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ABSTRACT
Purpose: To evaluate the effect of simulated wear against human enamel on the surface 

roughness of monolithic zirconia and gold alloy under different occlusal loads. 

Materials and Methods: Forty rectangular plate specimens (6×6×2) mm, were prepared from 
monolithic zirconia (Bruxzir, n=20) and type IV gold (Begostar, n=20) forming two experimental 
groups. Forty premolar teeth freshly extracted for orthodontic purpose were sectioned mesio-distally 
and only the cusp tips of the buccal halves were used as antagonists in the wear simulation testing 
procedure. All of the specimens were mounted to chewing simulator with the cusp antagonists, 
half of them were subjected to (50000 chewing cycles under 50N load), the other half subjected to 
(50000 chewing cycles under 150N load) cyclic loading. Data were submitted to two-way ANOVA, 
and statistical significance was set at p < 0.05. 

Results: With low load (50 N), it was found that gold alloy group recorded statistically sig-
nificant higher roughness change mean value (0.00085±0.001 Ra) than Bruxzir group mean value 
(-0.00079±0.0023 Ra). The difference between groups was statistically significant as indicated 
by student t-test (t=2.08, p=0.0492 < 0.05). While, enamel cusp antagonist of gold alloy group 
recorded non-statistically significant higher roughness change mean value (0.01867±0.024 Ra) 
than enamel cusp antagonist of Bruxzir group mean value (0.016567±0.0013 Ra). The difference 
between groups was statistically non-significant as indicated by student t-test (t=1.7, p=0.1043> 
0.05). With high load (150 N), it was found that gold alloy group recorded statistically non-signif-
icant higher roughness change mean value (0.00135±0.0017 Ra) than Bruxzir group mean value 
(-0.00052±0.003 Ra). The difference between groups was statistically non-significant as indicated 
by student t-test (t=1.648, p=0.1135 > 0.05). While, enamel cusp antagonist of gold alloy group 
recorded statistically non-significant higher roughness loss mean value (0.00219±0.005 Ra) than 
enamel cusp antagonist of Bruxzir group mean value (-0.00021±0.005 Ra). The difference between 
groups was statistically non-significant as indicated by student t-test (t=1.15, p=0.2615> 0.05). 

Conclusions: 1. Monolithic zirconia do not become as rough as type IV gold when subjected 
to simulated mastication cycles at low (50 N) load, although they were not significantly different 
from each other at high (150 N) load. 2. Although being non-significant, there was a correlation 
between roughness change of both monolithic zirconia and gold substrates, and that of their enamel 
antagonists.
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INTRODUCTION 

Gold had been widely employed for many 
decades as the restorative material of choice due to 
its biocompatibility, low abrasiveness of opposing 
natural teeth, and durability.1,2  However their 
esthetic limitations led to the advent of porcelain. The 
inferior tensile strength, hardness, brittleness, and 
resistance to fracture of conventional feldspathic3 
were overcome by introduction of newer metal free 
ceramics.

Zirconia, one of the more recently introduced 
ceramics in prosthetic dentistry with outstanding 
mechanical properties and acceptable clinical 
performance even as long-span and cantilever fixed 
dental prostheses in stress-bearing regions.4,5 It 
was first introduced as core material layered with 
veneering porcelain, however, chipping has been 
reported to be a major complication.4, 6, 7, 8 therefore, 
monolithic or full-contour zirconia are enjoying 
growing popularity in dental applications.9,10 

