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Abstract

Dental plaques are the biofilms or the microbial population associated with the oral cavity
and is responsible for several clinical conditions that affect the host system. Despite the
fact that, the oral micro flora offer certain benefit to the host by offering protection to the
epithelial cell from damage and enhances the digestion of some substrates, their harmful
consequences cannot be denied. The oral cavity dwells over 700 different species of bacteria
and is described as one of the most intricate ecosystem. Though majority of them are
considered as commensally, some of them are responsible for oral infections ranging from
cavities to periodontal diseases and gum related infections. The current review attempts to
provide a better understanding of these bacterial communities of the oral cavity. The review
provides the insights on dental plaque in general followed by the formation of these dental
plaques and the stages involved in the growth and maturation of these dental biofilms. A
wide range of micro flora is associated with dental plaques and the review has Attempted to
list out the bacterial community at the respective clinical condition and their classification
based on their location and stage of infection. The components and the consequences of
the dental biofilms have addressed. The review also attempts to disclose the significance
of molecular biological methods in improving the identification and characterization of the
oral microbial community and has also focused on the possible treatment for dental plaques.
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Introduction

The scientific investigators and researchers over the last few
decades have attempted to disclose the significance of the microbial
populations and the intricate activities associated with these
communities. It is a very interesting fact about these microbes that they
have the ability to engineer their system according to the ecosystem
they are confined to as a consequence of a series of internal metabolism
which includes the contribution from their genetic makeup. This is
one of the reasons that make these minute creatures exigent when it
comes to the aspect of wiping them out through a suitable remedy
because the earlier method will be outdated for the second time due
to the extent of adaptability exhibited by the microbe. This aspect of
these minute creatures makes them a study of research as it reveals
possible measures of safe guarding the human society from the threats
posed by the microbial community.' The current review would attempt
to focus on one such aspect which involves the bacterial community
of the oral cavity and its significance. Dental plaque is a common
term associated with the oral microbial community which comprises
of the biofilms or a population of bacteria that invade the mouth and
can result in a series of health concerning issues.”? These plaques
can be found within the surfaces of the mouth and are described as
sticky color less deposit in the beginning but later on transforms in
to a tartar sometimes referred to as calculus which is brown to pale
yellow in appearance and can be found between the teeth, on the
front and back of the teeth and all along the gum line. Researchers
have regarded dental plaque as microbial plaque, oral/dental biofilms
as well as bacterial plaque biofilms.> Though the plaque is usually
associated with the oral diseases which include cavities and other
gum diseases, its construction is normal which cannot be prevented.
Dental plaques can result in tooth decay which as a consequences
leads to tissue damage due to the acidic secretion of the bacteria.
These dental biofilms can be quite serious as their acidic nature
causes the demineralization of the teeth resulting in the formation of
calculus which is also known as tartar. These are hardened structures

that require immediate attention through professional cleaning as
they cannot be removed by tooth brush. It is therefore very essential
to eradicate these dental plaques to avoid the formation of dental
caries and related gum disease.’* Research studies have confirmed
the structural and functional organization of these dental biofilms
and are diverse in terms of their microbial composition. Though the
dominant type found in the infected sites are diverse from those found
in uninfected sites, the alleged perpetrators can be detected in low
numbers at regular sites.’ Studies have disclosed the role of mutant
species of streptococcus and lactobacilli in dental caries due to their
ability to tolerate acidic environment. However, the involvement of
other species with relevant traits cannot be denied. One of the most
effective strategies of controlling the dental plaques is by eliminating
biofilm formation.

