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The oral cavity contains the most complex microbial community of the body, which
has more than 700 bacterial species. These microbial species colonize different
habitats in the oral cavity. The biological interaction between dental restorative
materials and the encompassing oral microbes is one of the most important factors
for their clinical prognosis. Many studies have shown that there are distinctive
interactions between the rate of microbial formation and the restoration material
itself. Currently, there are several Implant Dental Restorative Materials on the
market like poly-methyl methacrylate, feldspathic porcelain, dental zirconia, and
dental composite resin.

The purpose of this study was to comparatively evaluate initial adherence for C.
albicans and S. aureus on five different implant dental restorative materials. Ten
samples/group were constructed as Smm x Smm x 2.5 mm rectangles and were
fabricated as per the manufacturer's instructions for each groups. Five groups were
made from different types of materials: Polymethyl methacrylate denture material
processed with the compression molding technique (PMMA), computer-aided design

and computer-aided manufactured dental acrylic (CAD/CAM PMMA), feldspathic



porcelain, dental zirconia, and pink dental composite resin.
There was a significant difference between the five groups for C. Albicans (F=
891.16, p=.0005). CFUs/ml for the pink dental composite resin were significantly
higher than the other four groups. However, The dental zirconia group showed the
lowest CFUs/ml for initial adherence between all the groups. For S. aureus, CFUs/ml
for the pink dental composite resin was significantly higher than the other four
groups. Heat polymerized PMMA and the CAD/CAM PMMA group showed
significantly higher CFUs/ml than Feldspathic porcelain and dental zirconia groups.
In conclusion, there was a significant difference between the five groups for initial
adherence of C. albicans and S. aureus. The dental zirconia group showed the lowest
initial adherence and the pink dental composite resin group showed the highest initial
adherence for both microbes. Within limitation for this study, understanding what is
the best for final dental restorative material from aspect of how much it could harbor
microbes is an important factor in the final success of treatment and this study

investigated this aspect under control conditions.
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Introduction

Microorganisms and Oral Diseases

The association between the oral cavity of human beings and microorganisms
starts after birth and lasts a lifetime.! The oral cavity contains the most complex
microbial community of the body, which has more than 700 bacterial species. These
microbial species colonize different habitats in the oral cavity, including the teeth,
gingival sulcus, tongue, cheeks, hard and soft palates, and tonsils, with distinct
subsets predominating at different habitats.’

Since the main gateway for air and food to the body is the oral cavity,
microorganisms colonizing one area of the oral microbial community have a
significant probability of spreading on contiguous epithelial surfaces to neighboring
sites. Throughout the history of oral microbiology, many studies were conducted to
explain the role these species play within the oral microbial community. Findings
from the various investigations yielded overwhelming evidence that microbial species
like Streptococcus mutans (S. mutans) and Candida albicans (C. albicans) are

36 and denture

associated with specific oral conditions, namely dental caries
stomatitis, '’ respectively. Additionally, these microbial species among others have
been shown to contribute to oral diseases, including periodontitis, endodontic
infections, and alveolar osteitis.>'' Studies'* '* have also elaborated on the evidence
that species-specific pathogenesis are often propagated and complicated by the
production of extracellular polymer substances (EPS) from the initially colonizing
species. These substances, including polysaccharaides, lipids and glycoproteins, act
much like glue that help form a dynamic, interconnected network of microorganisms

forming a biofilm. Previous studies demonstrated that these EPSs mediate intra- and

interspecies interactions, implying that both mono-species and multi-species biofilms



exist in nature.'* °

Candida albicans is a Gram-positive dimorphic fungal pathogen commonly
colonizing a healthy oral cavity as part of the normal commensal flora. Although
there are more than 190 species in the Candida Genus, C. albicans is the most
prevalent species.'® Its primary location is the posterior tongue and other mucosal
sites. In addition to host tissue, C. albicans is able to adhere to acrylic resins of the
dental prostheses. Both the plaque accumulated on the denture and poor oral hygiene
contributes to Candida pathogenesis. Importantly, any alterations in the host immune
status predispose the host to candidiasis.'>'” Among the various manifestation of oral
candidiasis, Candida-associated denture stomatitis is the most common, affecting
approximately 60% of prosthesis wearers.'® !’

