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ABSTRACT

Although there have been many advances in the medical field regarding disease control and management, it has been
demonstrated that certain diseases and infections still represent a significant challenge. For example, the presence of
oral biofilms indicates the virulence of the underlying infection in different dental infections diseases, including peri-
implantitis, periapical periodontitis, periodontitis, gingivitis, and dental caries. We have discussed various mechanical,
chemical, and biological modalities that can be applied to control biofilms and limit plaque formation and secondary
caries. Although physical brushing might be efficacious in cleaning, evidence indicates that it cannot eradicate the
underlying bacteria. Accordingly, using biological and chemical materials is essential to achieve adequate disinfection
and enhance the outcomes. Many modalities have been proposed in the literature, such as nanomaterials, organic
compounds such as arginine, dietary substances, and the various chemical oral cleansers discussed in the current study.
Bacteriophages are also promising in this context. However, they need further exploration regarding their efficacy and
safety. In addition, resistance against these compounds is a serious issue and needs to be addressed in future research.
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INTRODUCTION

The presence of oral biofilms indicates the virulence of the
underlying infection in different dental infections diseases,
including peri-implantitis, periapical periodontitis,
periodontitis, gingivitis, and dental caries.!® Estimates
show that the process of controlling these biofilms is
associated with a major economic burden worldwide.®
However, recent medical advances enhanced the efficacy

of the relevant modalities to reduce the burdens of biofilms
and enhance their control.”® This has been associated with
enhanced therapeutic outcomes and better disease control.

Although there have been many advances in the medical
field regarding disease control and management, it has
been demonstrated that certain diseases and infections still
represent a major challenge. For example, some infections
can accumulate on medical devices and lead to biofilm
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formation, which might worsen the treatment outcomes
and even intervene against these medical devices'
functions. Many relevant organisms were reported as the
main source for these events in this context. These include
Mycobacteria, Streptococcus, Listeria, Salmonella,
Escherichia, Virbrio, and Pseudomonas.® Fortunately,
evidence indicates that certain biological, mechanical, and
chemical approaches can control these biofilms. The
present literature review will discuss the efficacy of
different biological and chemical approaches in controlling
oral biofilms based on data from relevant studies.

METHODS

This literature review is based on an extensive literature
search in Medline, Cochrane, and EMBASE databases on
which was performed 03 December 2021 using the medical
subject headings (MeSH) or a combination of all possible
related terms, according to the database. To avoid missing
poetential studies, a further manual search for papers was
done through Google Scholar, while the reference lists of
the initially included papers. Studies discussing biological
and chemical forms in controlling oral biofilms were
screened for useful information, with no limitations posed
on date, language, age of participants, or publication type.

DISCUSSION

It is widely known that the process of controlling biofilms
is challenging. However, evidence indicates that many
strategies exist to control these modalities adequately.
Among the different methods that have been reported in
the literature, these might include physical and mechanical
approaches, like brushing. The present section will discuss
all reported approaches, including biological and chemical
methods. For example, studies show that physically
removing biofilms from dentures can be easily conducted
with favorable outcomes to prevent the spread and
development of infection. However, other opinions
indicate that physical removal alone might not be sufficient
to produce favorable outcomes. Therefore, biological and
chemical materials should be used to achieve more
enhanced outcomes and adequate control of biofilms.101!

Among the different approaches, evidence shows that the
administration of alkaline peroxides can effectively lead to
enhanced cleaning outcomes. It is usually used in the form
of tablets, which produce an effervescent alkaline solution
when added to water, releasing active oxygen and
hydrogen peroxide.!? The released materials can
effectively clean and eliminate regions where brushing
cannot be effectively used. In this context, a previous
relevant investigation aimed to study the efficacy of
immersing dentures in dental cleansers daily to find the
outcomes on controlling biofilms. The authors reported
that they immersed acrylic resin dentures, upon which
multispecies biofilms were cultivated, into a commercially
available alkaline peroxide enzyme-containing denture
cleanser in a daily laboratory-based pattern for three
minutes per immersion. Furthermore, the authors reported

conducting this approach for seven consecutive days and
compared the findings with a control group. Moreover, it
has been shown that the parameters used to quantify
biofilm control and evaluate the results include
extracellular polysaccharide formation and colony-
forming units. Finally, it has been concluded that daily
immersion of dentures into these cleansers was
significantly associated with favorable outcomes, as the
total number of organisms was significantly reduced on the
denture surface. Besides, it has been shown that they
managed to achieve complete elimination of certain
species, including V. dispar and F. nucleatum, following a
day of immersion.3

