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In vitro adhesion of Candida albicans in three different tissue
conditioners used in prosthodontics
Adherencia in vitro de Candida albicans en tres diferentes
acondicionadores de tejidos usados en prostodoncia total
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ABSTRACT

RESUMEN

Background: Tissue conditioners are materials used on the surface
of denture bases for 4 to 7 days. These materials have an irregular
surface, and if improperly used, there is the possibility of adherence
of some microorganisms such as Candida albicans which could elicit
Oral Candidiasis. Objective: To quantify and analyze three tissue
conditioners with the aid of an Optical Microscope (OM) as well as
a Scanning Electron Microscope (SEM) at three inoculation phases
(days). Study: 36 study samples were prepared through inoculation
of in vitro Candida albicans at 24, 72 and 168 hour intervals. Samples were assessed through OM and SEM from which photographs
were obtained at 500x, 2,000x and 5,000x magnifications. Results:
Coe Comfort tissue conditioner presented an even surface with budding yeast adhesion and hyphae; Lynal presented a 3 μ cracked
surface at 72 and 168 hours with budding yeast; Flexacryl presented
a 4 μ cracked surface at 72 and 168 hours and great amounts of
budding yeasts. Conclusions: Coe Comfort conditioner presents a
more regular surface with less Candida albicans adhesion, whereas
Flexacryl is the one presenting greater irregularities and Candida
albicans adherence in its surface.