C. albicans possesses numerous virulence attributes that are crucial to its
pathogenesis. Most notable are morphological switching, cell wall adhesion and
secreted proteolytic enzymes involved in tissue invasion. The cell wall specifically is
important, as in addition to maintaining cell integrity, it promotes colonization of host
cells and tissues.*” '

Besides the role of C. albicans in oral diseases, Streptococcus mutans is also
commonly found in the oral cavity and it is a significant contributor to dental caries.’
Staphylococcus aureus is a Gram-positive bacterial species considered an important
human pathogen primarily due to its ability to adhere to surfaces and form biofilms.
Microbial biofilms are complex 3D structures that can form on tissues or implanted
medical devices.”> Although S. aureus is a member of the oral flora present in up to
84% of healthy adult dentate oral cavities and 48% of the denture-wearing population
23, 24

, its contribution to development of oral diseases is not fully elucidated.*® S

aureus was shown to contribute to the development of several oral diseases including



angular cheilitis,”’ parotitis,”® and staphylococcal mucositis.”” Importantly, S. aureus

was reported to also play a role in dental implant failure.>*>'

Microbial Adherence and Biofilm Formation

In considering bacterial adhesion to restorative surfaces, the overwhelming factor,
as with enamel, is surface roughness. In a 1997 literature review by Bollen,* the
roughness threshold was reported to be 0.2um Ra value, above which there was a
significant positive correlation between surface roughness and plaque retention.

A study by Lee ef al. ** in 2011 investigated initial bacterial adhesion to three
different dental materials (resin, titanium, and zirconia) with respect to implant
restorations and surface roughness and hydrophobicity. Samples used were
commercially pure titanium cp-Ti machined into discs and 3Y-TZP (3 mol% yttria-
doped tetragonal zirconia polycrystalline) powder die-pressed into discs and then
isostatically pressed to 140MPA and finally polished/finished with 1pym diamond
paste to a mirror like surface. Scanning electron microscopy (SEM) was used to
visually assess bacterial adherence to the different materials and total biomass was
quantitatively determined using crystal violet assay. Results from the study indicated
that adherence of bacteria was most closely related to surface roughness, with resins
exhibiting significantly higher plaque accumulation and biofilm formation than
titanium or zirconia, which was confirmed by SEM (p<.05). However, differences in
plaque accumulation between titanium and zirconia were not significant. In another
study by Nevzatoglu E. in 2007, ** the relationship between surface roughness and
adherence of C. albicans to denture base acrylic resins and silicone-based resilient
liners with different surface finishes was evaluated. Four different acrylic resin

denture base materials and five silicone-based liner materials processed against glass



or plaster and finished with a tungsten carbide bur that were used in this study. A
profilometer, with an optical scanner probe, was used to evaluate the surface
roughness.

The results from the study demonstrated that the materials processed against
glasses exhibited lower surface roughness and C. albicans biofilm formation
compared to dental plaster and surfaces that were roughened by bur. These findings
indicated that acrylic resin denture base with less surface roughness allowed less C.
albicans adherence and biofilm formation. Similarly, a study by Radford et al.
evaluated C. albicans adherence to PMMA heat-cured hard and soft denture base
materials with different surface roughnesses incorporated pooled clarified whole
saliva to assess the effect of saliva on adherence. The findings from this study were in
line with those from the Nevzatoglu study, demonstrating association between surface
roughness and C. albicans adherence. Additionally, a pre-coating denture base

material with saliva was found to reduce C. albicans and biofilm formation.

Pathogenesis of Biofilm formation

Several studies > *° have indicated an association between tooth loss and
denture use as it relates to infections of the upper respiratory tract. Dysphagia and
pneumonia were also associated with aspiration of oral pathogens from the mouth or
the prosthetic appliances.

A systematic review by Sjogren et al in 2008 *° investigated the impact of good
oral hygiene on respiratory tract infection and pneumonia reported that increasing oral
hygiene of patients in nursing homes led to a 10% reduction in cases of death from
pneumonia.

