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Influence of surface characteristics on the adhesion of Candida albicans
to various denture lining materials
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Abstract

Objective. This study evaluated the influence of surface characteristics of various denture lining materials on the adherence of
Candida albicans. Materials and methods. Four different types of materials (tissue conditioners, acrylic and silicone soft
liners and hard reline materials) were selected. Disk-shaped material specimens were prepared and their surface roughness
values (R,) measured using a profilometer. The contact angles of four reference liquids were measured on the material surfaces
and surface energy parameters (total surface energy, acid and base components, degree of hydrophobicity/hydrophilicity) of the
materials were calculated in accordance with acid-base theory. Specimens were incubated with C. albicans and adhering fungi
quantified using the colony counting method. Data were statistically analyzed using a one-way ANOVA with Games—Howell
post-hoc test (@ = 0.05). Pearson correlation analysis was applied to detect correlations between surface characteristics and
Candida adhesion. Results. Significant differences in the surface roughness of the materials were found (p < 0.001). The
acrylic soft liners were more hydrophilic than the other materials. Overall, the acrylic soft liners and tissue conditioners showed
significantly greater Candida adhesion than silicone soft liners and hard reline materials (p < 0.05). The Pearson correlation
analysis indicated that the base component and degree of hydrophobicity/hydrophilicity of the materials (p = 0.005/0.008),
rather than the total surface energy and the surface roughness (p = 0.093/0.057), affected C. albicans adherence in a statistically
significant way. Conclusions. The adhesion of C. albicans to denture lining materials can be accounted for in terms of
interfacial acid-base interactions.
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Introduction

Denture stomatitis is a common pathologic change
found in the oral mucosa of denture-bearing tissues
under complete or partial dentures [1,2]. Although
Candida albicans is not a determining factor for the
disease, it has been reported to play a major role in the
disease in most studied patients [3]. Since yeast cells
are washed out by saliva and swallowed unless they
adhere and replicate [2], an essential pre-requisite for
the successful colonization of host tissues by the micro-
organism is the ability to adhere to superficial epithelial
cells or to a closely associated material surface [2,4].
Thus, denture stomatitis is found more frequently in
the maxilla [1], probably indicating that the upper
denture acts as a reservoir for infection [2].

The fitting surface of an acrylic denture requires
replacement to improve the fit of the denture [5].
According to McCabe and Walls [5], denture lining
materials can be classified into three groups: tissue
conditioners, soft lining materials and hard reline
materials. Although they are usually constructed
from either acrylic compounds or silicone elastomers
[5,6], commercially available denture lining materials
vary greatly in their compositions [1]. Therefore,
degree of Candida adhesion for the onset of denture
stomatitis may depend on the surface characteristics
of denture base resins or denture lining materials.
Some studies have suggested that the initial attach-
ment of C. albicans is greater on soft lining materials
than on acrylic and enhanced on rougher surfaces
[1,4,7]. However, studies investigating the influence
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Table I. Denture lining materials used.

Code Material Manufacturer Main composition (manufacturer supplied) Batch number
TC Tissue Shofu Inc., Powder: poly(ethyl methacrylate) Powder: 051095;
Conditioner II Kyoto, Japan Liquid: di-n-butyl sebacate, ethanol Liquid: 041066
CC Coe-Comfort GC America Inc., Powder: zinc undecylenate Powder: 1003171;
Alsip, IL, USA Liquid: benzoyl benzoate, ethanol Liquid: 1005261
CS Coe-Soft GC America Inc., Powder: zinc undecylenate Powder: 1010251;
Alsip, IL, USA Liquid: benzyl salicylate, ethanol Liquid: 1011011
DB DuraBase Reliance Dental Mfg. Co., Powder: poly(ethyl methacrylate), Powder: 021210;
Soft Worth, IL, USA benzoyl peroxide Liquid: 031010
Liquid: methyl methacrylate
MS MucoSoft Parkell Inc., Edgewood, Proprietary compound, methyl MU-10335/10335
NY, USA methacrylate, methylene chloride
RL GC Reline GC Corp., Tokyo, Japan Base: vinyl dimethyl polysiloxane, 1102031
Soft silicone dioxide, hydrogen polysiloxane
Accelerator: vinyl dimethyl polysiloxane,
silicone dioxide
KL Kooliner GC America Inc., Alsip, Powder: poly(ethyl methacrylate), Powder: 1010271;
1L, USA benzoyl peroxide, silicon dioxide Liquid: 1008101
Liquid: isobutyl methacrylate,
2,4-dihydroxy benzophenone
DL Dura-Liner II Reliance Dental Mfg. Co., Powder: poly(ethyl methacrylate), Powder: 062596;

