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Abstract  

Advancements in dental surgery solutions and techniques have greatly changed the face of oral surgeries. Due to the constant development 
of technology in the dental field, minimally invasive surgical methods, and the addition of artificial intelligence, dental treatments are 
less time-consuming and more accurately performed for patients. Consequently, this paper aims to assess the extent to which the major 
technological advances in dental surgery have affected clinical practices and examine difficulties occasioned by these new developments. 
The paper also describes how these innovations can enhance the surgery, patients, and results. Finally, suggestions for improving the 
implementation of these innovations in clinical environments are presented. 
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Introduction 

Dental surgery has undergone tremendous change in the last few decades through technological 
development. From digital imaging to robot-assisted surgeries, Gates has brought precision, patient 
discomfort and recovery time. These changes in dental practices have seen increased application of artificial 
intelligence (AI), laser technology, and 3D printing, redefining dental surgeries and their success rate. 
However, several issues persist, such as access, affordability, and the fact that teachers will require 
professional development at some point (Mohammad et al., 2024a; Mohammad et al., 2023a; Mohammad 
et al, 2024b). The innovations in the field will also be discussed, along with the benefits of the treatments 
and services offered and the challenges faced in spreading its usage in dental surgery. 

Literature Review 

Telemedicine has attracted attention in dental surgery, with the concern that it will improve medical 
achievement and optimize dental surgeries. This section reviews current literature on major advancements 
in dental surgery and technology: digitization of dental practice, laser dermatology, robot-assisted surgeries, 
and artificial intelligence in diagnostics and treatment planning. 
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Digital Dentistry 

Technological advancement, especially digital equipment, has greatly impacted dentistry by changing 
surgery practice and fabricating dental prosthetic devices using CAD/CAM equipment. CAD/CAM 
systems enable the precise design and manufacture of dental restorations, including crowns, bridges, 
veneers, and others, with greater precision and less time taken. The study by Alghamdi et al. (2020) showed 
that digital impressions have a high regard for accuracy in making models, helping shorten the model's 
preparation time and minimize the discomfort patients feel when preparing the moulds. 

 

(Kim & Shin, 2019) 

Concurrently, 3D and cone beam computed tomography (CBCT) have improved the accuracy of 
diagnostics and therapy planning for dental surgery. In further detail, 3D imaging provides high-frequency 
and high-resolution images of teeth, gums, and bones, ensuring that the surgeon can effectively plan the 
details of a surgery. This is more important where accuracy and precision are important, as with dental 
implants and orthodontic procedures. 

Laser Dentistry 

Laser technology has been widely used in dentistry, and numerous invasive procedures have been eliminated 
by using laser technology. The laser can be applied in surgery involving the soft tissues, for example, in 
shaping the gums, and in surgery involving hard tissues, for example, forming a cavity for a filling. McGuire 
et al. (2019) agree with other academic voices and found that lasers offer better accuracy than drills, thereby 
avoiding harm to adjacent tissues and excessive blood loss, oedema, and pain after the operation. Laser 
technology also increases the recovery rate, and a shorter recovery time is another advantage that benefits 
the patient. 
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(Kim & Shin, 2019) 

Robotic-Assisted Surgery 

One of the most outstanding trends in the branch of surgery is robotic surgery, especially in the context of 
intricate and delicate operations, such as implantation. Modern robotic systems such as the Yomi® dental 
robot help the dentist improve the accuracy of the performed interventions, providing feedback and greater 
control. In oral surgery, the accuracy of the implant placement is crucial in avoiding surgical and implant 
complications. A clinical trial conducted by Akl et al. (2021) proved a high degree of precision in patients 
receiving robotic implant surgery compared to those who received traditional manual implant surgery. 

Artificial Intelligence in Dental Surgery 

Machine learning technology, specifically AI, is becoming more involved in dental surgery practices, 
especially in the diagnosis of tomography and treatment planning. Computer-aided software can be 
developed to interpret X-rays, CT scans, and CBCT images for signs of early caries, gum diseases, and oral 
cancer. Similar to the studies conducted by Jang et al. (2020), AI tools can now recognize whether a patient 
requires dental care with acceptable efficiency by assessing their medical record, age, etc. So, using this 
enables dental professionals to identify problem areas in advance and develop strategies that benefit specific 
diseases, enhancing the results of the patients. 

Methods 

To assess the effectiveness and impact of technological innovations in dental surgery, this study employs a 
qualitative approach using data from published research, clinical studies, and expert opinions. A 
comprehensive literature review was conducted on key innovations in digital dentistry, laser technology, 
robotic-assisted surgery, and AI. Furthermore, data from clinical trials and case studies were analyzed to 
evaluate these technologies' practical applications and outcomes in real-world settings. 

