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Effect of Different Finishing and Polishing
Agents on the Surface Roughness
of Cast Pure Titanium
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Purpose: The aim of this study was to evaluate the effect of finishing and polishing agents on surface
roughness of cast commercially pure titanium using scanning electron microscope (SEM) analysis.

Materials and Methods: A standardized square steel die measuring 10 × 10 mm with a thickness of
2 mm was machine cut. An impression of this die was used to create wax patterns for casting. Sixty
specimens were cast in commercially pure titanium. These were divided into three groups (A, B, and
C) of 20 specimens each. Group A specimens were polished with black, brown, and green rubber discs
followed by green polishing compound with buff. Group B specimens were polished with black, brown,
and green rubber cones, buffed with yellow polishing cake designed for gold alloy. Group C specimens
were polished with silicium carbide cones and buffed with orange polishing cake. Surface roughness of
the test specimens was measured in microns with a perthometer. Data were analyzed with ANOVA and
Tukey’s honest significant difference (HSD) multiple comparison tests among the different groups.
Qualitative analysis was done by SEM photomicrographs.

Results: Surface roughness values Ra for Groups A, B, and C were 0.68 µm, 0.78 µm, and
0.27 µm, respectively. SEM photomicrographs and the statistical analysis revealed that the finishing
and polishing were better with Group C test specimens with lower surface roughness values compared
with groups A and B. Tests showed that Group C was statistically smoother (p < 0.01).

Conclusion: Within the limitations of this study, surface roughness was less on cast CpTi specimens
that were finished and polished from the cutters designed specifically for titanium.
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IN RECENT years, titanium has drawn a
great deal of attention from researchers

in dental biomaterials. Titanium is extensively
used for implants and fixed and removable partial
dentures.1 The increased use of titanium is due in
part to the evolution of improved casting technolo-
gies.2,3 In addition, titanium has excellent physical
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and mechanical properties, making it the most
biologically compatible alloy.4-6

Studies on the surface roughness of titanium
castings have been done by many investigators,5,7,8

but most were concerned with variables other
than the conventional finishing and polishing tech-
niques. The art and science of abrasive finishing
and polishing are important aspects of clinically
successful restorations. The main advantage of
accurate finishing and polishing is to enhance
the esthetics and longevity of the restorations
by inhibiting plaque accumulation. Although the
literature is deficient with respect to studies con-
cerning the effect of finishing and polishing on
titanium, Aydin9 assessed the effect of finishing
and polishing on surface roughness of cobalt-
chromium castings. He reported that appropriate
smoothing techniques are fundamental for con-
touring. This may improve oral health, decrease
plaque retention, and increase alloy resistance to
corrosion. The shortcomings of a rough surface
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were demonstrated in an in vivo study by Quirynen
et al.10 They concluded that the surface rough-
ness of implant-supported prostheses significantly
increased the adhesion of supragingival bacterial
plaque, increasing the incidence of dental caries,
gingivitis, and periodontal disease.11-15

Finishing and polishing cast titanium are dif-
ficult procedures14-16 because of high chemical
reactivity, high strength, and low modulus of elas-
ticity. Finishing and polishing affect the mechan-
ical properties of the metal. The polished surface
of cast titanium increases resistance to corrosion
and governs fatigue strength.17,18 The poorer the
surface finish and polish, the lower the fatigue
strength.

Hirata et al19 used five dental abrasives, in-
cluding carborundum points and silicon points, to
evaluate polishing of titanium and Ag-Pd-Cu-Au
alloys. They concluded that titanium was much
more difficult to polish and that development of
new abrasives for polishing titanium was required.
A study on the grinding of titanium conducted
by Miyakawa et al20,21 reported that high-speed
grinding results in both chemical wear of abra-
sives, grit, burn, discoloration, and contamination
of the surface. The use of different abrasives can
affect the surface of the titanium. Due to the
difference in physical and chemical properties of
titanium, the surface finish and polish obtained
by using a finishing and polishing kit designed
for gold alloys may result in a different quality of
titanium surface. Therefore, the main objective
of this study was to evaluate the surface rough-
ness (using a perthometer and scanning electron
micrograph [SEM] analysis) of cast commercially
pure titanium after finishing and polishing with
different materials.