Other investigations also compared the cleaning efficacies
of chemical (effervescent alkaline) and mechanical
(brushing with dentifrice) hygiene methods. For instance,
Paranhos et al demonstrated that both mechanical and
chemical approaches are equally effective in eradicating
certain bacterial biofilms but not for others.'* For instance,
the authors reported that both modalities were equally
effective in eradicating P. aeruginosa, S. mutans, and S.
aureus. On the other hand, mechanical approaches (either
alone or in combination with the chemical ones) eradicated
C. glabrata, C. Albicans, and E. faecalis more significantly
than when the chemical methods were used alone.®

Other studies also proved the efficacy and effectiveness of
antiplaque oral rinses in eradicating biofilms. Although the
efficacy of these modalities is well-established in
eradicating plaques, it has been shown that some side
effects might be associated with the application of
compounds that contain essential oils and others that
contain chlorhexidine gluconate. For instance, it has been
shown that occasional loss of taste and tooth discoloration
might be encountered following the administration of
chlorhexidine gluconate. On the other hand, evidence
indicates that using compounds that contain essential oils
is preferred because these modalities usually have reduced
frequencies of adverse events as they represent reduced
mammalian toxicities. Furthermore, some authors
suggested that adding certain enzymes to these oral
formulations might enhance their cleansing efficacy.¢ In
another context, some studies also validated the efficacy of
using natural herbal-based mouth cleansers in eradicating
infections and controlling biofilms. For instance, it has
been shown that a mouth rinse, which is alcohol-free,
commercially available, and herbal-based (that contains
Sambucus nigra, Echinacea purpurea, and Centella
Asiatica), is effective in controlling biofilms. In addition,
a previous study reported that the compound is
significantly effective against eliminating and reducing the
frequency of dental plaque build-up based on its
components' natural antimicrobial and anti-inflammatory
features.l” Moreover, the efficacy of these modalities has
been furtherly elaborated among patients that were asked
to use these herbal-based modalities with disposing of
other oral rinsers for two weeks. The authors reported that
the efficacy of herbal-based cleansers was superior to the
control approaches in preventing gingival inflammation
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and plaque formation.!” Although the efficacy of these
approaches is well-established in the literature, many
efforts are still being reported for developing more
efficacious therapeutic modalities with better control over
biofilms to enhance treatment outcomes. 19

It should also be noted that many specific nanomaterials
have been validated as efficacious approaches for
managing and controlling dental biofilms. For instance, it
has been indicated that silver nanoparticles and silver
nitrates are the most efficacious modalities to achieve
adequate control of dental biofilms.?® However, some
studies reported that these materials could be associated
with dental discoloration.*?*?? On the other hand, many
studies reported that direct dentin silver nanocoating could
successfully achieve adequate control of biofilms and
bacterial growth inhibition. Accordingly, these approaches
can protect against secondary caries and dental plaques
when applied over dentin.® Moreover, some studies also
reported that nanomaterials are significantly efficacious in
eradicating Enterococcus faecalis, which has been
associated with the development of persistent and
secondary dental infections.?*?* Furthermore, another
study reported that the efficacy of these modalities could
be further increased when added to calcium hydroxide,
which has been reported to be highly effective as a short-
term disinfectant that might help control biofilms.?
However, it should be noted that the application
approaches of nanomaterials as silver nanoparticles might
impair their efficacies against biofilms.262

