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Objectives: To evaluate the effect of chlorhexidine loading in microhardness and flexural
strength of acrylic reline resins, after thermal aging.
Methods: Several concentrations of chlorhexidine were selected to load three acrylic reline
resins: 1%, 2.5%, 5%, and 7.5% in Kooliner, 1%, 2.5%, 5%, 7.5% and 10% in Ufi Gel Hard and
1%, 2.5% and 5% in Probase Cold. In the control group the reline resin was not loaded with
chlorhexidine. Eight specimens per group (n=8) were fabricated (64x10x3.3 mm) and sub-
mitted to thermal aging (1000 cycles, 5°C-55°C). Knoop microhardness (30 s, 98 mN) and
3-point flexural strength (5 mm/min) tests were performed in each specimen. Results were
submitted to nonparametric tests Kruskall-Wallis e Mann-Whitney (a=0.05).
Results: No differences (p>0,05) were found among microhardness of Kooliner and Probase
Cold loaded with the tested chlorhexidine concentrations. Ufi Gel Hard with 2.5% of chlorhe-
xidine yielded higher (p<0,05) microhardness than the control and 7.5% chlorhexidine
groups. Regarding to flexural strength, no differences (p>0,05) were observed for Kooliner
and Ufi Gel Hard. Loading Probase Cold with 5% of chlorhexidine lead to lower (p=0.033)
flexural strength values than control group.
Conclusions: Loading Kooliner and Ufi Gel Hard with the studied concentrations of chlorhexi-
dine does not negatively affect microhardness or flexural strength, after thermal aging. Loading
Probase Cold with 5% of chlorhexidine does not affect microhardness, but leads to a decrease
of the flexural strength. (Rev Port Estomatol Med Dent Cir Maxilofac. 2018;59(3):154-161)
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Incorporacao de clorexidina em resinas acrilicas de rebasamento
- Microdureza e resisténcia a flexdo apés envelhecimento térmico

RESUMO

Palavras-chave:
Clorexidina
Rebasamento
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Resisténcia a flexdo
Dureza

Objetivos: Avaliar o efeito da incorporacgdo de clorexidina na microdureza e resisténcia a
flexd@o de resinas acrilicas de rebasamento, apds envelhecimento térmico.
Métodos: Foram selecionadas diversas concentragdes de clorexidina e incorporadas em trés
resinas acrilicas de rebasamento: 1%, 2,5%, 5% e 7,5% em Kooliner; 1%, 2,5%, 5%, 7,5% e 10%
em Ufi Gel Hard; e 1%, 2,5% e 5% em Probase Cold. No grupo de controlo a resina nao foi in-
corporada com clorexidina. Oito espécimes por grupo (n=_8) foram fabricados (64x10x3,3 mm)
e submetidos a envelhecimento térmico (1000 ciclos, 5°C-55°C). Foram realizados testes de
microdureza Knoop (30 s, 98 mN) e de resisténcia a flexdo a trés pontos (5 mm/min). Os dados
obtidos foram submetidos a testes ndo-paramétricos Kruskall-Wallis e Mann-Whitney (0=0,05).
Resultados: Nao se encontraram diferengas (p>0,05) entre a microdureza da Kooliner e Pro-
base Cold incorporada com as diversas concentracoes de clorexidina estudadas. A resina
Ufi Gel Hard com 2,5% de clorexidina permitiu atingir valores de microdureza superiores
(p<0,05) relativamente aos grupos controlo e com 7,5% de clorexidina. Relativamente a re-
sisténcia a flexdo, ndo foram encontradas diferengas (p>0,05) nas resinas Kooliner e Ufi Gel
Hard. A incorporacdo de Probase Cold com 5% de clorexidina conduziu a valores de resis-
téncia a flexao inferiores (p= 0,033) ao controlo.
Conclusdes: A incorporagao das concentragoes estudadas de clorexidina nas resinas Kooliner
e Probase Cold nao afetou negativamente a microdureza ou a resisténcia a flexao, apds
envelhecimento térmico. O carregamento do Probase Cold com 5% de clorexidina néo in-
fluenciou a microdureza, mas provocou a diminuicdo da resisténcia a flexdo. (Rev Port Esto-
matol Med Dent Cir Maxilofac. 2018;59(3):154-161)
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Introduction