Worth, IL, USA

benzoyl peroxide
Liquid: methyl methacrylate

Liquid: 100496

of surface energy of denture base resins or denture
lining materials on Candida adherence appear incon-
sistent. Waters et al. [8] obtained no conclusive
relation between the surface energy of denture soft
lining materials and the degree of C. albicans adher-
ence. Serrano-Granger et al. [3] and Pereira-Cenci
et al. [9] reported little or no influence of acrylic resin
or denture liner surface energy on Candida adhesion.
In contrast, Henriques et al. [2] suggested that Lewis
acid-base interactions played a major role in the
process of Candida adhesion to acrylic. Thus, rela-
tively limited attention has been paid to the influence
of surface energy on adherence of C. albicans to
denture base resins or denture lining materials, so
that no definite conclusion has been reached about
this issue.

For the present in virro study of C. albicans adhe-
sion, we selected eight materials including tissue
conditioners, soft liners and hard reline materials,
all thought to have different surface characteristics
from each other. We employed the multi-component
acid-base approach to determine which surface energy
parameters of the materials might individually affect
Candida adherence [2].

Materials and methods
Denture lining materials used

Two tissue conditioners (Tissue Conditioner II, TC;
Coe-Comfort, CC), two acrylic soft liners (Coe-Soft,
CS; DuraBase Soft, DB), two silicone soft liners

(MucoSoft, MS; GC Reline Soft, RL) and two
hard liners (Kooliner, KL; Dura-Liner II, DL)
were tested in this study. Their codes, manufacturers,
batch numbers and main compositions are summa-
rized in Table I.

Surface roughness measurements

The surface roughness (R,) of the eight denture lining
materials was determined as follows. Cylindrical Tef-
lon molds (10 mm in diameter, 1 mm in height) were
placed on a polyester strip (KerrHawe SA, Bioggio,
Switzerland) over a glass slide. Each material was
prepared according to the manufacturer’s instruc-
tions, filled into the mold, covered with another
polyester strip and glass slide, gently pressed to expel
the excess material, and self-cured. After 6 h, the
strips were removed from the specimens and the R,
of each specimen was measured using a previously
calibrated profilometer (Surftest SV-400, Mitutoyo
Corp., Kawasaki, Japan) at a stylus speed of 0.1 mm/s,
a cut-off of 0.8 mm and a range of 600 um. Ten
specimens per material were prepared and the R, of
each specimen was recorded as the average of the five
readings.

Contact angle measurements and the calculation of
surface energy parameters

Surface energy parameters of the denture lining mate-
rials were calculated based on the acid-base theory
proposed by van Oss et al. [10,11]. Briefly, the Young
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Table II. R, surface roughness (um) (SD) of denture lining materials tested.

TC CC CS DB

MS RL KL DL

0.98 (0.17)2°* 1.34 (0.30)° 1.13 (0.25)%

0.87 (0.15)°

0.23 (0.03)° 0.36 (0.05)¢ 0.11 (0.02)° 0.12 (0.01)°

TG, Tissue Conditioner II; CC, Coe-Comfort; CS, Coe-Soft; DB, DuraBase Soft; MS, MucoSoft; RL, GC Reline Soft; KL, Kooliner; DL,

Dura-Liner II.

