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Abstract The change in surface roughness after different
surface finishing techniques has attracted the attention of
several prosthodontists regarding wear of opposing teeth or
restorative material and the strength; plaque retention and
appearance of the restoration. However, there is consider-
able controversy concerning the best methods to achieve
the smoothest and strongest porcelain restorations after
chair side clinical adjustments. The purpose of this in vitro
study was to compare the average surface roughness of a
self-glazed surface, a chair side polished surface and a
reglazed surface of ceramic. Two feldspathic porcelain,
namely VITA VMKO94 (Vita Zahnfabrik, Bad Sachingen,
Germany) and IVOCLAR CLASSIC (Vivadent AG,
FL-9494 Schaan, Liechtenstein) were selected to fabricate
20 specimens of each in the shape of shade guide tabs. A
medium-grit diamond rotary cutting instrument was used to
remove the glaze layer, and then the surface of half the
specimens were re-glazed and the other half were polished
using a well-defined sequence of polishing comprising of:
Shofu porcelain polishing system, White gloss disc/pol-
ishing wheel, Silicone cone with diamond polishing paste
and finally with small buff wheel with pumice slurry.
The surface roughness (Ra) (um) of the specimens was
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evaluated using a profilometer and scanning electron micro-
scope. The data were statistically analyzed by using Student’s
t test. The results had shown that there is no statistically
significant difference both quantitatively and qualitatively,
between the surface roughness of reglazed and chair-side pol-
ished surface. In addition, both reglazed and chair-side polished
surfaces are better than the autoglazed surface. Within all the
groups, there is no significant difference between companies.
Polishing an adjusted porcelain surface with the suggested
sequence of polishing will lead to a finish similar to a re-glazed
surface. Therefore chair-side polishing can be a good alterna-
tive to reglazing for finishing adjusted porcelain surface.

Keywords Auto-glazed - Re-glazed -
Chair-side polished - Surface profilometer -
Scanning electron microscope

Introduction

Dental porcelain has been used extensively as a restorative
material in a variety of dental restorations, including all-ceramic
restorations like inlays, onlays, veneers, metal-ceramic crowns,
all ceramic crowns and fixed partial dentures, because of its
esthetic properties, durability, and biocompatibility.

Surface modifications are essential for correcting occlusal
interferences and faulty contours, finishing the margins of
ceramic restorations, and improving the esthetic appearance
and surface smoothness of porcelain restorations. It is a
common clinical practice to adjust the glazed surface of
porcelain restorations before cementation by grinding [1].
These Adjustment procedures break the glaze layer which
creates a rougher surface[2] which promotes plaque forma-
tion and maturation, thus producing gingival inflammation
and adverse soft tissue reactions [3, 4]. It may also increase
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the wear of the opposing dentition or restorative material [5—
7]. Therefore, glazing or polishing after the adjustment
procedures is necessary to improve the flexural strength [8]
and appearance of the restoration [9]. Literature reports of
various techniques for finishing and polishing a porcelain
restoration to achieve optimum smoothness of the glazed
porcelain. Reglazing has been documented to adversely
change the porcelain structure (for example devitrification)
and is time consuming [10]. Polished ceramic restorations,
when compared to the glazed restorations, may also have the
advantage of reducing the wear of the opposing dentition.
Several studies reported different polishing techniques of
ceramic restorations and supported the use of polishing as an
alternative to glazing. However, data evaluating different
ceramic materials and surface finishing techniques, e.g. self-
glazing, overglazing and polishing to achieve the smoothest
and strongest porcelain restorations after chair side clinical
adjustments is limited.

The purpose of this study was to compare the average
surface roughness both quantitatively and qualitatively of a
self-glazed surface, a chair side polished surface and a reglazed
surface of ceramic of two manufacturers, i.e. Vita and Ivoclar.