A study by Linuma et al in Japan evaluated 524 elderly patients over three years



and demonstrated a high risk of pneumonia in patients who were nocturnal denture
wearers. Similarly, Przybylowska® evaluated denture plaque on the oral mucosa in 51
patients 37 of whom were patients diagnosed with COPD (Chronic Obstructive
Pulmonary Disease) and found that 62% of the patients had complete dentures, 24%
had transitional RDPs, and 13.5% of them had metal-based RDPs. However, all
patients in the control group had complete dentures. Based on bacterial evaluation, the
study showed that the poor oral hygiene in the denture wearing COPD patient could
lead to COPD-related events similar to denture stomatitis with C. albicans infection.™

As noted previously, surface roughness is a significant contributing factor to
bacterial adhesion and biofilm accumulation. However, in addition to sheer bio-
volume, it is important to consider that other properties of materials can affect biofilm
formation, distribution, and pathogenicity. A study by Meier et al, in 2008,
investigated early colonization of streptococci to all-ceramics, following a one-hour
adherence time. The samples used were different types of ceramics (glass, feldspathic,
glass-infiltrated alumina, zirconia reinforced glass infiltrated alumina, tetragonal
stabilized zirconia). Results indicated that plaque accumulation was more influenced
by the presence of a salivary pellicle than by material type; however, bacterial
viability was affected by material composition. Surface roughness and contact angles
of uncoated and saliva-coated surfaces were measured for reference. Uncoated
surfaces exhibited higher variability, but all surfaces were similar when coated with
saliva. Surface hydrophobicity of bacteria was quantified by partitioning to
hexadecane in PBS and to human saliva and surface quality was equalized with
human saliva. Samples were incubated in a shaker with bacteria and viability was

quantified with the Baclight Live/Dead assay with fluorescent dyes and then



fluorescence was measured to show the biofilm accumulation that adhered to the

sample surface.



Microbial Adherence to Dental Materials

A. Poly-methyl methacrylate (PMMA) in dentistry

PMMA is used for making complete or partial dentures, fabrication of temporary
crown and bridges, orthodontic appliances and maxillofacial prostheses’’. Different
techniques are used to polymerize PMMA. Heating the polymer “powder” and
monomer “liquid” together in hot water can activate the polymerization of PMMA by
producing free radicals that initiate the polymerization of the methyl methacrylate
(MMA) monomers. Also, the polymerization reaction can be done chemically at room
temperature by using dimethyl-p-toluidine. This is the cold cure technique.
Microwave energy or visible light can also be used to initiate the polymerization
reaction for the PMMA’® %’

The wuse of computer-aided design and computer-aided manufacturing
(CAD/CAM) has become available in dentistry for fabricating fully digitalized
complete dentures. The denture base is milled from polymerized PMMA by using
advanced software after receiving a scanned impression digitally. The teeth also can
be articulated through the same software and all the digital information can then be

sent to the milling machine to produce or mill a fully digitalized complete denture™.

B. Dental ceramics in dentistry

While primary caries results from initiation of lesions in virgin tooth structure,
secondary caries is a significant contributing factor to the replacement of dental
restorations’'. Caries formation is directly related to plaque accumulation, which is
mediated by bacterial adhesion to intraoral surfaces. In the case of the restored tooth,

bacteria must adhere to the restorative material, particularly along margins, in order to



cause recurrent pathology. As with natural tooth structure, surface quality can greatly
affect bacterial adhesion®®. This can vary between direct restorative materials such as
amalgam, resin composites, glass monomer cements and composers as well as with
cast or milled indirect materials such as gold, ceramometal margins, many different
types of ceramics, and titanium or zirconia implant restorative components. For the
most part, cast or milled indirect materials exhibit better marginal fit, finish and polish

than direct materials*’.

Ceramics are nonmetallic inorganic materials including metal oxides, borides,
carbides, and nitrides within a complex matrix. They are crystalline in structure and
display a periodic arrangement of component atoms, exhibiting ionic or covalent
bonding. In general, ceramics can be very strong, but also very brittle, being strong in
compression but weak in tension”. Ceramics can vary in translucency, which
contributes to their esthetic qualities. Factors that contribute to this translucency
include particle size, particle density, refractive index, and porosities, among others.

A restorative dental material that has recently come into much favor is lithium
disilicate, a glass-based system with fillers in a homogenous glass. Lithium disilicate
glass ceramics were first introduced in 1998 by Ivoclar as Empress II (now IPS e.max
pressable and machinable ceramics). The material is marketed as having a crystal
content of approximately 70% with improved flexural strength over existing ceramics.
The glass matrix is composed of lithium silicate with micron-size lithium-disilicate
crystals interspersed, which is a submicron lithium orthophosphate crystal. The
projected flexural strength is 360MPa, according to manufacturer literature. Esthetics
is preserved, as this material can be translucent in spite of its high crystalline content
due to the low refractive index of lithium disilicate crystals. Veneer porcelain of

fluorapatite crystals in an aluminosilicate glass can be used to alter shade and



morphology of the final restoration following initial pressing or milling. The
fluorapatite consists of fluoride-containing calcium phosphate (Cay(PO4);F). Lithium
disilicate restorations can be either pressed or milled to fabricate inlays, onlays,
veneers or single unit crowns. Indications for this material include single unit
restorations as far posteriorly as second premolars. These restorations can be full-
contour or may be cut back and subsequently modified with veneering fluorapatite™.

