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ABSTRACT  

The purpose of this work was to compare the tribological behaviour of four commercial prosthetic dental 
materials – Zirconia, Vita Enamic, Leucite and Zirconia Veneered – when tested against natural teeth. 
The materials’ hardness, wettability and topography were characterised. Wear tests against dental 
human cusps were conducted in a chewing simulator (360,000 cycles, ~1.5 years of mastication) using 
artificial saliva as lubricant. The tooth volumetric loss was estimated overlapping 3D scans of the cusps 
before and after testing and the prosthetic material loss was measured by 2D profilometry analysis. The 
wear mechanisms were analysed by scanning electron microscopy (SEM). Zirconia presented the more 
suitable tribological behaviour. Vita Enamic presented the greatest wear on its surface. The highest 
enamel wear was found for both Leucite and Zirconia Veneered. No relation could be stablished 
between wettability, initial roughness and hardness of the prosthetic materials and the wear of the 
tribological systems, 
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1 .  I n t r o d u c t i o n   

One of the most important goals in dental 
treatment is the demand of restorative materials 
with ideal physical and chemical properties 
without compromising the aesthetics. 

Ceramic materials have been the major 
alternative for restorative dentistry, due to their 
particular characteristics that meet the 
appropriate standards of biocompatibility, 
chemical integrity, mechanical resistance and 
optical nature [1]. 

The most common dental ceramics used in 
dentistry can be classified in three major types: 
polycrystalline ceramics, glass-ceramics and 
feldspathic porcelains (i.e. Predominantly glass 
material) [2]. In fact, polycrystalline ceramics 
such as Zirconia, are the most common for 
prosthetic treatment due to their tougher 
behavior. Nevertheless, the mechanical 
limitations of dental ceramics, in particular 
glass-ceramics, has led to the development of a 
new type of prosthetic dental material, known as 
polymer infiltrated ceramic (PIC) [3]. According 
to several authors [3], [4], PICs are more 
suitable as restorative materials than glass 
ceramics. Although the limitations of dental 
ceramics have been known for some time, there 
is still some uncertainty regarding the reasons 
that lead to wear under mastication cycles in 
these materials and in the opposing dentition. 

Thus, the wear behavior of PICs and their 
impact on the natural teeth remains unclear. 

The main goal of this work was to compare 
the tribological behaviour of four commercial 
prosthetic dental materials – Zirconia, Vita 
Enamic (an example of a PIC), Leucite (glass-
ceramic) and Zirconia Veneered (Zirconia with 
feldspar based ceramic coating) – against 
natural tooth and identify the causes that affect 
the wear in both surfaces of enamel and 
prosthetic material. 

2 .  M a t e r i a l s  a n d  m e t h o d s  

2.1. Materials 

 In this study, 30 caries-free permanent 
premolars/molars were obtained from a dental 
clinic (CMC – Clinica Médica Central, Lda, 
Lisbon). Blocks of Vita Enamic (VITA 
Zahnfabrik H. Rauter GmbH & Co. KG), Leucite 
and pre-sintered 5Y-TZP (5 mol% Yttria-
Tetragonal Zirconia Polycrystal) (both from 
Ivoclar Vivadent AG, FL-9494 
Schaan/Liechtenstein) were used. For the 
Zirconia Veneered, a feldspathic based ceramic 
(G.C.Corporation LTD) was used to coat 
Zirconia. To perform the wear test, 6L of artificial 
saliva with neutral pH (6.9-7.0) was used as 
lubricant (the preparation of saliva was based 
on the procedure developed by T. Fusayama et 
al. [5]). 



2.2. Methods 

2.2.1. Preparation of dental samples 

 The teeth were disinfected with 1.0% 
chloramine-T trihydrate solution, at room 
temperature, for one week. The molars were 
brushed with toothpaste and stored in distilled 
water at 4ºC. Each tooth was sectioned into 4 
parts (originating 4 cusps), using a micromotor 
(Marathon 3). The cusps were embedded into a 
self-curing acrylic resin, so that the cusp 
remained exposed. The damaged teeth were 
excluded. At the end, 24 cusps were selected 
according to their state of preservation. 

