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Surface roughness of zirconia for full-contour crowns after
clinically simulated grinding and polishing
Rim Hmaidouch', Wolf-Dieter Miiller?, Hans-Christoph Lauer! and Paul Weigl3

The aim of this study was to evaluate the effect of controlled intraoral grinding and polishing on the roughness of full-contour zirconia
compared to classical veneered zirconia. Thirty bar-shaped zirconia specimens were fabricated and divided into two groups (n=15). Fifteen
specimens (group 1) were glazed and 15 specimens (group 2) were veneered with feldspathic ceramic and then glazed. Prior to grinding,
maximum roughness depth (R.,) values were measured using a profilometer, 5 times per specimen. Simulated clinical grinding and
polishing were performed on the specimens under water coolant for 15 s and 2 N pressure. For grinding, NTI diamonds burs with grain sizes
of 20 pm, 10 pm, and 7.5 pm were used sequentially. The ground surfaces were polished using NTI kits with coarse, medium and fine
polishers. After each step, R.x values were determined. Differences between groups were examined using one-way analysis of variance
(ANOVA). The roughness of group 1 was significantly lower than that of group 2. The roughness increased significantly after coarse grinding
in both groups. The results after glazing were similar to those obtained after fine grinding for non-veneered zirconia. However, fine-ground
veneered zirconia had significantly higher roughness than venerred, glazed zirconia. No significant difference was found between
fine-polished and glazed zirconia, but after the fine polishing of veneered zirconia, the roughness was significantly higher than after glazing.
It can be concluded that for full-contour zirconia, fewer defects and lower roughness values resulted after grinding and polishing compared to
veneered zirconia. After polishing zirconia, lower roughness values were achieved compared to glazing; more interesting was that the grinding

of glazed zirconia using the NTI three-step system could deliver smooth surfaces comparable to untreated glazed zirconia surfaces.
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INTRODUCTION

High-strength zirconium oxide was introduced for dental applications
and is used as a core material that can be veneered with dental por-
celain to customize the restoration in terms of form and aesthetics.
The clinical use of this ceramic has continuously increased because of
its high aesthetic potential, superior biocompatibility, chemical and
dimensional stability, fracture toughness, hardness and frictional re-
sistance compared to conventional dental ceramics.' However, chip-
ping of the veneering layer is the most commonly reported clinical
complication for this type of all-ceramic restoration.*”

A possible solution for this problem is the industrial fabrication of
mono-block restorations using computer aided design (CAD)/com-
puter aided manufacturing (CAM) technology.g"9 These restorations
could be fabricated from glass ceramics, but they are less stable com-
pared to zirconia-based restorations, and their indication range is
clearly limited to single crowns and small bridges.*™'* Therefore, zir-
conium oxide was suggested as an alternative to produce mono-block
full-contour zirconia (FZ) restorations with occlusal designs that do
not need to be veneered but only glazed. Consequently, the range of
indications could be expanded, and the problem with chipping could
also be eliminated."?

Glazing dental restorations produces a smooth, aesthetic and
hygienic surface and is considered as a process that reduces the amount
of wear of the opposing teeth; however, this layer of glaze will be
removed shortly after insertion of the restorations or by any required
adjustment.'* Thus, rough surfaces may result from chair-side mo-
difications that necessitate adjusting occlusal contacts, refining cervical
margins and reducing proximal contours to provide interproximal
contact areas. Rough restoration surfaces are associated with aesthetic,
caries or periodontal problems. In addition, roughened occlusal sur-
faces of ceramic restorations can lead to increased wear of the oppos-
ing teeth. Therefore, there is general agreement among dentists that
roughened ceramic surfaces must be polished to prevent or at least
minimize rapid wear of the opposing teeth,'>™' as well as to enhance
aesthetics and restoration longevity, by removing the defects produced
after surface grinding.>'”""® Furthermore, smooth surfaces reduce
plaque accumulation and the retention of bacteria.'®>'

Chair-side polishing of all-ceramic restorations is efficient, easy for
the clinician and eliminates repeated laboratory procedures. However,
because the final occlusal adjustments of dental restorations have to be
made after cementation, there is always a need for careful intra-oral
polishing of the ground surfaces. Some investigations have been made
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using different polishing techniques on the ceramic surface instead
of glazing.”'™* The effects of various surface treatments on the sur-
face properties of different yttria-stabilized tetragonal zirconia poly-
crystal (Y-TZP) ceramics has also been reported in previous in vitro
studies.** 7

The effect of adjustments performed after luting ceramic restora-
tions on the surface roughness is of clinical interest. Zirconia has not
been studied with respect to roughness after clinically simulated grind-
ing and polishing. Therefore, the aim of this study was to evaluate the
effects of clinically simulated grinding and polishing on the surface
roughness of 3% (n/n) Y-TZP ceramic for full-zirconia crowns and
compare it with the roughness of conventionally veneered 3% Y-TZP.
The hypothesis of this study was that clinically simulated intraoral
polishing of glazed full-contour zirconia (GFZ) provides smooth sur-
faces similar to those of untreated GFZ and to polished veneered full-
contour zirconia (VFZ) surfaces.