Ivoclar Vivadent currently markets two types of lithium disilicate materials,
IPS e.max Press and IPS e.max CAD, for pressed and milled restorations,
respectively. Pressed lithium disilicate restorations are made from IPS e.max Press
ingots, which have been nucleated and crystallized in one heat treatment. Wax
patterns of final restorations are first made with a low residue pressing wax and then
invested in IPS PressVEST. IPS e.max Press ingots are then isostatically pressed at
approximately 920°C for 5-15 minutes to form 70% crystalline lithium disilicate
ceramic, with an approximate crystal size of 3-6 um in length. The reaction layer that
remains from slight absorption of investment material onto the lithium disilicate
surface is then removed with immersion in a weak acid solution for 20-30 minutes
(i.e. IPS e.max Invex Liquid). The acid solution turns the reaction layer chalky white
which is subsequently removed by blasting with 100 pym aluminum oxide at 1-2 bar
(15-30 psi) pressure™.

Milled lithium disilicate specimens are made from IPS e.max CAD “blue
blocks” by a two-stage crystallization process. Blocks are composed of 40% volume
precipitate lithium meta-silicate crystals following double nucleation, the first stage of
crystallization. The “blue block™ is first milled and then heat-treated to approximately

840-850°C in a porcelain furnace. This allows the final restoration to reach a fine-



grain glass ceramic state with 70% crystal volume incorporated into the glass ceramic.
Approximate crystal size is 1.5 pm®.

IPS e.max ZirPress/Ceram, a low-fusing nano-fluorapatite glass ceramic with IPS
e.max Ceram Liquid can then be used for veneering. Following veneering, discs are
then polished with Proxy pink polishing paste. Resulting nano-fluorapatite crystals are
100-300nm, and the micro-fluorapatite crystals are 1-2 pm in length®’. This surface,
which can be further modified with an additive IPS e.max Ceram Glaze Spray, is not
polished or otherwise modified after firing. No information of resultant crystalline
surface following glazing is available yet in the literature.

C. Dental composite

In restorative dentistry, the resin composite is popular and has made for a major
change in the dental field due to the superiority in esthetics and its low cost compared
to other dental materials. Plaque accumulation is one of the drawbacks of this

1***_ There are direct and indirect resin composites and each one of them has

materia
advantages and disadvantages**. The direct composite has been known for its ease of
use, especially in minimal invasive dental treatments*®. However, in situations where
there is a large defective area due to caries, the need for using indirect composite resin
increases due to the difficultly of light curing the resin when it is more than 2 mm in
thickness*’. Also, the shrinkage of the large mass of resin is a major consideration in
choosing an indirect restoration over a direct restoration’’. The use of colored,
indirect composite resin has expanded in the last decade as a prosthetic treatment.
Pink colored resin has been used by many dentists for esthetics purposes; for
example, using it in a situation where one needs gingival prosthetics and some

. . . . . . 48 .
recession situations where surgical options are not available™. A study was done in

2017 by G Derchi et al * that evaluated bacterial biofilm formation in dental

10



composite resin treatment that was done directly and indirectly. They tested five
different direct composite dental resins (Venus Diamond, Adonis, Optifil, Enamel
Plus HRi, Clearfil Majesty Esthetic) and three indirect composite dental resins
(Gradia, Estenia, Signum). The study showed that indirect composite resins have
significantly lower levels of microbial adhesion than direct composite resins. Also,
the study showed that there was no significant difference in initial adherence between
direct and indirect resins. However, within the indirect composite resins the Gradia

showed the lowest level of bacterial formation.*
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Clinical implications of microbial adherence to restorative materials

As mentioned above, surface roughness of various types of denture bases made of
acrylic resin vary and these differences can be positively associated with biofilm
accumulation. This has significant implications on oral and systemic health.
Therefore, denture wearers should be cautioned about wearing dentures for an
extended period of time without daily cleaning following dentist’s instructions, as the
denture may become more prone to microbial adherence after each use.