2.2.2. Preparation of prosthetic materials 

 For this work, six plates of each material 
were prepared from the blocks of prosthetic 
material, using a cutter equipment (Struers 
accutom 50). The samples were polished by 
standard polishing procedures using silicon 
carbide substrates with granulometry of 320, 
600, 800 and 2400 to create controlled surface 
conditions. After, they were washed and 
submitted to an ultrasonic cleaning with distilled 
water for 10 minutes. The samples were dried 
with nitrogen gas and placed in vacuum, for 
24h. 

2.3. Characterization methods 

2.3.1. Wettability 

 Five samples of each material were used to 
measure the contact angle with artificial saliva 
through the sessile drop, using a goniometer 
(Ramé-Hart, 100-07-00). The samples were 
placed individually in the test chamber. A drop 
of artificial saliva (4 - 5μL) was deposited on the 
sample. Two drops were placed per plate. 

2.3.2. Topography 

 Six samples of each material were used to 
measure the mean roughness (Ra) using an 
atomic force microscope (Nanosurf easyscan2 
AFM). A tip of silicon was used and a load of 20 
nN was applied, to obtain images with 
dimensions of 10x10 µm2. Through the WSxM 
5.0 Develop 6.2 software, the images were 
treated, enabling the analysis of surface profile 
and the acquisition of Ra.  

2.3.3. Mechanical Properties 

 Five samples of each material were used for 
the microhardness test. Two Indentations were 
made in each material using a Vickers hardness 
tester (HSV-30 Shimadzu). A controlled load of 
9.807N was applied for a dwell time of 15 
seconds.  

 

2.4. Tribological studies 

2.4.1. Wear testing 

 To mimic the physiological conditions of 
human mastication as closely as possible, an in 
vitro wear test was conducted (Chewing 
Simulator CS-4.2 SD by Mechatronik). The 
experimental conditions of the wear test are 
displayed in Table 1. 

Table 1– Experimental conditions of the wear test [6].  

Number of 
cycles 

360,000 
~1,5 years 

of 
mastication 

Vertical 
Speed 
(mm/s) 

40 

Frequency 
(Hz) 

 
0.88 

 

Lateral 
Speed 
(mm/s) 

20 

Temperature 
(ºC) 

25 
Vertical 
Movement 
(mm/s) 

20 

Artificial 
saliva pH 

6.9-7.0 
Horizontal 
Movement 
(mm/s) 

0 

Load per 
sample 
(N) 

49 (~5kg)   

 

2.4.2. Estimation of cusp wear 

 The cusps were scanned using the 3D 
scanner (Small Milling Machine – active piezo 
sensor Roland Modela MDX20), before and 
after the wear test. Through the Dr. Picza 
software, 3D profiles of each specimen were 
obtained and converted into STL files. The 3D 
images obtained were overlapped using the 
software Rhinoceros5 (Rhino5). The volumetric 
loss was automatically estimated, by the same 
3D software.  
 The sharpness of the tooth cusps was 
determined by measuring the radius of 
curvature (RoC). The resulting profiles were 
analysed using the Rhino5. 

2.4.3. Characterization of the prosthetic 

materials’ worn surface 

 The worn surfaces were estimated by 
measuring the volumetric wear rate, using a 2D-
profilometry (Mitutoyo 178-923-2A/SJ-201 
SurfTest model). The measurement of the 
removed area was performed crosswise at the 
centre and at both edges of the surface region 
to be analysed. To estimate the volumetric wear 
rate of each prosthetic sample, the ImageJ 
software was used to measure the length of 
wear surfaces from the corresponding SEM 
images. Multiplying the length of each worn 
surface by the removed area of the material, the 



volumetric loss of prosthetic materials was 
obtained. 

2.4.4. Wear mechanism analysis  

 To assess the wear mechanisms, the 
samples were coated with a thin film of Au/Pd 
and analysed by SEM (FEG-SEM JEOL JSM-
7001F). 