The surface roughness of restorative materials 
not only has been regarded as the result of 
restoration wear, it is also considered as the cause of 
wear of antagonistic teeth and restorations. This was 
also confirmed by Elmaria et al 11 who evaluated 
enamel wear caused by 3 ceramic substrates in 
the glazed and polished conditions, there was a 
significant correlation between Ra of the substrate 
and enamel wear. Wear takes place when 2 materials 
slide against each other. It can be attributed to 
adhesion, abrasion, corrosion, and surface fatigue.12 
Ideally, wear resistance of the restorative material 
and enamel should be similar,13 however many 
restorative dental materials can change the wear rate 
of antagonistic natural teeth due to mismatched wear 
properties.12,14,15 Extreme, long term abrasiveness 
may result in loss of vertical dimension, poor 
esthetics, and increased tooth sensitivity.16-18 It can 
also negatively affect the esthetic and functional 
outcome of occlusal rehabilitations.14,19-22 

The aim of this in vitro study was to evaluate the 
surface roughness of monolithic zirconia compared 

with type IV gold, subjected to 50,000 mastication 
simulation cycles versus human enamel cusps. The 
null hypothesis tested was that the wear depth and 
surface roughness would not affected by type of 
material, the load related to simulated mastication, 
and that for each material, no difference would be 
found in enamel surface roughness compared with 
baseline.

MATERIALS AND METHODS

A total of forty 1st premolars were selected for 
this study. The selection criteria were based on 
teeth condition. All teeth were examined under 4x 
magnification loops (HEINE Optotechnik GmbH & 
Co.KG) for any cracks, caries or old restorations. All 
defected teeth were excluded. The teeth were then 
splitted mesio-distally to use only the buccal half 
that was mounted to Jakub’s chuck (of the chewing 
simulator) leaving only the buccal cusp exposed for 
testing procedure. All teeth were stored in distilled 
water at the room temperature until the tests were 
being carried out.

A total of 40 square-shaped (6×6×2mm) samples 
were prepared from monolithic zirconia (Bruxzir, 
n=20) and type IV gold (Begostar, n=20). 

Preparation of gold specimens: (Wax pattern 
construction)

Square plate samples (6×6×2 mm) was prepared 
from CAD/Ivory disc (ONDENT TIBBI MALZ, 
Turkey) by using an electrical high-precision saw 
(Isomet 4000, micro saw, Buehler Ltd, USA) under 
water cooling system with two anticorrosive agents, 
rotating at a speed 2500 rpm and feeding rate 5mm/
min. The diamond disc used is of 0.3mm thickness. 
The plates were then assembled with modeling 
wax to form a single wax pattern that was ready 
for burnout and casting. The gold specimens were 
then constructed using the traditional lost wax 
technique: Spruing, investing using phosphate 
bonded investment (Bellavest, BEGO, PARASKOP, 
Germany), wax elimination in the burnout furnace, 
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graphite crucible was used for melting of gold, 
casting was then accomplished in the casting 
machine Furnax compact high-frequency induction 
casting machine (BEGO. PARASKOP, Germany), 
divesting. The casting was then sectioned using 
cutting disc (Frank Dental GmbH, Germany) to 
separate the gold plates from each other. Finishing 
and polishing procedure was accomplished using 
Gold Polishing Classic Plastic Kit (Shofu Dental 
Corp. California, USA). which used for finishing 
and super-polishing of cast gold and precious 
alloys: (Brown disc used for pre-polishing, Green 
disc used for polishing. Super green disc used for 
super-polishing).

Preparation of the zirconia specimens

Square plate samples (7.5×7.5×2.5) mm were 
prepared from Pre-sintered Bruxzir zirconia milling 
blanks by using an electrical high-precision saw 
(Isomet 4000, micro saw, Buehler Ltd, USA) 

under water cooling system with two anticorrosive 
agents, rotating at a speed 2500 rpm and feeding 
rate 5mm/min. The diamond disc used is of 0.3mm 
thickness. The specimens were cut oversized 
by approximately 25% to compensate for the 
shrinkage occurred during sintering to full density 
specified by the enlargement factor on the product 
label, to give plates of final dimensions 6×6×2 mm 

approximately. The sintering process was proceeded 
in the Nabertherm High-temperature bottom loading 
furnace LHT 02/17 LB speed with rapid cooling 
function (Nabertherm GmbH, Germany) by using 
the preset program of Bruxzir as recommended by 
manufacturer. The finishing and polishing procedure 
was done according to manufacturer instructions 
using DIASYNT Zirconia finishing and polishing 
kit (EVE Ernst Vetter GmbH, Germany). 

