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Sleep apnea Oral wearable devices represent a groundbreaking advancement in dental and systemic
management, health monitoring, offering real-time, non-invasive tracking of oral conditions and
Oral health overall well-being. These devices leverage flexible electronics and biosensors to
monitoring, monitor oral hygiene, detect disease biomarkers, assess treatment progress, and provide
Intraoral early warnings for systemic conditions such as diabetes, cardiovascular diseases, and
Sensors, stress. With the integration of artificial intelligence (Al) and the Internet of Things
Wearable (loT), these wearables enhance preventive care, improve patient compliance, and
dental facilitate remote monitoring. Despite their potential, challenges such as durability,
technology, biocompatibility, data security, and regulatory compliance remain critical
Biosensors in considerations. This paper explores the types, applications, technological
oral health advancements, and future directions of oral wearable devices, highlighting their role in

transforming dentistry and personalized healthcare.

Overview of wearable technology in oral health care

Dental, oral, and craniofacial health plays a crucial role in both physical and social well-being.
Common diseases in this domain include cavities, gum disease, oral tissue disorders, misaligned
teeth, and tumors affecting the oral or craniofacial regions. Treating these conditions can be time-
intensive, disrupt daily life, and create significant financial strain. However, since most diseases
progress slowly, early diagnosis and treatment can prevent worsening conditions, improve
outcomes and quality of life, and reduce time and financial burdens.!

Current diagnostic methods in dentistry rely heavily on manual examinations and imaging
technologies. These approaches lack the capability for real-time, on-the-go monitoring and
diagnosis, limiting their effectiveness for primary prevention. Moreover, monitoring treatment
progress and recovery is often inconvenient and costly, discouraging patients from attending
follow-up hospital visits. The absence of point-of-care diagnostic tools hampers efforts to maintain
long-term oral health.?

Flexible medical electronics offer a promising solution for healthcare. These devices are built on
soft and stretchable substrates that conform to the skin and provide non-invasive, continuous health
monitoring. Their portability and ease of wear enable long-term monitoring of biophysical and
biochemical signals without interrupting daily life, thus reducing costs and enhancing
convenience. Flexible electronics are already widely used in various medical fields and are
gradually being integrated into dentistry.3*
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In the context of dental and craniofacial health, these devices can be adapted to suit the unique
environment and properties of the oral cavity. They can monitor factors such as oral hygiene,
orthodontic forces, and cancer biomarkers, allowing for timely health assessments and predictions.
This innovation holds significant potential to prevent disease progression and improve prognosis
while minimizing the impact on patients’ daily lives.®

Advances in material science, manufacturing processes, and signal transmission technologies have
enabled wearable sensors to be applied to various body parts, including the skin, eyes, and oral
cavity, allowing non-invasive monitoring of numerous physiological parameters. Among these,
oral wearable sensors are particularly noteworthy for their ability to continuously track physical
and chemical conditions in the oral cavity, supporting effective health management. Unlike sensors
used on the skin or eyes, oral wearable sensors offer distinct advantages, such as uninterrupted
monitoring without hindering the user's movement. The oral cavity presents distinct advantages
for wearable sensors, making it an ideal location for addressing various health and lifestyle needs.®

Firstly, the oral cavity is naturally accommodating to foreign objects, offering a high level of
comfort for wearable sensors. Properly designed sensors have minimal impact on a user’s
appearance or daily activities. In contrast, skin-mounted sensors can feel cumbersome and may
restrict movement, while the sensitivity of the eyes makes them less suitable for such devices.
Furthermore, the oral cavity’s stable, enclosed environment, especially during sleep, reduces
external interference, enhancing the precision and reliability of the sensors.

Secondly, the oral cavity is vital for physiological functions, particularly the teeth, which are
essential for eating and speaking. Dental diseases, such as cavities—the most prevalent global
condition, according to the WHO's Global Burden of Disease Study 2017—can significantly
impair these functions and lower quality of life. Untreated dental issues may lead to pain, bleeding,
and even disfigurement. Oral wearable sensors in the oral cavity can monitor dental health,
enabling early detection and prevention of disease while also supporting patients throughout
treatment. Broad adoption of these sensors could reduce the global burden of dental diseases and
ease pressure on healthcare systems and financial resources.’