3 .  R e s u l t s  

3.1. Wettability 

 The variation with time of the contact angle 
(θ) of artificial saliva (pH ≈ 7.0) with the 
prosthetic dental materials is displayed in Fig.1. 
During the measuring period (600 s), the 
contact angle for the four materials suffered a 
fast decrease in the first 20-30 seconds, 
eventually plateauing at constant values the 
contact angle for the four materials underwent a 
fast decrease, tending for constant values.  

 
Fig. 1. Contact angle of artificial saliva (pH ≈ 7.0) on 
the surface of Zirconia (■), Vita Enamic (□), Leucite 

(▼) and Zirconia Veneered (▽), as a function of time 

(mean ± standard deviation, n=10). 

3.2. Topography 

 The analysis of the surface average 
roughness (Fig. 2) shows that Zirconia is the 
material with highest Ra (21±5 nm), followed by 
Vita Enamic (19±7nm), Zirconia Veneered 
(17±8 nm) and Leucite with the lowest Ra (4± 
2nm). 
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Fig. 2. Analysis of the Ra of the four prosthetic 
materials (mean ± standard deviation, n=6). 

3.3. Microhardness 

 The results obtained from Vickers 
microhardness measurements for the four 
prosthetic materials are shown in Fig. 3. For 
Zirconia, the hardness was significantly higher 
(1241 ± 70 HV), comparing with Vita Enamic 
(253 ± 29 HV), Leucite (424 ± 56 HV) and 
Zirconia Veneered (438 ± 60 HV). The results 
showed that Vita Enamic is the material with 
lowest hardness and that Leucite and Zirconia 
Veneered present approximately the same 
range of hardness values. 
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Fig. 3. Vickers microhardness for Zirconia, Vita 

Enamic, Leucite and Zirconia Veneered (mean ± 

standard deviation, n=10). 

3.4. Tribological effects of the chewing 
simulation 

3.4.1. Natural teeth wear 

 Fig. 4 shows the influence of the cusp 
sharpness on the enamel wear. The volumetric 
wear of the specimens was the lowest for 
Zirconia and Vita Enamic, although the latter led 
to a higher dispersion of wear volume values. 
Zirconia Veneered was the material with highest 
cusp wear, regardless of the corresponding 
RoC values. There is a correlation between the 
cusps’ sharpness and the enamel loss: the wear 
increases for cusps with lower RoC values and 
decreases for cusps with higher RoC, with 
exception of Zirconia Veneered, where a 
correlation between those parameters is difficult 
to establish. 

 

Fig. 4. Volumetric wear (ΔV) vs radius of curvature 

(RoC) for antagonistic cusps tested against Zirconia 

(Zir), Vita Enamic (VE), Leucite (Leu) and Zirconia 

Veneered (ZV) (mean ± standard deviation, n=3). 
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3.4.2. Prosthetic materials’ wear  

 The volumetric wear for the four tribological 
systems regarding the loss of prosthetic 
material and the loss of enamel is shown in 
Fig.5. No correlation was found between the 
volumetric loss of enamel and the volumetric 
loss of the prosthetic materials (Fig.5–A). 
Among the four materials, the volumetric wear 
of enamel in the Zirconia was the lowest, with 
no evidences of wear in the prosthetic material. 
On the other hand, Vita Enamic showed the 
highest wear for the counter-material than for 
antagonists. For the Leucite and Zirconia 
Veneered the volumetric wear was quite similar 
between the antagonists and the counter-faces 
(Fig.5–B). The 2D wear profiles (Fig.5–C) 
showed evident differences between the worn 
surfaces of the prosthetic materials: the worn 
surface of Zirconia remained flat, unlike the 
other materials with well-defined wear tracks. 

