm. In the pure rotation movement, 

the condyle rotates in place in the sagittal 

plane, and when 12 (19-27mm) have been 

exceeded, the rotation is accompanied by 

translation (the condyle is displaced 

anteriorly) (1, 4, 5). 

The frontal occlusion, in the case of 

the stereop, presents an accentuated 

overbite, the curve of Spee being 

accentuated, and the condylar slope steep. 

In the case of the rubbing stereotype, 

lateral mandibular movements 

predominate, the overbite is reduced, the 

curve of Spee is flattened, and the slope of 

the temporal tubercle has a reduced 

inclination. 

The movements corresponding to 

each movement and rotations are given in 

table 1 in correspondence with figure 7 

 

Table I. Displacements and rotations 

 

 In the dento-dental ratio at the incisal level (figure 9), the occlusal force is transmitted 

approximately in the axis of the tooth for the mandibular incisors, which explains the 

resistance of these teeth, with all the seemingly precarious bone structure at this level. 

 

ROTATION 

Angle 

of rotation 

Axis of 

rotation 

Rotational movement 

 e1 Sagittal rotation – mandibular closing-opening 

 e2 Coronal rotation - superior condylar movement- 

lower with condyles in opposition to movement 

 e3 Axial rotation – anterior-posterior condylar movement 

with condyles in opposition to movement 

TRANSLATION 

Movements Direction of travel Translational movement 

S1 e1 Laterotrusion left right 

 

S2 

 

e2 

Anterior-posterior translation 

 

S3 

 

e3 

Superior-inferior translation 
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Figure 9. Occlusal force 

transmission at the incisal level 

 

 

From figure 9, we can see the different size of the moments of rotation of the maxillary 

incisors compared to the mandibular incisors: 

M = FOA 

M’ = F’O’A’ 

OA > O’A’, deci 

FOA > F’O’A’, deci 

M > M’ 

It can also be observed that the 

increased inclination of the maxillary 

fronts leads to an increase in the rotational 

moment for the same force. 

If we exert a force F on the 

mandibular system (figure 10), it is 

transmitted to the axis of the mandibular 

incisor, being able to decompose into 

resultant forces: a component 

perpendicular to the retroincisive slope 

(Fp) and a tangential component to the 

retroincisive slope (Ft). 

 

 

 
 

 
 

 

Figure 10. Force action on the mandibular system 
 

The force Ft is, in turn, broken down into 

two components: a force in the horizontal 

direction Ftt and a force in the vertical 

direction Ftp (which acts on the cylindrical 

guide, leading to its displacement.) 
 

        Due to the cylindrical guide and the 

force exerted, there is a translation on the 

retroincisive slope of the maxillary incisor 

of the incisal edge of the mandibular 

incisor. After the end of the force, the 

system returns to its initial position. 

Through the sequence of these 

movements, wear of the ceramic material 

occurs on the surfaces that come into 

contact. Since ceramic materials are not 

antagonistic (they do not develop 

microwelds at the level of the roughness 

peaks), we expect the wear to be 

predominantly abrasive (6, 7). 

From the data collected from the 

specialized literature, the hardness of 

alumina (A-479 with 99% alumina) is 

HB = 11800MPa, 

and the abrasive wear coefficient is 

k = 5,110-4mm3/(Nm). 

Knowing that the relative 

displacement of the maxillary and 
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mandibular incisors, per cycle, is 4mm 

(round-trip distance), it follows that the 

friction length used for one million cycles 

is 

Lf = 410-3106 = 4000mm = 4m. 

 

The load acting between the incisors 

in contact is variable, taking place after a 

pulsating sinusoidal cycle, the maximum 

value being 100N, that is why an average 

value will be taken into account, namely N 

= 50N. 

From the formula of the volume of 

used material, the value that we want to 

calculate results: At this volume of used 

material, it follows that the mass of 

material displaced by wear is very small, 

so it is quite difficult to measure the lost 

mass (8, 9, 10). 

From the formula of the volume of 

used material, the value we want to 

calculate 

results:

364 mm10644,8
11800
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  Precisely for this reason, we 

determined the penetration depth (the 

depth of the worn layer), calculating the 

nominal contact area, according to the 

formula: 

 

                                          An =  .ab 
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with Young's moduli of elasticity 

E1 = E2 = 343000MPa,   

and Poisson's ratios 

1 = 2 = 0,25. 

The radii of curvature of the incisors, in two planes perpendicular to the surface of the 

incisors (which in turn are perpendicular to each other), are: for the upper incisor: R1x= 13.6 

mm and for the lower incisor: R1y = 4mm. 

Curves result: 
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The equivalent modulus of elasticity is:  

 

 

and the semi-axes of the contact ellipse are: 

a = 0,297mm, 

b = 0,14mm. 

It follows that the nominal area has the value: 

An = 0,131mm2. 
the penetration depth is calculated according to the formula 

 

 

 

It is observed that the depth of the worn layer is very small (0.3 microns) under the 

conditions of one million cycles, which confirms the wear resistance of ceramic materials 

(10, 11, 12, 13). 

It is unknown to what extent a normal tooth resists in contact with a ceramic material. 

Also, the lubricating medium (saliva) or food subjected to the mastication process can have a 

tribochemical effect on the ceramic surface, increasing its degree of wear (10,14, 15, 16). 

Contact fatigue wear, which can generate pitting on the surface of the dental prosthesis, was 

not considered (. 

However, the depth of the worn layer cannot be more than one order of magnitude greater 

than the calculated value. 

 

Conclusion 

Aesthetic dental restorations have become a permanent fixture in contemporary dental 

practice, ceramics, through the qualities demonstrated over time, becoming one of the most 

recommended materials in this direction due to its qualities (hardness, translucency); 

however, this material is also subject to wear and tear. In the case of the realization of dental 

prostheses of small amplitude on opposing teeth, they must be made of the same material to 

avoid differences in resistance to breakage and abrasion. The calculated data cannot be 

compared with those from the specialized literature worldwide, as research in this field is 

very limited. 
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