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ABSTRACT

Objectives: The aim of this study was to evaluate the effect of both the same polishing method and those with and
without thermal aging on the surface roughness of conventional, CAD/CAM milling and 3D printing denture base
materials.

Materials and Methods: A total of 30 round shaped specimens were obtained by 3 different methods: Conventional,
CAD/CAM milling and 3D printing. After applying the same polishing technique to all groups, surface roughness values
were measured. Profilometer device was used for surface roughness measurement. Then, after the thermal aging of
all samples, surface roughness values were measured and the roughness values between no-thermocycling and
thermocycling were compared. Tukey, Mann Whitney U and Kruskal Wallis tests were used statistically. P values of
< 0.05 were considered significant.

Results: As a result of the same polishing process, there was a difference in surface roughness in all groups. While
the highest surface roughness values were seen in 3D printing, the lowest roughness value was seen in the CAD/CAM
milling and was statistically significant. Thermocycling did not show a statistically significant difference in surface
roughness.

Conclusions: The same polishing process caused different surface roughness values in the denture base materials
obtained with different methods, and the lowest surface roughness value was seen in the CAD/CAM milling.
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Amag: Bu cgalismanin amaci, hem ayni cilalama yonteminin ve hem de termal yaslandirma islemi yapilan ve
yapilmayanlarin geleneksel, CAD/CAM kazima ve 3D baskili protez kaide materyallerinde ylzey pirizliligine olan
etkisini degerlendirmektir.

Gereg ve Yontemler: Konvansiyonel, CAD/CAM kazima ve 3D baskili olmak tzere 3 farkl yéntemle toplam 30 adet
yuvarlak numune elde edildi. Tim gruplara ayni sekilde polisaj teknigi uygulandiktan sonra yiizey purizlilik degerleri
olglldu. Yuzey purazlilik olgimu icin profilometre cihazi kullanildi. Daha sonra tiim 6rneklere temal yaslandirma
yapildiktan sonra yuzey puruzlilik degerlerinin 6lgimi yapildi ve termal islem yapilmamis ve termal islem yapilmis
drnekler arasindaki pirizliliik degerleri karsilastirildi. istatistiksel olarak Tukey, Mann Whitney U ve Kruskal Wallis
testleri kullanildi. < 0,05 olan p degerleri anlaml kabul edildi.

Bulgular: Ayni polisaj islemi sonucunda tim gruplarda ylzey purizliliklerinde farkhhk goruldu. En yiiksek ylzey
puruzlulik degerleri 3D baskida gériliirken, en diistik puriizlulik degeri CAD/CAM kazimada gérildi ve istatistiksel
olarak anlamli bulundu. Termal siklus, yiizey pirizluligiunde istatistiksel olarak anlaml bir fark géstermedi.
Sonuglar: Ayni polisaj islemi farkli yontemlerle elde edilen protez kaide malzemelerinde farkh yizey purtzltluk
degerlerine neden olmus ve en dusik ylizey puruzlilik degeri CAD/CAM kazimada gorulmustur.

Anahtar Kelimeler: Protez Kaide Malzemesi, CAD/CAM Kazima, 3D Baski, Parlatma, Yuizey PurizIGlGga.

https://orcid.org/0000-0001-8119-8845 * (&) tugut78@hotmail.com https://orcid.org/0000-0002-6323-407X

How to Cite: Demirkol D, Tugut F. (2023) Comparison of the Effect of the Same Polishing Method on the Surface Roughness of Conventional, CAD/CAM Milling
and 3D Printing Denture Base Materials, Cumhuriyet Dental Journal, 26(3):281-286.