 
 

 

 

 

 

Fig. 5. Prosthetic materials wear. A–Relation 
between the volumetric wear of prosthetic materials 
and the volumetric wear of antagonist cusps (means 
± standard deviations, n=3 for each sample of 
material). B – Average wear in volume for the 
prosthetic materials and the cusps (mean ± standard 
deviation, n=15). C – Examples of 2D transversal 
profiles of the worn surface for each material, wear 
depth (µm) as a function of length of probe track 
(mm). 

3.4.3. Wear mechanisms analysis 

Zirconia 
 SEM images of the cusp contact surfaces 
and of the prosthetic material are represented in 
Fig.6 (A to C). Typically, all cusps showed a 
smooth wear surface, characterised by a very 
polished area (Fig.6– D). 
SEM images of Zirconia plates surface were 
similar for all the five tested samples, showing 
no significative wear (Fig.6 – E, insert). 

Vita Enamic 
 The tribological system with Vita Enamic 
showed wear mechanisms very similar between 
the five cusps specimens and among the 
prosthetic samples.  
 For all cusps, scratches were observed due 
to the abrasion phenomena, showing a well 
oriented parallel direction over the surface 
(Fig.7–A and B) where pronounced grooves are 
evident (Fig.7–C). Subsurface microcracks 
initiated from the enamel surface were 
observed (Fig.7–D and E, indicated by red 
arrows), leading to its collapse and 
consequently the exposure of dentin where the 
dentinal tubules are visible (Fig.7–E).  
 Scratches indicative of an abrasion wear 
mechanism were identified over the worn 
prosthetic sample (Fig.7–F and G). A tendency 
of formation and propagation of microcracks 
around the ceramic particles of the network was 
observed (Fig.7–H, indicated by the black 
arrow), which induced the pull-out of the 
particles sustained by the polymeric matrix 
(Fig.7–I). Several loose ceramic particles were 
identified on other areas of the worn surface 
(Fig.7–J, identified by yellow arrows). The EDS 
analysis of the prosthetic material showed that 
those particles came from the ceramic network. 

Leucite 
 In general, all cusps presented scratches 
with a parallel direction over the worn surface, 
also with well-defined grooves (Fig. 8– A to C). 
In some regions it was observed the pull-out of 
enamel fragments from the surface which 
indicated subsurface fatigue by spalling of those 
areas (Fig.8 – D). 
 All prosthetic samples (Fig.–8 E and F) 
presented scratches on the occlusal surface 
with the same direction and the presence of 
lateral cracks (Fig.8–G, lateral cracks identified 
by circular yellow dash). In addition, 
microcracks were identified, causing the pull-
out of fragments from the surface of Leucite and 
successive spalling of the material (Fig.8– H, 
red arrow indicating the microcrack). 

Zirconia Veneered 
 As in the previous materials, a well-defined 
pattern of scratches was identified over the 

A 

B 

C 



occlusal surface of all cusps (Fig.9– A to C). A 
partially destroyed structure was identified for 
one of the cusps (Fig.9 – A). More than one 
worn plan was also visible (Fig.9–C, indicated 
by *). The wear mechanisms detected on the 
occlusal surfaces of the cusps showed fatigue 
of enamel subsurface, caused by spalling effect 
(Fig.9–D). Additionally, the accumulation and 
adhesion of enamel fragments was observed on 
the worn surface of the cusps (Fig.9–E, 
identified by white arrows). 

 SEM images of the worn surfaces of the 
Zirconia Veneered showed also scratches 
(Fig.9–F and G). However, Fig.9 – H shows the 
clear existence of pits over the surface from 
which microcracks were originated and 
propagated, causing the collapse of feldspathic 
veneer and subsequent spalling and pull-out of 
feldspar particles from the surface (Fig.9–I, 
where red arrows indicated the propagation of 
microcrack

 

Fig. 6. SEM micrographs examples for the tribological system natural teeth against Zirconia: cusp occlusal surface 
(A-C); magnification (x5000) of the worn surface of cusp surfaces (E); Zirconia occlusal surface (E); smooth worn 
surface of cusp (*); w: worn surface; i: intact surface.  