Wear simulation

The two-body wear testing was performed using 
a programmable logic-controlled equipment (Four 
stations multimodal ROBOTA chewing simulator 
{Figure,1}) Integrated with thermo-cyclic protocol 
operated on servo-motor (Model ACH-09075DC-T, 
AD-Tech Technology CO., LTD., Germany). The 
chewing simulator has four chambers simulating the 
vertical and horizontal movements simultaneously 
in the thermodynamic condition. Each of the 
chambers consists of an upper Jacob’s chuck as 
tooth antagonist holder that can be tightened with 
a screw and a lower plastic sample holder specially 
designed with a square depression having the same 
dimensions of the specimen to be tested. The plastic 
holder is fixed in the lower chamber that contain 
distilled water to be used during testing procedures.

Fig. (1): Chewing simulator with tooth-material assembly in place
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Both groups samples (gold and bruxzir and their 
corresponding teeth specimens) were mounted and 
tested sequentially under the two sets of loads (Low/
high load) which were 50/150 N for a number of 
50000 cycles under the wear testing parameters 
mentioned in (Table 1). 

TABLE (1) Wear simulation testing parameters:

Vertical movement 1 mm

Horizontal movement 3 mm

Rising speed 60 mm/s

Descending speed 40 mm/s

Forward speed 60 mm/s

Backward speed 40 mm/s

Cycle frequency 1.6 Hz (96 cycle/min)

Time of 50000 cycles 8.68 h

Weight per specimen 50 N and 150N

Roughness evaluation

All teeth specimens and experimental materials 
samples (bruxzir and gold) were evaluated before 
and after wear simulation using USB digital surface 
profile gauge, cut-off – 0.25 mm (Elcometer 224/2, 
Elcometer Instruments, Great Britain) and data were 
recorded using computer software (Elcomaster 2, 

Elcometer Instruments). The surface profile needle 
(radius of 2.5 µm) was positioned perpendicular 
over each test specimen performing five readings in 
different locations of the sample surface. After the 
five readings, the mean surface roughness values 
were obtained.

Statistical analysis

Data analysis was performed in several steps. 
Initially, descriptive statistics for each group 
results. Student t-test was performed between 
both materials and enamel cusp groups before 
and after wear simulation. Two-way analysis of 
variance (ANOVA) test of significance was done 
for comparing variables affecting mean values 
(experimental material groups and load). Statistical 
analysis was performed using Asistat 7.6 statistics 
software (Campina Grande, Paraiba state, Brazil) 
for Windows. P values ≤0.05 are considered to be 
statistically significant in all tests.

RESULTS

The mean values and standard deviations (SD) 
for roughness measured by (Ra =µm) recorded 
on both materials and enamel cusp antagonist as 
function of load application before and after 50000 
wear simulation cycles summarized in table (2) and 
graphically represented in figure (2). 

TABLE (2) Roughness results (Mean values ±SD) for experimental groups and enamel cusp antagonist as 
function of load application before and after wear simulation

Variables
Samples Antagonist

Before After Before After

Low load
 (50 N)

Bruxzir 0.251367±0.001 0.252158±0.002 0.259383±0.003 0.259467±0.0022

Gold alloy 0.251392±0.0008 0.250542±0.0012 0.259383±0.0027 0.240717±0.025

High 
load

150 (N)

Bruxzir 0.2520167±0.0022 0.252533±0.002 0.260133±0.0021 0.260342±0.0028

Gold alloy 0.25063±0.0006 0.249283±0.0013 0.258767±0.0017 0.256575±0.0047
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Under low load (50 N)

In experimental groups

It was found that gold alloy group recorded 
statistically significant higher roughness change 
mean value (0.00085±0.001 Ra) than Bruxzir group 
mean value (-0.00079±0.0023 Ra). The difference 
between groups was statistically significant as 
indicated by student t-test (t=2.08, p=0.0492  
< 0.05). 

