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Abstract 
The objective of this review is to explore the impact of digitalization on periodontics, with a particular focus on its role in 

enhancing both diagnosis and treatment. Drawing from a range of recent technological advancements, the study reviews 

the implementation of advanced imaging techniques and artificial intelligence (AI) in clinical practice. Key digital tools 

such as cone-beam computed tomography (CBCT), digital intraoral scanners, computer-aided design and manufacturing 

(CAD/CAM), and 3D printing are examined for their contributions to the field. The results indicate that the integration of 

CBCT and digital intraoral scanners enables precise early detection of periodontal diseases, while AI refines diagnostics 

through predictive analytics and facilitates personalized treatment plans. Additionally, CAD/CAM and 3D printing 

technologies support minimally invasive procedures and the creation of custom dental prosthetics, leading to improved 

patient outcomes. Overall, the review highlights the significant potential of digital tools to optimize clinical workflows 

and elevate patient care standards, in alignment with contemporary policies aimed at advancing healthcare through 

technology. 

Keywords: Digitalization; Periodontics; Cone-beam computed tomography (CBCT); Digital intraoral scanners; Artificial 

intelligence (AI), Computer-aided design and manufacturing (CAD/CAM), 3D printing, Clinical workflow. 
 

 

1. Introduction 
Emerging technology has paved the way for digitalization across various fields, including dentistry. 

Periodontology, which focuses on the soft and hard tissues surrounding the teeth, is also embracing these 

advancements. Periodontal diseases, which are among the most prevalent chronic inflammations affecting 

approximately 50% of the global population, have become a significant global health issue. Early changes in alveolar 

bone and soft tissue are often not clearly visible on conventional radiographs, underscoring the need for 

technological innovations in periodontology. The identification and management of these diseases or tissue changes 

are becoming increasingly critical in the field.[1] 

Digitalization is transforming the way periodontal diseases are diagnosed and treated. Advanced imaging 

techniques such as cone-beam computed tomography (CBCT) and digital intraoral scanners now allow for more 

precise and early detection of periodontal conditions. Artificial intelligence (AI) and machine learning are further 

enhancing diagnostic accuracy by analyzing vast amounts of data to predict disease progression and tailor 

personalized treatment plans. On the therapeutic front, technologies like computer-aided design and manufacturing 

(CAD/CAM) and 3D printing are facilitating minimally invasive procedures and the creation of custom dental 

prosthetics, leading to improved patient outcomes and faster recovery times. 

This paper aims to demonstrate how digitalization is setting new standards for precision and effectiveness in 

periodontal care, ultimately improving patient outcomes and advancing the field of dentistry. 

 

2. Methodology 
This narrative review explores the impact of digitalization on periodontics by examining advancements in 

diagnostic tools and treatment methods. A literature search was conducted using databases like PubMed, Scopus, and 
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Web of Science to identify peer-reviewed studies published within the past 10 years. Keywords such as 

“digitalization in periodontics,” “CBCT,” “digital intraoral scanners,” “AI in dentistry,” “CAD/CAM,” and “3D 

printing” were used to gather relevant articles. The selected studies focused on evaluating the effectiveness of these 

digital tools in improving diagnostic accuracy, treatment outcomes, and workflow efficiency. The review synthesizes 

these findings to highlight how digital technologies are transforming periodontal care while addressing the ethical 

and practical challenges involved. 

 

3. Advancements in Diagnostic Tools 
3.1. Cone-Beam Computed Tomography (CBCT) 

Cone-beam computed tomography (CBCT) offers excellent accuracy in identifying vertical bony defects, 

particularly in maxillary molars, where it precisely detects furcation involvement and surrounding periodontal tissue 

morphology. This makes CBCT beneficial in complex treatment planning scenarios that require more invasive 

approaches. However, its routine use for assessing intrabony defects is discouraged due to specific limitations and 

higher radiation doses compared to conventional 2D imaging methods like periapical and panoramic radiographs. [2] 

In implant dentistry, CBCT's detailed 3D imaging of the oral and maxillofacial structures enables precise pre-

operative assessment of bone quality, volume, and the exact location of vital anatomical landmarks. Adhering to the 

