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Abstract

In contemporary dentistry, resin-based materi-
als are extensively used for the fabrication of
direct and indirect restorations. As the materi-
als available on the market feature increas-
ingly complex chemical compositions and
include a variety of ingredients with distinct
physical and chemical properties, bioadhesion
and biofilm formation on the surface of these
materials are difficult to predict. These con-
siderations are particularly relevant for mod-
ern resin-based materials that have been
tailored with the intention to modulate the for-
mation of biofilms on their surface. The aim of
the current summary is to outline the contem-
porary scientific knowledge regarding the role
of complex resin-based materials for bioadhe-
sion and biofilm formation on their surface.
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6.1 Introduction

Over the years, resin-based materials have steadily
gained more attention in dentistry, and the materi-
als are still booming. Resin-based materials can be
used for the fabrication of both direct and indirect
dental restorations, which indicates that the
mechanical requirements as well as the physical
and chemical properties of these materials must be
tailored in dependence on their range of applica-
tion. Regarding their interaction of resin-based
materials with microorganisms and biofilms, the
role of these materials has continuously changed.
While in the past resin-based materials have regu-
larly been associated with high levels of plaque on
their surface, the picture is now less clear and the
situation even more complex. Bioadhesion as well
as biofilm formation on the surface of dental mate-
rials is influenced by numerous effects; moreover,
the results of both clinical and laboratory studies on
this topic are heavily dependent on the experimen-
tal conditions applied. Nevertheless, previous
investigations have identified that surface rough-
ness, surface free energy, chemical composition,
and surface topography [1, 2] have a significant
effect on bioadhesion and biofilm formation on the
surface of these materials. A detailed discussion on
this topic can be found in Chap. 5. In situ studies
are regarded as the gold standard in investigations
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dealing with bioadhesion and biofilm formation [3]
as they allow biofilm formation under physiologi-
cal conditions in situ, including the whole spectrum
of microorganisms in the oral cavity. However,
analysis of bioadhesion and biofilm formation in
laboratory trials features the advantages of stan-
dardization and high-throughput screening.
Moreover, laboratory approaches allow an estima-
tion of bioadhesion and biofilm formation on the
surface of experimental materials, which is proba-
bly why most investigations were performed under
strict laboratory experimental conditions.

To date, numerous different resin-based materi-
als differing in composition and properties are
available on the market. The materials can be used
either for the fabrication of direct restorations (such
as resin-based composites) or for the fabrication of
indirect restorations (such as removable dentures),
which are usually fabricated in the dental labora-
tory. Regarding their impact on bioadhesion and
biofilm formation in the oral cavity, these materials
feature different conditions. Due to the extension of
removable denture prostheses, resin-based materi-
als for the fabrication of dentures are in close and
extensive contact to gingival tissues. In contrast to
resin-based materials designed for the replacement
of tooth tissues, they do not have to withstand
chewing forces, which coincides with a completely
different chemical composition. Thus, with regard
to bioadhesion, it is necessary to consider these
materials from different point of views.

6.2 Resin-Based Materials
for Direct Restorations
6.2.1 Introduction

Contemporary resin-based materials for the fabri-
cation of direct dental restorations are most fre-
quently resin-based composites (RBCs), which
include materials that feature a resin matrix supple-
mented with a sophisticated filler fraction to mini-
mize shrinkage and maximize wear resistance.
From a clinical point of view, resin-based compos-
ites are distinguished by their consistency, ranging
from flowable to condensable materials. However,
for estimating the impact of these materials on bio-
adhesion and biofilm formation, this classification