Thirdly, saliva serves as a valuable medium for monitoring overall health, as it can reflect changes
in both oral and systemic conditions. Substances from the bloodstream can enter saliva, offering
insights into diseases beyond the oral cavity, such as stomach and lung conditions. For example,
Helicobacter pylori, a marker for gastric ulcers and chronic gastritis, can be detected in saliva, and
cortisol levels in saliva can indicate stress. Oral wearable sensors capable of analyzing saliva can
provide comprehensive health assessments, addressing the growing demand for effective health
monitoring.®

Lastly, as the starting point of the digestive system, the oral cavity plays a central role in food
intake. Dietary habits and nutrient consumption have a significant impact on overall health. For
instance, vitamins (A, B6, B12, C, D3, E) and minerals (zinc, iron) are crucial for a robust immune
system. Oral wearable sensors can track food intake and help devise personalized dietary plans to
prevent disease and support treatment. By facilitating healthier eating habits and lifestyles, these
sensors make it easier for individuals to maintain their well-being.>°

On the other hand, wearable oral sensors face unique challenges compared to devices used on other
parts of the body. These challenges arise from the specific conditions and demands of the
craniofacial and oral environment:
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1. Frequent Movement and Friction: The oral and craniofacial areas are subjected to
constant motion due to activities such as speaking, chewing, and swallowing. These
motions involve craniofacial muscles and the tongue, leading to frequent deformation and
friction against surfaces such as the teeth and the tongue. Flexible electronics in these
regions require exceptional durability and extensibility while maintaining strong adhesion
to moist surfaces like the teeth, tongue, or craniofacial skin. Additionally, devices used
inside the oral cavity must prevent accidental detachment, which could pose risks such as
respiratory blockages. Comfort is also a priority, as these devices are worn for extended
periods and must accommodate frequent facial movements.

2. Material Biocompatibility: The materials used in these devices must ensure high
biocompatibility. Since they adhere to human tissues for prolonged durations, the
substrates and adhesives should be gentle on the skin or mucosa, avoiding irritation or
immune reactions. The oral cavity's connection to the digestive tract adds complexity, as
these devices are exposed to acidic or alkaline substances from food, drinks, microbial
activity, and enzymes in saliva. Materials must exhibit excellent chemical inertness, be
encapsulated in inert biocompatible layers, or be non-toxic and edible, including their
degradation products, to ensure safety if ingested.**?

3. Environmental Stability and Functionality: Flexible electronics must remain functional
in the oral cavity's complex environment, which includes varying pH levels, enzyme-rich
saliva, food and drink residues, and a high concentration of bacteria. This dynamic
environment challenges the stability, selectivity, and sensitivity of these devices for
accurate target detection and analysis. The presence of bioactive molecules and abundant
bacteria further complicates the requirements for reliable and precise performance.

By addressing these specific needs, flexible electronics can effectively operate in dental, oral, and
craniofacial applications, paving the way for advanced health monitoring and diagnostic
solutions.®

Types and functions of intraoral wearable sensors
Physical sensors-

Physical sensors, like the accelerometer embedded in artificial teeth, can monitor oral activities
such as chewing to track food intake, by analyzing tooth movements with the Fast Fourier
Transform (FFT), they only monitor the frequency and timing of food intake, which is limited.
Therefore, an ideal solution would be an integrated diet sensor system that utilizes chemical and
physical sensing methods to monitor the time, frequency, food species, and nutrient contents of
food intake in real time.14

Chemical sensors-

Chemical diet sensors are designed to monitor food ingredients and species by measuring changes
in their levels in saliva during chewing. Sodium, a key element in controlling blood pressure and
muscle function, has drawn particular attention due to its impact on health. Excessive sodium
intake can lead to an increase in the risk of hypertension and cardiovascular diseases.'*

For example, fiber-optic-based sensors can detect specific drinks like wine by analyzing changes
in light absorption, while RF sensors monitor fluid intake by detecting changes in resonant
frequency.*
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Biosensors-

Oral wearable saliva sensors monitor metabolites like glucose, uric acid (UA), and lactic acid (LA)
using enzyme-based electrochemical methods. These sensors correlate salivary and blood
metabolite levels to provide non-invasive, real-time health monitoring.