Table 1. Finishing and Polishing Materials Used for Group A, B, and C Specimens

Number of
Test Group Specimens Finishing Materials Polishing Materials

A 20 Tungsten carbide trimmer (KOMET
Brasseler, Hanau, Germany), brown
stone point (Dentaurum, Ispringen,
Germany)

Black, brown, and green rubber polishing
discs followed by green polishing
compound with buff

B 20 Green stone point (Dentaurum,
Ispringen, Germany)

Gold polishing rubber cones (Shofu Co.,
Kyoto, Japan), yellow polishing cake
with buff (Degussa, Hanau, Germany)

C 20 Tungsten carbide trimmer coated with
titanium nitride and SiC sandpapering
cones (Titec, Orotig, Verona, Italy)

Orange polishing cake with buff (Titec,
Orotig, Verona, Italy)

Materials and Methods

A standardized square steel die measuring 10 × 10
mm with a thickness of 2 mm was machine cut. This
was duplicated in putty to make an index. Standard-
ized square wax patterns were made by pouring the
inlay wax into the putty index. A total of 60 speci-
mens were cast in a semiautomatic titanium-casting
machine (Titec F210M, Orotig, Verona, Italy) accord-
ing to the manufacturer’s instructions. The cast spec-
imens were carefully cleaned using airborne-particle
abrasion with aluminum oxide (50 µm) for 15 seconds
to remove investment residues. The specimens were
divided into three groups of 20 each. All groups were
treated with different finishing and polishing materials
(Table 1). Group A specimens were finished using the
tungsten carbide trimmer (KOMET Brasseler, Bremen,
Germany) and brown stone point (Dentaurum, Isprin-
gen, Germany). Finishing was done with a hand piece
(Kavo Gmbh, Biberach, Germany), speed ranging from
15,000 to 20,000 rpm. A clinically acceptable surface
finish was obtained. After finishing, each specimen was
ultrasonically cleaned in acetone and mounted onto
a stub using silver nitrate. The mounted specimens
were subjected to SEM analysis. Further, the same
test specimens were polished with black, brown, and
green rubber polishing discs according to the order of
fineness and buffed with green polishing compound.
During polishing, the hand piece speed ranged from
2000 to 5000 rpm. The movement of the disc was
unidirectional and held parallel to the specimen in
the horizontal plane. Again, SEM analysis was carried
out after polishing. Similarly, the same protocol was
followed for Groups B and C using the finishing ele-
ments listed in Table 1. A methodology was followed
in which each instrument or abrasive was used until
its work had been completed before the next one was
begun.

Surface roughness (in microns) was measured using
a surface-analyzing instrument called a perthometer
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Table 2. Mean, SD, Minimum and Maximum Values of Ra, Rz, and Rmax in Microns

Test Specimen Groups
(n = 60) Mean SD Minimum Maximum

Group A Ra 0.6810 0.09814 0.5300 0.8300
Group A Rz 3.361 0.1027 3.190 3.540
Group A Rmax 5.157 0.1809 4.690 5.470
Group B Ra 0.7830 0.0758 0.6600 0.9100
Group B Rz 3.705 0.0876 3.540 3.850
Group B Rmax 6.618 0.0968 6.420 6.750
Group C Ra 0.2775 0.09284 0.0900 0.4600
Group C Rz 1.408 0.1617 0.8100 1.580
Group C Rmax 1.916 0.1119 1.640 2.190

(Mahr-Perten GmbH, Hannover, Germany). It gives
an expression of an average surface roughness (Ra),
average peak to valley height (Rz), and maximum depth
of surface roughness (Rmax). The center point of each
specimen was subjected to perthometer analysis for
surface evaluation. The data were statistically analyzed
for differences among the three finishing and polishing
materials. One-way variance of analysis (ANOVA) and
Tukey’s honest significant difference (HSD) multiple
comparison tests were performed by statistical package
software (SPSS for Windows version 10, SPSS Inc.,
Chicago, IL). The significance level was set at α = 0.01.
Test specimens examined by scanning electron micro-
scope were photographed at ×1000 magnification.

Results
Mean and SD for surface roughness values for each
group tested are provided in Table 2. ANOVA
revealed a significant difference between groups
for average surface roughness (Ra), peak-to-valley
height (Rz), and maximum depth (Rmax) (Table 3).
Tukey’s HSD post hoc comparison test results
between groups are listed in Table 4.

Table 3. One-way ANOVA of Ra, Rz, Rmax

Source Degree of Freedom Sum of Squares Mean Square F-Ratio P-Value Significance

Analysis of variance of average surface roughness (Ra)

Between groups 2 2.8583 1.4292 178.5760 <0.01 S
Within groups (error) 57 0.4562 0.0080
Total 59 3.3145

Analysis of variance of peak-to-valley height (Rz)

Between groups 2 61.3634 30.6817 2081.203 <0.01 S
Within groups (error) 57 0.8403 0.0147
Total 59 62.2037

Analysis of variance of maximum depth of surface roughness (Rmax)

Between groups 2 231.5846 115.7923 6358.352 <0.01 S
Within groups (error) 57 1.0380 0.0182
Total 59 232.6226

Scanning electron photomicrographs of the
specimens after finishing are shown in Figure 1.
The SEM images further substantiate the results
obtained from statistical analysis of the data.
Figure 2 shows the SEM photographs for speci-
mens after polishing. The specimens of group C
appeared to have a smoother surface than the
other groups.

