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Abstract 
Background: The field of dentistry has experienced rapid technological advancement over the past decade, 
with significant improvements in diagnostic accuracy, treatment precision, and patient experience. This 
systematic review aims to evaluate the latest innovations in advanced dental treatments and assess their 
effectiveness and impact on patient outcomes. 
Methods: A comprehensive literature search was conducted across PubMed, Scopus, Web of Science, and 
Cochrane Library for studies published between January 2016 and December 2024. The search included terms 
such as "advanced dental treatment," "digital dentistry," "laser dentistry," "regenerative dentistry," and "dental 
implants." Studies were selected based on predefined inclusion and exclusion criteria. The PRISMA guidelines 
were followed, and 52 articles met the final eligibility for inclusion. 
Results: The innovations identified were categorized into five primary domains: digital dentistry, implantology, 
regenerative procedures, laser applications, and AI-assisted diagnostics. Across these domains, significant 
improvements were observed in clinical outcomes, procedural efficiency, and patient satisfaction. For instance, 
CAD/CAM systems enhanced restorative accuracy, while laser techniques led to reduced bleeding and shorter 
recovery times. Regenerative therapies showed promise in tissue restoration, and AI tools demonstrated high 
diagnostic accuracy. 
Conclusion: Advanced dental treatments offer substantial benefits in improving procedural success rates and 
patient-reported outcomes. While the clinical advantages are evident, widespread adoption faces challenges 
such as cost, training, and limited long-term data. Further research is needed to validate these innovations and 
integrate them into mainstream dental practice. 
Keywords: Advanced dental treatments, digital dentistry, laser dentistry, dental implants, regenerative 
dentistry, artificial intelligence, patient outcomes, systematic review. 
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1. Introduction 

The dental profession is undergoing a dynamic transformation, driven by rapid technological 

innovations and an increasing emphasis on patient-centered care. Over the past decade, 

advanced dental treatments have emerged as a key area of development, aiming to improve 

diagnostic accuracy, procedural efficiency, aesthetic outcomes, and overall patient experience. 

These treatments encompass a wide range of advancements, including digital dentistry tools, 

laser-assisted surgeries, regenerative procedures, and the integration of artificial intelligence 

(AI) in clinical diagnostics and planning (Schwendicke et al., 2020). 

Digital workflows have become increasingly dominant in prosthodontics and orthodontics 

through the use of computer-aided design and manufacturing (CAD/CAM) systems, intraoral 

scanners, and 3D printing. These tools offer greater precision and faster turnaround times 

compared to conventional methods (Finkelman et al., 2021). Additionally, implantology has 

progressed with the adoption of immediate loading protocols and biocompatible materials like 

zirconia, which offer both functional and esthetic advantages (Aparicio et al., 2016). 

Laser technology has introduced minimally invasive approaches to both hard and soft tissue 

procedures, reducing bleeding, postoperative discomfort, and healing time (Sulewski, 2018). 

Simultaneously, regenerative dentistry is reshaping periodontal and endodontic treatments by 

employing stem cells, growth factors, and biomimetic materials to restore lost dental tissues 

(Nakashima & Iohara, 2017). 

AI and machine learning algorithms are beginning to enhance clinical diagnostics, particularly 

in radiographic interpretation and caries detection, offering real-time decision support with 

high levels of accuracy (Kim et al., 2022). Despite the evident benefits, challenges remain 

regarding accessibility, cost-effectiveness, training, and the need for robust clinical validation 

through long-term studies. 

This systematic review aims to synthesize current literature on innovations in advanced dental 

treatments, focusing on their clinical effectiveness, technological application, and impact on 

patient-reported outcomes. By highlighting both the potential and limitations of these 

emerging technologies, the study seeks to guide clinicians, educators, and policymakers 

toward more evidence-based and future-ready dental care practices. 

 

2. Literature Review 

Over the last decade, the landscape of dental care has shifted significantly, driven by a demand 

for minimally invasive procedures, enhanced esthetics, and improved patient outcomes. 

Among the most impactful innovations is digital dentistry, which encompasses technologies 

such as CAD/CAM systems, intraoral scanners, 3D printing, and digital radiography. These tools 

have enabled clinicians to provide restorations with increased accuracy and reduced chair time, 

contributing to greater patient comfort and workflow efficiency. Studies have confirmed the 

superior marginal fit and reduced need for adjustment with CAD/CAM restorations compared 

to conventional techniques (Mörmann et al., 2021; Finkelman et al., 2021). 
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Implantology has also benefited from technological evolution. Modern implants, including 

those made from zirconia, offer both mechanical strength and aesthetic superiority. 

