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ABSTRACT
Objective: To evaluate and compare the wear behavior 
of three different ceramic systems; monolithic zirconia, 
lithium di-silicate and nano-fluorapatite glass ceramic with 
two finishing procedures polishing and glazing, and their 
effect on the wear of natural tooth antagonists. Material 
and Methods: Forty two ceramic disc specimens (10mm 
x3mm) and forty two natural tooth antagonists were used. 
Samples were divided according to ceramic materials into 3 
groups (n = 14). Group I: nano-fluorapatite glass ceramic 
(FLU) (IPS e.max Ceram), Group II: lithium disilicate (LD) 
(IPS e.max CAD) and group III: monolithic zirconia (ZIR) 
(ZirkoZahn Prettau). Each group was further subdivided 
into two subgroups (n = 7), according to the surface finish: 
Polishing (P) and glazing (G). Specimens were subjected to 
a custom designed two-body wear simulator. Quantitative 
wear assessment was carried out using weight loss 
measurements. Scanning electron microscope was used for 
characterization of wear patterns. Kruscal Wallis and Dunn’s 
tests were used to compare between weight loss of the three 
ceramic materials. Whitney U test was used to compare 
the weight loss between the two surface finish protocols. 
Wilcoxon Signed rank test was used to compare the weight 
loss between ceramic specimens and antagonist teeth (p ≤ 
0.05). Paired t-test was used to compare weight loss before 
and after wear test.  Results: After wear, LD and FLU had 
the highest weight loss values compared to ZIR (p < 0.05). 
For teeth, there was no significant difference between the 
weight loss values with the three materials (p > 0.05). P 
and G specimens showed no significant difference in weight 
loss values. SEM images of the wear patterns verified the 
previous analysis. Conclusion: ZIR is more wear resistant 
than LD and FLU. However, the surface treatment had no 
impact on the wear behavior.

RESUMO
Objetivo: Avaliar e comparar o comportamento ao desgaste de três 
diferentes sistemas cerâmicos; zircônia monolítica, di-silicato de 
lítio e vitrocerâmica de nano-fluorapatita com dois procedimentos 
de polimento e glaze, e seu efeito no desgaste de dentes naturais 
antagonistas. Material e Métodos: Foram utilizadas quarenta e 
duas amostras de discos cerâmicos (10 mm x 3 mm) e quarenta 
e dois dentes naturais como antagonistas. As amostras foram 
divididas de acordo com o material cerâmico em 3 grupos (n = 
14). Grupo I: vitrocerâmica nano-fluorapatita (FLU) (IPS e.max 
Ceram), Grupo II: dissilicato de lítio (LD) (IPS e.max CAD) e 
grupo III: zircônia monolítica (ZIR) (ZirkoZahn Prettau). Cada 
grupo foi subdividido em dois subgrupos (n = 7), de acordo com o 
acabamento da superfície: Polimento (P) e Glaze (G). As amostras 
foram submetidas a um simulador de desgaste de dois corpos 
projetado. A avaliação quantitativa do desgaste foi realizada usando 
medidas de perda de massa. Microscópio eletrônico de varredura 
foi utilizado para caracterização de padrões de desgaste. Os testes 
de Kruscal Wallis e Dunn foram usados para comparar a perda 
de massa dos três materiais cerâmicos. O teste U de Whitney foi 
utilizado para comparar a perda de massa entre os dois protocolos 
de acabamento superficial. O teste de Wilcoxon Signed Rank 
foi utilizado para comparar a perda de massa entre amostras de 
cerâmica e os dentes antagonistas (p ≤ 0,05). O teste t pareado foi 
utilizado para comparar a perda de massa antes e depois do teste 
de desgaste. Resultados: Após o desgaste, LD e FLU apresentaram 
os maiores valores de perda de massa em comparação ao ZIR (p 
< 0,05). Para os dentes, não houve diferença significativa entre 
os valores de perda de massa com os três materiais (p > 0,05). 
As amostras de P e G não mostraram diferença significativa nos 
valores de perda de massa. Imagens SEM dos padrões de desgaste 
confirmaram a análise anterior. Conclusão: O ZIR é mais resistente 
ao desgaste do que LD e FLU. No entanto, o tratamento de superfície 
não teve impacto no comportamento do desgaste.
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INTRODUCTION

T he increased demand for esthetics in 
dentistry has led researchers to create 

ceramic restorations to mimic the appearance of 
natural teeth and eliminate the need for metal 
substructures [1]. Nano-fluorapatite glass is a new 
generation of dental layering ceramic which is 
ideal for finishing dental restorations. It contains 
apatite crystals which closely resemble those 
found in enamel, helping to achieve a natural 
appearance. It can be used as a veneering ceramic 
with glass ceramics as well as zirconium oxide [2].  
Lithium disilicate is among the most widely used 
type of glass ceramics, it offers excellent strength 
and durability as well as outstanding optical 
properties [3]. Ever since the discovery of the 
unique transformation toughening capabilities 
and resistance to crack propagation of zirconia, it 
has become one of the main focuses for research. 
Its mechanical properties are basically the highest 
reported ever for dental ceramics, that is why its 
clinical use has increased [4,5].