 

Fig. 7. SEM micrographs examples for the tribological system natural teeth against Vita Enamic prosthetic material: 
cusp occlusal surfaces (A and B); analysis of wear phenomena identified on cusp surfaces (C-E); prosthetic occlusal 
surfaces (F-G); analysis of wear phenomena identified on prosthetic materials surfaces (H-J); worn surface of cusp 
(*); red arrows (D and E): subsurface microcracks from surface of enamel; black arrow (H): microcracks in the 
network boundaries; yellow arrows (J): loose particles from the ceramic network deposited on the surface of Vita 
Enamic; w: worn surface of ceramic; i: intact surface. 

 



 

Fig. 8. SEM micrographs examples for the tribological system natural teeth against Leucite: cusp occlusal surfaces 
(A and B); wear phenomena identified on cusp surfaces (C and D); prosthetic occlusal surfaces (E and F); wear 
phenomena identified on prosthetic materials surfaces (G and H); circular yellow dash: lateral cracks; worn surface 
of cusp (*); red arrow (H): subsurface fatigue from surface of prosthetic material; W: worn surface of ceramic; I: 
intact surface. 

 

Fig. 9. SEM micrograph examples of the tribological system natural teeth against Zirconia Veneered: cusp occlusal 
surfaces (A-C); wear phenomena identified on cusp surfaces (D and E); prosthetic occlusal surfaces (F and G); 
wear phenomena identified on prosthetic materials surfaces (H and I); worn surface of cusp (*); white arrow (E): 
aggregation of enamel fragments deposited on the surface; red arrows (I): propagation of cracks from the pits; W: 
worn surface of ceramic; I: intact surface. 

4 .  D i s c u s s i o n  

Dental wear is a natural and progressive 
phenomenon characteristic of the mastication 
process that describes the gradual loss of the 
natural tooth structure. Ceramic materials are 
widely used to replace damaged dental tissue, 
especially due to their excellent aesthetic 
characteristics, chemical stability and 
mechanical performance. However, there is still 
some clinical concerns regarding their structural 
longevity and particularly their response to 
opposing enamel wear [7], [8]. To meet and 
preserve the physiological wear, the 
characteristics of the prosthetic materials that 
could cause abnormal wear in teeth structure 
must be considered. According with previous 
studies involving prosthetic dental materials [8], 
the causes associated with enamel abrasion 
are especially related with physical, 
microstructural and surface characteristics of 

those materials. Therefore, the study of 
wettability, surface topography, microhardness 
and microstructure are usually performed in 
dental materials to understand the wear 
mechanisms in the oral environment. 

To better understand the conditions in which 
wear occurs in each tribological system in 
study, it is essential to analyse the correlation 
between each individual system and the 
properties of the corresponding prosthetic 
materials. This analysis should be made in 
terms of microstructural characterization and 
determination of the material properties – 
hardness, roughness, and wettability. In the 
following sections, the influence of these 
parameters on the wear of the different studied 
prosthetic materials and of enamel will be 
discussed. 

4.1. Zirconia 

The presence of 5 mol% Y2O3 (Yttria) leads to 
partially stabilized Zirconia with a dominant 



metastable tetragonal and monoclinic phase, 
showing evident content of tetragonal phase at 
room temperature [9]. The stabilization 
mechanism of Zirconia has remarkable 
implications in its microstructure and in the 
resultant mechanical properties associated with 
high flexural strength and fracture toughness 
(approximately 900 MPa and 5.5 MPa.m1/2, 
respectively [10]). Moreover, the presence of 
Y2O3 stabilizers also has a strong effect on the 
hardness of Zirconia, causing an adjustment in 
the grain size. 

