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The increasing use of ceramic crowns and inlays in posterior teeth has highlighted the clinical 
difficulties involved in achieving a good surface finish after corrective grinding. In the present 
work several polishing systems and techniques were compared, initially using only one dental 
ceramic, Vita Mark I. The two systems that produced the best results were then further used 
for the polishing of several different dental ceramics, mainly newer types. The initial surface 
roughness and the surface condition attained after various polishing stages were evaluated by 
using a surface roughness analyzer. In the initial test series the S o b x  system and the Shofu 
Porcelain Laminate Polishing Kit produced the best results; they were therefore chosen for 
the second part of the investigation. In this the two polishing systems concerned produced a 
satisfactory surface finish in a clinically acceptable time for all the ceramics tested. The use 
of a diamond-containing polishing paste did not improve the surface smoothness obtained 
with the SofLex system but gave a more varied result for the Shofu system. 0 Computer- 
aided designlcomputer-aided manufacturing; dental polishing; dental porcelain; inlays 
Anna Karin Hulterstrom, Department of Denial Materials and Technology, Faculty of Odon- 
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The increasing patient demand for tooth- 
colored posterior restorations, together with 
the improved dental ceramic materials and 
techniques that have become available dur- 
ing the past decade, have resulted in the 
more frequent use of ceramic inlays, even for 
class-I- and -11-type restorations. Ceramic 
inlays, onlays, and crowns are in most cases 
still made by means of an indirect technique, 
but computer-aided desi n/computer-aided 
manufacturing (CADhAM) methods, 
which facilitate the direct chairside place- 
ment of ceramic restorations and thus are 
economically favorable, are now being used 
to an increasing extent. The degree of 
occlusal and proximal grinding adjustments 
of the ceramic material may vary in accord- 
ance with whether an indirect or a direct 
method for making the restoration is used. 
There is evidence indicating that there are 
commercially available polishing systems 
well adapted to produce a good finish to 
surfaces that can be polished outside the oral 
cavity-that is, mainly proximal and buccal 
surfaces (1-4). However, since the final 
occlusal adjustment of a ceramic restoration 
has to be made after cementation, there is 
always a need for a careful intraoral polishing 

of the material. Several studies on how to 
polish dental ceramics have been published 
(5-9), but there seems to be a lack of infor- 
mation about the efficacy of different pol- 
ishing systems and techniques for the newer 
types of dental ceramics. 

The purpose of this study therefore was 
to compare currently proposed or rec- 
ommended polishing systems and tech- 
niques, sort out the two best, and apply them 
to several ceramic materials in current use, 
to determine the capabilities of the systems. 

Materials and methods 
Eight specimen types of dental ceramics 
were investigated (Table 1). Initially, 39 Vita 
Mark I porcelain blocks designed for the 
Cerec (Siemens AG, Bensheim, Germany) 
technique were randomly divided into 13 
groups with 3 specimens in each group. All 
specimens were first subjected to an ultra- 
sonic bath (Bransonic B 221) for 30 min, 
using tap water. Their surfaces were then 
characterized by means of a surface rough- 
ness analyzer (Surtronic 3, Rank Taylor- 
Hobson, Leicester, England). Five parallel 
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Table 1. Ceramics tested 

1. Vita-dur, Vita Zahnfabrik, Sackingen, Germany. 
2. Dicor, Dentsply International Inc., York, Penna., 

USA (without glazing with shading porcelain). 
3. Dicor, Dentsply International Inc., York, Penna., 

USA (glazed with shading porcelain) 
4. Empress, Ivoclar AG, Schaan, Liechtenstein. 
5 .  Mirage, Myron International Inc., Kansas City, USA 

(unglazed). 
4. Cerec Vitablocs Mark I-porcelain, Vita Zahnfabrik, 

H. Rauter GmbH & Co KG, Sackingen, Germany. 
7. Cerec Vitablocs Mark 11-porcelain, Vita Zahnfabrik, 

H. Rauter GmbH & Co KG, Sackingen, Germany. 
8. Dicor-MGC Glass-Ceramic, Dentsply International 

Inc., York, Penna., USA. 

scans, 1.0mm apart, were made of each of 
the 39 specimens, using the parameter R,. 
The R, value gives an average roughness 
value for each specimen-that is, the average 
height of the profile above and below a cen- 
tral line. Each scan was repeated twice, giv- 
ing a total of 15 scans for each specimen. 
The cut-off value was set at 0.8 mm, with a 
traverse length of 4.5 mm and a measuring 
range of 0-9.99 pm. A standard pick-up was 
used. 

