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In Loving Memory of Mrs. Nibha Sharma: A Dedication 

 

 

 

This book, Innovations in the Oral Sphere: Ahead of the Curve, is dedicated to a remarkable soul, Mrs. Nibha 

Sharma, who was not only a guiding light in our lives but also a source of unwavering love and strength. 

Nibha Sharma, a woman who embodied warmth, care, and selflessness, fought a brave battle against stage 4 

gallbladder cancer. Her spirit, resilience, and compassion made an indelible mark on all who knew her. Though she 

is no longer physically with us, her memory, wisdom, and kindness continue to live on in every word written here. 

The name "Nibha" holds deep meaning - it translates to "radiant," "bright," and "shining" in Sanskrit. This is a 

fitting tribute to the way she illuminated the lives of those around her with her love, kindness, and unwavering 

strength. Like her name, Nibha was a beacon of hope, and her light continues to shine in our hearts and minds. 

As we embarked on the journey of writing this book, it was during her courageous fight with cancer that we were 

reminded of the importance of hope, determination, and perseverance in the face of adversity. Nibha’s battle was a 

testament to the strength of the human spirit, and in her honor, we commit to bringing forth advancements that will 

pave the way for the future of oral health and cancer care. 

The innovations and advancements discussed in this book are dedicated to Nibha, who always believed in the power 

of progress and betterment. We hope that the future developments presented within these pages will serve as 

motivation not just for cancer survivors but for all patients fighting their battles with courage and resilience. 

May her legacy of hope and compassion continue to inspire and encourage those navigating their health journeys, 

reminding them that innovation and progress are not just about science, but about lifting one another and striving for 

a brighter, healthier tomorrow. 

This book is for you - with love and remembrance. 

- Team Font Fusions Publication 

 

 

 



 

  

Foreword 

With great enthusiasm and a deep sense of pride, I am honored to write the foreword for Advancements in Oral 

Sphere: Ahead of the Curve. This book represents not only a significant compilation of the latest innovations and 

breakthroughs in oral health but also an insightful exploration into how these advancements are shaping the future of 

dental care and oral sciences. 

In recent years, the oral health sphere has experienced transformative progress, driven by cutting-edge technologies, 

interdisciplinary research, and an ever-growing understanding of the intricate connections between oral health and 

overall well-being. The chapters within this book provide a detailed and up-to-date account of the most impactful 

advancements, from regenerative treatments to digital dentistry, novel diagnostic tools, and minimally invasive 

procedures. 

The authors, esteemed professionals in the field, have carefully curated this collection of knowledge to ensure that 

the book serves as an invaluable resource for students, practitioners, and researchers alike. Their collective expertise 

not only illuminates the path to innovation but also underscores the importance of integrating discoveries with 

ethical practices and patient-centered care. 

What sets this book apart is its forward-thinking approach. It explores not just where the field is today, but also 

where it is headed. In an era where dental care is evolving rapidly, staying ahead of the curve is essential. This book 

highlights the growing importance of prevention, technology-driven solutions, and the crucial role of collaborative 

research in driving the future of oral health. 

I am confident that Advancements in Oral Sphere: Ahead of the Curve will inspire established professionals and 

budding researchers to embrace the exciting possibilities in the oral healthcare landscape. May this work serve as a 

beacon, guiding those who seek to contribute to the ever-evolving world of oral health. 

 

 

Warm regards, 

 

Dr. Hemant Sawhney 

BDS, MDS, PGDM-H, (PhD) 

Head of Department, Oral Medicine & Radiology 

School of Dental Sciences, Sharda University, Greater Noida, U.P., India 
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INTRODUCTION  

 

The study, prevention, diagnosis, and treatment of oral and dental health problems that astronauts 

face while in space is the focus of the new and highly specialised area of space dentistry within 

dentistry.  Maintaining astronauts' health, especially their dental health, has become crucial to 

mission success as humanity expands its reach beyond Earth with extended missions aboard the 

International Space Station (ISS), lunar homes, and plans for Mars exploration.  In the early days 

of space medicine, dentistry was frequently disregarded. Still, it is now understood to be an 

essential component in guaranteeing the health, productivity, and security of space personnel 

throughout prolonged space travel [1].   

 

Many things influence human physiology in the special environment of space, and the oral cavity 

is no exception.  The distribution of body fluids, bone metabolism, and musculoskeletal 

structures, particularly those of the maxillofacial region, are all impacted by microgravity, one of 

the most distinctive features of space travel.  The effect of microgravity on bone density is 

among the most critical issues.  Spaceflight osteopenia is the term for bone resorption brought on 

by extended exposure to microgravity [2]. 

 

Demineralisation of the maxillofacial bones, notably the alveolar bone that supports the teeth, 

may jeopardise tooth stability, change the alignment of the bite, and raise the risk of periodontal 

disease.  Along with bone loss, space travellers may be more susceptible to infections, such as 
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opportunistic fungal infections, periodontitis, and gingivitis, due to alterations in their immune 

systems.  The oral cavity is more susceptible because of the compromised immune system and 

the difficulties in maintaining proper dental hygiene in a zero-gravity setting.  Routine oral care 

is made more difficult by limited access to water, restricted storage for dental hygiene items, and 

the impracticability of traditional tooth brushing techniques in microgravity [3].   

 

As a result, to control plaque, stop decay, and reduce microbial growth, maintaining dental 

hygiene in space calls for specialised equipment and procedures.  Dental health is also 

significantly impacted by a nutritious diet when in space.  Space diets may include rehydratable, 

high-carbohydrate foods that might exacerbate plaque buildup and acid production, and they 

frequently lack fresh fruits and vegetables.  Additionally, saliva production, a crucial barrier for 

maintaining dental health, may be decreased or changed in space, which could have an impact on 

the oral cavity's ability to be mechanically cleaned as well as its ability to buffer against acids 

[4]. 

 

Together, these elements foster an environment that is favourable to soft tissue inflammation, 

dental caries, and other oral diseases.  The handling of oral crises during missions is arguably 

one of the most urgent issues in space dentistry.  Since there is no quick access to professional 

dental care in the cramped and isolated environment of space, readiness and independence are 

crucial.  Toothaches, broken restorations, abscesses, or avulsed teeth are examples of dental 

problems that might seriously hinder an astronaut's capacity to carry out mission-critical duties.  

Untreated dental issues can cause psychological stress or systemic infections in addition to 

physical discomfort, which might jeopardise crew well-being and mission goals [5]. 

 

Astronauts are subjected to comprehensive dental examinations before flight to address these 

issues, and any high-risk conditions are corrected on Earth.  Unexpected dental problems could 

still arise despite these safeguards.  To reduce hazards, spacecraft are outfitted with dental 

emergency kits that include supplies such as temporary filling materials, painkillers, dental 

instruments, and extraction tools, and astronauts are educated in basic dental emergency 

techniques.  Additionally, tele dentistry involves consulting with dentists on the ground 

remotely. It is being investigated as a means of assisting astronauts with emergency operations.  

However, real-time assistance is severely limited by communication delays, particularly for 

interplanetary missions such as those to Mars [6]. 

 

Thus, the development of autonomous or semi-autonomous robotic dentistry equipment that can 

help or carry out specific treatments with little assistance from humans is gaining traction.  

Innovations in technology are still essential to the development of space dentistry.  Hand-held X-

ray equipment and other portable imaging devices are being modified for use in space to aid in 

diagnosis.  To support dental care in remote locations, research is being done on intraoral 

scanners, 3d printing technology, and AI-driven diagnostic tools.  Future long-duration missions 

where comprehensive dental care capabilities must be accessible onboard may also benefit from 

the use of regenerative medicine, which includes the use of stem cells and tissue engineering to 

repair or regenerate dental tissues [7]. 

 

In addition to providing therapeutic care, space dentistry advances our knowledge of the 

biological effects of harsh settings.  Astronautics research sheds light on the processes of bone 
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loss, fluid changes, and microbial activity, which can benefit both space flight and terrestrial 

medicine.  For instance, research on how the oral microbiota varies in space could help us better 

understand how microbes behave in sick individuals or those who live in cramped quarters on 

Earth.  The scope of space dentistry is anticipated to broaden beyond elite, medically screened 

astronauts to encompass individuals of various ages and health profiles as commercial 

spaceflight becomes more common and the idea of space tourism approaches reality [8].  

 

This change necessitates the development of more reliable and accessible dental care procedures 

and systems that can serve a broader population. To ensure that oral health is a crucial 

component of mission planning and execution, space agencies, engineers, physiologists, and 

dentists must maintain their interdisciplinary collaboration to prepare for this future.  To sum up, 

space dentistry is an important and developing field that tackles the particular difficulties of 

preserving dental health in alien settings.  Space dentistry combines clinical knowledge, 

technological advancements, and preventive measures to assist astronauts' health and 

performance, from comprehending how microgravity affects oral tissues to handling dental crises 

separately.  Dentistry will play a crucial role as humanity expands into space, both in preserving 

personal health and guaranteeing the general success of extended space journeys [9]. 

 

 

ORAL HEALTH IN SPACE 

 

Space exploration presents a unique set of challenges for human health, and oral health is no 

exception. The environment of space, characterised by microgravity, radiation, confined living 

quarters, and altered diets, can have profound effects on the oral cavity. Maintaining good oral 

health during space missions is critical, as dental emergencies can be challenging to treat when 

astronauts are far from Earth. 

 

Challenges to Oral Health in Space 

 

Microgravity 

 

• Fluid Distribution: Gravity sustains regular circulation on Earth, which impacts blood 

circulation to the gums. In microgravity, fluids tend to collect in the upper extremities, 

resulting in swollen gums and facial puffiness. This may increase the likelihood of 

periodontal and gum diseases, such as gingivitis [10]. 

 

• Loss of Bone Density: A reduction in bone density is one of the most significant problems 

in space. In the absence of gravity, bones lose density, and the jawbone, which houses 

teeth, is no exception. This can result in a weaker jaw structure, increasing the possibility 

of tooth loss or mobility issues during prolonged missions [11]. 
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Nutrition and Modifications to Diet 

 

• Vitamin Deficiencies: Vitamin C, which is essential for healthy gums, can be deficient 

due to a diet lacking in fresh vegetables. Long-term inadequacies can result in diseases 

like scurvy, which causes tooth loss and bleeding gums [12]. 

 

• Higher Sugar Intake: Food in space is often high in sugars and carbohydrates, which 

increases the likelihood of dental caries, or cavities, exceptionally when oral hygiene 

standards are not maintained [13]. 

 

Salivary Changes  

 

• Reduced Saliva Production: The body's fluid balance and hydration are impacted by 

microgravity, which may result in a decrease in saliva production. Because saliva washes 

away food particles, neutralises acids, and prevents cavities, it is essential for maintaining 

dental health. Decreased salivation in space can cause xerostomia, or dry mouth, which 

raises the risk of gum disease and tooth decay [14]. 

 

• Modified Saliva Composition: Nutritional and hydration changes can also alter salivary 

composition, potentially reducing the saliva's ability to combat oral infections [15]. 

 

• Inadequate Immune Response: During spaceflight, the immune system deteriorates, 

increasing the risk of infections, particularly in the oral cavity. In a setting where the 

body's defense mechanisms are weakened, dental infections such as abscesses or 

periodontal disease can worsen [16].  

 

Common Oral Health Issues in Space 

 

• Dental Caries: Consuming sugar- or carbohydrate-rich foods can cause bacterial plaque 

to grow on teeth, which is the exact cause of cavities that affect people on Earth. These 

bacteria release acids that destroy tooth enamel if brushing and flossing are not done 

regularly. Alterations in diet and decreased salivary flow can make this problem worse in 

space [17].  

 

• Periodontal Disease: The environment in space, especially fluid changes that result in 

swollen gums, may raise the risk of periodontal disease and gingivitis, or inflamed gums. 

If left untreated, this disorder can lead to bone loss surrounding the teeth, which can 

cause them to loosen or even fall out [18].  

 

• Decay and Tooth Sensitivity: Gum recession or enamel erosion can cause teeth to become 

sensitive in certain areas, revealing the layer of dentin below. This issue may also be 

exacerbated by a reduced bone density in the jaw, which leaves teeth more susceptible to 

damage or decay [19].  
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• Dental trauma and fractures: Due to the limited area and physical activities involved, 

astronauts may inadvertently damage their teeth or dental prostheses, such as crowns or 

fillings, while in space. A fractured or cracked tooth can be extremely painful and 

potentially lead to infection. 

 

• Infections: Due to the compromised immune system and the challenges associated with 

accessing expert dental treatment, gum infections and tooth abscesses can spread rapidly 

throughout the affected area [20].  

 

DENTAL EMERGENCY PROTOCOLS IN SPACE 

 

Due to the restricted space, delayed communication, and limited access to Earthly medical 

facilities, dental emergencies in space pose particular challenges. A dental problem, such as a 

cavity or fractured tooth, can be hazardous and painful, sometimes jeopardizing a mission. 

Consequently, astronauts receive training on how to handle a range of oral issues with limited 

supplies [21]. The following is an extensive summary of the procedures intended to address 

dental crises in space.  

 

Pre-Mission Preparation and Preventive Care 

 

 

• Complete Dental Check-Ups: Before launch, every astronaut undergoes a comprehensive 

dental check-up, which includes X-rays and cleanings, to ensure there are no untreated 

dental problems. Before the trip, any potential issues, such as cavities, gum disease, or 

impacted teeth, are addressed [22]. 

 

• Pre-mission procedures: To minimise the risk of difficulties during spaceflight, 

astronauts often undergo preventive methods, such as dental sealants, fluoride 

applications, and replacement of deteriorated or outdated dental restorations (crowns or 

fillings) [18]. 

 

• Extraction of Problematic Teeth: To avoid issues such as impaction or infection during 

flight, teeth that are more likely to cause problems in the future, such as wisdom teeth, 

are frequently extracted before extended flights [23]. 

 

Onboard Dental Emergency Kits 

 

• Temporary Filling Materials: Astronauts are taught how to repair cavities and fractured 

teeth with temporary dental cements or fillings. These materials, typically composed of 

zinc oxide eugenol, relieve pain and shield the tooth from further damage until a more 

permanent solution can be implemented. These materials are suitable for use in the low-

resource setting of a spacecraft, as they are easy to use and do not require specialized 

equipment [24].  
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• Local Anaesthetics: As dental emergencies can be extremely painful, astronauts may 

need to sedate the area with a local anaesthetic. Topical anaesthetic gels or injectable 

anaesthetics (such as lidocaine) are included in the dental emergency kit to help manage 

pain during urgent treatments like tooth extractions, incisions, and abscess drainage. The 

safe administration of these anaesthetics in the microgravity setting is taught to astronauts 

during their training [25]. 

 

• Sterile Instruments: Dental mirrors, explorers, tweezers, and scalers are among the 

standard sterile dental instruments included in the box. These tools are used to clean 

affected areas, remove dirt from the oral cavity, and inspect it. Given that implementing 

appropriate sterilisation techniques can be challenging in space, disposable sterile 

equipment may be used to reduce the risk of contamination [26]. 

 

• Syringes and Irrigation Solutions: To irrigate the mouth and treat wounds or abscesses, 

astronauts utilise injections containing saline or antiseptic solutions. Irrigation helps 

prevent diseases from worsening and reduces the bacterial load. Specialised syringes 

designed for microgravity are intended to avoid fluid from circulating within the 

spaceship, allowing it to be directed directly into the damaged area without 

contamination [27].  

 

• Pain Management Medications: Ibuprofen, acetaminophen, and more effective 

analgesics, such as opioids, are among the over-the-counter and prescribed medications 

included in the emergency kit. These are used to treat pain caused by trauma, infections, 

or toothaches while a more permanent remedy is being considered. NSAIDs, or 

nonsteroidal anti-inflammatory drugs, are frequently recommended to ease discomfort 

and reduce inflammation.  

 

• Dental Splints: If astronauts experience dental trauma, such as a knocked-out or loose 

tooth, dental splints can be used to support the tooth temporarily. To stop additional 

movement until the damaged tooth can be fixed or replaced, splints can be placed on it 

[28].  

 

 

Emergency Dental Procedures Performed by Astronauts 

 

Basic dental techniques are taught to astronauts, enabling them to manage oral emergencies on 

their own or with assistance from Earth-based specialists. Necessary emergency protocols consist 

of:  

 

• Temporary Cavity Fillings: In the event an astronaut develops a cavity, they can use 

temporary fillings to halt the decay's progression and alleviate discomfort. During the 

process, a sterile dental tool is used to clean the cavity, which is then filled with the 

temporary filler. The material is smoothed and moulded for an optimal fit and 

performance.  In the meantime, temporary fillings serve to preserve the tooth until more 

permanent care can be provided once they return to Earth [29].  
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• Treating Gum Abscesses: A gum abscess is a localised infection that can cause swelling, 

discomfort, and a risk of systemic disease. The astronauts receive instructions to use a 

sterilised blade to puncture the abscess and drain the infectious material. The infection is 

wiped out, the injury is rinsed with saline or an antiseptic solution, and antibiotics and 

pain medications are administered to prevent further infection. Telemedicine conferences 

with Earth-based dentists can help astronauts navigate this procedure [30].  

