FUTURISTIC TRENDS IN ODONTOLOGY

ABSTRACT
Odontology covers all disciplines involved in the fields of dentistry and craniofacial research, including molecular studies related to oral health and disease. Odontology deals with the scientific study of the structure and diseases of teeth such as tooth decay, periodontitis, dental plaque, dental calculus, dentin hypersensitivity, malocclusion etc. Here, n this chapter I would like to give a briefly introduce odontology and its branches and futuristic trends in odontology that will change the face of future.
INTRODUCTION
Odontology is the specialty oral and maxillofacial pathology is concerned with diagnosis and study of the causes and effects of diseases affecting the oral and maxillofacial region. The term Odontology takes its origin from French word odontologie,  odont- + -logie –logy which is the term for associated scientific study of teeth. The mouth is an important organ with many different functions.
Dentistry is the study, diagnosis, prevention, and treatment of diseases, disorders and conditions of the oral cavity, especially the teeth, and to an extent related conditions in the maxillofacial area.According to ADA, Dentistry is the evaluation, diagnosis, prevention and/or treatment (nonsurgical, surgical or related procedures) of diseases, disorders and/or conditions of the oral cavity, maxillofacial area and/or the adjacent and associated structures and their impact on the human body that is provided by a dentist, within the scope of her/his education, training and experience, in accordance with the ethics of the profession and applicable law. (Adopted, American Dental Association House of Delegates, 10/21/97.).
HISTORY:
The French surgeon Pierre Fauchard became known as the "father of modern dentistry". During the late 17th and early 18th century, Fauchard was a highly skilled surgeon who made remarkable improvisations of dental instruments, often adapting tools from watchmakers, jewelers and even barbers that he thought could be used in dentistry. Fauchard was the pioneer of dental prosthesis, and he invented many methods to replace lost teeth.
There is a movement in modern dentistry to place a greater emphasis on high-quality scientific evidence in decision-making. Evidence-based dentistry (EBD) uses current scientific evidence to guide decisions. It is an approach to oral health that requires the application and examination of relevant scientific data related to the patient's oral and medical health. To practice modern dentistry and to educate upcoming dental care professionals, evidence-based dentistry forms an important asset. It is important for dentists to be able to keep up with developments in diagnosis, prevention and treatment of oral disease, as well as newly discovered causes of diseases, especially in regards to patient safety. Patient’s treatment should always be backed by scientific evidence. [1]
BRANCHES OF ODONTOLOGY
These are the following branches in Dentistry arranged in alphabetical order.
1. Conservative Dentistry and Endodontics: is the dental specialty concerned with the study and treatment of the dental pulp and diseases of the periapical tissue. It encompasses minimal invasive technique preserving maximum healthy tooth structure.
2. Implantology – The art and science of replacing extracted teeth with dental implants.
3. Oral biology – Research in dental and craniofacial biology

4. Oral medicine and radiology– The clinical evaluation and diagnosis of oral mucosal diseases along with the study and radiologic interpretation of oral and maxillofacial diseases
5. Oral and Maxillofacial Pathology – The study, diagnosis, and sometimes the treatment of oral and maxillofacial related diseases.
6. Oral and maxillofacial surgery – Branch which deals with extractions, implants, and surgery of the jaws, mouth and face.
7. Orthodontics and Dentofacial orthopedics – The straightening of teeth and modification of midface and mandibular growth.
8. Pediatric dentistry or Pedodontics – Dentistry for children
9. Periodontology – The study and treatment of diseases of the periodontium (conservative and surgical) as well as placement and maintenance of dental implants.