Zirconia was the material with the highest 
hardness, 1241 ± 70 HV, falling in the same 
range of values reported by literature [11]–[14]. 
Due to its hardness, in comparison with enamel, 
it would be expected an excessive wear in the 
opposing teeth when both slide against each 
other. However, the results demonstrated the 
opposite: the hardness of Zirconia does not 
seem to be related with the wear of teeth. 
According to Y. W. Chen et al. [11], due to its 
grain size and hardness, well-polished Zirconia 
surfaces tend to become less rough over time, 
resulting in less wear of its own surface and on 
the opposing teeth. In fact, Zirconia was the 
studied material with the highest initial 
roughness (21.3 ± 4.7 nm). However, during 
wear testing, negligible wear of Zirconia was 
found, in comparison with the other prosthetic 
materials, and the worn surface became with a 
more polished appearance (Fig.6 –E). The high 
toughness of Zirconia should avoid surface 
cracking and consequent wear particles 
formation. The surface polishing could be 
associated with tribochemical phenomena. The 
amount of enamel loss was significantly lower 
than for the remaining three tested materials. 
This can be explained by the decrease of 
roughness that occurs in the Zirconia surfaces 
during the wear tests. 

Concerning the wettability, Zirconia 
presented a contact angle with artificial saliva 
similar to that found in Vita Enamic and higher 
than for the other studied prosthetic materials. 

The obtained value (353º) is lower than 
several values previously reported in the 
literature [15], but of the same order of 
magnitude of another found in our group 
[16].The observed differences may be related 
with several factors, such as the liquid used in 
the measurement (herein, artificial saliva was 
used, but other authors use water or other 
saline solutions), the surface finishing 
(roughness), differences in the substrate 
composition, or even in the measurement 
method. The analysis of the eventual effect of 
wettability on wear will be carried out below, by 
comparison with the behaviour of the remaining 
studied materials. 

4.2. Vita Enamic 

 According with previous studies [17], PICs 
seems to have a more comparable behaviour 
with tooth enamel in terms of its mechanical 
properties than ordinary ceramic restorations. 
Considering the obtained results in this study, 
the microhardness of Vita Enamic (253 ± 29 HV) 
was the lowest, among the different studied 
materials, showing to be in the same magnitude 
to that of tooth enamel (250 to 360 HV) reported 
in other studies [17], [18]. The obtained results 
after the wear test revealed a noticeable 
difference in the wear degree of the Vita Enamic 
samples (0.24 ± 0.04 mm3) and of the opposing 
enamel (0.09 ± 0.01 mm3), showing an 
excessive wear in the prosthetic worn surfaces, 
in comparison with worn enamel. The surface 
roughness values measured in Vita Enamic 
(18.6 ± 7.1 nm), also prove the differences of 
this dental material relatively to the others, since 
the surface polishing procedure was the same 
for all the studied prosthetic materials. 
 From the SEM micrographs, an abrasive 
wear was identified in all worn surfaces of both 
teeth specimens and Vita Enamic samples. 
During the wear test, the cyclic vertical contact 
followed by the sliding of the two surfaces, leads 
to a higher roughness over time [19]. In the prior 
stages of wear, microcracks at the boundaries 
between the particles of the ceramic and 
polymeric networks are formed, showing clear 
evidences of continuous propagation of those 
microcracks through the polymeric phase [3], 
[19]. With the progressive increase in wear 
cycles, the polymer particles are pulled away 
from the worn surface, leaving the ceramic 
network more exposed, resulting in the increase 
of the surface roughness (Fig.7–I). The 
continued wear eventually leads to the 
withdrawal of the ceramic particles, and thus, to 
their pull-out from the matrix, forming irregular 
particles or agglomerations of particles 
composed by both the ceramic and polymeric 
phases. The pull-out of particles from the 
network leads to the formation of a wear debris, 
where the ceramic particles interact with the 
opposing enamel causing scratches over the 
surface. This event is also identified in the worn 
surface of the material, where the scratches 
seems to be more associated with the abrasive 
effect of the ceramic particles on the polymeric 
network [19]. Thus, a three-body wear resulted 
from this interaction. 

The fact that the contact angles obtained for 
Zirconia and Vita Enamic are similar, but the 
wear of the materials is quite different (Zirconia 
is the prosthetic material that shows the lowest 
wear and Vita Enamic the one suffers the 
highest wear), suggests that wettability is not a 
determinant parameter in the wear behaviour. 