is of little value, and special attention has to be
drawn on the chemical composition of these mate-
rials. In most current commercial RBC formula-
tions, the resin matrix contains Bis-GMA
(bisphenol-A-glycidyl ~ methacrylate), ~ which
requires blending with other dimethacrylates such
as urethane dimethacrylate (UDMA), triethylene
glycol dimethacrylate (TEGDMA), or hydroxyeth-
ylmethacrylate (HEMA) due to its high viscosity
and its unsuitability to incorporate large filler vol-
ume fractions [4]. In order to improve the internal
structure of the resin-based composite and to
chemically bond the hydrophobic resin matrix to
the hydrophilic filler fraction, coupling agents such
as silanes are employed. Most of the contemporary
resin-based composite materials for direct restora-
tions are photopolymerizable materials including
photo initiators, for instance camphorquinone;
some formulations have included PPD (acetyl
benzoyl/1-phenyl-1,2-propanedione), Lucirin®
TPO (monoacetylposphine oxide/2,4,6-trimethyl-
benzoyldiphenylphosphine oxide), or Irgacure®
819 (bisacylphosphine oxide/phenylbis(2,4,6-tri-
methylbenzoyl)phosphine oxide) [5]. The filler
fraction in modern RBC formulations is complex,
and usually comprises nanoscaled filler particles
or, in so-called nanohybrid materials, both nano-
and microscaled filler particles.

Apart from these classical RBCs, glass iono-
mer cements can be supplemented with a poly-
meric ingredient; these materials are usually
defined as resin-modified glass ionomer cements
(RMGIC). However, these materials are only
infrequently used and, in most cases, applied in
temporary restorations; thus, the focus of the cur-
rent outline is set on RBCs.

6.2.2 The Role of RBC Filler Fraction
on Bioadhesion and Biofilm
Formation

The filler fraction accounts for the surface rough-
ness and topography of RBCs. The relevance of
surface roughness for bioadhesion and biofilm for-
mation has extensively been discussed in the last
decades. For titanium implant surfaces, Bollen and
co-workers have introduced a threshold at 0.2 pm,
suggesting that lower values for surface roughness
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than this threshold do not have an impact on bio-
film formation [6]. Similar observations have been
published by the Rimondini group, who intro-
duced a threshold at Ra of 0.088 pm and Rz of
1.027 pm [7]. While it is difficult to simply trans-
fer this threshold to other materials with a more
complex composition, the conventional wisdom
still is that RBCs foster biofilm formation on their
surface in comparison to other tooth-colored den-
tal materials such as ceramics or glass ionomer
cements [8]. However, these results appear to be
particularly true for early RBC formulations,
which included large filler particles and featured
only insufficient chemical bonding between resin
matrix and filler fraction. These materials were
difficult to polish, and as a result from hydrolytic
effects and wear, the disintegration of fillers from
the RBC surfaces continuously produced surfaces

macrofill

with high surface roughness. As microorganisms
preferentially adhere to surface imperfections that
provide shelter from shear stresses, this phenome-
non fosters the adhesion of microorganisms.
However, coinciding with a continuous improve-
ment of the mechanical properties of RBCs, mate-
rials with very tiny filler particles have been
developed and the problem of insufficient bonding
between filler particles and resin matrix has largely
been overcome.

Figure 6.1 illustrates the history development
of filler fraction in resin-based composites.
Different shapes and particle size distributions
of fillers of modern resin-based composite mate-
rials were determined by scanning electron
microscopy and displayed in Figure 6.2. Early
investigations showed an accumulation of pelli-
cle on filler particles and the crevice between

N
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microfill

‘ 10 - 50 um + 40 nm

small particle hybrid

nanofill minifill midifill
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Fig. 6.1 The development of the state of the art of dental composite formulations based on filler particle modifications,

based on Ferracane [5], p. 32

Fig.6.2 Scanning electron microscopy pictures (secondary electron imaging) of inorganic fillers in conventional resin-
based composite material
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Fig. 6.3 Atomic force microscopic image of the surface
of a modern resin-based composite material. (E. Wutscher,
Institute of Experimental and Applied Physics, University
of Regensburg)