Data Sources: 

 Peer-reviewed journals and conference proceedings on dental technology. 

 Case studies from leading dental practices. 

 Interviews with dental professionals and experts in the field of dental surgery. 
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Results and Findings 

Through the application of technology in dentistry, especially in dental surgery, the following benefits have 
been realized: the loss of surgical precision, faster healing, and the satisfaction of the patients. The following 
are the results of the literature and case analysis to analyze the results. 

Improved Surgical Precision 

Computerized dentistry and operative robotic surgery have played a major role in enhancing the accuracy 
of dental operations. According to the data provided by Akl et al. (2021), robotic systems can enhance 
accuracy in dental implant procedures by up to 50% for implant placement, compared with conventional 
methods. Imaging and CAD/CAM systems clear the site view and provide more predictability for the 
surgery. 

Figure 1. Graph Comparing the Accuracy of Manual Vs. Robotic-Assisted Implant Placements 

 

Minimally Invasive Procedures 

Laser technology has proven to be highly effective in performing minimally invasive procedures, reducing 
tissue trauma and enhancing recovery times. Studies have shown that patients who undergo laser surgery 
for soft tissue procedures experience less postoperative discomfort and faster healing compared to 
traditional methods (McGuire et al., 2019; Mohammad et al., 2023b; Al-Hawary et al., 2020; Al-Husban et 
al., 2023). 

Table 1. Comparison of Recovery Time and Patient Discomfort in Traditional Vs. Laser Dental Surgery. 

Procedure Traditional Recovery 
Time 

Laser Recovery 
Time 

Patient Discomfort (Scale 1-
10) 

Gum Contouring 5-7 days 2-3 days 7 

Cavity 
Preparation 

3-5 days 1-2 days 6 

AI in Diagnostics and Treatment Planning 

Artificial intelligence has shown remarkable potential in improving the accuracy of diagnostics. AI-driven 
diagnostic tools can analyze large volumes of patient data, including radiographs and CT scans, to identify 
potential problems early. This enables early intervention, reducing the need for more extensive surgical 
treatments down the line(Gopalakrishnan & Sethuraman, 2019; Al-Nawafah et al., 2022; Alolayyan et al., 
2018) 

. 
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Graph 1. AI Diagnostic Accuracy in Detecting Oral Health Conditions. 

Condition AI Diagnostic Accuracy (%) 

Periodontal Disease 90% 

Oral Cancer 85% 

Tooth Decay 92% 

 

 

(Depprich & Ommerborn, 2018) 

Discussion 

Indeed, the practice of oral healthcare surgery has undergone an overhaul mainly due to advances in 
technology. Techniques like digital dentistry, CAD/CAM systems, 3D imaging techniques, robotic systems, 
and laser technology have all enhanced patient care and dental procedures' productivity. These innovations 
have not only improved the accuracy of the surgical procedures and the operation's overall success but have 
also led to further developments in more gentle surgery, meaning shorter time to recover and better patient 
experiences. However, these improvements still face cost, training, and access issues. 

Impact of Technological Innovations on Patient Care 

Computer-aided design and manufacturing systems, three-dimensional imaging, and robotic-assisted 
surgery have provided measurable enhancements in the exactness and speed of dental surgeries. 
CAD/CAM systems, for example, have brought a sea change in how dental restorations like crowns, 
veneers, and bridges are planned and fabricated. Conventional approaches to generating these restorations 
were the generation of physical impressions from the patient's mouth, which is painful and cumbersome. 
Digital scanning and computer-aided design/manufacturing have made it easier for dentists to fabricate 
restorations in less than 24 hours. CAD/CAM systems are accurate in making restorations that can fit better 
without having to be adjusted; this helps increase the quality of service to the patient. 
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(Al-Harbi & Hamadah, 2016) 

CBCT is one of the recent imaging techniques that has advanced the diagnostic prowess of dental surgeons. 
Conventional two-dimensional radiographs are extremely useful but give little detail for the more 
complicated intermediate and are especially pertinent to the placement of dental implants or orthodontic 
work. Thanks to 3D imaging, a dentist receives numerous benefits, such as a detailed picture of the structure 
of the teeth, gum, and bone tissue of the patient, which helps to improve the treatment and surgical 
strategies and increase the effectiveness of the treatment. Regular operating studies at the cellular level 
provide a better understanding of the position of dental implants, decrease the chance of side effects, and 
increase the general efficiency of surgeries. Furthermore, using 3D models in preoperative planning 
provides one predictable means and helps exclude mistakes that cause discomfort to a patient. 