 

• Tooth Extraction: Although it occurs rarely, astronauts may need to remove a tooth in 

exceptional circumstances, such as when it is badly fractured or infected. The steps 

involved include applying local anaesthesia to the affected area to numb it. Sterile dental 

forceps are used to grasp and remove the tooth. Pressure is applied to stop bleeding and 

prevent infection. A bandage is applied, and the socket is irrigated. As a last resort, tooth 

extractions carry risks, including the likelihood of infection or complications from the 

zero-gravity environment [31]. 

 

• Managing Dental Trauma: When an astronaut experiences trauma, such as a knocked-out 

or fractured tooth, they can clean the site to remove debris. To support a loose or partially 

displaced tooth, use a temporary splint. Before using a splint, try to realign a loose tooth 

and put it back into its socket if it is still viable. Provide pain treatment while monitoring 

for any signs of infection. The goal is to stabilise the situation until more advanced care is 

available [32]. 

 

 

Telemedicine and Remote Consultation with Dentists on Earth 

 

Astronauts frequently rely on telemedicine to consult with dentists on Earth during dental 

emergencies. Real-time video communication allows distant dentists to:  

 

• Determine the extent of the problem by analysing the astronaut's visual inspections and 

verbal reports. 

 

• Provide detailed instructions on how to perform procedures, including extractions, 

abscess drainage, and temporary filling application. 

 

• Provide advice on antibiotics, pain relief, and posttreatment care [33].  

 

 

Challenges: 

 

• Time Delays: Real-time consultation may not be feasible during missions to distant 

places, such as Mars, due to communication delays of up to 20 minutes each way. For 

such journeys, astronauts might have to rely on pre-recorded videos or specific directions 

recorded in onboard medical records. 
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• Limited Resources: Using just the most basic tools, remote dentists must perform 

procedures for astronauts while working within the constraints of the aboard dental kit 

[34].  

 

 

 

Use of Advanced Diagnostic Tools 

 

• Intraoral Cameras: Small, handheld cameras can be used to capture high-resolution 

images of the mouth, allowing Earth-based dentists to assess dental issues more 

accurately. 

 

• Portable X-Ray Machines: Compact, low-radiation X-ray devices could enable astronauts 

to take images of their teeth and jaw, allowing remote dentists to better understand the 

nature of the problem (e.g., deep cavities or fractures). 

• Digital Dental Scanners: Digital impression technology could provide a detailed, three-

dimensional map of the oral cavity, facilitating accurate diagnosis and treatment planning 

from a distance [35]. 

 

Protocols for Preventing Dental Infections 

 

• Antibiotic Use: Astronauts are trained to administer antibiotics to limit the spread of 

bacteria in cases of diseases such as abscesses or severe gum disease. Additionally, 

antibiotics may be used as prophylaxis after trauma or tooth extraction [36]. 

 

• Strict Hygiene Protocols: Even in microgravity, astronauts must adhere to strict oral 

hygiene practices, including regular brushing and flossing, to reduce the risk of infection. 

The dental emergency pack includes antiseptic mouthwashes to reduce the bacterial 

burden in the mouth [37]. 

 

• Timely Isolation of Dental Infections: Since spaceship environments are closed, 

astronauts are instructed to isolate affected areas using dental dams or other safety 

precautions in the event of a dental infection [38]. 

 

 

Long-term Solutions and Contingency Planning 

 

• Emergency Return to Earth: In severe circumstances, astronauts would have to make an 

early return to Earth to obtain the necessary dental or medical attention. This option, 

however, is only practical for missions that are close to Earth, such as the International 

Space Station [39]. 

 

• Medical Staff on Board: In the future, missions may deploy medical or dental staff 

qualified to manage a broader spectrum of dental problems. Specialised medical officers 

might be crucial for journeys to Mars or deep space missions [40].  
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Figure 1: Infographics of Space Dentistry 

 

 

FUTURE SOLUTIONS FOR ORAL HEALTH IN SPACE 

The preservation of astronauts' dental health over extended periods becomes increasingly crucial 

as space exploration progresses and missions venture farther into space, including to Mars. 

Significant obstacles that can affect dental health in space include microgravity, decreased bone 

density, restricted access to healthcare providers, and altered nutrition. Innovative technologies 

and solutions are needed to address these issues [41]. An extensive review of potential future 

dental health remedies in space is provided below. 

 

 

3d Printing of Dental Tools and Appliances 

 

• Customisation: 3d printing allows astronauts to create custom dental appliances, such as 

crowns, dentures, or splints, tailored to their unique oral structures. 

 

• In situ Manufacturing: In the case of dental emergencies, such as a broken tooth or lost 

filling, astronauts could 3d print temporary or permanent replacement parts. This 

eliminates the need to carry a large inventory of dental supplies and reduces the risk of 

running out of materials during long missions [42,43]. 

 

• Reduced baggage: By bringing a 3d printer and raw materials, astronauts can drastically 

reduce the weight of their cargo aboard spacecraft, as opposed to a large assortment of 
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pre-manufactured dental instruments. For extended missions to far-off places like Mars, 

this is essential [44]. 

 

 

• Dental Restorations: Biocompatible materials may be used by future 3d printers to create 

dental restorations, including crowns, temporary bridges, and fillings. This would enable 

astronauts to receive dental work without needing assistance from Earth [45].  

 

 

Telemedicine and Robotic Dentistry 

 

• RealTime Guidance: During long missions, astronauts may encounter complex dental 

issues that require professional expertise. Using advanced telemedicine systems, dentists 

on Earth can guide astronauts in real-time to perform diagnostic procedures, such as 

taking X-rays or performing simple dental repairs. Communication will need to be 

optimised to account for potential time delays, especially on Mars missions, where 

communication lags could last up to 20 minutes each way [46]. 

 

• Remote Dentistry with Robotic Assistance: The incorporation of remotely operated 

robotic dental systems would be a significant development. If specialists on Earth 

assisted these systems, they could manage more complex processes, such as extractions 

or fillings. By doing tasks in microgravity, robotic arms with sensors and precision tools 

could reduce the possibility of human error [47].  

 

• Autonomous Robotics: In a few years, autonomous robots driven by artificial intelligence 

may be able to carry out dental operations without human assistance. It is possible to pre-

program these robots with dental procedures, enabling them to identify and handle 

common dental problems. This would be particularly helpful on deep space missions 

where there is little opportunity for real-time connection with Earth [48]. 

 

 

Regenerative Dentistry and Stem Cell Therapies 

 

• Dental Tissue Regrowth: Studies using stem cells have demonstrated the ability to repair 

tooth tissues, including the pulp, dentin, and enamel. Stem cell therapies may be utilised 

to repair damaged or decaying dental tissues in space, where astronauts are more 

susceptible to tissue and bone loss due to microgravity. These treatments would not 

require intrusive procedures [49]. 

 

• Bone Regeneration: The impact of microgravity in space can cause the jawbone's 

structure, which supports teeth, to lose density. Stem cell-based bone regeneration 

treatments can preserve or restore the health of the jawbone, halting the deterioration or 

loss of teeth [50].  
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• Biomaterials and Scaffolding: Biomaterials and stem cells may one day be used by 

astronauts to construct scaffolding structures that aid in the regeneration of injured bone 

or gum tissue. By providing a scaffold for the growth of new tissue, these scaffolds 

would expedite the healing process and reduce the likelihood of long-term dental health 

issues [51]. 

• Self-Healing Teeth: Scientists are exploring ways to develop teeth that can "self-heal." 

Astronauts' teeth may eventually be able to self-repair minor cracks or cavities through 

the use of bioactive substances and regenerative procedures [52].  

 

 

Artificial Intelligence (AI) in Space Dentistry 

 

• AI-Driven Diagnostics: Software with AI capabilities may be able to instantly diagnose 

common problems, such as cavities, gum disease, or tooth fractures, by analysing dental 

scans or photos taken by astronauts. This eliminates the need for prompt consultations 

with Earth-based parties, particularly in the event of prolonged communication delays 

[53]. 

 

• Predictive Maintenance: By examining trends in oral health data, AI can anticipate dental 

issues before they develop into emergencies. Artificial intelligence (AI) devices could 

notify astronauts of any problems early and enable preventive interventions by tracking 

changes in gum health, tooth wear, and bone density over time [54]. 

 

• Automated Dental Health Monitoring: By combining wearable sensors with artificial 

intelligence, this technology can track key indicators such as salivary pH levels, the 

presence of harmful bacteria, and structural changes in teeth. It could also provide 

astronauts with real-time feedback regarding dental hygiene and associated hazards [55]. 

 

 

 

Personalised Nutritional Supplements for Oral Health 

 

• Vitamin and Mineral Enriched Foods: Foods fortified with calcium, phosphorus, and 

vitamins (such as vitamins C and D) will support bone and gum health during space 

missions. These supplements could be tailored to each astronaut’s specific needs based 

on their oral health assessments [56]. 

 

• Probiotics for Oral Health: Probiotic supplements that promote a healthy balance of oral 

bacteria could reduce the risk of cavities and gum disease. These supplements could help 

astronauts maintain a balanced oral microbiome, which may be disrupted in space due to 

dietary changes or altered immune responses [57]. 

 

• Advanced Space Foods: It is possible that in the future, space food will be specifically 

designed to improve dental health. For instance, astronauts' diets might contain functional 

foods intended to support gum health or strengthen enamel. These foods would not only 

prevent gum disease and tooth decay but also provide vital nutrients [58].  
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Dental Monitoring Devices and Smart Oral Hygiene Tools 

Additionally, astronauts may have access to innovative oral hygiene technologies on space  

missions to help them more successfully maintain their dental health: 

 

• Smart Toothbrushes: Having sensors, such toothbrushes would give astronauts instant 

feedback on how well they are brushing, enabling them to ensure proper tooth cleaning 

even in the harsh conditions of space. These gadgets might also keep an eye on plaque 

development, bacterial counts, and pH levels in the mouth [59].  

 

• Wearable Sensors: Wearable sensors that continuously track parameters related to oral 

health, such as variations in salivary composition, gum inflammation, or tooth mobility, 

may be part of future space missions. The data from these sensors might be sent to Earth-

based teams or onboard AI systems, enabling ongoing oral health monitoring of 

astronauts [60]. 

 

•  Remote Mouth Health Apps: Utilizing step-by-step instructions and reminders, these 

cutting-edge apps, specifically designed for space missions, can assist astronauts with 

their daily oral hygiene regimens. Furthermore, by storing dental records on these apps, 

astronauts can monitor changes to their dental condition over time [61].  

 

 

 

 

Radiation Protection for Oral Health 

Contact with cosmic radiation poses a serious risk to long-term space travellers, as it can damage 

oral tissues in addition to other bodily components. Potential remedies to shield dental health 

from radiation harm could be: 

 

• Radiation-Resistant Dental Materials: Further studies could result in the creation of 

radiation-resistant dental materials, which would lower the possibility of crowns or 

fillings deteriorating throughout extended space missions. 

 

• Oral Protective Agents: To shield the tissues of the mouth from radiation exposure and 

prevent potential harm to the tissues, teeth, and mucous membranes, specialised 

mouthwashes or lozenges could be developed [62,63]. 
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CONCLUSION  

 

Space dentistry is a relatively new discipline that addresses the specific challenges associated 

with maintaining dental health in space. Astronauts face serious hazards due to radiation 

exposure, the weightless environment, and restricted access to dental care. The goal of space 

dental research is to develop preventive strategies, cutting-edge diagnostic instruments, and 

simple treatment approaches suitable for space travel. To protect astronauts' oral health during 

extended missions, innovations such as self-healing materials and portable dental equipment are 

being investigated. As space exploration progresses, space dentistry will be essential to 

preserving astronauts' overall health and performance. 
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INTRODUCTION  

 

One of the most revolutionary developments in oral healthcare is the application of robotics in 

dentistry, which marks a significant shift towards accuracy, automation, and improved patient 

outcomes. The desire for more precision, efficiency, and minimally invasive procedures has 

fuelled the adoption of robotics in dentistry [1]. With the rapid pace of technological 

development, robots have the potential to completely transform how dental operations are 

organized and carried out, raising the bar for care and enhancing the experience for both patients 

and professionals [2]. 

 

Several decades ago, robots first appeared in medical specialities including neurosurgery, 

cardiothoracic surgery, and urology, where a high degree of control and precision was essential. 

These achievements opened the door for the investigation of comparable technologies in 

dentistry settings, particularly in fields requiring complex manipulation, repetitive operations, 

and reliable results [3]. Robots can conduct treatments with a high degree of repetition and 

micrometric accuracy, lowering the margin for error and improving procedural reliability, in 

contrast to traditional dentistry tools that mostly rely on the practitioner's subjective judgement 

and manual dexterity [4]. 

 

Oral implantology is one of the most prominent dental fields where robots are being used. For 

the best functional and aesthetic outcomes, dental implant placement calls for exact angulation, 

depth control, and anatomical understanding. Systems for robotic assisted implant surgery have 
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been created to help physicians plan and insert implants with exceptional precision [5]. These 

systems frequently combine robotic guiding, real time navigation, and sophisticated imaging 

modalities like cone beam computed tomography (CBCT). The robot assists in the accurate 

implementation of the virtual treatment plan that the clinician has created, adapting in real time 

to intraoperative modifications or patient movement. These methods increase implant durability, 

lower the chance of problems, and boost surgeon confidence [6]. 

 

Beyond implantology, robotics is making strides in other areas of dentistry. Endodontics, for 

example, benefits from robotic assistance in navigating complex root canal systems, especially in 

cases involving unusual anatomy or challenging canal morphologies. Robotics can help in the 

accurate localization of canal orifices and the precise delivery of instruments, reducing 

procedural time and increasing the success rate of treatments [7]. Similarly, in prosthodontics 

and restorative dentistry, robotic systems are being used for automated tooth preparation, 

impression taking, and prosthetic fabrication. These applications not only increase the efficiency 

of dental workflows but also contribute to better fitting and more durable restorations [8]. 

 

Orthodontics is another important dental field where robots are having an influence. Extremely 

precise archwire bending is being accomplished by robotic devices using digitally specified 

treatment outcomes. With the use of this technology, orthodontic appliances may be made to fit 

the unique anatomy and treatment requirements of each patient. Additionally, by automating the 

processes of aligner creation and tooth movement simulation, robotic technologies in 

orthodontics make it easier to produce clear aligners. As a result, patient satisfaction has 

increased, chair time has decreased, and results are more predictable [9]. 

 

The potential of robotics is further increased by combining it with digital dentistry tools like 

artificial intelligence, CAD/CAM systems, and intraoral scanners. The development of fully 

digital workflows that smoothly connect data from execution, planning, and diagnostics is made 

possible by these synergistic technologies [10]. A 3D model of the patient's dentition, for 

instance, can be made from a digital impression and utilised in planning software to construct a 

surgical guide or restoration. The treatment plan is then carried out by the robotic system with 

little assistance from humans. This degree of integration guarantees uniform quality throughout 

procedures, cuts down on treatment times, and lessens the need for physical labour [11]. 

 

Additionally, robotic technologies are being investigated for dental training and instruction. 

Dental students and residents can practise intricate procedures in a safe and regulated setting 

with simulation based robotic platforms [12]. These systems are useful tools for developing 

clinical competencies because they can measure performance data, give real time feedback, and 

adjust to various skill levels. These developments are probably going to have a bigger impact on 

the next generation of dentists, giving them the abilities needed to manage cutting edge 

technology and provide patients with better care [13]. 

 

The use of robotics in dentistry is not without difficulties, despite its many benefits. Widespread 

adoption may be hampered by high upfront costs, ongoing maintenance needs, and the demand 

for specialised training, especially in smaller practices in poor nations [14]. Furthermore, it is 

imperative to properly address ethical concerns about data privacy, the degree of automation in 

patient care, and the possible loss of personal touch in dentistry. The clinical judgement and 
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interpersonal components of dental treatment that are still vital to good practice must be 

supported by robotic systems rather than replaced [15]. 

 

However, robotics in dentistry has a promising future. Technology will probably be incorporated 

into ordinary dental practice as it develops and becomes more widely available. In order to 

produce more affordable, portable, and user friendly robotic systems that may be used in a 

variety of dental specialties, research and development is still underway. Furthermore, it is 

anticipated that the combination of robots, AI, ML, and AR will pave the way for new 

developments in precision and customised dentistry [16]. 

 

 

BACKGROUND AND HISTORICAL PERSPECTIVE 

Following developments in industrial robots and early medical automation, robotics in dentistry 

first appeared in the 1980s. Robots were initially used to help with complex procedures and 

implant placements. Systems such as RoboDent represented a turning point in the field of robot-

assisted dentistry by the 1990s. Advances in robotic precision and artificial intelligence greatly 

improved surgical, endodontic, and prosthodontic applications in the 2000s. Notably, a new age 

of precise, minimally invasive dentistry began in the 2010s when the FDA authorised Yomi, a 

system of robots for dental implants. Robotics continues to revolutionise dental care today, 

enhancing patient outcomes and precision [17,18].  