Optical and electrochemical biosensors are used for salivary pH monitoring. A fully edible
colorimetric sensor using fruit-based pH indicators allows safe, cost-effective, and visually
observable pH detection.*

Motion sensors —

Recording of mandibular motion is being used to understand the normal jaw function and for the
diagnosis and treatment of TMDs. Magnetometry-based approaches enable three-dimensional,
occlusion-free measurements, providing reliable and reproducible data for tracking mandibular
motion (TMM) in various settings. Modern systems employ miniature sensors, including optical,
inertial, and magnetic technologies, as well as wireless jaw motion monitoring for enhanced
accuracy and portability.®

Smart orthodontics —

Smart brackets allow dentists to learn the exact force applied to teeth rather than estimate by
experience so that risks of orthodontic treatment caused by excessive force can be greatly
reduced.'*

Humidity sensors can be placed between teeth and brackets to detect bond breakage in
orthodontics. Otherwise, bond failures can seriously delay the whole orthodontic treatment.*

Wearable devices could provide a level of unobtrusiveness not achievable with standard
techniques and enable faster OSA screening with improved long-term characterization. 4

Temperature sensors-

To diagnose peri-implant diseases and extend the lifespan of dental implants, a dental implantable
temperature sensor can be utilized. Since temperature is a key indicator of inflammation,
monitoring the local temperature near the implant serves as a crucial parameter for detecting and
managing peri-implant diseases effectively.'*

Applications in preventive dentistry and systemic health monitoring

3.1 Applications in Preventive Dentistry

Preventive dentistry emphasizes the importance of early detection, minimal intervention, and
proactive oral hygiene practices for the maintenance of oral health.'® Digital wearable devices are
one of the potential tools with various applications in preventive dentistry, as illustrated below:

i. Tracking Oral hygiene:

Wearable sensory devices such as smart toothbrushes and trackers monitor oral hygiene by
gathering data on the determinants of oral hygiene, such as level of plaque and calculus,
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brushing habits, brushing methods, pressure applied, etc.!” The data collected by these trackers
provide insights into the actions required to improve dental hygiene, track oral hygiene progress,
and thus empower people to engage in good oral hygiene practices.'®

ii. Prevention of implant failures:

Common causes of implant failure, such as poor osseointegration and peri-implantitis, can be
prevented using digital wearables. Sensors fitted to the implants monitor changes that impact
the success of the implant, including the formation of new bone around the implant,® detecting
early signs of inflammation like temperature changes near the implant, identifying any
microdisplacements between the implant components,!” and assessing the bite force.*® The
identified information is transmitted to smartphones, alerting dentists to take prompt action to
preserve the implant.

iii. Prevention of Muscular Disorders:

Wearable technology such as surface electromyography and mouthguard devices helps in
recording the activity of masticatory muscles and gives real-time feedback on harmful oral
parafunctional behaviours.?® The continuous real-time data and feedback provided by these
devices encourage people to manage their parafunctional habits proactively,?® aid in the early
detection of muscle disorders such as bruxism'® and dysphagia?* and devise individualised
rehabilitation approaches, 2! thus preventing their progression to severe temporomandibular
disorders.

iv. Early Detection of Dental Caries:

Wearable digital devices, such as dental patches, fluorescent mouth guards, etc., have been
designed for the identification of early signs of caries, such as oral biofilm, PH of biofilm, PH
of saliva, sugar intake, fluoride usage and volatile sulphur compounds released by pathogenic
bacteria etc.?? These real-time data transmitted by the sensors can be tracked via smartphones,
encouraging users to indulge in healthy eating habits and good oral hygiene practices. In
addition, theranostic dental patches developed by researchers also have the drug-delivery
feature of releasing fluoride, when necessary, thus providing effective dental caries detection
as well as treatment.?3

v. Orthodontic applications:

Wearables such as smart brackets and digital aligners with wireless sensors incorporated into
orthodontic appliances have various applications in orthodontics. These devices help in the real-
time monitoring of orthodontic and bite forces ?* and three-dimensional force-movement
systems 2!, thus enabling the gathering of real-time data for orthodontic research and improved
clinical monitoring. This real-time monitoring helps in personalising the orthodontic forces to
prevent adverse effects from uncontrolled tooth movements,'* improves compliance in patients
with removable orthodontic appliances®® and aids in accelerating orthodontic tooth
movements.?®
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3.2. Applications of Oral Wearables in Systemic Health Monitoring:

Salivary sensors have various applications in systemic health monitoring by analysing the saliva's
pH, metabolites, and microorganisms.'* The salivary examination through wearable sensors serves
as a non-invasive tool for the diagnosis of: Diabetes Mellitus in infants by monitoring the salivary
glucose levels; hyperuricemia by monitoring salivary uric acid levels; stress by tracking levels of
cortisol and other salivary stress markers; cancer by tracking levels of salivary TNF-a; 27?8 fatigue
by monitoring biomarkers such as creatine kinase and myoglobin; and neurodegenerative and
demyelinating diseases by monitoring their biomarkers, such as acetylcholine; Gastroesophageal
Reflux Disorders by tracking Salivary pH; and screening of drug abuse and toxic drugs etc.?®

Technological Integration of 10T and Artificial Intelligence in Dental Wearables

The Internet is a powerful tool used in all kinds of information systems. As we all know, the
Internet has changed how we communicate, and as time has passed, many objects have come and
connected to the Internet. Internet of Things (10T) technologies can be defined as an amalgam of
software and hardware products that can generate, gather, and compute data fundamentally in the
form of binary digits. Artificial intelligence (Al) is the underlying automation mechanism behind
these 10T technologies driving their applications and can be regarded as a distinguished field from
loT due to its intrinsic importance. The merging of Al and the IoT constitutes a rapidly advancing
and transformative field known as AloT (Artificial Intelligence of Things).%

Intelligent data analysis uses Al techniques to extract actionable insights from vast and complex
datasets generated by loT devices. Unlike traditional data analysis, it incorporates advanced
algorithms such as machine learning and deep learning to make predictions by identifying patterns.
Al-driven 10T is the use of Al technologies to enhance the capabilities of 10T systems. Traditional
loT primarily focuses on connectivity and basic data collection, on the other hand, Al-driven loT
leverages Al for real-time data processing, autonomous decision-making, and predictive
analytics.®? Integration of Al and 10T is becoming increasingly important for success in today’s
fast-growing digital ecosystem.

The wearable Internet of Things (IoT) care system is an innovative and versatile application service
system that can be worn on the body, and it helps to monitor and manage personal health. The
system utilizes 10T technology and allows multiple sensors and devices to connect and
communicate with each other, thereby enabling a variety of functions and applications. 3-%)

The development of the smart wearable physiological signal measurement and integration system
is a promising solution for the healthcare industry. This system offers a comprehensive and real-
time monitoring solution for patients or elderly individuals by integrating multiple physiological
signal measurement technologies into a single wearable device and combining it with wireless
transmission and location-based services. Additionally, the collected data can be stored in a
database for further analysis and research purposes.

Through the integration of 10T and big data technologies, the system can provide valuable insights
and enhance the overall efficiency and quality of healthcare services. The smart wearable
physiological signal measurement and integration system serves as a practical and valuable tool
for healthcare units and hospitals, thereby enabling them to enhance not only patient care but also
patient safety. By connecting various smart devices through 10T technology and then integrating
loT with big data technologies, valuable data can be generated. This system can provide the most
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complete, real-time service channels and demand information through the analysis of big data
platforms. Therefore, the smart technology not only improves the efficiency of the original manual
processes but also enables service management through an information platform. Furthermore,
data anagsis can enhance service quality and even lead to the development of innovative
Services.