In enamel cusp antagonist groups

It was found that enamel cusp antagonist 
of gold alloy group recorded non-statistically 
significant higher roughness change mean value 

(0.01867±0.024 Ra) than enamel cusp antagonist of 
Bruxzir group mean value (0.016567±0.0013 Ra). 
The difference between groups was statistically 
non-significant as indicated by student t-test (t=1.7, 
p=0.1043> 0.05). 

Under high load (150 N)

In experimental groups

It was found that gold alloy group recorded 
statistically non-significant higher roughness 
change mean value (0.00135±0.0017 Ra) than 
Bruxzir group mean value (-0.00052±0.003 Ra). 
The difference between groups was statistically non-
significant as indicated by student t-test (t=1.648, 
p=0.1135 > 0.05). 

Fig. (2) Column chart showing roughness mean values for 
experimental groups as function of load application 
before and after wear simulation

Fig. (3) Column chart showing roughness mean values for 
enamel cusp antagonist groups as function of load 
application before and after wear simulation

TABLE (3) Roughness change results (Mean values ±SD) for experimental groups s and enamel cusp 
antagonist after wear simulation under low load application (50 N)

Variables

Samples Antagonist

Mean±SD 
95% CI

Mean±SD
95% CI

Lower Upper Lower Upper 

Low load
 (50 N)

Bruxzir -0.0008±0.0023 -0.0022 0.0007 -0.000083±0.004 -0.0026 0.0025

Gold alloy 0.00085±0.001 -0.0001 0.0018 0.01867±0.024 -0.0056 0.0429

t-test P value 0.0492* 0.1043 ns

CI; Confidence intervals                     ns; non-significant (p>0.05)                   *; significant (p<0.05) 
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In enamel cusp antagonist groups

It was found that enamel cusp antagonist of gold 
alloy group recorded statistically non-significant 
higher roughness loss mean value (0.00219±0.005 
Ra) than enamel cusp antagonist of Bruxzir group 
mean value (-0.00021±0.005 Ra). The difference 
between groups was statistically non-significant as 
indicated by student t-test (t=1.15, p=0.2615> 0.05). 

Regardless to load, totally it was found that gold 
alloy group recorded statistically non-significant 
higher roughness change mean value than Bruxzir 
group mean value as indicated by two-way ANOVA 
test (p= 0.8712>0.05)

Irrespective of material, totally it was found that 
high load 150 (N) group recorded statistically non-
significant higher roughness change mean value 
than low load 50 (N) group mean value as indicated 
by two-way ANOVA test (p= 0.5772> 0.05)

DISSCUSSION

Gold alloy has long been believed as an ideal 
restorative material for fabricating dental crowns 
due to its mostly similar wear characteristics to 
those of human enamel.23 By increasing patient 
needs for more esthetic restorations that mimicked 
natural tooth color have led to the increased use of 
ceramic materials.24

TABLE (4) Roughness change results (Mean values ±SD) for experimental groups and enamel cusp 
antagonist after wear simulation under high load application (150 N) 

Variables

Samples Antagonist

Mean±SD 
95% CI

Mean±SD
95% CI

Lower Upper Lower Upper 

High load
 (150 N)

Bruxzir -0.00052±0.003 -0.00276 0.0017 -0.00021±0.005 -0.00033 0.0028

Gold alloy 0.00135±0.0017 0.00027 0.0024 0.00219±0.005 -0.00122 0.0056

t-test P value 0.1135 ns 0.2615 ns

CI; Confidence intervals                     ns; non-significant (p>0.05)                   *; significant (p<0.05) 