C. Albicans and S. aureus both have a relationship with many oral diseases,
specifically with those patients who have different kinds of dental restorations.
Microbial biofilms are not only able to adhere to oral mucous surfaces, but also have
the ability to adhere to different kinds of dental restorations such as the acrylic resins
in dental prostheses. Poor oral hygiene of those wearing dentures could lead then to
develop oral and systemic diseases. Denture stomatitis is one of the most common
oral infections that is related to poor oral hygiene in denture wearers.

The scope of the current research is deliberately narrow in focus to elucidate the
exact relationship that acrylic resin may have in the oral environment. However, the
potential implications and impact on health is great and should be considered

carefully, as more advances are made in the field of dentistry.
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Purpose

The purpose of this study was to evaluate initial adherence of microbes on

these two types of PMMA, feldspathic porcelain, dental zirconia, and pink composite

resin. Each material was prepared following the manufacturer directions.

The different types of materials that were prepared for testing in this study were

1.

Heat processed PMMA: denture material processed with the
compression molding technique.

CAD/CAM PMMA: AvaDent denture materials.

Feldspathic porcelain: IPS Ceram from Ivoclar Vivadent.

Dental zirconia: Zenostar® Ivoclar Vivadent.

Composite resin: GRADIA GC America

13



Hypotheses

Null Hypothesis:

L When incubated in vitro with microbial cells, there are no
significant differences in initial adherence of microbes on the five

different materials.

Research Hypothesis:

I.  When incubated in vitro with microbial cells, the pink composite
resin will harbor the highest initial adherence of microbes. The
poly-methyl methacrylate material that was processed with the
compression molding technique will exhibit significantly greater
initial adherence of microbes than AvaDent denture materials that
will be milled, and Zenostar® Ivoclar Vivadent, and, finally, IPS

Ceram Ivoclar Vivadent.
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Materials and Methods

In this study, microbial adhesion was tested on two different types of PMMA:
(1) Heat polymerized PMMA, and (2) PMMA used to fabricate Avadent dentures (the
leading CAD/CAM denture material). In addition to PMMA, (3) Feldspathic
porcelain, IPS Ceram Ivoclar Vivadent, (4) Dental zirconia, Zenostar® Ivoclar
Vivadent, and (5) Pink dental composite resin material were also tested. Samples
were constructed as Smm x Smm x 2.5 mm squares and were fabricated as per the

manufacturer's instructions.

A. Preparation of Samples

The principle investigator prepared all the samples assessed in this study. The
group of poly-methyl methacrylate specimens (PMMA denture material processed
with the compression molding technique) was made from Lucitone 199 manufactured
by DENTSPLY International Inc., the other group of PMMA specimens were
designed digitally then milled by AvaDent dental lab. Feldspathic porcelain
specimens were made from IPS Ceram Ivoclar Vivadent. The final two groups
included specimens made from dental zirconia (Zenostar® Ivoclar Vivadent and
GRADIA pink dental composite resin (manufactured by GC America).

For the PMMA specimens, wax patterns were created as squares of baseplate
wax measuring Scm x Scm with a total of 10mm in thickness. Then the patterns were
processed as per the manufacturer's instructions using acrylic resin Lucitone 199
(DENTSPLY International Inc). After deflasking, the block of acrylic was cleaned by
soaking the specimens in multi-purpose cleaning solution in an ultra sonic machine
for 30 minutes. After 30 minutes of cleaning, the acrylic blocks were cut into 10

specimens using an IsoMet 1000 Precision Cutter (Buehler, USA). The surfaces of

15



these specimens were polished using the ultra denture system for polishing (Brasseler
USA ®). Resultant specimens were finished using sandpaper wheels and measured
with a digital caliper (Neiko 01407A Stainless Steel 6-Inch Digital Caliper). to
confirm appropriate dimensions. Each specimen had a final dimension of Smm x
Smm and 2.5mm.

For CAD/CAM PMMA, Avadent provided us with blocks of PMMA had
estimate dimension of Scm x Scm x 10mm were digital designed then milled out of
AvaDent CAD/CAM Denture Base billets with original shade V10.>° After the blocks
were received, the principle investigator cleaned the blocks by soaking them in multi-
purpose cleaning solution in the ultra sonic machine for 30 minutes. After 30 minutes
of cleaning, the acrylic blocks were cut into 10 specimens using IsoMet 1000
Precision Cutter (Buehler, USA).