The introduction of monolithic ceramics can 
provide exceptional esthetics without requiring a 
veneering ceramic. Greater structural integrity 
can be achieved by eliminating the veneered 
ceramic and the bond interface. Monolithic 
glass ceramics such as lithium disilicate offer 
exceptional esthetics. The 70% crystal phase of 
this material improved flexural strength, while 
refracting light in a natural manner, therefore 
expanding the range of its indications [6-8]. 
Monolithic zirconia restorations, overcame 
many drawbacks of veneered zirconia based 
restorations [1,4,9]

The wear of teeth is irreversible and 
cumulative with age. The problems associated 
with wear are likely to place greater demands 
upon dental professionals [10]. Tooth wear 
affects the quality of life for patients. Therefore, 
there is a need for highly qualified dental 
restorative materials to repair or replace teeth 
[11]. With the continuous development in dental 
industry, wear resistance of newer esthetic 
restorative materials has generally improved, 
and the damage to the opposing dentition has 
been reduced, such materials include new low 
fusing ceramics, resin nano-ceramics, polymer 
infiltrated glass ceramics (hybrid ceramics) and 
novel monolithic self-glazed zirconia [11-14]. 
However, the different structures and physical 
properties of teeth and restorative materials will 

eventually lead to varying degrees of differential 
wear [15]. Therefore, the selection of restorative 
materials must be based on knowledge of their 
wear behavior and individual needs of each 
patient [16]. Several previous studies [4,17-19] 
provided us with useful data regarding the wear 
resistance properties and the effect of different 
ceramics on opposing antagonists. 

Different scenarios of finishing procedures 
are available: grinding, polishing and glazing 
to create ceramic restorations with smooth 
surfaces. The effect of the surface finish on wear 
performance of the ceramic material and tooth 
antagonist has been widely published [20-23] 
with controversy in their results. This debate is 
dependent on the method chosen, procedure 
efficacy and material’s microstructure [22-24].

Therefore, the aim of the present research 
was to evaluate and compare the wear behavior 
of three different ceramic systems; monolithic 
zirconia, lithium di-silicate and nano-fluorapatite 
glass ceramic with two finishing procedures 
polishing and glazing, and their effect on the 
wear of natural tooth antagonists. The first null 
hypothesis was that there would be no difference 
in the wear behavior of the three ceramic systems 
against natural teeth. The second null hypothesis 
was that different finishing procedures would 
have no influence on the wear behavior of the 
three ceramic systems against natural teeth.

MATERIAL AND METHODS
Materials used in this study are described 

in table I. Forty-two ceramic disc specimens 
were made with dimensions of 10mm diameter 
x 3mm height. The disc specimens were divided 
according to the ceramic materials into three 
equal groups (n=14). Group I: FLU (Ivoclar 
Vivadent, Schann, Lichtenstein, Germany), group 
II: LD (Ivoclar Vivadent, Schann, Lichtenstein, 
Germany), and group III: ZIR (ZirkonZahn, 
Streger, Ahrntal, Italy). Each group was further 
subdivided into two equal subgroups according 
to the surface finish protocol; P and G (n = 7).

A total of 42 caries-free human maxillary 
central incisors which were extracted due to 
periodontal disease were used for this research 
(IRB Number = 44912). After disinfection, the 
samples were stored in a saline solution. For 
fixation during two-body wear simulation, each 
tooth was individually mounted in epoxy resin 
blocks (KemaPoxy 150, CMB International. ARE).
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Table I - materials used in this study

*IPS e.max® Ceram. Scientific documentation. Ivoclar Vivadent AG. www.ivoclarvivadent.com
**IPS e.max® CAD. Scientific documentation. Ivoclar Vivadent AG. www.ivoclarvivadent.com
***ZirkonZahn, human zirconium technology. Zirconia-information for dentists. FAQ’s-from the dental practice. ZirkonZahn worldwide-
An der Ahr 7-39090 Gais/South Tirol (Italy). www.Zirkonzahn.com