Formation of dental biofilms

Biofilms are microbial communities that grow on living and non
living surfaces which range from a wooden plank or any other material
to human tissues. They are highly complex and organized structures
that initially exist as a plank tonic cell. After attachment they pass
through a series of developmental stages which result in growth and
multiplication leading to the formation of mature cells capable of
causing the infection. These biofilms also play a significant role in
making these enclosed bacteria resilient to a range of antimicrobial
agents by offering them protecting.®” One of the most widely studied
areas of bacterial biofilms includes the dental plaques otherwise
referred to as oral biofilms or bacterial plaque biofilms which has been
a scientific challenge to the medical and pharmaceutical industry. The
bacterial community within the oral cavity is considered to be very
complex and highly diverse comprising of over 700 different species.
The environment within the mouth is vital as warmth; moisture and
neutral pH favor the growth of microorganisms.® The microbial
composition of the normal plaque biofilms significantly differs from
this bacterial community confined to carious regions and in the sub-
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gingival regions. The reason for this diversity is due to the presence
of different set of genes when compared to free floating bacteria. As
a matter of fact, a biofilm producing bacterial community is different
as it facilitates major changes in bacterial behavior. These behavioral
changes could include their interaction with the other microbes and
the host organism in addition to their response to the environmental
conditions.’
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Figure 2 Schematic representation of different stages of bacterial plaque
biofilm formation.
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Figure 5 Depicts the environmental shifts resulting in the accumulation of
pathogenic bacteria.*

The above figure outlines the various stages involved in the
formation of bacterial biofilms associated with the oral cavity. The
figure illustrates the various stages that range from pellicle formation
followed by initial adhesion, maturation and finally resulting in
the dispersal of the mature biofilms. The ability of these plaques to
resist the antimicrobial agents is an interesting feature and this has
confirmed the use of mechanical means for plaque removal rather than
conventional methods.

Formation of dental biofilms is an intricate phenomenon involving
various stages which begins with adsorption on to the tooth surface
succeeded by passive transfer of bacteria initiated by weak long
range force of attraction which is subsequently favored by covalent
and hydrogen bonds which make the attachment irreversible. The
extent of biofilm formation also relies on the degree of similarity
between the bacterial communities. The attraction between the same
species occurs due to auto aggregation whereas co-aggregation
allows the attraction between different species.!” The glycoprotein’s
present in the saliva play a significant role as they bind to the
surface of the teeth and this result in the formation of pellicle. The
pellicle serves as a binding site for the organism. Most of the Gram
positive species like Streptococcus, Actinomyces, Haemophilus,
Neisseria and Veillonella are regarded as primary colonizers of the
pellicle." This phase is known as adhesion phase or the attachment
phase where the microbe adheres to the surface of the teeth. This
phase is also known as lag phase because of reduced metabolic
activity but it is not inert. After the initial attachment, secretion of
extracellular matrix grips the bacterial communities together which
is followed by the invasion of secondary colonizers. Co-aggregation
favor this process resulting in the functional organization of dental
biofilms and it leads to the formation of various morphological
structures refereed as corncobs and rosettes. The bacterial population
within the extracellular matrix multiplies resulting in a diverse mixed
biofilms.!” Several studies have also illustrated the importance of
the products produced by the primary colonizers in favoring the
secondary colonizers and studies have also demonstrated the shift of
biofilm composition from Gram positive bacteria to Gram negative
bacteria. Scientific experiments have validated the significance of
N-acetylmuramic acid produced by Gram positive bacteria which
favors Tanerella (Gram negative bacteria). In addition to Tanerella,
the other Gram negative bacterium includes orphyromonas
gingavalis and Fusobacterium nucleatum. The secondary colonizers
have indeed enhanced the diversity of the dental biofilms.®!? After the
initial attachment (lag phase) and the exponential growth phase (log
phase), the cells are ready to be detached after maturity.

It is quite obvious from the above sections that the bacterial
are the prime perpetrators and the initial adherence is facilitated
by Gram positive bacteria and later on enhances the attachment of
Gram negative bacteria resulting in a complex mixed population. The
bacterial communities associated with the oral cavity are enclosed
within the extracellular matrix that keeps these organisms protected
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against different external factors including antimicrobial agents.'
This ability of the bacteria differentiates it from the other free floating
non biofilms forming species. Research investigations have also
highlighted the significance of biofilms in enhances the behavioral
changes among the organisms which in turn facilitate vital processes
like cell to cell communication as well as the organism’s interaction
with the host. These altered activities as a consequence of biofilm
formation has enhanced the scope of understanding the impact of
these dental plaques on the overall health of the individual rather than
just the oral cavity.'

