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Abstract
Background: This study analyzed the wear behavior caused by steatite antagonists to four dental
ceramic materials, comparing this between two surface treatments: polishing and glazing. 

Methods: Thirty �at samples (10 × 8 × 2 mm) were prepared from each of four ceramics: IPS e.max CAD
(IPS), GC Initial LiSi Press (LP), Vita Enamic (VE), and monolithic zirconia (MZ). Subgroups of samples
were �nished by polishing or glazing or neither (as controls). The samples were subjected to computer-
controlled chewing simulation (240,000 cycles of 49 N at 1.6 Hz, with thermocycling at 5/55°C), with
steatite balls as antagonists. The samples and antagonists were visualized before and after the test with
a laser abrasion measurement system, a CAD/CAM scanner, and electron microscopy scanning, and the
volumes lost from the tested samples and antagonists were analyzed.

Results: For the MZ samples, the polished samples showed signi�cantly less volume loss than the glazed
samples (0.0200 mm3 vs. 0.0305 mm3; p = 0.0001), whereas there was signi�cantly greater antagonist
volume loss (0.0365 mm3 vs. 0.0240 mm3; p = 0.011). There were no signi�cant differences between the
subgroups for IPS, VE, and LP, although antagonist volume losses were non-signi�cantly greater with the
glazed samples than with the polished samples.

Conclusions: Polishing MZ had adverse effects on the corresponding antagonist wear. Glazed MZ
showed the lowest antagonist wear. 

Background
One of the most important goals in dentistry is to develop restorative materials that have ideal properties
for restoring function and aesthetics [1]. Such materials should meet appropriate mechanical resistance
and optical requirements without compromising on aesthetic quality, which is an important consideration
alongside functionality and health of the oral environment [2]. 

As with enamel, dentin, and other materials, restorative materials are subjected to wear. The nature of the
wear depends on the type of material, the forces applied, whether there is sliding movement, the pH of the
saliva, the abrasive nature of food, parafunctional habits, and the structure of the enamel [3–5]. Wear
resistance is important for maintaining the durability of the restorative material and is the key to stable
occlusion. Clinical tests have demonstrated that metal alloys and ceramic materials are usually highly
resistant to wear, whereas composites and un�lled polymers can suffer material loss within a short time,
depending on the material type [4]. 

Zirconia exhibits excellent properties, such as high �exural strength, superior fracture resistance, and
color stability, so it is widely used as an aesthetic dental restorative material. However, data are limited
about the high antagonist wear and loss of structure resulting from its abrasive properties. A common
problem with veneered zircon restoration has been chipping or fracture of the veneering ceramics. To
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prevent such problems, zirconia with anatomical contours (monolithic zirconia) has been produced
without ceramic veneering, allowing aesthetic enhancement and improved strength [6–8].

Ceramic materials have valuable characteristics such as high biocompatibility, hardness, and aesthetic
characteristics, but the abrasiveness of these materials against the enamel and dental material of the
antagonist remains a clinical issue [2]. Relatively soft ceramics have been reported to cause greater wear
to the opposing enamel than that that of harder ceramics. As a result, various polymer materials have
been introduced to overcome these shortcomings in addition to their aesthetic and functional properties
[9]. 

Various processing methods are used for processing dental ceramic materials, such as conventional
porcelain build-up, the press technique, and computer-aided design/computer-aided manufacturing
(CAD/CAM) technology. Over the last decade, pressable glass-ceramic systems have gained popularity
because of their ease of fabrication, excellent mechanical properties, and relative kindness to natural
dentition [9,10]. The dimensional stability of pressed porcelain makes these ceramic materials excellent
for restoration. Two currently available lithium disilicate glass-ceramic products are IPS e.max Press and
IPS e.max CAD, and several companies are now introducing other lithium disilicate glass-ceramic
products for use with the pressing method. However, data about the physical properties of these
materials are limited, requiring further research [10].

Studies have reported that the �nal mechanical characteristics and long-term e�ciency of glass-ceramics
depend on intrinsic and extrinsic factors. The intrinsic factors include the crystal size, amount, shape, and
homogeneity of the materials, as well as their and coe�cient of thermal expansion or contraction. The
extrinsic factors, including pH level differences, humidity, thermal shocks, chewing cycles, and maximum
loads during mastication, are all critical for the success of the restoration [11]. 