Quaternary ammonium salts (QAS) were also reported in
the literature as efficacious approaches that have been used
to control biofilms since the 1970s.28:2° Many categories of
this modality have been proposed as efficacious modalities
that can intervene against bacterial infections and dental
plaque formation. For instance, a previous study reported
that 12-methacryloyloxydodecyl-pyridinium  bromide
(MDPB) is significantly effective against many bacterial
infections pathogens as F. nucleatum, E. Faecalis, S.
mutans, and Prevotella nigrescens.®*3t In addition,
evidence shows that these modalities are highly efficacious
in inhibiting adherence and the growth of bacteria. Recent
evidence furtherly indicates that novel antibacterial
monomers dimethylaminododecyl methacrylate
(DMADDM) and dimethylaminohexadecyl methacrylate
(DMAHDM) can enhance the antibacterial activities of
quaternary ammonium dimethacrylate (QADM), an
efficacious type of QAS.3232 In this context, a previous in
vitro investigation reported that the complete eradication
of S. mutans was significantly associated with applying
10% DMAHDM of bonding agent.** Besides, different
combinations of QAS and their types were also proposed
in the literature were favorable outcomes and antibacterial
activities that might reduce bacterial overgrowth and
plague formation.®> However, it should be noted that the
bacterial resistance might develop secondary to the
frequent administration of QAS.% For instance, the
resistance of four bacterial species (including P. gingivalis,
F. nucleatum, E. faecalis, and Streptococcus gordonii) has

been reported against chlorhexidine.3” On the other hand,
other studies reported that no resistance from E. faecalis or
S. mutans was noticed with the application of MDPB.38
Another study reported that resistance was also noticed
against DMAHDM and DMADDM from eight bacterial
species (including Prevotella intermedia, P. gingivalis, S.
nucleatum, A. actinomycetemcomitans, E. faecalis, S.
gordonii, S. sanguinis, and S. mutans).¥’

Disrupting the formation of biofilms was also reported as
another efficacious approach to control it. This has been
reported to be effectively induced by applying small
molecules. The literature also reported using arginine as an
effective antimicrobial modality that can control biofilms
and enhance treatment efficacy with no adverse events.
The efficacy of arginine has been reported against different
bacterial pathogens. In the same context, previous studies
reported that various natural products could serve as
natural cleansers against many bacterial with no need for
chemical or mechanical substances and materials. For
instance, many investigations in the literature reported tea,
propolis, and cranberry with favorable effects and reduced
adverse events compared to the aforementioned
bactericidal modalities (Figure 1).1
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Figure 1: The bactericidal effects of various materials
against S. mutans and dental plague formation.®

Some studies also reported that some modalities could be
used as promising approaches that can be used to control
biofilms. However, these modalities are still under
investigation and need further application and wide
analysis for efficacy and safety. For instance, bacterial
viruses or bacteriophages can be effectively used as
effective bactericidal approaches with minimal adverse
events. These modalities were reported to disrupt bacterial
growth and eradicate them, including E. coli biofilms.t” In
addition to the minimal adverse events reported with these
modalities, it has been furtherly reported that these
approaches are comparatively cheap and easily
reproducible compared with other materials. However, it
should be noted that the application of these materials on
human subjects is still under investigation.®® A previous
study by Eckert et al also reported that specifically-
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targeted AMPs (STAMPs) could be used as efficacious
modalities that can be used to eradicate certain bacteria and
other pathogens and prevent dental plaque formation.*
The authors reported that these modalities are significantly
efficacious against S. mutans. However, it has been
furtherly reported that these modalities did not have any
favorable effects against other bacterial pathogens,
including S. sanguinis and S. Gordonii.*® Finally, it has
been shown that these modalities also have several
advantages, being colorless, tasteless, odorless, and having
no staining impacts, which makes them superior
candidates against certain bacterial pathogens. However,
further research is still needed to target their efficacy
against other bacteria. Another adjuvant therapy modality
that can enhance the efficacy of other bactericidal
approaches is quorum sensing (QS) inhibition, which has
been discovered in many pathogens, including
Streptococcus, E. coli, Pseudomonas, V. fischeri, and even
fungi as Candida Albicans. However, it should be noted
that the efficacy of these modalities is still under
investigation in different ongoing research studies.**%?
Finally, these modalities can only be used as adjuvant
modalities that limit the spread of bacteria and other
pathogens. However, they cannot eradicate them.
Therefore, other primary disinfectants and cleansers are
always needed with their administration.344

CONCLUSION

Although physical brushing might be efficacious in
cleaning, evidence indicates that it cannot eradicate the
underlying bacteria. Accordingly, using biological and
chemical materials is essential to achieve adequate
disinfection and enhance the outcomes. Many modalities
have been proposed in the literature, such as
nanomaterials, organic compounds such as arginine,
dietary substances, and the various chemical oral cleansers
discussed in the current study. Bacteriophages are also
promising in this context. However, they need further
exploration regarding their efficacy and safety. In addition,
resistance against these compounds is a serious issue and
needs to be addressed in future research.
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