 

 

Period/Year Key Development Description 

1950s1960s Emergence of Early 

Automation Concepts 

preliminary investigation into medical and dental automation; 

basis for future robotic systems. 

1970s Introduction of CAD/CAM in 

Dentistry 

Computer Aided manufacturing (CAM) and computer aided 

design (CAD) were introduced for the development of dental 

prosthesis. 

1980s Integration of Industrial 

Robotics 

Uses in dentistry are rendered feasible by the use of industrial 

robotic concepts to medical procedures. 

1990s First RobotAssisted Dental 

Surgeries 

Robots such as RoboDent are introduced to assist in complex 

dental treatments and implant placement. 

2000s Advances in Dental Robotics 

and AI 

creation of artificial intelligence (AI)powered robotic devices for 

surgical and endodontic procedures. 

2010s Commercialization of 

RobotAssisted Systems 

The FDA approves systems like Neocis' Yomi for robot assisted 

implant surgery. 

2020s Expansion in Robotic 

Endodontics and Orthodontics 

better precision with robots that integrate AI and 3D images for 

minimally invasive procedures. growth in orthodontics and 

customised dental treatment. 

TABLE 1: DETAILED HISTORY OF ROBOTICS IN DENTISTRY 
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MECHANISMS AND PROCESS 

 

• Manipulators and Robotic Arms: These systems are made from articulated robotic arms 

that are intended to carry out surgical operations. Their precision control systems provide 

precise motions in response to the surgeon's commands, making complex procedures like 

implant placement and extractions possible [19].  

 

• Systems for Haptic Feedback: Haptic technology provides surgeons with tactile feedback 

by mimicking the sensation of touch. This feedback improves control during sensitive 

operations and lowers the danger of tissue damage by enabling the operator to evaluate 

the degree of force being delivered [20].  

 

• Image Integration and Navigation: Robotic systems incorporate sophisticated imaging 

methods including 3D optical scanning and cone beam computed tomography (CBCT). 

These offer real time visual guidance, which guarantees exact anatomical alignment and 

enables precise movement during surgical procedures [21].  

 

• CAD/CAM, or computer aided design and manufacturing: Dental restorations can be 

virtually designed with CAD software, and their milling or 3D printing can be automated 

with CAM equipment. By reducing human error during production, this approach 

improves prosthesis' fit and appearance [22].  

 

•  Automated Workflow Processes: Robotics automates repetitive operations, such the 

scanning of impressions, the creation of prosthesis, and even the sterilisation procedures, 

to streamline healthcare workflows. This effectiveness lowers the risk of contamination 

while also saving time [23].  

 

• Integration of AI and Machine Learning: AI algorithms analyse data from several 

sources, enhancing the ability to diagnose and design treatments. Through result 

prediction based on patient specific characteristics and historical data, machine learning 

improves decision making processes [24].  

 

Together, these technologies increase accuracy, decrease invasiveness, and contribute to better 

overall dental treatment outcomes, which makes robotic systems a vital tool in contemporary 

dental operations. 

 

 

CLINICAL APPLICATIONS 

 

Robotics in Diagnostic Imaging 

 

• Real Time imaging and feedback: Robotic technologies help to take detailed pictures 

from various perspectives that provide a thorough understanding of the teeth, the 

jawbone, and associated tissues. Especially for surgeries and implant placements, these 

images offer exact diagnosis and planning [25]. 
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•  Image Guided treatment planning: Using robotic-assisted CBCT, physicians can design 

3d surgical guides for treatments like orthognathic surgery or dental implants, 

guaranteeing that the operation proceeds with millimeter precision along a predetermined 

route [26]. 

 

•  AI-powered imaging systems: Robots equipped with artificial intelligence (AI) can 

analyse diagnostic images and detect early signs of dental issues like cavities, cracks, or 

abnormal growths. AIdriven systems aid in the early diagnosis of conditions such as 

periodontal disease or oral cancers, leading to prompt interventions [27]. 

 

 

Robotics in Oral and Maxillofacial Surgery 

 

•  Robotic Guided implant placement: One of the most common applications of dental 

robots is in implantology. Robots like Yomi (FDAapproved for dental implant surgeries) 

guide the surgeon’s hands, offering haptic feedback to ensure precise drilling and implant 

placement in the jawbone. This system is particularly beneficial in cases with minimal 

bone volume or proximity to critical anatomical structures (e.g., nerves or sinuses) [28]. 

 

• Orthognathic surgery: Robots help with precise bone segment adjustments and extremely 

controlled bone cutting during jaw realignment surgeries. By using 3D models for 

preoperative planning, risks can be decreased and the optimal surgical strategy can be 

determined [29]. 

 

• Bone grafting and mandibular reconstruction: By precisely cutting and moulding 

alloplastic materials or bone grafts, robots help with intricate bone reconstruction 

treatments. Robots are more accurate than humans at handling the complex tissues and 

structures of bones involved in these treatments [30]. 

 

 

Robotics in Endodontics 

 

• Automated root canal navigation: Using sophisticated electrometric devices and 

microsensors, endodontic process robots, like microsurgical robots, assist in 

automatically measuring the length of root canals. This makes it possible for robots to 

automate certain steps of the process, such as inserting endodontic files into canals [31]. 

 

•  3D navigation and real time guidance: Robots are able to determine the root canal 

anatomy in all three planes by using preoperative CBCT images. This raises the efficacy 

of root canal therapy by lowering the possibility of human error and guaranteeing the 

whole removal of contaminated pulp tissue.  

 

• Laserguided endodontics: Root canals can be cleaned and disinfected using robotic 

equipment and laser technology. Robotic devices with laser assistance provide more 

accuracy and less chance of causing harm to adjacent tissue [32]. 
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Robotics in Orthodontics 

 

•  Robot Assisted aligner fabrication: The creation of transparent aligners, such as 

Invisalign, has been made more efficient by robots in terms of design and manufacturing. 

These robots use AI powered algorithms to generate individualised treatment regimens 

that forecast the movement of teeth over time. Extremely precise aligners can be made by 

robots, which eliminates the necessity for manual modifications throughout treatment 

[33]. 

 

•  Archwire bending and device construction: In orthodontics using braces, robots are able 

to precisely bend archwires in accordance with the needs of individual patients. By 

ensuring ideal wire tension, these systems enable regulated movement of teeth with fewer 

orthodontic corrections needed [34]. 

 

• 3D orthodontic planning: By utilising robotic technology, orthodontists may maximise 

treatment programs by predicting tooth movement through 3D simulations. Robots with 

AI capabilities examine digital imprints and orthodontic data to generate accurate 

treatment schedules [36]. 

 

 

Robotics in Prosthodontics 

 

• Robotic cutting and CAD/CAM technologies: Prosthodontics utilises robotic techniques 

to enhance the use of CAD and CAM systems, enabling the precise fabrication of dental 

prosthetics such as bridges and crowns. Robots are able to precisely grind zirconia or 

ceramic materials to meet precise requirements, guaranteeing flawless restorations that 

look natural [37]. 

 

•  Robotic Guided prosthetic installation: In order to achieve optimal functionality and 

aesthetics, dental prosthetics are also placed using robots, which guarantee exact 

placement of crowns and dentures. 

 

•  The digital impressions and robotic scans: During the first phases of prosthesis 

fabrication, very precise digital imprints are taken by robots fitted with intraoral scanners, 

which eliminates the need for physical moulds and improves patient comfort [38]. 

 

 

Robotics in Minimally Invasive Dentistry 

 

•  Laser Guided robotics: Lasers connected to robotic arms are utilised in soft tissue 

procedures, such as gingival recontouring or periodontal surgeries. Robots deliver precise 

laser cuts that minimise bleeding and accelerate healing [39]. 

 

•  Microrobotic surgery: The advancement of nanorobotics and microsurgical robotics 

presents opportunities for focused therapies, including localised 
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medicationadministration, surface cleaning of teeth, and even microscopic surgical 

procedures inside the root canal system [40]. 

 

 

Robotics in Pediatric Dentistry 

 

• Automated caries diagnosis and treatment: Early caries in children can be identified by 

robots equipped with AI-based diagnostic tools. With the least amount of discomfort to 

the child, the dentist may eliminate decay using robotic equipment directed by lasers 

[41]. 

 

• Robotics Based behaviour management: By using interactive tools like virtual reality 

(VR) in conjunction with robotics, paediatric patients can be distracted during treatments, 

which lowers anxiety and increases cooperation. This is especially useful during dental 

procedures [42]. 

 

 

ADVANTAGES AND DISADVANTAGES  

 

ASPECT ADVANTAGES DISADVANTAGES 

Precision Improved precision during surgery, which 

reduces human error. 

Requires high quality imaging and precise 

calibration to ensure accuracy. 

Minimally 

Invasive 

Reduces tissue damage and speeds the 

healing process. 

The first learning curve linked to adapting to 

robotic systems for practitioners. 

Efficiency Increases productivity and reduces 

procedure lengths by optimising workflows. 

Robotic system acquisition and maintenance 

come at a high cost. 

Consistency Ensures consistency in labour intensive jobs 

like making prosthesis. 

Restricted ability to adjust to unforeseen 

problems or circumstances in the clinic. 

Patient Comfort Uses less intrusive methods and improved 

precision to lessen discomfort and worry. 

Individuals could be uncomfortable when 

getting treatment with robotic technology. 

Data Integration Improves diagnosis precision and treatment 

planning by utilising AI and machine 

learning. 

Relying on technology may end in a decrease 

in clinical judgement abilities. 

Training Offers options for further education and 

skill growth for dental care. 

Calls for a large investment in personnel 

training and continuing education. 

 

TABLE 2: BENEFITS AND LIMITATIONS OF ROBOTICS IN DENTISTRY 
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CONCLUSION  

 

Robotics in dentistry represents a significant leap toward precision, efficiency, and minimally 

invasive procedures. From robot assisted surgeries to automated dental procedures robotics 

enhances accuracy, reduces human error, and improves patient outcomes. Technologies such as 

robotic arms for implant placement, robotic endodontics, and AIdriven diagnostics are 

transforming traditional approaches to dental care. These innovations not only ensure consistent 

high quality results but also reduce patient discomfort and recovery times. As the field continues 

to evolve, the integration of robotics will likely expand, leading to more personalised, efficient, 

and advanced dental care solutions. 
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INTRODUCTION  

The prevention, diagnosis, treatment, and ongoing treatment of orofacial injuries and oral health 

disorders related to athletic activities are the focus of sports dentistry, a speciality area of 

dentistry.  The demand for specialised dental knowledge in sports environments has significantly 

increased as organised sports continue to gain appeal and intensity across all age groups and 

competitive levels.  A vital part of sports medicine, sports dentistry seeks to improve overall 

performance, decrease injury related recovery times, and promote systemic health in addition to 

shielding athletes from dental trauma [1,2]. 

In the past, general practitioners or doctors with little dental training frequently handled 

reactionary dental injuries. However, the rise in sports related oral damage and the rising 

understanding of how dental health affects athletic performance have led to the recognition of 

sports dentistry as a recognisedspeciality [3]. This field has been defined and promoted in large 

part by the American Dental Association and the Academy for Sports Dentistry (ASD), which 

was founded in 1983. Sports dentistry has grown over the last few decades to include 

collaboration between professionals with sports medicine teams, performance enhancing 

techniques, and preventive education in addition to trauma care [4]. 

Because of the physical demands, nutritional habits, and risk exposure that come with sports, 

athletes are particularly vulnerable to a variety of dental and orofacial problems.  A higher 

frequency of traumatic dental injuries, such as tooth fractures, avulsions, luxations, jaw fractures, 
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and soft tissue injuries, is linked to high impact sports including boxing, rugby, football, hockey, 

and martial arts.  Non contact sports are not an exception, though.  Basketball, cycling, and 

gymnastics are among the sports that include a risk of oral injuries from falls or collisions [5,6]. 

Athletes frequently experience trauma in addition to other oral health problems like dental 

erosion from acidic sports drinks, caries from consuming a lot of carbohydrates, xerostomia (dry 

mouth) from dehydration or mouth breathing, and temporomandibular joint disorders (TMD) 

from bruxism or clenching of the jaw during intense competition. These hazards are exacerbated 

during training seasons by stress, poor oral hygiene practices, and limited access to routine dental 

care [7]. 

Oral diseases have effects that go beyond the mouth. Several studies have found connections 

between systemic diseases including diabetes, cardiovascular disease, and chronic inflammation 

and mouth infections like periodontal disease. This systemic burden can affect an athlete's 

immune system, training effectiveness, and possibly injury risk. As a result, preserving good 

dental health is essential for overall health and athletic longevity, not simply for comfort or 

appearance [8]. 

The creation and distribution of specially made mouthguards is among sports dentistry's most 

significant contributions. By dispersing and redistributing the pressures from strikes to the face 

or jaw, these devices function as shock absorbers, lowering the risk of soft tissue injuries, 

fractures, and tooth loss. Dentist made mouthguards provide better fit, comfort, retention, and 

protection than store bought or boil and bite options. They can be made especially for the sport, 

age, and physical characteristics of the athlete [9]. 

In addition to mouthguards, sports dentists keep an eye on the health of the occlusal region and 

may create performance enhancing devices or occlusal splints to improve muscle balance and 

jaw alignment [10]. Although they are contentious, some supporters contend that by addressing 

small jaw irregularities, these devices help improve strength, stability, posture, and respiratory 

efficiency. The potential advantages show how sports dentistry's involvement in performance 

science is developing, even though additional empirical study is required to support these 

assertions [11]. 

Another essential duty of sports dentists is the prompt and efficient treatment of dental trauma. 

Timely treatment can make the difference between saving or losing a tooth when accidents 

happen during competition or training. Sports dentists receive training in complex fractures, soft 

tissue suturing, splinting, occlusal or skeletal trauma, and the emergency treatment of avulsed 

teeth, including reimplantation [12]. 

Furthermore, dentists who work with sports teams frequently perform oral health exams before 

the season in order to check for risk factors including untreated decay, periapical infections, 

malocclusion, or inadequate protective equipment. Before competition starts, athletes with poor 

oral health may be highlighted for therapeutic or preventive measures [13]. 
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The foundation of sports dentistry is education. The effects of dental health on overall health and 

sports performance are frequently unknown to athletes, coaches, parents, and even other medical 

professionals. Sports dentists are crucial in promoting the use of protective gear, regular dental 

checkups, food awareness, and good oral hygiene habits. Additionally, they support research into 

trends, causes, and preventive measures for dental injuries in sports, as well as the development 

of injury tracking systems [14]. 

There is growing recognition of the significance of developing policies and procedures for dental 

care at athletic events. The necessity of on field dental care is becoming more widely 

acknowledged by national and international athletic organisations, especially during high stakes 

competitions. Professional leagues and Olympic delegations now frequently include sports 

dentists on their medical staff [15]. 

Sports dentistry is not an independent practice. To deliver complete care, it depends on ongoing 

communication with sports doctors, physiotherapists, orthodontists, maxillofacial surgeons, 

dietitians, psychologists, and athletic trainers. This comprehensive approach guarantees that 

athletes receive support in keeping their best health and performing at their best in addition to 

receiving treatment for acute injuries [16]. 

 

BACKGROUND AND HISTORICAL PERSPECTIVE 

Sports dentistry began in the early 1900s as a result of the necessity for specialised care 

following the discovery of injuries to the teeth in athletes. The invention of custom mouthguards 

in the 1960s marked a significant advancement in dental trauma prevention in contact sports. 

Sports dentistry became a recognized speciality as a result of the growing emphasis on oral 

health and sports participation. Sports dentists of today offer complete care, focusing on early 

detection, instruction, and rehabilitation in this ever evolving area. They treat injuries as well as 

the general oral health requirements of sportsmen [17]. 

Globally John A. McCorris, M.D. Often recognized as one of the pioneer sports dentists, Dr. 

McMorris was essential in encouraging athletes' oral health and in the creation of preventive 

measures, such as the use of mouthguards during sports [18]. 

One of the founding figures in sports dentistry in India is Dr. Anil S. P. Prabhakar. Dr. Prabhakar 

has actively promoted preventative dental treatment among athletes and made a big contribution 

to increasing awareness of the value of dental wellness in sports [19]. 

These people established the groundwork for the profession of sports dentistry by highlighting 

the vital role that dental health plays in both preventing injuries and enhancing athletic 

performance.  
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TIME 

PERIOD 

DEVELOPMENT DESCRIPTION 

Ancient 

Times 

Recognition of oral 

injuries 

Skeletal remains and ancient writings provide evidence that 

sportsman and warriors were aware of oral Trauma 

19th Century Emergence of modern 

dentistry 

Sports related tooth injuries became more common when 

dentistry gained official recognition as a medical speciality. 

Early 20th 

Century 

Recognition of dental 

trauma in sports 

As organised sports grew in popularity, more dental injuries 

were reported mainly in contact sports like football and boxing. 