There is now a new generation of restorative materials that deliver strength and color stabilization of the
dental ceramics with lower abrasive e�ciency of the composite. One such product is Vita Enamic
(comprising 86 wt% feldspathic ceramic and 14 wt% polymer), which has a structure similar to that of a
polymer-in�ltrated ceramic network [12]. Strengthening a ceramic with a network of polymers that
penetrate each other produces a material that exhibits the favorable properties of both the ceramic and
the composite resin. The interpenetration of the polymer results in less antagonistic wear and cracking
than with dental ceramics, and the �exural strength of this material can be considerably higher than that
of a porous ceramic or a polymer alone [13].

Dental wear is a complex process that results in irregular loading on the occlusal surface, loss of the
tooth surface substance, and changes in masticatory functions. Many factors in�uence the surface
roughness and wear of the restorative materials and the antagonist tooth, including the quality of the
�nishing and the polishing or glazing of the occlusal surface of the dental ceramic [5]. Finishing and
polishing techniques have been identi�ed that create surfaces comparable to or better than those of
glazed porcelain [14]. However, it has been reported that, although the surface glazing of ceramics
reduced the wear on the opposing antagonists, the glazed layer was easily removed after a short period
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of functioning [15]. In addition, the wear behavior of polished zirconia showed only marginal wear on the
antagonists and almost no wear in the material itself [15]. 

To further clarify the effects of different �nishing procedures, the present study evaluated the wear
behavior of dental ceramics and their abrasiveness on the antagonist after polishing or glazing, to
establish which type of �nish achieved the lowest material loss and antagonist wear.

Methods

Ceramics tested and study protocol
This in vitro study used a two-body wear test to evaluate wear for four dental ceramic materials subjected
to three different surface treatments. The four ceramic materials were IPS e.max CAD (IPS), monolithic
zirconia (MZ), GC Initial LiSi Press (LP), and VITA Enamic (VE); details of these materials, including the
manufacturers, are listed in Table 1. For each material, 30 samples with dimensions 10 × 8 × 2 mm were
prepared according to the manufacturers’ instructions. Each set of samples was divided into three
subgroups (each n = 10) that were subjected to different surface treatments: polishing, glazing, or neither
(as controls). Each sample was then subjected to a two-body wear test with a steatite antagonist and to
thermocycling. The samples and antagonists were examined before and after the tests to measure any
volume loss. 

Fabrication of the LP samples
Using CAD/CAM design and a milling machine, 30 wax patterns for ceramic discs (10 × 8 × 2 mm) were
fabricated from a CAD wax block (ProArt CAD Wax; Ivoclar Vivadent, Schaan, Liechtenstein) and sprued.
The wax pattern was invested using investment material (LiSi Press Vest; GC Corporation, Tokyo, Japan)
and placed in a rubber investment ring with the funnel facing down in a ceramic press furnace preheated
to 850 °C. A cold LiSi Press ingot was then inserted into the investment ring, which was placed in the
furnace and the selected press program started (Ivoclar Vivadent EP500, 898 °C). At the end of the
program, the casts were devested by blasting with glass beads at a pressure of 4 bar. The sprues were cut
off with a suitable disk and the areas around them smoothed. 

Fabrication of the MZ samples
Thirty samples of the required dimensions were designed and fabricated from an MZ block
(CopraSupreme 98 × 14 mm S Zr blank HT-S ~1100 MPa; White peaks Dental Solutions, Hamminkeln,
Germany) using the CAD/CAM milling machine. These were then sintered at 900 °C. 

Fabrication of the IPS and VE samples
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CAD/CAM blocks of IPS and VE were cut into 30 samples of the required dimensions using a micro CAD
cutting device (MICRACUT 201; Metkon Instruments Inc., Bursa, Turkey).