Fig. (4) Column chart showing roughness change mean values 
for experimental groups and enamel cusp antagonist 
after wear simulation under low load application (50 N) 

Fig. (5) Column chart showing roughness change mean values 
for experimental groups and enamel cusp antagonist 
after wear simulation under high load application  
(150 N)
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Today many different all-ceramic systems 
known for their high biocompatibility, strength, and 
excellent esthetics, are available and can naturally 
imitate the natural human tooth characteristics.25,26 
The availability of computer-aided design and 
manufacture CAD/CAM has allowed well-fitted 
frameworks fabrication for fixed prosthesis from 
high-strength polycrystalline ceramics, like partially 
stabilized zirconia (PSZ). 6,27,28 

Zirconia is a polymorphic, multiphase material 
with suppression ability of crack progression through 
volume extension caused by the transformation 
toughening mechanism,29 leading to higher fracture 
strength, greater hardness and more wide clinical 
applications than other conventional porcelains.29,30 
Porcelain veneers of such opaque zirconia cores 
are generally prone to fracture because of weak 
interface, hence the advent of non-veneered, 
monolithic zirconia restorations with increased 
translucency was achieved by modifications of the 
fabrication process and the sintering procedures31 
Additionally, the use of these crowns provide the 
advantage of more conservative preparation plus 
eliminating the technique sensitivity of veneering 
procedures.32 

Unlike metals that exhibit some ductile behavior, 
many studies observed that ceramic materials 
wear mostly by abrasion and microfractures of the 
surface,33-36 so wear seems to be more correlated 
to surface roughness and fracture resistance than 
hardness values.37-39 Tooth wear is a complex 
process, both attrition of occlusal surfaces of teeth 
by direct contact, and abrasion in the presence of 
food particles could take place during mastication. 
Wear rate can be altered by the introduction of 
abraded restorative material.40 This occurs mainly 
in adhesive wear type, where loose fragments 
of one body adhere to the other body, leading to 
wear of substrate.41 Seghi et al 33 stated that the 
wear rate of a restorative material should be equal 
to that of enamel. Moreover, the wear of enamel 
opposing enamel is 20–40 μm/year as reported by 
Lambrechts et al.42

The roughness of restorative materials is 
associated with light reflection, surface staining, 
plaque accumulation, and patient discomfort. 
Plaque adhesion has been reported to significantly 
rise at a mean surface roughness of 0.2 μm.43 The 
direct relation between the surface roughness of 
the restorative material and the wear of opposing 
enamel,11,44 interpret the significance of studying the 
roughness values of materials used for fabricating 
crowns, before and after mastication. Additionally, 
Excessive wear of teeth, restoration or the entire 
dentition is usually related to supra eruption of 
opposing teeth, periodontal affection, traumatic 
occlusion, reduced vertical dimension and even 
temporomandibular joint disorders.45

Wiley 46 observed that group function in porcelain 
could motivate group destruction. Therefore, the 
selection of the restorative material and its surface 
finish is of great importance. According to several 
studies smoothly glazed or highly polished ceramics 
reduced surface wear and damage of opposing teeth 
and restorations.23,47-49 In this study, surface finishing 
of zirconia was performed by polishing rather 
than glazing therefore, although no significant 
difference, enamel cusp antagonist of Bruxzir 
group showed lower roughness change mean value 
(0.016567±0.0013 Ra) than enamel cusp antagonist 
of gold alloy group mean value (0.01867±0.024 
Ra), at both low (50 N) and high (150 N) loads. 

This was supported by various authors 
who have been suggested fine polishing as an 
alternative surface treatment of monolithic zirconia 
restorations; causing the least antagonistic tooth 
wear, whereas glazed zirconia caused greater 
antagonistic wear.10,32,50-54 Rupawala et al 55 also 
compared the wear behavior of human tooth enamel 
opposing glazed zirconia, polished zirconia without 
glaze, metal ceramic, and lithium disilicate. It 
was observed that mechanically polished zirconia 
showed the least amount of enamel wear followed 
by porcelain fused to metal and glazed monolithic 
lithium disilicate, whereas glazed monolithic 
zirconia showed the highest enamel wear. In 
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contrary, Beuer et al 50 reported lower wear of the 
antagonist material with glazed monolithic zirconia.