1940s–1960s Introduction of 

mouthguards 

Mouthguards were invented to protect teeth, particularly in 

boxing and American football. The early models were 

uncomfortably large. 

1970s Advancement in 

mouthguard technology 

Custom mouth guards became more popular and greatly 

decreased orofacial injuries. The American dental association or 

ADA and encouraged their use. 

1980s Emergence of sports 

dentistry as a subspecialty 

Preventive care and education became more important. Dentists 

started to specialise in treating and preventing sports related 

dental injuries. 

1990s Formation of professional 

bodies 

To advance education training and awareness groups like The 

academy for sports dentistry (ASD) were founded. 

2000s Integration into sports 

medicine teams 

The medical staff of professional sports team now includes 

sports dentist who are incharge of acute care, preventive, and 

performance improvement 

2010s–

Present 

Technological 

advancements and 

performance focus 

There was a search in the use of Smart mouthguards, digital 

impressions and research on how dental health affects athletic 

performance. The focus of sports dentistry has shifted to holistic 

athlete care which includes nutritional advice, occlusion, and 

TMJ health. 

 

TABLE 1: KEY DEVELOPMENTS IN THE HISTORY OF SPORTS DENTISTRY 
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DIFFERENT TYPES OF SPORTS INJURIES 

 

Figure 1: INFOGRAPHIC OF TYPES OF SPORTS INJURIES 

 

PREVENTION STRATEGIES 

1. Custom Mouthguards: 

Function: Custom mouthguards are designed to absorb impact forces and protect teeth,  

Types: 

Stock Mouthguards: Preformed and expensive, but may not provide an optimal fit or comfort due 

to their bulky design, making it difficult to speak or breathe.   

Boil and Bite Mouthguards: These mouthguards are made up of thermoplastic material that can 

be moulded according to the athlete's teeth, providing a moderate level of protection [20]. 

Custom-fitted Mouthguards: Specifically designed by dentists to provide optimal comfort and 

protection, thereby reducing the chance of injuries to the teeth. They are the most expensive 

alternative [21]. 

 

2. Education: 

Providing athletes, coaches, and parents with information on the importance of oral health and 

injury prevention. 

Training on proper techniques for safe participation in sports to minimise risk [22]. 
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3. Regular Dental Checkups: 

Routine examinations to identify any preexisting dental issues that sports activities could 

exacerbate. 

Application of protective coatings, such as fluoride treatments, to strengthen enamel [23] 

 

Treatment Plan for Dental Injuries 

Immediate on-field management  

• Assess Airway, breathing, circulation (ABCs) and ensure that the athlete is stable. 

• Apply gentle but firm pressure with clean gauze to control the bleeding. 

• Locate the missing tooth or fragments and attempt to replant the tooth immediately back 

into its socket if possible. 

• Administration of over-the-counter medications like ibuprofen or acetaminophen to 

manage the pain [24]. 

 

Professional dental evaluation and diagnosis  

• Obtain a detailed medical history of injury including the mechanism of injury, time of 

occurrence and previous dental history. 

• Thoroughly examine the oral cavity for soft tissue injuries as lacerations, abrasions and 

haematomas, teeth for fractures alongwith with supporting structures for damage [25]. 

• Obtain radiographic examination to assess root fractures, alveolar bone fracture, presence 

of tooth fragments and position of displaced tooth. 

• Assess the health of pulp in injured and adjacent teeth [26]. 

 

Specific treatment based on type of injury  

• Soft tissue injuries (lacerations, abrasions, haematomas) 

o Clean the wound thoroughly with antiseptic mouthwash or saline. 

o For deeper lacerations suturing may be required. 

o Apply ice packs to reduce swelling and bruising. 

o Prescribe antibiotics to avoid the risk of infections [27]. 
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• Enamel fracture 

o Smooth out sharp edges to prevent irritation.  

o Bonding may be required with composite resin for protection and aesthetics [28]. 

• Dentin fracture  

o Apply temporary dressing to protect the exposed dentin and prevent 

hypersensitivity. 

o Definitive treatment may involve bonding with composite resin, veneer or a 

crown depending on the extent of fracture [29]. 

 

o Pulp exposure 

 

o This is a dental emergency which requires immediate attention to relieve pain and 

protect the pulp. 

o This includes an array of treatment options, such as direct pulp capping, 

pulpotomy (removal of the coronal portion of the pulp), or pulpectomy (root canal 

treatment) [30]. 

 

Tooth luxation  

• Subluxation: Monitor the tooth, adjust the occlusion and advise on a soft diet. 

• Lateral luxation (Displaced labially, lingually or rotated):  Reposition the tooth under 

local anaesthesia. Stabilise with a flexible splint for a few weeks. Monitor pulp vitality. 

Root canal treatment may be required. 

• Intrusion:  Allow for spontaneous eruption if minor. If the intrusion is More severe, 

orthodontic repositioning May be required. 

• Extrusion:  Reposition the tooth under local anaesthesia. Stabilise with a flexible splint 

for a few weeks. Monitor pulp vitality. Root canal treatment may be required [31]. 

 

Tooth avulsion  

• If replanted on fieldverify the correct positioning of tooth in the arch and stabilise it with 

a splint for 12 weeks. Monitor the vitality of pulp and perform root canal treatment within 

710 days. 

• If stored properly gently rinse the tooth and replant it into the socket under local 

anaesthesia. Stabilise it with a splint for 12 weeks. Monitor the vitality of pulp and 

perform root canal treatment within 710 days. 
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• If replantation is not possibleconsider maintaining the space with a space maintainer for 

future prosthetic replacement [32]. 

 

Follow up care and monitoring  

• Regular dental checkups are crucial to monitor healing, pulp vitality, splint stability and 

occlusion. 

• Follow up radiographs are taken to assess the bone healing and periapical health.  

• Repeated pulp vitality tests are essential especially for luxated or avulsed teeth as there 

are higher chances of pulp necrosis in such cases which can occur after months or years 

after injury. 

• Removal of splint followed by Root canal treatment if indicated based on the type of 

injury [33]. 

 

Prevention  

It is essential to wear mouthguards while engaging in contact sports to prevent risk of falls or 

direct impact to the face. Engage wearing protective gear such as helmets or face shields in 

certain sports. Educating athletes, coaches, parents and trainers on the risks of dental injuries in 

sports and the importance of prevention and proper immediate treatment. Emphasize safe playing 

techniques to minimise the risk of collisions and impacts [34]. 

 

ADVANTAGES AND DISADVANTAGES  

The prevention, diagnosis, and treatment of oral injuries and disorders associated with athletic 

activity are the main goals of the specialty field of sports dentistry. It is essential for protecting 

athletes' teeth and improving their general performance [35,36]. A thorough analysis of the 

benefits and drawbacks of sports dentistry may be found below: 
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CATEGORY ADVANTAGES DISADVANTAGES 

Injury Prevention The risk of dental injury is significantly 

reduced with custom mouthguards. 

As related to fit or discomfort, some 

sportsmen might hesitate to wear 

mouthguards. 

Immediate Care Early treatment of dental injuries reduces 

discomfort and complications. 

Constrained access to dentists at 

competitions or distant gatherings. 

Comprehensive 

Treatment 

Provides specialised care for multiple oral 

traumas and ailments. 

Athletes might have to plan multiple visits 

for treatment, which may be time 

consuming. 

Performance 

Enhancement 

Maintains teeth healthy, which 

contributes to overall athletic 

performance. 

Athletes' ignorance of the link between 

oral performance and overall health. 

Education and 

Awareness 

Expands understanding of injury 

avoidance techniques and good dental 

hygiene. 

To effectively target all athletes, it may be 

essential to continue education activities. 

Collaboration with 

Healthcare Providers 

An interdisciplinary approach improves 

overall safety and welfare of athletes. 

It may be challenging to coordinate 

amongst different health experts. 

Long Term Oral Health Frequent dental examinations support 

long term health and solving issues early 

on. 

Due to travel or holidays, certain 

sportsmen could miss their dental 

appointments. 

 

TABLE 1: BENEFITS AND LIMITATIONS OF SPORTS DENTISTRY 

 

CONCLUSION  

When it comes to preventing and treating tooth injuries sustained during sporting endeavours, 

sports dentistry is essential. Dentists may drastically lower the risk of injury by using preventive 

measures like education and tailored mouthguards. A methodical and thorough treatment strategy 

guarantees efficient care of dental trauma situations, allowing athletes to safely resume their 

involvement in sports and maintain their oral health. Active cooperation between dental experts, 

coaches, and athletes is crucial to developing a safety conscious culture in sports.
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INTRODUCTION  

Genomics in dentistry is a relatively new and rapidly evolving field that explores the relationship 

between genetic factors and oral health. It bridges multiple disciplines, including molecular 

biology, genetics, and bioinformatics, to investigate how variations in the human genome 

influence the onset, progression, and treatment of oral diseases [1]. This interdisciplinary 

approach has far-reaching implications for clinical practice, diagnostics, research, and education 

in dentistry, gradually shaping the foundation for precision oral healthcare. 

One of the key focuses of dental genomics understands the genetic susceptibility to common oral 

diseases such as dental caries, periodontal disease, and oral cancers. These conditions, 

traditionally viewed as primarily influenced by environmental or behavioral factors, are now 

known to have significant genetic components. For instance, individuals with specific genetic 

variants may be more prone to developing dental caries despite having good oral hygiene. 

Similarly, specific gene polymorphisms in immune response pathways have been associated with 

a higher risk of periodontal diseases. This suggests that host genetic makeup plays a critical role 

in disease susceptibility and severity [2,3]. 

Genomic insights are also transforming how we diagnose oral diseases. Conventional diagnostic 

methods often rely on clinical symptoms and imaging, which may only become evident after the 

disease has progressed. However, genomic tools can detect molecular changes before clinical 

symptoms manifest. Technologies such as next-generation sequencing (NGS) and genome-wide 

association studies (GWAS) allow researchers and clinicians to identify genetic markers and 
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single nucleotide polymorphisms (SNPs) associated with specific diseases [4]. These biomarkers 

can be used for early diagnosis, risk prediction, and even prognosis, providing an opportunity for 

preventive intervention. 

The oral cavity harbors a complex and diverse microbiome that interacts continuously with host 

tissues. Recent genomic studies have started to uncover the intricate relationships between the 

host genome and the oral microbiome. For example, genetic variations that influence the innate 

and adaptive immune responses can affect the composition and behavior of microbial 

communities in the mouth. Conversely, dysbiosis in the oral microbiota can trigger inflammatory 

responses, contributing to diseases like periodontitis. Understanding these host–microbiome 

interactions through metagenomic and transcriptomic analyses could lead to novel strategies for 

maintaining oral health and preventing disease [5]. 

Another major application of genomics in dentistry is the concept of personalized or precision 

dentistry. This approach involves tailoring preventive and therapeutic strategies based on a 

patient’s genetic profile. By identifying specific genetic vulnerabilities, clinicians can develop 

individualized treatment plans that maximize efficacy while minimizing side effects. For 

example, a patient genetically predisposed to aggressive periodontitis may benefit from more 

frequent periodontal evaluations, early intervention, and targeted therapies. Understanding a 

patient’s genetic risk for dental caries in restorative dentistry could influence material choice, 

recall intervals, and preventive measures [6]. 

Pharmacogenomics—a subfield of genomics—offers yet another promising avenue in dental 

practice. This discipline studies how an individual’s genetic makeup affects their response to 

drugs, which is particularly relevant in managing pain, infection, and inflammation. For instance, 

gene variations in drug metabolism, such as CYP2D6, can affect the efficacy and toxicity of 

common analgesics and antibiotics. Recognizing these genetic differences allows for the 

selection of optimal drug types and dosages, enhancing therapeutic outcomes and reducing 

adverse reactions. This is especially important in procedures like oral surgery, endodontic 

therapy, or implant placement, where pain management and infection control are critical [6,7]. 

Beyond the clinical implications, the integration of genomics into dental education and research 

is crucial for the future of the field. As genomic technologies become more accessible and 

affordable, there is a growing need to train dental professionals in genomics literacy. Dental 

curricula must evolve to include foundational knowledge in genetics, bioinformatics, and 

molecular diagnostics. Moreover, research in dental genomics is expanding rapidly, with 

increasing numbers of studies exploring genetic risk factors, gene-environment interactions, and 

the role of epigenetics in oral health and disease [8,9]. 

Ethical, legal, and social considerations also accompany the integration of genomics into 

dentistry. Issues such as patient consent, genetic data privacy, potential discrimination, and 

psychological impacts must be addressed through appropriate policies and guidelines. It is 
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essential to ensure that genomic information is used responsibly and equitably, with the patient’s 

best interest at the forefront of care [10,11]. 

In summary, genomics' application in dentistry holds transformative potential. Genomics paves 

the way for a more predictive, preventive, and precise approach to oral healthcare, from 

identifying genetic risk factors and refining diagnostic tools to personalizing treatment and 

improving drug efficacy. Genomics will likely become a cornerstone of modern dentistry as 

research advances and technology becomes more widely adopted. Investing in genomic literacy, 

ethical frameworks, and clinical integration strategies will be key to realizing the full benefits of 

this exciting and impactful field. 

BACKGROUND AND HISTORICAL PERSPECTIVE 

Period Key Developments Impact on Dentistry 

Pre-2000s: Early 

Foundations 

Preliminary knowledge of genetics 

concerning hereditary disorders (e.g., cleft 

lip, amelogenesis imperfecta). 

In dentistry, clinical treatments and 

preventive care were prioritised over 

genetics. 

2000s: Human 

Genome Project 

The Human Genome Project's completion in 

2003 made a thorough map of human genes 

available. 

Generated interest in genomics to 

comprehend the genetic components of 

oral illnesses in the healthcare industry, 

including dentistry. 

2005-2010: Genomic 

Technology 

Advancements 

Introduction of high-throughput genomic 

technologies, such as microarrays and next-

generation sequencing. 

Made it possible to do more accurate 

genetic research on oral health and find 

genetic markers for conditions like caries 

and periodontitis. 

2010-2015: Genetic 

Epidemiology in 

Dentistry 

The expansion of genome-wide association 

studies (GWAS) aimed at determining the 

genetic risk factors for oral illnesses. 

Greater awareness of hereditary 

susceptibilities to dental caries and other 

oral conditions, like periodontal disease. 

2015-Present: 

Precision Dentistry 

The creation of genetic risk profile-based 

customised dental therapies 

(pharmacogenomics, tailored care, etc.). 

In dentistry, genomic insights are applied 

to clinical practice, impacting patient care, 

diagnosis, and treatment. 

Ongoing Research Ongoing investigation into the genetic 

contributions to oral health, gene-

environment interactions, and the oral 

microbiome. 

Using genomics in individualised 

preventative care, oral cancer screening, 

and regenerative dentistry. 

TABLE 1: DETAILED HISTORY OF GENOMICS 
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CLINICAL APPLICATIONS 

Genetic Risk Assessment and Early Detection of Oral Diseases 

•  Dental Caries: Research has shown that some single-nucleotide polymorphisms are 

associated with the likelihood of experiencing dental caries [8]. For instance, sites related 

to enamel development, saliva content, and immunogenicity are genetically vulnerable to 

cariogenic susceptibilities [9]. Predicting the risk for a group of patients can also add 

considerable value. Therefore, better management involving additional fluoride 

treatments or nutritional advice can be accomplished [10]. 

•  Periodontal Disease: Hereditary factors are known to be a contributing cause of gum 

diseases, including gingivitis and periodontitis [11]. Other genes causing or contributing 

to periodontitis are those related to inflammation response, such as IL-1 and TNF-α [12]. 

Genetic susceptibility can be predicted, and a patient knowing that they are at a higher 

genetic risk will subject themself to more frequent check-ups, aggressive therapy, and 

even specific preventive measures [13]. 

•  Oral Cancer:OSCC is an astonishingly frequent neoplasm that may involve hereditary 

and external factors [14]. Molecular markers like tumour sample sequencing and genomic 

profiling can identify genetic changes that place a person at risk for oral cancers. Early 

screening allows the detection of precancerous genotypes, so timely action can be taken, 

and the survival rate is likely to rise [15,16]. 

 

Personalized Treatment Plans 

•  Orthodontics: Root resorption and tooth mobility are two examples of how genetic 

variables affect how well orthodontic treatments work [17]. Different rates of tooth 

movement and healing have been associated with variations in genes related to bone 

remodelling and tissue response, such as the collagen genes (COL1A1) [18]. To improve 

patient results, orthodontists may be able to identify the best course of treatment and 

tailor care with the aid of genomic screening [19].  

•  Periodontal Therapy: Genetic testing can be helpful in properly treating patients affected 

by periodontitis [20]. For instance, the host immune response polymorphisms may 

determine the outcome of non-surgical periodontal therapy or surgical procedures [21]. 

Knowing the patient’s potential for inflammation and immune system response, dentists 

and other oral health care practitioners can offer targeted treatment plans that may include 

antibiotics, or non-pharmacological treatments such as scaling and root planing or 

surgical procedures when required [22]. 
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Pharmacogenomics in Dentistry 

•  Pharmacogenomics—the study of how genes influence an individual's reaction to 

medications—is another important area where genomics can be used in dentistry. This is 

particularly crucial when prescribing drugs like analgesics, antibiotics, or anaesthetics for 

dental operations [23].  

