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ABSTRACT 

The fusion of digital technology and oral healthcare has given a new era of smart dentistry, where cutting-edge devices, wearables, 

and home-monitoring tools are revolutionizing preventive, diagnostic, and personalized dental care. By harnessing the power of 

artificial intelligence, biosensors, and the Internet of Things (IoT), these innovative systems facilitate real-time tracking of oral 

health metrics, such as pH levels, temperature, and bacterial activity. This overview examines the development, current uses, and 

future possibilities of smart devices and wearables in dentistry, emphasizing their role in empowering patients, detecting diseases 

early, and delivering tailored care. The discussion also encompasses the ethical, data privacy, and clinical validation concerns that 

must be addressed to ensure the successful integration of these technologies into dental practice. 
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INTRODUCTION 
Dentistry is experiencing a transformative transition from a predominantly reactive treatment model to one that emphasizes 

predictive and preventive care. The advent of intelligent devices and wearable technologies—augmented by advancements in 

artificial intelligence, nanotechnology, and biosensing—has facilitated a shift for clinicians from traditional dental settings to the 

daily routines of patients. These innovative tools perpetually monitor oral health indicators, providing valuable insights for both 

patients and healthcare professionals 1,2. 

 

As healthcare systems globally embrace telemedicine and digital frameworks, the incorporation of dentistry within this 

comprehensive ecosystem, often termed smart dentistry, represents a pivotal advancement toward achieving precision in oral 

healthcare 3. Advanced toothbrushes, intraoral sensing devices, and salivary biosensors possess the capability to identify incipient 

carious lesions, assess oral microbiota, and even forecast systemic disease vulnerabilities through the analysis of salivary 

biomarkers 4,5. 

 

EVOLUTION OF SMART DEVICES IN DENTISTRY 
The progression towards advanced dentistry commenced with the digital transformation of diagnostic imaging and computer-

aided design/computer-aided manufacturing (CAD/CAM) technologies in the 1990s. The decade of the 2010s heralded the 

emergence of intelligent toothbrushes capable of monitoring brushing frequency and applied pressure. By the 2020s, the 

synergistic integration of artificial intelligence, Bluetooth technology, and cloud-based analytical platforms facilitated the 

provision of personalized oral hygiene coaching. 

 

The most recent advancements—oral biosensors, AI-augmented wearables, and interconnected oral devices—constitute a 

significant advancement in the field. These innovations are encompassed within the Oral Internet of Medical Things (OIMT), 

which is a specialized segment of the Internet of Things (IoT) focused on oral health surveillance and remote diagnostic 

capabilities. 

 

CATEGORIES OF SMART DENTAL TECHNOLOGIES 
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3.1. Smart Toothbrushes and Mobile-Integrated Devices 

The innovative toothbrushes of the next generation, such as the Oral-B iO and the Colgate Plaqueless Pro, are equipped with 

advanced technologies, including pressure sensors, gyroscopes, and optical detectors, which collaboratively function to 

meticulously monitor the technique employed during brushing and to assess the effectiveness of plaque removal. In addition, 

these sophisticated devices are integrated with mobile applications that offer real-time feedback and employ gamified elements 

to reinforce positive behavior, thereby significantly enhancing patient compliance and adherence to oral hygiene practices. 

 

3.2. Intraoral and Salivary Biosensors 

Recent groundbreaking advancements in the realms of nanotechnology and biosensing have facilitated the remarkable ability to 

detect various biochemical parameters in saliva, such as glucose, pH levels, lactic acid, cortisol, and specific bacterial enzymes. 

These cutting-edge sensors possess the capability to adhere firmly to the surface of teeth or be seamlessly integrated into 

removable dental appliances, enabling them to wirelessly transmit critical data to dental professionals, thereby streamlining the 

monitoring process. For instance, a novel graphene-based intraoral biosensor that was developed in the year 2024 can detect the 

initial stages of enamel demineralization through a mechanism that utilizes pH-sensitive fluorescence, thereby allowing for the 

noninvasive identification of pre-cavitated lesions before they progress further. 

 

3.3. Orthodontic and Prosthodontic Wearables 

The emergence of "smart aligners" and prosthetic frameworks that are embedded with advanced microelectronic sensors is 

revolutionizing orthodontic care by enabling the precise tracking of occlusal forces, the duration of wear, and the pressure 

experienced during adaptation. This technological advancement not only enhances the overall efficiency of orthodontic treatments 

but also facilitates meticulous monitoring of retention post-treatment, thereby ensuring optimal outcomes for the patient. 

Furthermore, in the field of prosthodontics, the introduction of pressure-sensitive implants and smart dentures has proven to be 

instrumental in monitoring masticatory load and assessing tissue adaptation, ultimately leading to improved longevity of dental 

appliances and increased comfort for patients during use. 