4.3. Leucite 

For this material, no correlation was found 
regarding the influence of the initial surface 
roughness of Leucite on the wear rate. J. A. 
Arsecularatne et al. [20], analysed the variation 
of the surface roughness on the wear rate and 
no roughness dependant wear relation was 
detected as well.  

Through the SEM micrographs, a. dominant 
distribution of scratches oriented in parallel, 
over the worn surfaces of Leucite and enamel 
were identified (Fig.8–A to C and E to G). These 
scratches could be attributed to the formation of 
Leucite fragments, leading to three-body wear 
mechanisms. J. A. Arsecularatne et al. [20], 
confirms that these particles were the source of 
the abrasive wear in the both enamel and 
material surfaces. Furthermore, since Leucite 
worn surfaces were subject a cyclic loading 
over time, surface microcracks are generated 
due to the normal tension distribution from the 
vertical impact, producing a strain energy during 
the contact. Throughout the sliding contact, the 
surface is subject to the same load in constant 
displacement mode, so at this point, the tensile 
stress is dependent of the stiffness of the 
material. Thus, as the lateral crack propagates 
under the same direction of displacement, the 
stiffness decreases, and the tensile stress will 
decrease, which indicates that the elastic strain 
energy stored in the material is being released, 
leading to fragmentation and formation of spalls 
[21], [22] 

A final remark must be done concerning the 

wettability results. The contact angle obtained 

for Leucite (18 ± 4⁰) is quite lower than that 

reported in other studies [23]. This difference 

could be explained by the distinct variants used 

in the experimental procedure, as prior 

mentioned. 

4.4. Zirconia Veneered 

 Feldspar based ceramics, are commonly 
used as veneers of hard ceramics, like Zirconia 
frameworks, to enhance their optical properties 
and thus, the aesthetic characteristics. 
However, feldspar-based ceramics present an 
intrinsic brittle nature, which raises some 
concerns regarding its mechanical strength. 
Due to the manual application of the feldspar 
coatings, several defects (e.g. pores) (Fig.9– H) 
were formed on the surface that can be suitable 
sites for cracks nucleation, leading to the 
spalling of the coating (Fig.9 – I). 
 Zirconia Veneered was the material that 
induced the highest wear on the opposing 
enamel (0.21 ± 0.02 mm3). Considering the 
analysis of the wear mechanisms by SEM 
micrographs, the major wear mechanism 

identified in the worn surface of Zirconia 
Veneered was abrasive wear. Although 
feldspathic veneered presents higher hardness 
(438 ± 60 HV) than enamel (250 to 360 HV, [17], 
[18]). both surfaces show similar patterns of 
scratches. This may be due to formation of 
angular debris from the veneer, that lead to a 
three-body wear mechanism. Due to the 
scratching process, there is an increase of the 
roughness of the contacting surfaces that could 
have contribute to increase the wear of the 
opposing enamel. Delamination is a 
mechanism often observed in bilayer ceramics 
[24]. Indications of surface delamination due to 
subsurface fatigue were also observed, in 
agreement with the literature [25]. This effect 
may result from cracks initiated in pores, 
leading to cohesive spalling of the coating.  
 The contact angle of Zirconia Veneered with 
artificial saliva is in concordance with the 
reported from previous studies for similar 
surfaces with water [15], and is close to that 
found for Leucite. As previously concluded, it is 
not possible to establish a direct relation 
between the wettability and the wear of the 
prosthetic materials 

4.5. Teeth cusps 

 In dental wear, induced by ceramic 
prosthetic materials, generally, the high wear 
rate is associated to an abrasive regime, where 
the prosthetic harder counter-material 
scratches the dental surface.  

The main wear mechanism found on enamel 

surfaces for almost all the studied cases (Vita 

Enamic, Leucite and Zirconia Veneered) was 

abrasion induced by the prosthetic contacting 

material. In many cases, some subsurface 

fatigue features were observed, which in 

extreme conditions led to partial fracture of the 

cusp (Fig.7–E for Vita Enamic, Fig.8–B for 

Leucite and Fig.9–A for Zirconia Veneered). 

