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HYDROPHOBIC COATING OF DENTAL PMMA

Camila Gongalves Duarte', Marina da Rosa Kaizer? Lisia Lorea Valente', Giana da Silveira Lima', Rafael R. Moraes'

ABSTRACT:

Introduction: The purpose of the present study
was to prepare and apply antiadherent, hydropho-
bic coatings on dental poly(methylmethacrylate)
(PMMA). Methods: Microwave thermal-polymer-
ized PMMA disc-shaped specimens were prepared
(10 mm diameter x 2 mm thickness). Two hydrophobic
solutions were used for the coatings: HS1=2.5vol%
hexadecyl-triethoxy-silane diluted in ethanol, and
HS2=2.5 vol% perfluorodecyl-triethoxy-silane di-
luted in dimethyl sulfoxide. The PMMA discs were
assigned info three groups, according to the sur-
face treatment: control (C, no coating), HS1 and
HS2 coatings. All groups were also subdivided into
sandblasted groups (SB) and non-sandblasted
groups (NSB). An additional subgroup was used as
reference, in which the sandblasted specimens were
coated with a conventional silane solution (2.5 vol%
methacryloxypropyl-trimethoxy-silane diluted in di-
methyl sulfoxide). Each subgroup (n=5) was subject-
ed to water contact angle (8, in degrees) and surface
roughness (Ra, in um) analyses. Contact angle data
were statistically analyzed using two-way Analy-
sis of Variance (ANOVA) and SNK’s fest (coating x

freatment). Sandblasted groups (control, HS1, HS2,

and conventional silane) were subjected to one-way ANOVA and SNK’s
test. Roughness data before and after sandblasting were compared
using paired t-tests (o= 0.05). Results: Means (standard deviations)
for B were: C-SB=88.7+9.3% C-NSB=611+5.2° HS1-SB=114.7+3.3°%
HS1-NSB=95.2+6.8°% HS2-SB=106.9+2.6° HS2-NSB=106.4+4.2°
SS-SB=89.4+4.3° Sandblasted specimens presented higher 6 than
non-sandblasted specimens (p<0.001). Roughness analyses showed
Ra_before = 0.80+0.04um and Ra_after = 1.78+0.11 um. The effect of
surface treatment (sandblasting or not) was dependent of the coat-
ing solution (p <0.001). Conclusion: The hydrophobic coatings deter-
mined increased 0 with water. The surface freatments tested, associ-
ating sandblasting and the hydrophobic solutions, had a synergistic
effect on the increase of water contact angle, suggesting a surface

with poorer wettability.
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INTRODUCTION

he use of dentures is often associated with
oral pathologies. Among the infections
of the oral environment, denture-related
stomatitis is one of the most frequent’. Denture-re-
lated stomatitis has a multifactorial etiology and
its control is difficult since it does not depend only
on plague removal from the prosthesis but also
on the commitment of the patient, who must re-
move the prosthesis at night, and on the use anti-

fungal agents?.

There are local causes often associated with these
opportunistic infections, such as using dentures
poorly adapted, uninterrupted use of the denture,
presence of soft liners, and poor oral hygiene',
which end up facilitating the formation and adhe-
sion of oral biofilm on the base of the prosthesis.
Although the exact mechanism of adherence of mi-
croorganisms to acrylic surfaces is unknown, some
factors may be considered determinant in this pro-
cess, such as the surface roughness and free en-
ergy of the acrylic resins’. The presence of salivary
acquired pellicle as well as chemical and electro-

static interactions between the microorganisms

and polymethyl methacrylate (PMMA) of the denture

base may also interfere in the surface adhesion®”.

Several methods have been tested for reducing
the problems associated with the accumulation of
biofilm in dental PMMA, including increasing the
surface smoothness®, modifying the surface with
plasma treatment?, and depositing polyelectrolyte
multilayers on the surface for reducing the wetting.”
Another possibility is to render the acrylic surface
antiadherent™. The ability to form a surface with an-
tiadherent characteristics is directly related to the
ability of a material or structure to have a low sur-
face energy. In recent years, the possibility of de-
veloping hydrophobic and lipophobic surfaces has
received much attention since controlling surface

wetting is relevant to many areas of science™.

