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Polish of interface areas between zirconia, 
silicate-ceramic, and composite with 
diamond-containing systems 
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Department of Prosthetic Dentsitry and Biomedical Materials Research, Hannover Medical School, Hannover, Germany

PURPOSE. Fractures, occlusal adjustments, or marginal corrections after removing excess composite cements 
result in rough surfaces of all-ceramic FPDs. These have to be polished to prevent damage of the surrounding 
tissues. The aim of this study was to evaluate the roughness of zirconia, silicate-ceramic, and composite after 
polish with different systems for intraoral use. MATERIALS AND METHODS. Each set of 50 plates was made of 
zirconia, silicate-ceramic, and composite. All plates were ground automatically and were divided into 15 groups 
according to the treatment. Groups Zgrit, Sgrit, and Cgrit received no further treatment. Groups Zlab and Slab 
received glaze-baking, and group Clab was polished with a polishing device. In the experimental groups Zv, Sv, 
Cv, Zk, Sk, Ck, Zb, Sb, and Cb, the specimens were polished with ceramic-polishing systems “v”, “k”, and “b” 
for intraoral use. Roughness was measured using profilometry. Statistical analysis was performed with ANOVA 
and Scheffé-procedure with the level of significance set at P=.05. RESULTS. All systems reduced the roughness of 
zirconia, but the differences from the controls Zgrit and Zlab were not statistically significant (P>.907). 
Roughness of silicate ceramic was reduced only in group Sv, but it did not differ significantly from both controls 
(P>.580). Groups Cv, Ck, and Cb had a significantly rougher surface than that of group Clab (P<.003). 
CONCLUSION. Ceramic materials can be polished with the tested systems. Polishing of interface areas between 
ceramic and composite material should be performed with polishing systems for zirconia first, followed by 
systems for veneering materials and for composite materials. [ J Adv Prosthodont 2018;10:315-20]
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Introduction

All-ceramic restorations, especially full-contour restorations 
made of  zirconia or silicate-ceramics, attract the interest of  
clinicians as well as patients because of  their high aesthetics 
and biocompatibility. All-ceramic restorations are good and 

long-living alternatives to metal-ceramic restorations, 
although a risk of  failure exists, which can be seen at forces 
below 500 N.1-3 Chipping fractures are the most frequent 
technical failures of  veneered restorations.4 They often can 
be repaired using composites, as modern 10-MDP-based 
adhesive systems allow sufficient bonding between zirconia 
or silicate-ceramic and composite.5-7 Sometimes small frac-
tures result in rough surfaces, which need to be polished. 
Rough surfaces can also be shown after occlusal adjust-
ments.8 Beside technical failures, biological failures can 
occur, such as loss of  vitality of  the abutment-teeth, caries, 
or periodontitis. Biological failures might be triggered by 
high plaque adhesion on rough surfaces, e.g. after composite 
repair or after the cementation processes.9 Plaque adhesion, 
especially at crown margins and in the area of  the cement 
gap, can cause damage to the periodontal tissues or cause sec-
ondary caries. Literature shows that rough occlusal surfaces 
can also cause abrasive wear of  the antagonistic teeth.10,11 To 
reduce both the risk of  technical and of  biological failures, 
polishing of  the rough areas on fixed partial dentures (FPD) 
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is necessary. Before cementation, rough surfaces can be fin-
ished extraorally, but if  rough surfaces occur on a cemented 
FPD, an intraoral polishing is necessary. In these cases, 
either one ceramic material has to be polished, or the 
boundary areas of  different ceramic materials and/or com-
posites have to be polished. It is technically not possible to 
polish each material selectively (Fig. 1). 

The aim of  the current study was to evaluate the effec-
tivity of  different diamond-containing polishing systems on 
zirconia, veneering ceramic, and composite material using 
surface profilometry. The null hypothesis was that there is 
no difference in the surface roughness on zirconia, silicate-
ceramic, and composite after polishing with the tested pol-
ishing systems. 