• Pain Management: Some genotypes trigger alterations in the metabolism of analgesics 

[24]. For instance, polymorphisms in the cited genes from the CYP450 enzyme family 

may change the efficacy of basic analgesics, including opioids or NSAIDs [25]. Hence, 

when pharmacogenomic information is included, dental practitioners can devise the 

proper pain management protocol for each patient, thereby minimisingdrug side effects 

[26]. 

•  Anesthesia: It is also noteworthy that genetic factors can also affect how patients respond 

to local anaesthetics [27]. Certain people may be more sensitive or have poor tolerance to 

anaesthetics since certain variations in ion channels or drug metabolising enzymes may 

be inherited [28]. Genomic testing could be used to choose specific anaesthetic agents or 

correct dosages that would help to provide safer and effective anaesthesia application in 

dental operations [29]. 

 

Genomic Guidance for Implantology 

• Several variables, such as the patient's immune system, healing potential, and bone 

quality, are critical to the success of dental implants. Understanding the variables 

influencing implant osseointegration and healing can be gained by genetic screening [30]. 

• Bone Healing and Remodelling: Some genetic polymorphisms in bone density, turnover, 

and remodelling, including the vitamin D receptor gene or collagen gene, may affect 

patients’ ability to osseointegrate a dental implant [31]. Knowledge of these genetic 

factors can therefore be used to inform decisions of where to site the implants, which 

material to use for the implants, and actions to be taken after surgery to enhance chances 

of osseointegration [32]. 

•  Infection Risk: Some polymorphic genes, genes related to immune responses, can 

influence the susceptibility to implant failure, mainly due to infection and peri-

implantitis, cytokine genes like TNF-α, IL-6 [33]. Genomic characterization can further 

differentiate patients with inherent susceptibility to higher infection rates, so proper 

prophylactic steps like preoperative antimicrobial prophylaxis or postoperative vigilance 

can be taken [34]. 
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Oral Microbiome and Host-Pathogen Interactions 

• Microbiome Composition: Metagenomic sequencing makes it possible to sequence all 

microbial communities in the mouth and pinpoint how particular species cause disease 

[35]. For instance, people with genetic predispositions may harbour pathogenic bacteria, 

which leads to periodontal diseases or caries. A clinical approach that targets the 

microbiome, plus data about the genetic constitution of the host, would enable the 

development of strategies for manipulating the microbiome to reverse the pathogenic 

state along the oral cavity [36]. 

• Host Immune Response: Interactions between the immune system and the oral microbiota 

are also influenced by the genetic composition of the host. Oral infection severity may be 

influenced by genetic variations in immune system genes [37]. Clinicians can customise 

treatment plans that address the microbial and immunological elements at play by 

identifying patients more likely to develop severe periodontal disease or other infections 

by examining these genetic markers [38]. 

 

Genetic Counseling for Inherited Oral Disorders 

•  Amelogenesis Imperfecta: This genetic disease results in enamel formation abnormalities 

and increased caries risk [39]. Genetic testing can further confirm the diagnosis, with 

results indicating details of the particular gene mutation. Close relatives may also be 

given tests to determine their risk level for the disease, and treatment strategies may 

include dealing with the implications of the disorder [40]. 

•  Craniofacial Syndromes: Some inherited diseases of the connective tissue include cleft 

lip and palate, which result from gene mutations that regulate the formation of teeth and 

their position. Next-generation sequencing can also provide a diagnosis for these 

diseases,which in turn can guide treatment strategies and appropriate genetic counselling 

for such families [41]. 

 

Dental Regenerative Medicine 

•  Stem Cell Therapy: Stem cell engineering for regenerative therapies in dentistry, 

especially for pulp regeneration and periodontal tissue repair, is a topic of current focus. 

Knowledge of the molecular signals that control stem cell differentiation and tissue repair 

will enable clinicians to enhance stem cell therapy. It may pave the way for new methods 

of rebuilding infected teeth or growing lost gum tissue [42]. 
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IMAGE 1: Infographic of Genomics in dentistry 

 

 

ADVANTAGES AND DISADVANTAGES  

An emerging topic in dentistry is genomics, which uses genetic and genomic data to better 

diagnose, treat, and even forecast the risk of oral disorders. The application of genomics to 

dentistry has both major benefits and possible drawbacks, just like any other scientific 

development. Here is a thorough summary: 

 

 

 

 

 

 



 

 

 Genomics in Dentistry 

38 

ASPECT ADVANTAGES DISADVANTAGES 

Personalised Care Treats patients according to their 

unique genetic profiles. 

Specific knowledge is needed to analyse genetic 

data. 

Early Detection & 

Prevention 

Determines hereditary risks for early 

intervention (e.g., periodontal disease, 

caries). 

There is a possibility of misdiagnosis due to 

false positives or negatives. 

Diagnostic Accuracy Increases the accuracy of diagnosing 

complicated or hereditary oral diseases 

(such as oral tumours and syndromes). 

Genetic testing is not generally available and 

can be costly. 

Disease Management Predicts the course of an illness and 

directs more efficient therapy. 

Specific genomic testing might not have clear 

clinical significance or recommendations for 

dental application. 

Pharmacogenomics Minimises side effects by optimising 

medication choices. 

Inadequate clinical evidence about the use of 

pharmacogenomics in dentistry. 

Oral Microbiome 

Understanding 

Aids in customising oral disease 

treatments based on interactions 

between the microbiome and genetics. 

There is a chance that microbiological factors 

will be overemphasised without sufficient data 

to support their clinical value. 

Genetic counselling Encourages the early detection of 

hereditary dental disorders, such as 

amelogenesis imperfecta. 

Patients may experience worry or anguish as a 

result of genetic testing. 

Regenerative 

Medicine 

Encourages developments in tissue 

regeneration and stem cell therapy for 

use in dentistry. 

There are still a lot of experimental and non-

standard regenerative uses. 

Public Health This information can inform 

genetic risk-based population-

level health initiatives. 

The high expense of genetic screening 

may prevent its broad use, particularly 

in environments with limited resources. 

 

TABLE 2: ADVANTAGES AND DISADVANTAGES OF GENOMICS 
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CONCLUSION  

Genomics in dentistry is an essential component of a paradigm shift of dental care to an 

individualized level. Aware of genetic characteristics of dental conditions, risk factors can be 

identified, preventive measures can be tailored and treatment outcomes improved. Despite 

barriers like incorporating genomic analysis into routine application, early diagnostic strategies, 

and ethical issues remain, progress depicting genomics as a tool for personalized medicine for 

treatment optimization and better patient care prognosis has opened some partly successful 

roads. The field is expected to grow with advancement in technology and development of human 

understanding. For dental professionals, it will be critically important to learn more about these 

trends to get the most out of genomics in the shift to personalised medicine. 
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INTRODUCTION 

 

Dental tourism, in which people travel across international borders to receive dental care, is a 

rapidly growing subset of the worldwide health tourism sector. This issue has garnered 

considerable attention recently due to several factors, including rising dental treatment costs in 

affluent nations, increased awareness of more affordable options abroad, and advancements in 

international travel infrastructure. Dental tourism combines travel, economics, and healthcare to 

give patients the chance to combine necessary dental procedures with recreational activities, 

frequently for a fraction of the price they would pay back home [1].  

 

Dental tourism is mostly driven by the gap in healthcare expenses around the world, especially 

for restorative and elective procedures. Patients in nations like the US, Canada, UK, and 

Australia may face significant financial hardships due to the high expense of dental care, 

particularly for operations like veneers, crowns, bridges, implants, and full-mouth rehabilitation. 

However, because labour costs, operating costs, and regulatory environments differ in many 

Asian, Eastern European, Latin American, and certain Middle Eastern nations, equivalent dental 

services are available at much lower prices. Patients are therefore increasingly turning to foreign 

providers in search of high-quality but reasonably priced dental services [2]. Modern dental 

clinics in developing nations and the global expansion of qualified dental practitioners are two 

other important factors driving the growth of dental tourism. Since many dentists in well-known 

dental tourism locations have studied or undergone specialised training in Western universities, 

their clinical knowledge is in line with global norms. Additionally, international dental clinics 

frequently uphold accreditation from international health organisations and follow strict 

sterilisation and hygiene guidelines [3].  
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These clinics make significant investments in cutting-edge technology to improve accuracy, 

productivity, and patient happiness, including digital radiography, CAD/CAM systems, laser 

dentistry, and implantology instruments. Patients are reassured by the combination of state-of-

the-art facilities and knowledgeable professionals that they can obtain care that is on par with or 

better than what they could get at home [4]. The growth of dental tourism has also been 

significantly influenced by the development of digital communication and the internet. It's now 

simple for patients to look up foreign dentists, compare costs and treatment options, read 

reviews, and get in touch with clinic coordinators. Numerous dental tourism organisations and 

clinics provide all-inclusive packages that cover not just dental procedures but also lodging, 

transportation, airport transfers, and even guided tours. This degree of ease lowers the practical 

obstacles to receiving care overseas and makes dental tourism a desirable and feasible choice for 

many [5]. 

 

 Apart from cost and quality, dental travel has a number of additional benefits. Avoiding lengthy 

treatment waiting periods is one of the most notable. Patients in nations with public healthcare 

systems frequently have lengthy wait times for elective or non-emergency dental care. Through 

dental tourism, these people can avoid these lines and get timely care. For cosmetic operations, 

some patients might also want seclusion or anonymity, which is easier to achieve in a foreign 

nation away from familiar surroundings [6]. Dental tourism has many advantages, but it also has 

hazards and obstacles that should be properly evaluated. Continuity of care is crucial because, 

after returning home, patients could have trouble getting follow-up care or dealing with issues. In 

certain instances, poor postoperative surveillance may cause problems like infections, implant 

malfunctions, or mismatched prosthetics to go undetected for longer [7].  

 

Due to the complexity and expense of pursuing action in a foreign nation, there are also worries 

about legal remedies in the event of malpractice or subpar results. Therefore, it is important for 

patients to choose trustworthy practitioners and make sure that treatment programs are well-

defined and approved. Cultural and linguistic disparities may also affect dental tourism. Patients 

and the dental team may misunderstand procedures, projected results, or financial agreements as 

a result of poor communication [8]. Many dental tourism clinics use multilingual employees or 

provide translation services to improve patient comfort and communication in order to lessen 

this. However, effective dental tourism experiences still require cultural awareness and 

comprehensive patient education. When talking about dental tourism, ethical issues are also 

raised. According to critics, providing care primarily to international patients may take resources 

away from the local populace in host nations, which could result in unequal access to care [9].  

 

Furthermore, in a highly competitive dental tourism sector, putting profit ahead of quality or 

appropriateness of care may occasionally result in compromises. Proponents argue that by 

exposing people to global best practices, dental tourism can boost local economies, create jobs, 

and generally improve dental care standards [10]. The COVID-19 pandemic caused a brief 

disruption to the dental tourism sector due to restrictions on international travel, safety concerns, 

and the reallocation of healthcare resources, which had an impact on service delivery and patient 

mobility. However, dental tourism is anticipated to recover and even grow even more when 

international travel picks back up and health systems adjust to the post-pandemic environment. 
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This will likely involve a greater focus on infection control, teleconsultations, and flexible 

scheduling [11].  

 

In conclusion, the globalisation of healthcare and the growing demand for dental services are 

reflected in dental tourism. For patients looking for restorative or elective dental procedures, it 

presents a compelling combination of travel opportunities, high-quality care, and cost savings. 

However, ethical behaviour, open communication, and thorough planning are essential for dental 

tourism to succeed. The industry's ongoing development could change where and how people 

receive dental treatment, which would have an impact on global health systems as well as 

people's personal well-being [12]. 

 

POPULAR DENTAL TOURISM DESTINATIONS 

As more people look for high quality but reasonably priced dental care overseas, dental tourism 

is growing in popularity. Patients frequently take a vacation in addition to receiving dental care, 

which results in significant cost savings and amazing travel experiences [13,14]. Some of the 

most well liked dental tourism locations are included below, along with information on why 

people choose them: 

 
Country Popular cities Cost advantage Common treatments Reasons for popularity 

Mexico Tijuana, Cancun, 

Los Algodones 
 

50–70% less than 

U.S. and Canada 

Implants, crowns, 

veneers, dentures 

Proximity to the U.S., 

affordable, highly trained 

dentists 

Thailand 
Bangkok, Phuket, 

Chiang Mai 
 

60–70% less than 

Western countries 

Cosmetic dentistry, 

implants, root canals 

High-quality care, tourist 

appeal, English-speaking staff 

Hungary Budapest 50–75% less than 

Western Europe 

Implants, bridges, 

cosmetic dentistry 

Advanced dental tech, EU 

standards, skilled professionals 

India Mumbai, Delhi, 

Bangalore 

60–80% less than 

Western countries 

Root canals, implants, 

orthodontics 

Low cost, English-speaking 

dentists, modern facilities 

Turkey 
Istanbul, Antalya, 

Izmir 
 

50–70% less than 

Europe/UK 

Smile makeovers, 

implants, whitening 

Beautiful destinations, tech-

savvy clinics 

Costa Rica San José 
50–70% less than 

U.S. 
 

Implants, full-mouth 

reconstructions 

U.S. trained dentists, safe and 

accessible location 

Philippines Manila, Cebu 50–70% less than 

Western countries 

Cosmetic procedures, 

crowns, dentures 

English proficiency, low costs, 

tourism options 

Poland Warsaw, Krakow 50–70% less than 

UK/Germany 

Orthodontics, 

cosmetic dentistry, 

implants 

EU regulation, convenient for 

European patients 

Colombia Bogotá, Medellín 50–70% less than 

U.S. 

Cosmetic dentistry, 

veneers, implants 

Skilled dentists, rising medical 

tourism industry 

Vietnam Ho Chi Minh City, 

Hanoi 

60–80% less than 

U.S./Australia 

Crowns, bridges, 

orthodontics 

Affordable care, modern 

clinics, travel appeal 
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TABLE 1: POPULAR DENTAL TOURISM DESTINATIONS 

 

 

FACTORS DRIVING DENTAL TOURISM  

 

Savings on expenses 

• Compared to Western countries like the U.S., UK, or Australia, dental services might be 

50–70% less expensive in countries like Thailand, Mexico, or India. 

 

• This affordability is a result of competitive pricing, government subsidies, and lower 

labor and administrative expenses [15]. 

 

Superior Care 

• Many dental offices that serve patients from other countries uphold worldwide standards 

of care while utilizing cutting-edge technologies. 

 

• Dentists in well-known dental tourism locations frequently have foreign training and 

speak English well [16]. 

 

Extended Waiting Hours at Home 

• Patients may have to wait a long time for non-emergency dental procedures in nations 

with public healthcare systems, such the UK or Canada. 

 

• Faster access to care is provided by dental tourism [17]. 

 

Absence of dental coverage or insurance 

 

• Many people in the United States and other nations may not have dental insurance, or 

their coverage is insufficient for significant procedures. 

 

•  They can afford vital procedures without experiencing financial difficulty when they 

travel overseas [18]. 

 

Specialized Procedures Are Available 

 

• Certain nations provide operations that are not widely accessible or authorized in the 

patient's own country. 

 

• Dental implants, full-mouth restorations, and advanced cosmetic procedures are 

frequently more affordable elsewhere [19]. 

 

Comprehensive Treatment Plans 
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• Bundled packages that cover consultation, treatment, transport, accommodation, and even 

local sightseeing are available from several dental tourism operators. 

 

• Patients seeking a stress-free encounter will find this convenience appealing [20]. 

 

Global Connectivity and Ease of Travel 

• Affordable international flights and easier visa processes make travel more accessible. 

 

• Tourism infrastructure in dental tourism hubs is well-developed, making the journey 

smooth for international patients [21]. 

 

 

Internet and Online Evaluations 

• Having access to online reviews, before-and-after pictures, and testimonies facilitates 

decision-making and trust-building. 

 

• Social media and websites have made international clinics more visible and transparent 

[22]. 

 

 

Desire to Take a Vacation and Use Healthcare Together 

• Patients frequently seize the chance to recuperate at a tranquil vacation spot. 

 

• Along with natural beauty and cultural experiences, dental tourism is promoted in nations 

like Thailand, Turkey, and Costa Rica [23]. 
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Figure 1: Infographic of Dental Tourism 

 

 

  

 

 

 

 

ADVANTAGES AND DISADVANTAGES  

 

This thorough analysis of the benefits and drawbacks of dental tourism aids in decision making 

for both patients and dental practitioners [24,25] 
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ASPECT ADVANTAGES DISADVANTAGES 

Cost Savings In certain countries, dental care is often less 

expensive than it is in the local area. 

Travel, lodging, and unanticipated issues are 

examples of potential hidden expenses that can 

mount up. 

Quality of Care Some nations offer competitively priced, 

stateoftheart dental care from highly 

qualified professionals. 