Among the materials used to render surfac-
es with antiadherent effects, fluorocarbons,
polytetrafluoroethylene, and polydimethylsilox-
anes should be highlighted. These compounds
are applied on the surfaces of materials and

structures in order to modify their interaction
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with water and other organic substances™. Hy-
drophobic surfaces have a contact angle formed
with water (0) between 90° and 150°, and thus are
more resistant to microbial adhesion. Oral biolf-
ilms are formed by protein coating on solid sur-
faces and formation of the acquired pellicle, with
the microbial adhesion depending on specific
hydrophilicity of the microorganisms and other
physical-chemical interactions between the mi-

croorganisms and solid surfaces™.

Recently, a patent application of an antiadherent
composition for use in dental surfaces was re-
quested by our research group™. Such composition
involves surface coatings to render them (super)
hydrophobic and/or lipophobic, by forming a si-
loxane network film. The compound that generates
the siloxane network can have a linear, cyclic, or
branched chain, containing two or more carbons
and/or fluorocarbons associated with a functional
group with the ability to connect to the structure of

the substrate, usually an organo-silane.

The purpose of this study was to prepare solu-
fions containing precursor of hydrophobic layers
and deposit antiadherent films on the surface of
dental PMMA, and evaluate the effect on reduc-
ing surface wetting. The tested hypothesis was
that the wetting of PMMA would be reduced irre-

spective of the hydrophobic solution tested.

MATERIAL AND METHODS

Experimental design

This in vitro study involved a 3x2 factorial experimental design (n=5)
to evaluate the factors: hydrophobic coating (three levels: control,
hydrophobic solution 1, and hydrophobic solution 2 — groups C, HS1,
or HS2) and surface treatment (two levels: PMMA sandblasted or
non-sandblasted, groups S or NS). The control group did not re-
ceive any surface coating. An additional group (n=5) was tested as
a reference and involved sandblasted PMMA specimens that were
coated with a conventional silane solution (SS), which does not form
a hydrophobic coating. The three silanes tested (HS1, HS2, SS) were
selected in order to investigate the effect of the molecule structures
with regard to the hydrophobic behavior of the coatings. The pri-
mary response variable was surface wetting assessed by means of

water contact angle (0) measurements.

Preparation of the hydrophobic solutions

Two distinct hydrophobic solutions (HS) based on silanes were pre-
pared.HS1was obtained by diluting 2.5 vol% hexadecyl-triethoxy-si-
lane (Sigma-Aldrich, St. Louis, MO, USA) in ethanol, whereas HS2
was composed by 2.5 vol% perfluorodecyl-triethoxy-silane (Sig-
ma-Aldrich) diluted in dimethyl sulfoxide. The reagents were used
as received. A conventional silane solution was prepared diluting
2.5 vol% methacryloxypropyl-trimethoxy-silane in dimethyl sulfox-
ide and used as a reference. The concentration of silanes and the
solvents employed were defined in pilot experiments. The molecu-

lar structures of the tested silanes are shown in Figure 1.
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Figure 1:

Molecular structure of the tested
silanes: (A) hexadecyl-triethoxy-
silane, (B) perfluorodecyl-
friethoxy-silane, and

(C) methacryloxypropyl-

frimethoxy-silane.

Preparations of PMMA specimens

A total of 35 discs (diameter 10 mm x 2 mm thickness) of microwave
thermal-polymerized PMMA (VIPI WAVE, Pirassununga, SP, Brazil)
were prepared. The material was prepared by mixing the powder
and liquid in a glass container in accordance with the manufac-
turer’s recommendations. In the plastic phase, the material was in-
cluded in a microwave flask that contained a mold previously pre-

pared using silicone (Zetalabor, Zhermack, Badia Polesine, Italy),
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and the PMMA was covered with a high-density
polyethylene film. The opposite side of the flask
contained plaster. The flask was closed and ini-
tially pressed using 500/1000 kgf. The flask was
then opened for removal of the plastic film and
PMMA flashes, then closed again and subjected
to final pressing for 15 min (1000/1250 kgf).