filler and matrix. This circumstance can lead to
deterioration, loss of fillers, or degradation of the
filler-matrix bonding [9]. Modern RBC formula-
tions may feature volume fractions of up to 89%
filler particles [10], and recent clinical studies
highlighted that the surface roughness of modern
materials is far lower than the previously intro-
duced thresholds [11]. Figure 6.3 displays the
surface of a modern RBC as analyzed by atomic
force microscopy. As a result, it is unlikely that
further modifications will produce RBCs with
relevantly  diminished surface roughness.
However, apart from pure surface roughness
some laboratory studies have underlined that
biofilm formation can be significantly impacted
by the surface topography of filler-supplemented
resin-based materials. Data from various groups
have demonstrated that different polishing
regimes can significantly impact biofilm forma-
tion on the surface of a single material, although
the differences in surface roughness between
these interfaces were negligible [11-13]. These
results respond to the knowledge that has been
gathered in other biological systems and under-
line that effective modification of the surface
topography of dental materials may produce sur-
faces with antifouling properties [1]. For

instance, the topography of shark skin is less
susceptible for bioadhesion and serves as an
inspiration for several micropatterned surfaces
developed for the use in other fields of medicine
as well as marine environments [14—16]. Surface
structuring leads to increased water contact
angles and  therewith  hydrophobicity.
Furthermore, micro-structured surface patterns
trap air, which decreases the available contact
area between the substratum surface and micro-
organisms. Also, quorum sensing between
microorganisms seems to be reduced due to top-
ographical barriers. Frenzel and co-workers
developed an approach to produce different
composite surface structures to reduce bioadhe-
sion on dental restorations. One conceivable
future implementation of the advantages of bio-
materials’ surfaces is engineering matrix strips
which microstructure the composite during the
placement of the restoration [1]. This procedure
might allow the production of direct restorations
with optimized surfaces that are less susceptible
to biofilm formation.

6.2.3 The Role of RBC Surface
Properties on Bioadhesion
and Biofilm Formation

Apart from surface roughness, surface free
energy is regarded as one of the major factors
that impact biofilm formation on the surface of
dental materials. While the underlying thermo-
dynamical principles are complex, a simple rule
of thumb is that surfaces with low surface free
energy attract less plaque than surfaces with
high surface free energy. This relation has been
proven for a variety of simple polymeric materi-
als such as polytetrafluorethylene (PFTE) or
polyethylene (PE) in several in situ experiments
[2]; however, the relation between surface free
energy and biofilm formation is more complex
and less clear for complex materials such as
RBCs. RBCs consist of chemically distinct
ingredients with different surface free energies,
which finally results in a complex surface that
includes areas with both low (matrix) and high
(fillers) surface free energy (cf. Fig. 6.1). Thus,
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relations between surface free energy and micro-
bial adhesion and subsequent biofilm formation
are hard to establish, which might serve as an
explanation why conflicting results have been
reported regarding the role of the surface free
energy of a RBC on biofilm formation [17, 18].
In some laboratory studies, biofilm formation
was lower on the surface of a RBC material with
a distinct hydrophobic resin matrix based on
siloranes than on the surface of conventionally
applied methacrylate-based materials [19, 20].
However, in situ studies did not support the
results of the laboratory investigations [21],
which underlines that the results from laboratory
approaches cannot be simply transferred into
clinical settings. As the proportion of the resin
matrix on the surface of a RBC is low due to the
abundancy of the filler fraction, it is likely that
differences in surface free energy resulting from
a variation of the resin matrix may only affect
bioadhesion and biofilm formation under con-
trolled and very strict experimental conditions.
Judging from the current evidence, it appears
that surface free energy cannot serve as a reliable
predictor of bioadhesion and biofilm formation
on the surface of complex RBCs. Overall, the
importance of RBC surface properties on bioad-
hesion seems to decrease with increasing biofilm
formation time and growing biofilm layer [22].

6.2.4 The Role of the RBC Resin
Matrix on Bioadhesion
and Biofilm Formation

In comparison to filler fraction, only little effort
has so far been made to identify and elucidate the
interaction of the resin matrix with bioadhesion.
While it is clear from the history of the filler frac-
tion in RBCs that the proportion of the resin
matrix in the surface of RBCs has gradually
diminished, some researchers have highlighted
that the resin matrix has a relevant impact on bio-
film formation on the surface of RBCs [11].
Brambilla and co-workers have shown that
Streptococcus  mutans  biofilm  formation
decreases with increasing curing time, which has
been attributed to a decreased concentration of