Surface treatment
All the sample surfaces were abraded with silicon carbide grinding paper (p240, p500, p1200, p2400, and
p4000) under water cooling and then cleaned in an ultrasonic bath for 10 min. The cut samples are
shown in Fig. 1a. Ten samples of each material were then glazed and ten were polished, as described
below. The remaining ten samples were left untreated as controls. For �xation during the two-body wear
simulation, the samples were embedded at the center of the top of a cylinder (height, 30 mm; diameter, 25
mm) of cold acrylic resin (HinriPress; Goslar, Germany). The cylinders were color-coded according to the
surface treatment (Fig. 1b).

Glazing
The MZ samples were glazed using InSync Spray Glaze (Jensen Dental, North Haven, CT, USA) in a
sintering furnace (inFire HTC Speed Sinterofen; Sirona Dental Systems GmbH, Bensheim, Germany) at
790 °C, according to the manufacturer’s instructions. The IPS samples were glazed with �uorescent paste
(IPS e-max CAD Crystall Glaze Paste; Ivoclar Vivadent) and �red according to the manufacturer’s
instructions in a furnace (Programat EP 5000; Ivoclar Vivadent), using the IPS e.max crystallization and
glazing program. The LP samples were glazed using glazing paste (GC Initial Lustre Pastes NF; GC
Corporation). The VE samples were glazed using a special polymerizing curing light (VALO Cordless;
Ultradent Products, Inc., South Jordan, UT, USA) with a stain and glaze kit (VITA ENAMIC Glaze; Vita-
Zahnfabrik, Bad Säckingen, Germany).

Polishing
The MZ samples were polished using a zirconia extraoral polishing kit (BruxZir Adjustment and Polishing
Kit; Prismatik Dentalcraft Inc., Irvine, CA, USA) according to the manufacturer’s instructions. The VE
samples polished with the manufacturer’s polishing kit (VITA ENAMIC Polishing Set Technical; VITA-
Zahnfabrik). The IPS and LP samples were polished using a suitable polishing kit and instrument (K0293
IPS e.max Chairside Adjustment & Polishing Kit; USA) at low rpm with light pressure.

Two-body wear tests
The wear tests were performed using a chewing simulator with six vertical and horizontal simulation
chambers that allowed six samples to be tested simultaneously (Fig. 2). The antagonists in the wear test
were 6-mm steatite balls (magnesium silicate; FOX Industries, Plochingen, USA), with one ball used for
each sample. The tests were performed using a multifunctional chewing simulator (Dentarge; Analitik
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Medikal, Gaziantep, Turkey), with 240,000 chewing cycles of 49 N at 1.6 Hz. Thermocycling was
performed during simulation test, with 5000 thermal cycles at 5/55°C.

The ceramic samples were scanned before and after testing using a laser abrasion measurement system
(Laserscanner LAS–20; SD Mechatronik, Feldkirchen-Westerham, Germany; Fig. 3). The steatite
antagonists were scanned with a CAD/CAM scanner (CEREC Omnicam; Dentsply Sirona, York, PA, USA;
Fig. 4). To ensure the samples were maintained in a de�ned position for scanning, they were �xed with
high viscosity silicon. The antagonist samples were subjected to scanning electron microscopy (S8AP0
with an EC3C Mount, 0.55×; Leica Microsystems, Heerbrugg, Switzerland) to provide additional qualitative
data on the wear characteristics. Volume loss was calculated from the scanned images by using
Geomagic Qualify three-dimensional software (3D Systems, Geomagic Qualify, USA) for the ceramic
samples and Fusion 360 (Autodesk, San Rafael, CA, USA) for the antagonists.

Statistical methods
Analyses of this study performed using SPSS v24 statistical software (IBM Corp., Armonk, NY, USA). The
Schapiro–Wilk test showed that the data were not normally distributed, so the non-parametric Kruskal–
Wallis test was used for the analyses. Differences between the groups were evaluated by the Mann–
Whitney U-test with the Bonferroni correction (i.e., with the signi�cance level calculated as [α / number of
comparisons] = [0.05 / 3] = 0.016).

Results

Antagonist volume loss analysis
Table 2 summarizes the volume losses in the samples and antagonists for the four ceramic materials
and the three �nishes. Figures 5 and 6 illustrate the differences in volume losses between the ceramic
materials.

