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A number of forces and factors combine to retain
complete dentures in position, such as adhesion, cohe-
sion, interfacial surface tension, mechanical locking
into undercuts, peripheral seal, atmospheric pressure,
and oral and facial musculature.1-3 Adhesion and cohe-
sion play important roles in denture retention. Adhe-
sion of saliva to mucosa and saliva to acrylic resin den-
ture base material, and cohesion of saliva molecules to
one another can be enhanced by an impression that
provides the most intimate contact with the surface
mucosa, and the greatest feasible area coverage.4 To
achieve this intimate contact, adhesive is usually in liq-
uid form.

Liquid adhesive is more apt to flow easily over the
entire surface of the adherent and come in contact with
all of the small roughness that may be present. Such a
characteristic is referred to as wetting. The better the
adhesive flows over, or wets, the surface of the adher-
ent, the more likely it is that adhesion will occur
between the 2. Wettability characteristic of the adhesive
depends on the viscosity of the adhesive, the purity of
the adherent surface and the shape of the irregularities
on the adherent surface. The quantitative measure of
the wetting process is taken to be the contact angle (0)
that the adhesive makes with the adherent surface. The
smaller the contact angle, the greater the wettability.3,5

Because denture base extension is limited by fea-
tures of the oral anatomy and that there is a limit to
the closeness of the tissue fit that can be achieved, only
the contact angle for saliva on the denture base is
amenable to alteration.5 Therefore, various attempts
have been made to improve the wettability of the
PMMA material by surface treatment rather than vary
the material.1,5-7 O’Brien and Ryge7 exposed the sur-
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CLINICAL IMPLICATIONS

Obtaining a durable improved wettability from altered acrylic resin surfaces by glow
discharge plasma treatment may help to increase denture retention.



face of acrylic resin to the vapors of water and silicon
tetrachloride and reported a significant decrease in the
contact angle on acrylic resin of various liquids,
including saliva and an apparent 10% of increase in
denture retention. Boucher et al8 treated mandibular
dentures with silicon tetrachloride and increased the
amount of retention between mandibular denture and
the basal seat tissue.

Other methods of surface treatment were also used
by Gesser and Castaldi,6 who also used vacuum dis-
charge. However, these authors did not assess the con-
tamination effect by the wetting fluid on the acrylic
resin surface or test the durability of these various sur-
face treatments. Their results were interesting pointers,
but could not be taken as definitive evidence. Murray5

investigated the effect of exposure to saliva on the
acrylic resin material that had been so treated and
reported that there was no prospect of improving den-
ture retention by any surface treatment.

The aim of the study was to examine the initial and
subsequent wettability of acrylic resin denture, base
material treated under air or argon plasma atmosphere
before and after exposure to air or distilled water. The
time-related wettability characteristic of the plasma-
treated acrylic resin surfaces also was observed.

MATERIAL AND METHODS

Test specimens were prepared from an acrylic resin
denture base material (Meliodent, Dental Bayer Limit-
ed Pharmaceuticals Division, Berkshire, U.K.) by using
heat-compression mold technique. They were treated
with plasma under air or argon atmosphere to deter-
mine the effect of different plasma atmospheres on the
wettability of acrylic resin. Then the specimens were
either exposed to air or distilled water for 2 different
periods (2 hours and 60 days) to observe the durabili-
ty of plasma treatment.

With a separator (Isolant C.M.S., De Trey Dentsply
S.A., Weybridge, U.K.), the 2 parts of the metal den-
ture flask were filled with dental stone (Duralit S,
Degussa AG, Frankfurt, Germany). After the dental
stone set, the 2 portions were separated. Powder and
liquid acrylic resin denture base material were mixed
and processed according to the manufacturer’s recom-
mendations. Polymerized acrylic resin was sectioned
into small films with the dimensions of 10 × 15 ×
1 mm for a total of 54 specimens. Specimens were
randomly selected and divided into the following 9
groups: (1) control (C); (2) plasma treated under air
atmosphere and left exposed to air for 2 hours (A1);
(3) plasma treated under air atmosphere and stored in
distilled water for 2 hours (W1); (4) plasma treated
under argon atmosphere and left exposed to air for
2 hours (AA1); (5) plasma treated under argon atmos-
phere and stored in distilled water for 2 hours (AW1);
(6) plasma treated under air atmosphere and left
exposed to air for 60 days (A2); (7) plasma treated
under air atmosphere and stored in distilled water for
60 days (W2); (8) plasma treated under argon atmos-
phere and left exposed to air for 60 days (AA2); and
(9) plasma treated under argon atmosphere and stored
in distilled water for 60 days (AW2).

A small hole was prepared on 1 angle of each of the
plasma treatment receiving test specimens by using a
round bur, then specimens were washed with distilled
water and dried in air.