Residual ridge resorption is a chronic and progressive phe-
nomenon of bone remodeling that decreases denture sta-
bility and retention, reducing the comfort of patients
wearing a removable prosthesis.® A poor fit denture can
cause mucosal trauma which, associated with other fac-
tors such as poor oral hygiene,? dietary factors,>* xerosto-
mia,> absence of overnight removal,®’ chronic diseases or
a compromised immune system,” can lead to denture-
-induced stomatitis.

A reline procedure is commonly used to enhance the fit of
the pre-existing denture to hard and soft tissues, and auto-
-polymerizing acrylic reline resins are usually the chosen ma-
terial to perform this relatively simple, useful and inexpensive
treatment.®° Either direct resins, that are cured at the chair-
side in the dental clinic, or indirect resins, which are cured at
the laboratory, can be used.

Acrylic resins are porous materials susceptible to oral bio-
degradation and mechanical surface deterioration.'®! The
roughness and irregularity of the resulting surface may act as
reservoirs of microorganisms, which in turn may contribute to
oral diseases.!>'*

The main pathogen related to denture stomatitis is Candi-
da albicans due to its ability to adhere and proliferate through

tissues of the oral cavity and acrylic resins producing a com-
plex and heterogeneous bacterial biofilm.*>1¢

Candida-associated denture stomatitis is the most com-
mon form of oral candidiasis, affecting mostly the palatal mu-
cosa.' Its clinical appearance can be a discrete area of pin-
point inflammation related to the ducts of the palatal mucous
glands or an intense erythematous area of the mucosa covered
by the denture.’®!® Even though this oral disease is usually
asymptomatic, it should be treated as it can progress to more
severe infections.

The treatment of Candida-associated denture stomatitis is
usually based on cleansing,” relining or even replacement of the
denture, together with the prescription of antifungal drugs.®??
The topical application of an antifungal agent can be highly in-
efficient due to the rapid drug clearance from the site of infec-
tion. Moreover, it is challenging to obtain rigid patient compli-
ance and, when drugs are given systemically, only a small
concentration of the drug tends to reach the target location,
associated to an increased risk of undesired side effects.???* Be-
sides that, even when additional hygiene solutions are used for
denture cleansing, Candida strains tend to subsist.?%>>2

The feasibility of introducing antimicrobial and antifungal
agents in resins, acting as drug carriers for the treatment of
denture-induced stomatitis, has been investigated by several
researchers.?*? These drug delivery systems have some ad-
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vantages, such as preservation of therapeutic levels by con-
tinuous drug release at the infection site, minimal risk of
systemic toxicity, decrease need of patient compliance and,
when incorporated in reline materials, simultaneous treat-
ment of ill-fitting dentures and Candida-related infec-
tion.?22%-31 Furthermore, with the use of these carriers, the
effect of preventing the initial adhesion of microorganisms to
the base of the denture and inhibition of biofilm formation is
added, resulting in an important interference in the mecha-
nism of infection.?426:29

Chlorhexidine (CHX) is a widely used antiseptic drug with
remarkable antifungal, antibacterial and anti-biofilm abilities,
and a high substantivity.?*2%32 CHX suppress the adherence of
Candida albicans to cells or acrylic surfaces and, for this reason,
can inhibit Candida-related infections.?’-33-” CHX has shown
to have a good performance both on releasing and microbio-
logical tests.??3>%8-42When loaded into acrylic resins, CHX has
shown higher effectiveness in microbiological tests compared
to other agents such as fluconazole and nystatin.?3?43642 Also,
releasing rates with CHX loaded acrylic resins showed a pat-
tern of high CHX release at the first two to seven days, that
decrease and became steadier for twenty-eight days.?%3843

The concentration of 10% of CHX is usually accepted as the
most effective against Candida albicans.**-*! However, the min-
imal concentration of CHX (w/w) to load into reline acrylic
resins with proper antifungal activity against Candida albicans
seems to be 2.5% for Kooliner, and 5% for Ufi Gel Hard and
Probase Cold.>*