10. Prosthodontics – Dentures, bridges and the restoration of implants
11. Public Health Dentistry – The study of epidemiology and social health policies relevant to oral health.
FUTURISTIC TECHNOLOGIES INTRODUCING IN DENTISTRY
1. Artificial Intelligence
The developments in AI started in 1943 but the term “artificial intelligence” was created in 1956 at a conference in Dartmouth by John McCarthy. Machine learning, neural networks, and deep learning are subsets of artificial intelligence. Limitations of machine learning are overcome with deep learning. The American National Standard Dictionary of Information Technology defines AI as the capability of a device to perform functions that are normally associated with human intelligence such as reasoning, learning, and self-improvement. [2] Artificial intelligence is also spreading in dentistry due to the technological advancements and digitization of dentistry. Dental second opinions can now be made by computers in many dental fields. Neural Networks in dentistry can be used to make the process of diagnosis more accurate, rapid, and efficient.
a. In Conservative dentistry, AI is  being used for the analysis of dental X-rays and caries or restoration detection.

b. In Endodontics, AI can be useful in detecting periapical lesions and root fractures, root canal system anatomy evaluation, predicting the viability of dental pulp stem cells, determining working length measurements, and predicting the success of retreatment procedures. [3]
c. In Orthodontics, AI is being used as a means to predict whether patients need extractions or not in their treatment plan with accuracy of the artificial neural network in the success of the treatment plan was 94.0% for extractions and 92.8% in the prediction of the use of maximum anchorage. [4] Deep learning neural networks might be utilized to detect TMJ osteoarthritis. [5] Use of AI in the Cephalometric and hand-wrist radiographs analysis and interpretation using landmarks can be extended even further. [6]

d. In Oral and Maxillofacial Surgery, AI can be used to evaluate and improve post-orthognathic surgery image predictions for the individual patient, predict impact of orthognathic surgery on facial attractiveness and age appearance[7], predicting  inferior alveolar nerve paresthesia following third molar extraction[8]
e. In Oral and Maxillofacial Pathology, neural networks may be useful to oral maxillofacial specialists before surgery to detect ameloblastoma (AB) and odontogenic keratocyst (OKC) using panoramic radiographs due to lower cost and better accessibility than CT or MR images.[9]
f. In Implantology, AI can be used to identify dental implant brands on panoramic radiographs and to identify the stage of treatment [10] and access quality of the osteointegration [11]

g. In Periodontology, AI can be used to detect periodontal bone loss in percentage of the tooth root length with more accuracy compared to dentists [12], to detect the periodontal bone level (PBL), the cementoenamel junction level (CEJL), and the teeth, to diagnose the stage of periodontitis [13], and effectively predict the risk of periodontal disease development in young people [14]
h. In Oral oncology, AI has been found to be promising for improving the diagnostic process. Different studies have used clinical photographs to demonstrate that lesions suspected to correspond to OSCC can be easily and automatically differentiated by applying an algorithm. Thus, practitioners have a practical, noninvasive and profitable tool open to non-specialists for the detection of OSCC, and thus for improving the prognosis of oral cancer.[15]
2. Augmented Reality
AR also found a home in dentistry for both educational and clinical purposes. To further improve and enhance dental education and the clinical application of dentistry, new innovations have been introduced. Augmented reality mainly aims to improve the clinical practice in the field of dentistry as the clinical information that is generated can be directly visualized on the patient, combining the real world with the digital world. The primary use of augmented reality in dentistry comprises the use of digital information to improve reality, which allows effective communication between the patients and dentists through the use of videos, pictures, and three-dimensional models. Studies have been conducted where Augmented reality improved the efficiency and safety of craniofacial fibrous dysplasia recontouring [16], AR resulted in improved and effective mandibular angle oblique split osteotomy [17], to  improve 3D-CT images with higher accuracy [18], to enhance intraoperative distraction osteogenesis [19] and  implant placement [20].
3. Virtual Reality
Virtual Reality (VR) completely closes off the outside world with a dedicated headset and immerses the user in a virtual environment. With a virtual reality camera, surgeons can stream operations globally and allow medical students to actually be there in the OR using their VR goggles[21]. On the patient side, VR might be an effective distraction to our dentist’s office anxiety tool in dentistry for children [22,23] and adults [24] .
4. Teledentistry
Teledentistry is one of the current hot topics in dentistry. Distance and reluctancy due to excessive patient load in the OPD, people living in rural areas rarely get access to a dentist. This can change significantly with the spread of teledentistry. Advantages of teledentistry is availability of cheaper prevention practices and allow patients to consult with otherwise unavailable medical professionals and convenience of virtual visitsand follow ups at a touch on the mobile. After the COVID-19 pandemic, remote care’s importance is felt and sets a background for making teledentistry a general practice. 
5. Computer-assisted design and 3D-printing
Computer-assisted design (CAD) and computer-assisted manufacture (CAM), including 3D-printing, are already revolutionising the sector; they are turning them into low-cost, more effective digital labs. With CAD/CAM technology, the tooth is drilled to prepare it for the crown and a picture is taken with a computer. This image is then relayed to a machine that manufactures the crown right in the office thus reducing the long waiting time and limiting the use of temporary crowns. 
3D printers are also able to produce orthodontic models, surgical guides, aligners, retainers and more dental equipment faster and more precisely. And the tasks that would take longer with traditional methods are done by improving workflows and resulting in reduced error and the amount of labour needed, which ultimately endows the technology with time and cost-efficiency.

