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ABSTRACT 
 

There are hundreds of microorganisms in the oral cavity found in the form of planktonic cells or embedded in 
biofilms. Oral biofilm consists of a diverse community of microorganisms embedded in an extracellular 
polysaccharide matrix. The biofilm that forms on the teeth' hard or soft tissues is the leading cause of tooth decay, 
tooth pulp, and gum disease, developing a unique attachment as a dynamic process influenced by the medium's 
growth substratum and cell surface. Increased knowledge of biofilm processes can lead to novel, efficient biofilm 
management control strategies and improved patient management. The present review focuses on the 
development of oral biofilms and provides information about microorganisms contributing to the formation of oral 
biofilm. 
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INTRODUCTION 
 

Biofilms were first discovered in the 17th century by 
Leeuwenhoek, who observed the microorganism's 
presence in his oral cavity1. Biofilms are considered 
organized aggregates of microbes that live together inside 
a complex matrix produced extracellularly. Biofilm is 
irreversibly attached to a surface, non-living or living, and 
can be removed only thorough rinsing2. In most cases, 
biofilms are pathogenic. In hospital environments, bacterial 
biofilms become the leading cause of nosocomial 
infections. A multistep, complex process leads to biofilm 
formation, which usually begins with microbes' attachment 
to a living or non-living surface and forming a micro-
colony3.  Most biofilms consist of a population of various 
microorganisms embedded in an exopolysaccharide 
matrix4. In the mouth, polymicrobial biofilms can be formed 
on different surfaces, including mucosal surfaces, teeth, 
implants, and other dental materials. These biofilms can 
cause various complications and oral diseases5, 6.  
 
Microbial Biofilms and Oral Diseases  

Oral cavity microbial biofilms mostly contain microbes that 
can alter their mode of survival from non-pathogenic to 
pathogenic. Some oral pathogens can cause oral diseases, 
such as dental caries (tooth decay) and periodontitis (tooth 
loss). Oral biofilms are complex 3-D structures comprised 
of multi-species microorganisms attached to an inhabitable 
substrate. The formation of biofilms on oral surfaces is the 
major source of various infectious diseases in different 
fields of dentistry7. Dental plaque is a multi-species biofilm 
in the oral cavity that can lead to illnesses, such as tooth 
decay and tooth loss8. Tooth decay is one of the most 
widespread oral diseases caused by oral biofilm, which 
occurs due to intricate interactions between various oral 
microorganisms.  
 
Biofilm Development 

Oral infections are caused by various factors that influence 
the type and population of microbes that can thrive in the 
oral cavity. These factors primarily include the active 
relationships and exchange of materials between 
microorganisms, host diet, and the host immune system, 

influencing the microbial colonization of oral surfaces and 
the formation of harmful biofilms9. When a free-living 
microbe attaches itself to a surface, other organisms can 
join the microbe to develop a dynamic multi-organism 
biofilm. Every organism has a unique attachment mode to 
the substrate, including pili, flagella, proteins, and 
polysaccharide adhesins10.  
 Biofilms formation can occur on biotic as well as 
abiotic surfaces. This flexibility renders the therapy and 
removal of biofilms quite difficult8. The attachment of 
microbes to any surface is the crucial step for forming a 
biofilm, and once attachment begins, the bacteria have two 
possibilities. The environmental conditions determine 
whether the microbes can proceed to the development of 
biofilm by adhering to the substrate, or they can return to 
the free-living stage. For the organisms that enter a biofilm, 
development stops when the dispersion phase starts; this 
phase includes the sloughing off the bacterial cells from the 
biofilm and causing infection in the host11. 
 