With MZ, the antagonist volume loss was signi�cantly greater for the polished samples than for the
glazed samples and controls (p = 0.011, p = 0.004, respectively), but there was no signi�cant difference
between the glazed and control samples. For VE, there were no signi�cant differences in antagonist
volume loss between the three �nishes. For IPS, the antagonist volume loss was signi�cantly higher for
the control samples than for the glazed samples (p = 0.009). There were no signi�cant differences
between the control and polished samples or between the polished and glazed samples. For LP, the
antagonist volume loss was signi�cantly higher for the control samples than for the glazed and polished
samples (p = 0.001 and p = 0.0001, respectively), but there was no signi�cant difference between the
polished and glazed samples.

4.2. Ceramic sample volume loss analysis
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There were no statistically signi�cant differences in sample volume loss between the three �nishes
(glazing, polishing, and control) for LP (² = 1.724, p = 0.422), IPS (² = 3.915, p = 0.141), or VE (² = 2.870, p
= 0.238). For MZ, the sample volume loss was signi�cantly lower for the polished samples than for the
control and glazed samples (p = 0.004 and p = 0.0001, respectively). However, there was no signi�cant
difference between control and glazed samples.

Discussion
Clinical wear patterns are complex and differ among patients. Testing a material’s wear resistance
requires analyses under different wear conditions [13]. In the present study, the wear behavior of dental
ceramic with different surface treatments was investigated to establish the best treatment method for
clinical use. In recent years, new aesthetic dental ceramic materials with excellent physical and
mechanical properties have been produced for the restoration of tooth structure [13]. The wear
characteristics of these restorative materials should closely match those of natural teeth to protect the
opposing tooth and minimize occlusal disturbance [15,16]. Measurements of the wear volume loss of
these materials can help with assessing their wear characteristics and can provide useful information
about the longevity of the restoration and. [16,17]. In vitro studies cannot wholly replicate the human oral
environment; however, they can create an environment in which to control and analyze the material’s
clinical e�ciency.  Previous studies have performed wear tests with a loading force of 49 N for 240,000
chewing cycles at a frequency of 1.6 Hz [18–20], which represents the average mastication loading. We
used the same values in the present study in a computer-controlled chewing simulator, with 5000 thermal
cycles at 5/55 °C. Sliding action produced by wear machines also plays an essential part in simulating
intraoral wear. In the present study, the water used for the thermocycling served as an intermediate �uid
to facilitate mechanical sliding under lubricated conditions.

Heintze et al. inspected three different methods to measure wear, using a three-dimensional (3D) laser
system, a mechanical method, and an optical method to analyze both the volume and vertical loss of
dental materials; they concluded that all three methods were suitable, but that the 3D laser method was
faster and easier to use [16,21]. In the present study, the ceramic samples were scanned before and after
the wear test with a laser abrasion measurement system. Processing the scanned data with 3D software
allowed the scanned data points to be converted into the surface required for the analysis. The steatite
antagonists were scanned using CAD/CAM and analyzed with different 3D software. Arsecularatne et al.
reported several advantages of using the geometric method of macro-topographical examination and
quanti�cation [9], which is applicable to both �at and curved samples [13], and showed that the best
method to achieve higher accuracy and speci�city in the measurements is to use a 3D laser scanner [9].
Using a laser scanner can also eliminate errors and changes on the sample surface associated with the
use of replicas, coating layers of the tested material to obtain optical measurements22–24].

The structure of the dental enamel differs among patients; indeed, the thickness and degree of
mineralization can differ between teeth in the same oral cavity [25]. Morphological and structural
variations in enamel complicate the standardization of wear examination [23]. Some studies have tried to
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achieve standard wear simulation using steatite antagonists with a diameter of 3 mm [26], whereas
another study used 10-mm steatite antagonists [28]. Conversely, numerous studies have reported that
steatite antagonists 6 mm in diameter were ideal for simulating human molars and that steatite material
exhibited wear properties similar to those of composite materials and enamel [28–32]. Other studies have
con�rmed the suitability of steatite antagonists for in vitro wear testing [19]. Based on these �ndings, the
present study used steatite balls with a diameter of 6 mm as the antagonists.