Materials and methods

Each set of  50 ceramic plates were cut out of  CAD/CAM 
blocks of  zirconia (Z) (8.5 × 6.0 × 2.0 mm) (InCoris Maxi-S, 
Sirona, Bernsheim, Germany) and of  silicate-ceramic (S) 
(12.5 × 10.5 × 2.0 mm) (Ivoclar Vivadent AG, Schaan, 
Liechtenstein) using a precision diamond saw (IsoMed 
4000, Buehler GmbH, Düsseldorf, Deutschland). To pro-
duce 50 composite plates, silicone impressions of  the zirco-
nia plates were taken. In the resulting moulds, nano-hybrid 
composite (C) (GrandioSO, VOCO GmbH, Cuxhaven, 
Germany) was applied manually using incremental tech-
nique to mimic the handling of  composite for a direct intra-
oral reparation technique of  a chipping fracture. The com-
posite material was light cured using a polymerization lamp 
with 1.200 mW/cm2 (Bluephase, Ivoclar Vivadent AG, 
Schaan, Liechtenstein). To ensure identical surface roughness 
of  all materials, all specimens were ground automatically with 
165 µm grit silicon carbide paper (English Abrasives & 
Chemicals Ltd., London, UK) with a force of  50 N under 
water cooling using a universal grinding and polishing 
machine (PowerPro 5000, Buehler GmbH, Düsseldorf, 
Deutschland).

No further treatment was performed after the grinding 
process in the control groups Zgrit, Sgrit, and Cgrit to simulate 
the surface roughness after the intraoral use of  diamond 
burs. The ceramic specimens in control groups Zlab and Slab 

received ceramic glaze firing after the grinding process. The 
composite specimens in control group Clab received high-
gloss polish with the universal polishing machine up to 9 µm 
grit silicon carbide paper (English Abrasives & Chemicals 
Ltd., London, UK) under water cooling. In the experimental 
groups, three different polishing systems for intraoral use 
were tested (Table 1). These specimens were polished by the 
same dentist with a handpiece at 6000 rpm and under water 
cooling for 30 seconds per polishing step to achieve a high 
gloss finish. In all experimental groups, the first step of  the 
polish was performed with a contact pressure of  2 N for 30 
seconds. In the second step, the high gloss finish was per-
formed with a contact pressure of  1 N for 30 seconds. A 
scale was used to keep a constant contact pressure of  the 
polishing points to the ceramic surface, and a 30-second 
timer was used to ensure the correct polishing time during 
the experiments. According to clinical practice, the polish-
ing points were guided with shifting and rotating move-
ments over the surface of  the specimen. 

In groups Zv, Sv, and Cv, the specimens were polished using 
Dimanto made by VOCO GmbH (Dimanto, VOCO GmbH, 
Cuxhaven, Germany). This system is a single-stage polisher. 
According to the manufacturer’s instructions, the diamond-
containing rubber point was to be used with high pressure for 
pre-polishing and with low pressure for high-gloss finishing. 
In groups Zk, Sk, and Ck, the specimens were polished using a 
two-stage system made by Komet Dental (Zirkonpoliersystem, 
Komet Dental Gebr. Brasseler GmbH & Co KG, Lemgo, 
Germany). In groups Zb, Sb, and Cb, a two-stage system made 
by Busch & Co (Zirkon-/Keramikpoliersystem, BUSCH & 
CO GmbH & Co KG, Engelskirchen, Germany) was used. 
These systems include one polishing point for pre-polishing 
and a second one for the high gloss finish. 

All specimens were cleaned with alcohol and dried with 
oil-free compressed air. After that, the surface roughness 
was measured using a surface profiler (Dektak 150 Surface 
Profiler, Bruker Corporation, Billerica, MA, USA). To mea-
sure the surface roughness, 5 parallel lines with a distance 
of  0.5 mm and a length of  3600 µm were scanned mechani-
cally with a vertical and horizontal resolution of  0.33 µm. 
To evaluate the surface roughness, the arithmetic mean of  
the absolute values (Ra) was calculated.  