Materials and Methods

Two feldspathic porcelains, namely VITA VMK94 (Ger-
many, Bad Sackingen) and IVOCLAR CLASSIC (Viva-
dent AG, FL-9494 Schaan, Liechtenstein) were selected.
Enamel powder of A2 shade of both the manufacturers was
used to fabricate 20 specimens of each. A mold of brass
metal was fabricated in the shape of shade guide tabs. This
mold is a duplicate of the mold provided by the VITA
Company to prepare ceramic shade tabs. It consists of two
metal plates in rectangular shape. (Fig. 1) Upper metal
plate has the mold in the shape of shade tab at one end with
the following dimensions:

Length—10 mm
Width—4 mm

Height—decreasing gradually from 4 to 2 mm at the
open end

This upper plate is attached at one end of lower plate
which allows it to slide on either side.

Materials and Armamentarium for Sample Fabrication
(Figs. 2, 3)

Each specimen was fabricated by weighing the porcelain
powder (205.1 mg) and mixing with adequate amount of
distilled water over the glass slab with metal blade
instrument. Tissue paper was utilized to remove excess
water by placing it at one end of the mass. The mixed mass
was not allowed to dry completely while absorption of
excess water. It was then loaded into the mould in incre-
ments. To condense the powder, the mold was given gentle
vibrations with the serrated handle of the instrument. Tis-
sue paper was again used to absorb excess water before
adding the next increment. After complete condensation of
the powder in the mold, the upper plate was slid over from
the lower plate (Fig. 4) and the condensed mass was gently
tapped to be released from the mould to fall over a sagger
tray.

For each type of ceramic, 20 specimens were fabricated
for each type of ceramic and placed over the tray. The tray

Fig. 2 Porcelain Adjustment kit

Fig. 1 Mold of brass metal

Fig. 3 Polishing disc, cone and buff
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Fig. 4 Upper plate was slid over from the lower plate

was then placed in the porcelain furnace and fired
according to the manufacturer’s recommendations. The
specimens were allowed to cool and then finished with a
medium-grit diamond points all over to remove any
irregularities. The specimens were then soaked in distilled
water for 5 min. Then they were placed in the furnace to
obtain an autoglazed surface. All these specimens were
tested at this stage for the surface roughness to act as
control group.

The 20 specimens from each type of ceramic (Fig. 5)
were randomly divided into two groups. One group was for
reglazing and the other was for chair side polishing system.
On one side of each specimen (that is the flat side), a
medium-grit sintered diamond point of Shofu company
attached to a straight hand piece of micromotor, was used
to remove the glaze. This grinding was done at a constant
speed and with constant amount of strokes given by the
same operator. 20 such specimens, 10 from each type of
ceramic were then subjected to reglazing with add on glaze
following manufacturer’s recommended procedure and
temperature.

The remaining 20 specimens were subjected to chairside
polishing with well defined sequence of a polishing system.
The same investigator performed the polishing uniformly

with micromotor handpiece by giving constant amount of
strokes at a constant speed. The other side of the speci-
mens, which were autoglazed, was used as a control group
and 20 specimens were randomly selected for this.

For chair-side polishing of the specimens a well-defined
sequence of the polishing system was utilized as follows:

1. Shofu Porcelain polishing system (Shofu Dental Corp.,
Menlo Park, California) consisting of Dura-white
stones for contouring, standard Ceramiste points for
smoothing surfaces and preparing them for polishing,
Ultra Ceramiste points for polishing, and final polish-
ing using the Ultra II Ceramiste points.

2.  White gloss disc/polishing wheel.

3. Silicone cone was used with diamond polishing paste

4. Small buff wheel was used with pumice slurry.

The specimens were then cleaned with the steam, dried
with a blast of air, and stored in a dust-free container at
room temperature.

The surface roughness was evaluated using a surface
profilometer (Perthometer- Mahr GmbH, Germany—Mahr
Federal Inc. USA.). A diamond stylus (25 pm tip radius)
was used under a constant measuring force of 25 mN.
(Fig. 6) The instrument was calibrated using a standard
reference specimen and then set to travel at a speed of
0.8 mm/s with a traversing length of 1.75 mm during
testing. The surface analyzer was used to determine a
roughness profile of each specimen. The roughness profile
of the autoglazed, reglazed and chairside polished surface
was obtained for each of the 3 passes per specimen.
A mean surface roughness profile (Ra) was determined
for each side of each specimen to describe the over-
all roughness of the surface. These values were tabulated
to compare autoglazed, reglazed and chair side poli-
shed surfaces. The larger the value more is the surface
roughness.