Ceramic materials Construction technique Manufacturer Chemical composition in weight % Lot #

FLU* Conventional build-up technique Ivoclar, Vivadent, Schaan
Liechtenstein

• SiO2 [60.0-65.0]
• Al2O3 [8.0-12.0]
• Na2O [6.0-9.0]
• K2O [6.0-8.0]
• ZnO [2.0-3.0]

•  +CaO, P2O5F3 [2.0-6.0]
•  +other oxides [2.0-8.5]

•  +pigments [0.1-1.5]

R81614

LD** CAD/CAM Ivoclar, Vivadent,  Schaan Liech-
tenstein

• SiO2 [57.0-80.0]
• LiO2 [11.0-19.0]
• K2O [0.0-13.0]
• P2O5 [0.0-11.0]
• ZrO2 [0.0-8.0]
• ZnO [0.0-8.0]

• Other and coloring oxides [0.0-12.0]

R80027

ZIR*** CAD/CAM Zirkonzahn, Steger, Ahrntal, Italy.

• ZrO2(+HfO2)
• [Main component %]

• Y2O3 [4.95-5.26]
• Al2O3 [0.15-0.35]
• SiO2 [Max. 0.02]
• Fe2O3 [Max. 0.01]
• Na2O3 [Max. 0.04]

ZRAD8021

Antagonists Natural maxillary central incisors

Construction of IPS e.max Ceram disc 
specimens 

In order to standardize the shape and the 
dimensions of FLU using conventional build 
up technique, a specially designed mold was 
constructed. An outer metal ring was designed 
to support an inner Teflon mold with the desired 
dimension of 10mm diameter and 3mm height. 
The Teflon mold was split to allow easy removal 
of the discs after the build-up process [25]. The 
powder (Ivoclar Vivadent, Shaan, Liechtenstein, 
Germany) was mixed with the build-up liquid 
(Ivoclar Vivadent, Shaan, Liechtenstein, 
Germany) according to the manufacturer’s 
instructions. The slurry mix was packed and 
condensed into the mold and blotted with a 
dry tissue to remove excess liquid. Ceramic disc 
specimens were fired in the ceramic furnace, 
Ivoclar Vivadent Programat EP 3010 (Ivoclar 
Vivadent, Shaan, Liechtenstein, Germany) 
following the manufacturer’s instructions 

(table II). For G subgroup specimens, IPS e.max 
Ceram glaze powder (Ivoclar Vivadent, Shaan, 
Liechtenstein, Germany) was mixed with 
e.max Ceram glaze and stain liquid (Ivoclar 
Vivadent, Shaan, Liechtenstein, Germany), 
applied on the disc surfaces and fired according 
to the manufacturer’s instructions (table II) . 
For P subgroup specimens, polishing was done 
using the SHOFU porcelain adjustment kit 
(SHOFU INC. 11 Kamitakamatsu, Fukuine, 
Higashiyama-ku, Kyoto 605-0983 Japan) 
following the manufacturer’s instructions. The 
kit has three Dura-White Stones for adjusting, 
three Ceramiste Standard Polishers for pre-
polishing, and three Ultra (yellow-band) 
Polishers for polishing and three Ultra II (white-
band) Polishers for super- polishing. Polishing 
of the samples was done in a sequential order 
followed by a diamond polishing paste (ADS, 
American Dental Supply, INC, USA) for a 
smooth finish.
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Table II - Firing parameters of FLU (Transpa Incisal) and LD 
(LT) with or without the application of IPS e.max CAD Crystal/ 
Glaze paste

Table III - Firing parameters of ZIR

Firing parameters FLU Glaze firing of FLU LD

Closing time S min. 8 8 6:00

Stand-by temperature B [°C] 403 403 403

Heating rate  
t → [0C/min] 50 50 -

Heating rate t1 [°C/min] - - 90

Firing temperature T1 [°C] 770 740 820

Holding time H [min] 1 1 -

Holding time H1 [min] - - 0:10

Heating rate t2 [°C /min] - - 30

Firing temperature T2 [°C] - - 840

Holding time H2 [min] - - 7:00

Long-term cooling L [°C] 0 0 700

Cooling rate tl [°C/min] 0 0 0

Vacuum 1 11 12 [°C] 450 450 550
820

Vacuum 2 21 22 [°C] 769 739 820
840

Start temperature 300 °C

Drying time 2 min

Heating time 6 min

Heat rise 25 - 55 °C/min

Biscuit (1st) fire 820 °C (+/- 10 °C)