In long-term care environments, the integration of artificial intelligence (Al) and wearable Internet
of Things (loT) systems holds significant potential by improving the quality of care and enhancing
the well-being of individuals. One key advantage of integrating Al and wearable 10T systems is
the ability to collect and analyze a wealth of physiological data including parameters such as heart
rate, body temperature, blood oxygen level, and blood pressure, in real-time. Healthcare
professionals can gain valuable insights into the health status of individuals by continuously
monitoring these vital signs and detecting any abnormalities or changes that may require attention.
This ultimately leads to better health outcomes by enabling early intervention and proactive care
management.*°

The use of Al algorithms in analyzing the collected data enhances the capabilities of the wearable
loT system. Al algorithms can identify patterns, trends, and anomalies in the data, providing
valuable diagnostic capabilities distinguishing between signal and noise. Al algorithms
significantly enhance the quality of the signals by filtering out unwanted noise.** Moreover, Al
plays a vital role in improving the data normalization and transformation of wearable technology.
Al algorithms can ensure that the data is easier to analyze and compare by converting data into a
standard format. They can detect anomalies in data presented by the sensor, such as outliers or any
missing data, and transform them to remove them, ensuring that the data is correct and reliable.
Additionally, Al can personalize the data normalization and transformation processes of individual
users by learning their behavior patterns.*?

lIoT plays a crucial role in data collection and monitoring, while Al takes responsibility for
analyzing the ever-growing volumes of data and making decisions based on the information
extracted from this data. These applications offer many potential benefits for patients, healthcare
providers, physicians, and healthcare facilities. However, the success of healthcare applications
using technologies such as 10T and Al depends on the acceptance of these technologies by
healthcare professionals and patients, the development of stronger and more uniform data security
and privacy regulations, as well as the improvement of system efficiency and safety.®

Challenges and Considerations in Implementation

While the oral cavity holds great potential as a target for wearable sensors, their development
remains far less prevalent compared to skin-based sensors.}* Temperature and stress significantly
impact the stability of flexible sensors. The oral cavity, with its dynamic environment and frequent
temperature fluctuations during functional activities, can further destabilize sensor materials.
Additionally, the constantly moist or fluid environment can impair the functionality of biological
receptors like enzymes, compromising the sensors' performance.*® Reliability is another vital
challenge for oral wearable sensors. The oral cavity's frequent physiological activities, such as
talking, eating, and breathing, can compromise sensor performance. Additionally, saliva contains
various contaminants, including charged ions, enzymes, and microorganisms, which can interfere
with or damage the sensors. Despite significant advancements to enhance stability, anti-pollution,
and anti-disturbance capabilities, current oral wearable sensors still fall short of user
requirements.'4
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To address temperature effects, compensating elements like temperature sensors or temperature-
insensitive materials can be utilized. Biofouling challenges can be mitigated with protective films
to prevent biological contamination. Additionally, encapsulating key components, such as
enzymes, within electrodes using 3D printing enhances packaging and prevents detachment.**

Although considered "non-invasive," intraoral wearable devices pose potential risks of chemical
exposure due to their proximity to the oral cavity. Electronic components like circuit boards and
electrodes can be exposed to the oral environment, and even minor elements, such as solder, may
risk accidental ingestion. Ensuring the biocompatibility of all materials is essential. Prolonged
contact with the body also raises concerns about physical harm and allergic contact dermatitis
reported with certain components.’®

The advancement of flexible electronics requires integrating multiple technologies. A key
challenge is limited durability because of the lack of long-term energy. Research shows that
flexible electronics can harness energy from movements at the attachment site, providing
continuous power for wearable devices.*® The service life of sensors in the oral environment poses
a significant challenge, impacting their cost, marketability, and widespread adoption. For oral
wearable sensors integrated with dental implants, their lifespan must match that of the implants.
However, no sensor with a sufficiently long service life to meet these requirements has been
developed. The lifespan of oral sensors is influenced by factors such as detection methods,
electronic components, usage frequency, and scenarios. A potential solution is a modular design,
allowing components to be easily replaced when damaged, thereby extending the sensor’s overall
service life.*