281


http://cdj.cumhuriyet.edu.tr/
https://orcid.org/0000-0003-0817-2803
https://orcid.org/0000-0003-0817-2803
https://orcid.org/0000-0003-1518-4159
https://orcid.org/0000-0003-1518-4159
http://creativecommons.org/licenses/by-nc/4.0/

Durukan and Tugut / Cumhuriyet Dental Journal, 26(3): 281-286, 2023

Introduction

Polymethyl methacrylate (PMMA) is the most widely
used denture base material (DBM). It is still the main material
used because of acceptable aesthetic results, ease of use and
manipulation, non-toxicity, ease of repair and polishing.
Despite its many advantages, PMMA resin has low flexural
strength and low flexibility, so different methods and
materials suitable for these methods have been
developed.*? With the advancement of technology,
computer-aided design and computer-aided manufacturing
(CAD/CAM) systems have started to take their place in the
field of dentistry. Prostheses produced with CAD/CAM have
many clinical advantages such as eliminating laboratory
steps, saving time, eliminating traditional impression
methods, minimizing the possibility of cross contamination,
and making prosthesis in a single session compared to
conventionally produced prostheses.3* CAD software is used
to design the prosthesis. The design is transferred to the CAM
program and produced. There are two types of CAD/CAM
production. One of them is subtractive (milling) and the other
is additive (printing).> The base resin produced with both
CAD/CAM and 3D printing produces a more accurate denture
base than the base resin produced with the conventional
technique.®

Surface roughness is defined as small irregularities that
affect surface wetting, adhesion quality and shine quality.
The surface roughness of the DBM is an important factor that
directly or indirectly affects the microbial plagque formation
and bacterial adhesion on the tissue surfaces of the
prosthesis. Rough surfaces cause bad breath and are more
vulnerable to discoloration than smooth surfaces. The
roughness of the DBM is affected by the structural feature of
the material, the polishing method and oral hygiene.>®”

According to ISO 4287 standards, surface roughness
symbol 'Ra' unitis determined as 'um'. Studies have indicated
that a roughness of 0.2 um can be obtained with finishing and
polishing processes in laboratories. For this reason, it is
imperative to finish and polish the prosthesis in order to
minimize the surface roughness of the prosthesis surfaces.”®

Evaluation of physical and mechanical properties is
essential in determining the durability and success of these
materials. For this reason, thermal cycling is used in
laboratory studies to imitate the oral environment by
changing the temperature.5°°

The purpose of this study was to evaluate the effect of
the same polishing method on the surface roughness of
DBMs manufactured by conventional, CAD/CAM milling and
3D printing before and after thermocycling. The null
hypotheses were that the same polishing technique would
not effect on surface roughness of the conventional,
CAD/CAM milled and 3D-printing DBM, that thermocycling
would affect the surface roughness.

Material and Methods

In this study, the surface roughness of the DBMs
manufactured by conventional, CAD/CAM milling and 3D
printing was evaluated with no-thermocycling (NT) and
thermocycling (T). In addition, the effect of the same polishing
method on the surface roughness was also evaluated.
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In the study, DBMs manufactured by 3 different methods
were used: Heat cured acrylic resin (Meliodent, Kulzer,
Germany) in the conventional method, prepolymerized pink
acrylic block (Yamahachi, Yamahachi Dental Mfg, Japan) in
the CAD/CAM milling method and fluid resin (MACK4D,
Dentona, Germany) in the 3D Printed method. In order to
evaluate the surface roughness measurement in the study, a
total of 30 samples were prepared (n=10), in the form of discs
with a diameter of 20 mm and a thickness of 2 mm (Figurel).

Metal molds were used to obtain the samples with the
conventional method. First, samples were obtained by dripping
wax into these molds. After the samples were muffled, negative
spaces were formed by melting them. Then, heat polymerized
acrylic resin (Meliodent, Kulzer, Germany) was prepared and
polymerized according to the manufacturer's instructions. The
muffle was placed in boiling water for the polymerization
process. After the heat source was turned off, the muffle was
kept in hot water for 15 minutes. Then the heat source was
turned on again and the water was boiled for 20 minutes. Then
It was allowed to cool slowly.

For the samples to be obtained by the CAD/CAM method, at
first the design was made in the form of a disc (20mm diameter,
2mm thickness) in the CAD program (Solid Works 2022, Dassault
Systemes S.A, service pack 5.0, France). After the design file was
transferred to the CAM device (Redon Hybrid Full, istanbul,
Turkey), the samples were obtained by milling.