Regarding the effect of the initial roughness 

of the prosthetic counter-materials, no 

correlation was found relatively to the enamel 

wear (Fig.2 and Fig.5–A). However, the 

increase of roughness of the prosthetic 

materials during the wear tests led to a higher 

dental wear. This was particularly evident for 

Leucite and Zirconia Veneered. 

As previously mentioned, it is not possible to 

establish a direct relation between the 

wettability and the wear of the prosthetic 

materials. However, it is interesting to stress 

that, based on an analysis of all the systems 

studied, a tendency was found for enamel to 

have higher wear when the prosthetic materials 



are more hydrophilic. In fact, both Leucite and 

Zirconia Veneered present the lowest contact 

angles and lead to the highest enamel wear 

(Fig.1 and Fig.5-A and B). This suggests that 

these surfaces (Leucite and Zirconia 

Veneered), which shall have a higher surface 

energy, may promote the adhesion to the 

counter-faces. 

Concerning the effect of cusps’ RoC on the 
enamel wear, there is a remarkable absence of 
information in the literature, since generally 
tests are done without taking into consideration 
this parameter. However, different RoC lead to 
different contact stresses which conduct to 
different wear losses. The present work, 
showed that there is a general decrease of 
dental wear with the increase of tooth RoC. 
Nevertheless, this trend was not found for the 
prosthetic material that caused the highest 
dental wear (Zirconia Veneered). This could 
have been a result of the loss of parts of the 
teeth, due to fatigue and inappropriate coating 
of the prosthetic samples. The SEM images 
showed to be in accordance with this analysis, 
where it was shown that the most catastrophic 
wear was identified in cusps with lower RoC, in 
comparison with those cusps with higher RoC. 
 Fig. 10. presents the overall volumetric wear 
(prosthetic material + cusp) of the four 
tribological systems. Zirconia was the group 
with the lowest overall volumetric wear (Δv ≈ 
0.077 mm3). The Leucite group and the Zirconia 
Veneered group, proved to be the groups with 
the worst tribological performance during the 
wear test (Δv ≈ 0.339 mm3 and Δv ≈ 0.404 mm3 
respectively). Despite the excessive wear in the 
prosthetic surface, Vita Enamic showed a 
favourable wear on the opposing enamel. 

 

 

Fig. 10. Overall volumetric wear of the four 
tribological systems. A – Overall volumetric wear of 
each tribological system (column chart). B – Total 
mean wear in volume for each tribological system. 

 

5 .  C o n c l u s i o n s  

From this analysis, the following conclusions 
were obtained:  

i) The initial surface roughness does not have 
influence on the tribological behaviour. 
However, the increase of roughness of the 
prosthetic materials during the wear tests 
increases the dental wear. 

ii) There is not a correlation between the 
prosthetic materials hardness and the 
dental wear. 

iii) The wettability of the prosthetic materials 
does not have a direct relation with the 
prosthetics’ material wear. Nevertheless, 
higher dental wear rates were detected 
when more hydrophilic prosthetic materials 
were used. 

iv) The major wear mechanisms identified in 
the tribological systems were polishing wear 
in the Zirconia group and abrasive wear in 
the remaining three groups, both for 
prosthetic materials and opposing enamel.  

As a final remark, Zirconia was the group 
that sustained the most favourable wear in the 
overall tribological system. Zirconia plates 
showed to have negligible wear and showed to 
cause the least wear on enamel, which suggest 
that it is the most suitable as restorative material 
in clinical dentistry. Zirconia and Vita Enamic 
were the groups with lowest impact on the 
enamel loss, however, the highest prosthetic 
material loss was found for the latter. The 
results showed that Leucite and Zirconia 
Veneered were the groups with the worst 
overall tribological performance (dental wear + 
prosthetic materials wear). 
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