MATERIALS AND METHODS

Commercially available 3% (1/n) Y,O5-stabilized ZrO, (Zirluna’ ACF
Amberger Central Fraescenter, Amberg, Germany) was used. Thirty
specimens were fabricated in the form of bars. Each specimen was cut
from bulk (pre-sintered) blocks using (100 r-min_ ') a water-cooled
diamond saw (Isomet; Buehler GmbH, Diisseldorf, Germany) and
subsequently polished using 1200 and 4000 grit SiC paper with a
microgrinding system (400CS; Exakt, Norderstedt, Germany) to
obtain reproducible parallelepipeds. The specimens were sintered at
1530 C for 2 h in a VITA Zyrcomat oven (Vita Zahnfabrik, Bad
Saeckingen, Germany).

The specimens (30 mmX6 mmX2 mm) were randomly divided into
two groups (n=15). Fifteen specimens (experimental, group 1) were
glazed at 900 ‘C using Vita Glaze (Vita Zahnfabrik, Bad Saeckingen,
Germany) without veneering, and the other 15 specimens (control, group
2) were veneered with an approximately 2 mm layer of feldspathic
ceramic (VitaVM9; Vita Zahnfabrik, Bad Saeckingen, Germany) and
then glazed using Vita Glaze at 900 C. The firing was performed using
a Vita InCeramat (Vita Zahnfabrik, Bad Saeckingen, Germany) oven. The
specimens were fixed in a profilometer (Perthometer SP5, Géttingen,
Germany), and the maximum roughness depth (R, the perpendicular
distance between the highest peak and lowest valley of the roughness
profile within the measurement line) values were measured, five measure-
ments for each specimen, and a mean value was calculated. After obtain-
ing the roughness measurements, the specimens were subjected to surface
manipulations that are commonly performed in dental practice.

Grinding the specimens: the specimens were fixed in a stand to
ensure that the orientation of the specimens was maintained through-
out the grinding procedures. Thereafter, the specimens were ground
under water coolant with NTI round-end cylinder-shaped diamond
rotary cutting instruments series K881 (141)-016 F-FG (NTI-Kahla
GmbH, Kahla, Germany) mounted on a cutting/grinding turbine at
200000 r-min~ ' for 15 s and 2 N pressure realized with an apparatus

that allowed independent control over the applied pressure, speed,
and rotational velocity. Grinding was oriented along the length of the
specimens. For grinding, diamond burs were used sequentially: red, with
grit size of 20 pum, then a fine instrument (yellow) with grit size of 10 pm
and finally, an extra-fine instrument (white) with grit size of 7.5 um. The
grinding was performed with a continuous forward and backward
sweeping movement similar to the clinical procedure. New diamond
instruments were used for each specimen. After grinding with each
instrument, the specimens were cleaned with acetone, then air dried
and fixed in the profilometer to measure the Ry, values; five measure-
ments were obtained for each specimen after each grinding procedure.

Polishing of the specimens: the ground surfaces were polished with a
handpiece for 15 s and with 2 N pressure. Polishing was performed
using an NTI polishing kit (HP 802104; P341, P3401, P34001): coarse
at 15000 r-min~', medium at 10 000 r-min " and fine at 5000 r-min~".
The sweeping movements were in the same direction as during the
grinding process. New polishing instruments were used for each spe-
cimen. After polishing with each instrument, the Ry, values (five mea-
surements for each specimen after each polishing procedure) were
determined using the profilometer as described previously.

The effects of the polishing and grinding procedures on the surface
roughness were evaluated by one-way analysis of variance (ANOVA)
and compared by the Tukey honestly significant difference test (x=0.05)
using OriginLab V. 7.5 (OriginLab, Northampton, MA, USA) for
Windows statistical software.

On completion of the profilometric evaluation, representative spe-
cimens from each group and after each treatment step were prepared
for scanning electron microscopy (SEM; FEI Quanta 600 FEG; FEI,
Eindhoven, Netherlands). SEM images were acquired of each of these
specimens at a magnification of X500.

RESULTS

A total of 525 measurements were recorded for each of the two
groups. Table 1 shows the means and standard deviations obtained
for the roughness for each ceramic in its as-glazed, ground and polished
state.

Influence of grinding

The roughness of the specimens in both groups increased significantly
after coarse grinding. Then, the roughness decreased significantly after
medium and fine grinding only in group 1 (Figure 1). However, the
roughness in group 2 was significantly decreased only after medium
grinding, but after fine grinding, no significant difference was
observed (P=0.51) (Figure 2).