Resultant specimens were finished using sandpaper wheels and measured with
a digital caliper (Neiko 01407A Stainless Steel 6-Inch Digital Caliper). to confirm
appropriate dimensions. Each specimen had a final dimension of Smm x 5mm and

2.5mm.

For the Feldspathic porcelain specimens, rectangular IPS Ceram Ivoclar
Vivadent specimens with the dimensions 20+£lmm X 10+£1lmm X 44+0.5mm were
provided by the respective manufacturing company (Ivoclar Vivadent). Then the
block of IPS Ceram Ivoclar Vivadent were cut into 10 specimens using IsoMet 1000
Precision Cutter (Buehler, USA). Test specimens are then polished per
recommendations utilizing feldspathic porcelain Extra-Oral Adjustment/Polishing

Wheels (Brasseler USA). Resultant specimens were measured with micrometer digital

16



caliper to confirm appropriate dimensions. Each specimen had a final dimension of
Smm x Smm and 2.5mm.

For the Zirconia specimens, 10 specimens of Zenostar® Ivoclar Vivadent
were provided by the respective manufacturing company (Ivoclar Vivadent). Each
specimen has a final dimension of Smm x 5Smm and 2.5mm. Resultant specimens
were made by the company (Ivoclar Vivadent) and they followed the manufacture
instructions. After the samples were received, each was measured with micrometer
digital caliper to confirm appropriate dimensions. Each specimen had a final

dimension of Smm x 5mm and 2.5mm.

Pink composite resin (GRADIA® pink, GC America) was tested because of
its reported use in fixed restorations as a material to simulate gingiva. Wax patterns
were created as rectangles of baseplate wax Scm X 5cm X 10 mm. Using these wax
patterns, a mold of putty vinyl polysiloxane material was made. The mold was used to
pack composite material, using composite handling instruments. Every Smm of
packed composite specimens was cured for 30 seconds until the whole block was
cured, and the block was cut into 10 specimens using IsoMet 1000 Precision Cutter
(Buehler, USA). After cutting, the blocks were finished and polished using composite
finishing and polishing kit (Brasseler USA ®). A micrometer digital caliper was used

to confirm the dimensions.

All the samples were sterilized using Ethylene Oxide Sterilization before

every cycle and cleaned after every cycle using Ethanol 70% for ten minutes.

B. Initial Adhesion of Microorganisms

Specimens were stored in phosphate buffered saline (PBS) (Sigma Aldrich, St.

Louis, MO) and 10 mM PBS was used to rinse samples prior to inoculation.
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S. aureus strains (USA300, ATCC, Manassas, VA) were maintained on trypticase soy
agar (TSA) plates (Sigma Aldrich, St. Louis, MO). A single colony of S. aureus was
suspended in trypticase soy broth (TSB) (Sigma Aldrich, St. Louis, MO) and
incubated overnight at 37°C with shaking (Figure 1).

Candida albicans wild type strain SC5314, was maintained on yeast extract,
bacto-peptone, and dextrose (YPD) agar plates. A single C. albicans colony was
suspended in YPD broth and grown overnight at 30°C with shaking (Figure 1).

Following incubation, cells were harvested and washed three times with PBS.
Cell density was measured using a spectrophotometer at an optical density of 1.0 at
ODggo and the cell density was adjusted to a final concentration of 1x10’ cells/ml in
PBS for both species. S. aureus and C. albicans were suspended in Sml RPMI 1640
medium (supplemented with glutamine and buffered with HEPES) (Invitrogen) in
wells of tissue culture plates to final cell densities of 1x10 cells/ml for each species.

Cell density was adjusted to a final concentration of 1 x 107 cells/mL BHI for
incubation of specimen surfaces. Two ml of bacterial solution will be added to each

well. Specimens will be then incubated for 3 hours on a shaker at 37°C.

C. Assessment of Initial Adherence of Microbes

Viability Assay: Following incubation, specimens were washed serially three
times with PBS. Specimens were then placed in 50ml centrifuge tubes in 2ml PBS
and sonicated. A series of dilutions were made and suspensions were dotted in 10ul
aliquots on BHI agar in triplicate for colony forming units (CFU/ml) to assay

microbial viability as a quantification of initial adherence of microbes.
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Microbial Plate

A single microbial colony

For Candida albicans

10 ml of YPD (Yeast peptone dextrose)
+
A single C. Ablicans colony

50 mL Erlenmeyer flask

For Staphylococcus aureus
10 ml of TSB (Tryptic soy broth)

+
Assingle S. aureus colony

50 mL Erlenmeyer flask

Figure 1. Extract a single microbial colony and prepared it for overnight culture.
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Statistical Analysis:

A one-way analysis of variance (ANOVA) was used to test the research
hypothesis. Significant differences were further analyzed by Tukey’s Honestly

Significant Difference (HSD) test. A p value of <.05 was considered significant.
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Results

Ten samples from each of the five different dental restorative materials were
evaluated for differences in levels of microbial adherence. Statistical analysis of
results for all specimens demonstrated differences in the level of C. albicans and S.

aureus initial adherence on the various materials.