Discussion
Enormous research efforts for the development
of titanium casting technology for dental applica-
tions have culminated in a level of technology that
has almost overcome many difficult aspects of pro-
ducing titanium frameworks by casting; however,
the number of studies concerning the techniques
of conventional finishing and polishing of titanium
are limited. It is even more difficult to finish and
polish Cp titanium than titanium alloy.22 There
are many finishing and polishing instruments rou-
tinely available in dental laboratories designed to
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Table 4. Tukey’s HSD Multiple Comparison Test Results of Ra, Rz, and Rmax

Group A B C

Comparison of mean values of Ra in Groups A, B, and C

Mean 0.6810 0.7830 0.2775
A — — —
B <0.01, S — —
C <0.01, S <0.01, S —

Comparison of mean values of Rz in Groups A, B, and C

Mean 3.3605 3.7045 1.4080
A — — —
B <0.01, S — —
C <0.01, S <0.01, S —

Comparison of mean values of Rmax in Groups A, B, and C

Mean 5.1565 6.6180 1.9165
A — — —
B <0.01, S — —
C <0.01, S <0.01, S —

finish other metals. The operator is tempted to
use the same for titanium.

The literature23-26 suggests that many finishing
and polishing agents have been used for titanium.
In this study, conventional polishing products were
compared with products designed specifically for
polishing titanium. Since titanium has a low ther-
mal conductivity, the grinding temperature in-
fluencing titanium abrasive reaction should be
kept from rising. The overheating of this metal
may cause consequent allotropic transformation
from α phase to the β phase at 882◦C. The
material becomes brittle and extremely hard.
Therefore, for the efficient finishing and polish-
ing of a cast titanium surface, low rotational
speed and light forces are recommended with the
inhibition of titanium abrasive reaction. There
has been the perception that the existence of
the α-case on the cast titanium makes the fin-
ishing processes very laborious compared with
other dental casting alloys. This may prevent
the operator from obtaining a smooth, shiny sur-
face finish in this metal. Titanium nitride-coated
tungsten carbide cutters and silicium carbide
wheels or cones are better choices for finish-
ing of titanium surfaces.23,27 The cutters should
have cross-edged shapes that are unlikely to be
adhesive.

Rimondini et al28 used three polishing groups
and then evaluated the surface roughness using
laser profilometer. They concluded that titanium
surface with Ra < 0.088 µm and Rz ≤ 1.027 µm
strongly inhibits the accumulation of plaque. In

this study, Group C specimens’ average surface
roughness Ra was 0.2777 µm, and average peak-to-
valley Rz = 1.408 µm. The slight differences in sur-
face roughness in this study may be attributed to
the accuracy of the perthometer used for the eval-
uation. The statistically significant results in this
study may be because of the difference in instru-
mentation of Groups A, B, and C. Geis Gerstorfer
et al29 carried out a study on finishing of cast tita-
nium crowns and bridges. The surface roughness
of cast titanium was compared with a precious al-
loy (Au-Ag-Cu), two Pd-based alloys (Pd-Ag-Sn-In,
Pd-Sn-Ga-Cu), and two base metal alloys (Ni-Cr-
Mo, Co-Cr-Mo). Profilometer measurements were
done after polishing with six polishing pastes. The
results revealed that the surface roughness was
greater with the titanium surface, indicating the
need for a specific finishing and polishing kit for
titanium.

The scanning electron micrographs in this
study closely support the findings of the statis-
tical analysis. The best surface finish and polish
were produced in Group C specimens, which were
finished and polished with a specific titanium fin-
ishing and polishing kit supplied by the titanium
manufacturer.

A limitation of this study is that the speci-
mens were finished without measuring the time
spent for each specimen. This might cause loss of
mass after finishing and polishing, consequently
weakening the specimen structure due to finishing
and polishing; this may be of interest to other
researchers.
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Figure 1. Scanning electron photomicrographs of
Groups A through C specimens after finishing (original
magnification ×1000). (A) Surface of specimen finished
using Group A instrumentation. (B) Surface of specimen
finished using Group B instrumentation. (C) Surface of
specimen finished using Group C instrumentation.

Conclusion
The effect of finishing and polishing agents on sur-
face roughness of cast CpTi was evaluated using
a perthometer. Perthometer evaluation showed
that Group C specimens gave a statistically

Figure 2. Scanning electron photomicrographs of
Groups A through C specimens after polishing (original
magnification ×1000). (A) Surface of specimen polished
using group A instrumentation. (B) Surface of specimen
polished using Group B instrumentation. (C) Surface of
specimen polished using Group C instrumentation.

smoother finish and polish when compared with
Groups A and B. The scanning electron photomi-
crographs of the specimens further substantiate
the results obtained from statistical analysis of the
data.
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