On completion of profilometric evaluation, the speci-
mens from each group were prepared for SEM. Specimens

Fig. 5 Specimens from each type of ceramic
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Fig. 6 Diamond stylus running over the specimen
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were palladium sputtered with a fine coater machine and a
scanning electron microscope (SEM) (Joel Ltd 1-2 Mu-
sashino 3-chome, Akishima, Tokyo 196-8558, Japan) was
utilized to qualitatively evaluate the surface of all the
specimens with different treatment. Only four specimens
can be mounted on the mounting plate at a time. (Fig. 7)
Both sides of each specimen were visualized at original
magnification 200x. (Figs. 8, 9, 10, 11, 12, 13) Two
investigators performed all procedures; the first prepared
the specimens and the second was blind to the treatment
and performed the data analysis.

The observations were subjected to statistical analysis.
Mean and standard deviation were calculated and Student’s
‘t’ test was used to quantitatively analyze surface rough-
ness data for significant differences between autoglazed,
reglazed and chair-side polished porcelain surfaces of two
different manufacturers. It is a standard practice to make
pair-wise comparisons of the groups using an appropriate
adjustment for multiple comparisons.
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o

Fig. 9 SEM Photo of Re-glazed (Ivoclar)

Fig. 7 Four specimens mounted on the mounting plate

Fig. 8 SEM Photo of Autoglazed (Ivoclar)
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Fig. 11 SEM Photo of Autoglazed (Vita)
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Fig. 12 SEM Photo of Re-glazed (Vita)
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Fig. 13 SEM Photo of Chair-side polished (Vita)

These findings were further confirmed by qualitative
analysis of the data given by SEM photographs.

Results

First the average surface roughness values were collected
from the individual tracings for each of the three different
groups of specimens of two different manufacturers. Then
the means of surface roughness values of three different
groups with their respective SD were calculated and
compared (Tables 1, 2).

For both the porcelain materials, there was no statisti-
cally significant difference between the surface roughness
of reglazed and chair-side polished surface. Both reglazed
and chair-side polished surfaces are better than the auto-
glazed surface.

The SEM photomicrogaphs of three different groups of
specimens of two different manufacturers were evaluated

@ Springer

according to the aforementioned criteria based on a scale
1-3 (Table 3):

1 rating means—Good finish
2 rating means—Very good finish
3 rating means—Excellent finish

A qualitative analysis was done by using Mann Whitney
test and p values were again obtained and they also showed
the similar results.

Discussion

Ceramic materials intrinsically have multiple flaws because
of the inhomogeneous distribution of crystals in a glassy
matrix. Additional defects induced during ceramic pro-
cessing reduce the strength and increase the wear of enamel
of opposing tooth. Sealing these with glazing or polishing
may improve the strength and reduce the abrasiveness of
dental ceramics [11].

Earlier researchers have advocated that adjusted porce-
lain should be reglazed only. It has been a common prac-
tice to reglaze the adjusted porcelain surface prior to
cementation. However various disadvantages have been
reported with reglazing like Devitrification, marginal dis-
tortion, reduced fracture toughness which is affected with
the thickness of glaze, wearing of reglazed layer in short
period of time and lastly an extra appointment to the
patient.

The documentation of comparative evaluation of various
methods to obtain a smoothest porcelain surface is limited.
Some authors found the initial smoothness of a glazed
surface to be superior to the polished surface [12—-14], some
found no significant difference between the glazed and
polished surfaces [9, 15] and others concluded that surface
polishing could equal or surpass the smoothness accom-
plished with surface glazing. [6, 16, 17] Studies that are
more recent suggest that a polished surface is smoother and
foster less plaque accumulation than a glazed surface [3,
18]. Esthetics results also may be improved by polishing
rather than by glazing [10]. Therefore no comprehensive
conclusion could be drawn from various studies, regarding
which is a better method for finishing, reglazing or chair-
side polishing.