C. albicans adherence on dental materials:

With respect to C. albicans initial attachment, ANOVA results demonstrated a

significant difference between the five groups for C. Albicans (F= 891.16, p<.0005)
(Figurel). Results of the statistical analyses of initial adhere for C. albicans are
summarized in Table 1. CFUs/ml for the pink dental composite resin (7.06 £.043)
were significantly higher than the other four groups. Heat polymerized PMMA (6.47
+.027) was significantly higher than Feldspathic porcelain (6.34+ .034) and the
CAD/CAM PMMA group (6.22 +.046). The dental zirconia group (6.12 +.042)

showed the lowest CFUs/ml for initial adherence of microbes between all the groups.
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Table 1. ANOVA Table Comparing Initial Adheres for C. albicans — CFUs/ml (x107)

Group N Mean S.D. F )2

CAD/CAM PMMA 10 6.22 0.046

Heat Processed 10 6.47 0.027
PMMA

* Groups with the same letter are not significantly different



C. Albicans

Average Logi CFU

Figure 2. Initial adherence for C. albicans across five dental restorative materials.
*Bars indicate that a significant difference has found between each of the five different

materials.
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Initial Adherence of S. aureus to dental materials:

ANOVA results demonstrated a significant difference between the five groups
for S. aureus (F= 163.750, p=.0005) (Figure 2). Results of the statistical analyses
of initial adhere for C. albicans are summarized in Table 2. CFUs/ml for the pink
dental composite resin (6.55 +.023) was significantly higher than the other four
groups. Heat polymerized PMMA (6.37 £.022) and the CAD/CAM PMMA (6.39
+.024) groups showed significantly higher CFUs/ml than Feldspathic porcelain
(6.19 £.044) and dental zirconia (6.13 +.070) groups. There was no statistically
significant differences between the Heat polymerized PMMA and CAD/CAM

PMMA groups and between the Feldspathic porcelain and dental zirconia groups.
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Table 2. ANOVA Table Comparing Initial Adheres for S. aureus — CFUs/ml (x10%)

Group N Mean S.D. F P

Feldspathic Ceramic 10 6.19° 0.044

CAD/CAM PMMA 10 6.39 0.024

* Groups with the same letter are not significantly different



S. aureus

o |
1

=
1

Average Logio CFU

Figure 3. Initial adherence for S. aureus across five dental restorative materials.

*Groups under the same bars are not significantly different.
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Discussion

The initial microbial adherence (as quantified by CFUs/ml) was examined for
five different restorative materials. Based on the results of this study, the null
hypothesis that there are no significant differences in the initial adherence of microbes
on the five differently material was rejected.

Initial adherence for C. albicans on the five different groups:

Test for initial adherence of C. albicans demonstrated significant differences in
CFUs/ml for each group. The Zirconia group showed the lowest CFUs/ml in
microbial initial adherence as compared to the other groups. The resin dental
composite showed the highest CFUs/ml microbial initial adherence. The CAD/CAM
PMMA group was the next lowest CFUs/ml after Zirconia group, then F. Ceramic,
and the heat process group came before the resin dental composite group, which was
the highest group. The result of initial adherence for the resin dental composite group
supported the research hypothesis, and exhibited the highest CFUs/ml among all the
groups. Being the highest CFUs/ml might have been due to many factors related to
the nature of the material itself. The light cured composite resin has a more porous
surface than the other materials;”' i. e., the mechanical properties of the dental
composite resin surface, the types of filler particles, and the curing methods that were
used. In some dental resins, the monomers are related to an increase in growth of
some bacterial species.”’ The lowest CFUs/ml count was found in the zirconia group,
that may be belong to the glass content of the ceramics, which makes the ceramic
groups show different microbial adherence.’> However, further studies in this regard
is necessary to identify what features make materials less to microbial adherence or