Table 1.  overview over control groups and test groups

Control groups Test groups with polishing systems for intraoral use

Surface 
treatment

165 µm grit (grit) Lab-side finish (lab)
Polish with the 

Voco-System (v)
Polish with the 

Komet-System (k)
Polish with the 

Busch-System (b)

Material

Zirconia

S
ilicate-

C
eram

ic

C
om

posite

Zirconia

S
ilicate-

C
eram

ic

C
om

posite

Zirconia

S
ilicate-

C
eram

ic

C
om

posite

Zirconia

S
ilicate-

C
eram

ic

C
om

posite

Zirconia

S
ilicate-

C
eram

ic

C
om

posite

Group Zgrit Sgrit Cgrit Zlab Slab Clab Zv Sv Cv Zk Sk Ck Zb Sb Cb
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The statistical analysis of  Ra was performed with SPSS 
Statistics (Version 24, SPSS Inc., Chicago, IL, USA) using 
Kolmogorov-Smirnov Test, Levene Analysis, ANOVA and 
Scheffé procedure. Thereby the level of  significance was set 
at P = .05.

Results

The data found by profilometry are shown in Table 2 and in 
Fig. 1. The Kolmogorov-Smirnov test showed a normal dis-
tribution of  the data. Levene-Analysis proved homogeneity 
of  the variances. ANOVA showed significant differences 
among the groups (P < .001). Scheffé procedure was used 
to identify significant differences in single comparisons. 

At first, the surface roughness of  the three materials 
after polishing with the different polishing-systems was 
compared. 

It could be seen that all polishing systems were able to 
reduce the surface roughness of  zirconia from originally 
0.31 µm in group Zgrit to Ra-values below 0.20 µm in the 
test groups (Fig. 1). The differences to the control group 
Zgrit were statistically significant in the groups Zv (P < 
.001), Zk (P < .001), and Zb (P < .001). In comparison to 
the control group Zlab, the surface roughness of  the groups 
Zv (P = .899), Zk (P = .987), and Zb (P = .986) did not dif-
fer significantly. Comparing the different polishing systems 
on silicate ceramic, the surface roughness after polishing 
with the VOCO-system in group Sv was significantly lower 
than after polishing with the Komet-system in group Sk (P 
< .001), with the Busch-system in group Sb (P < .001) and 
the control group Slab (P = .022). There was no significant 
difference between Sv and control group Sgrit (P = .487). 

The polishing with the Komet-system (Sk) resulted in a sig-
nificantly increased surface roughness compared to the oth-
er groups Sgrit (P < .001), Slab (P < .001), Sv (P < .001) 
and Sb (P < .001). The surface roughness of  silicate-ceram-
ic after polishing with the Busch-system (Sb) was statistical-
ly different from those of  groups Sv (P < .001), Sk (P < 
.001), and Sgrit (P = .032), but not from group Slab (P = 

Table 2.  Descriptive analysis of the data

Group n Ra (µm) SD (µm) Min (µm) Max (µm)

Zgrit 10 0.31 0.03 0.27 0.34

Sgrit 10 0.23 0.03 0.19 0.29

Cgrit 10 0.55 0.09 0.36 0.64

Zlab 10 0.18 0.06 0.10 0.28

Slab 10 0.32 0.10 0.22 0.48

Clab 10 0.10 0.12 0.00 0.31

Zv 10 0.19 0.03 0.14 0.25

Sv 10 0.14 0.04 0.10 0.22

Cv 10 0.45 0.17 0.24 0.69

Zk 10 0.18 0.02 0.16 0.22

Sk 10 0.82 0.20 0.45 1.03

Ck 10 0.41 0.22 0.19 0.93

Zb 10 0.17 0.02 0.13 0.19

Sb 10 0.41 0.13 0.26 0.72

Cb 10 0.73 0.19 0.37 1.06

Min: minimum, Max: maximum

Fig. 1.  Boxplot of the surface roughness depending on the materials and on the surface treatment.
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.576). Having a closer look at the composite groups, no sta-
tistically significant differences were found between control 
group Cgrit and groups Cv (P = .790), Ck (P = .510), and 
Cb (P = .229). Compared to the lab-side polishing in group 
Clab, the surface roughness was significantly higher in 
groups Cv (P = .004), Ck (P = .014), and Cb (P < .001). 
Comparison between the polishing systems showed that the 
roughness in group Cv was significantly lower than that in 
group Cb (P = .015), but not than that in group Ck (P = 
.991). The surface roughness in group Cb was significantly 
higher than that in group Ck (P = .004). Roughnesses in 
groups Ck and Cv did not differ significantly (P = .991).

To get information about the possibility to polish inter-
face areas between zirconia, silicate-ceramic, and composite, 
further comparisons between the different materials after 
polishing with the same polishing-systems are necessary. 