After the initial surface recording, all the 
Vita Mark I samples were ground with a 
40-pm diamond bur, followed by a 15-ym 
diamond bur, to simulate the surface con- 

Table 2. Polishing systems and materials used 
~ ~ ~~ ~~~ ~~ 

I. Shofu Porcelain Laminate Polishing Kit; Shofu 
Inc., Kyoto, Japan (Ceramist6 points: Standard, 
Ultra, and Ultra 11). 

11. 3M Sofhx discs; 3M Dental Products Division, 
St. Paul, Minn., USA (Coarse, Medium, Fine, 
and Superfine). 

111. Slurry of flour of pumice (average particle size, 
40 pn) + a slurry of flour of chalk (average par- 
ticle size, 1 pm) on rag wheels. 

IV. Shofu Brownie, Greenie, and Supergreenie mini- 
points; Shofu Inc., Kyoto, Japan. 

V. Identoflex Blueline rubber disc + Identoflex 
Diam-Supefinish felt polishing wheel; Identoflex, 
Buchs SG, Switzerland. 

VI. Cerapol Plus polishing points for ceramics; 
Edenta AG Dental Products, Au/SG, Switzer- 
land. 

VII. Shofu Ultra I1 Porcelain Polishing Paste; Shofu 
Inc., Kyoto, Japan. 

VIII. Mirage diamond paste; Chameleon Dental Prod- 
ucts, Inc., Kansas City, USA. 

dition after an intraoral corrective grinding 
of the occlusal surface. The different pol- 
ishing systems subsequently used are shown 
in Table 2. The choice of polishing systems 
also included a comparison between discs 
and points-that is, the SofLex (3M Dental 
Products Division, St. Paul, Minn., USA) 
system versus the Shofu Porcelain Laminate 
Polishing Kit (Shofu Inc., Kyoto, Japan). 
The 13 specimen groups were polished with 
different polishing systems and times 
(Table 3). 

After being polished, all specimens were 
cleaned in the ultrasonic bath for 30min, 
using tap water. Then new recordings of 
their surfaces were made, using the same 
technique as previously described. When the 
specimens had been surface-analyzed, 
groups 2-10 were polished with Shofu Ultra 
I1 Porcelain Polishing Paste, a diamond-con- 
taining paste (Shofu Inc.) on a Super-snap 

Table 3. Cerec Vita Mark I. Specimen groups classified 
in accordance with polishing method 

Group 1. 

Group 2. 

Group 3. 
Group 4. 

Group 5. 

Group 6. 
Group I .  

Group 8. 

Group 9. 
Group 10 

Group 11 

Slurry of flour of pumice -t a slurry of flour 
of chalk. Polishing time, 2 X 180 sec*. 
Shofu Porcelain Laminate Polishing Kit. Pol- 
ishing time, 3 X 120 sec'. 
3M SofLex. Polishing time, 4 X 120 sec*. 
Shofu Brownie, Greenie, Supergreenie. Pol- 
ishing time, 3 X 120 sec*. 
Shofu Porcelain Laminate Polishing Kit. Pol- 
ishing time, 3 x 60sec". 
3M SofLex. Polishing time, 4 x 60 sec*. 
Shofu Brownie, Greenie, Supergreenie. Pol- 
ishing time, 3 x 40 sec'. 
Shofu Porcelain Laminate Polishing Kit. Pol- 
ishing time, 3 x 30 sec*. 
3M SofLex. Polishing time, 4 X 30sec*. 
Shofu Brownie, Greenie, Supergreenie. Pol- 
ishing time, 3 x 30 sec*. 
Identoflex Blueline, the diamond paste-con- 
taining felt wheel used without water. Pol- 
ishing time, @', @*, 60 sec' + 60 sec* with 
the felt wheel. 

Group 12. Identoflex Blueline, the diamond paste-con- 
taining felt wheel used with water. Polishing 
time, 60*, 60'. 60sec' + 6Osec* with the 
felt wheel. 

Group 13. Cerapol Plus. Polishing time, 40*, W ,  
60 sec* . 

* 

The R. measurements were taken after every 40 sec 
for groups 11-13, with a total polishing time of 180 sec, 
before polishing with diamond paste/felt wheel. 