*The same superscripted letter indicates statistically equivalent values among the materials (p > 0.05).

equation states [12]: ys = y4 + 71 cos®, where O is the
contact angle and s, 75 and y; are the surface tensions
of the solid, solid-liquid and liquid surfaces, respec-
tively. The Young-Dupré equation is expressed as
WP = 51 + cos®) [12], where WP is the work
of adhesion of the liquid to the solid. Combining the
equation with the Lifshitz-van der Waals/Lewis acid-
base theory yields the following equation [10,11]:
nl + cos®) = 2[(Vn"HY + oM+
(ysBylA 2] where the superscripts LW, A and B refer
to the Lifshitz-van der Waals, acid and base compo-
nents, respectively.

For contact angle measurement, 10 specimens per
material were prepared in the same way as for surface
roughness measurement. The contact angles were
then determined by the sessile drop method at
room temperature using a contact angle measurement
apparatus (OCA 15 plus, DataPhysics Instrument
GmbH, Filderstadt, Germany) on the surfaces of
the materials for each of four different test liquids
with known surface energy parameters: water, glyc-
erol, ethylene glycol and 1-bromonaphthalene
[13,14]. By determination of ® with the four refer-
ence liquids, y~Y, 7* and 7,® were calculated with
software (SCA20, DataPhysics Instrument GmbH),
using the least square method [13,14]. The total
surface energy 7, of the materials was also calculated
using the software, based on the equation [15]:
s =75 4 202

The boundary between hydrophobicity and hydro-
philicity of a solid material (s) in the presence of water
(w) is equal to the cohesive polar attraction between
the water molecules [16]. The work of cohesion,
WP, can be expressed in terms of the free
energy, G, using thermodynamic notation, so that
AG®™" = —2y = —*°" [15]. Thus, the degree of
hydrophobicity and hydrophilicity of the denture lin-
ing materials can be linked to the magnitude of
AGgws = —29¢w»> Where 7yg = ySWLW + VSWAB [16].
The LW interfacial tension and the AB interfacial
tension are calculated using the following equations,
respectively [16]: pg " = [(7s )2 = 0w )*]* and
VSWAB = 2[(?5AVSB)1/2 + (VWAVWB)I/Z + (VSAVWB)I/Z -
Ow D121

C. albicans adhesion

Specimens for C. albicans adhesion test were prepared
as described above, except for the size of the diameter

of Teflon mold (8 mm). After removing the polyester
strips, all specimens were sterilized under ultraviolet
light for 16 h. C. albicans (ATCC 10231) were
streaked on Sabouraud dextrose agar (BD Difco,
Sparks, MD) and incubated at 37°C for 24 h, then
further incubated in a 3% sucrose biofilm medium
(BM) whose composition has been detailed elsewhere
[17,18], overnight without shaking. Thereafter, 2% of
the culture broth was inoculated to fresh BM-
sucrose and incubated for 2—4 h to adjust the optical
density of the yeast suspension to 0.2 at 600 nm. The
optical density was monitored using a microplate
reader (Sunrise, Tecan Austria GmbH, Grodig, Aus-
tria). Each specimen was placed into a tube contain-
ing 5 mL of the prepared C. albicans broth and
incubated for 2.5 h at 37°C [19]. After washing
3-times with PBS, each specimen was transferred to
a microtube containing 1 mL PBS. The adherent
yeast cells were then detached by sonication using
four 30-s pluses with three 30-s intermittent coolings
[20]. The yeast suspensions were serially diluted up to
107 '~10"> and 100 uL of each dilution was plated on
Sabouraud dextrose agar. After 24-48 h incubation at
37°C, the colony forming units per milliliter (CFU
mL™") were calculated. Colony counts were
expressed as a CFU per unit area of the specimen
(mm?). These experiments were run in triplicate
or quadruplicate and repeated three separate times
(total 10-times).

Scanning electron microscopy for C. albicans-attached
specimens

C. albicans was adhered to the denture lining materials
as described above and the adhesion was observed
using a field emission-scanning electron microscope
(FE-SEM; JSM-6700F, Jeol, Tokyo, Japan). The
specimens with the adhering fungi were fixed, dried
and sputter coated with platinum for investigation
with FE-SEM.