Immediate loading techniques, guided implant surgery, and digital planning have improved 

osseointegration rates and reduced healing times, contributing to higher patient satisfaction 

(Aparicio et al., 2016). Moreover, the use of computer-aided implant planning systems has 

minimized surgical errors and improved long-term outcomes. 

In the domain of regenerative dentistry, advances in biomaterials and stem cell technology 

have opened new avenues for dental pulp regeneration, periodontal ligament reconstruction, 

and bone regeneration. Regenerative endodontic procedures utilizing stem cells and growth 

factors have shown promise in restoring functionality to necrotic immature teeth, challenging 

traditional root canal therapies (Nakashima & Iohara, 2017). Similarly, bioactive scaffolds and 

hydrogels have been investigated for their ability to support tissue regeneration and 

integration. 

Laser dentistry represents another transformative area, enabling both hard and soft tissue 

procedures with improved precision and patient comfort. The use of diode, Er:YAG, and 

Nd:YAG lasers in cavity preparation, periodontal therapy, and surgical procedures has 

demonstrated reduced bleeding, postoperative pain, and healing time. These benefits have 

positioned lasers as a patient-friendly and clinically effective tool, particularly in pediatric and 

periodontal practice (Sulewski, 2018; Convissar, 2020). 

Artificial intelligence has begun to revolutionize diagnostic processes in dentistry. Deep 

learning algorithms have achieved diagnostic accuracy comparable to that of human experts, 

especially in detecting dental caries, periapical lesions, and alveolar bone loss from 

radiographs. AI has also been used to automate orthodontic planning and detect 

abnormalities in panoramic imaging. These technologies promise to reduce diagnostic errors 

and enhance treatment planning, although ethical considerations and regulatory frameworks 

are still evolving (Schwendicke et al., 2020; Kim et al., 2022). 

Taken together, these advancements reflect a broader movement toward precision dentistry—

where technologies are not only used to improve clinical outcomes but also to tailor 

treatments to individual patient needs. However, despite the promise of these innovations, 

challenges such as cost, practitioner training, integration into existing workflows, and a lack of 

long-term evidence remain barriers to universal adoption. Ongoing clinical validation and 

interdisciplinary collaboration will be essential to ensure these technologies are implemented 

safely and equitably. 

 

3. Methods 

This systematic review was conducted in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A comprehensive literature 

search was performed across four major electronic databases: PubMed, Scopus, Web of 

Science, and the Cochrane Library. The search spanned publications from January 2016 to 

December 2024 and included the following keywords and Boolean combinations: “advanced 

dental treatment,” “digital dentistry,” “laser dentistry,” “dental implants,” “regenerative 

dentistry,” and “artificial intelligence in dentistry.” 
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Studies were eligible for inclusion if they (1) were published in peer-reviewed journals, (2) 

involved clinical or observational research, (3) reported measurable patient outcomes, and (4) 

focused on innovative dental techniques or technologies. Exclusion criteria included case 

reports, review articles, editorials, conference abstracts, and non-English publications. 

Two independent reviewers screened titles and abstracts, followed by full-text assessments. 

Data extraction was conducted using a standardized form, capturing study design, population 

characteristics, intervention details, and outcomes. Quality assessment was performed using 

the Cochrane Risk of Bias tool for randomized controlled trials and the Newcastle-Ottawa Scale 

for observational studies. Discrepancies were resolved through discussion or third-party 

consultation. The data were synthesized narratively, with thematic categorization based on the 

type of innovation examined. 

 

4. Results 

A total of 2,147 articles were initially identified through the systematic database search. After 

removing duplicates and screening titles and abstracts, 104 articles were selected for full-text 

review. Following the application of inclusion and exclusion criteria, 52 articles were deemed 

eligible for this review. The study selection process is summarized in the PRISMA flow diagram 

(Figure 1, to be included in the full article layout). 

The eligible studies were grouped into five main categories based on the type of dental 

innovation: digital dentistry (n=18), implantology (n=12), regenerative techniques (n=9), laser 

dentistry (n=7), and AI-assisted diagnostics and treatment planning (n=6). The distribution of 

studies across these categories is illustrated in Figure 1, showing the dominance of digital 

dentistry in contemporary research, followed by implantology and regenerative therapies. 