Furthermore, higher enamel roughness change 
occurred with gold antagonist compared with 
bruxzir group could be attributed to lower hardness 
of gold than zirconia substrate. Therefore, a softer 
material is abraded more easily than harder materi-
al.56 Detached abraded particles might behave as an 
abrasive medium leading to a 3-body wear mecha-
nism explaining the progression of enamel wear. 57

Less susceptibility of zirconia to the microfracture 
mechanism because of the much high fracture 
resistance could be another explanation of lower 
enamel roughness and wear in case of zirconia. 
This was in agreement with several studies which 
reported that the zirconia surface did not become 
rougher over time, hence do not cause more wear 
on opposing enamel than other traditional softer 
ceramics.58-62

In the present study, regarding the roughness 
change results of zirconia and gold under high 
load (150 N), there was no significant difference, 
so the null hypothesis was supported. At low 
load chewing simulation, the null hypothesis was 
partially rejected, it was found that Bruxzir group 
recorded statistically significant lower roughness 
change mean value (-0.00079±0.0023 Ra) than gold 
alloy group mean value (0.00085±0.001 Ra). These 
results could be attributed to high fracture toughness 
of zirconia (5.5-7.4 Mpa.m1/2) which considered as 
a key of preventing micro fractures, cracks 39 and 
subsequent surface roughness.63 Hence, the zirconia 
surface remains smoother during abrasive wear.  

 Other reasons for lower Ra change of zirconia 
are less porosity and smallest grain size of Bruxzir 
(3nm), this concurs with Wu et al 64 who observed 
that grain or crystal size of ceramic material may 
contribute to obtain a smoother surface. He et al 65 
also reported that Y-TZP exhibits a Hall-Petch type 
of wear resistance relationship at grain sizes of ≤ 0.7 
µm. This means that grain sizes of 0.7 µm or smaller 
will make the material much more wear resistant by 

increasing the energy needed to remove the grain 
from the matrix of the ceramic. Similar results were 
obtained by Amer et al,66 who investigated the 
surface roughness changes of 3 types of ceramics: 
dense sintered yttrium stabilized zirconia, lithium 
disilicate and a conventional low-fusing feldspathic 
porcelain after being subjected to 3-body wear-
opposing human enamel. It was found that Y-TZP 
and lithium disilicate do not become as rough as 
conventional feldspathic porcelain of larger grains 
(2-4 µm), when subjected to simulated mastication 
cycles.  

It is also consistent with some investigators 
who demonstrated that microstructural parameters, 
such as grain size and porosity, are essential agents 
in the wear process.64,67 Zum et al 68 showed that 
a decrease in the ceramic’s grain size causes an 
increase in its wear resistance. Additionally, it 
was concluded that grain size and porosity are 
2 important microstructural features which may 
influence the mechanical and tribological properties 
of the ceramic.69 

Another interpretation of such result may be 
the low friction coefficient value of Y-TZP ceramic  
(0.1 µm), this was supported by Anusavice et al 70 

who reported that the coefficient of friction is di-
rectly proportional to wear resistance and surface 
roughness.

CONCLUSIONS

Within the limitations of this in vitro study, the 
following conclusions were drawn:

1- Monolithic zirconia did not become as rough 
as type IV gold when subjected to simulated 
mastication cycles at low (50 N) load, although 
they were not significantly different from each 
other at high (150 N) load.

2- Although being non-significant, there was a 
correlation between roughness change of both 
monolithic zirconia and gold substrates, and 
that of their enamel antagonists.
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