Statistical analysis

The surface roughness and CFU data were statisti-
cally analyzed using a one-way ANOVA with Games-
Howell post-hoc multiple comparison test. Pearson
correlation analysis was applied to detect possible
correlations between each calculated surface energy
parameter and the Candida adhesion. All statistical
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Table III. Values of contact angles (°) (SD) measured with water
(Oy);, glycerol (O,), ethylene glycol (O.) and 1-bromonaphthalene
(Oy) on denture lining materials.

Material O [C O, Oy

TC 91.7 (4.7) 89.6 (2.7) 69.5 (3.8) 37.8 (3.6)
CC 84.5 (1.3) 82.8 (3.0) 69.0 (3.6) 41.4 (1.4)
CS 72.3 (3.4) 97.7 (1.8) 67.4 (1.8) 46.5 (2.7)
DB 63.7 (2.7) 91.0 (3.7) 56.5 (1.2) 40.1 (3.5)
MS 105.9 (5.4) 94.3 (5.8) 87.0 (2.2) 49.9 (4.8)
RL 103.3 (3.2)  103.4 (1.5) 90.9 (3.0) 44.8 (2.7)
KL 88.1 2.7)  91.6 (3.3) 88.0 (4.9) 32.5 (2.0)
DL 823 (2.1) 824 (43) 58.4(23) 36.6 (1.8)

TC, Tissue Conditioner II; CC, Coe-Comfort; CS,Coe-Soft; DB,
DuraBase Soft; MS, MucoSoft; RL, GC Reline Soft; KL, Kooliner;
DL, Dura-Liner II.

analyses were performed using SPSS 17.0 for
Windows (SPSS Inc., Chicago, IL) at a level of
significance of 0.05.

Results

The surface roughness values (R,) of the denture
lining materials are summarized in Table II, their
means ranging from 0.11-1.34 um (one-way
ANOVA, p < 0.001). Overall, the tissue conditioners
(TC and CC) and the acrylic soft liners (CS and DB)
showed rougher surfaces than silicone soft liners (MS
and RL) and the hard reline materials (KL and DL).

Tables III and IV show the contact angles of the
four reference liquids measured on the denture lining
materials and the surface energy parameters derived
from the contact angle measurements, respectively.
The total surface energy (y;) values ranged from
29.87-40.99 mJ/m?. All materials tested in the present
study showed large base components and very small
acid components, except for the MS and RL liners,
whose base components were similar to their acid

components. 4G,y values indicating the degree of
hydrophobicity/hydrophilicity demonstrated that the
acrylic soft liners (CS and DB) were more hydrophilic
than the other materials.

Representative Candida adhesion patterns exam-
ined by FE-SEM are shown in Figure 1. The majority
of cells observed on the surfaces of the denture lining
materials were hyphal forms and occasionally in the
blastospore phase. The C. albicans adhesion expressed
in CFU mm 2 is depicted in Figure 2. DB showed the
highest yeast cell adhesion, followed by CS, without
any statistically significant difference between them
(p=0.266). TC and CC exhibited moderate Candida
adhesion, the former significantly higher than the
latter (p = 0.028). The silicone soft liners and hard
liners (IMS, RL, KL and DL), all statistically equiv-
alent (p > 0.05), yielded significantly lower Candida
adhesion than the other four materials (p < 0.05).

Table V summarizes the results of the Pearson
correlation analyses between individual surface char-
acteristics and C. albicans adhesion. A significant pos-
itive linear correlation was found between the base
component, ySB, and Candida adherence (r = 0.869,
p = 0.005). In addition, 74" and 4G, showed
significant negative and positive linear correlations
with adherence, respectively (r —0.844/0.846,
both p = 0.008). On the other hand, no statistically
significant correlation was found between surface
roughness and the adhesion (p = 0.057).

Discussion

Adherence of a micro-organism to a surface is
believed to be a two-stage process: non-specific initial
interactions and specific adhesion-receptor interac-
tions [8]. The initial adhesion of micro-organisms to
surfaces may be related to the surface characteristics
(e.g. surface free energy, roughness) of the surfaces
and the micro-organisms [8,21]. In the present study,
a simple iz vitro model was employed to compare the
adherence of C. albicans to various commercial

Table IV. Total surface energy (y,) and surface energy parameters calculated from the contact angle measurements.