Structure of Oral Biofilm 

The extracellular polymeric substance (EPS) is a vital 
component of all biofilms as this complex holds the biofilm 
together and protects the internal microbes from the 
external environment. Research shows that the 
extracellular matrix offers adhesion, protection, 
stabilization, and nutrients to the biofilm community. About 
91% of the biofilm matrix is comprised of water. It is an 
important part of the biofilm matrix as water helps with the 
diffusion of nutrients in the biofilm12. The study shows that 
the biofilm's microbial content is around 5%, 2% is protein 
and nucleic acids, and the EPS matrix is about 2%. The 
matrix composition differs among biofilms and depends on 
the bacterial populations and the environmental 
conditions11. 
 
Microbial Interaction 

Microbes' attachment to a surface and stabilization of the 
initial colonization leads to microbial cell division initiation. 
This multiplication of microbial cells is triggered by the 
certain cell signaling mechanism in the EPS. The division 
of the initial population leads to the formation of different 
types of micro-communities6. These new microbial groups 
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interact with each other in multiple ways and coordinate the 
distribution of metabolic substrates, crucial metabolic 
compounds, and excretion of toxic end-products from the 
biofilm13. For example, the anaerobic degradation of 
complex organic compounds leads to the formation of 
complicated organic matter is transformed into methane 
and carbon dioxide by the action of three different bacteria. 
Firstly, acid and alcohol production from organic 
compounds by fermentative bacteria, consumption of acid 

and alcohol by acetogenic bacteria, and methanogen 
bacteria convert the acetate, hydrogen, and carbon dioxide 
into methane. In this way, biofilm offers a favorable 
environment for the development of syntrophic 
relationships, which involves the co-existence of 
metabolically different bacteria to consume certain 
substrates as their carbon and energy source14. 
 

 

 
Fig. 1: Process of biofilm development 

 
Types of Microbes in Oral Biofilm 

The oral cavity is an intricate microbial ecosystem and can 
be home to more than 100 types of bacterial species and 
other microbes, including fungi and viruses 15. Researches 
have shown that around 700 bacterial species are linked 
with oral biofilms. These bacterial species generally live in 
a symbiotic or a commensal relationship with the host. But 
under certain conditions, these microbes can cause 
different diseases in the host16. 
 
Association of Biofilms with Oral Diseases 

The oral cavity is home to diverse biofilms. The internal 
environment of our oral cavity is quite unique and hasa 
distinct level of microbial diversity. Research shows that the 
oral cavity can harbor up to 1000 distinct species of 
microorganisms6. Various surfaces in the oral cavity 
provide ideal substrates for biofilm formation; these include 
natural dentition dentures and implants.  
 
Dental Plaque 

Dental plaque is one of the most common problems of the 
oral cavity. Plaque is a multi-microbial biofilm formed on the 
teeth surface and can lead to human infections, including 
periodontal disease and dental caries. The oral cavity is an 
aerobic site, but once the teeth surfaces become colonized 
with bacteria, they provide an anaerobic environment for 
anaerobic bacteria17. It allows the plaques to contain 
various types of microorganisms in the extracellular 
matrix18. Plaque can form between the teeth and the 
gingival crevice, which are difficult to remove. Oral cavity 
infections are not easily treated by therapeutics as most 
antibiotics fail to reach the site of infection. The gingival 
crevice fluid (GCF) provides glycoproteins and proteins to 
develop plaque and associated biofilms in the subgingival 

crevice. Once an oral biofilm is fully developed, it produces 
proteolytic enzymes that attack and damage the soft and 
hard tissues. Moreover, these enzymes can hinder the 
host's immune system leading to various diseases19. 
 
Dentures 

Individuals who wear dentures have a high risk of 
developing oral biofilms. Such biofilms frequently harbor 
Candida albicans, which is a disease-causing fungus that 
thrives on the denture material. Candida's presence on 
dentures can cause inflammation of the oral tissues, a 
condition known as denture stomatitis18. Around 65% of 
individuals who wear dentures develop stomatitis at some 
stage, which leads to poor dental hygiene and health, and 
other diseases such as diabetes20. 
 