6. Intraoral camera
One of the biggest inconveniences for a dentist as well as the patient is that sometimes, no matter how wide you open your mouth, the visibility is poor even by using the mouth mirror. Intraoral cameras  offers a spectrum of perception, crisp interpretation, and ease of execution. Thus, intra-oral camera (IOC) have become an indispensable tool in the provision of oral health care. The cumbersome IOC stations are now replaced with IOCs having USB connectivity and are lightweight and much more comfortable to operate as well as more powerful in taking higher quality images. IOC with teledentistry systems can be an effective way to execute clinical training and hands-on continuing dental education for dentists and dental students remotely with low-cost and two-way interaction.[25]
7. Smart Toothbrushes
Smart toothbrushes that collect patient information and provide practitioners with data on patients' brushing habits, These esure that patient is brushing teeth the right way through its app and offers kids fun games to keep up the good habit of regularly cleaning their teeth. It comes packed with sensors in its handle. These provide real-time feedback via a companion app warning you if you are applying too much pressure, where you are brushing and even coach the user as to how to brush properly.

8. Digital Workflows
Healthcare has to reap the benefits of digtal an digitalization long with the use of AI in the dental analysis of x-rays, scans, and samples. With the help of embedded softwares, digitalization eases interoperability. Electronic health records (eHR) with standardized diagnostics, structured assessment and systematic collection of patient information are an effective instrument in health economics. Digital workflows and CAD/CAM technology speed up dental procedures that used to take several weeks, making patients happier and improving the quality of their visits. With increasing digitalization, dentists can increase their efficiency, improve their quality of patient care, and make more accurate diagnoses. In short, these are a way to merge the physical world with technology and rely more on the technological side as a dentist. This means automating specific tasks that would otherwise require a fair amount of manual effort and quickly completing patient check-ins, forms, waivers, and other documentation.
9. Biomarkers
As dental technology improves, dentists should be able to diagnose dental and systemic diseases with greater accuracy. For example, saliva collection is noninvasively and used to obtain current status of the oral microbiome, indicating information such as collagen breakdown, enzyme levels, and various inflammatory markers thus screening for these markers can predict future course of disease and help in early prevention. Multiplexed assays that are being developed as point-of-care (POC) devices, rapid tests, or in more standardized formats for centralized clinical laboratory operations. POC contains a modular and miniaturized sensor system, universal analyzer with functional integrated mechanical/optical interfaces and flexible microchip architecture which caters to the future needs of researchers. [26] Salivary diagnostics is a developing field with the growing appreciation of saliva as it reflects:

i) Tissue fluid levels of natural substances and a large variety of molecules introduced for therapeutic, dependency, or recreational purposes
ii) Emotional status from high anxiety to low-down blues, from mania to depression
iii) Hormonal status
iv) Immunological status and responsiveness
v) Neurological effects
vi) Nutritional and metabolic influences.
10. Regenerative Dentistry and Stem Cells
Researchers from the University of Nottingham and the Wyss Institute at Harvard University have developed therapeutic synthetic, light-curable, biomaterials for dental treatments that support native dental stem cells inside teeth to repair and regenerate dentin.[27] They designed a synthetic biomaterials that can be used similarly to dental fillings and can be placed in direct contact with pulp tissue to stimulate the native stem cell population for repair and regeneration of pulp tissue and the surrounding dentine. They were awarded in the materials category at the Royal Society of Chemistry Emerging Technologies Competition. With regenerative dentistry, one will be able to provide your patients with tooth repair that doesn’t involve invasive treatments. This approach has great promise to impact the dental field.
11. Cytogenetic Techniques
A broad spectrum of genomic imbalances from gross chromosomal

aberrations  to specific gene alterations are seein in Oral cancer. Progressive transformation of oral oncogenesis that involves the epigenetic changes demand substantial research for in-depth characterization of the tumor. Cytogenetic techniques have the potential to detect these aberrations prior to actual clinical manifestation and can serve as prognostic biomarkers and a promising tool in prevention of progression. Conventional cytogenetics include karyotyping, banding techniques, molecular cytogenetics, fluorescent in situ hybridization, spectral karyotyping, comparative genomic hybridization, multiplex ligation probe analysis, and novel techniques like next-generation sequencing (NGS). Crucial diagnostic and prognostic information of specific abnormalities associated with cancer can be envisioned through cytogenetic findings, more precisely by molecular cytogenetics.
12. CRISPR and Genetic Engineering
CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) and Gene-editing technologies modify genetic code to produce favorable results biologically. It allows scientists to manipulate genetic code, potentially eliminating hereditary disease. One of the latest breakthroughs in genetic engineering, it may become a weapon against cancers and many genetic conditions improving life expectancy and living standards. Many studies are undergoing to study the use of CRISPR to inactivate various oral cancer-associated genes. CRISPR-Cas9-based unbiased genome-wide T cell screening has been employed to identify genes in mammalian cells that significantly affect cancer cell survival, proliferation, migration, and drug resistance, based on which we can explore new targets for cancer therapy. [28] This will allow us to eradicate plaque-forming bacteria and even remove various oral genes associated with cancers as a preventive as well as therapeutic modality. 
13. Nanotechnology or Nanoscience

It encompasses research and development in the applied sciences at the atomic or molecular levels and has a huge impact on nearly every aspect of human health and well-being, including pharmacological studies, clinical diagnosis, and supplemental immune system treatments. [29] Nanoparticles have been shown to be more efficient than standard materials and to have superior capabilities in terms of surface chemistry and bonding. Their antimicrobial characteristics are also promising in all medical procedures, particularly in endodontics. Because of their versatility, nanomaterials are a useful tool in dental clinics for a variety of operations including pulp regeneration, drug administration, root restoration, cleaning, obturation, and canal filling. Such dental uses of nanotechnology have led to the development of the field of nanodentistry. These include dendrimers, nanotubes, nanocapsules, nanoshells, nanorings, nanobelts, nanospheres, fullerenes, nanowires, nanorods, liposomes, and quantum dots based on their shape and the existence of nanopores. The advancements in nanotechnology and the improvement of conventional treatment modalities have the potential to improve dental care.
CONCLUSION