Stain/coloring liquid fire 730°C, 1 min holding time

Glaze fire 780 - 800 °C, 1 min holding time

Holding time 2 - 3 min

Firing temperature 1600 0C

Vacuum on 400 - 500 °C

Vacuum off 820 °C (+/- 10 °C)

Vacuum level max

Cooling 3 - 10 min, depending on mass

Construction of zirconia disc specimens 

For construction of ZIR samples, the 
previously mentioned metal disc with the 
same dimensions [26], was scanned by fully 
automated optical scanner S60 (ZirkonZahn, 
Steger, Ahrntal, Italy). Virtual disc was designed 
by using a special software (ZirkonZahn 
Modellier) (ZirkonZahn, Steger, Ahrntal, 
Italy). Zirconia discs were milled by using 
5-axes milling unit M5 (ZirkonZahn, Steger, 
Ahrntal, Italy). Coloring and sintering of 
zirconia discs were carried out in the sintering 
furnace, Zirkonofen 600 (ZirkonZahn, Steger, 
Ahrntal, Italy) following the manufacture’s 
recommendations (table III). For G subgroup 
specimens, Glaze Plus (ZirkonZahn, Steger, 
Ahrntal, Italy) was applied over the disc 
surfaces and fired following the manufacturer’s 
recommendations (table III). While for P 
subgroup, polishing was done manually with 
lab hand-piece using silicon polishers according 
to the manufacturers’ instructions. 

Thermo-cycling 

All ceramic disc specimens were subjected 
to thermo-cycling before wear testing (Julabo, 
Germany) in distilled water for 3500 cycles at 
changing temperatures between 5oC and 55oC, 
with the duration of 2 minutes for each cycle [27]. 
Thermo-cycling was done to simulate intra-oral 
conditions.

Wear testing

A specially constructed two-body wear 
simulator was particularly designed to perform 
this research (figures 1, 2). The custom designed 
two-body wear simulator simulates horizontal 
movements that occur naturally in oral cavity. The 
machine was deployed inside a 250mm x 400mm 
x 600mm steel metal frame casing (figure 1b) 
which carries the whole mechanism. The machine 
was composed of upper (figure 2f) and lower 
(figure 2g) sample holders. Both sample holders 
were designed to be emerged inside a plastic 
beaker (figure 2b) that is filled with distilled water 
in which the process will occur. The upper sample 
holder is attached by two M4 socket head screws on 
the power screw nut; which is a main component 
of the driver head, it was connected rigidly to 
guarantee no vibration between the ceramic 
sample and antagonist tooth during the operation. 
The power screw and, in turn, the nut are actuated 
by a pneumatic piston in a rocker mechanism, 
connected to it by a low vibration coupling wheel; 
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which transmits the motion from the mechanism 
to the antagonist causing friction over the sample. 
The lower sample holder was designed to hold 
ceramic samples, while the upper sample holder 
was designed to be home for an antagonist natural 
tooth in a positive mold. The pneumatic circuit 
is actuated via a 2HP air compressor with a 25L 
tank that gives the required power supply. The 
simulator was programmed to perform 2.4 x 106 
loading cycle backwards and forwards (figure 3) 
by holding an antagonist (figure 3a) against a 
sample (figure 3b) which are comparable to one 
year chewing condition [4].

Wear parameters, stroke length/ horizontal 
movement, frequency of loading cycles, operational 
liquid temperature, water jet frequency and weight 
per sample could be adjusted according to different 
experimental conditions. The applied load can be 
changed by simply changing the weights (figure 
2a) that are inserted over the machine driver. The 
loading cycles can be increased or decreased by 
reprogramming the system’s controller and so is 
the stroke length. The temperature is adjustable 
from the temperature unit on the control panel 
(figure 1a) and is always monitored by a thermo-
sensor mounted on the operation beaker. Water 
jet (figure 2e) cleaning frequency can also be 
adjusted from knobs inside the control unit.

For fixation during two-body wear 
simulation, the specimens were embedded in the 
middle of their holders using a light cured dental 
composite resin (Hybrid light cure composite. 
Alpha-dent, 6901 N Hamlin Avenue, Lincolnwood, 
Illinois 60712, USA) to ensure proper positioning 
during the test. A weight of 5 kg, which is equivalent 
to 49N of chewing force [23,24] was applied over 
the machine driver. A number of 2.4 x 106 cycles 
were repeated on each sample at a frequency of 
1.7 Hz (which equals to 102 cycles/minute). The 
stroke length of the horizontal movement equals 
to 1mm2 (figure 3). A continuous flow of distilled 
water was directed on the wear area maintaining 
the environmental temperature at 37oC.