Lw A

B

A B Lw AB

Material Vs Vs Vs Vs Vs Vs Vsw Vew AGgys
TC 37.77 35.69 0.25 4.37 1.09 1.70 26.93 —57.26
CC 35.41 33.97 0.07 7.61 0.53 1.34 21.93 —46.54
CS 40.99 32.18 0.68 28.39 19.31 1.01 —2.35 2.69
DB 40.63 35.57 0.20 31.34 6.27 1.68 —5.05 6.74
MS 29.87 29.33 0.33 0.22 0.07 0.56 41.00 —83.12
RL 33.75 32.08 0.76 0.92 0.70 0.99 34.18 —70.34
KL 40.21 36.39 0.60 6.13 3.68 1.86 22.01 —47.73
DL 36.68 36.19 0.01 7.81 0.08 1.81 22.32 —48.28

TC, Tissue Conditioner II; CC, Coe-Comfort; CS, Coe-Soft; DB, DuraBase Soft; MS, MucoSoft; RL, GC Reline Soft; KL, Kooliner; DL,

Dura-Liner IT; y~¥

P N B 1
, Lifshitz-van der Waals component; )", acid component; y; :, base component; y

W LW interfacial tension; ySWAB, AB

interfacial tension; AGyys, degree of hydrophobicity/hydrophilicity. All values are in mJ/m?.
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Figure 1. Scanning electron micrographic images of C. albicans attachment: DuraBase Soft (A) and Dura-Liner II (B) (original

magnification x 1500, bar represents 10 um).

denture lining materials in terms of thermodynamics.
The findings suggest that certain surface energy para-
meters of the materials account for the degree of
Candida adhesion.

This study of C. albicans adhesion to the eight
materials found higher yeast counts in the tissue
conditioners and acrylic soft liners than in the sili-
cone soft liners and hard reline materials (Figures 1
and 2), suggesting that acrylic soft liners are less
favorable than silicone soft liners in terms of initial
adhesion of C. albicans. Although tissue conditioners
are susceptible to colonization by micro-organisms,
clinicians are aware that tissue conditioner should be
replaced regularly (e.g. every 2—3 days) for adequate
conditioning and to prevent it from serving as a
reservoir for micro-organisms [5,6]. On the other
hand, soft lining materials are maintained longer
(e.g. a month or two, or permanently) in the oral
cavity [5]. For use as a relatively long-term soft lining
material, therefore, silicone elastomers may be a
better choice than acrylic in terms of initial adher-
ence of C. albicans. It should be noted, however, that
relatively smooth-surfaced silicone soft liners were
used for the C. albicans adhesion test (Table II). In
practice, silicone soft liners may be difficult to finish
and thus aggravate yeast infection [7,22]. Although
the hard reline materials showed smoother surfaces
than the other types of denture lining materials
(Table II), their surface may also be susceptible to
colonization by micro-organisms such as C. albicans
due to porosity resulting from air inclusions during
mixing [5].

The current study suggests that surface energy
parameters derived from contact angle measurements
account for the adherence of C. albicans. We used four
reference liquids, including water, to calculate various
components related to the surface-free energy of the
denture lining materials. Although the water contact
angle on a material surface alone may provide primary
information about surface hydrophobicity/hydrophi-
licity [19,23], it cannot quantify the surface in
such terms. In the present study, we used 4Gy, to

quantitatively compare denture lining material hydro-
phobicity and hydrophilicity. For all materials tested,
the 74w " values were relatively constant and very
small (varying between 0.56—1.86 mJ/m?) (Table IV).
As far as polar cohesion is concerned, thus, A4Ggys
indicates the degree to which the polar attraction of
solid to water is greater (hydrophilic) or smaller
(hydrophobic) than the polar attraction of water mole-
cules to each other [16]. The order in the 4Gy, was
similar to that in the water contact angle, but not
necessarily consistent (Tables III and IV). As regards
the degree of hydrophobicity/hydrophilocity of a
material surface, 4G, obtained using water and
other reference liquids constitutes a more appropriate
measure than water contact angle [16]. The AGqys
calculated from the contact angle measurements in
this study showed the hydrophilic characteristics of
the two acrylic soft lining materials to be 2.69 and
6.74 mJ/m> for CS and DB, respectively. Among the
other materials, the tissue conditioners exhibited sim-
ilar 4Gy, values to the hard relining materials. The
silicone soft lining materials had the most negative
AGgys values (i.e. hydrophobic) among all materials

