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ABSTRACT

Background: Polymer surfaces usually present problems in bonding and finishing due to their low hydrophilicity. The aim of this
study is to investigate the effect of plasma treatment with the use of two types of gases (oxygen and argon) on surface roughness,
and chemical surface properties of acrylic resin denture base polymer material.

Materials and Methods: Three heat cured acrylic resin specimens of (2*8*30 mm) dimensions were prepared for each test carried
out in this study. Two tests were conducted, surface roughness test and chemical surface analysis test.

Results: Application of plasma treatment increased surface roughness for both oxygen and argon plasma treated acrylic resin
specimen groups compared with control untreated group, with a highly significant difference (P <0.01) among groups. FTIR
chemical analysis for oxygen plasma treated acrylic resin specimen group showed a spectrum with a broad peak, which represents
the hydroxyl group (-OH). This was an important chemical change that increased the hydrophilicity as compared with FTIR
spectrums of control and argon plasma treated acrylic resin groups which exhibited relatively the same peaks with mild chemical
changes.

Conclusion: Application of oxygen and argon plasma treatment represents an effective surface treatment method for increasing
the surface roughness of acrylic resin denture base polymer material. Oxygen plasma treatment can activate the treated surface
towards further chemical reactions, and increase the hydrophilicity of the acrylic resin denture base polymer material.
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INTRODUCTION Three heat cured acrylic resin (PMMA) specimens
Since the 1940s, Acrylic resins are the most polymer were prepared for each test done in this study. The
materials that are used to fabricate denture base in specimen dimensions were 2x8x30 mm. These
dentistry. Poly (methyl methacrylate) resin is the specimens were prepared from SR Triplex hot, heat-
most common resin that is used in dentistry.® cured acrylic denture base material (Ivoclar
Polymer surfaces usually present problems in Vivadent, Germany). For each test done in this study,
bonding and finishing due to their low the specimens were grouped as control/plasma
hydrophilicity.® Schemes to modify PMMA untreated, oxygen plasma treated and argon plasma
surfaces fall in two basic categories: photophysical treated acrylic resin specimens groups. In this study
and photochemical methods, such as laser alteration the application of the two types of gases (oxygen and
or UV irradiation in air, and “wet” chemical argon gases) were done with the use of the plasma
modifications. Other chemical modification schemes apparatus with parameters: 800 V, 75 mA, power 60
involve plasma treatment of PMMA to activate the W, with 2 minutes exposure time.
surface toward further reactions.® Many different Surface Roughness Test
types of gas-plasmas have been cited in the literature Three specimens of heat-cured acrylic resin denture
including air, oxygen, UV-ozone, H.0O, ammonia, base material (lvoclar Vivadent) were prepared
and argon for modification of polymer surfaces. 10 according to the manufacturer’s instructions.
Several studies were conducted regarding the use of Immediately after preparation, the surface roughness
plasma treatment for acrylic denture base for the control specimen group was measured. The
materials.®1-13) The present study aims to investigate other two specimens were measured after oxygen
the effect of plasma treatment on some surface and argon plasma treatment. The surface roughness
characteristics of acrylic resin polymer material. for each specimen was measured in 5 areas by the
use of the surface roughness tester.
MATERIALS AND METHODS Chemical Surface Analysis (FTIR Analysis)

With a view to understanding the surface-chemical

changes of acrylic denture base material (PMMA)

— _ after the application of oxygen and argon plasma

(1) M.Sc,, Ministry of Health and Environment. treatment, the chemical changes which appeared on
(2) Professor, Department of Prosthodontics Dentistry, College of !

Dentistry, University of Baghdad. the surface of the untreated and plasma treated

Corresponding author, shaimahasan76@gmail.com acrylic (PMMA) specimens were investigated using

FTIR analyzer (Fourier Transform Infrared

Spectrophotometer, SHIMADZU, FTIR-8400S).
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FTIR spectra of each control, oxygen plasma treated
and argon plasma treated specimens were obtained
by placing the disk to be analyzed on a specified
position inside the FTIR analyzer.