In spite of advances in ceramic materials, the traditional
feldspathic ceramics are still widely used [19] because of
the fact that they give good esthetic results, which is
achieved with the natural stratification and the artisan work
of the dental ceramist. Therefore, in this study feldspathic
porcelain was used for making the specimens, to check the
efficacy of chairside polishing in reducing surface
roughness.
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Table 1 Shows the average Surface profilometry (Quantitative test showing Ra values for surface roughness)
surface roughness values
collected from the individual Vita (Ra values in pm) Ivoclar (Ra values in pm)
tracings for each of the three
different groups of specimens S. no. Auto glazed Study groups Auto glazed Study groups
i Control Control
of two different manufacturers ( Re-glazed Chair side ( Re-glazed Chair side
group) ) group) )
polished polished
1 0.15 0.12 0.12 0.15 0.12 0.12
2 0.14 0.1 0.12 0.15 0.13 0.13
3 0.15 0.11 0.11 0.15 0.12 0.12
4 0.14 0.12 0.12 0.14 0.11 0.12
5 0.14 0.11 0.11 0.15 0.12 0.12
6 0.15 0.12 0.12 0.15 0.13 0.13
7 0.14 0.12 0.12 0.14 0.1 0.12
Note More is the Ra value, more 8 0.14 0.11 0.11 0.14 0.12 0.12
is the surface roughness or more 9 0.14 0.13 0.13 0.15 0.12 0.12
is the Ra value less is surface 1 0.15 0.1 0.12 0.15 0.12 0.12

smoothness or finish

Table 2 Shows the means of surface roughness values of three dif-
ferent groups with their respective standard deviations

Company  Group Mean N  Standard Deviation
Ivoclar Autoglazed .1470 10 .00483
Reglazed 1190 10 .00876
Chair-side polished .1220 10 .00422
Total 1293 30 .01413
Vita Autoglazed .1440 10 .00516
Reglazed 1140 10 .00966
Chair-side polished .1180 10 .00632
Total 1253 30 .01525
Total Autoglazed .1455 20 .00510
Reglazed 1165 20 .00933
Chair-side polished .1200 20 .00562
Total 1273 60 .01471

In all the specimens one side is autoglazed which is kept
as a control group to keep a check on surface roughness
due to intrinsic flaws caused by variation in the condensed
mass. The dimensions for the specimen were similar to
previous studies and it was kept small to be compatible
with the mounting plate of SEM.

Flat surfaces of all the specimens were ground with a
medium grit diamond point at constant speed and for
limited strokes. Since it was difficult to control the varia-
tion of force, same operator did all the grinding. And later,
half of the specimens were subjected to reglazing and other
half was subjected to chair-side polishing. It was very
important to note here that the diamond point should be of
medium or low grit as high grit points widens the pores
opened during grinding. These large pores are difficult to
close with both reglazing and chair side polishing [11].

Table 3 Shows the
observations about the SEM

SEM (Qualitative test for surface roughness)

photomicrogaphs of the three Vita

Ivoclar

different groups of specimens of

two different manufacturers S. no.

Auto glazed

Study groups

Auto glazed Study groups

(Control
group)

Re-glazed

(Control

Chair side group)

polished

Chair side
polished

Re-glazed

— O 00 N N L RN =
e e e
[ S S S S S S )

NN NN NN NN NN
e e e S
NN W NN W N NN
NN NN NN NN NN
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After the use of shofu kit for initial polishing, the
specimens were further polished with diamond paste with
the help of silicone cone. Various studies have highlighted
the importance of using a diamond paste during final stages
to achieve the best possible finish [20, 21]. The smoothness
produced by diamond paste can be explained by the par-
ticle size of the diamond polishing paste, which is 2 um
[22]. Tt is probable that, in the absence of a lubricant,
porcelain particles removed from the surface become part
of the abrasive system and contribute to an increase in
roughness rather than smoothing of the surface. A lubricant
and water spray can be expected to remove free and
potentially abrasive particles. Grieve et al. [23] showed
favorable results in terms of smoothness of porcelain using
diamond paste, with no significant differences between this
and glazed porcelain. Finally, the specimens were polished
with pumice slurry and buff wheel [15].