* Denotes surface roughness analysis. 



ACTA ODONTOL SCAND 51 (1993) 

Buff Disk (Shofu Inc.). The polishing times 
were 120 sec for groups 2-4,60 sec for groups 
5-7, and 30 sec for groups 8-10 (Table 3). 

The system used for groups 11-12 was 
advertised as a complete system needing no 
further polishing. Group 13 was polished 
with the Mirage diamond paste (Chameleon 
Dental Products, Inc., Kansas City, USA). 
After the polishing with diamond paste, fol- 
lowed by ultrasonic cleaning of the speci- 
mens, new surface roughness recordings 
were carried out in the same manner as pre- 
viously described. 

In the initial test series thus carried out 
the SofLex system and the Shofu Porcelain 
Laminate Polishing Kit proved to produce 
the best polishing results with regard to sur- 
face finish; they were therefore chosen for 
the second part of the investigation. 

After the initial surface recording the 
seven remaining types of dental ceramics, 
2 x 3 specimens of each type (nos. 1-5 and 
7-8, Table 1), were subjected to the same 
grinding and polishing procedures as speci- 
men groups 5 and 6 (Table 3). A polishing 
time of 60 sec was chosen as a clinically rel- 
evant time for producing an acceptable 
finish. The specimens were cleaned and ana- 
lyzed as previously described and then pol- 
ished with Shofu Ultra I1 Porcelain Polishing 
Paste and once again cleaned and analyzed. 
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Statistical methods 
Initial data from surface roughness 

measurements were tested, using analysis 
of variance and Student's t test. Repeated 
measures analysis and Student's t test were 
used in the second series. 

Results 
Fig. 1 shows the mean R, values for the 
initial test series on the Vita Mark I ceramic 
specimens before the use of the polishing 
paste. The SofLex system produced the best 
results (p  < 0.001) for all polishing times 
when no polishing paste was used. The Shofu 
Porcelain Laminate Polishing Kit was the 
next most effective system, but the result for 
the Brownie system came very close to it for 

2: T 

'30sec  ' 60sec ' 120sec ' 180sec 

Fig. I .  SurCace roughness (MV -+ SD) for thc dil'lcrent 
polishingsystems used o n  Vita Mark I specimens. hel'orc 
polishing with diamond paste or fell wheel. (0) 
Untreated: (a) Shofu Porcelain Laminate Polishing 
Kit; ((3) SofLex: (D) Brownie. Greenie. Supergreenie: 
(Q Identoilex Blueline; (H) Cerapol Plus; (m) pumlce. 
chalk. 

the polishing time of 30sec. The use of a 
diamond-containing polishing paste on the 
Vita Mark I specimens after the SofLex sys- 
tem had been used made no statistically 
significant difference except for the 120-sec 
polishing time, in which case it increased the 
surface roughness (p < 0.001). The use of a 
polishing paste after the Shofu system, on 
the other hand, significantly altered the sur- 
face for the better (p €0.01) for the 30- 
sec and 60-sec polishing times but made no 
statistically significant difference at the 120- 
sec polishing time. 

The one-component polishing systems, 
Blueline and Cerapol, were the least effec- 
tive of the systems tested and could even 
increase the surface roughness (Fig. 1). The 
Identoflex Diam felt wheel produced almost 
the same surface finish with and without 
water. 

Fig. 2 shows the mean R, values for the 
different dental ceramics polished with 
SofLex and the Shofu Porcelain Laminate 
Polishing Kit, respectively. Vita Mark I, 
Empress, and Dicor MGC showed the best 
results with regard to surface smoothness. 

A final polishing with a diamond-con- 
taining polishing paste after completed pol- 
ishing with the SofLex system produced no 
significant decrease in the R, values. The use 
of a diamond paste after the Shofu system 
produced more varied results with regard to 
surface roughness. 
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Fig. 2. Surface roughness (MV t SD) ohtained with thc Shofu and SolLex systems on the ceramics tested. (0) 
Untreated; (p~) Shofu. 60 sec; (0) Shofu + diamond paste: (W SofLex. 60 sec: (B) SofLex + diamond paste. 