400
350 1
300 1
250 ac
2001 4

150
100 1
50 1 d d g
0.

CFU mm™

TC CC CS DB MS RL KL DL
Denture lining materials

Figure 2. Bar chart of colony-forming unit (CFU) mm 2 for each
denture lining material (vertical bar = £ 1 SD). TC, Tissue Con-
ditioner II; CC, Coe-Comfort; CS, Coe-Soft; DB, DuraBase Soft;
MS, MucoSoft; RL, GC Reline Soft; KL, Kooliner; DL, Dura-
Liner II. The same lower case letters indicate statistically equivalent
values among the materials (p > 0.05).
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Table V. Pearson correlation coefficients (r) between surface characteristics (surface energy parameters and surface roughness) and C. albicans

adhesion.

¥s R 7> A 7529s° Tow Vow o AGiys R,
r 0.632 0.230 ~0.142 0.869 0.564 0.206 ~0.844 0.846 0.693
p* 0.093 0.584 0.738 0.005 0.145 0.624 0.008 0.008 0.057

Vs, total surface energy; ySLW, Lifshitz-van der Waals component; ySA, acid component; “,'SB, base component, }’SWLW, LW interfacial tension;
7o E, AB interfacial tension; 4Gyys, degree of hydrophobicity/hydrophilicity; R,, surface roughness.
*In this study, a correlation coefficient is considered significant if the p-value is less than 0.05.

tested. In fact, the large differences in hydrophobicity
between the tissue conditioners and acrylic soft lining
materials were unexpected, given their similar com-
position [5]. Although the manufacturers do not fully
disclose the composition of the materials (Table I),
incorporated additives may considerably change their
surface hydrophobicity/hydrophilicity.

Despite the remaining controversy regarding the
influence of hydrophobicity and hydrophilicity on
fungal adhesion, preferential adherence of hydropho-
bic and hydrophilic micro-organisms is apparent
[2,19]. Therefore, the adherence of relatively hydro-
philic species C. albicans was expected to increase in
materials with more hydrophilic surfaces [24]. In the
current study, the Pearson correlation coefficient
between the AG,,s and the C. albicans adhesion
showed a significant positive linear correlation
(Table V). This implies that the hydrophobicity/
hydrophilicity of the denture lining materials plays
a role in the process of Candida adhesion.

As stated earlier, some studies on the effect of total
surface energy of acrylic resins and denture lining
materials have shown inconsistent results [2,3,8,9]. It
should be noted that different methods for calculating
surface-free energy of solids after contact angle mea-
surements on the surfaces may yield different results
[25]. Applying the equation-of-state (EOS) approach,
Minagi et al. [24] demonstrated that the adherence of
C. albicans increased with greater surface-free energy
of various denture base resin materials, whereas
Serrano-Granger et al. [3] and Pereira-Cenci et al.
[9] suggested no correlation between the two vari-
ables. It is possible that specific ingredients of the
materials directly reduce the adhesion of C. albicans as
well as alter surface characteristics [1,3], although
such an inhibitory effect of soft lining materials on
yeast growth was not apparent in the present study
(Figure 2). Otherwise, the EOS approach, still
believed useful [26], may sometimes fall short in
interpreting the contact angles of liquids with similar
surface tensions and differing fractions of non-
dispersive interactions because it considers solid-lig-
uid interfacial tension a function of the total solid and
liquid surface tensions alone [25]. In the present
study, therefore, we employed one of the surface
tension component approaches, acid-base theory, to
obtain several surface energy components together

with total surface energy of the denture lining materi-
als used. Despite the many controversies over results
obtained by this approach, it helps better account for
the examined phenomena in terms of interfacial acid-
base interactions. According to the Pearson correla-
tion analysis, C. albicans adhesion was significantly
affected by the base component of the materials, but
not by the total surface energy (Table V). As shown
in Table IV, the non-dispersive components also
appeared to govern the hydrophobicity/hydrophilicity
of the materials.