Components of dental plaques

The oral cavity comprises of a variety of bacteria in addition
to leukocytes, neutrophils, macrophages and lymphocytes which
contribute positively towards the individual’s health. It is estimated
that the major portion of the plaques are made up of water of which
bacteria accounts to about 70% (that slightly less than 3/4th) and
polysaccharides and glycoproteins forms the remaining 30%. Several
research studies have validated the role of Streptococcus mutants and
some anaerobic bacteria in the initial attachment on the tooth surface
and hence are regarded as primary colonizers and they are responsible
for the formation of premature biofilm community.'®!”

Table | The table below represents the various Gram positive and negative
bacteria associated with the dental plaques.'

Clinical Observable Fact Key Organism

Primary colonizers (mostly Gram positive

bacteria)

Streptococcus

Actinomyces

Haemophilus

Plaque Formation Neisseria

Veillonella

Secondary colonizers (mostly Gram negative

bacteria)

Porphyromonas

Fusobacterium

Streptococcus mutants

Formation of carie Streptococcus sanguinis

Lactobacilli

Porphyromonas

Actinobacillus

Periodontitis Treponema
Selenomonas

Tannerella

Bacteria

Streptococcus mutants and some anaerobes like Fusobacterium
and actinobacteria initially adhere to the tooth surface and their
composition significantly varies based on the location in the mouth.
The bacteria associated with the dental plaques are those that naturally
occur in the oral cavity but the reason for their accumulation in the
oral cavity is due to the failure of removing the plaques through
regular brushing. These bacteria on the tooth surface are capable of
fermenting the dietary sucrose resulting in the production of acids
which in turn worsens the condition.

The above classification depicts the subclasses of biofilms based
on the location of their occurrence. The biofilms are classified as supra
gingival and sub gingival on the basis of locality in the oral cavity. In
the former case the plaques are formed on the gums which occur after
brushing and this is considered as the first plaques that can be found
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in between the teeth, in the grooves and by the side of the gums. These
usually comprise of aerobic bacteria which means that oxygen is a
vital factor for these bacteria to survive. As the time progresses the
anaerobic bacteria invades the plaque. In contrast, the sub gingival
plaques are found beneath the gums as a consequence of downward
growth of the bacteria and comprises of anaerobic bacteria."

Oral environment

The growth and maturity of the dental plaque is due to tepid and
wet environment of the oral cavity. This in turn favors the exponential
rise in the bacterial load. Vital aspects that decide the fate of the dental
plaques are pH, saliva, temperature and certain chemical reactions of
the oral cavity like the oxidation-reduction reaction.”>?* The pH range
of 6 to 7 in saliva is considered to be normal and any deviation from
this range favors the plaque biofilm formation. This provides evidence
which confirms that the innate surroundings of the oral cavity serve as
an ideal platform for the growth and development of the bacteria.***
Several studies have illustrated the significance of the saliva as a
buffer in maintaining the pH. On the other hand, nutrients including
proteins and amino acids in saliva nourish the bacteria in plaque
formation. In addition to pH, another vital factor is the temperature as
a slightest change can result in the relocation of the dominant species.
The normal temperature of the oral cavity ranges from 35 to 360C.
Chemical reactions of the oral cavity also favor the plaque biofilm
formation. The redox reactions that are carried out by the aerobic
bacteria maintain the oxygen at a stable level which in turn favors the
bacterial biofilms to survive.”

