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fibroblasts, and bacteria, researchers can now 
observe and manipulate cellular behaviors in a 
controlled setting, providing insights into the 
intricate dynamics of oral health and disease 1,2. 
The editorial delves into the basic design of these 
microfluidic models, their practical applications 
in various scientific domains, the distinct types 
tailored for specific research inquiries, and the 
anticipated directions for ongoing and future 
investigations.
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In recent years, microfluidics has witnessed unprecedented 
advancements, paving the way for transformative 
breakthroughs in various scientific disciplines. Among 
these innovations, the development of organ-on-a-chip 
technology stands out as a remarkable stride toward 
imitating the complexity and functionality of human 
organs in a controlled, miniature environment 1. One such 
pioneering endeavor is the creation of the “Oral Cavity-
on-a-Chip,” a cutting-edge platform that holds immense 
promise for revolutionizing dental research, drug 
development, personalized medicine, and personalized 
dentistry 2.
The oral cavity is a complex and dynamic environment, 
pivotal in various physiological processes such as 
digestion, immune response, and communication. 
Traditional in vitro models often fail to replicate the 
intricate interactions within the oral cavity. Oral Cavity-
on-a-Chip is a sophisticated microfluidic system designed 
to mimic the physiological conditions of the oral 
environment with unmatched accuracy. This innovative 
technology can potentially recreate the critical components 
of the oral cavity, including the mucosal surfaces, salivary 
glands, and even the microbiome, on a miniature chip. 
By incorporating living cells, such as epithelial cells, 
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BASIC STRUCTURE
The oral cavity-on-a-chip model is a specialized version 
of the broader organ-on-a-chip technology designed to 
replicate the unique features and challenges of the oral 
environment. The oral cavity is a highly dynamic and 
complex environment with distinct features such as the 
presence of teeth, salivary glands, mucosal surfaces, 
and a diverse microbiome. Designing an oral cavity-on-
a-chip involves mimicking these specific structures and 
interactions, making it more intricate than other organ-
on-a-chip models. 
Creating an essential structure for an oral cavity-on-
a-chip model involves designing a microfluidic chip 
that replicates essential components and creating a 
microenvironment that mimics the complexities of the 
oral cavity. Microfluidic chips can be made from various 
materials, including glass, silicon, and polymers. 
Standard fabrication techniques for microfluidic 
chips include soft lithography, photolithography, and 
injection molding. These methods enable the creation 
of intricate microstructures and channels on the chip. 
The microfluidic chip should replicate the critical 
components of the oral cavity, including cell culture 
compartments representing diverse oral tissues, such 
as epithelial cells, fibroblasts, and salivary gland 
cells, embedded within an extracellular matrix. The 
extracellular matrix may incorporate hydrogels or 
other materials to provide structural support and a 
substrate for cell attachment and growth. Incorporating 
a perfusion system simulates blood flow, enabling the 
delivery of nutrients, oxygen, and drugs 2,3. 
Additional features like simulated saliva production, 
microbiome components, and realistic pH and 
temperature control enhance the physiological 
relevance of the model and facilitate the study 
of drug absorption and metabolism in the unique 
microenvironment. Mimic saliva production and flow 
by incorporating components representing salivary 
glands involve microchannels to simulate saliva ducts 
and compartments with appropriate cells for saliva 
production. A microbiome component can be integrated 
to simulate the diverse microbial communities present 
in the oral cavity. This may involve introducing bacteria 
strains relevant to oral health and disease 4,5. For the 
research on dental applications, structures representing 
teeth, including enamel, dentin, pulp, cementum, and 
periodontal ligaments, can be incorporated. This allows 
for studying dental diseases and drug interactions 

within a tooth microenvironment. Implementing 
mechanisms for controlling pH and temperature to 
replicate the dynamic conditions within the oral cavity 
accurately makes it possible to study the effects of 
varying environmental conditions on drug interactions 
and cellular responses 2.
Designing the oral cavity-on-a-chip to be compatible 
with other organ-on-a-chip models creates multi-organ 
systems. This can provide a more comprehensive 
understanding of systemic interactions 6. Compatibility 
with advanced imaging techniques can allow real-time 
observation of cellular behaviors, drug interactions, 
and dynamic changes in biophysical and biochemical 
parameters within the oral cavity-on-a-chip 7. The 
flexibility of this basic structure allows adaptation to 
specific research goals, fostering collaboration among 
experts in microfluidics, cell biology, and engineering 
for successful model development. 