RESULTS

Surface roughness test

Results about the effect of plasma treatment on
surface roughness of acrylic resin polymer
specimens for the three groups (control, oxygen and
argon plasma treated specimens) revealed an
increase in the mean values of average surface
roughness (Ra) after the application of plasma
treatment (oxygen and argon plasma treatments)
compared with the control group (without plasma
treatment) for the acrylic polymer specimens, as
shown in figure 1 and tables land 2.
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Table 2: LSD between groups of acrylic polymer with
different types of surface treatment.

p_

Type of surface treatment Sig.
value

Control vs. Oxygen plasma 0216 NS

treatment

Control vs. Argon plasma 0011 S

treatment

Oxygen plasma treatment vs. 0.027 S

Argon plasma treatment

m surface roughness mean values(um)

1.4
1.2 A

0.8 -
0.6 -
0.4 -

0 . . i
control 02 plasma  Ar plasma
treatment  treatment

Figure 1: A Polygon illustrating the mean values of
surface roughness (#m) for the control, oxygen and
argon plasma treated acrylic resin polymer specimens.

Table 1: ANOVA test among acrylic polymer groups
with different types of surface treatment.

Source D.F SS MS F p-
value

Factor 2 0.6019 0.3009 9.82 0.002
Error 15 0.4599 0.0307
Total 17 1.0618

P<0.05 significant
P>0.05 non-significant
P<0.01 highly significant

P<0.05 significant
P>0.05 non-significant

Chemical surface analysis (FTIR analysis)
Results of FTIR analysis for 3 groups (control,
oxygen and argon plasma treated acrylic resin
polymer specimens) are shown in figures 2, 3 and 4,
respectively.
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Figure 2: FTIR analysis of the control acrylic polymer
specimen.
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Figure 3: FTIR analysis of oxygen plasma treated acrylic
polymer specimen.
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Figure 4: FTIR analysis of argon plasma treated acrylic
polymer specimen.

DISCUSSION

Effect of application of the oxygen and argon
plasma treatment on surface roughness.

The results obtained in this study regarding the effect
of application of the oxygen and argon plasma
treatment on surface roughness of acrylic polymer
specimens for the three groups (control, oxygen and
argon plasma treated specimens) revealed that there
was an increase in the mean values of average
surface roughness (Ra) after the oxygen and argon
plasma treatment as compared with the control
group. Treatments with oxygen and argon gases
(plasma modification processes) generate new
chemical species on the surface of PMMA due to the
chemical reactions and physical sputtering (such as
with Ar plasma) with active gas-phase species.
Argon and oxygen plasmas have also been shown to
participate in surface sputtering in addition to
modification, resulting in the physical removal of
material from the surface.1¥ Oxygen plasma
treatment usually creates microroughness on the
treated surface due to an etching effect.(

Effect of application of oxygen and argon plasma
treatment on chemical surface analysis (FTIR
analysis)

In the present study, FTIR spectrum for oxygen
plasma treated acrylic (PMMA\) specimen exhibited
a surface rich in oxygen-containing groups (C-O-C,
-OH, C=0), in addition to carbon-containing groups
(CH aliphatic group) and (C=C). The broad peak
represents the hydroxyl group (-OH) which appeared
in FTIR spectrum for the oxygen plasma treated
group was an important chemical change which
increased the hydrophilicity for the oxygen plasma
treated acrylic (PMMA) specimen. The hydroxyl
functional group (-OH) is an important species
because of its high chemical reactivity with respect
to surface esters and it also increases hydrophilicity.
(16) Also the other functional groups such as oxygen-
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containing groups and carbon-containing groups
have induced and activated the oxygen plasma
treated surface toward further chemical reactions, so
the surface might be oxidized (generating new
chemical groups), and/or degraded as a result of an

etching effect (chemical removal of surface
material). FTIR spectrums for control and argon
plasma treated groups exhibited relatively the same
peaks with no appearance of the hydroxyl (-OH)
group in FTIR spectrum for argon plasma treated
group, which indicated that treatment with argon gas
in the present study might induce little chemical
changes on the surface of the argon plasma treated
acrylic (PMMA) specimen.

CONCLUSION

Application of oxygen and argon plasma surface
treatment is an effective treatment method for
enhancing surface roughness of acrylic resin denture
base polymer material. Oxygen plasma treatment can
activate the treated surface towards further chemical
reactions, and increase the hydrophilicity of the
acrylic resin denture base polymer material.

Conflict of interest: None.
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