For the samples to be obtained with a 3D-Printer, at first
a disc-shaped sample was designed with AutoCAD software
(Autodesk, USA). The samples was created using a 3D printer
(Free Shape 120 Printer, Ackuretta, China) and MACK4D resin
(Dentona, Germany). After the samples were obtained, they
were cleaned by keeping them in isopropyl alcohol for 5
minutes in an ultrasonic cleaner (Ackuretta Cleaning Kit,
Taiwan). Then, final curing was performed in a UV light curing
device (Ackuretta UV Oven, Taiwan) with a wavelength of
405 nm for 3 minutes.

After all samples were obtained, the excess was trimmed
with a tungsten carbid bur. Then, one surface of the samples
was sanded by one operator with 100, 120, 400, 600 grit
abrasive paper (Atlas, England) respectively for 30 seconds
under water. The specimens were then ultrasonically
cleaned for 5 minutes to remove debris. Polishing paste
(Universal Polishing; Ivoclar Vivadent) was applied for 90
seconds with a felt attached to the polishing motor (Schiitz
Dental, Germany) on one surface of the prepared samples.
After each polishing, the sample was washed ultrasonically
for 5 minutes and the residual polishing pastes were
removed. After all samples were kept in distilled water at 37
+ 1°C for 48 £ 2 hours, surface roughness measurements of
the polished surfaces were made. Profilometer device
(Mitutoyo/Kawasaki, Japan) was used to obtain the
measurement values (Figure 2). While making the
measurements, measurements were made from three
different points of the sample surfaces and the surface
roughness value (Ra) was obtained by taking the average. All
samples for which initial measurements were made were
thermocycled for 5000 cycles with a dwell time of 30 seconds
in water at 5°C and 55°C (Gokgeler Machinery, Turkey). After
the thermal aging process, measurements were made from
three different points by using a profilometer device for the
final measurement values of all samples and Ra values were
obtained by taking the average. The surfaces of the NTand T
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samples were examined under a scanning electron
microscope (SEM) (Tescan MIRA3 XMU, Brno-Kohoutovice,
Czech Republic) (x5000 magnification).

The obtained data were analyzed with statistical software
(IBM SPSS Statistics, v22.0; IBM Corp). Analysis of variance
was performed when parametric test assumptions were
fulfilled in the evaluation of the data. As a result, Tukey test
was used to find the groups that made a difference when the
significance decision was made, and the Mann Whitney U
test was used to find the groups that made a difference as a
result of the Kruskal Wallis test when the parametric test
assumptions could not be fulfilled (p=0.05).

Results

The mean surface roughness and standard deviation
values of the samples in the study are shown in Table 1.

The roughness values of same polishing on the CAD/CAM
milling were significantly lower than 3D printing and
Conventional in NT (p=0.024) and T (p=0.044). While the
lowest surface roughness values were found in CAD/CAM
milling after same polishing, the highest value was found
in 3D-Printing. There is no statistically significant
difference in surface roughness each groups between NT
and T. However, when the values are examined, a
decrease in surface roughness was observed after the
thermocycling in other groups except for CAD/CAM
milling. It was observed that the surface roughness values
in all groups had a statistically significant affected by same
polishing, while it was not affected by the thermocycling.
The SEM images from all groups with NT and T after same
polishing are showed in Figures 3,4,5.

Figure 1: Samples obtained by different methods; a: CAD/CAM milling, b: 3D Printing, c: Conventional.

Figure 2: Profilometer device and surface roughness measurement.

Table 1. Surface roughness values (um) of all groups no-thermocycling and thermocycling

No-thermocycling

Thermocycling

Groups X£5d(pm) X£Sd(um)
t=1.13

. e a + C
Conventional 0.32+0.10 0.30+0.05 p=0.282
t=1.16

. +0 gab +0.04¢4
CAD/CAM Milled 0.24+0.6 0.25%0.04 p=0.276
t=0.51

. + b + @
3D Printing 0.35+0.12 0.32+0.09 p=0.617

F=4.22 F=3.79
p=0.024* p=0.044*

*The difference between the means shown with the same lowercase letter in the vertical direction is statistically significant (p<0.05)
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Figure 3: Image of surface properties of samples obtained by Conventional at x5000 magnification under SEM. A:
No-thermocycling, B: Thermocycling.