unpolymerized monomers [23]. Previous studies
have also highlighted that the colonization of
specimens fabricated from different experimental
resins with Streptococcus mutans is different
despite similar surface properties [24], which
underlines the existence of an effect of the resin
matrix on bioadhesion. However, the exact mech-
anisms which are responsible for these results are
not yet clear. It is well known that polymerization
of resin-based materials is never complete, and
modern mixtures feature a degree of conversion
ranging around 60—70%. Leakage of unpolymer-
ized resin monomers as well as biodegradation of
the resin matrix by oral microorganisms might
have an impact on oral microorganisms [11]. In
the past, it has been suggested that monomers
such as UDMA, EGDMA, DEGDMA, and
TEGDMA may promote growth and prolifera-
tion of cariogenic microorganisms [25, 26]; how-
ever, recent publications could not corroborate
this hypothesis [27].

6.2.5 Modifications of RBCs
with Antimicrobial Agents

Several approaches to equip RBCs with antimicro-
bial properties have been described, including the
incorporation of agents like silver ions [28, 29],
zinc oxide nanoparticles [30], quaternary ammo-
nium derivatives [31], chlorhexidine acetate [32],
and many others. Antimicrobial agents delay,
reduce, or avoid biofilm formation through direct
contact or leaching. However, these agents may
lead to impaired mechanical properties and
decreased degrees of conversion. Also, the anti-
bacterial effects are often temporary [33], featur-
ing a burst effect followed by a rapid decrease.
Early studies indicated an antimicrobial effect on
Streptococcus mutans by quaternary ammonium
polyethylenimine nanoparticles for at least 1
month [31] and silver-supplemented materials for
6 months [34]. At the same time, little or no release
of silver or quaternary ammonium was observed.
Moreover, Yoshida and co-workers reported that
supplementing RBCs with different silver agents
produced materials with very distinct mechanical
properties [34], which underlines that it is not
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indifferent to the antimicrobial agent used. With
regard to this aspect, it has been reported that qua-
ternary ammonium polyethylenimine nanoparti-
cles do not compromise the mechanical properties
of a supplemented RBC [31]. Other studies sug-
gest even higher mechanical strength (diametral
tensile strength, fracture toughness) in RBCs sup-
plemented with titanium and silver-tin-copper
filler particles [35]. More information on this can
be found in Chaps. 8, 9, and 10.

6.2.6 The Role of Degradation
of RBCs by Microorganisms:
A Circulus Vitiosus?

However, although no simple relations between
the composition and availability of resin
monomers and bioadhesion have yet been identi-
fied, it is undoubted that oral microorganisms
interact with the matrix constituents of RBCs. It
has been highlighted that the presence of biofilms
on the surface of RBCs leads to deterioration of
the RBC surface [36-38]. This phenomenon is
due to biodegradation of the resin matrix, an effect
that has frequently been addressed in dental mate-
rials science and is caused by esterases from car-
iogenic bacteria [39]. As acids may also provoke
degradation of RBCs [40], it is likely that acids
produced by cariogenic microorganisms can also
affect the surface of RBCs. Recent literature indi-
cates that deterioration of RBC surfaces by micro-
organisms is dependent on the bacterial strain as
well as the composition of the resin matrix. Bis-
GMA-free formulations did not show changes in
surface roughness after exposition to cariogenic
streptococci, while Bis-GMA-containing RBC
formulations were significantly affected [41].
Results from in situ studies indicate that RBCs
with urethane dimethacrylate matrix are less vul-
nerable against deterioration than RBCs with
mixed matrices (UDMA, Bis-GMA, and DDMA).
Moreover, an accumulation of pellicle was
observed on filler particles and between filler and
the matrix [9]. Simple monospecies biofilms
including cariogenic microorganisms such as
Streptococcus mutans seem to have a more dis-
tinct effect on the surface than multispecies bio-
films [41]. While recent studies identified only

slight increases in surface roughness in a nanome-
ter range after exposition to the various biofilms
[41], early studies showed that the surface of
RBCs is relevantly affected [37, 39]. Thus, it is
not yet clear as to how far biodeterioration of
RBCs by microorganisms produces an impaired
RBC surface that substantially fosters subsequent
bioadhesion. While current scientific evidence is
still scarce, it might be recommended to regularly
polish RBC restorations in order to minimize a
potential negative effect of a roughened surface.

