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Influence of surface treatment on the wear of solid zirconia
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Abstract
Objective. Recently there has been talk of the use of full-contour solid zirconia crowns or bridge restorations with no porcelain
overlay. This could be a useful solution for patients with bruxism or limited interocclusal space. However, the hardness of
zirconia could affect the opposite natural dentition. The aim of this in-vitro study was to investigate the role of surface
treatments on the wear of a zirconia material and its antagonist.Materials andmethods. Fifty plates (10� 10� 1 mm)made
of zirconia (LavaMulti� ZrO2, 3M ESPE), divided into five equal groups, were sandblasted and ground under standardized
conditions with a fine-grit diamond bur (Komet Brasseler, Germany) to simulate clinical conditions. Group (a) was only fired,
(b) was fired and sandblasted, (c) only ground, (d) was ground and additionally polished (EVE Ceramic Polishing-Set,
Pforzheim) and (e) was ground and glazed. Wear behavior was measured with a pin-on-disk apparatus ABREX against 6 mm
steatite balls as antagonists (45�, 5 N load, 5000 cycles, water). The amount of wear was determined topographically using a
3-D profilometer (Concept 3D,Mahr, Germany) by measuring the height loss of the antagonist and the depth of wear Pt of the
zirconia. Results. In groups (a), (b), (c) and (d) the wear value Pt could not be determined (<1 mm). Wear values of the
antagonists (steatite balls) revealed a similar outcome in contact with (b), (c) and (e) in the range of 81–85 mm, whereas (e) was
more abrasive but not significantly. A noticeable difference in the wear of the antagonist showed group (d) to have the smallest
value. Conclusion. Polished zirconia seems to have the lowest wear on the antagonists, in contrast with the other kinds of
surface treatment.
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Introduction

Under wear in the oral cavity we understand a pro-
cedure, during which the teeth lose their natural and
physiological shape and form [1]. This procedure is
caused from either natural or pathological reasons
[2,3]. The exact mechanism that leads to the wear
of the tooth structure is, to this very day, not clear.
What is known is that there exists an interaction
between chemical and mechanical factors [4]. This
kind of wear has an influence on the health of
the human organism. This occurs because of the
impairment of the masticatory system, due to a mod-
ification of the tooth-structure, of a secondary bite
reduction, of a tooth-sensibility or even of an esthetic
modification [5]. This process can be widely observed
in patients with increased muscle tone and parafunc-
tional habits [5–9]. However, in the case that the
substance loss can be induced or even forced by

the use of dental materials, this phenomenon is
then more distinct. Therefore, it is important for
the clinician to give serious consideration to the
kind and form of treatment of the restoration materi-
als that are used. Seghi et al. [10] suggested only the
use of restoration material with a similar wear poten-
tial in comparison to the enamel. The wear potential
of several materials varies obviously and depends on
their type, microstructure, surface condition, rough-
ness and of the ambient conditions [11,12].
In this context, gold alloys seem to be an advantage,

besides their esthetic drawbacks, not only because of
their resistance to abrasion, but also because they
cause less substance loss to the opposite dentition
[13]. The esthetic disadvantages of the alloys could be
eliminated with the use of ceramic restorations, how-
ever these feature a higher abrasiveness [14,15]. The
abrasiveness of the respective ceramic depends on
several factors such as its hardness, homogeneity,

Correspondence: Dr Med Dent Leonidas Kontos, University of Tuebingen, Department of Prosthodontics, Section Medical Materials & Technology,
Osianderstraße 2-8, 72076 Tübingen, Germany. Tel: +49 7071 2986191. Fax: +49 7071 295917. E-mail: leonidas.kontos@med.uni-tuebingen.de

(Received 5 December 2011; accepted 27 March 2012)

ISSN 0001-6357 print/ISSN 1502-3850 online � 2013 Informa Healthcare
DOI: 10.3109/00016357.2012.696690



absence of porosities, crystal size, -distribution and
-morphology [5]. These crystals are essential for the
increase of the hardness of the veneering ceramic. The
more crystals that contain the matrix of the veneering
porcelain, the more abrasive is its impact [16].
However, the hardness of the ceramic is not deter-

mining for its wear potential. According to a review
[12] the hardness of the ceramic plays a secondary
role for the wear of the opposite enamel. More impor-
tant seem to be the microstructure, the roughness, the
conditions in the oral cavity, the quality of the saliva
and the pH-value. Porosities within such ceramics
and other surface defects, which are produced by an
inadequate firing technique, act as stress concentra-
tors and result in greater wear, a reduction of their
breaking resistance and a bad esthetic result [5]. A lot
of studies claim that relatively ‘soft ceramics’ are more
abrasive, in comparison to the so-called ‘hard-
ceramics’ [10,17–19].
These days there is the opportunity tomanufacture