Comparison between fine-ground and glazed surfaces: no signifi-
cant difference (P=0.19) was found between the roughness of fine-
ground zirconia surfaces and the roughness of GFZ surfaces (Figure 1).
However, the roughness of fine-ground veneered zirconia surfaces was
significantly higher (P=0.009) than the roughness of glazed veneered
zirconia surfaces (Figure 2).

Table 1 Roughness of each ceramic in its as-glazed, ground and polished state

Ground Polished
Group Ceramic Glazed Coarse Medium Fine Coarse Medium Fine
1 Y-TZP only glazed 431+1.93 12.57+4.40 5.63+2.06 3.76+1.02 3.35+£0.82 2.96+0.59 2.41+0.51
2 Y-TZP/veneered with VM9 7.23x2.71 24.13+4.53 15.03+2.38 13.51*2.55 12.17£2.50 10.24+2.02 8.10+1.99

Y-TZP, yttria-stabilized tetragonal zirconia polycrystal. Rmax in pm.
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Figure 1 Roughness results for the non-veneered Y-TZP. G, ground; P,
polished. Y-TZP, yttria-stabilized tetragonal zirconia polycrystal.

Figure 2 Roughness results for the veneered Y-TZP. G, ground; P, polished.
Y-TZP, yttria-stabilized tetragonal zirconia polycrystal.

Influence of polishing
No statistically significant differences were found between the rough-
ness of coarse-polished specimens and roughness of fine-ground
specimens for both non-veneered (P=0.54) and veneered zirconia
(P=0.99), but through medium and fine polishing, the roughness
was significantly reduced in both groups (Figures 1 and 2).
Comparison between fine-polished and glazed surfaces: no signifi-
cant difference (P=0.45) was found between the roughness of fine
polished full-contour zirconia specimens and the roughness of GFZ.
However, after fine polishing, the veneered ceramic specimens showed
significantly higher R, comparing to their as-glazed state (P=0.32).
Comparison between group 1 and group 2: according to the one-way
ANOVA results, ceramic specimens in group 1 showed significantly

Roughness of full-contour zirconia after treatment
R Hmaidouch et al

110 um
Zirkon3_500x_2.tif CharitéCentrum 3 Prof. Dr. Ralf J. Radlanski

Figure 3 SEM image of zirconia sample ground with the coarse diamond
instrument. Original magnification X500. SEM, scanning electron microscopy.

——10 um

Figure 4 SEM image of zirconia sample ground with the three diamond instru-
ments and then polished using the coarse polisher. Original magnification X500.
Grooves could be reduced even further. SEM, scanning electron microscopy.

lower surface roughness (P<<0.05) than the ceramic specimens in group
2 after glazing, grinding and polishing procedures.

Analysis of the different ceramic surface treatments by scanning
electron microscopy (SEM) provided valuable information about
the resulting topography. The ground surfaces of FZ using the coarse
red diamond instrument (Figure 3) showed grooves that were reduced
after using the following two grinding instruments (medium and fine)
and after using the coarse polisher (Figure 4). After completing the
polishing, the grooves were significantly reduced (Figure 5).

Porcelain surfaces ground with coarse diamond burs show ridges and
grooves (Figure 6); moreover, many voids appear due to incomplete
condensation. After polishing, the condensation defects remain but
have been smoothed and slightly rounded; the voids from the porosities
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CharitéCentrum 3 Orale Struktur- und Entwicklungsbiologie Prof. Dr. Ralf J. Radlanski
Figure 5 SEM image of zirconia sample ground with the three diamond instru-
ments and then polished with the three polishers. Original magnification x500.
SEM, scanning electron microscopy.

Prof. Dr. Ralf

Figure 7 SEM image of porcelain sample ground with the three diamond
instruments and then polished using the coarse polisher. Original magnification
%500. SEM, scanning electron microscopy.

appear shallower (Figure 7). Traces of ridges and grooves did not
disappear after polishing was completed; however, the polished side
contained pitted areas with numerous surface irregularities (Figure 8).

DISCUSSION

The hypothesis of this study was accepted because the clinically simu-
lated intraoral polishing of non-veneered GFZ provides similarly
smoothened surfaces to those of the glazed, untreated (FZ) and to
the polished veneered zirconia.

The results showed that the roughness was strongly material-depen-
dent, which is in agreement with the findings of previous studies.”*
Lower roughness of non-veneered zirconia specimens than that of
veneered zirconia (VFZ) specimens was observed after each treatment

International Journal of Oral Science
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Figure 6 SEM image of representative sample of porcelain ground with the
coarse diamond instrument. Original magnification X500. The surface reveals a

maze of steep ridges, grooves and voids. SEM, scanning electron microscopy.