6.3 Resin-Based Materials
for Indirect Restorations
6.3.1 Introduction

Resin-based materials for indirect dental restora-
tions include materials for the fabrication of
removable dentures as well as polymer-based
materials for the CAD/CAM fabrication of indi-
rect restorations such as inlays, partial crowns,
crowns, and fixed-partial dentures.

Resin-based materials have been used for
decades for the fabrication of removable dental
prostheses. For these applications, poly(methyl
methacrylate) (PMMA) is still regarded as the
material of choice, although some other materials
have been introduced as well. Alternative denture
materials can be divided into methacrylate-
containing and methacrylate-free materials (cf.
Table 6.1/Fig. 6.4). The latter group features the

Table 6.1 Examples for methacrylate-containing and
methacrylate-free materials

Methyl methacrylate-
containing materials

Methyl methacrylate-
free materials
Polyoxymethylene, POM
Polyamide, PA
(Valplast®)

Polyurethane
dimethacrylate (light
curing, Eclipse®)
Poly(aryl ether ketones),
PAEK

Poly(ether ether ketone),
PEEK

Poly(ether ketone
ketone), PEKK

Thermoplastic poly(methyl
methacrylate), PMMA

Vinyl polymer (vinyl
chloride and vinyl acetate,
contains MMA as
copolymer, Luxene®)
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Fig. 6.4 Chemical structure of monomers and polymers of modern resin-based materials

advantages of little elution of monomers and high
biocompatibility. Thus, they are particularly suit-
able in patients with allergies. At the same time,
these materials are difficult to repair and to reline
since they are chemically inert [42]. Some of the
materials are very flexible and can be used in
patients with microstomia (e.g., polyamide).
Further innovations in this field include
machinable PMMA-based materials for CAD/
CAM fabrication of denture bases. Moreover,
innovative materials from the family of poly(aryl
ether ketone) (PAEK) such as poly(ether ether
ketone) (PEEK) or poly(ether ketone ketone)
(PEKK) have been introduced in the last years.
In contrast to PMMA-based dentures, these
polymers feature the advantages of CAD/CAM
fabrication, improved mechanical properties

[43], low allergenic potential [44], as well as low
weight [45]. In case of PEEK or PEKK, even
complex tooth- or implant-supported denture
prostheses can be fabricated from the polymeric
material without a supporting alloy framework
(cf. Fig. 6.5) [45, 46]. PEEK and PEKK differ in
their ratio of ketone and ether groups. As PEKK
contains more ketone groups it is slightly stiffer
than PEEK. Its mechanical, optical, and chemi-
cal properties are similar to PEEK [47]. Since
PEEK was introduced earlier into the dental
market than PEKK and is available for different
fabrication techniques (e.g., heat pressing,
CAD/CAM) it is more popular than
PEKK. Therefore, studies on PEKK are still
scarce. While PEKK is supplemented with a
filler fraction of about 10 wt% titanium dioxide
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Fig. 6.5 CAD/CAM-fabricated removable partial den-
ture prosthesis with PEEK framework. (Image by Ingolf
Riemer, Universititsklinikum Leipzig)

filler particles, PEEK is available both without
and with a filler fraction of up to 30 wt% tita-
nium dioxide filler particles. These fillers
enhance the mechanical properties of PAEK but
do also account for their grayish appearance.
Generally, PAEK materials feature higher sta-
bility, rigidity, and resistance to hydrolysis com-
pared to other resin-based materials like PMMA
[48, 49]. Depending on the proportion of crys-
talline and amorphous contributions to the
PAEK formulation, its chemical and optical
properties differ: While a higher percentage of
crystalline parts promotes resistance to acids,
alkalis, and organic solvents, a higher propor-
tion of the amorphous phase coincides with
enhanced translucency [50]. In order to combine
good chemical and aesthetic properties, PAEK
restorations with a higher percentage of crystal-
line parts can be veneered or lined using resin-
based materials [46, 51]. Crystalline PEKK,
which shows higher flexural and tensile strength,
is preferably used for the fabrication of crowns
and fixed dental prosthesis, while amorphous
PEKK can be applied for the fabrication of
removable prosthesis [52]. Stawarczyk and co-
workers identified increased fracture loads for
milled PEEK restorations compared to those
which had been pressed from granular. Materials
which were pressed from industrially fabricated
pellets and milled PEEK restorations showed
spontaneous and brittle fractures in the pontic
areas without deformation, whereas pressed