Previous studies***> showed promising results since load-
ing acrylic reline resins with antifungal CHX concentrations
did not influence mechanical properties. However, in that
studies, the mechanical tests were performed a short period
after polymerization, remaining some concerns about the
long-term effect of CHX loading on mechanical and surface
properties, that can occur when the acrylic resin is in function
and submitted to the intraoral environment.'0:46-49

The objective of this study was to evaluate the effect of
CHX loading in microhardness and flexural strength of acrylic
reline resins, after thermal aging, according to the following
hypotheses: loading 1) Kooliner, 2) Ufi Gel Hard, or 3) Probase
Cold with different concentrations of CHX does not affect the
microhardness and the flexural strength values of the reline
acrylic resin.

Table 1. Materials under evaluation in the study

Materials and methods

Three auto-polymerizing acrylic resins presented in the
powder-liquid form were used (Table 1). Two of them are di-
rect reline resins, Kooliner and Ufi Gel Hard, mainly com-
posed by pre-polymerized poly(ethyl methacrylate) parti-
cles. The third material is an indirect reline resin, Probase
Cold, mainly formed by pre-polymerized poly(methyl meth-
acrylate) particles.”®

The acrylic resins were manipulated according to the re-
spective manufacturer’s instructions (Table 1). The liquid was
measured using a pipette, and the powder was weighed using
a precision scale (Mettler Toledo). All specimens were loaded
with chlorhexidine diacetate monohydrate (Panreac Appli-
chem, Darmstadt, Germany) using a mortar and pestle for
homogenization, according to the proportions previously es-
tablished: Kooliner: 0%, 1%, 2.5%, 5% and 7.5% of the acrylic
resins’ powder weight (w/w); Ufi Gel Hard: 0%, 1%, 2.5%, 5%,
7.5% and 10% of the acrylic resins’ powder weight (w/w);
Probase Cold: 0%, 1%, 2.5 % and 5% of the acrylic resins’ pow-
der weight (w/w).

Rectangular shaped stainless-steel molds were used to
prepare specimens of final dimensions correspondent to
64x10x3.3 mm.>! The stainless-steel mold was placed on a
glass plate covered by a polyester sheet, and the material’
dough was prepared and placed into the mold. After that, an-
other polyester sheet and glass were positioned on top of the
mold, and the specimen was kept under compression, at
37x2 °C, until the end of the set time established by the man-
ufacturer (Table 1). On the other hand, polymerization of the
indirect reline resin was carried out in a pressure device (Ivo-
mat, Ivoclar Vivadent, Liechtenstein) at the recommended
time, temperature and pressure (Table 1).

After polymerization, the samples were removed from the
molds, and the edges of each sample were polished with a
600-grit silicon carbide paper (Carbimet Paper Discs, Buehler
Ltd., IL, USA), on a polisher with constant refrigeration.

Eight specimens of each group (n=8) were prepared, in
a total of one hundred eighteen specimens. Control group,
with no CHX loaded, was represented as the 0% CHX
group.>?

All specimens were submitted to a thermal aging process,
being exposed to 1000 cycles of thermal fluctuations between

Product Manufacturer Batch P/L ratio (g/ Composition Time and conditions
number mL) of curing

Kooliner = GC America Inc., 1007201(P) 1.4/1 P: PEMA, dibenzoyl peroxide, silicon dioxide, 10 min,

Alsip, Illinois, USA 1008101(L) titanium dioxide, cellulose acetate at 37 °C

L: IBMA, accelerant

Ufi Gel Voco GmbH, 1128441(P) 1.77/1 P: PEMA, benzoyl peroxide 7 min, at 37 °C
Hard Cuxhaven, Germany 1134070(L) L: HDMA, hydroxyethyl methacrylate
Probase Ivoclar Vivadent AG, 149853(P) 1.5/1 P: PMMA, softening agent, benzoyl peroxide, 15 min, at 40 °C,
Cold Liechtenstein L43809(L) catalyst, pigments 2-6 bar

L: MMA, BDMA, catalyst

P - Powder; L - Liquid; PEMA - poly(ethyl methacrylate); IBMA - isobutyl methacrylate; HDMA - 1,6 — hexanediol dimethacrylate; PMMA —
poly(methyl methacrylate); MMA - methyl methacrylate; BDMA- 1,4-butanediol dimethacrylate
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5°C and 55 °C, immersing the specimens for 20 seconds in each
water bath (5 seconds of dwell time; Refri 200-E, Aralab, Cas-
cais, Portugal).