Consequences of dental plaques

It is quite evident that the oral environment provides the vital
nutrients that favors the growth and maturity of the bacterial
community and their association certainly leads to issues of health
concern. The infection of the gingival tissue is known as gingivitis
where the bacteria is responsible for the inflammation of the tissue.
The symptoms include redness, swollen appreance and bleeding of
gums. This dental contagion can be reversable in the initial stages but
if left untreated it progrsses in to a stage known as periodontal disease
otherwise referred as periodontitis.’®?’ This is the infection of the
gums and causes the bone damage. The organsisms associated with
this infection are known to produce certain enzymes that are capable
of damaging the bone.”® Acids produced from the dental plaque
causes the demineralization of the adjecent tooth resulting in dental
caries. Scietific investigators have disclosed several health issues as
a consequence of dental plaques and have in fact considered dental
decay as one of the most widespread contagion globally. Certain
studies have highlighted the importance of a variety of factors like the
genetic makeup of the organism, immunological aspects and the its
behavioral aspects with the host environment.

Though the infection is common in all age groups, children are
highly vulnarable as several studies have illustrated a high level of
dental caries in younger children. In fact, this condition is considered to
be an issue of health concern among children globally which accounts
to about 50% of children withih the age gropu of 9 and the rate of
occurrence increases as the age progresses. As a matter of fact, dental
care is one of the most unsatisfied need that’s yet to be achieved.*
The microbiological approaches to counter act the dental infections
are narrow due to the lack media that is very selective as well as the
nature of the organisms that are difficcult to cultivate. Despie the
fact, that many research studies have accused Streptococcus mutan
and Latobacillus as prime perpatrators, use of culture free procedures
have disclosed the aassociation of over 700 species. Scientific surveys
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of the microbial variety of the human oral cavity based on culture
free clonal analysis of gene sequences have shown a higher degree of
microbial load associated with the oral cavity.’!

Many studies have provided scientific evidences that claim
the prevalence of oral infection as a consequence of altered host
homeostasis and this in turn leads to over growth of the pathogen or
reduces the load of opportunistic pathogens. Advancements in the
area of molecular biology and molecular techniques have enhanced
the understanding of the bacterial community associated with the oral
cavity and their means of communication.?>3*

Significance of molecular approaches in understanding
oral micro biota

As mentioned in the earlier section, the advancement in the
area of molecular biology has certainly contributed positively in
understanding the oral microbial load. The human body dwells a
variety of microorganisms that collectively forms the micro flora
invading the gut, vagina and the oral cavity. The microbial community
associated with the different parts of the human body has been
a topic of scientific interest and scientists have been attempting to
disclose various hidden facts of scientific significance. One reason for
this is due to the extent of threat caused as a consequence of these
microbial invasions on the host health and the medical community as
well. Available evidences from different surveys and demonstrative
studies point towards the metabolic functions of the organism and
its impact on the host system.>*3¢ For instance, the significance gut
microbial load in digesting substrates and protecting epithelial
cell against injury is the affirmative aspect of the organism but the
advancement in scientific procedures has enabled to comprehend
their possible role in diseases.’” Molecular biology techniques have
served as the best means to categorize the different organisms within
the community associated with the host including the oral microbial
community. Before the expansion of molecular techniques, such tasks
of identifying and categorizing the bacterial community relied on the
ability to culture and classify the organism.* Several demonstrative
studies have validated the existence of physical and metabolic
interaction between the microorganisms within the same community.
This in turn enables the persistence of certain organisms as the earlier
sections have discussed the significance of products of primary
colonizers providing the necessary ingredients for the survival of the
secondary colonizers.*® Studies have also confirmed that the microbes
benefitted through these complex interactions are recalcitrant and
are not easy to cultivate but biological approaches have simplified
this task through gene sequencing methods. The culture independent
16S rRNA sequencing techniques has enhanced the understanding of
human oral microbial load and enabled the cultivation of recalcitrant
species.*® These gene based approaches have disclosed the absolute
degree of microbial diversity associated with the oral cavity. The
microbial load of the human mouth is considered to be highly
complex comprising of over 700 bacterial species and the diversity
of the invading microorganism includes Achaea, protozoa, and fungi
in addition to bacteria.*®3! Presence of Achaea is regarded as an
appealing trait by many scientific investigators and has enhanced the
oral microbial diversity.