APPLICATIONS 
The Oral Cavity-on-a-Chip holds immense potential 
for advancing dental and medical research, offering a 
platform to study pathological processes involved in 
oral diseases, the pharmacokinetics of various drugs in 
an oral microenvironment, and the impact of multiple 
treatments (Figure 1). It allows investigation of the 
mechanisms underlying conditions such as periodontal 
disease, dental caries, and oral cancers in a more 
physiologically relevant context 4,8. This technology 
accelerates the pace of discovery, facilitating the 
development of targeted therapies and preventive 
strategies for oral health issues.
The pharmaceutical industry faces constant challenges 
in developing effective and safe human-use drugs. The 
Oral Cavity-on-a-Chip provides a valuable tool for 
testing the efficacy and safety of oral medications in a 
realistic environment. This platform enables researchers 
to assess drug absorption, metabolism, and potential 
side effects more accurately, reducing the reliance 
on animal models and expediting drug development. 
Oral cavity-on-a-chip models enable the exploration 
of drug interactions with the oral mucosa, saliva, and 
the microbiome, fostering the development of targeted 
therapies for dental applications, microbiome-related 
conditions, and oral cancers 4,5,8. Additionally, the 
technology offers a platform to evaluate localized drug 
delivery systems within the oral cavity, contributing 
to the refinement of drug development processes 
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and potentially expediting the translation of novel 
therapeutics into clinical applications.
In addition, this innovative approach provides a 
controlled and physiologically relevant platform for 
studying the interactions between dental materials 
and the complex environment of the oral cavity. The 
technology allows researchers to assess dental materials’ 
biocompatibility, degradation, and performance in a 
more realistic setting. The researchers can investigate 
how dental materials interact with saliva components 
and the diverse microbial communities in the oral cavity, 
providing insights into potential effects on material 
degradation and oral health. Researchers can use oral 
cavity-on-a-chip models to assess dental materials’ 

wear resistance and durability more accurately. Oral 
cavity-on-a-chip technology facilitates the study of 
dental material interactions with oral tissues, including 
their impact on tissue regeneration. This is particularly 
relevant for materials used in procedures such as dental 
implants, where the integration with surrounding tissues 
is critical for long-term success. The technology offers 
a more efficient and accelerated testing environment for 
dental materials 5.
Furthermore, the personalized nature of the Oral Cavity-
on-a-Chip allows researchers to customize the chip with 
patient-specific cells, paving the way for personalized 
medicine and personalized dentistry approaches. This 
opens new avenues for tailoring treatments based on an 

Figure 1: Applications of Oral Cavity-on-Chip Technology in Biomedical Research.

Notes: This figure has been drawn with the premium version of BioRender (https://biorender.com/ 
accessed on 9th March 2024) with the license number ZD26JY9RC1.
Image Credit: Namrata Dagli
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individual’s unique oral environment, ensuring more 
targeted and effective therapies.