Within the control groups Zgrit, Sgrit, and Cgrit, the surface 
roughness in group Cgrit was significantly higher than that in 
group Sgrit (P = .004), but not than that in group Zgrit (P = 
.182). Roughnesses in groups Zgrit and Sgrit did not differ (P 
> .999). Within the control groups Zlab, Slab, and Clab, the 
roughest surface was found in group Slab, and the smoothest 
surface was found in group Clab. The differences between 
the groups Zlab, Slab, and Clab were not statistically significant 
(P > .213). Data showed a high variation within the test 
groups in the surface roughness depending on the different 
polishing systems: After polishing with the VOCO System, 
the smoothest surface was found in group Sv followed by 
group Zv. The difference between Zv and Sv was not statisti-
cally significant (P > .999). The surface roughness in group 
Cv was significantly higher than that in group Sv (P = .004), 
but not than that in group Zv (P = .067). After the use of  
the Komet-system, the lowest surface roughness was found 
in group Zk followed by group Ck, but these two surfaces 
also showed no significant difference (P = .212). The sur-
face roughness in group Sk was significantly higher than 
those in groups Zk (P < .001) and Ck (P < .001). After pol-

ishing with the Busch-system, the lowest surface roughness 
was found in group Zb followed by groups Sb and Cb. The 
comparisons between Zb and Cb (P < .001) and between Sb 
and Cb (P = .004) revealed statistically significant differenc-
es. The comparison between Zb and Sb did not show statisti-
cally significant result (P = .120).

Discussion

In the current in-vitro study, some limiting factors have to be 
mentioned. A flat design of  the specimens was chosen to 
guarantee an identical surface geometry for all materials at 
the beginning of  the experiments. Further, the flat design 
was necessary for the profilometry. Unlike these experimen-
tal settings, most surfaces on crowns or bridges are curved. 
However, a flat surface design has been used in studies with 
similar aims.12-14

Polishing of  specimens in the test groups was per-
formed manually. A dental handpiece was driven over the 
surfaces with shifting and rotating movements by an experi-
enced dentist. This is in accordance to clinical practice 
because intraoral polishing always has to be done manually. 
The clinical outcome of  intraoral polishing depends on vari-
ous factors such as the contact pressure, the polishing time, 
and the rotation speed of  the polishing points. To ensure 
comparable polishing conditions in all groups, the contact 
pressure of  the polishing points and the polishing time were 
kept constant using a scale and a timer. All specimens were 
polished with water cooling at 50 ml/min and with 6000 
rpm to reduce the risk of  overheating followed by thermal 
induced phase transformation at the zirconia surfaces, which 
might lead to further surface roughness.

In the current study, a significant reduction of  the 
roughness of  the zirconia surface could be seen after pol-
ishing with all tested polishing systems. This is in line with 
the findings of  Kou et al..12 The remaining surface rough-
ness of  zirconia is due to the mechanical properties and the 

Fig. 2.  Possible localizations on partial restorations or crowns for intraoral polish (red lines) with varying number of 
involved materials. White = enamel, beige = silicate-ceramic, green = zirconia, purple = composite material.
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mechanical hardness of  densely sintered zirconia. For intra-
oral adjustments of  zirconia surfaces, red (~46 µm grit) or 
yellow (~25 µm grit) diamond burs are normally used. 
These adjustments leave scratches on the surfaces, which 
have to be polished to avoid wear of  the antagonist.15 The 
polishing of  zirconia is not a classical polishing process, but 
it is rather a mechanical micro-abrasion of  material peaks.16 
Remaining micro scratches are not filled by plastified mate-
rial as it can be seen during polishing of  resin or metal. This 
means the surface quality depends on the hardness of  the 
material and on the grit of  the diamond particles in the pol-
ishing points. After labside glaze firing of  ceramic speci-
mens and after labside polish of  composite specimens, the 
surface roughness in groups Zlab, Slab, and Clab could be 
reduced below 0.2 µm in average. In zirconia, all tested pol-
ishing systems left a surface roughness, which did not differ 
significantly from surface roughness after the glaze firing 
process. This is in line with Hmaidouch et al., who also 
found no difference between glazed zirconia and fine pol-
ished zirconia.14 Intraoral polishing of  zirconia seems to be 
an alternative to glaze firing previous to cementation. 
Further, the results of  this study show that it is possible to 
polish the surface of  cemented zirconia restorations after 
intraoral adjustment with rotating diamond containing rub-
ber points. This is in line with the current literature. Park et 
al. concluded that “zirconia polishing systems showed excel-
lent ceramic surface polishing”.17