full anatomic restorations from an oxide ceramic,
respectively from zirconia. There are only a few
studies, both as in vitro and clinical, that are con-
cerned with this subject. The monolithic zirconia
crown, respectively bridge, has the advantage that,
because of the absence of a veneering material, the
danger of chipping of the weaker glass ceramic is
eliminated [9]. An additional indication is in the use
of restoration, that a veneering of the core material
should be avoided, as for example in the case
of the full ceramic inlay-bridges [20]. Moreover,
the high strength of the material allows working
with layer thickness. This is of benefit to the tooth
structure. From the other side, the extraordinary

hardness of zirconia [21,22] could lead to a higher
wear of the antagonist [9]. Ideally, the wear amount
of the ceramic should be equal to the annual phys-
iological substance loss of the tooth in the molar
region. This amounts to ~ 20–40 mm/year [23].
Special regard should be given to the grinding of the

zirconia restoration in the mouth and to the surface
treatment in the dental laboratory. The type of treat-
ment and the choice of the instruments used can
strongly influence the surface texture, which again
leads to a greater wear of the opposite tooth. Wear
tests in-vitro are basely accomplished with a chewing
simulator. Besides this there are further apparatuses
for wear testing, such as for example Acta (Willitech,
Munich, Germany) or Abrex (Innowep, Wuerzburg,
Germany).
The aim of this in-vitro study was to define the wear

behaviour of a Y-TZP ceramic with the Abrex, after
several surface treatments.

Materials and methods

Fifty plates of 10 � 10 � 1 mm made of zirconia
(LavaMulti�, LOT 386437, 3M ESPE, Seefeld,
Germany), were divided into five equal groups (see
Table I). The specimens were ground (Group C)
standardized and unilaterally with a fine-grit diamond
bur (ISO-No. 806 314 111514 014, Komet Brasseler,
Lemgo, Germany), with the aid of a special self-
made apparatus and subsequently polished (Group
D) (EVE ceramic polishing set, Ernst Vetter, Pforz-
heim, Germany). After grinding, Group E underwent
only glazing (Cercon Ceram Kiss Glaze, DeguDent
GmbH, Germany).

Table I. Material and surface treatment.

Groups A B C D E

Surface-
treatment

Fired
LavaMulti� ZrO2

(as produced)

Fired plus
sandblasted
LavaMulti� ZrO2

Only ground with a
fine-grit diamond
bur LavaMulti� ZrO2

Ground and
polished
LavaMulti� ZrO2

Ground and
glazed
LavaMulti� ZrO2

Figure 1. Left: the Perthometer S6P. All specimens were topographically recorded over a surface area of 3� 3 mmwith 121 profiles; right: the
Abrex-Apparature.
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Figure 2. Left: Steatite ball in the messing sleeve; Right: Holder of the sleeve with integrated steatite ball, which represents the antagonist.
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e e

Figure 3. Exemprarily photos of the groups C (only ground), D (polished), E (glazed) from the antagonists (left) and the corresponding ZrO2-
specimens (right).
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Every specimen underwent a topographical detec-
tion of the starting situation and of the situation
after 5000 cycles of Abrex (5 N, 45�, impact & slide)
(Innowep, Wuerzburg, Germany) by using a profil-
ometer (Perthometer R6P and software Concept
3D Ver. 7.1, MAHRGmbH, Goettingen, Germany)
over a surface of 7�3mmwith 121profiles (Figure 1)
to determine the roughness. The wear depth was
calculated from the Pt-value. For simulation of a
standardizedwear, steatite balls (magnesium silicate,
CeramTec, Plochingen, Germany) were used as
antagonists [24]. They were embedded in special
sleeves with self-curing resin (GC Pattern Resin,
LS GC, GERMANY GmbH) (Figure 2). The spec-
imenwas inserted into a special position on the Abrex
apparatus (Figure 1). The point of the impact of the
antagonist holder on the sample was adjusted and the
test started. To simulate the oral humidity, the speci-
mens were automatically kept wet with distilled
water every 50 cycles for 3 s. This permanent thermal
cycling with water removed wear debris from the
specimen surface, kept them wet during the whole
testing situation and caused additional ageing of the
specimens [24].
All steatite balls were subjected to light microscopy

(Wild Heerbrugg AG, Heerbrugg, Switzerland) before
and after wear test (Figure 3). The surfaces were
examined at a 10 � magnification. With the aid of a
calibrated Image-Software (Image Pro Plus) the diam-
eter of the abraded area of the steatite balls was

measured and the substance loss was calculated. For
statistical analysis, the students t-test (p < 0.05) was
done with the aid of special software (Origin 6.9). Fotos
with a 170 � magnification were made with the help of
SEM (LEO 1430, Zeiss, Germany).