Figure 1 - Two-body wear simulator: a, side view showing the 
driver head of the machine, power supply unit, temperature 
control unit and monitor. b, shows the machine which is 
deployed inside a steel metal frame.

Figure 2 - Schematic Diagram representing the two-body 
wear process orientation; a, weight. b, plastic beaker. c, ceramic 
sample. d, natural teeth antagonist. e, water jet (2 seconds on/30 
seconds off). f, upper sample holder. g, lower sample holder.

Figure 3 - Diagram representing the stroke direction and length 
during two-body wear simulation process; the natural tooth 
antagonist (a) moved horizontally backwards and forwards (red 
arrows) and 1 mm/ direction over the ceramic sample (b).
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Weight loss measurement 
Ceramic samples and teeth were separated 

and sequentially numbered so that the same 
sample had its weight measured before and 
after wear testing. Samples were weighed in an 
electronic balance (Sartorius, Biopharmaceutical 
and Laboratories, Germany) with an accuracy of 
0.0001 gr [28].

Scanning electron microscope (SEM) 
For characterizing wear patterns, one 

representative ceramic sample and one tooth from 
each subgroup (before and after two-body wear 
test) was selected for SEM using the FEI Quanta 
250 FEG-SEM (FEI COMPANY, Nederland) 
attached with EDAX Unit (Energy Dispersive 
X-ray Analyses), with accelerating voltage 30 kV. 
Natural teeth were examined at a magnification of 
160x, while ceramic samples were examined at a 
magnification of 1000x.  

Statistical Analysis 
Numerical data were explored for normality 

by checking the distribution of data and using 
tests of normality (Kolmogorov-Smirnov and 
Shapiro-Wilk tests). Weight loss data showed non-
parametric (non-normal) distribution according to 
tests of distribution. Data were presented as mean, 
median, standard deviation (SD), minimum, 
maximum and 95 % Confidence Interval (95 
% CI) for the mean values. Kruskal-Wallis test 
was used to compare between weight loss of the 
three ceramic materials. Dunn’s test was used for 
pair-wise comparisons when Kruskal- Wallis test 
is significant. Mann-Whitney U test was used to 
compare between the two surface finishes (G and 
P). Wilcoxon signed-rank test was used to compare 
between specimens and antagonist teeth. Paired 
t-test was used to compare weight loss before and 
after wear test. The significance level was set at 
p ≤ 0.05. Statistical analysis was performed with 
IBM® SPSS® statistics Version 20 for Windows.

RESULTS
Weight loss
For P as well as G ceramic specimens, there 

was no significant difference between LD and 
FLU. Both showed significantly the highest mean 
weight loss values; while ZIR showed significantly 
the lowest mean weight loss values p ≤ 0.05. As 
for their tooth antagonist, no significant difference 

was found in the mean weight loss values among 
the three ceramic materials (table IV). For all 
groups, whether for the ceramic specimens or teeth 
antagonists, there was no statistically significant 
difference in the mean weight loss values between 
P and G specimens (figure 4). Ceramic specimens 
had statistically significantly lower mean weight 
loss values than teeth antagonists’ p ≤ 0.05 (figure 
5).  There was a significant decrease in weight 
after wear procedure for all the ceramic specimens 
except for G-FLU specimens and P-FLU teeth 
antagonists as there was a decrease in weight but 
not statistically significant (table IV). 

Figure 4 - Bar chart representing mean and standard deviation 
values of weight loss of polished and glazed ceramic specimens 
with different interactions.

Figure 5 - Bar chart representing mean and standard deviation 
values of weight loss of ceramic specimens and tooth 
antagonists.
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Table IV - The mean, standard deviation (SD) values and 
results of paired t-test for comparison between weights before 
and after wear within each group