 

3.4. Sleep and Bruxism Monitoring Devices 

The utilization of smart night guards and mandibular motion sensors has become increasingly prevalent for the detection of 

conditions such as sleep bruxism, episodes of apnea during sleep, and abnormalities in the movement of the temporomandibular 

joint (TMJ). These sophisticated systems are designed to collect and transmit invaluable nocturnal data to healthcare clinicians, 

thereby aiding in the development of personalized management plans tailored to the specific needs of the patient, thus promoting 

better overall oral health and well-being. 

 

3.5. Artificial Intelligence Integration 

The integration of artificial intelligence (AI) algorithms has revolutionized the processing of extensive amounts of oral health 

data that is captured by these advanced devices, allowing for the identification of behavioral patterns, the prediction of disease 

onset, and the guidance of clinical interventions in a highly effective manner. Moreover, contemporary machine learning models 

are now capable of establishing correlations between fluctuations in the oral microbiome and the associated risk profiles for dental 

caries, enabling healthcare providers to implement real-time preventive strategies that are tailored to the individual needs of 

patients, thereby enhancing overall oral health outcomes. 

 

CLINICAL APPLICATIONS AND BENEFITS 

Domain Smart Application Clinical Benefit 

Preventive Dentistry 
Smart toothbrushes and salivary pH 

monitors 

Reinforce oral hygiene behavior; early caries risk 

detection 

Periodontology Gingival inflammation sensors Continuous monitoring of periodontal status 

Orthodontics Smart aligners, wearable trackers Real-time compliance monitoring 

Prosthodontics Force-monitoring implants and dentures Prevent overload, detect prosthesis misfit 

Sleep Medicine Bruxism and apnea detection sensors Improve diagnosis and therapeutic adjustment 

Public Health 

Dentistry 
Population-based oral data analytics Epidemiological tracking and risk prediction 

 
 

ROLE IN PREVENTIVE AND PERSONALIZED DENTISTRY 
Smart devices empower patients to engage in self-monitoring and data-driven prevention. These technologies facilitate: 

 Real-time feedback on oral hygiene performance. 

 Early disease interception by detecting chemical or mechanical changes before symptoms manifest. 

 Personalized care protocols, such as data from wearables, can tailor fluoride use, recall frequency, and home-care 

regimens. 

AI-enabled predictive models have shown up to 90% accuracy in identifying patients at risk for periodontitis or caries recurrence 

based on integrated device data 17. 

 

INTEGRATION WITH DIGITAL ECOSYSTEMS 
The integration of smart dental devices with Electronic Dental Records (EDR) and cloud-based telemonitoring platforms 
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allows continuous two-way communication between dentist and patient (18). 

These platforms enable remote consultations, treatment progress tracking, and AI-assisted alerts for anomalies, forming a closed-

loop preventive care model. In community dentistry, anonymized data from wearables support population-level oral health 

mapping and predictive modeling (19). 

 

LIMITATIONS AND ETHICAL CHALLENGES 
Despite rapid advancement, several limitations persist: 

1. Data Privacy and Security: Real-time health data transmission raises cybersecurity and patient confidentiality 

concerns (20). 

2. Regulatory Frameworks: Most smart dental devices lack standardized clinical validation or regulatory classification 

under medical device laws. 

3. Technical Barriers: Battery life, intraoral sensor stability, and calibration issues limit long-term use. 

4. Accessibility: High device costs and limited digital literacy hinder adoption in low-resource settings. 

5. Clinical Integration: Lack of standardized data formats complicates EHR interoperability. 

Ethical frameworks emphasizing informed consent, transparent AI algorithms, and equitable access are essential for safe 

implementation (21). 

 

Future Perspectives 
Smart dentistry is expected to evolve further through: 

 Nano-biosensors capable of detecting biomarkers at the molecular level for cancer or metabolic disease surveillance 

(22). 

 Smart restorative materials with embedded microchips for structural health monitoring of fillings and crowns (23). 

 AI-driven predictive analytics that merge oral and systemic health data for holistic care. 

 Metaverse-based dental consultations that combine AR/VR for immersive, remote dental experiences (24). 

 Energy-harvesting dental sensors powered by chewing motion or saliva to eliminate battery dependence (25). 

These innovations represent a shift from reactive treatment to continuous, autonomous oral health management. 

 

CONCLUSION 
Smart devices and wearables are redefining the boundaries of dental practice by enabling continuous, patient-centered monitoring. 

As biosensor precision, AI integration, and interoperability improve, dentistry will transition into a predictive and preventive 

paradigm aligned with personalized medicine. However, ensuring ethical use, data protection, and equitable access remains 

paramount. The fusion of human expertise with machine intelligence marks the next chapter in oral healthcare—where the dental 

clinic extends into every home through technology. 
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