Antecedentes: Los acondicionadores de tejidos, son materiales
utilizados en la superficie de la base de la dentadura por un tiempo
de 4-7 días. Presentan en su superficie irregularidades y con un uso
inadecuado, existe la adherencia de microorganismos como Candida albicans provocando candidiasis bucal. Objetivo: Cuantificar
y analizar los tres acondicionadores de tejidos por medio de un microscopio óptico (MO) y de un microscopio electrónico de barrido
(MEB), en tres tiempos de inoculación. Estudio: Se elaboraron 36
muestras de inoculando Candida albicans, in vitro durante 24, 72 y
168 h; se observaron mediante MO y MEB de donde se obtuvieron
fotografías a un aumento de 500x, 2,000x y 5,000x. Resultados: El
acondicionador de tejidos Coe Comfort presentó superficie regular
con adhesión de levaduras en gemación e hifa, Lynal presentó superficie agrietada de 3 μm a 72 y 168 h con levaduras en gemación
y Flexacryl presentó superficie agrietada a 72 y 168 h de 4 μm y
una gran cantidad de levaduras en gemación. Conclusiones: El
acondicionador Coe Comfort presenta una superficie más regular y
con menor adhesión de Candida albicans, mientras que el acondicionador Flexacryl es el que presenta mayores irregularidades y adherencia de Candida albicans en su superficie.
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INTRODUCTION
Complete dentures, per force, must have a design
which enables them to distribute all loads exerted upon
them. The biomechanical aspect of complete dentures
is based on their functioning and on three principles:
retention, support and stability. When one of these factors is lost due to some external cause, the denture
shows poor fit, and consequently there is resorption of
the residual ridge, pain, discomfort and inflammation
of the tissue directly related to the prostheses. Also to
be taken into account are the facts that the denture is
in constant use, not allowing therefore tissue regeneration, equally to be taken into account is the possibility
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of poor hygiene on the ridges and on the prostheses;
due to all these factors, the patient faces an inevitable
reaction of the denture supporting tissues.1,2,4,5,10
Many of these tissue reactions can be reversed if
the cause causing the damage is alleviated. Nevertheless, it is generally necessary to treat the area which
will be supported by the denture with tissue material or
tissue conditioner. Several weeks might be needed to
revert tissue damage.4-6
Tissue conditioners are resilient plastic materials
(viscoelastic) which flow and intimately adapt to the
tissue mucosa and the base of the oral prosthesis.
They function as a cushion and absorb part of the energy elicited by the impact of mastication between oral
tissue and denture surface, they equally provide a relief zone to irritated or damaged tissue.7,15,16 Some irregularities (porosities) are present on the conditioners
surface; they favor adherence of several microorganisms and form a microbial plaque mainly composed of
bacteria and yeasts.
Tissue conditioners are of temporary usage (5-7
days). After this period they begin to lose elasticity
and softness, and become irritants as they turn rough,
hard, and defective. These defects can act as reservoirs which contribute to the adherence and proliferation of microorganisms. Candida albicans is the microorganism most frequently isolated in patients wearing
dentures.12,24,25
Candida albicans is a microscopic, oval, yeast
shaped, thin walled fungus measuring from 2 to 4 μm.
Nevertheless, in infected tissues, filamentous shapes
of variable length have been identified having 3 to 5
μm rounded ends. Pseudohyphae have also been
identified (elongated yeast cells which remain bonded
together). Candida albicans is a pathogenic, opportunistic agent, causing severe infectious processes in
the oral cavity. Oral candidiasis is one of these infectious processes, it occurs in patients wearing dentures,
in them, there is a thinning of the epithelial tissue in
contact with the denture and conjunctive tissue is severely inflamed. It is generally located on the palate
surface, affects more females than males, and elicits a
constant burning awareness.20 Candida albicans proliferation and its adherence to prostheses (dentures)
has been related to the onset, maintenance and aggravating of Oral Candidiasis.3,5-7,10,13,17,19
The initial phase of Candida albicans adhesion to
the tissue conditioning is mediated by non specific
factors (surface hydrophobia and electrostatic forces) as well as by cellular wall components (mannoproteins and fibrillar proteins) which act as adhesins
and are able to recognize receptors in the epithelial
cells, extracellular matrix and surfaces colonized by
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oral streptococci.21,24 Once adhered, the microorganism can reproduce, develop biofilms, change its type
of growth from blastoconidia to pseudo hyphae and
true hyphae. These can guide its growth through contact with the discontinuities of the oral mucosa cells,
penetrate into them, invade deep tissues and hinder
phagocytosis.5,17
The aim of this study was to quantify and analyze
three tissue conditioners with the use of Optical Microscopy (OM) and Scanning Electron Microscopy, at
three phases (times) of inoculation.
MATERIAL AND METHODS
Sample preparation: Thyirty six slides of tissue
conditioners 10 mm long x 10 mm wide x 1 mm thickness were prepared. 12 slides were prepared with
Coe Comfort, 12 slides with Lynal, and 12 slides with
Flexacryl. Out of each 12 slide set, 6 samples were
allocated to be observed under optical microscope,
and 6 under MEB STEREOSCAM 440, with the aim
of carrying out duplicate studies at three inoculation
times (24, 72, and 168 hours) and applied according to
manufacturer`s instructions. Obtained samples were
cleansed (washed) with sterile distilled water , and
later disinfected for one hour with broad spectrum antibiotic, in this case 500 mg amikacin, to eliminate bacteria from the samples, leaving an optimum surface for
Candida albicans adhesion.8
Handling of microorganisms and culture conditions: A Candida albicans reference strain was
used, provided by the Institut Pasteur, France. This
reference strain was kept in Sabouraud dextrose agar
culture plates. This strain was subject to germ tube
formation tests, clamidoconidia, so as to ascertain
strain purity. The microorganism was cultivated in Sabouraud dextrose agar plates, at 37 °C during 24 to 48
hours. From this fresh culture, a microbiological batch
was harvested, and it was incorporated to 100 mL of
sterile tripticase soy broth, which was kept in an elliptical incubator for a whole night (12 hours) at 37 °C with
60 rpm agitation.9,19
The culture was centrifuged for 10 minutes at 1,000
rpm. Later, the tripticase soy broth was withdrawn,
and the blastoconidia present in the sediment were
twice washed with sterile saline solution. The washed
sediment received 2 mL of sterile tripticase soy broth
to re-suspend blastoconidia. This concentrate was
gradually incorporated into 10 mL sterile tripticase soy
broth up to the point where a 0.8 OD520 (1 x 107 blastoconidia/mL) suspension of the microorganism was
obtained.20,21
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Biofilm formation and adherence test: Samples
were placed in 24 wells cellular culture plates with 2
mL of Candida albicans suspension. Samples were incubated during the following periods: 24, 72 and 168
hours at 37 °C with 6 rpm agitation. Once these periods elapsed, they were washed with PBS (NaCl 8 g,
KCl 2 g, KH2PO4 2 g, KH2PO4 – 12H2O 2.89 g and 1
liter distilled H2O pH 7.4) to remove non adhered cells.7
Yeast growth determination and quantification was
carried out with an optical microscope using Gram
staining technique. To perform counting, a reticulum
was set up in the ocular portion. This reticulum was
divided into ten 1 mm fields wide by ten 1 mm fields
long. In such a way yeast count (Gram positive) per
mm2 was achieved.2,7
Determination of surface characteristics and structure
was performed with MEB STEROSCAM 440, in such a
way as to obtain photographic increases of 500x, 2,000x,
and 5,000x. Samples were previously fixated with (2.5%)
glutaraldehyde, buffer washed and dehydrated with 20%,
40%, 60%, 80% and 100% ethanol. Later they were
mounted on brass pellets and ionized with a coating of
gold-palladium during 3 minutes at 1,500 KV and 10 mA.7
Statistical analysis: Adhered cells quantification
was carried out with the Sigma Star Ver 3.1 statistical
package. A general descriptive statistic was performed
for all variables, and adhered yeast averages were
compared in the different tissue conditioners used, as
well as inoculation time with a one way ANOVA. The
Tukey test was used for data comparison purposes.
RESULTS
Data gathered showed that when using Coe Comfort tissue conditioner, after 24 hours with the use of
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OM, a 9 yeast per mm2 count was obtained, and with
SEM a predominantly even surface was observed,
with absence of porosities, and yeasts measuring
from 3 to 3.5 μm in diameter, well circumscribed and
in budding process.(Figure 1-A). After 72 hours, in the
OM a 9 yeasts per mm2 count was obtained, and with
SEM the surface was observed with 50 to 60 μm and
with 3.5 to 4 μm yeasts in budding state (Figure 2-A).
After 168 hours, with optical microscope a 30 yeast
per mm2 count was found and with electron scanning
microscope a surface with depressions and yeasts in
hyphae state were observed (Figure 3-A).
When using Lynal tissue conditioner, after 24 hours,
with OM, a count of 14 yeasts per mm2 was obtained,
and with SEM a predominantly even surface was observed, with scant irregularities and 3 to 3.5 μm diameter, well circumscribed and budding state yeasts (Figure
1-B). After 72 hours, OM showed a count of 14 yeast
per mm2 and with SEM the surface presented 2 to 3 μm
thick irregular cracks and 3 to 3.5 μm diameter, budding
state yeasts inside the sample cracks (Figure 2-B). After
168 hours, with the OM a count of 36 yeasts per mm2,
and the SEM showed a surface with 3 μm thick cracks
and yeast measuring from 3 to 3.5 μm in diameter, well
circumscribed and in budding state (Figure 3-B).
When using Flexacryl tissue conditioner, after 24
hours and with OM, a count of 19 yeasts per mm2, and
with SEM an even and regular surface was observed,
with very few irregularities, with 3 to 3.5 μm diameter
yeasts, well circumscribed, in budding state (Figure
1-C). At 72 hours, with OM a 19 yeast per mm2 count
was obtained, and with SEM a mostly irregularly creviced
surface was observed (2 to 4 μm crevices) with 3 to 3.4
μm diameter yeasts, in budding state, observed in the
junction (union) of the sample s crevices (Figure 2-C).