materials from granular rather deformed than
fractured [53]. Overall, PEEK restorations with-
stand high breaking loads (1300 N), which are
far higher than average masticatory forces
(400 N) and three times higher than fracture
loads of other machinable resin-based materials
like PMMA [54, 55].

6.3.2 Biofilms and Resin-Based
Materials for the Fabrication
of Removable Dentures

Although biofilm-associated diseases such as
caries or periodontitis are almost irrelevant in
edentulous patients, biofilm formation on the sur-
face of dentures is a relevant issue. Manual skills
decrease with age; as a result, dentures are fre-
quently not cleaned adequately. In hospitalized
patients, the time available for oral care by the
nursing staff is limited, too, which regularly
results in poorly cleaned denture prostheses (cf.
Fig. 6.7). As removable dentures cover large
areas of the edentulous gum tissues, these
circumstances make them an ideal and extensive
reservoir for biofilms, which are a relevant risk
factor for local and systemic implications.
Denture-related stomatitis constitutes a common
local biofilm-associated disease in denture wear-
ers with a prevalence of 15% to over 70% [56].
Candida albicans plays a major role in the patho-
genesis of denture-related stomatitis [57]. This
fungus has three morphological forms: blasto-
spores, hyphae, and pseudohyphae. The morpho-
logical transformation of C. albicans from
blastospores to hyphae coincides with a maturing
process of the biofilm and induces an increased
pathogenicity and virulence [57-59]. This trans-
formation seems to be regulated by secreted pro-
teases and their activity [60]. Aspartate
proteinases are among the most frequently dis-
cussed virulence factors of C. albicans, as they
contribute decisively to the degradation of host
proteins and promote the invasion of the fungus
into the oral mucous membranes as well as the
development of Candida-associated prosthetic
stomatitis [61]. C. albicans cells organized in
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biofilms secrete higher levels of aspartate prote-
ases than planktonic cells [62]. Moreover, the
activity of the proteinases correlates with the
severity of denture stomatitis [60]. Since the risk
of tissue invasion of C. albicans increases with
the presence of fungal hyphae in mature biofilms,
regular oral and denture hygiene is essential [59,
63]. Besides oral hygiene, surface properties as
well as surface topography of dental materials
shall be optimized in order to minimize fungal
and microbial adherence. The substratum surface
properties may promote a genetic response which
leads to the transformation from blastospores to
hyphae [64-66]. Apart from that, high polar con-
tribution to surface free energy increases the pro-
liferation of C. albicans, e.g., on urethane
dimethacrylate (UDMA)-based denture base
materials and soft denture liners (siloxane based)
[67]. C. albicans hyphae seem to adhere prefer-
entially to hydrophobic rather than hydrophilic
surfaces [64, 68]. Moreover, porosities in the
denture base foster microbial and fungal adher-
ence by increasing the available surface [69]. An
increased number of hyphae was observed in bio-
films on siloxane-based soft denture liners com-
pared to PMMA- and UDMA-based denture base
materials [59]. Fungal proliferation promotes the
deterioration of the surface of denture liners,
which may coincide with further irritations of the
mucosa [66]. Therefore, long-term use of soft
denture liners cannot be recommended.
Moreover, denture age and continuous denture
wearing are important factors in the development
of denture-related stomatitis [57]. Figure 6.6

+50,00 pm

0,00 pm

-50,00 ym

illustrates differences in surface appearance
between new and aged denture bases.