Because not all clinics follow international 

standards, quality can vary greatly. 

Access to 

Treatment 

Shorter wait times for treatments—which 

can be typical in some nations, and faster 

access to them. 

limited options because follow-ups may be 

challenging if issues develop after going home. 

Travel 

Opportunity 

Gives people the opportunity to travel to 

new places while receiving dental care. 

Travel enjoyment may be restricted when 

recovering from dental operations. 

Range of 

Services 

Provides therapies that may not be easily 

accessible or reasonably priced in the area. 

Language limitations might make it difficult to 

communicate and comprehend operations. 

Insurance 

Issues 

Specific foreign medical travel insurance 

policies may provide coverage. 

Treatments received overseas are often not 

covered by normal insurance policies, resulting in 

out-of-pocket costs. 

PostOperative 

Care 

During the stay, clinics may provide initial 

follow up care. 

After the patient returns home, it is frequently 

impractical to continue long term follow up. 

Regulations Dental tourism-focused nations often have 

policies and incentives in place to attract 

foreign patients. 

Laws protecting patients and regulatory 

requirements could be laxer than in the native 

country. 

TABLE 2: ADVANTAGES AND DISADVANTAGES OF DENTAL TOURISM 

 

 

 

CONCLUSION  

 

People looking for high quality dental care at less prices than in their nations are increasingly 

choosing dental tourism. Patients are becoming more comfortable traveling across borders for 

dental care due to technological developments, higher international standards, and an increase in 

the number of qualified specialists available. Though the savings and accessibility to specialized 

treatment can be substantial, prospective visitors should thoroughly investigate facilities, confirm 

qualifications, and budget for any follow-up care that may be required. Ultimately, dental 

tourism can provide a route to reasonably priced and efficient oral health treatments, along with 

the opportunity to see new places, for individuals who plan ahead and make informed decisions. 
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INTRODUCTION 

  

In several medical and dental specialties, artificial intelligence (AI) has become a transformative 

force that is changing the way that diagnosis, treatment planning, execution, and patient care are 

done.  AI is progressively changing conventional clinical workflows in the fields of 

prosthodontics and oral implantology by bringing data-driven, highly customised, and practical 

solutions [1].  The restoration and replacement of teeth is the focus of prosthodontics, a 

discipline of dentistry that entails complex treatments requiring accuracy, aesthetic judgement, 

and functional rehabilitation.  The insertion and management of dental implants, or oral 

implantology, also calls for a high degree of surgical competence, long-term monitoring, and 

diagnostic precision.  The quality and predictability of treatment outcomes are being greatly 

improved by the incorporation of AI technology into these domains [2]. 

 

In the past, prosthodontic and implant operations have mostly depended on the clinical 

judgement, personal assessments, and labour-intensive manual methods.  Many of these 

constraints are being overcome by automation, predictive modelling, and objective data 

interpretation with the introduction of AI-powered systems [3].  Computer vision technologies, 

deep learning networks, and machine learning algorithms allow computers to analyse large 

volumes of clinical data, such as digital impressions, intraoral pictures, radiographs, and cone-

beam computed tomography (CBCT) scans.  By identifying patterns and abnormalities that the 

human eye would miss, these technologies increase the accuracy of diagnosis and make it 

possible to use earlier and more successful intervention techniques [4]. 

 

 

CHAPTER 6 

ARTIFICIAL INTELLIGENCE IN PROSTHODONTICS  

AND ORAL IMPLANTOLOGY 
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 AI's integration with computer-aided design and computer-aided manufacturing (CAD/CAM) 

technologies has transformed the design and construction of dental prosthesis in prosthodontics.  

These days, algorithms can precisely build prosthetic components, predict occlusal morphology, 

and automatically detect tooth edges [5].  Crowns, bridges, dentures, and even maxillofacial 

prosthesis that are tailored to the patient's anatomical and functional requirements can be 

produced thanks to the digital workflow.  AI significantly reduces the amount of time and 

physical labour required to create restorations that are more accurate and aesthetically beautiful.  

Furthermore, AI-enabled systems are constantly learning and developing, which enables them to 

create increasingly complex designs over time using information from earlier effective therapies 

[6]. 

 

AI has an equally significant role in oral implantology.  An in-depth knowledge of anatomical 

features, bone density, quality, and spatial orientation is essential for successful implant 

placement.  By automatically recognising important anatomical markers, including the maxillary 

sinus borders, mental foramen, and mandibular canal, artificial intelligence (AI) can drastically 

lower the risk of surgical problems [7].  Artificial intelligence (AI) systems can forecast 

biomechanical stability, simulate implant placement with ideal angulation and depth, and 

evaluate bone amount and quality by analysing volumetric data from CBCT images.  

Additionally, by integrating AI with virtual implant planning software, physicians may see many 

treatment possibilities, which improves surgical precision and supports evidence-based decision-

making [8]. 

 

 The creation of robotic systems and AI-assisted surgical guidance are two noteworthy 

developments in this field.  By providing real-time navigation and control, these systems reduce 

human error and improve implant placement accuracy [9].  AI-guided robotic surgery also makes 

minimally invasive procedures possible, which can lead to better patient comfort, a quicker 

recovery, and lower morbidity.  AI-powered augmented reality (AR) systems are also being 

investigated for real-time visualisation during surgery, superimposing digital data on the 

operating field, and providing improved intraoperative guidance [10]. 

 

AI is becoming a key component of treatment planning and result prediction in addition to 

diagnostics and treatment implementation.  To predict the effectiveness of implants and 

prosthetic restorations, machine learning algorithms can evaluate substantial datasets of patient 

data, clinical results, and biomaterial performance.  Clinicians may choose the best treatment 

plans, maximise long-term success rates, and foresee any consequences with the aid of these 

predictive technologies.  Through visual simulations, AI also facilitates improved patient 

communication, assisting people in comprehending their treatment regimens and anticipated 

outcomes, thus increasing patient happiness and compliance [11]. 

 

The application of AI in prosthodontics and oral implantology has several advantages, but there 

are drawbacks as well.  Security and privacy of data are significant issues, especially when 

employing patient health information and cloud-based platforms.  The "black box" problem of 

the openness of AI algorithms raises moral concerns about decision-making and responsibility in 

therapeutic settings.  Furthermore, the calibre and variety of training datasets have a significant 

impact on how well AI models perform.  Insufficient representation in these datasets could lead 



 

 

 Artificial Intelligence in Prosthodontics and oral implantology 

49 

to skewed results that are difficult to extrapolate to other patient populations.  Thus, ongoing 

work is required to create AI systems that are morally sound, inclusive, and validated [12]. 

 

Additionally, a change in education and culture is required for the use of AI in dentistry.  To 

effectively engage with AI tools, clinicians need to possess the necessary knowledge and 

abilities.  To prepare future practitioners for the changing scenario, dental education programs 

must include digital processes, data science fundamentals, and AI proficiency.  In order to 

guarantee that AI applications are both clinically useful and easy to use, interdisciplinary 

cooperation between dental specialists, software developers, and bioengineers is essential [13]. 

 

To sum up, artificial intelligence is quickly becoming a crucial component of oral implantology 

and prosthodontics, providing previously unheard-of chances to improve clinical accuracy, 

productivity, and customisation.  AI has the potential to revolutionise dentistry practice in the 

future by guiding surgical procedures, automating intricate design processes, and forecasting 

treatment results.  Even if there are still issues with ethics, data integrity, and technology 

integration, further study and instruction are essential to maximising AI's potential.  As this 

technology develops further, its promise of better oral healthcare and patient pleasure will 

depend on how carefully and responsibly it is implemented [14]. 

 

 

BACKGROUND AND HISTORICAL PERSPECTIVE 

 

A relatively new but revolutionary advancement in dentistry is the incorporation of AI into 

prosthodontics and oral implantology. Its roots, however, lie in the more general development of 

AI in computing and healthcare over the last few decades. To understand the historical trajectory 

of AI in these specialized dental areas, it is necessary to comprehend both the technological 

turning points in AI as a field and the concurrent developments in digital dentistry that paved the 

way for AI adoption [15,16]. 
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TIME 

PERIOD 

DEVELOPMENT DESCRIPTION 

1950s–1960s Birth of Artificial 

Intelligence 

John McCarthy first used the term "Artificial Intelligence" in 1956. The 

groundwork for upcoming healthcare applications was laid by early AI 

research that concentrated on logic and problem solving. 

1980s Early use of expert 

systems in medicine 

AI was first investigated for use in rule based medical diagnostics and 

decision making. Despite not being unique to dentistry, it served as 

inspiration for later dental diagnostic instruments. 

1990s Introduction of 

digital dentistry 

Digital prosthesis design and milling were made possible by the 

introduction of CAD/CAM technologies into prosthodontics. This signaled 

the start of prosthetic workflow digitization. 

Early 2000s Evolution of 

imaging and 

diagnostics 

As intraoral scanning and cone beam computed tomography (CBCT) 

became more common, massive datasets were produced that were perfect 

for AI training and predictive modeling. 

2010–2015 Emergence of 

machine learning in 

dentistry 

The emergence of AI applications in image-based diagnostics, radiographic 

interpretation, and caries detection sparked early interest in prosthodontic 

and implant applications. 

2015–2018 AI integration in 

implant planning 

software 

Artificial intelligence algorithms for risk assessment, virtual surgery, and 

anatomical recognition have been incorporated into implant planning 

software (e.g., co DiagnostiX®, Nobel Clinician®). 

2018–2020 AIassisted 

prosthetic design 

AI started to help CAD platforms with crown margin recognition, occlusal 

morphology prediction, and smile design. Prosthetic planning tools now 

incorporate deep learning models. 

2020–Present Widespread use of 

AI in digital 

workflows 

From diagnostic to design, simulation, surgical guidance, and prognosis 

prediction, artificial intelligence is now integrated into many phases of 

prosthodontic and implant operations. AI driven software improves 

functionality, aesthetics, and patient specific personalization. 

Ongoing Research and 

innovation 

AI is currently being used in generative prosthesis design, real time 

surgical support, predictive maintenance, and implantology integration 

with robotics and augmented reality. 

 

TABLE 1: HISTORY OF ARTIFICIAL INTELLIGENCE IN PROSTHODONTICS AND 

ORAL IMPLANTOLOGY 

 

 

 

 

 

 

 



 

 

 Artificial Intelligence in Prosthodontics and oral implantology 

51 

CLINICAL APPLICATIONS 

 

AI in diagnostics  

Image analysis: AI algorithms excel at analyzing dental images, such as radiographs (panoramic 

and periapical) and cone-beam computed tomography (CBCT) scans. 

 

• Anatomical landmarks identification: AI can automatically and accurately identify key 

anatomical landmarks, such as the mandibular canal, mental foramen, and sinus 

boundaries which is crucial for implant placement and surgical safety [17].  

 

• Pathology detection: AI can help identify minute pathological alterations that could 

impact the results of prosthesis and implant treatment, including periapical lesions, 

Periodontal bone loss and other anomalies [18]. 

 

• Quantitative assessment: AI is capable of quantitatively evaluating the volume and 

density of bone from CBCT, which yields useful data for implant site assessment [19].  

 

 

AI in treatment planning  

Implant planning: By evaluating patient-specific data, such as bone form, density, and 

anatomical constraints, AI can help optimize implant placement [20].  

 

• Virtual implant placement: To determine the optimal site for biomechanical stability 

and prosthetic support, AI-driven software can model multiple implant placements and 

angulations [21].  

 

• Surgical guide design: AI can be used to create more accurate surgical guidance, which 

will help surgeons place implants precisely [22].  

 

Prosthetic design: To create personalised prosthesis, AI systems can examine digital 

impressions and additional patient data [23].  

 

• Crown and bridge design: AI can help design fixed partial dentures (FPDs) that have 

the best possible fit, occlusion and appearance. 

 

• Removable denture design: AI can improve the stability, support and retention of 

complete dentures and removable partial dentures (RPDs) by optimising their design.  

 

• Occlusion optimisation: AI can model jaw movements and occlusal forces to create 

prostheses that reduce stress and enhance long-term functionality [24,25].  

 

AI in prosthetic fabrication  

• CAD/ CAM Integration: AI improves the capabilities of CAD/CAM systems.  
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• Automated design workflows: The time and effort needed to produce prosthesis can be 

decreased by using AI to automate some design procedures. 

 

• Precision manufacturing: Prosthesis made with AI-controlled manufacturing 

techniques, such as 3D printing and milling, can have excellent dimensional stability and 

accuracy [26,27].  

 

AI in surgical guidance  

Robotics: AI guided robotic systems are emerging to assist in implant surgery.  

 

• Enhanced precision: Compared to manual methods, robotic devices can insert implants 

with greater precision and accuracy. 

 

• Minimally invasive surgery: AI guided robotics can speed up healing and lower patient 

morbidity by enabling less invasive surgical treatments [28]. 

 

Augmented reality: AIcan be integrated with AR technology to provide real time surgical 

guidance.  

 

• Improved visualization: The proposed implant position in relation to the patient's 

anatomy can be seen by the surgeon thanks to AR’s ability to superimpose virtual 

pictures onto the operative area [29].  

 

AI in predictive analytics  

• Treatment outcome prediction: Patient data can be analysed by machine learning 

models to forecast treatment efficacy and possible side effects [30].  

 

• Implant survival prediction: AI can recognize biomechanical, patient, and bone quality 

aspects that may affect implant survival. 

 

• Prosthetic Longevity Prediction: AI can forecast the long-term performance and 

durability of prosthetic restorations [31].  

 

 

ADVANTAGES AND DISADVANTAGES  

 

A significant advancement in contemporary dentistry practice is the incorporation of artificial 

intelligence (AI) into prosthodontics and oral implantology.  AI provides numerous advantages 

that can improve clinical outcomes, boost precision, and streamline workflows through the use of 

sophisticated algorithms and data-driven technology.  Like every technological development, 

there are a number of restrictions and issues with its use, though, which need to be properly 

considered.  The benefits and drawbacks of artificial intelligence in prosthodontics and oral 

implantology are thoroughly examined here [32-35]. 
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ASPECT ADVANTAGES DISADVANTAGES 

Accuracy & 

Precision 

Improves occlusal evaluation, prosthetic 

design, and implant placement diagnostic 

precision and accuracy. 

Enhances the precision and accuracy of 

implant placement diagnostics, prosthesis 

design, and occlusal evaluation. 

Efficiency Minimizes the amount of time spent on 

treatment planning and automates tedious 

processes like smile design, teeth segmentation, 

and crown margin detection. 

high upfront costs for digital system 

training and deployment. 

Personalization Allows for personalized implant designs and 

prostheses based on the anatomy and functional 

needs of each patient. 

Limited flexibility in situations involving 

complex or rare anatomical variations. 

Predictive 

Capabilities 

Uses big datasets and machine learning models 

to provide outcome simulation, risk 

assessment, and prognosis prediction. 

The quality and variety of training data 

have a significant impact on accuracy; it 

might not generalize well to all 

populations. 

Workflow 

Integration 

Enhances team collaboration by enabling 

smooth digital operations from diagnostic to 

final restoration. 

Difficulties integrating with current lab or 

clinic management software. 

Patient 

Communication 

Visual simulations driven by AI enhance 

patients' comprehension and acceptance of 

treatment regimens. 

Could lead to irrational expectations if 

simulations are thought to produce certain 

results. 

Documentation & 

Monitoring 

Utilizes automated comparisons to facilitate the 

longitudinal monitoring of occlusal changes, 

prosthetic wear, and peri-implant tissues. 

Cloud Based AI technologies raise issues 

with patient privacy and data security. 

Educational Value Provides students and clinicians with access to 

interactive learning resources and decision 

support technologies. 

Over Reliance on AI tools may hinder 

young learners' ability to develop critical 

thinking skills. 

 

TABLE 2: ADVANTAGES AND DISADVANTAGES OF ARTIFICIAL INTELLIGENCE IN 

PROSTHODONTICS AND ORAL IMPLANTOLOGY 
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CONCLUSION  

 

Oral implantology and prosthodontics are rapidly changing due artificial intelligence. AI 

powered technologies are improving prosthesis design and production, treatment planning, and 

diagnostic precision. AI is increasing productivity and treatment results by automating repetitive 

processes, decreasing unpredictability and facilitating the development of highly tailored 

treatments. AI has the ability to completely transform prosthodontics and oral implantology, 

even though the initial outlay, technological difficulty and ethical issues need to be carefully 

considered. AI will probably be used into clinical practice more frequently as it develops, which 

Will result in notable enhancements to patient care and results. 
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INTRODUCTION 

 

The Medical Internet of Things (MIoT) integrates advanced information technology with 

medical equipment, systems, and services for real-time monitoring, diagnosis, treatment, and 

patient management, revolutionising healthcare.  MIoT uses sensors, software, and 

communication technologies on interconnected medical equipment to gather, transmit, and 

analyse health data.  These devices can work alone or with mobile apps and cloud platforms to 

share data between patients, healthcare providers, and other stakeholders across settings [1]. 