TYPES OF ORAL CAVITY ON CHIP MODELS
The development of oral cavity-on-a-chip technology 
has led to various models, each tailored to address 
specific research questions. These models utilize cells 
derived from individual patients to create personalized 
oral cavity-on-a-chip models to enable the study of 
patient-specific responses to drugs, pathogens, and 
therapeutic interventions. Here are several types of oral 
cavity-on-a-chip models that have been developed or 
proposed:
Salivary Gland-on-a-Chip
It focuses on replicating the microenvironment of 
salivary glands by mimicking the physiological 
processes of saliva production, composition, and 
secretion. It enables the study of salivary gland 
function, dysfunction, and responses to stimuli. In 
addition, it serves as a valuable tool for exploring 
the radiosensitivity of glands and screening potential 
radioprotective drugs that are both less toxic and more 
efficient than currently employed options 9,10.
Gingiva-on-a-Chip
It incorporates epithelial and connective tissue 
components to replicate the gingival microenvironment. 
It aims to study the interactions between oral bacteria, 
immune cells, and gingival tissues. Targets the gingival 
tissues to investigate periodontal diseases and tissue 
regeneration 4,11.
Oral Mucosa-on-a-Chip
It replicates the mucosal linings of the oral cavity to 
study interactions with drugs, pathogens, therapeutic 
agents, and dental materials. It offers insights into 
mucosal immunity, barrier function, and responses to 
inflammation 5,12.
Microbiome-on-a-Chip
It focuses on the microbial communities within the oral 
cavity. It allows for the co-culture of different bacterial 
strains to study microbiome dynamics and responses to 
environmental changes. It aids in understanding the role 
of the oral microbiome in health and disease 4, 13.
Tooth-on-a-Chip
It aims to mimic the structure and function of a tooth 14 
and includes components such as enamel, dentin, pulp, 

cementum, and periodontal ligament cells. It enables 
the study of dental diseases, drug interactions, tissue 
regeneration, and cytotoxicity 3.
Multi-Organ Systems
These systems integrate the oral cavity-on-a-chip with 
other organ-on-a-chip models to comprehensively 
represent systemic interactions. They allow for studying 
how oral health influences other organs and vice versa 
6,15.
Disease-Specific Models
These models focus on replicating specific oral 
diseases, such as oral cancers 8. They allow researchers 
to investigate disease mechanisms, test potential 
therapies, and study the impact of genetic factors. 
These diverse oral cavity-on-a-chip models provide 
researchers with versatile tools to explore various 
aspects of oral health and disease. As the technology 
evolves, ongoing innovations will likely lead to 
more sophisticated and tailored models, expanding 
the applications and impact of oral cavity-on-a-chip 
technology in biomedical research and healthcare.

CHALLENGES AND FUTURE DIRECTIONS
While the Oral Cavity-on-a-Chip marks a 
groundbreaking advancement, addressing challenges in 
its complexity, scalability, and reproducibility is crucial 
for widespread adoption, necessitating collaboration 
between researchers and engineers. The future of oral 
cavity-on-a-chip technology holds promising avenues, 
including integrating multi-organ systems to enhance 
the understanding of systemic interactions 6,15. Advanced 
imaging and sensing techniques are expected to 
improve the real-time monitoring of cellular responses. 
Researchers are likely to explore the complexity and 
dynamics of the oral microbiome, studying microbial 
interactions under diverse conditions. Additionally, a 
focus on incorporating immune components into these 
models will enable studying immune responses within 
the oral environment 16. Anticipated developments 
include disease-specific models, high-throughput 
screening, and integration of bioprinting technologies 
for a more comprehensive understanding of oral health 
and disease. Standardization and commercialization 
efforts may further drive the adoption of oral cavity-on-
a-chip technology in pharmaceutical and biotechnology 
industries, advancing personalized therapeutic 
interventions in oral medicine. Creating effective 
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organ-on-a-chip (OOC) devices poses challenges 
in mimicking native extracellular matrix (ECM) 
microenvironments, necessitating the development of 
materials and precise methods that accurately replicate 
the diverse and dynamic nature of the natural ECM, 
further compounded by the need for innovative hybrid 
materials and fabrication methods at the intersection of 
biological and engineering domains 17.

In summary, the advent of the Oral Cavity-on-a-
Chip marks a pivotal moment in the intersection of 
microfluidics, biology, and medicine. This innovative 
technology propels dental research forward and holds 
the potential to reshape drug development and usher in 
a new era of personalized oral healthcare. As scientists 
continue to refine and expand the capabilities of this 
miniature marvel, we can anticipate a future where the 
Oral Cavity-on-a-Chip plays a central role in advancing 
our understanding of oral health and improving patient 
outcomes.
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