The flask was taken to the microwave oven, with
1300 W power, for the curing cycle: early stage
for 20 min with 10% power + final stage for 5 min
with 30% power, in accordance with the manu-
facturer’s recommendations. After bench cooling,
the PMMA specimens were removed. The excess-
es around the specimens were frimmed using a
milling cutter and polishing to obtain final surface
smoothness was standardized using #600, 1200,
1500, and 2000-grit SiC papers. After polishing,
the specimens in the SB groups were submitted to
airborne-article abrasion using 50 um aluminum
oxide particles for 10s at a distance of 15 mm.
The specimens were then cleaned in ultrasonic

bath with distilled water for 30 min.

Surface roughness

The evaluation of the surface roughness was

carried out using a contact surface profilometer

(Surfcorder SE1200; Kosaka lab., Tokyo, Japan)

equipped with a diamond tip (0.5 um radius) with
0.01 um accuracy. Each specimen was subjected
to three readings and the mean value was re-
corded as the surface roughness for each spec-

imen (Ra, pm).

Hydrophobic coating of the surfaces

Surface coating was performed by applying
three layers of each silane solution to the PMMA
surfaces with intervals of 1 min. The specimens
were heated at 150°C for 1 h in an oven (INTI FL
1300; Sao Carlos, SP, Brazil), at a 10°C/min heat-
ing rate, for condensation of a crosslinked silox-

ane layer on the surfaces via sol-gel process.

Water contact angle

The contact angle formed with the water (0)
was evaluated by means of photographs ob-
tained with a digital DSLR camera (T1i; Canon,
Tokyo, Japan), using 105-mm macro lens (Sig-
ma, Ronkonkoma, NY, USA) and circular flash
(Canon). A 10-pL drop of distilled water was
dispensed over the specimen using a micropi-
pette (LM-100; PZ HTL, Warsaw, Poland) with its
tip positioned at a distance of 5 mm from the
surface of the specimen. The photographic re-

cord was taken 5 s after the drop was dispensed.
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Table 1:

The contact angle was calculated in the images
by averaging the angles obtained between the
surface of the specimen and the left and right
limits of the water droplet. The calculation was
carried out using the imaging software Image J

(NIH, Bethesda, MA, USA).

Statistical analysis

Surface roughness data before and after sand-
blasting were compared by paired t-tests. Con-
tact angle data comparing the hydrophobic
solutions HS1 and HS2 and the control group

were subjected to two-way Analysis of Vari-

Means (standard deviations) for water contact angle (6) (n=5).

ance (ANOVA, coating x surface treatment). In a
distinct analysis, the contact angle data of all
sandblasted groups (control, HS1, HS2, and SS)
were subjected to one-way ANOVA. All pair-
wise multiple comparison procedures were per-
formed by the Student-Newman-Keuls’ method.

The significance level was set at a=0.05.

RESULTS AND DISCUSSION

Table 1shows results for the contact angle of the
hydrophobic solutions compared to the con-
trol, for both sandblasted and non-sandblasted

groups. The statistical analysis indicated that

NON-SANDBLASTED SANDBLASTED
Control 611+£5.28¢ 88.7+£9.3 "¢
SH1 95.2+6.8 80 114.8+34 #
SH2 106.4+4.2 4 106.9 £2.6 A°

Distinct capital letters in the same line indicate significant differences between the surface treatments; distinct lowercase letters in the same column indicate significant differences between the

coatings (@=0.05).
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the factors ‘coating’ and ‘surface treatment’
were both significant, as well as interaction be-
tween the two factors (p<0.001). The contact an-
gles formed on the surfaces treated with HS1and
HS2 were significantly higher than in the control
group, irrespective of the prior use of sandblast-

ing. Thus, the tested hypothesis was confirmed.