These organisms are considered as the primitive prokaryotes
found at the ocean floor and their association with the oral micro flora
has fascinated the research community but their role in the microbial
community is yet to be determined. This degree of microbial diversity
has improved to comprehend the role of genetic information in
compromising the host’s health and disclose the significance of the
bacterial genetics in making them tough. As a matter of fact, the oral
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micro flora comprising of a variety of bacterial species is a pool of
millions of genes because an average bacterial species consists of
2000-6000 genes. When this amount of genes can be present in a
single bacterial species, it is quite obvious that this number would
reach several folds in a bacterial community comprising of hundreds
of species. This genetic information reveals several hidden facts
including metabolic pathways, microbial secretions that have the
ability to regulate the surroundings and the factors that might
compromise the host defense system.*

Possible treatment

The micro flora dwelling the oral cavity are usually natural, highly
organized and interactive. The bacterial community associated with
the mucous and dental surface comprises of multi species biofilms and
are commensally in nature. They are known to play a vital role in the
normal functioning of the host physiology and avoid the colonizing of
unwanted microorganisms. The existence of a self-motivated balance
between the micro flora and the host is very significant as the organisms
contribute positively towards the host system. But when there breach
in this balance the host system is compromised as a consequence
of increase in microbial load resulting in the outbreak of diseases.*!
Hence there is a need for proficient plaque control techniques and
effective treatments to sustain the normal dental micro biota at the
desired levels that is well-suited in order to retain the favorable assets
of these bacterial communities. The prime objective is to retain the
desirable levels of the microbial load that is beneficial to the host
organism and to condense the dental risks as a consequence of plaque
accumulation. Antimicrobials and anti plaque agents enhances the
plaque regulation using direct and indirect methods which not only
eliminates the infective dental biofilms but also prevents the bacterial
growth and metabolism at lower concentrations.*> The antibacterial
and anti plaque agents have been useful and demonstrative studies
have substantiated that the treatment is possible for targeting the
organism as well as the factors that serve as driving force in the
growth and development of the dental biofilms. There are certain facts
that have to be held in reserve prior to the treatment as these facts have
been validated by several researchers.

i. Natural existence of oral micro flora and it benefits the host
organism.

ii. Disease is a consequence of a breach in the balance between the
microbial load and the host organism.

iii. Local environment can lead to this breach.

iv. Disease can be averted by eliminating the undesirable biofilms
and sustaining the required level of microbial load in the oral
cavity.

v. Microbial homeostasis maintenance promotes oral health.

vi. Efficient plaque control measures of oral cavity is not easy and
may not be enough for the number of patients but researchers

have hypothesized the following strategies as possible means of
treating the disease.

vii. Reduction in acid production.
viii. Elimination of proteolytic and anaerobic bacteria.
ix. Encourage beneficial bacteria.

Acid production from the microbial metabolism of dietary sugars
and low pH in dental biofilms causes several dire consequences.
Lower pH favors the growth of acid producers that are acid tolerant
and causes the demineralization of teeth tissues and also inhibits
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the growth of commensally bacteria that are beneficial to the host.
The prolonged condition of lower pH increases the load of acid
producers which disrupts the natural balance between the oral micro
flora and the host and enhances the risk of caries. Comparable effects
were demonstrated when the composition of saliva was altered as a
consequence of medical side effects.** Suitable approach can be used
to reduce the acid production in order to counter act the harmful effects.
Fluoride has been proven to be beneficial in restoring the condition
as it promoted the remineralization and prevents demineralization.
Studies have also confirmed the role of fluorides in inhibiting the
sugar metabolism, sugar transport and glycolysis. On the other hand,
antimicrobials employed at sub lethal levels are known to inhibit the
process of sugar metabolism and reduces the acid production.*

Sugar substitutes instead of dietary sugar are a better option as
these cannot be directly broken down by bacteria and this in turn
reduces the acid production. Supplements like arginine or urea can
be used that are metabolized by plaque bacteria to alkali which in
turn increases the pH which inhibits the acid producers ultimately
reducing the acid production.’** In silico approaches have been used
to validate the significance of pH based on the degree of acid buffering
capacity. In addition, antimicrobial agents at nominal concentration
have been beneficial in eliminating the undesirable biofilms and can
also be selective by sustaining the natural balance in the oral cavity.