The Knoop microhardness test was performed (Duramin,
Struers DK 2750, Ballerup, Denmark) with a 98.12 mN load for
30 seconds. Twelve equidistant measurements were made in
each specimen, and the mean value was used as the Knoop
microhardness (KHN) of the specimen.

After checking the width and thickness of each specimen
with a digital micrometer of 0.01 mm precision (Mitutoyo
Digimatic, MFG. Co. Ltd, Tokyo, Japan), flexural strength was
tested with a universal testing machine (Instron Model 4502,
England), using a three-point bending device with a distance
between supports of 50 mm and 1 kN load cell at a crosshead
speed of 5 mm/min.>*

Since normality was not verified (Shapiro-Wilk normality
tests, p<0.05), data were submitted to Kruskal-Wallis nonpara-
metric tests, followed by multiple comparisons using Mann-
-Whitney tests with Bonferroni corrections (a=0.05).

Results

The microhardness of Kooliner was not significantly (p>0.05)
affected by the studied percentages of CHX (Figure 1). How-
ever, loading Ufi Gel Hard with CHX showed a statistical
(p=0.002) influence on the KHN of this direct reline resin.
The 2.5% CHX group showed higher KHN values than the
control (p=0.042) and 7.5% CHX (p=0.002) groups (Figure 2).
No statistically significant (p>0.05) differences were found
between the groups of specimens fabricated with Probase
Cold (Figure 3).

Regarding flexural strength, neither Kooliner nor Ufi Gel
Hard was significantly (p>0.05) affected by CHX loading (Fig-
ures 4 and 5). However, loading Probase Cold with 5% of CHX
resulted in a statistically (p=0.033) lower flexural strength than
the control group. No other significant (p>0.05) differences
were found between the flexural strength observed in the
Probase Cold groups (Figure 6).

Ufi Gel Hard
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Figure 2. Box plots of microhardness (KHN) distribution
of CHX groups of Ufi Gel Hard. Groups assigned with the

same letter (a/b) show no statistically significant
differences between them (p>0.05).

Probase Cold

18
= 16 ° o
< 14 = o
2
§ 12 8 0%
g 10 8 1%
=
g o 2.5%
E
€ 0 5%
[=]
[=]
=
b4

Figure 3. Box plots of microhardness (KHN) distribution

of CHX groups of Probase Cold. No statistically significant
differences were found between groups (p>0.05).

Kooliner

18
__ 16 e 0%
=
<14 B 1%
§ 12 0 2.5%
50 o 5%
S *
k] o 7.5%
E =
53 o
o
S

Figure 1. Box plots of microhardness (KHN) distribution

of CHX groups of Kooliner. No statistically significant
differences were found between groups (p>0.05).
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Figure 4. Box plots of flexural strength (MPa) distribution
of CHX groups of Kooliner. No statistically significant

differences were found between groups (p>0.05).
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Ufi Gel Hard
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Figure 5. Box plots of flexural strength (MPa) distribution

of CHX groups of Ufi Gel Hard. No statistically significant
differences were found between groups (p>0.05).
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Figure 6. Box plots of flexural strength (MPa) distribution
of CHX groups of Probase Cold. Groups assigned with

the same letter (a/b) show no significant statistical
differences between them (p>0.05).

Discussion

In the present study, Koop microhardness and three-point
flexural tests were performed to evaluate the long-term effect
of CHX loading on mechanical and surface properties of dif-
ferent acrylic reline resins.