Earlier studies have tested different properties affected
or influenced by the finishing technique. However, the
basic property that influences other properties is surface
roughness. More is the surface roughness more is the wear
caused, more is plaque accumulation, lesser is the fracture
strength and poorer is the final esthetic appearance.
Therefore, surface roughness was evaluated both quanti-
tatively and qualitatively by surface profilometer and SEM
respectively. This is in consensus with various studies that
had used the same machines [1, 12, 24-27].

The results of this study has shown that both reglazing
and chairside polishing is better than autoglazed. Reason
for this could be that the pores (due to internal flaws while
condensation) which are exposed while grinding of the
ceramic surface are of variable size and are inhomogeneous
in nature. Therefore, these could not be completely filled
by autoglazing. These pores can be reduced or eliminated
only with reglazing and chair-side polishing. Various ear-
lier studies [7, 9, 12, 15, 22, 25, 27-29], had proved that
chair-side polishing is equal to autoglazing. Some studies
[1, 6, 26, 30, 31], had also proved that chair-side polishing
is better than autoglazing. Only few studies had shown the
opposite results, that is autoglazing or glazing is better than
chair-side polishing [13, 14, 26, 32, 33]. And only one
study reported in the literature, has compared autoglazing,
reglazing and chair-side polishing [34].

In that study both autoglazing and reglazing were
proved to be better than chairside polishing in terms of
surface roughness and flexural strength.

Reasons for variation of results in different studies could
be explained by:

e Size and number of surface pores or flaws that are
opened due to grinding of porcelain depends upon the
extent of condensation of ceramic particles. But in all
the studies one specimen was used for reglazing or self
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glazing and the other was used for chairside polishing.
So one cannot be sure about the uniformity of
condensation in both the specimens. There can be false
negative results due to variation of internal flaws that
can be a cause of increase in surface roughness. In this
study constant mass of ceramic powder was condensed
for each specimen to control this factor to some extent.

e The coarseness of the diamond point used for grinding
to simulate clinical adjustments. Although low grit
diamond bur on air rotar handpiece with copious
amount of water flow should be used but in this study
medium grit diamond bur was used to grind the surface.
It was not possible to do otherwise as it is difficult to
control speed in air rotor handpiece.

e Polishing instruments were used with the presence or
absence of a lubricating paste for final finishing. In this
study diamond paste and pumice slurry was used for
final finishing.

e Operator’s variable which limits the standardization for
grinding and polishing. Manual grinding and polishing
is always difficult to standardize. However, in this
study same operator has done the grinding and polish-
ing, to reduce the variations to some extent.

¢ Different methods of evaluation were used.

e Most of the studies have compared autoglazed with
chair side polished. Only one study-compared auto-
glazed, reglazed and chairside polished surfaces.

Within the limited scope of the study, the study indi-
cated that the chair-side polishing can be an effective
alternative to reglazing in order to get similar surface finish
after clinical adjustments.

This study has assessed only surface roughness, so fur-
ther studies are required to assess other properties simul-
taneously, to confirm the efficacy of chair-side polishing.

Conclusion

The degree of success of any polishing technique for por-
celain is dependent upon having well-condensed porcelain,
because porosities in the porcelain cannot be eliminated.
With well-condensed porcelain, the surface achieved by
polishing can be as smooth as that of a glazed surface.
Therefore, within the limits of this study, the following
conclusions were drawn:

1. Polishing an adjusted porcelain surface with Shofu
polishing system along with the diamond paste and
pumice slurry, reduced the surface roughness signif-
icantly such that the difference in roughness between
the resulting polished surface and reglazed surface was
not significant.
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