For the relining of denture prostheses, materi-
als based on acrylate or silicone (soft denture
liner) can be used. The physical properties of
relining materials seem to affect biofilm forma-
tion significantly [59, 70]: For instance, C. albi-
cans preferentially adheres to hydrophobic rather
than hydrophilic surfaces [64]. Hence, hydro-
philic coatings of denture surfaces might decrease
the attachment of hydrophobic fungal cells like
those of C. albicans [68]. Further investigations
showed that C. albicans adherence on polyam-
ides is higher than on PMMA [71]. Materials
with smooth surfaces as well as low surface free
energy feature less fungal-microbial adherence
than materials with rough surfaces and high sur-
face free energy [22]. Surface properties seem to
influence especially the early fungal-microbial
colonization on dental materials; with maturation
of the biofilms, the differences in biofilm forma-
tion between various materials gradually dimin-
ish [22].

Apart from biofilm-induced diseases such as
denture-related stomatitis biofilms on removable
denture prostheses may also have other systemic
consequences. As respiratory pathogenic micro-
organisms have been identified in denture plaque
[72, 73], denture wearing has been associated
with the occurrence of pneumonias in elderly
patients [74, 75]. Pneumonia is a common infec-
tion in elderly people and constitutes the most
frequent cause of mortality from nosocomial
infection in elderly patients with a mortality rate

Fig. 6.6 Simulated surface of a new (A) and a 30-year-old (B) denture prosthesis based on microscopic evaluation
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after conventional cleaning with
brush and water

Fig. 6.7 Removable dental prosthesis with extended accumulation of plaque, caused by neglected hygiene by a hospi-

talized 90-year-old woman

up to 25% [76, 77]. Aspiration of oropharyngeal
bacteria into the lungs due to dysphagia and noc-
turnal denture wearing as well as weakened host
defense mechanisms may lead to respiratory
infections [78, 79]. Especially for hospitalized
patients it is often difficult to maintain a suffi-
cient oral care due to impaired cleaning abilities
or limited help provided by the nursing staff (cf.
Fig. 6.7) [74]. Moreover, elderly patients have
difficulties in accessing professional dental care
and consequently appear at the dental office
when having denture problems or pain [74, 79].
Thus, regular oral care is required [72, 77, 80],
which includes the mechanical removal of den-
ture plaque. Figure 6.7 displays a removable
denture prosthesis with extensive accumulation
of biofilms. Several studies showed that oral
hygiene may have a positive effect on morbidity
and mortality from pneumonia: One of ten
deaths due to pneumonia in nursing homes may
be prevented by improving oral hygiene [77].
Another approach would be the development of
materials which feature as little bioadhesion as
possible. However, with regard to respiratory
microorganisms no scientific data are currently
available regarding an impact of the substratum
material.

6.3.3 Biofilms on Resin-Based
Materials for Fixed Dental
Restorations

Scientific data on the formation of biofilms on
these materials is limited, as most of the materi-
als have only recently been introduced into the
dental market. Nevertheless, it might be possi-
ble that resin-based materials polymerized in
an industrial setting feature reduced biofilm
formation in comparison to their counterparts
which are polymerized under clinical condi-
tions. It is conceivable that milled restorations
and restorations made by heat pressing from
industrially fabricated pellets might show lower
biofilm formation due to higher homogeneity as
they also feature better mechanical properties
compared to those of non-industrially fabri-
cated materials [53]. A recent study contrasted
several restorative materials for CAD/CAM
fabrication regarding biofilm formation.
Interestingly, the acrylate-based material fea-
tured significantly lower biofilm formation in
comparison to the polymer-infiltrated ceramic
as well as zirconia [81]. The authors assumed
that materials with a higher ratio of organic
constituents (polymer) feature less biofilm for-
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mation than materials with a higher ratio of
inorganic constituents (ceramic). This conclu-
sion is surprising as several researchers have
reported conflicting results [82—84]. However,
some studies also confirmed lower biofilm
adhesion on composite than, e.g., on ceramic
surfaces [85]. Certainly, these findings depend
on the used type of ceramic or polymer, its fin-
ishing, the used bacteria species, and, finally,
the study design. Hence, these results may not
be easily transferred into clinical consider-
ations, underlining the relevance of well-
designed and adequate in vivo studies.
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