Another challenge is data transmission and power supply. Most oral wearable sensors rely on
Bluetooth and RFID for data transfer. While Bluetooth enables real-time data transmission to smart
devices, its size and power requirements pose challenges. RFID addresses size and power issues
but only transmits data when the reader is active. Current power supply solutions, such as batteries
or wireless transmission, struggle to meet safety and real-time monitoring needs. The selection of
data transmission methods and power supply must align with the specific detection requirements
of oral wearable sensors, based on human needs. Moreover, such devices should be capable of
detecting multiple biomarkers simultaneously and monitoring physical, chemical, and biological
signals. For monitoring biofluids like glucose or uric acid, enzyme-based electrochemical
detection is recommended due to its high selectivity. However, the fragility and low stability of
enzymes remain a significant drawback. Future research must identify or develop more suitable
detection methods to advance the field of oral wearable sensors.*%°

Wearable sensors enable real-time, multi-modal data collection but raise concerns about data
security and privacy, hindering their widespread adoption. Developing hardware and software for
wearable devices must prioritize security. Key issues include data compromise, unsecured
communication, data theft, hidden components (like cameras or microphones), lack of encryption,
and network vulnerabilities. Devices connecting to networks expose opportunities for data leaks,
requiring strong security systems. Robust data security ensures reliable, secure operation with
wireless transmission and connectivity. Reliable authentication, encryption, and early intrusion
detection are crucial for protecting sensitive health data from both external and internal security
breaches.'®

Wearable technology remains largely unregulated, with most consumer devices not FDA-
approved and classified as "wellness” products. Programs like the Digital Health Software
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Precertification initiative are positive steps toward improved regulation.*’ Initiatives like the
Digital Health Software Precertification Program aim to improve regulation. To foster medical
innovation, the FDA has introduced a framework for utilizing real-world evidence in regulatory
decisions. In the U.S., data protection for health information is governed by HIPAA, which
mandates privacy guidelines for personal health data.**

Future Directions and Research Opportunities.

The integration of digital technology in oral healthcare is transforming the field, presenting
exciting opportunities for innovation, research, and improved patient outcomes. Below is a detailed
exploration of the potential future directions and areas for research.

Wearable Devices in Oral Care

Wearable devices are revolutionizing oral health monitoring by enabling real-time, personalized
care.’® Orthodontic applications of wearables are particularly promising, with bio-integrated and
implanted biosensors being explored for diagnosis, treatment, and oral health management.*® Prior
research has demonstrated the feasibility of attaching sensors to tooth surfaces, paving the way for
future developments. However, for practical implementation, detailed validation studies focusing
on biocompatibility, toxicity, sterilization, and operational stability are crucial. Innovations in
device encapsulation and biocompatible materials are also needed to eliminate risks associated
with salivary contact and chemical leaching.4%°05!

Emerging materials like smart tattoos®® and soft epidermal electrodes offer the potential for
enhanced biopotential acquisition.>® Despite these advancements, further research is required to
improve usability, durability, and overall user experience.” Future wearable devices should enable
continuous monitoring, operate on low power, provide real-time feedback, and integrate
seamlessly into daily life without causing discomfort.>*

Technological Innovations in Oral Health

Technological advancements are reshaping oral healthcare. Systems like the Remote Oral
Behaviors Assessment System (ROBAS)*® have demonstrated high validity for monitoring
brushing behaviors in real-world settings. Such systems can enable automated coaching and
optimization of self-care practices on a population level.