Plasma treatment for surface modifications was
achieved by using a Tegal radiofrequency (rf) plasma
system (Tegal Corp, Hayward, Calif.) (Fig. 1). Speci-
mens were placed in the pyrex glass reactor (Schott-
Gen Product, Germany) (50 cm length × 6.2 cm in
inner diameter) between electrodes by hanging on a
glass rod; hence, all surfaces were treated equally in the
plasma. Reactor could be evacuated and/or filled with
various gases. Two copper electrodes on the Pyrex reac-
tor were capacitatively coupled to a rf plasma system
consisting of a fixed frequency (13.56 MHz) rf gener-
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Fig. 1. Diagrammatic representation of glow discharge
plasma.

Fig. 2. Schematic view of entrapped air-bubble technique.



ator together with an rf power meter and a matching
network. Duration of plasma application was 10 min-
utes and plasma power applied was 10 W.

To determine the wettability of the acrylic resin
specimens, contact angles of distilled water were mea-
sured on 5 specimens from each experimental group by
using entrapped air-bubble technique.9 The experi-
mental set up mainly consisted of a glass cuvette filled
with double distilled deionized water, a specimen hold-
er, a joint camera-microscope apparatus, and a syringe
to deliver the air bubbles to the acrylic resin surface
(Fig. 2). Air bubbles on the specimen surface were pho-
tographed and calculations were determined according
to the following equations:

If θ ≤90 degrees, then: θ = cos–1(2H/[D–1])
If θ >90 degrees: θ = 180 – 2[tan–1(2H/D)]

where H = height of the bubble, and D = diameter of
the bubble.

Surface composition of the specimens was also ana-
lyzed by x-ray photoelectron spectroscopy(XPS) mea-
surements using 1 specimen from each experimental
group. Duplicate measurements were carried out to
ensure reproducibility. XPS measurements were per-
formed on a Kratos ES300 spectrometer (Kratos, Man-
chester, U.K.) with MgKa x-rays (1253.6 eV) having a
background pressure lower than 5 × 10-9 mm Hg.

For contact angle measurements, experimental
groups were compared by 1-way analysis of variance
(ANOVA) and Duncan’s multiple range test to deter-
mine whether there were any differences in mean val-
ues. Two-way ANOVA was performed among the plas-
ma treatment groups to evaluate the effects of plasma
atmosphere type (argon or air), storage condition (air
or distilled water), and storage period (2 hours or 60
days) on the contact angle values.

RESULTS
Contact angle measurements

Statistically significant differences were observed
between the control and each of the plasma treatment
groups (P<.05). Descriptive statistical values and the
results of Duncan’s multiple range test are summarized
in Table I. Two-way (Table II) and 3-way ANOVA
interactions were not significant (P>.05), bivariate and
trivariate effects of factors had to be ignored, and main
effects in the model were considered. Although the
storage condition and storage period caused statistical-
ly significant difference on contact angle values
(P<.05), atmosphere type did not have any effect on
the results (P>.05).
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Table I. Descriptive statistical values and the results of
Duncan’s multiple range test

Group n –x SD Duncan grouping

C 5 63.18 4.87 A
A1 5 51.64 3.42 B
W1 5 46.09 5.74 B
AA1 5 51.43 3.02 B
AW1 5 51.09 5.75 B
A2 5 51.31 5.31 B
W2 5 44.54 4.86 B
AA2 5 46.95 2.04 B
AW2 5 45.02 2.75 B

Abbreviations in group column as mentioned in material and methods sec-
tion.
Means with the same letter are not significantly different (P>.05).
n = Number of the samples.
–x = Mean.
SD = Standard deviation.

Table II. Results of 2-way ANOVA

Source of variation F P

A 0.401 .531
B 5.784 .022*
C 4.658 .039*
A × B 3.558 .068
A × C 0.065 .800
B × C 0.172 .681
A × B × C 0.606 .442

A = Atmosphere type; B = storage condition; C = storage period.
*P<.05.

Fig. 3. O1s and C1s XPS of untreated (control) and glow dis-
charge–treated resin at 90-degree take-off angles. Enhanced
O1s signal is assigned to –COH.