 

Figure 1: Number of Studies per Innovation Category 

Digital dentistry studies reported substantial improvements in procedural accuracy, reduction 

in clinical chair time, and enhanced patient comfort. Technologies such as intraoral scanners, 

CAD/CAM systems, and 3D printing were particularly effective in restorative and prosthetic 

procedures. Several randomized controlled trials demonstrated that CAD/CAM restorations 

had significantly better marginal fit and required fewer adjustments than conventional 

restorations. Additionally, the use of digital workflows was associated with decreased clinical 

complications and increased patient satisfaction. 
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In implantology, the reviewed studies highlighted advancements in immediate loading 

protocols, guided implant surgeries, and the use of zirconia as a biocompatible alternative to 

titanium. These innovations were linked to reduced surgical time, faster osseointegration, and 

improved esthetic outcomes. Studies also showed that patients receiving digitally guided 

implants experienced fewer complications and expressed higher satisfaction due to the 

precision and predictability of procedures. 

Regenerative techniques were primarily focused on endodontic and periodontal applications. 

Stem cell-based approaches, growth factors like platelet-rich plasma (PRP), and biomimetic 

materials were used to promote the regeneration of pulp tissue, alveolar bone, and 

periodontal ligaments. The results demonstrated positive outcomes in tissue repair, improved 

vitality of previously non-vital teeth, and enhanced clinical attachment levels. The clinical 

potential of these therapies was particularly promising in young patients with immature 

permanent teeth. 

Laser dentistry was predominantly applied in soft tissue surgeries, periodontal therapy, and 

cavity preparation. Studies reported that the use of diode and Er:YAG lasers led to significantly 

reduced intraoperative bleeding, postoperative discomfort, and accelerated wound healing 

compared to conventional scalpel-based methods. Patients undergoing laser treatments 

expressed greater comfort and a willingness to return for similar procedures in the future, 

supporting the role of lasers as a patient-centered innovation. 

AI-assisted dentistry, while less frequently studied, demonstrated high diagnostic accuracy in 

detecting caries, periodontal diseases, and other radiographic anomalies. Deep learning 

algorithms matched or outperformed human diagnosticians in various image-based 

assessments. Moreover, AI was also used to assist in orthodontic treatment planning and 

automated charting of dental conditions. Although still in the early stages of clinical integration, 

these tools showed potential to enhance diagnostic efficiency and consistency, especially in 

large-volume clinical settings. 

The reviewed studies collectively emphasized improved clinical and patient-reported 

outcomes across all innovation categories. The most commonly reported outcome themes 

included improved procedural accuracy, reduced recovery time, increased patient satisfaction, 

minimally invasive techniques, and enhanced diagnostic precision. Figure 2 displays the 

proportional distribution of these outcome categories across the included studies, with 

procedural accuracy and healing time improvements being the most frequently reported. 

 

Figure 2: Distribution of Clinical Outcomes in Reviewed Studies 
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Despite the positive findings, several studies highlighted limitations such as small sample sizes, 

lack of long-term follow-up, and variability in clinical protocols. Additionally, cost-related 

barriers and the steep learning curve associated with certain technologies were identified as 

challenges to widespread adoption. 

In summary, the analysis revealed that while digital dentistry and implantology are leading the 

innovation wave in dental care, regenerative techniques, laser applications, and AI are rapidly 

gaining ground. These technologies are not only improving the technical execution of dental 

procedures but are also significantly enhancing patient experiences and clinical efficiencies. 

 

5. Discussion 

The findings of this systematic review highlight a transformative shift in dental care, fueled by 

the integration of advanced technologies and minimally invasive techniques. Innovations 

across digital dentistry, implantology, regenerative procedures, laser applications, and artificial 

intelligence have significantly enhanced both clinical and patient-centered outcomes. These 

developments are not only improving procedural accuracy and therapeutic success but are 

also reshaping the patient experience by offering more predictable, comfortable, and efficient 

treatments. 

Digital dentistry has emerged as a cornerstone of modern practice, offering streamlined 

workflows and increased restorative precision. The widespread adoption of CAD/CAM systems 

and 3D printing reflects a broader trend toward digitization in healthcare, with implications 

for inventory management, time efficiency, and patient communication. The ability to scan, 

design, and fabricate restorations within a single visit has notably increased patient 

satisfaction and reduced the need for repeat appointments (Finkelman et al., 2021; Mörmann 

et al., 2021). 