 

The combination of wireless communication, sensor miniaturisation, big data analytics, cloud 

computing, and AI has spurred MIoT's growth.  Smart healthcare systems that provide 

personalised, efficient, and proactive care have been created using these technologies.  MIoT 

promotes continuous, remote, and predictive care over episodic, in-person visits and reactive 

therapy.  Clinicians may now monitor patients in real time, regardless of location, to discover 

anomalies early, intervene quickly, and make better judgements [2]. 

 

Chronic disease management is a major influence of the Medical Internet of Things.  Diabetes, 

hypertension, heart disease, and asthma need long-term management.  Continuous glucose 

monitors, wearable blood pressure cuffs, and smart inhalers let users track their health indicators 

daily and communicate the data with their healthcare staff in real time.  This allows customised 

treatment, improves patient compliance, and minimises hospital visits and acute exacerbations.  

MIoT integration with EHRs provides comprehensive data for analysis, improving individual 

and population disease management [3]. 

 

 In acute care, MIoT is crucial for critical care and emergency response.  In intensive care units 

(ICUs), smart sensors and monitoring systems can monitor vital signs 24/7, detect early 

indicators of deterioration, and notify healthcare staff to possible emergencies.  Portable MIoT 

devices in ambulances and remote field units can send patient data to hospitals in advance, 

improving preparedness and treatment.  Time-sensitive situations like cardiac arrest and trauma 

benefit from real-time data transmission [4]. 

 

CHAPTER 7 

MEDICAL INTERNET OF THINGS  
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MIoT also impacts preventive healthcare and wellness.  Fitness trackers and smartwatches track 

heart rate, sleep, and other physiological characteristics.  These technologies help people to 

manage their health and make lifestyle changes based on actionable insights.  Healthcare 

providers can also use this data to identify risk factors early and create patient-specific 

prevention plans.  As a diagnostic and behavioural tool, MIoT promotes healthy habits and 

reduces illness burden [5]. 

 

Another rapidly growing and impactful field of MIoT is home healthcare and elder care.  As 

global populations age, technologies that allow elderly people to live freely while receiving 

medical care are in demand.  MIoT gadgets like fall detectors, smart medication dispensers, and 

remote monitoring systems allow carers and family members to monitor older individuals 

remotely.  These gadgets promote autonomy, reduce hospital admissions, and ensure timely 

interventions for older people, giving them peace of mind and improving their quality of life [6]. 

 

The Medical Internet of Things faces obstacles in implementation.  Data security and patient 

privacy are top priorities.  MIoT devices generate massive volumes of sensitive health data, 

which could lead to identity theft and patient distrust.  Patient data must be protected by end-to-

end encryption, strong authentication, and HIPAA and GDPR compliance.  The interoperability 

of devices from different manufacturers is another technical challenge.  Integrating and sharing 

data across platforms requires standardising communication protocols and data formats [7]. 

MIoT device reliability and accuracy are also major issues.  Misdiagnosis or therapy may result 

from inaccurate readings or device failure.  Thus, these technologies must undergo rigorous 

validation, regulatory approval, and performance monitoring to assure clinical safety and 

efficacy.  Healthcare workers and patients need training to utilise MIoT devices and evaluate 

their data [8]. 

 

Healthcare institutions, technology companies, regulatory agencies, insurers, and legislators must 

work together to deploy MIoT.  Real-time data interchange and analysis require infrastructure 

like high-speed internet and data storage.  Policymakers must handle ethical and legal issues 

such data ownership, permission, and device failure or misuse liability [9]. 

Despite these obstacles, the Medical Internet of Things has a bright future.  MIoT is predicted to 

become part of regular medical practice as technology develops and healthcare organisations 

adopt value-based care models.  It could transform healthcare by making it more patient-

centered, accessible, and efficient.  Real-time monitoring, data-driven insights, and personalised 

care improve clinical outcomes and patient experience [10]. 

 

In conclusion, the Medical Internet of Things is changing healthcare by connecting patients and 

doctors with smart gadgets.  It enables continuous care, early intervention, and better health 

management across varied contexts by shifting medicine from reactive to proactive.  To 

maximise MIoT's impact on global health, innovation and risk management must be prioritised 

as the sector evolves [11]. 

 

BACKGROUND AND HISTORICAL PERSPECTIVE 

The development of MIoT has been driven by technological advancements in both IoT and 

healthcare. The growth of mobile networks, miniaturization of sensors, advances in machine 
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learning, and improvements in cloud computing have all contributed to the rise of MIoT. The 

historical perspective of the Medical internet of things has been elaborated in Table 1[12]. 

 

 

TIME 

PERIOD 

TECHNOLOGICAL ADVANCEMENTS IMPACT ON 

 HEALTHCARE 

1960s–

1970s 

Medical telemetry was established to track patients 

with heart attacks, and remote monitoring devices 

utilising simple radio transmission were developed. 

Although these technologies made it possible to 

send patient data to hospitals, they were devoid 

of device interconnection and real time 

communication. 

1990s Telemedicine developed, medical devices started to 

link to hospital networks, and electronic medical 

records (EMRs) made patient data accessible from a 

distance. 

Although the infrastructure was still developing 

and the full possibilities of IoT were not 

realised, these developments let clinicians 

consult remotely. 

2000s Consumer Driven methods of health monitoring 

started to emerge with the advent of wearable 

technology, such as fitness trackers and early 

glucose monitors. 

These devices showed that continuous health 

tracking was possible and gave patients the 

power to make their own health records. 

2010s As remote patient monitoring, sensor 

miniaturisation, 4G/5G wireless technologies, cloud 

computing, and artificial intelligence were 

incorporated into healthcare systems, the Medical 

Internet of Things (MIoT) emerged. 

These technologies enabled realtime chronic 

illness monitoring, clinical workflow 

improvements, hospital admission reductions, 

and predictive analytics for early intervention. 

2020s AI, big data analytics, and MIoT enabled systems to 

forecast patient outcomes, track illness progression, 

and offer personalised treatments. 5G enabled real 

time data sharing across long distances. 

These advances made remote surgeries and live 

medical consultations easier and improved 

population health management and personalised 

therapy. 

 

TABLE 1: HISTORY OF MEDICAL INTERNET OF THINGS 

 

  

ARCHITECTURE OF MEDICAL INTERNET OF THINGS 

 

 

• Device Layer: This foundational layer comprises sensors, wearables (like smartwatches 

and smart patches), implantable devices (like pacemakers and insulin pumps), and smart 

medical hardware (like ECG monitors and CGMs). These devices collect real time 

patient health data, crucial for remote monitoring, early diagnosis, and personalized 

treatments [13]. 

• Communication Layer: This layer ensures seamless and secure data transfer between 

devices and cloud systems. Key components include connectivity technologies 

(Bluetooth, WiFi, 4G, 5G), network protocols (Zigbee, MQTT, HTTP/HTTPS), and edge 

computing. 5G's high speed and low latency enhance real time capabilities, while edge 

computing reduces latency and cloud load [14]. 



 

 

 Medical Internet of Things 

58 

• Data Layer: This layer handles the storage, processing, and analysis of collected health 

data using both cloud computing (platforms like AWS and Azure for scalable and 

accessible storage) and edge computing. Data analytics and AI algorithms identify 

patterns, anomalies, and predict outcomes. Robust encryption (like AES) and blockchain 

technology ensure data security and privacy, complying with regulations like HIPAA 

[15]. 

• Application Layer: This is where users interact with the MIoT system through mobile 

apps (like Apple Health and Samsung Health), web interfaces, and software integrated 

with Electronic Health Records (EHRs). These interfaces allow healthcare professionals 

to access and analyze data, while patients can view their metrics and communicate with 

doctors remotely. AIdriven applications in this layer can predict medical outcomes, 

suggest treatments, and provide timely alerts [16,17]. 

 

 

Figure 1: KEY COMPONENTS OF MIOT 
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CLINICAL APPLICATIONS OF MEDICAL INTERNET OF THINGS (MIOT) 

The Medical Internet of Things (MIoT) is transforming facilitating the collecting of data in 

realtime to deliver healthcare, continuous patient monitoring, and personalized treatment 

strategies. MIoT encompasses a wide range of devices and technologies, consisting of 

monitoring remotely systems, sensors worn by individuals, and data analytics platforms that 

allow healthcare providers to deliver proactive care [18]. Below are the key clinical applications 

of MIoT, demonstrating its significant impact on various areas of healthcare: 

 

 

• Chronic Disease Management 

MIoT plays a pivotal role in managing chronic diseases such as diabetes, cardiovascular 

diseases, and respiratory conditions by enabling continuous monitoring and real time data 

transmission. For patients with diabetes, devices like continuous glucose monitors 

(CGM) provide real time tracking of blood glucose levels, allowing for better 

management of insulin levels and dietary habits [19]. Cardiovascular patients benefit 

from wearable heart monitors and smartwatches that track heart rate, blood pressure, and 

detect arrhythmias. These gadgets enable early intervention and lower hospitalization 

rates by warning patients and healthcare professionals about anomalies [20]. 

 

For respiratory conditions, MIoT devices such as smart inhalers help track medication 

usage and monitor lung function, improving treatment adherence and reducing 

exacerbations. These systems ensure that patients with conditions like asthma or COPD 

receive timely interventions, preventing serious complications [21]. 

 

 

• Remote Patient Monitoring (RPM) 

Remote Patient Monitoring (RPM) is one of the most prominent clinical applications of 

MIoT. RPM devices continuously provide medical practitioners with input on vital 

indicators including blood pressure, temperature, cardiac rate, and saturation of oxygen 

[22]. These systems are particularly useful for patients recovering from surgeries or 

managing chronic illnesses. For example, patients with heart failure may wear smart 

biosensors that track cardiac function, while patients recovering from COVID19 or 

suffering from long COVID symptoms can use RPM to monitor oxygen levels and 

respiratory rates [23]. 

 

RPM systems enable early detection of complications and trigger real time alerts when 

health parameters deviate from the norm, allowing providers to intervene before 

conditions worsen. This proactive approach reduces the need for in person visits and 

hospital readmissions, making healthcare more accessible and cost effective [24]. 

 

 

• Customized Medicine 

A groundbreaking feature of MIoT is its capacity to provide customized medication. 

MIoT devices collect vast amounts of patient data, which may be examined to develop 
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specialized treatment programs based on each person's unique medical requirements [25]. 

For example, continuous monitoring of a patient’s vital signs can help physicians adjust 

medication doses or recommend lifestyle changes to optimize treatment. Personalized 

medicine is particularly beneficial for managing chronic diseases like diabetes and 

hypertension, where treatment can be finetuned based on real time data from MIoT 

devices [26].  

 

Additionally, wearable devices and biosensors can provide insights into a patient’s 

genetic makeup, lifestyle, and environment, allowing for the development of highly 

personalized therapeutic strategies. These devices help improve treatment outcomes by 

ensuring that the interventions are specific to each patient’s condition and response to 

therapy [27]. 

 

 

• Elderly Care 

The MIoT has profound implications for elderly care, providing solutions that improve 

safety, medication adherence, and monitoring of cognitive health. Wearable devices can 

detect falls, a common hazard among the elderly, and send immediate alerts to caregivers 

or emergency services. Devices like smart pill dispensers ensure that elderly patients 

adhere to their prescribed medication schedules, reducing the risk of medication errors. 

For patients with cognitive impairments such as Alzheimer’s disease, MIoT systems can 

track their location, ensuring safety while allowing them to maintain some level of 

independence [28,29]. 

 

Moreover, smart home technologies integrated with MIoT can monitor environmental 

factors like room temperature, air quality, and sleep patterns, contributing to the overall 

wellbeing of elderly patients. These solutions help bridge the gap between home care and 

clinical supervision, enabling aging in place and reducing the burden on healthcare 

systems [30]. 

 

 

• Rehabilitation 

MIoT is instrumental in rehabilitation by enabling remote monitoring and ensuring that 

patients adhere to their physical therapy and rehabilitation plans. Wearable sensors and 

mobile applications can track a patient’s progress during rehabilitation exercises, 

providing feedback to both the patient and the healthcare provider. This helps ensure that 

patients perform exercises correctly and consistently, which is crucial for successful 

recovery [31]. 

 

For instance, patients recovering from joint replacement surgery can use MIoT devices to 

monitor range of motion and muscle strength. These devices send data to therapists, 

allowing them to adjust the rehabilitation plan based on the patient’s progress. This 

continuous monitoring can enhance the efficacy of rehabilitation programs and reduce the 

need for frequent clinic visits [32]. 
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• Surgical Applications 

MIoT is increasingly being integrated into surgical care by supporting preoperative 

planning, intraoperative monitoring, and postoperative care. During surgeries, MIoT 

devices and sensors can provide real time data on patient vitals, enhancing precision and 

safety [33]. 

For instance, smart surgical tools can be used for monitoring blood flow and oxygenation 

levels during operations, providing immediate feedback to the surgical team. In 

preoperative planning, MIoT enables the collection of data from various sensors, which 

can be used to simulate surgeries and improve outcomes. 

 

Postoperatively, MIoT is crucial for monitoring recovery, ensuring that patients are 

healing properly, and preventing complications such as infections or blood clots. MIoT 

devices can track wound healing, pain levels, and other vital signs, providing a 

comprehensive picture of the patient’s recovery process [34,35]. 

 

 

• Mental Health 

MIoT devices and applications are also being developed for mental health monitoring and 

interventions. Wearable devices can monitor physiological indicators of mental health 

conditions, such as heart rate variability, sleep patterns, and physical activity levels, all of 

which are linked to mental wellbeing [36]. Mobile apps and wearables can also provide 

real time interventions, such as relaxation exercises or cognitive behavioural therapy 

(CBT), when signs of stress, anxiety, or depression are detected. 

 

Furthermore, MIoT can help track adherence to medication regimens and therapy 

appointments, ensuring that patients with mental health conditions receive consistent 

care. In addition to improving results and lowering the stigma attached to requesting 

assistance, this ongoing observation and prompt response can help avert mental health 

emergencies [37,38]. 

 

 

ADVANTAGES AND DISADVANTAGES 

 

The MIoT has revolutionized healthcare delivery by integrating advanced technologies like 

sensors, wearable devices, and real time data analytics into clinical practice. As MIoT matures, 

its advantages become more pronounced, transforming patient care through enhanced 

monitoring, improved outcomes, cost reduction, and patient empowerment. This comprehensive 

approach combines automation, data analytics, and connectivity to address various healthcare 

challenges [39,40].  
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ASPECT ADVANTAGES DISADVANTAGES 

Improved Patient 

Outcomes 

Allows continuous vital sign monitoring and 

early complication detection. Realtime data 

improves chronic disease management. 

Helps customise treatment plans. 

May lead to tech addiction. Real-time 

monitoring requires a reliable infrastructure 

and may cause false alerts if calibrated 

incorrectly. 

Cost Efficiency Limits hospital readmissions, emergency 

visits, and in person consultations. Enhances 

home postoperative care. Predictive analytics 

optimise healthcare resource allocation. 

Setting up and integrating might be 

expensive. Device use may require training 

for healthcare workers and patients. 

Patient 

Empowerment 

Gives patients real time health data to 

encourage self management. Improves 

patient provider collaboration. Encourages 

healthy habits and treatment. 

Some patients might not be tech savvy. Some 

people may become anxious when they have 

more info. 

Scalability Easily adjustable to a variety of 

environments, including big hospitals and 

tiny clinics. beneficial for tracking public 

health . Adaptable enough to include 

emerging technologies like AI. 

Infrastructure preparedness issues could arise, 

particularly in rural or low resource areas. 

Scaling up could make data integration and 

device management more difficult. 

DataDriven 

Insights 

AI big data analytics enable predictive 

healthcare. Finds wellness trends and 

associated risks. Monitoring and early 

intervention of chronic diseases improve. 

Requires processing and storing massive 

amounts of data in a secure manner. AI based 

predictions run the risk of bias or mistakes if 

the data is not representative. 

Data Security and 

Privacy 

Keeps patient data available for decision 

making. Data integrity is protected by 

encryption and secure transmission. 

Data breaches and unauthorised access are 

likely. HIPAA and GDPR compliance and 

multiple device network management 

increase risk. 

Regulatory and 

Compliance Issues 

Regulatory standards ensure safety and 

reliability of MIoT devices. Compliance 

builds trust and promotes adoption. 

Regional regulations hinder global 

implementation. Regulations may not keep 

pace with tech growth. 

Interoperability Standardised data interchange united 

healthcare ecosystems. FHIR aims to 

standardise data. 

Integrating devices and systems is difficult 

without standardisation. Interoperability 

difficulties hinder global MIoT deployment. 

Technical 

Challenges 

Promotes sensor, battery, and connection 

innovation. Network integration enables real 

time monitoring. 

Low battery life and network coverage may 

disrupt monitoring. Hardware failures can 

endanger patient safety and data accuracy. 