not.
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The technique for making a PMMA restorative prosthesis plays a role in
acrylic surface properties including porosity formation and, ultimately, microbial
adherence.””>* A study done by Al-Fouzan AF in 2017 >* compared the adherence of
C. albicans to CAD/CAM PMMA denture material and heat processed PMMA. Ten
samples in each group were used. C. albicans colonization was tested on all
specimens. The results showed that there was a significant difference in C. albicans
adherence between the two groups. The CAD/CAM PMMA showed less microbial
adherence than the PMMA using the heat process technique. Therefore, the results in
the Al-Fouzan AF’s study >* support the results of this study: the CAD/CAM was
lower in the CFUs/ml than the heat process PMMA. This common result could be
because the CAD/CAM PMMA denture has less porosity as compared to the heat
process PMMA denture.”> The more the porosity, the more the material will harbor

microbial adherence.™

Initial adherence of S. aureus on the different dental materials:

Comparative evaluation of initial adherence of S. aureus demonstrated
significant variations between the various implant dental restorative materials
surfaces. For S. aureus test, the feldspathic porcelain and CAD/CAM PMMA groups
showed different results, the feldspathic porcelain group showed lower CFUs/ml for
the microbial initial adherence than CAD/CAM PMMA group, however it was the
opposite for the C. albicans. The zirconia group showed no significant difference in
CFUs/ml for microbial initial adherence as compared to the feldspathic porcelain. The
same was true for the C. albicans, the resin dental composite showed the highest

CFUs/ml of microbial adherence. For the heat process group, this study showed no
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significant difference between the CAD/CAM PMMA group and heat process PMMA

group.

Limitation

The main limitation of this study is that it is an vitro study conducted under
controlled conditions and therefore, it is not reflective of the complex environment in
the oral cavity where various factors come into play such as pH, saliva, temperature,
nutrients and importantly, host immune factors among others. Similarly, in our study
bacteria were grown in defined microbial media, however salivary pellicles change
the physicochemical property of the oral surfaces providing additional receptors for
bacterial adhesion. Further, the various microbial species inhabiting the oral cavity
exist in heterogeneous biofilms embedded within polysaccharides matrix, whereas our

study included only two bacterial species that were studied separately.

Further Research

With the limitations of the present study, it follows that there may be potential
avenues for further studies. Also, the complex nature of the environment in which
these materials are used may also be considered. Variations may include fluctuation
of pH with meals, mechanical debridement simulation, regular oral hygiene, or the

introduction of the flux characteristic of such a habitat.
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Appendix
Table 3: C. Albicans

Table 3A. Descriptive statistics:

N Mean Std. Deviation Std. Error
Zirconia 10 6.12298 .042616 .013476
Heat Processed PMMA 10 6.47872 .027245 .008615
Feldspathic Ceramic 10 6.34609 .034106 .010785
CAD/CAM PMMA 10 6.21975 .046333 .014652
Resin Composite 10 7.06821 .043570 .013778
Total 50 6.44715 .033827 .047839
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Table 3B. ANOVA:

Sum of squares df Mean Square F Sig.
Between Groups 5.537 4 1.384 891.162 .0005
Whitin Groups .070 45 .002
Total 5.607 49
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Table 3C. Initial adherence of C. Albicans:

Tukey HSD Subset for alpha < .05 *
Groups N 1 2 3 4 5
CAD/CAM PMMA 10 6.21975

Heat Processed PMMA 10 6.47872

*Groups in different columns are siginficantly different.



Appendix

Table 4: S. aureus

Table 4A. Descriptive:

N Mean Std. Deviation Std. Error
Zirconia 10 6.1381 .07008 .02216
Feldspathic Ceramic 10 6.1966 .04477 .01415
Heat Processed PMMA 10 6.3736 02217 .00701
CAD/CAM PMMA 10 6.392 .02459 .00777
Resin Composite 10 6.5578 .02370 .00749
Total 50 6.33181 15651 .02213
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Table 4B. ANOVA:

Sum of squares df Mean Square F Sig.
Between Groups 1.123 4 281 163.750 .0005
Whitin Groups 077 45 .002
Total 1.200 49
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Table 4C. Initial adherence of S. aureus:

Tukey HSD Subset for alpha < .05 *

Groups N 1 2 3

Feldspathic Ceramic 10 6.196647

CAD/CAM PMMA 10 6.392784

*Means in the same column are not siginficantly different.
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