——10 um
Prof. Dr. Ralf J. Rad

Figure 8 SEM image of porcelain sample ground with the three diamond
instruments and then polished with the three polishers. Original magnification
x500. SEM, scanning electron microscopy.

procedure. This difference can be explained by the different composi-
tions. SEM investigation of the treated surfaces showed that defects on
the veneered surfaces caused by grinding were deeper than those on the
zirconia surfaces, which led to the higher roughness values (Figures 3
and 6).

Proper polishing of ceramic restorations was considered as an
important step because it was previously reported that increased sur-
face roughness associated with improper polishing can increase the
wear rate of the opposing teeth and can also compromise the clinical
performance of the restoration.'>**' The polishability of dental cera-
mics is normally tested in vitro on flat specimens for certain times and
rotation speeds.”®** Typically, the press-on force is not controlled
during polishing procedures; this issue is not even mentioned in most



studies.”"* In this study, a press-on force of 2 N was applied during
each grinding and polishing step for 15 s, which ensured identical
treatment for all specimens. In this study, grinding conditions under
water coolant provided lower temperatures, which have a better
influence on the m—t phase transformation of 3% Y-TZP than dry
grinding,*®

To simulate clinical conditions in this study, surfaces of both zirco-
nia and porcelain were investigated after glazing, grinding and polish-
ing using diamond rotary cutting and polishing instruments.

Grinding with a diamond burr caused significant changes in surface
roughness values; as expected, the surface roughness of both ceramics
was significantly increased after coarse grinding. These results are
similar to those reported by other investigators.”®® Curtis et al.
reported that the surface roughness of 3% Y-TZP increased as a result
of surface grinding after wet and dry grinding.*

After medium and fine grinding, the roughness of GFZ was signifi-
cantly reduced, but no significant differences were found between the
roughness after fine grinding (pre-polishing) and the roughness after
coarse polishing (Figures 1,4 and 5). We recognize that fine grinding
of GFZ provides similar smoothness to that of coarse-polished FZ, and
therefore, it might consequently be suggested that grinding using this
three-step system is sufficient and may enable dentists to abstain from
subsequent polishing procedures. Further investigations of this issue
should be conducted to answer the question of whether fine grinding
using this three-step grinding system is adequate.

However, medium and fine polishing could significantly reduce the
roughness of the investigated FZ surfaces, possibly by removing weakly
attached surface grains and by eliminating the grinding trace lines
(Figures 1 and 5). No significant difference was found between the
roughness of fine-polished FZ and the roughness of GFZ, which con-
firm the hypothesis of this study that clinically simulated intraoral
polishing of GFZ provides smooth surfaces similar to those of untreated
GFZ. The roughness of the VFZ surfaces was not significantly reduced
after either fine grinding or coarse polishing, which can be explained by
the deep defects (grooves) caused by coarse grinding (Figures 6 and 7).
These defects could not be completely flattened or removed, thereby
explaining the higher roughness of VFZ specimens compared with the
fine-ground and coarse-polished FZ specimens, which did not acquire
deep defects after coarse grinding because of their higher strength.

The most interesting finding of this study was that there was no
significant difference (P=0.49) between the roughness of fine-ground
FZ specimens ((2.41+0.51) um) and the roughness of glazed FZ sur-
faces ((4.31%1.93) pm), which can be explained by the very small
bubbles within the glazing layer. Previous studies on the roughness
of zirconia after grinding and polishing are few, but in a study using a
commercial Soflex polishing system (3M-ESPE, Neuss, Germany),
significant reduction in the surface roughness of zirconia was con-
firmed after polishing compared to the surface roughness after grin-
ding.?® There were no studies identified by the authors that investigated
surface roughness (R,y) after clinically simulated grinding and poli-
shing of the ceramic materials studied here; therefore, no further
comparisons can be made with the results reported in earlier studies.

As expected, the roughness values of the polished samples were
improved, which was reflected in the suggestion that polishing may
have been effective in favouring the flaw distribution. This would
support the hypothesis that polishing is able to remove some of the
grinding-induced defects, although it also generates flaws that have
more favourable distribution.

The polishing protocol used in this study can be useful in deter-
mining the appropriate polishing parameters for each polishing
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system of interest. Therefore, the results of this study can only predict
the results of polishing when the described polishing protocol is used.

For the reduction of tooth wear and for the reduction of subcritical
crack growth, polishing the ceramic surface may therefore be required
on occasion.

CONCLUSION

Grinding the GFZ using the NTI three-step system could deliver
smooth surfaces comparable to those of untreated GFZ. Less rough-
ened surfaces, fewer defects and lower roughness values resulted after
grinding and polishing FZ than VFZ. Less roughness could be achieved
with polishing FZ when compared to GFZ.
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