C
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Figure 1. Candida albicans adherence at 24 hours in all three tissue conditioners at 5,000x: A) Coe Comfort, B) Lynal, C)
Flexacryl
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Figure 2. Candida albicans adherence at 72 hours in all three tissue conditioners at 5,000x: A) Coe Comfort, B) Lynal, C)
Flexacryl.
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Figure 3. Candida albicans adherence at 168 hours in all three tissue conditioners at 5,000x. A) Coe Comfort, B) Lynal, C)
Flexacryl.

After 168 hours, with OM a 56 yeasts per mm2 count was
observed, and the SEM revealed a surface with 3 to 4
μm thick crevices, well circumscribed, in budding state
and abundant throughout the whole surface (Figure 3-C).
With the help of gathered data, it was observed
that statistically, there are variations in adherence (p
≤ 0.05) when comparing Flexacryl and Coe Comfort
tissue conditioners at 24, 72 and 168 hours, and between Flexacryl and Lynal at 168 hours, which gives
a result of Flexacryl 24 hours (19.3 ± 3.055) and Coe
Comfort 24 hours (9 ± 3.6); Flexacryl 72 hours (19.3
±3.055) and Coe Comfort 72 hours (9 ± 3.6); Flexacryl 168 hrs ( 56 ± 2.517) and Lynal 168 hrs (36.6 ±
1.0); Flexacryl 168 hrs (56.3 ± 2.517) and Coe Comfort 168 hrs (30.0 ± 2.0). All the aforementioned data
are presented in table I and figure 4.

DISCUSSION
According to previous studies where different tissue conditioners were compared at same inoculation
times but with different brands (Visco-gel, Fixo-gel,
Fitt,23 Coe Comfort, Coe-Soft, GC soft),22 MJ King &
al22 and Kulak Y & al23 observed that Candida albicans
adherence to these samples was immediately present
after 24 hours of the inoculation. There was adherence
of Candida albicans one hour after inoculation. This
shows that adherence is influenced by the structure of
the material. This agrees with the present study where
it was demonstrated that materials, with time, experience important alterations which cause damage in
the oral tissue; for this reason it must be constantly
changed.
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Table I. Adhered yeasts average of all three tissue conditioners at all three inoculation times.
Tissue conditioner

Average

24 hours
72 hours
1 week
24 hours
72 hours
1 week
24 hours
72 hours
1 week

9.00
9.00
30.00
14.33
14.33
36.00
19.33
19.33
56.33

Adhered blastoconidia per mm2

Coe Comfort
Coe Comfort
Coe Comfort
Lynal
Lynal
Lynal
Flexacryl
Flexacryl
Flexacryl

Time

COE Comfort
Lynal
Flexacryl

24 hours

72 hours

1 week

Figure 4. Adhered yeast average per mm2 on tissue conditioners surface at 24, 72, and 168 hours.

tissue conditioners tested. These defects increased
with the passing of time, since the surfaces became
hard and rough, crevices were observed, as well as
depressions and irregularities.
The conditioner Coe Comfort presented a smoother
surface and with lesser Candida albicans adherence.
For this reason, no statistically significant growth data
were gathered.
The conditioner Flexacryl presented, on its first 24
hours an even surface with few imperfections, but,
with the passing of time, the sample surface became
very irregular, with 3 mm thick crevices which promoted greater Candida albicans adherence. This resulted into this material having greater blastoconidia
amounts, and presented statistically significant growth
data at 24, 72, and 168 hours.
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