In spite of incorporation of resin materials, with com-
pounds like fluconazole, silver-zinc zeolite, fluoroalkyl meth-
acrylate, methacryloyloxyundecylpyridinium bromide or TiO,
and SiO, nanoparticles, have been studied,’*%> CHX has
shown a more efficient candidacidal effect when loaded in
acrylic resins.??2427,33,3742 The selection of the tested CHX con-
centrations was based on the results of previous mechanical
studies.***> Unlike Ufi Gel Hard, loading the Kooliner and the
Probase Cold with 10% CHX negatively influences microhard-
ness and flexural strength of these reline resins.* Likewise, a

negative impact on the flexural strength of Probase Cold when
loaded with 7.5% CHX was shown.*

The three reline resins were chosen due to their differenc-
es in chemical composition and structural arrangement.’ The
Kooliner is composed by the isobutyl methacrylate monomer
and forms a simple non-crosslinking net when polymeriza-
tion is complete. Whereas, the Ufi Gel Hard has the monomer
1,6-hexanodioldimethacrylate and forms a more complex
crosslinking net, with large molecules. The Probase Cold is a
methyl methacrylate based resin, that is polymerized in lab-
oratory developing a net with a reduced percentage of un-
cured monomer.>%>* Since these resins have different physical
structure and chemical composition, CHX molecules when
incorporated in the net can create different links to the poly-
meric chains and change their properties in distinct magni-
tudes. Also, CHX incorporation can increase the distance be-
tween polymer molecules, resulting in an expected weaker
polymer net.

The Knoop microhardness test is commonly used in poly-
meric materials such as acrylic resins because, due to the
geometry of the indenter, it minimizes the elastic recovery of
these materials.?>° Flexural strength was selected since it is
one of the most significant features when assessing dental
polymers and it gives good information about the clinical
performance of the denture when subjected to mastication
forces.9'15v56’57

The physical and mechanical properties of the CHX loaded-
-acrylic reline resins under study were already investigat-
ed.*4>>8 Nevertheless, these studies focused on measuring the
properties of the resins without any influence of the environ-
ment. So, another feature of the present study was to submit
the specimens to a thermal aging procedure, to simulate tem-
perature fluctuations that occur in the oral cavity with mouth
breathing and whenever food and beverages with different
temperatures are consumed.>” The specimens were submitted
to 1000 cycles of thermal fluctuations between 5 °C and 55 °C,
corresponding to 6 weeks in function.®® Most of the CHX load-
ed in acrylic resins is released into the oral environment in the
first twenty-eight days.?>%24361 However, although after this
period the therapeutic dose of CHX gradually becomes less
efficient, the reline materials tested are considered to be semi-
-permanent and therefore it is important to know whether the
loaded acrylic resins maintain their mechanical properties
even after the release of CHX.

In the present study, loading the reline acrylic resin with
CHX had a dissimilar effect on the microhardness and flexur-
al strength among the three reline materials tested.

Since no statistically significant differences were found
between Kooliner groups with different CHX loading, in both
microhardness and flexural strength, the first hypothesis in
study could not be rejected. However, loading the reline resin
with CHX did affect the microhardness of Ufi Gel Hard and the
flexural strength of Probase Cold. As so, the second and third
hypothesis could be rejected.

However, although the microhardness of the Ufi Gel Hard
was affected by 2.5% CHX loading, no degradation of this prop-
erty was observed. In fact, loading Ufi Gel Hard with 2.5% CHX
increased KNH that may be due to the chemical conformation
of poly(ethyl methacrylate) whose chemical union may be pro-
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moted by some concentration of CHX. Similar to this result
was obtained in a previous study,* with 5% CHX group yielding
higher microhardness value than the control group (0% CHX).