It seems that surface roughness is related to deposit
formation and micro-organism colonization of sur-
faces. Greater surface roughness means a greater
specific surface area, and thus more available surface
active sites for thermodynamic reaction [27]. In the
present study, surface roughness of the denture lining
materials was also measured, as it is a factor in the
entrapment of micro-organisms on surfaces and in
their protection from shear forces [7]. While all the
material surfaces were prepared against a smooth
polyester strip, significant differences in the surface
roughness values (R,) were detected (Table II),
though no statistically significant correlation between
the R, values and C. albicans adhesion were revealed
by the Pearson correlation analysis (Table V). This
finding implies that surface energy parameters of the
materials play a greater role in C. albicans adhesion
rather than surface roughness when the latter is con-
trolled within a range (e.g. R, < ~ 1.5 um).

Moreover, changes in surface roughness can influ-
ence the contact angle, thereby changing surface
energy characteristics [28—30]. Most theories of solid
surface energy have their basis in the Young equa-
tion, which assumes an ideal (i.e. chemically homo-
geneous, rigid and flat at an atomic scale) surface
[15]. Moreover, the solid should not interact in any
fashion with the probe liquid [31]. However, real
surfaces in most experimental conditions differ from
ideal ones, firstly in terms of surface roughness [31].
According to Busscher et al. [28], changes in solid
surface R, below 0.1 pum have no effect on contact
angle. In the present study, surface energy para-
meters were calculated based on initial contact angle
measurements of the denture lining materials
because the initial angle is a measure of adhesion
[9,32]. As the R, values of the denture lining



materials ranged from 0.11-1.34 pum in this study
(Table II), the actual contact angles could have
deviated from the estimated contact angles obtained
from Young’s equation [15,31]. Therefore, more
accurate experimental approaches to measuring con-
tact angles should be developed for the surface
characterization of denture lining and other dental
materials.

The current study focused on the influence of
surface energy parameters, including hydrophobic-
ity/hydrophilicity, of eight selected denture lining
materials on the initial adhesion of C. albicans.
The results of this study suggest that the adhesion
of C. albicans to denture lining materials can be
accounted for in terms of interfacial acid-base inter-
actions. Although this micro-organism is the major
pathogen in both oral and systemic candidosis [19],
other related Candida species should also be consi-
dered to draw a general conclusion, particularly
because non-albicans species such as C. rropicalis,
C. glabrata and C. dubliniensis are hydrophobic and
thus may have different tendencies to adhere to
denture lining materials [24]. Moreover, dental
materials including denture lining ones are coated
by saliva when exposed in the oral cavity. It is
possible that coating of denture lining materials by
a liquid medium such as saliva influences the results
of Candida adhesion [2]. According to Millsap et al.
[33] and Busscher et al. [34], saliva enhances
Candida adhesion to acrylic surfaces, whereas it
discourages adhesion to silicone elastomer. How-
ever, there remains conflicting evidence whether
such salivary coating reduces or enhances the adhe-
sion of C. albicans [19]. One reason for this discrep-
ancy may be the great difference among saliva
formulations used in the i vitro studies [1,2,8,9].
In the present study, the influence of saliva on fungal
adhesion to the materials was not observed, our focus
being only on direct interactions between the mate-
rials and C. albicans. Therefore, further study on the
influence of adhesion medium on Candida adhesion
using both artificial and natural saliva is needed to
obtain more clinically relevant results. Also, further
investigation using accurate, appropriate methods
for contact angle measurement and calculation of
surface-fee energy is required to clarify the relation-
ship between the surface characteristics of denture
lining materials and their resultant susceptibility to
Candida adherence.
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