It is known that both surface wetting and the
successful obtaining of hydrophobic layers de-
pend on the type of material, surface topogra-
phy, and chemistry of the substrate™™ " For a
better performance of hydrophobic coatings,
the coated surface should present a minimum of
roughness to maximize the hydrophobic effect,
because a rough surface allows better interac-
fion with the layer deposited via sol-gel process.
A possible manner to obtain surface roughness
on PMMA is sandblasting it with aluminum oxide
particles. In this study, sandblasting determined
a significant increase (p<0.001) in surface rough-
ness (Ra, um) of the tested specimens: Ra_be-

fore = 0.80 (0.04); Ra_after = 1.78 (0.11).

The sandblasting was important to further in-
crease the contact angle obtained by using HS1,
which contained only a long carbon chain, with-
out fluorine. However, sandblasting did not af-
fect the contact angle formed on surfaces treat-

ed with HS2. This finding was observed before™

and can be explained by the distinct three-dimensional arrange-
ment of the precursor molecules in the formation of the hydro-
phobic crosslinked coatings when using different silanes in the
solutions. For HS2, which presents fluorine in the silane molecule,
the increase in the water contact angle with PMMA (compared
to the control group) was independent of the previous surface
sandblasting. Fluorinated polymers are of great relevance when
aiming at achieving surfaces with a hydrophobic character, due
to their low surface energy®™. In this sense, the prior use of sand-
blasting was not necessary to enhance the antiadherent coating.
This finding can be considered interesting from the point of view

of simplifying the coating process.

Figure 2 presents a comparison of the wetting obtained in the
control, HS1, and HS2 groups, and the surfaces treated with the
conventional silane (SS), which did not have a long carbon chain
or contained a fluorocarbon. This comparison was carried out to
observe if the simple coating of the surface with a silane lay-
er would lead to lower wetting. It can be clearly observed that
application of a conventional silane did not interfere with the
contact angle formed with water, as compared with the control
group (p=0.835). This finding confirms that the hydrophobic solu-
tions were effective in altering the wetting of the PMMA, since
the groups HS1 and HS2 had significantly lower wetting than the

control group (p<0.001).
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Figure 2:
Means (standard deviations)
for water contact angle () in all The effect of the hydrophobic coatings in reducing the surface

sandblosted groups. Disfinct wetting is explained by the fact that water, when meets a pla-
letters indicate significant

differences between groups nar hydrophobic surface, forms a low-density layer by thermo-

(@=0.05). It can be observed dynamic conduction, due to the low critical surface tension and

that the conventional silane . .. . .

v l low friction coefficient formed with the surface®. Thus, there is a
(SS), which has a small molecule

without groups containing low attraction of the water molecules to the surface of the PMMA
flucrine, did not modify the treated with the hydrophobic coatings, reducing wetting. In the
surface wetting of PMAA, in

) ) untreated surfaces and in the surfaces treated with the conven-
comparison with the control.

tional silane, the friction of water with PMMA is higher than the at-
tractivity between water molecules, generating a greater spread-

ing of the water droplets over the surface.
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As it has been shown elsewhere™, surfaces with
less water affinity may reduce the formation of
oral biofilms in the early stages of plaque ac-
cumulation. Thus, the hydrophobic coatings
presented herein could contribute to the control
of oral biofilms formed over PMMA-based pros-
thetic devices, either by reducing the formation
of biofilms in the early stages or by facilitating
the mechanical removal of plaque with brushing.
However, the longevity of the coatings proposed
herein as well as the long-term effects of the
reduced surface wetting should be analyzed in

future studies.

CONCLUSION

The assessment of surface roughness and water contact angle
revealed that the surface treatment of PMMA with sandblasting
using aluminum oxide particles and the subsequent application
of the hydrophobic coatings had a synergistic positive effect
in reducing the surface wetting of the PMMA. The hydrophobic
coatings may aid in reducing the susceptibility to adhesion of

oral biofilms in dental PMMA.
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