ALARA (As Low as Reasonably Achievable) principle, careful consideration of CBCT's risks and benefits is 

essential for each patient case to ensure enhanced treatment outcomes with minimized risks. [3] 

 

3.2. Digital Intraoral Scanners 
Digital intraoral scanners have revolutionized periodontics and implantology by providing precise and efficient 

imaging of the oral cavity. These scanners generate highly accurate digital impressions of teeth and surrounding 

tissues, significantly enhancing diagnostic accuracy and treatment planning. In periodontics, they facilitate detailed 

assessments of periodontal structures, allowing for more precise monitoring and treatment of gum diseases. [4] In 

implantology, digital intraoral scanners ensure accurate implant placement and the creation of custom prosthetics, 

improving patient outcomes and treatment success while reducing chair time and discomfort. This digital 

advancement aligns seamlessly with the ongoing digitalization in dentistry, setting new standards for precision and 

patient care. [5] 

 

3.3. The Role of Artificial Intelligence in Diagnosis 
Artificial intelligence (AI) is transforming the diagnosis in periodontics and implantology by analyzing vast 

datasets to identify patterns and predict disease progression with remarkable accuracy. AI algorithms can process 

complex imaging data from digital intraoral scanners and CBCT, facilitating early detection of periodontal diseases 

and optimizing treatment plans. [6] AI-driven image analysis and deep learning algorithms significantly enhance the 

precision of implant placement, minimizing risks and optimizing aesthetic outcomes. Additionally, AI-powered data 

analytics offer valuable insights into patient-specific treatment strategies, thereby improving overall success rates. 

As AI technology continues to advance, it promises to transform implant dentistry, ushering in an era of personalized 

and efficient oral healthcare. [7]
 

 

3.4. Robotic Implant Surgery 
The integration of robotics and AI in dentistry, known as "dentronics," is revolutionizing the field by enhancing 

precision and efficiency. Accurate surgical placement of dental implants is critical to avoiding complications in both 

the surgical and prosthetic phases. In 2017, the Food and Drug Administration (FDA) approved the use of a robotic 

surgical assistant for dental implant placement. Using CBCT scans, the dentist plans the implant position, and the 

robotic arm executes the surgery while the dentist monitors the procedure in real time. This setup allows the dentist 

the flexibility to adjust angulations intraoperatively, ensuring optimal outcomes. [8] 

 

3. 5. Enhancing Diagnostic Accuracy 
Advancements in digital technologies are significantly enhancing diagnostic accuracy in periodontics and 

implantology. Early detection of periodontal diseases is now more feasible with tools like digital intraoral scanners 

and CBCT, which provide detailed and precise imaging of periodontal structures. Furthermore, predictive analytics 

and disease progression modeling, driven by AI, enable clinicians to anticipate the course of periodontal diseases, 

allowing for timely and personalized interventions. These innovations are transforming diagnostic practices, leading 

to better patient outcomes and more effective management of periodontal health. [9] 

 

3. 6. Innovations in Treatment Modalities 
Innovative treatment modalities are significantly transforming periodontics and implantology, enhancing both 

the precision and effectiveness of dental procedures. 

 

3. 7. Computer-Aided Design and Manufacturing (CAD/CAM) 
Computer-Aided Design and Manufacturing (CAD/CAM) technology has revolutionized the design and 

production of dental prosthetics. By allowing for the precise digital modeling and creation of custom-fitted 
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restorations, CAD/CAM ensures superior accuracy and fit, leading to improved patient outcomes and reduced chair 

time. [10] 

 

3.8. 3D Printing in Periodontics 
3D printing in periodontics has further advanced the field by enabling the production of highly accurate and 

customized dental implants and surgical guides. This technology facilitates the creation of intricate designs that 

match the patient’s unique anatomy, thereby enhancing the precision of implant placement and reducing the risk of 

complications. [11] 

 

3.9. Clinical Integration and Workflow Optimization 
Clinical integration and workflow optimization are essential for advancing periodontal practices, and digital 

tools are at the forefront of this transformation. By streamlining various processes, digital technologies such as 

electronic health records (EHRs), digital intraoral scanners, and CAD/CAM systems enhance the efficiency and 

accuracy of periodontal treatments. These tools facilitate real-time data sharing and comprehensive patient 

management, ensuring seamless communication among dental professionals. This enhanced collaboration leads to 

more coordinated care, improved diagnostic accuracy, and optimized treatment planning, ultimately elevating the 

quality of patient care in periodontics. [12] 

 

3.10. Challenges and Ethical Considerations 
While digital technologies are revolutionizing periodontics and implantology, they also present certain 

challenges and ethical considerations that must be addressed. One major challenge is the limitations of digital tools, 

such as the high cost of equipment and the need for specialized training to ensure accurate and effective use. 