Surface hardness has been used as a measure of the wear value of dental restoration materials [33–35].
However, Hutchings et al. reported that there was no critical correlation between the hardness of the
restoration material and the amount of wear of the antagonist and that wear behavior was associated
more closely with the material microstructure, surface roughness, and environmental effects [15].

Polymer-in�ltrated ceramic network material (PICN) imitates natural tooth properties more closely than
other dental restorative materials [36], showing intermediate wear resistance compared to glass-ceramics
[37]. However, a previous study showed that VE, a PICN, exhibited less material and antagonist wear than
IPS e.max Press [38], as well as less antagonist wear than feldspathic ceramic [39]. Another study
investigated the wear behavior of full crowns fabricated using CAD/CAM from nanoceramic composite,
PICN, and lithium disilicate, and reported that PICN provided the most stable occlusion and that
nanoceramic composite was the most antagonist-friendly [5]. In the present study, MZ showed higher
wear resistance than IPS, LP, and the PICN VE. MZ showed the lowest antagonist wear, IPS and LP had a
similar effect on antagonist wear, and the highest antagonist wear was observed with VE.

Thermocycling has a material-dependent effect on the wear mechanism, reducing the rate of wear in
some materials, increasing it in others, and showing no effect on wear in some materials [19].
Thermocycling increased the roughness of most tested materials without affecting their hardness [40].
Wear has little in�uence on roughness and no in�uence on phase transformation [41]; however, glazing
and/or polishing ceramic can in�uence the initial stage of the wear process [15]. Some studies have used
polishing procedures applied to zirconia to increase the surface roughness, resulting in phase changes on
the zirconia surface [38, 42]; conversely, other studies have reported that the polishing surface of zirconia
resulted in less wear to the antagonist [43–46]. Verena et al. reported that polished or glazed MZ can
provide an alternative to veneered dental restoration [47]. Beuer et al. used full-contour zirconia crowns
for a period of six months [42]; the present study showed similar results when using �at samples for a
one-year simulation. In this study, the tested ceramic restorations showed material wear loss that was
comparable between the glazed and polished �nishes. The exception to this was MZ, for which polishing
resulted in less material wear than glazing. In addition, glazed IPS, LP, and VE, showed somewhat lower
antagonist volume loss compared with polishing, although the differences were not statistically
signi�cant. In addition, polished MZ showed higher antagonist wear than glazed and control MZ.

This study demonstrated differences between materials through wear analysis and examining scan
surface characteristics. However, these differences alone cannot completely determine the effects of the
material properties under clinical conditions. Nevertheless, these in vitro studies have provided an
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indication of the potential clinical success of the materials tested. Several previous in vitro studies have
evaluated the wear properties of dental ceramics [2,3,5,22,23], but further detailed evaluation of the
materials for clinical use remains essential.

Conclusion
This study investigated how polishing and glazing affected the wear resistance of dental ceramics and
the wear on the antagonist. The main �ndings were that MZ yielded superior wear behavior and lower
antagonistic wear compared to the other tested ceramics, but that polishing MZ had adverse effects on
the corresponding antagonist wear, whereas glazing resulted in the lowest antagonist wear. In addition,
glazing resulted in lower antagonist volume loss (although not with statistical signi�cance) than
polishing for the IPS, LP, and VE ceramics.
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Material Filler composition Description  
Monolithic
zirconia 

SiO2 (40 nm), Al2O3 (20

nm).

CopraSupreme 98 × 14 mm S Zr blank HT-S ~1100 MPa;
Whitepeaks Dental Solutions, Hamminkeln, Germany

IPS e.max
CAD 

Leucite-reinforced glass-
ceramic of SiO2-Al2-O3-K2O.

HT A2 /C14; Ivoclar Vivadent, Schaan, Liechtenstein

Vita
Enamic

Feldspar ceramic enriched
with aluminum oxide

 2M1-HT EM-14; VITA-Zahnfabrik, Bad Säckingen,
Germany

GC Initial
Li Si Press

High-strength lithium
disilicate glass-ceramic

HT-A2 lithium disilicate glass ceramics ingot, 3 g × 5 pieces;
GC Corporation, Tokyo, Japan

41- Beuer F, Stimmelmayr M, Gueth JF, Edelhoff D, Naumann M. In vitro performance of full-contour
zirconia single crowns. Dent Mater. 2012;28:449–456.
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44- Li H, Zhou ZR. Wear behaviour of human teeth in dry and arti�cial saliva conditions. Wear.
2001;249:980–984.