Figure 4: Image of surface properties of samples obtained by CAD/CAM milling at x5000 magnification under SEM. A:
No-thermocycling, B: Thermocycling.
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Figure 5: Image of surface properties of samples obtained by 3D printing at x5000 magnification under SEM. A: No-
thermocycling, B: Thermocycling.
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Discussion

The effect of both the same polishing method on the
denture materials produced by conventional, CAD/CAM
milling and 3D printing and the thermocycling on the
surface roughness were evaluated. The null hypotheses,
that no difference would be found in the surface rougness
of the Conventional, CAD/CAM milled and 3D printing
resins, that thermocycling would affect the surface
roughness, and that same polishing would not affect the
surface roughness, were rejected.

The surface roughness of the materials is very
important since the base materials are related to the oral
tissues.! The surface roughness of DBMs is an inherent
physical property that varies depending on the person's
dexterity, polishing method and the structure of the
material.>*2 Polishing increases the smoothness of acrylic
resins. Polishing protocols must be chosen correctly to
avoid high roughness protocols. If the current protocol
does not affect the Ra values after polishing, this indicates
that the polishing protocol is not suitable for each type of
denture base.? For this reason, in study, we aimed to see
how the same polishing technique would affect the base
materials obtained by different methods.

In the study, while 3D printing showed a high Ra value,
smoother surface in CAD/CAM milling was similar to Helal
et al.* and Gad et al.*” studies. The increase in roughness
in 3D printing may be due to decreased polymerization
degree and monomer leakage and increased porosity.®
3D printing produces progressive edges between layers in
addition to layered printing.16-18

In the study of Murat et al.'® comparing the surface
roughness values of the base materials obtained by the
CAD/CAM milling method and the heat polymerized
method, the Ra values were measured after applying the
thermal aging process to the samples. In the results
obtained, it was seen that the CAD/CAM milling method
showed lower values than heat-polymerized acrylic resins.
In the study of Al-Fouzan et al.?°, they found that the
samples produced by the CAD/CAM milling method
showed less surface roughness than conventional heat-
polymerized acrylics. It is similar to the results of the
above studies.

Freitas et al.?' In the study in which the surface
roughness values of the base materials produced by heat
polymerized, CAD/CAM milling and 3D printing methods
were examined, they concluded that the samples
produced by the 3D printing method had the highest
surface roughness value. In the study by Fiore et al.3, heat
cured acrylic resin, CAD/CAM milling method and 3D
printing method were compared and stated that
CAD/CAM had the lowest roughness. Meirowitz et al.??
also stated in their study that CAD/CAM milling had the
lowest roughness value. The above studies show
parallelism with our study. In our study, CAD/CAM
samples showing lower Ra values compared to other
groups were confirmed in the images at x5000
magnification under SEM (Figure 3,4,5).

In the study, it was determined that the thermal cycle
increased the surface roughness in CAD/CAM milling, but
no significant result was obtained, and although it
decreased in conventional and 3D printing, there was no
significant difference. Gad et al.® interlayer thicknesses
may vary in 3D printing due to temperature changes and
changes in water absorption during the thermal cycle. The
thickness of each layer indicates that it has a great
influence on the surface roughness. however, reducing
the layer thickness reduces the surface roughness but
increases the machining time.?*2* We can also say that the
polishing method used can make a difference in
roughness.

Limitations of the study include that the in vitro
situation does not fully reflect the clinical situation. In
addition, polishing by the operator may affect the
roughness. The denture base materials obtained by
different methods have different properties and a single
polishing method should not be seen as a definitive result.
Different polishing methods should also be tried and
compared.

Conclusions

Based on the findings of this in vitro study, the
following conclusions were drawn:

1. CAD-CAM milled showed lower surface roughness
than conventional and 3D-printing denture base
specimens both before and after thermocycling.

2. Thermocycling did not cause a statistically significant
effect on surface roughness.

After the same polishing applied, the lowest surface
roughness was seen in the CAD/CAM milled, while the
highest value was seen in 3D Printing.
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