Imaging technologies are also advancing, with Doppler ultrasonography being used to evaluate
tissue perfusion at implant and donor sites.®® Future imaging tools could provide precise 3D
mapping of periodontal structures, allowing for non-invasive periodontal depth assessments.
Additionally, flexible electronics are emerging as valuable tools for oral health monitoring and
rehabilitation.>” These devices, which combine materials science, physics, and clinical medicine,
provide portable, non-invasive testing while minimizing interference with daily life.>®

Artificial Intelligence and Machine Learning in Dentistry

Al and machine learning can improve oral diagnostics, treatment planning, and public health
interventions. Al can analyze large datasets and identify trends, predict disease outbreaks, and
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suggest personalized treatment options. Machine learning algorithms can enhance diagnostic
accuracy, predict treatment outcomes, and support evidence-based decision-making.*®

Despite these benefits, challenges such as ethical concerns, data security, and the lack of medical
expertise among Al developers need to be addressed. Dental professionals have expressed
reluctance to adopt Al due to its machine-based nature and its potential to replace traditional
clinician-patient interactions. A hybrid model combining Al with human expertise could bridge
this gap, preserving the human aspects of care while enhancing efficiency. Virtual dental assistants
powered by Al can also streamline administrative tasks, maintain patient records, and assist with
diagnosis and treatment planning.

Telehealth and Teledentistry

The COVID-19 pandemic outlined the importance of telehealth and teledentistry in providing
accessible oral healthcare. Remote consultations allow dental professionals to diagnose, plan
treatments, and monitor progress without the need for in-person visits. Digital imaging tools and
teledentistry platforms enable patients to capture and share intraoral images, facilitating accurate
diagnoses and follow-ups. This approach is particularly beneficial for underserved populations, as
it reduces geographical and mobility barriers to care.®

Big Data and Predictive Analytics

Big data analytics and predictive models are transforming public health dentistry by providing
insights into oral health trends, risk factors, and disease patterns. These tools enable targeted
interventions, resource allocation, and proactive public health strategies. Predictive analytics can
also assist in forecasting disease prevalence and treatment outcomes, aiding in the efficient
planning of healthcare resources.®°

Innovations in Smart Devices and AR/VR

The Internet of Things (loT) and wearable devices are enhancing oral health monitoring and
preventive care. Smart toothbrushes, oral health trackers, and sensor-based devices can collect
real-time data on hygiene practices, dietary habits, and early signs of oral health issues. These
devices offer personalized feedback, empowering users to improve their oral health while allowing
dental professionals to deliver targeted interventions.

Virtual Reality (VR) and Augmented Reality (AR) technologies provide exciting possibilities for
patient education, treatment planning, and professional training. VR can create immersive
experiences to educate patients about oral hygiene and procedures, while AR can overlay digital
information to improve precision in dental treatments and enhance clinical decision-making. °

Ethical and Practical Considerations

As digital technologies become more prevalent in oral healthcare, ethical concerns such as data
security, privacy, informed consent, and equitable access must be addressed. Ensuring
transparency, safeguarding patient information, and bridging the digital divide are critical for the
responsible adoption of these technologies. Moreover, maintaining the patient-provider
relationship is essential to ensure trust and effective care delivery.®
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Collaboration and Future Outlook

The successful integration of digital technologies into oral healthcare requires collaboration among
dental professionals, researchers, technology developers, and policymakers. Continued research
and innovation are essential to tailor these advancements to the specific needs of oral health. By
addressing the challenges and embracing digital solutions, the future of public health dentistry
promises to be more efficient, accessible, and patient-centered.

In conclusion, the integration of wearable devices, Al, telehealth, and advanced technologies in
dentistry has the potential to improve oral health outcomes, reduce disparities, and enhance overall
well-being. With continued innovation and ethical implementation, the future of oral healthcare
looks bright and promising.®°

Conclusion- Oral wearable devices play a remarkable role in monitoring and improving the overall
health of patients as well as oral health. In dentistry, there are different oral wearable devices such
as retainers, biosensors, and intraoral monitors which provide data to healthcare providers
regarding patients' oral and systemic health and help in disease detection. These wireless devices,
combined with artificial intelligence, enhance their accuracy and usability for patients and
healthcare providers.

Despite their promising potential, there are a few challenges such as cost and biocompatibility.
These challenges must be addressed to ensure greater patient compliance and widespread adoption.

In conclusion, oral wearable devices have the potential to transform personalized healthcare by
allowing early disease detection, promoting preventive care, and enhancing treatment outcomes.
With continued improvements, they can play a crucial role in linking oral and systemic health,
leading to more proactive and efficient healthcare solutions.
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