Dentistry is a field of medicine where new technologies are developing very quickly. It has advanced in leaps and bounds from its beginnings to the present day, and the future for dental professionals is bright. Nowadays, artificial intelligence and neural networks are mostly used in dental radiology to facilitate diagnosis, treatment planning, and prediction of the treatment results. The most frequently used types of neural networks are artificial neural networks and convolutional neural networks. 
Artificial intelligence has developed very fast in recent years and it may become an ordinary tool in modern dentistry in the near future. The advantages of AI are better efficiency, accuracy and precision, better monitoring, and time saving. AI can be a game changer by providing accurate patient stratification for precise medicine, provide personalized treatment plans and targeted preventive care ultimately empowering the patient and facilitating self-care and independent health monitoring to stay well. 
Augmented reality and virtual reality have been found to be beneficial tools for clinical practice in the field of oral maxillofacial surgery, preventive dentistry, endodontics, and orthodontics. Clinicians can use virtual reality technology to show their patients the expected outcomes before they even undergo any procedures. AR and VR also have a potential role in dental education through enhancing the learning experience for students during their pre-clinical education and training. 
Teledentistry cannot completely replace face-to-face appointments, especially for diagnosis and certain treatments. However, teledentistry offers the convenience of virtual visits from home, saving patients travel and waiting time, while also providing greater accessibility for those with mobility issues or living in remote areas. The compliance of the patient can be increased by the use of IOCs in diagnosis, treatment planning, goal setting, oral hygiene instructions, and maintenance. Advantages include emergency assessment, prompt pain relief, aid in monitoring treatments and safely delivering care. 
Use of saliva for biomarker detection is advantageous as it has real-time diagnostic values; it is comparatively safer than blood sampling; offers ease of obtaining multiple samples, collection and screening can be done at bedside; it is noninvasive, easy and inexpensive; poses minimal risk of cross-contamination; it is more economical in terms of sampling, shipping and storage; less manipulation is required during diagnostic procedures; and saliva does not clot unlike blood. Limitations include levels of certain markers in saliva are not always a reliable reflection; Salivary composition can be influenced by the method of collection and degree of stimulation of salivary flow; flow rate is variable between individuals and in the same individual under different conditions; certain systemic disorders, numerous medications and radiation may affect salivary gland function and consequently the quantity and composition of saliva; and saliva contains proteolytic enzymes derived either from the host or oral microorganisms and these enzymes can affect the stability of certain diagnostic markers thus some molecules are also degraded during intracellular diffusion into saliva.
While studies are still going on teeth regeneration technologies and it is still in their early stages, we predict that regenerative dentistry will make its way into the mainstream and become a sought-after treatment for patients worldwide.
Crucial information in the development and progression of oral cancer is achieved through cytogenetic findings in particular with the molecular cytogenetic techniques. Enhanced examination of these alterations by considering specific markers is required for understanding the development and progression. Novel technologies like NGS have emerged in recent years that hold promise in the detection of these alterations more efficiently. Several drug-targeted gene therapies are utilized and under further evaluation for treating OSCC and that can be achieved only by cytogenetic analysis although some challenges regarding cost and practical. applicability for the benefit of patient needs to be overcome. Multidisciplinary approach between clinicians, researchers, and cytogeneticists with modern technological advances can play a crucial role to interpret the results and achieve better therapeutics in OSCC patients.
Tissue engineering triads and scaffolds impregnated with nanoparticles can simulate an extracellular matrix to help stimulate the creation of host tissues in animals. Low toxicity, antibacterial properties, and better protein–surface interactions make them well-suited for a wide range of dental applications.
In diagnostics, CRISPR can be used to quickly and efficiently detect genes involved in various cancer development, proliferation, metastasis, and drug resistance. CRISPR/Cas9 mediated cancer immunotherapy is a well-known treatment option after surgery, chemotherapy, and radiation therapy. It has marked a turning point in cancer treatment. Challenges such as off-target effects, editing efficiency of CRISPR/Cas9, efficient delivery of CRISPR/Cas9 components into the target cells and tissues, and low efficiency of HDR, are some of the main issues and need further research and development for completely clinical application of this novel gene editing tool.
The future of dental health is exciting. With the advent of new technologies, the field of dentistry continues to evolve and adapt. Creating a better experience for patients, these emerging trends are the blueprint for oral healthcare going forward. These emerging trends are the blueprint for oral healthcare. With the advent of new technologies, the field of dentistry continues to evolve and adapt. Going forward, the future of dental health looks exciting, creating a better experience for patients.
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