Most of the bacteria associated with the dental plaques are
anaerobic and are capable of braking down proteins. These anaerobic
and proteolytic bacteria require a constant supply of vital factors like
the proteins and other cofactors. Such pathogens can be eliminated
by altering the environment as it creates an unfavorable condition
for the pathogen to survive. Several approaches like the use of redox
agent, anti inflammatory agents and antimicrobial agents have been
investigated. Redox agents increase the pH within the oral cavity
and prevent the infection of the periodontal pocket.*” Resolvins and
lipoxins are the novel anti inflammatory agents that have the ability to
heal the damaged tissue and also reduce the gingival cervicular fluid
flow (GCF) which in turn keeps the flow of essential nutrients out
of the bacteria’s reach and inhibits the growth and development.®!
Antimicrobial agents have also been useful in preventing the plaques
at marginal concentration. Triclosan which is a widely prescribed
mouthwash acts as an antimicrobial and anti metabolic agent due to its
ability of inhibiting microbial sugar metabolism and protease activity.
In addition, it also acts as an anti inflammatory agent and enhances the
healing of the damaged tissues.”>>

The methods mentioned in the earlier section not only eliminate
the unwanted plaque biofilms but also restores the condition by
maintaining the natural ecological niche in the oral cavity. Apart to the
above strategies, additional approaches such as use of prebiotics have
been beneficial and several studies have highlighted the significance
of prebiotics as they are very selective and promote the growth of
beneficial organism. Prebiotics encouraging the growth of certain
oral bacteria that are beneficial to the oral cavity can be employed.
The beneficial effects would be the development of functional
foods that contribute affirmatively towards the oral health besides
nutritional fulfillment.* Molecular biology has its own significance
and this field can be used to create non pathogenic strains through
molecular techniques. Identification of a suitable oral prebiotics
strain or designing a non virulent strain can be used to prevent the
colonization of harmful or pathogenic strains. A strategy known as the
replacement therapy can be used which uses molecular techniques to
engineer a strain that can be beneficial. For instance, scientific studies
have been carried out which has demonstrated the production of a
wild type strain of Streptococcus mutants that cannot produce lactic
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acid and are capable of producing bateriocin that restrains the growth
of natural Streptococcus mutants.’> Researchers have also attempted
to disclose the significance of probiotics in oral application but this
is debatable and yet to be validated. Probiotics in connection with
the oral application is considered to be controversial due to type of
strains involved. Most of the evaluated strains belong to lactobacilli
or Bifidobacteria which have been associated with dental caries.
However, the truth about their ability to colonize the oral cavity is
again debatable and yet to be disclosed. Re-implantation of local
bacteria that is a resident of the oral cavity in to the gum pockets has
been proved useful and enhances tissue healing and resistance. 4

Conclusion

It well understood from the past research demonstrations that
dental plaques are biofilms of oral cavity comprising of over 700
different species of bacteria and are responsible for a series of health
issues of the oral cavity ranging from the infection of the teeth to the
infection of the gums finally resulting in chronic clinical conditions.
Both Gram positive and negative bacteria are embedded in the plaque
biofilms and the environmental conditions are vital for the survival
of these bacterial communities. Though the micro biota of the oral
cavity are natural and considered to be commensally, their harmful
effects cannot be denied. The disruption of the natural balance
between the organisms and the host organism causes the accumulation
of pathogenic bacteria resulting in damage of the teeth and gum
tissues. Advancements in molecular techniques has indeed enhanced
the level of identification and characterization of oral micro biota
as these organisms are usually considered to be recalcitrant and are
uncultivable. However, independent gene sequencing techniques has
narrowed this task and has improved the understanding of the plaque
biofilms. Though several studies have disclosed different means of
measures to counter act the plaque biofilms, further studies to validate
the facts are required.
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