*: Significant at P ≤ 0.05

Substrate Material Surface 
finish

Before wear After wear
P-value

Mean SD Mean SD

Specimen

IPS e.max 
CAD

Polished 0.6429 0.0057 0.6280 0.0072 <0.001*

Glazed 0.6471 0.0104 0.6330 0.0103 0.004*

IPS e.max 
Ceram

Polished 0.9315 0.0254 0.9128 0.0242 0.003*

Glazed 0.8907 0.0313 0.8784 0.0231 0.192

Prettau 
Zirconia

Polished 1.8499 0.0370 1.8482 0.0371 0.003*

Glazed 1.962 0.1135 1.9595 0.1140 0.001*

Tooth

IPS e.max 
CAD

Polished 2.339 0.1276 2.2279 0.1674 0.024*

Glazed 2.2824 0.1833 2.1917 0.1448 0.031*

IPS e.max 
Ceram

Polished 2.3110 0.1625 2.2310 0.1413 0.095

Glazed 2.2923 0.1125 2.2383 0.1219 0.006*

Prettau 
Zirconia

Polished 2.3550 0.1371 2.2931 0.1461 0.004*

Glazed 2.3314 0.0894 2.2686 0.0980 0.001*

Scanning Electron microscope analysis

SEM analysis of P and G LD, FLU and 
ZIR ceramic surfaces and tooth antagonists 
are presented in (figures 6, 7, 8, 9, 10, 11). 
Before two-body wear test, SEM photo-
micrographs of all polished ceramic surfaces 
show striations which indicate the direction 
of polishing (figures 6a, 8a, 10a) while glazed 
surfaces show uniform glaze layer underneath 
crystalline structure (figures 7a, 9a, 11a). After 
two-body wear test, SEM photo-micrographs of 
worn surfaces of all tested ceramics whether 
polished or glazed reveal that the wear pattern 
was more evident in LD and FLU (figures 6c, 
7c, 8c, 9c) than ZIR (figures 10c, 11c) which 
is mildly affected. Regarding the natural teeth, 
SEM photo-micrographs reveal that the wear 
pattern of worn enamel opposed to polished or 
glazed ZIR surfaces (figures 10d,11d) appear 
as very faint striations parallel to one another 
which are not deep as worn enamel opposed 
to P or G LD and FLU surfaces (figures 6d, 7d, 
8d, 9d).

Figure 6 - SEM images of FLU-P (Magnification 1000x) and tooth 
antagonist (Magnification 160x); a and b; before two-body wear 
test. c and d; After two-body wear test. a; FLU-P surface shows 
pulling out of some grains/crystals resulted from polishing. 
c; The microstructure of the worn ceramic surface started to 
prevail. b; smooth incisal edge. d; parallel striations of the wear 
pattern (hardly detected). White arrows represent the direction 
of polishing process. Red arrow represents crack propagation 
directed sideways. Red square represents furrows which are 
neither faint nor deep (in between).

Figure 7 - SEM images of FLU-G (Magnification 1000x) and 
tooth antagonist (Magnification 160x); a and b; before two-body 
wear test. c and d; After two-body wear test. a; the FLU-G shows 
a transparent glaze layer, underneath it a uniform crystalline 
structure. b; a smooth incisal edge. c; The worn FLU-G surface 
shows pulling out of some crystals across the parallel striations 
of the wear pattern. The glazed surface remained intact but is 
clearly affected. d; worn incisal edge. The wear pattern in the 
form of long, parallel, deep striations forming a uniform broad 
surface. Red arrow represents site of crack propagation which 
moves upwards.
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Figure 8 - SEM images of LD-P (Magnification 1000x) and tooth 
antagonist (Magnification 160x); a and b; before two-body wear 
test. c and d; After two-body wear test. a; the surface shows 
striations and pulling out some of the grains/crystals. b; smooth 
incisal edge. c; The worn surface shows very deep furrows 
and subsidiary grooves which are parallel to one another and 
to the main furrow. d; the worn incisal edge detected as very 
deep furrows and islands of crystals. White arrows represent the 
direction of polishing process.

Figure 10 - SEM images of ZIR-P (Magnification 1000x) and tooth 
antagonist (Magnification 160x); a and b; before two-body wear 
test. c and d; After two-body wear test. a; the surface shows 
striations b; smooth incisal edge. c; The worn surface shows 
shallow parallel striations. d; The worn incisal edge appears as 
very faint striations parallel to one another where the contact 
point is the only affected. 

Figure 11 - SEM images of ZIR-G (Magnification 1000x) and 
tooth antagonist (Magnification 160x); a and b; before two-body 
wear test. c and d; After two-body wear test. a; the surface 
shows a uniform layer of glaze and small dendritic crystals. b; 
smooth incisal edge. c; the worn surface shows short spindle-
shaped lines, parallel to one another (they have a starting and 
ending point). The glazed surface appears to remain intact. d; 
The worn incisal edge appears as very faint striations parallel to 
one another where the contact point is the only affected. white 
square represents short spindle-shaped line.