Results

Wear of the ZrO2-specimens

The highest roughness showed the sandblasted sur-
face (0.44 ± 0.23 mm), followed by the glazed one
(0.32 ± 0.12 mm). Wear on the zirconia specimens
could only be found in group E (glazed) (Table II
and Figure 4) and amounted to 46 ± 22 mm. For the
other groups, wear could not be determined because
there was too little to be detected (<1 mm).

Wear of the steatite-balls

Wear on the steatite balls was detectable for every
surface treatment. The wear amount of the antago-
nists varied between 66–85 mm. The highest wear was
found in group E (glazed) (85 ± 33 mm), but with no
significant difference.
The polished surface (Group D) provided the

lowest wear (66 ± 23 mm) with a significant differ-
ence to the rest of the groups. Concerning the
roughness of the specimens, a significant difference
was found between the polished and the sandblasted
surfaces.
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Figure 4. Left topography with visible wear trace of group E after 5000 cycles. Abrex; Right the corresponding substance loss.

Table II. Mean and standard deviation (n = 10) of the wear of the material and antagonist situation.

Surface treatment Ra Pt SL

A as fired 0.29 (0.03) n.d. 69 (21)

B as fired plus sandblasted 0.44 (0.23) n.d. 81 (23)

C only ground 0.30 (0.09) n.d. 84 (41)

D ground and polished 0.23 (0.11) n.d. 66 (23)

E ground and glazed 0.32 (0.12) 46 ± 22 85 (33)

n.d., not defined; Ra, Surface roughness of Lava� ZrO2 [mm]; Pt, Wear depth of Lava� ZrO2 [mm]; SL, Substanceloss of steatite balls [mm].
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Discussion

Polished solid zirconia demonstrated the lowest wear
against the antagonists (66 ± 23 mm). The sandblasted
(81 ± 23 mm), ground (84 ± 41 mm) and glazed
zirconia (85 ± 33 mm) provided a higher wear.
Tambra et al. [25] investigated the wear of polished
(0.40 mm), unpolished zirconia (as produced)
(0.44 mm) and of a gold alloy (0.24 mm). However,
natural enamel was used [25]. In a similar study,
polished zirconia showed less wear than glazed zirco-
nia (4.41 mm2) and veneering ceramic (6.057–
8.23 mm2) [24]. There are studies which favour
polishing and finishing of a glass ceramic. This leads
to a smoother surface in comparison to a glazed
surface or to a reduced plaque adhesion [26–28].
Therefore, a lot of authors suggest a chair-side polish-
ing and the glazing by a technician in the laboratory
[18,29,30]. In another study it was found that the
influence of polished zirconia (0.31 mm3) is superior
in comparison to glazed (0.78 mm3), whereas natural
teeth were used as antagonists [9].
The glazing option is associated with disadvantages.

Besides the higher roughness of the surface, the thinly
applied glaze layer (ca. 100 mm) disappears after a
period of function [31]. A rough surface of the used
ceramic material consequently appears, which can in
turn act very aggressively [5,15,18,30–33]. To pre-
vent this situation, ceramic surfaces which have lost
their glaze should be polished afterwards [13]. On the
other hand, authors believe that a glazed surface is
superior to a polished surface [34]. All cited studies
support the opinion that polished zirconia has the best
influence on the antagonists, independent of the test
parameters [9,23,25]. The surface hardness, quality
and breaking strength of the material, the roughness
and hardness of the antagonist, the amount of the load
and the sliding distance are all factors which can
influence the wear amount of the tested material [31].
The present study constitutes a 2-Body wear exper-

iment of zirconia specimens against steatite balls
[9,35]. There are a lot of variations for the accom-
plishment of such studies in the literature. A 3-Body
wear experiment in combination with zirconia balls or
natural enamel instead of steatite balls could have an
influence on the result, because of the variation of the
surface, the morphology and of the biological features
of the natural tooth structure [36,37,38]. However, in
contrast to the steatite balls, the zirconia antagonists
seem to be more ideal because they keep their shape
during the whole testing period, without affecting the
end result [38–40].
In conclusion, polished zirconia seems to have the

lowest wear on the antagonists, while glazed zirconia
loses the thin glaze after a certain time of function, with
the result of the appearance of the rough and more
abrasive surface of zirconia. In comparison to the
chewing simulator, wear tests can be accomplished

in the shortest time with Abrex that can lead to the
same results. Further clinical studies are required to
support the results of the in vitro testings [41].
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