Discussion 
Dental ceramics have good biocompatibility 
and often excellent esthetic qualities and, 
consequently, a multitude of applications. 
However, like all materials they have short- 
comings, and for ceramics this is mainly their 
brittleness and low tensile strength. In 
addition, the increasing use of ceramics for 
crowns and inlays in posterior teeth has high- 
lighted the clinical difficulties of achieving a 
good surface finish after corrective grinding. 

Apart from influencing the strength of cer- 
tain types of dental ceramics (1&14), a glaze 
has long been considered to give the best 
surface finish. However, experimental 
studies have shown that with proper choice 
of polishing methods a surface smoothness 
equal to that obtained by glazing can be 
achieved (15-20). Furthermore, certain den- 
tal ceramics available today are intended for 
use without any glazing. For example, inlays 
and onlays made of ceramic blocks manu- 
factured for the CAD-CAM technique are 

not glazed, but it must be possible to polish 
them, partly intraorally, to a satisfactory sur- 
face finish. 

Optimum finishing of the surface of a den- 
tal ceramic restoration after corrective grind- 
ing may limit plaque and stain accumulation 
(21-23) and reduce mechanical irritation of 
the surrounding soft tissue (24). In addition, 
it minimizes wear of both adjacent surfaces 
and opposing occlusal surfaces (25-27). 

Clinical evaluation of both directly and 
indirectly made inlays and onlays of dis- 
similar types of dental ceramic has shown 
that neither proximal dental plaque nor 
bleeding on probing occurs more often on 
surfaces restored with ceramics than on con- 
trol homologous surfaces (3,4,27). This 
finding suggests that the initial smoothness 
or, in the case of corrective grinding, the 
polishing of proximal surfaces is satisfactory. 
However, in two of these studies (3,4), using 
similar types of evaluation criteria, the most 
notable deviation from excellence was due 
to surface roughness, mainly with regard to 
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occlusal surface area of a dental restoration, 
somewhat shorter polishing times may be 
sufficient. 

Although the Vita Mark I1 is marketed as 
an improvement of Vita Mark I with regard 
to, among other things, polishability, such a 
claim is not supported by the results of the 
present study. 

Further, it is important to note that a final 
polishing with the fairly expensive diamond 
paste did not significantly improve the 
smoothness of the ceramic surface polished 
with the SofLex system. However, it could 
give a slight improvement when used after 
the Shofu system. The smoothness of the 
ceramic surface polished with both the 
SofLex and Shofu systems was already better 
than that of the glazed surface before any 
diamond paste was used. This additional step 
can therefore, in the light of the results of 
the present work, be omitted in intraoral 
polishing. 
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the occlusal parts of the restorations. This 
indicates that the time-consuming polishing 
after intraoral corrective grinding is not 
always properly carried out. 

Although several experimental studies 
(25,26,28-31) have shown the abrasive 
capacity of dental ceramics, the optimum 
degree of smoothness needed to avoid or 
minimize noticeable antagonist abrasion is 
not known. This is because not only material- 
related factors such as hardness, toughness, 
or microstructural variations but also indi- 
vidual patient-related factors will influence 
the degree of abrasion that occurs. However, 
on the basis of both theoretical consider- 
ations and general clinical experience, the 
aim should be to obtain a ceramic surface 
with a smoothness at least as fine as that of 
a glazed surface. Furthermore, it must be 
possible to do this in a convenient and clini- 
cally realistic manner. 

The different polishing systems used in the 
present study were chosen because they have 
been recommended as quick, efficient pol- 
ishing systems with a minimum of work 
stages (Table 2). Flour of pumice and flour 
of chalk were included as a means of com- 
parison with a well-tried laboratory tech- 
nique. 

After consideration of the publications by 
Leitio & Hegdahl (32) and Bessing & 
Wiktorsson (18) the surface roughness par- 
ameter R, was used in the present work 
to characterize the surface of the ceramic 
specimens after different polishing methods 
following a simulated corrective grinding 
with diamond burs. However, it should be 
noted that the R, values accounted for are 
valid only for the experimental conditions 
defined and cannot be directly compared 
with R, values from other studies. 

The results of the present work have 
shown that when polishing ceramic surfaces 
that have been adjusted by grinding with 
diamond burs of the commonly used types, 
among the systems tested the SofLex system 
and the Shofu Porcelain Laminate Polishing 
Kit produced the smoothest surfaces. The 
polishing time used-that is, 60 sec for each 
of the four and three steps, respectively, is 
clinically realistic. With regard to the surface 
area of the specimens compared with the 
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