Figure 9 - SEM images of LD-G (Magnification 1000x) and tooth 
antagonist (Magnification 160x); a and b; before two-body wear 
test. c and d; After two-body wear test. a; the surface shows a 
uniform glaze and dendritic shaped crystals appearing under it. 
b; a smooth incisal edge. c; The worn surface shows a uniform 
crystalline microstructure. Relics of the glazed surface remain 
scattered and are seen lighter in color. d; the worn incisal edge 
shows pulling out of the enamel crystals which somehow 
preserved their shape. red squares represent deep furrows. 
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DISCUSSION
The results of this study showed that 

the wear behavior is material-dependent and 
different finishing procedures (P and G) have 
no influence on the wear behavior of the three 
ceramic systems against natural teeth. So, the 
first null hypothesis was rejected and the second 
one was accepted. 

 In this study a specially designed two-body 
wear simulator was designed. In vitro testing has 
the advantages of a controlled exposure time, a 
high level of standardization, larger number of 
samples can be tested over a short time and it 
provides control over the testing environment 
and temperature [15,29]. The designed two-
body wear simulator is programmed to perform 
2.4 x 106 loading cycles backwards and forwards 
by holding the natural tooth antagonist against 
the ceramic disc sample. According to studies 
[4,23], 2.4 x 106 -2.5 x 106 loading cycles in a 
chewing simulator are comparable to a one-year 
chewing condition. The stroke length/ horizontal 
movement of the antagonist natural tooth over 
the ceramic sample equals to 1mm2 per direction 
[17]. The frequency of the loading cycles was 
set to be 1.7 Hz which equals 102 cycles/minute 
[23,30]. The samples were immersed in distilled 
water and a continuous flow was directed on 
the wear area maintaining the environmental 
temperature at 37oC [31]. A weight of 5 kg, 
which is equivalent to 49 N of chewing force, was 
applied [23,24,32].

In the present study, difference in the 
composition of the tested ceramic materials 
was behind the significant higher weight loss 
of LD and FLU than ZIR. Both LD and FLU are 
glass ceramics. Fully sintered LD consists of 
approximately 70% fine-grain lithium di-silicate 
crystals embedded in a glassy matrix [33]. FLU 
consists of 19-23% nano-fluorapatite crystals 
embedded in a glassy matrix [34], while ZIR is 
a polycrystalline ceramic, which consists of a fine 
uniform microstructure of 95% zirconium oxide 
as a main component along with 4.95-5.26 % 
Yttrium oxide [35]. 

The low mean weight loss value of ZIR 

could be due to the inclusion of Yttria additives, 
which may have enabled the crystal structure to 
retard crack propagation and consequently lead to 
loss of slight amount of material from the surface 
[36]. The highest mean weight loss values of 
glass ceramics could be due to the disappearance 
of the weaker glass phase due to wear [36]. 
These findings came in agreement with those 
reported by several authors [32,38-40] who 
found that wear amount of lithium di-silicate was 
greater than that of zirconia. Albasharieh et al 
[36] found that zirconia specimens demonstrated 
significantly lower vertical and volumetric loss 
than nano-fluorapaptite and lithium di-silicate 
glass ceramics.  SEM analysis verified out results 
as the wear patterns of both FLU and LD whether 
P (figures 6c and 8c) or G (figures 7c and 9c) 
were more evident than ZIR whether P (figure 
10c) or G (figure 11c). 

In the current study, the non-significant 
difference in the weight loss between P and G 
ceramic specimens and teeth antagonists could 
be attributed to the fact that polishing and 
glazing are common methods used to create a 
smooth surface on ceramic restorations [24]. 
Glazing produces a final smooth hygienic surface 
and increases the overall mechanical strength 
of ceramic restorations by reducing porosity, 
reducing the depth and sharpness of surface flaws 
and blunting flaw tips [24]. Polishing, on the other 
hand, causes a reduction in initial surface flaws 
and defects inhibiting further crack propagation 
and, thus, increasing the restoration’s resistance 
to fracture [41]. Also, polishing might produce 
residual compressive strength, consequently 
increasing ceramic surface hardness [41]. 