 

Table 2: ADVANTAGES AND DISADVANTAGES OF MIOT 
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CONCLUSION 

 

By combining real time monitoring, sophisticated analytics, and networked smart devices, the 

Medical Internet of Things (MIoT) is transforming healthcare by enabling proactive, 

individualised, and easily available care. It enhances the management of chronic illnesses, 

empowers patients, and facilitates the shift from reactive to preventative therapy. Blockchain 

technology and 5G connectivity are two breakthroughs that improve MIoT's usefulness as it 

develops, allowing for the creation of smart hospitals and smooth data interchange. Data 

security, system compatibility, and ethical issues with continuous monitoring and AIdriven 

decision making are just a few of the major obstacles that still need to be overcome. Strong legal 

frameworks, standardised procedures, and a focus on patient autonomy and data protection are 

necessary to overcome these concerns and fully realise the revolutionary promise of MIoT. MIoT 

can open the door to a more intelligent, effective, and just healthcare system by striking a 

balance between ethical duty and technological innovation. 

 



 

 

 USAG1 and the Promise of Tooth Regeneration 

 

64 

 

 

 

 

 

 

 

 

   

1. Dr. Km. Pallavi, BDS, School of Dental Sciences, Sharda University, Greater Noida, Uttar 

Pradesh, India 

 

2. Dr. Ajimol Theresa Jose, MDS (Prosthodontics & Implantology), Senior Lecturer, Faculty of 

Dentistry, AIMST University, Kedah, Malaysia 

 

3. Dr. Jyoti Kasana, Assistant Professor, North DMC Medical College and Hindu Rao Hospital, 

Delhi, India 

 

4. Dr. Gufran Danish Khan, MDS Periodontology, Ex-Reader, Sharavathi Dental College and 

Hospital, Shimoga. Karnataka, India 

 
 

 

INTRODUCTION 

 

Tooth loss, whether caused by disease, trauma, or congenital absence, continues to be a 

significant global health issue. Beyond the functional difficulties it presents, such as impaired 

chewing and speaking, missing teeth can have profound psychological and aesthetic 

consequences. Conventional dental treatments like implants, bridges, and dentures aim to restore 

function and appearance, but do not regenerate lost biological tissue. These methods rely on 

artificial replacements and do not replicate the complexity of natural dental structures or their 

ability to grow and remodel. However, regenerative dentistry is rapidly emerging as a 

transformative area within dental science. Drawing on developmental biology, molecular 

genetics, and tissue engineering principles, regenerative dentistry focuses on repairing or 

regenerating dental tissues and, more ambitiously, entire teeth. This innovative approach can 

restore natural form and function by stimulating the body's regenerative capacity rather than 

depending solely on mechanical substitutes [1-5]. 

 

One of the most groundbreaking developments in regenerative dentistry involves the study of a 

protein called USAG-1 (Uterine Sensitization-Associated Gene-1), also known as SOSTDC1. 

USAG-1 has gained attention for its dual role as a Bone Morphogenetic Protein (BMP) 

antagonist and a Wnt signaling pathway modulator. BMP and Wnt pathways, including tooth 

morphogenesis, are essential during early embryonic development and organ formation. In 

normal tooth development, these signaling pathways help regulate the timing, location, and 

identity of forming teeth by mediating interactions between the oral epithelium and underlying 
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mesenchyme. USAG-1 functions as a regulatory protein, fine-tuning these interactions by 

suppressing excessive signaling, thereby preventing the uncontrolled formation of dental 

structures [6-8]. 

 

Experimental studies have shown that when USAG-1 is suppressed, particularly in animal 

models, it can spontaneously grow additional teeth, even in genetic models where teeth are 

naturally missing due to congenital defects. In mice that exhibit tooth agenesis, administration of 

USAG-1-neutralizing antibodies triggered the development of supernumerary teeth. These 

regenerated teeth were morphologically correct and fully functional, with roots, enamel, dentin, 

and proper occlusion. This suggests that the genetic programming for tooth development is not 

permanently lost in cases of agenesis, but instead remains latent and can be reactivated through 

molecular intervention. Such findings have significant implications: instead of replacing lost 

teeth with prosthetics or transplants, future dental therapies might be able to biologically 

regenerate teeth within the jaw [9-12]. 

 

The promise of USAG-1-targeted therapy lies in its potential to induce tooth formation through a 

relatively simple biochemical modulation rather than complex tissue engineering protocols. 

Unlike strategies that require exogenous stem cells, scaffolds, or gene transplants, suppressing 

USAG-1 could awaken dormant developmental pathways already in the body. This minimizes 

the need for invasive procedures and reduces the risks associated with foreign tissue integration 

or immune rejection. Furthermore, this approach aligns with the growing emphasis on 

personalized medicine, offering the possibility of tailored treatment based on a patient’s genetic 

background and developmental history [13-15]. 

 

Still, several critical challenges must be addressed before such therapies can be safely and 

effectively translated into clinical practice. One of the primary concerns is the specificity of 

USAG-1 modulation. Because BMP and Wnt pathways are involved in many other physiological 

processes—including bone growth, kidney development, and immune regulation—systemic 

suppression of USAG-1 could lead to unintended consequences. Thus, any therapeutic 

application would require highly localized and controlled delivery mechanisms to ensure 

targeted action within the oral cavity without affecting other tissues [16,17]. Moreover, careful 

timing is crucial, as inappropriate activation of developmental signals could result in malformed 

or ectopic teeth. 

In addition to the biological complexities, regulatory and ethical issues also arise. The idea of 

regenerating teeth through molecular manipulation raises questions about how such treatments 

should be classified, tested, and regulated. Thorough preclinical studies and clinical trials are 

essential to evaluate safety, efficacy, and long-term outcomes. Moreover, equitable access to 

these advanced therapies must be considered to prevent disparities in dental care. As with many 

biotechnological innovations, there is a risk that such treatments may initially be limited to 

affluent populations, thereby widening existing gaps in oral health [18]. 

 

Despite these challenges, the potential benefits of USAG-1-based therapies are profound. For 

individuals with congenital tooth agenesis, such as those with genetic syndromes that prevent 

normal tooth development, regenerative solutions could eliminate the lifelong dependence on 

prosthetic devices. Biological regeneration could offer a permanent, self-renewing replacement 

that functions identically to the original tooth for patients who have lost teeth due to disease or 
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trauma. Moreover, beyond tooth regeneration, the principles underlying USAG-1 modulation 

might also be applied to other areas of craniofacial tissue regeneration, further expanding the 

horizons of restorative medicine [19]. 

Future research will likely explore the combinatory effects of USAG-1 inhibition with other 

molecular signals to enhance precision and effectiveness. Integrating this research with advanced 

imaging, 3D printing, and bioinformatics could accelerate the development of patient-specific 

treatment protocols. Additionally, long-term observational studies will be needed to assess 

regenerated teeth' durability and functional integration over time. These investigations will be 

crucial in determining the feasibility of bringing such innovative treatments from the laboratory 

bench to the dental chair [20]. 

 

In conclusion, the discovery of USAG-1’s role in tooth development and regeneration represents 

a significant step forward in regenerative dentistry. Its ability to modulate critical signaling 

pathways and potentially restart the developmental process of tooth formation introduces a 

paradigm shift in how we approach tooth loss. While current therapies aim to replace missing 

teeth with artificial devices, future interventions may enable clinicians to regenerate fully 

functional, biologically integrated teeth from within the patient’s own body. As research 

continues to unfold, this frontier promises to transform dental care, moving us closer to the 

ultimate goal of true biological restoration. 

 

 

BACKGROUND AND HISTORICAL PERSPECTIVE 

 

The path to tooth regeneration has been formed by decades of research in developmental 

biology, genetics, and stem cell therapy. The following timeline summarizes the critical 

developments that led to the discovery of USAG-1's role in odontogenesis in Table 1. 
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YEAR MILESTONE SIGNIFICANCE 

1930s The discovery of tooth morphogenesis 

principles in mammals. 

Set the foundation for understanding 

tooth development. 

1990S Identification of BMP and Wnt signaling 

pathways during embryogenesis 

Revealed critical signaling pathways 

involved in tissue differentiation. 

2004 Discovery of USAG-1 as a BMP 

antagonist 

Demonstrated its function in 

organogenesis as a regulator. 

2009 Mice lacking USAG-1 acquired extra 

teeth. 

Demonstrated a clear connection 

between tooth number control and 

USAG-1. 

2018 In animal models, inhibition of USAG-1 

has been demonstrated to promote tooth 

regeneration. 

Suggested therapeutic potential for 

human tooth regeneration. 

2021 Mice's first effective tooth regeneration 

with anti-USAG-1 Ab 

Confirmed that USAG-1 is a viable 

target for regenerative medicine. 

2023 USAG-1 monoclonal antibodies are used 

in early-stage human trials beginning in 

Japan. 

Marked the transition from lab-based 

studies to clinical research. 

TABLE 1: DEVELOPMENTS IN DISCOVERY OF USAG-1 GENE  

 

 

 

CLINICAL APPLICATIONS  

Regenerative dentistry has changed dramatically after the discovery of USAG1 (Uterine 

SensitizationAssociated Gene1), a known antagonist of bone morphogenetic protein (BMP) and 

modulator of Wnt signaling. It is a prospective target for therapeutic approaches since its 

inhibition has shown a special capacity to promote tooth development [21]. The possible effects 

of USAG1 modulation on a variety of dental diseases are described in the clinical applications 

that follow. 

 

 

 Congenital Tooth Agenesis (Hypodontia, Oligodontia, Anodontia) 

 

About 1% to 2% of people are born without teeth. This condition can be a single characteristic or 

a component of a hereditary syndrome such as ectodermal dysplasia or disorders linked to the 

WNT10A mutation. Due to lacking dentition, children born with hypodontia or oligodontia may 

experience functional and psychosocial difficulties [22]. 

 

Therapeutic potential  
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By suppressing USAG1, odontogenic pathways are reactivated, particularly through increased 

BMP and Wnt signaling, which enables the formation of new tooth germs in animal models. 

Biological, as opposed to mechanical, tooth replacement is possible with this technique [23]. 

 

Clinical translation  

The ability of antiUSAG1 monoclonal antibodies to regenerate functioning third incisors has 

been demonstrated in mice models with congenital tooth absence. Children with congenital 

agenesis are the focus of ongoing human trials that hold promise for use in paediatric settings in 

the future [24]. 

 

 

Acquired Tooth Loss Due to Trauma or Disease 

 

In both adolescent and adult populations, tooth loss due to trauma, periodontitis, caries, or 

endodontic failure remains a significant clinical problem.  Dental implants, permanent bridges, 

and detachable prostheses are examples of conventional procedures [25]. 

 

Therapeutic potential 

After tooth loss, USAG1 inhibition may be used as a minimally invasive procedure to promote 

the development of new teeth in the alveolar ridge. Direct application of the therapy at the 

extraction or trauma site could encourage the spontaneous regeneration of a tooth with the proper 

structure and function [26]. 

 

 

Regenerative Dentistry in Edentulous and Geriatric Patients 

 

Due to age related tissue deterioration and cumulative dental illness, older people frequently 

suffer from partial or total edentulism. These patients usually use implant supported prostheses 

or dentures, which have drawbacks in terms of comfort, bone preservation, and retention [27]. 

 

Therapeutic potential 

When the alveolar bone is still viable, localised odontogenesis may be stimulated by USAG1 

inhibitors explicitly delivered. Although currently in the experimental stage, whole arch 

regenerating solutions may become available in future clinical practice when USAG1 therapy is 

combined with bioengineered scaffolds and supportive tissue creation techniques [28]. 

 

 

Management of Supernumerary Teeth in Syndromic Conditions 

Although the main goal of USAG1 inhibition is to encourage tooth production, it also plays a 

reciprocal mechanistic role in controlling the number of teeth. Excess teeth (hyperdontia) are a 

common symptom of syndromes including cleidocranial dysplasia and Gardner syndrome, which 

may indicate deregulation of the same pathways that USAG1 regulates [29]. 

 

Therapeutic potential 

Future manipulation (rather than only inhibition) to decrease unwanted supernumerary tooth 

formation may be possible with a deeper knowledge of USAG1's signalling dynamics. 
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Therefore, USAG targeted treatments may finally promote dental pattern normalisation as well 

as enlargement [30]. 

 

 

Pediatric and Adolescent Dental Applications 

The changing shape of the developing jaw makes treating lost or deformed teeth in paediatric 

dentistry very difficult. While prostheses need to be produced often, implant insertion is not 

advised until skeletal maturity [31]. 

 

Therapeutic potential 

 

Inhibiting USAG1 might provide a biological remedy that changes with the body, offering a long 

term substitute for implant or prosthesis based therapies. The regeneration of teeth that are 

physiologically aligned may result from administering USAG1 inhibitors during the early 

developmental windows [32]. 

 

Adjunctive Use in Oral and Maxillofacial Surgery 

The following surgical techniques could be combined with tooth regeneration: 

 

1. Bone grafts after tumour removal or trauma 

2. Ridge augmentation for the loss of alveolar bone 

3. Corrective jaw procedures that need rehabilitation with prosthetics [33] 

 

 

Therapeutic potential 

In these situations, USAG1 inhibitors may be used in conjunction with skeletal reconstruction to 

repair the dentition by tissue engineering methods physiologically. 

 

 

Personalized Regenerative Dental Therapies 

USAG1 treatments could be tailored to each patient's unique profile as the field of dentistry 

evolves to integrate genetics and precision medicine [34]. 

 

Therapeutic potential 

1. Ideal candidates might be those with known mutations in the BMP or Wnt pathways. 

 

2. Predicting responsiveness to USAG1 inhibition can be aided by genetic screening. 

 

3. Combining this with 3d Printed scaffolds or patient specific stem cells could result in 

completely customised regeneration regimens [35].  
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Image 1: MECHANISM OF USAG-1 GENE 

 

 

 

ADVANTAGES AND DISADVANTAGES 

 

ASPECT ADVANTAGES DISADVANTAGES 

Biological Outcome encourages the growth of natural, root-

forming teeth 

Risk of developing extra teeth that are not 

required or positioned incorrectly 

Invasiveness Minimally invasive—possibility of 

therapy with injections 

Clinical delivery methods are continuously 

being developed. 

Personalization Adaptable to the unique genetic 

conditions of each patient 

Requires advanced diagnostics and possibly 

gene profiling 

Immune 

Compatibility 

Rejection risk is minimal when 

employing biocompatible or autologous 

agents. 

Long-term immune response and tolerance data 

are limited 

Integration with 

Tissue 

Regenerated teeth can work in harmony 

with the tissues around them. 

Age, bone health, and local microenvironment 

can also affect integration. 

Application in Offers early intervention in children with Children's safety and developmental effects 
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Pediatric Cases congenital agenesis require in-depth, long-term research. 

Technological 

Complexity 

employs targeted molecular treatment, 

which may be more accurate than 

implants. 

calls for highly qualified experts and advanced 

biotech platforms. 

Cost and 

Accessibility 

could lessen the need for dental 

prosthesis in the future. 

Currently, it is expensive and only used in elite 

healthcare settings or research. 

Clinical Stage promising early human studies and 

strong animal proof-of-concept 

Applications for humans are still in the 

experimental stage and are not yet generally 

accessible. 

Ethical & 

Regulatory Status 

avoids using embryonic stem cells in 

some procedures. 

continues to face regulatory delays and ethical 

scrutiny for gene/protein-based treatments. 

 

TABLE 2: USAG-1 GENE AND ITS ADVANTAGES AND DISADVANTAGES  

 

Tooth regeneration presents several promising advantages alongside notable challenges. 

Biologically, it encourages the natural formation of root-anchored teeth, though there is a risk of 

producing extra or misaligned teeth [36]. The approach is minimally invasive, potentially using 

injectable therapies, but its clinical delivery methods are still evolving. Personalized treatment 

tailored to an individual’s genetic profile is a major advantage, yet it demands advanced 

diagnostics and possibly gene profiling. Immunologically, using biocompatible or autologous 

materials minimizes rejection risk, though long-term immune response data remain limited. 

Regenerated teeth can integrate well with surrounding tissues, although factors like age, bone 

quality, and the local microenvironment can impact success. In pediatric cases, tooth 

regeneration offers early interventions for congenital agenesis, but the safety and developmental 

effects in children require extensive study [37]. The technology employs precise molecular 

therapies that could outperform traditional implants but requires highly skilled professionals and 

sophisticated platforms. While it holds potential to reduce dependence on dental prostheses, the 

treatment remains expensive and confined mainly to elite clinical or research settings. Clinically, 

there is robust animal data and encouraging early human trials, though the therapy is still in its 

experimental phase. Ethically and regulatorily, the use of non-embryonic sources in some 

methods is advantageous, yet gene- and protein-based techniques continue to face scrutiny and 

approval delays [38]. 

 

 

 

CONCLUSION 

 

The identification and therapeutic targeting of USAG-1, which provides the first practical route 

to actual biological tooth regeneration, has brought about a paradigm change in dentistry. 

Although there are still issues with long-term safety and therapeutic translation, the initial 

findings in animal and early human models are encouraging. USAG-1-based regeneration 

techniques could soon change how we treat tooth loss from replacement to restoration. 
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