Implantology, particularly with guided surgery and zirconia materials, demonstrates how 

technological precision can enhance clinical outcomes and patient esthetics. However, some 

studies noted that the success of immediate loading techniques is highly dependent on 

practitioner experience and the patient’s anatomical conditions. Therefore, standardized 

protocols and clinician training must accompany these innovations to ensure consistent 

outcomes across populations (Aparicio et al., 2016). 

In the area of regenerative dentistry, the clinical applications of stem cell therapy and 

biomimetic scaffolds show remarkable promise. Nonetheless, much of the current evidence is 

derived from early-phase trials or small sample observational studies. While short-term results 

are encouraging, long-term clinical efficacy and safety remain under-explored. Moreover, 

regulatory frameworks for regenerative therapies are still developing, creating uncertainty 

about clinical approval and ethical considerations (Nakashima & Iohara, 2017). 

Laser dentistry has proven its effectiveness in reducing patient discomfort, improving soft-

tissue healing, and minimizing the need for anesthetics. The technique's appeal lies in its 

ability to provide a less invasive alternative to traditional scalpel methods. However, variability 

in laser types, settings, and operator experience presents a challenge for establishing universal 

guidelines. Future studies should focus on optimizing parameters for different clinical 
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scenarios and standardizing training programs to maximize clinical utility (Sulewski, 2018; 

Convissar, 2020). 

AI-assisted dentistry is a particularly promising area with the potential to revolutionize 

diagnostics, treatment planning, and workflow automation. The accuracy of AI in interpreting 

radiographs and identifying pathology supports its use as a reliable diagnostic adjunct. 

Nevertheless, its integration into daily practice is constrained by technological costs, data 

privacy concerns, and the need for clinician oversight. As AI tools become more accessible and 

refined, they are likely to play a pivotal role in decision-making, especially in large-scale dental 

care systems (Schwendicke et al., 2020; Kim et al., 2022). 

While this review provides a comprehensive overview of recent innovations, it also reveals 

notable gaps in the literature. Many included studies had small sample sizes, short follow-up 

durations, or lacked randomized control designs. This limits the generalizability of findings and 

underscores the need for more rigorous, multicenter trials with diverse populations. 

Furthermore, few studies addressed cost-effectiveness, accessibility, and integration 

challenges, which are crucial for determining the real-world applicability of advanced 

treatments. 

Finally, geographic disparities in innovation adoption must be addressed. Most studies were 

conducted in high-income countries with access to advanced infrastructure and funding. To 

ensure equitable progress in global oral health, future initiatives must explore ways to 

implement cost-effective versions of these innovations in low- and middle-income settings. 

In conclusion, advanced dental treatments are redefining both the art and science of dentistry. 

As technologies evolve, so too must clinical protocols, training systems, and policy frameworks 

to ensure safe, effective, and equitable implementation. Continued interdisciplinary 

collaboration between researchers, practitioners, and manufacturers will be essential to 

translating these innovations from experimental promise to everyday practice. 

 

6. Conclusion 

This systematic review provides a comprehensive evaluation of recent advancements in dental 

treatments, revealing a paradigm shift toward more precise, efficient, and patient-centered 

care. The integration of digital technologies, such as CAD/CAM and 3D imaging, has 

dramatically improved procedural accuracy and workflow efficiency. Likewise, innovations in 

implantology, regenerative therapies, laser-assisted techniques, and artificial intelligence have 

enhanced clinical outcomes, minimized invasiveness, and elevated patient satisfaction. 

The reviewed evidence supports the significant clinical potential of these technologies across 

various dental disciplines. However, the widespread adoption of these advancements is 

tempered by several persistent challenges. These include the high cost of implementation, the 

need for specialized training, inconsistencies in evidence quality, and limited data on long-term 

effectiveness. Additionally, disparities in access to technology across regions highlight the 

need for more inclusive research and strategic health policy planning. 

For dental professionals and stakeholders, these findings underscore the importance of 

embracing innovation while also advocating for evidence-based guidelines and equitable 

access. Continued investment in clinical trials, practitioner education, and cost-reducing 
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strategies will be essential for fully realizing the benefits of advanced dental treatments in 

routine practice. 

As dentistry continues to evolve, a balanced approach—combining technological innovation 

with clinical rigor and patient-centered values—will be critical in shaping the future of oral 

healthcare. 
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