Implants 

Dental implants are synthetic structures that are used to 
supplant lost teeth. These are generally made of plastic or 
titanium. Individuals with implants can suffer from various 
infections in the implant region. The microbes linked with 
the implants may accumulate and form a biofilm. The 
implants' structure supports biofilm growth as it promotes 
the bacterial attachment to the implant. Thus the biofilm 
growth and the development of a pathogenic biofilm on 
implants can lead to oral infections21. Peri-implantitis is a 
destructive process caused by oral inflammation, which 
damages the tissue that supports the implant and leads to 
various complications. 
 
Management Strategies for Oral Biofilms 

Various strategies have been devised to disrupt the 
different biofilm formation stages and prevent associated 
infections. The oral cavity provides an ideal warm, moist, 
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and nutritious environment for the promotion of microbial 
growth. The active relationship among microorganisms, 
host diet, and the host himself leads to microbial 
colonization and disease-causing biofilms. These biofilms 
on either tooth or dental material surfaces are identified as 
risk factors in many oral diseases, such as tooth decay and 
endodontic infections22,23. 
 
Antimicrobial Dental Materials 

Antimicrobial materials that can inhibit bacterial attachment 
to the substrate and biofilm formation are gaining great 
value because of the significant health problems caused by 
oral cavity infections. Widespread attempts have been 
made to make dental materials with the antimicrobial 
property. The considerable strategies in these aspects 
include antimicrobial agent release and contact-killing24. 
 
Antimicrobial Agent Release 

The concept of producing antimicrobial materials that are 
release-based for dental implants was introduced in the 
1950s. Colton et al. introduced antibiotic drugs into dental 
resins to avoid the formation of oral biofilms25. These 
materials release the preloaded antimicrobial compounds 
into the oral cavity over time and suppress microbes' 
growth. This local delivery of antibiotics from the implanted 
material has many benefits over systemic drug delivery 
methods, including high local doses of antimicrobial agents 
at a specific site and a low risk of developing antibiotic 
resistance26. Most of the release-based agents are 
primarily antibiotics or silver compounds27. Silver 
compounds can inhibit the growth of biofilms at 
exceptionally low doses. Their robust and broad-spectrum 
antimicrobial characteristics are attributed to oxidative 
stress and the destruction of the bacterial cell 
membrane26,28. 
 
Contact-Killing 

In order to solve the reservoir exhaustion issue related to 
release-based antimicrobial strategy, a new strategy known 
as the contact-killing strategy was developed. This process 
utilizes the antimicrobial drugs that are attached to a 
polymer backbone29. In this approach, the antimicrobial 
agents exhibit contact inhibition effects on bacteria that 
encounter their surfaces30. Different types of antimicrobial 
compounds ranging from natural biomolecules such as 
antimicrobial peptides (AMPs) to synthetic chemicals have 
been used in this process (37). Quaternary ammonium 
monomers (QAM) based dental items include dental 
adhesives, resin composites, resin-modified glass ionomer 
cement (GICs), and capping materials pulp, and sealers for 
root canal have been developed. These materials release 
antimicrobial compounds only when microbes attach and 
grow on them, and in this way, the antimicrobial effect is 
long term and targeted. Various other QAMs have been 
manufactured, and their antimicrobial potential has been 
explored using multiple bacteria strains31,32. 
 

CONCLUSION 
The oral biofilm structure is diverse, and modern molecular 
approaches have established about 1000 different bacterial 
species in the dental biofilm. Biofilm-forming bacteria have 
unique attributes that can live under limited nutritional 

supply. They are highly resistant to the host immune 
system and antimicrobial agents. Microbial biofilm research 
is a multi-dimensional study focusing primarily on the 
elucidation of genes expressed mainly by biofilm-
associated species, evaluating various control approaches 
for preventing biofilm colonization of medical devices, and 
creating new methods for assessing the effectiveness of 
these treatments. 
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