45- Seghi RR., Rosenstiel SF, Bauer P. Abrasion of human enamel by different dental ceramics in vitro. J
Dent Res.1991;70:221–225.

46- Kisi EH, Howard C J. Crystal structures of zirconia phases and their inter-relation. In KeyEng Mater.
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Tables
Table 1: The four ceramic materials used in the study

 
Table 2. Results of the wear testing for the samples and antagonists with glazing, polishing, or neither

(control) surface treatment
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Material

  Antagonist volume loss 
(mm3)

Sample volume loss 
(mm3)

  Glaze Control Polish Glaze Control Polish
 
 

MZ

 
Median
(Range)

 
0.0240 C

(0.012–
0.029)

 
0.0160 C

(0.011–
0.071)

 
0.0365 AB

(0.022–
0.052)

 
0.0305 c

(0.022–
0.035)

 
0.0275 c

(0.020–
0.032)

 
0.0200 ab

(0.013–
0.026)

(Q3 –
Q1)

0.0045 0.0100 0.0282 0.0075 0.0085 0.0720

 
 

VE

 
Median
(Range)

 
0.0910
(0.087–
0.098)

 
0.0952
(0.085–
0.121)

 
0.0910
(0.071–
0.095)

 
0.2500
(0.110–
0.380)

 
0.2350
(0.120–
0.330)

 
0.2000
(0.170–
0.260)

(Q3 –
Q1)

0.0048 0.0155 0.0045 0.1575 0.1200 0.0450

 
 

LP

 
Median
(Range)

 
0.0785 B

(0.069–
0.086)

 
0.0880 AC

(0.081–
0.094)

 
0.0777 B

(0.074–
0.082)

 
0.1750
(0.120–
0.250)

 
0.2100
(0.120–
0.250)

 
0.1950 
(0.080–
0.290)

(Q3 –
Q1)

0.0118 0.0095 0.0060 0.0875 0.0625 0.1750

 
IPS

 
Median
(Range)

 
0.0765 B

(0.026–
0.085)

 
0.0845 A

(0.076–
0.095)

 
0.0830
(0.070–
0.095)

 
0.1150
(0.040–
0.180)

 
0.1400
(0.090–
0.190)

 
0.1400
(0.090–
0.190)

(Q3 –
Q1)

0.0103 0.0102 0.0120 0.1125 0.0550 0.0550

 
Superscript letters within a row: A, significant difference from the antagonist glaze group; B, significant
difference from the antagonist control group; C, significant difference from the antagonist glaze group; a,
significant difference from the glazed samples; b, significant difference from the control samples; c,
significant difference from the polished samples (p < 0.05). Abbreviations: MZ, monolithic zirconia; VE,
VITA Enamic; LP, GC Initial LiSi Press; IPS, IPS e.max CAD; Q3 – Q1, difference between quartile 3 and
quartile 1. 

Figures
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Figure 1

The samples before testing. (a) Ceramic samples after cutting to the required size and shape. (b) The
ceramic samples mounted on resin blocks of different colors according the surface treatment.
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Figure 2

The chewing simulation. (a) One batch of six samples in the chewing simulator. (b) A ceramic sample
mounted on a resin block undergoing the chewing simulation, with a steatite ball antagonist in a holder
above it.
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Figure 3

Measuring volume loss in the ceramic samples. (a) The laser abrasion measurement system
(Laserscanner LAS-20). (b) An example of a sample volume loss after scanning.
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Figure 4

Measuring volume loss in the steatite antagonists. (a) Each antagonist was scanned with a CAD/CAM
scanner (CEREC Omnicam). (b) After scanning, the volume loss was calculated using Geomagic Control
X software. The image shows an STL �le of an antagonist after the wear test.
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Figure 5

Results of the volume loss analyses for the three �nishes (polishing, glazing, and control). (A)
Antagonists. (B) Ceramic materials.
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Figure 6

Volume loss for the antagonists (A) and ceramic materials (B) during the wear simulation.