These results came in agreement with Magne 
et al. [31]. They found that wear characteristics of 
polished specimens were similar to that of glazed 
specimens when comparing wear of enamel 
against low fusing ceramics. They claimed that 
polishing can improve the surface roughness of 
the ceramic, similar to that of glazing [31]. Pries 
et al [32] compared wear of steatite antagonist 
against polished, glazed and adjusted lithium 
disilicate and zirconia and found no statistical 
significant difference between the three surface 
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finishes. The reason behind such results could be 
that as the wear process continues, removal of 
the glaze layer or the glass matrix and exposure 
of crystalline phases may superimpose the 
original surface features, therefore an equal wear 
performance of both P and G surfaces might have 
occurred [32]. The results of the present study 
could also be attributed to the use of the Shofu 
polishing kit along with a diamond polishing paste 
for finishing LD and FLU and the silicon polishers 
for ZIR which can produce a smooth surface 
finish comparable to that of a glazed surface as 
claimed by several studies [42-45].The results of 
the present study partially agreed with those of 
Lawson et al [39], they found that glazed and 
polished lithium disilicate caused similar enamel 
wear, while polished zirconia caused less enamel 
wear than glazed zirconia. They explained that 
the glaze layer is softer and weaker and fractures 
during abrasion compared to the wear resistant 
surface of polished zirconia [39].   

Other studies [4,23,30,46,47] came in 
disagreement with the findings of the present 
study, as they found more antagonist wear 
against glazed zirconia than polished zirconia. 
Perhaps this was due to the different methodology 
regarding applied force, number and frequency of 
loading cycles, number of specimens, as well as, 
different simulators used with diverse settings in 
their studies. Jung et al. [4] found that more wear 
was found in teeth opposing dental porcelain and 
claimed that the addition of porcelain composite 
during the glaze process of zirconia is the reason 
behind their results. On the contrary, Alves et 
al [48], found that the glaze surface finish of 
zirconia caused less wear on antagonists that the 
polished ones. Their explanation was that due 
to the thinness and homogeneity of the glaze 
layer, it abraded quickly forming no debris due 
to fracture and caused less abrasiveness to the 
antagonist [48]. Another contradicting study was 
that of Passos et al. [30], who found that more 
material wear was found in polished ceramic 
samples than glazed ones, they claimed that the 
glaze layer formed a protection to the ceramic 
surface and exhibited fewer cracks.   

The lower weight loss values of the tested 
ceramic materials in this study, whether P or G 
than those of natural teeth could be attributed 
to the higher physical properties of the ceramics 
materials [33-35, 39, 47, 49, 50]. The results 
came in agreement with several studies [4, 22-
24, 30-32, 36, 39, 51-53], who stated that most 
ceramics are more wear resistant than natural 
teeth. In the present study, difference in the wear 
patterns also became obvious in SEM evaluation 
which are more evident in the natural tooth 
antagonists (figures 6d, 7d, 8d, 9d, 10d, 11d) 
than those of the ceramic samples (figures 6c, 7c, 
8c, 9c, 10c, 11c). 

In this study, decrease in the weight after 
two-body wear test in all ceramic materials, 
is likely to be attributable to the fact that wear 
process occurs whenever two surfaces interact 
with one another, causing loss of substance from 
the surfaces of materials. These results were 
in consistence with Albashaireh et al [36] and 
Mundhe et al [12]. They clarified that when 
ceramics slide against enamel, wear occurs by 
micro-fracture. They further explained that 
glass ceramics wear is mostly of fatigue type, 
which is initiated by the formation of cracks in 
the subsurface. Whereas zirconia commonly 
demonstrates a mode of wear consistent with 
adhesive or attritional wear, which happens when 
two surfaces slide against one another causing 
friction between them. SEM analysis revealed 
that several sites of crack propagation were seen 
on the natural teeth antagonists (figures 6d, 7d) 
placed against FLU G and P samples. Also, LD-P 
sample demonstrated some dark lines which 
might indicate beginning of a fracture sight (fig 
8c).

The limitations of the study, just like those 
of any in-vitro study, are that it remains unclear 
to what extent the wear observed clinically 
may differ. Only two-body wear test of ceramic 
specimens against natural teeth was evaluated. 
Further investigation should be required with a 
three-body wear test as different results may be 
obtained. Also, the number of specimens could 
have been increased to reduce influence of data 
variations on the statistical outcome. 



Wear behavior of monolithic zirconia against natural teeth in comparison to 
two glass ceramics with two surface finishing protocols: an in-vitro study

Abouelenien DK et al.

Braz Dent Sci 2020 Apr/Jun;23(2)11

CONCLUSIONS
Despite the limitations of the present study, 

the following conclusions were drawn:

1. Wear process of ceramics is material-
dependent;

2. ZIR is more wear-resistant than LD and 
FLU glass ceramics; 

3. The different tested ceramic materials 
and their surface finishing methods (G and P) 
did not influence the wear behavior of antagonist 
teeth. 
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