Additionally, the reliance on digital data raises concerns about data privacy and security, making it crucial to 

implement robust measures to protect patient information. Ethical implications in digital dentistry also include 

ensuring equitable access to these advanced technologies, preventing a disparity in care between different 

socioeconomic groups. As the field continues to evolve, it is essential to address these challenges and uphold ethical 

standards to ensure that the benefits of digital advancements are accessible to all patients while maintaining their 

trust and safety. [13]
 

 

4. Discussion 
The transformative impact of digitalization on periodontics is well-illustrated by the integration of advanced 

imaging techniques, such as cone-beam computed tomography (CBCT) and digital intraoral scanners. Authors like 

Acar and Kamburoğlu (2014) have highlighted the accuracy of CBCT in identifying vertical bony defects and 

assessing complex anatomical structures, particularly in maxillary molars, where conventional radiographs fall 

short.
2
 These tools have enabled clinicians to detect periodontal diseases at much earlier stages, facilitating more 

precise and informed treatment planning. The ability to visualize the intricate details of periodontal tissues has 

redefined diagnostic practices, leading to better patient outcomes and a higher standard of care in periodontology. 

Artificial intelligence (AI) is another cornerstone of this digital revolution in periodontics, significantly 

enhancing diagnostic accuracy and treatment personalization. As discussed by Khan et al. (2024), AI algorithms are 

capable of analysing vast amounts of complex imaging data, identifying patterns, and predicting disease progression 

with remarkable precision.[6]  The role of AI extends beyond diagnostics, offering predictive analytics that aid in the 

development of personalized treatment plans. This capability not only optimizes the clinical workflow but also 

improves overall treatment success rates by tailoring interventions to individual patient needs, thereby setting a new 

benchmark in periodontal care. 

On the therapeutic front, technologies such as computer-aided design and manufacturing (CAD/CAM) and 3D 

printing have revolutionized the production of dental prosthetics and surgical guides. Suganna et al. (2022) 

underscore the precision and efficiency that CAD/CAM technology brings to the design and fabrication of custom-

fitted restorations, which has led to reduced chair time and improved patient satisfaction. [10] Similarly, Gul et al. 

(2019) highlight the role of 3D printing in periodontal regeneration and repair, enabling the creation of patient-

specific implants and surgical guides that enhance the accuracy of implant placement and minimize complications.
11

 

While these advancements offer significant benefits, they also present challenges, particularly in terms of cost and 

the need for specialized training. Addressing these challenges will be critical to ensuring that the full potential of 

digital technologies in periodontics is realized, making advanced care accessible to all patients. 

 

5. Conclusion 
Digitalization has revolutionized periodontics by significantly improving diagnostic precision and treatment 

efficacy. Advanced imaging technologies and AI-driven analytics have enhanced early disease detection and 

personalized treatment planning, leading to better patient outcomes. While digital tools streamline workflows and 

reduce treatment times, ethical considerations and accessibility challenges remain crucial. Looking ahead, continued 

advancements in digital dentistry promise to further transform periodontal care, offering more efficient, 

personalized, and accessible treatments for patients worldwide. 
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5.1. Future Perspectives 
The future of periodontics and dental care is poised for significant transformation driven by emerging 

technologies and continued digitalization. Innovations such as AI-driven diagnostic tools, advanced imaging 

techniques, and regenerative therapies are set to further enhance the precision and effectiveness of periodontal 

treatments. Additionally, the integration of tele-dentistry and remote monitoring will expand access to care, allowing 

for timely interventions and personalized treatment plans. As digitalization progresses, we can expect more seamless 

and efficient workflows, improved patient outcomes, and a greater emphasis on preventative care, ultimately leading 

to a new era of highly advanced and accessible dental healthcare.[14] 
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