The effects of  silicate-ceramic polishing differed signifi-
cantly among the polishing systems. Only in group Sv the sur-
face roughness was decreased in comparison to those of  the 
control groups and in comparison to the surface roughness 
of  zirconia in the corresponding group Zv. The other two 
polishing systems showed a significantly increased roughness 
compared to their corresponding zirconia groups, but dif-
ferent trends were shown in comparison to the composite 
groups. Surface polishing of  silicate-ceramic is a combina-
tion of  filling scratches with liquified glass matrix the pol-
ishing procedure and removing surface peaks with the dia-
mond particles. Depending on the grit and on the contact 
pressure of  the polishing points, the diamond particles 
might cause new scratches during the polishing process. 
These new scratches might be lower in group Sv because the 
polishing points of  the single step system become blunter 
from use than polishing points of  the two-step systems. 
This might be the reason for the higher surface roughness 
in two-step groups Sb and Sk in comparison to the lower 
surface roughness in the one-step group Sv.

Veneered ceramic restorations have interface areas between 
zirconia and silicate ceramic and after adhesive cementation 
between composite and zirconia (Fig. 2). If  an intraoral 
repair of  a chipping fracture with composite is necessary, 
interface areas between ceramic material and composite occur 
(Fig. 2). In these cases, it might be necessary to remove an 
excess of  composite material after the hardening processes 
with rotating instruments. Remaining roughness, especially 
in the marginal areas, might cause a high plaque accumula-
tion. For that reason, an accurate polishing of  these inter-

faces is necessary. The results of  the current study show 
that the surface roughness of  composite after polishing 
with the tested systems differed. It can be assumed the rea-
sons for this variation are the same as for the variation of  
the surface roughness of  silicate-ceramics after polishing, 
which has been described in the previous paragraph. 

The surface roughness after polishing of  a ceramic or 
composite surface needs to be compared to the natural 
enamel roughness and to polishing results of  other research 
groups. The surface roughness of  natural enamel is report-
ed to be 0.27 μm ± 0.19 μm.18 As all polishing system of  
the current study produced a similarly low surface rough-
ness on zirconia, these systems can be absolutely recom-
mended for surface treatment of  zirconia. The same recom-
mendation is justified for polishing silicate ceramic with the 
VOCO system. Exemplary polishing results of  other studies 
show a surface roughness of  0.24 µm to 0.79 µm for sili-
cate-ceramics and 0.12 µm to 0.2 µm for zirconia.19-21 For 
composite, the reported data range from 0.14 µm to 0.86 
µm.22,23 In 1997 Bollen et al.24 showed a reduction of  dental 
plaque adhesion to surfaces with surface roughness below 
0.20 µm. The results of  the current study (Table 2) are in 
line with these studies. 

The null hypothesis that there was no difference of  the 
surface roughness on zirconia, silicate-ceramic, and com-
posite after polishing with the tested polishing systems has 
to be rejected: The surface roughness of  silicate-ceramic 
and composite differed hugely after applying the same pol-
ishing system.

Conclusion

Within the limitations of  this study, it can be concluded that 
all of  the tested polishing systems were able to produce 
clinically acceptable surface qualities on zirconia with sur-
face roughness comparable to natural enamel. It is possible 
to polish zirconia surfaces with modern diamond-contain-
ing polishing systems for intraoral use after occlusal adjust-
ments. Concerning the interface areas between zirconia, 
veneering material, and composite material, polishing 
should be performed with diamond containing polishing 
systems for zirconia at first, followed by special polishing 
systems for veneering materials and for composite materials 
to achieve an optimal outcome. The data of  this study sug-
gests that the order of  different polishing systems for dif-
ferent materials seems to have an immense influence on the 
result of  intraoral polishing of  interface areas between dif-
ferent materials for fixed partial dentures. Further research 
is necessary to find a suitable protocol for the clinical pol-
ishing process of  interface areas between different materials 
for fixed partial dentures and their repairs and for adhesive 
luting cements.
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