XPS measurements
XPS spectra recorded at a 90-degree take-off angle

of the control and plasma-treated specimens are given
in Figure 3. The spectra of the plasma-treated speci-
mens differed only in the first electron level of the
oxygen atom (O1s) region with a narrower and more
intense peak that could be curve-fitted to 3 compo-
nents. The extra peak at 533.0 eV could be assigned to
the hydroxyl group bonded to carbon atom (-COH)
groups.10,11

The use of an argon atmosphere instead of air dur-
ing plasma treatment resulted in very similar features in
XPS spectra of the treated specimens. To assess the
durability of the plasma treatment, the XPS oxygen to
carbon (O/C) atomic ratios of the specimens left in air
and the ones placed in distilled water have been fol-
lowed up to 60 days after plasma treatment (Fig. 4).
Both in the specimens left in air and in distilled water,
the O/C ratios decreased within the first 2 weeks but
settled to 0.40 and 0.32 up to 60 days for air and dis-
tilled water specimens compared with 0.26 for untreat-
ed control specimens.

DISCUSSION

The role of adhesive action of a thin film of saliva
between the palate and surface of a complete denture
has been identified as one of the principal sources of
denture retention.7 There is little retention without the
existence of a liquid meniscus and surface tension is
essential to form the seal that keeps air away from the
denture and tissue surfaces.1 Both surface tension and
viscosity of the liquid affect the magnitude of the adhe-
sive or retentive force. With low viscosity of saliva and
water, the surface tension factor predominates.7 Craig
et al12 measured the contact angle of water and saliva
on acrylic resin and polystyrene and observed high con-
tact angle values, which mean poor wettability on these
resins because of their low surface energies.

Glow discharge (plasma) treatment of polymer sur-
faces and plasma polymerization has been used for
many years13 and several investigators5,6 have attempt-
ed to use this method to improve the wettability of
acrylic resin. In the plasma, there are energetic-free
electrons produced at ambient temperatures, which can
collide with polymer surfaces and gas molecules around
to form active species both in the gas phase and on the
substrate surfaces.14 The initial wettability measure-
ments of the attempted treatment of acrylic resin by
glow discharge revealed that an apparent success could
be achieved in decreasing the contact angle values com-
pared with untreated specimens.

XPS is a surface-sensitive technique and has been
used extensively for elucidating chemical composition
of various kinds of materials, including polymers.10,11

Any element, besides hydrogen (H), can be detected
within the 100 A depth from the surface with chemical-

state information. Exposure to glow discharge both in
air and argon atmosphere improved the wettability of
acrylic resin material in our study. XPS measurements
indicated that glow discharge altered the acrylic resin
surface and improvement in the wettability of acrylic
resin material might be attributed to the extra peak of
–COH groups attained only in the O1s region.10,11

XPS spectra recorded at a 90-degree take-off angle
of the control and plasma-treated specimens are similar
to the high-resolution spectra of PMMA compiled by
Beamson and Briggs,11 except for the O/C atomic
ratio. Although their high resolution spectrum assigned
4 carbons, we can neither resolve nor successfully dif-
ferentiate between different hydrocarbon C1s peaks
using curve-fitting. Therefore, the C1s region was fit-
ted into only 3 peaks corresponding to CH, C-O, and
C=0 groups. The O1s region is fitted to 2 peaks corre-
sponding to etheric and esteric oxygens. The O/C
atomic ratio in our control specimens is 0.26, which is
different from 0.4 expected for pure PMMA. This devi-
ation probably stems from the additives introduced
through the various processes in preparation and/or
molding and also can be attributed to the acrylic resins
used in dentistry as not being a pure PMMA material.

Solid surfaces in the oral cavity do not remain free of
adsorbed macromolecular compounds for more than a
few seconds.15 In addition, wettability of untreated
acrylic resin can almost instantly be altered on contact
with saliva.16 Therefore, surface treatment of acrylic
resin was evaluated after the exposure of the treated
acrylic resin surface to air and distilled water. Glow dis-
charge plasma treatment seemed to offer a durable (at
least up to 60 days) wettability as also evidenced by
XPS measurements. Murray5 also reported an effective
decrease in the contact angle values to near zero by the
exposure of the PMMA to a low-pressure electrical dis-
charge in water vapor and air, but unavoidable contam-
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Fig. 4. Measured O/C atomic ratios of plasma-treated speci-
mens left in air (A) and placed in distilled water (D) up to
period of 60 days. Measurements in control specimens not
exposed to plasma (C) are also included.
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ination effect was reported after the exposure to saliva.
Murray5 concluded that the denture retention could
not be improved by any surface treatment. Differences
between our results and those of Murray’s study may
be due to the different plasma treatments that are
known to be strongly dependent on various experi-
mental parameters.

No contamination effect evidenced on the treated
acrylic resin surfaces was a surprising and promising
result, but the glow discharge surface treatment of
acrylic resin material should still be tested under clini-
cal conditions before considering as a definite alterna-
tive for improving denture retention.

CONCLUSION

Glow discharge plasma altered the surfaces of the
acrylic resin and increased the wettability as shown
both by XPS and contact-angle measurements and plas-
ma treatment seemed to offer a durable (at least up to
60 days) wettability.
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