Concerning to flexural strength, no differences were found
between the different concentration of CHX loading of the
specimens made with Ufi Gel Hard or Kooliner. The fact that
both direct reline resins, Ufi Gel Hard and Kooliner, were not
affected by the CHX loading might be explained by their sim-
ilar chemical composition, being both based on pre-
-polymerized poly(ethyl methacrylate) particles.”® In a previ-
ous study* were found similar results, since specimens of
Kooliner and Ufi Gel Hard incorporated with CHX in the con-
centration of 1%, 2.5%, 5% and 7.5% did not evidence a negative
impact on flexural strength. Nevertheless, Ufi Gel Hard with
10% CHX load should not be used for reline procedures intend-
ed to last for more than 1 month.*

Probase Cold was the only resin that revealed a decrease
of the flexural strength of some CHX loaded specimens since
5% CHX group had lower flexural strength than the control.
This indirect acrylic resin has a different chemical composi-
tion than the other resins studied since it is composed by pre-
-polymerized poly(methyl methacrylate) particles with a dis-
tinctive structural arrangement. Moreover, unlike Kooliner and
Ufi Gel Hard, Probase Cold curing cycle is accomplished under
high temperature and pressure. These reasons might explain
the negative influence of CHX on Probase Cold specimens. The
result obtained in the Probase Cold 5% CHX group is in accor-
dance with many other studies,!>#44>4849.5662 that revealed a
reduction on resin flexural strength after being loaded with
antimicrobial agents, although only one** had implemented a
thermal aging procedure. An inverse proportional ratio be-
tween the concentration of the antimicrobial introduced and
the flexural strength values, meaning that higher amounts of
drug loaded in the acrylic resins are translated in lower flex-
ural strength values of the materials, has also been de-
scribed.*849.56.62 The physical presence of the CHX particles
into the resin matrix may disturb the physical form of the
polymer.®? The decrease of flexural strength of the denture
base acrylic resin may be explained by the possible increase
of the intermolecular distance between the polymer chains
after the incorporation of some antimicrobial monomer.*° Also,
the reduced flexural strength of the denture base acrylic resin
loaded with 2-tert-butylaminoethyl methacrylate antimicro-
bial monomer have been associated to the presence of a high-
er amount of residual monomer and a lower conversion degree
of the acrylic resin.”® Therefore, the reduction of the flexural
strength of Probase Cold 5% CHX group could be substantiated
by the increase of intermolecular distance of polymer chains
and the increase of residual monomer. Diminished flexural
strength can result in a greater incidence of fracture when the
acrylic is submitted to occlusal stress.*® Even so, in this partic-
ular situation, the 5% CHX Probase Cold group still reached a
flexural strength value that is clinically accepted by the ISO
1567 standard (65 MPa).>°¢

Recent preliminary results from a microbiological study®%
established that the most effective concentration of CHX (w/w)
against Candida albicans would be 2.5% for Kooliner and 5% for
both Ufi Gel Hard and Probase Cold. So, it can be concluded
that the proportion of 2.5% CHX for Kooliner and 5% CHX for

Ufi Gel Hard may be valid because, besides being effective
against Candida albicans, it did not negatively affect the me-
chanical properties of these direct reline acrylic resins. On the
other hand, loading Probase Cold with a concentration of 5%
CHX may not be advisable.

However, it is important to investigate other mechanical
and physical properties of reline acrylic resins loaded with
CHX, after not only thermal but also chemical aging. Although
having conducted thermal aging of the specimens, more ex-
perimental studies are needed to conclude about biodegrada-
tion of acrylic reline resins exposed to the oral cavity. The bio-
degradation of a biomaterial can produce leachable products,
which in turn may induce a series of biological responses on
cells and tissues. This process may occur not only due to ther-
mal changes but also due to exposure to saliva, chewing,
breathing, chemical and dietary changes.'® A major clinically
significant consequence of acrylic based resins biodegradation
is the release of potentially toxic unbound/uncured monomers
or/and additives from the polymer network. The released com-
pounds may have a toxic effect on the oral cavity. Concerning
materials stability, biodegradation may induce significant
changes in materials physical and mechanical properties that
may ultimately lead to the failure of the material.

Conclusions

The concentrations of 1%, 2.5%, 5% and 7.5% CHX for Kooliner,
1%, 2.5%, 5%, 7.5% and 10% CHX for Ufi Gel Hard and 1% and
2.5% CHX for Probase Cold do not negatively affect the me-
chanical properties of the acrylic resins after a thermal aging
equivalent to one month of oral environment.
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