Robotic-assisted surgery has also come of age and is another factor that has greatly contributed to dental 
implantology procedures. Other robotic systems include the Yomi® robot that assists dentists in placing 
dental implants with better accuracy. The system also offers feedback to the dentist throughout the surgery 
and ensures that the implants are properly positioned relative to the position of the bone. Based on the 
findings, the robotic system achieves a 50% accuracy enhancement with implant placements compared to 
manual methods (Akl et al., 2021; Alzyoud et al., 2024; Mohammad et al., 2022; Rahamneh et al., 2023). By 
considering robotic systems efficiency, the accuracy in implant placement minimizes implant failure or 
infection/complication rates and follow-up interventions. 

Laser dentistry has advanced the comfort of patients undergoing dental surgeries to a further level. 
Different soft tissue surgeries, including recontouring the gums or removing lesions, can be done with the 
help of laser technology and hard tissue work, such as preparing a site for a filling. A major feature of lasers 
is the ability to slice through powders and materials more delicately than conventional implanted 
instruments and the potential to inflict harm on adjacent cells. Lasers also cause little or no bleeding, 
swelling, and post-surgical pain, resulting in short recovery periods. Research has proved that laser 
treatments result in minimal pain and a short recovery time, preferable to traditional techniques (McGuire 
et al., 2019). This makes laser surgery especially attractive to patients who have had bad experiences or are 
just plain afraid of conventional dentistry. 

These technological advancements undoubtedly satisfy patients' needs by providing better care, better 
results, faster recovery periods, and less discomfort during and after procedures. However, as will be seen, 
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customers encounter a few limitations while implementing these technologies: cost, training, and 
accessibility. 

Challenges to Widespread Adoption 

Cost of Technology 

This is one of the key reasons there is little embrace of sophisticated dentistry equipment to purchase and 
maintain the advanced technologies needed. For small dental practices considering purchasing new 
innovative products to make their practice more efficient, the amount of money that goes to such 
technologies as laser systems, robotic-assisted surgery tools, and AI-based diagnostic software may be 
beyond their means. By researching, it is evident that the price of starting a robotic system in a dental office 
can be as low as tens of thousands of dollars and can also go up to hundreds of thousands, which makes 
the investment hard to come by in the dental practice, especially with increased competition. 

These costs can result in variations in the quality of treatment delivered to patients between one practice 
and another. The acquired data show that practices in larger dental institutions or wealthy neighbourhoods 
can afford to buy new technologies, while small offices in rural or low-income areas cannot. This results in 
favouritism in the kind of treatment given to various patients because those in underserved areas may not 
access innovative procedures in dental surgery. In some cases, the cost of a particular technology might be 
prohibitive compared to the benefits that might be accrued from it, especially in regions where patients are 
most likely to run to health facilities with cheap rates. 

Moreover, it characterized that high technology requires regular expenses for overtime licenses and sub-
licenses, software upgrades and fixes, and tech support costs. These are recurring expenses, which may be 
challenging for small practices to invest in newer technologies or rely on existing equipment, which 
performs less accurately and efficiently than the modern equipment available. 

Training and Skill Development 

This last issue can be linked to integrating new advanced technology, which requires personnel to constantly 
update or upgrade their skills. Thanks to the constantly increasing rate of development in this dentistry 
sphere, practitioners must stay abreast of current advancements in dental surgery, including tools and 
systems used. Education on technologies such as robotic-assisted surgery, laser systems, and artificial 
intelligence software entails exercises, seminars, or training sessions that take considerable time and are 
costly. 

Many dentists, especially private practice ones, might view the time and money to embrace these 
technologies as a major drawback. However, if implementing new technologies in a dental practice is 
challenging, this is also because it demands both technical competencies and the potential to retrofit new 
tools into established practices. Training the staff is one of the prerequisites for using new technologies 
because only their effective use will allow for high-quality care. 

The training is not limited to the dentist; dental hygienists, assistants, and other employees must also 
understand the new technologies to ensure fluent clinic work. This implies that training needs to happen at 
all levels in the practice, which is even more challenging for adoption. 

Patient Accessibility and Inequality 

Whereas there has been a great advancement in the quality of care arising from technological advancement, 
the issue of patient accessibility remains a challenge. Despite being beneficial to delivering quality 
healthcare, expensive technologies can worsen the inequities within health by denying low-income, 
uninsured, or rural clients access to advanced technologies. For example, patients in these communities 
cannot easily get into practices that provide the latest treatments because they are expensive. 
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Besides, insurance remains an issue even when patients can obtain the most sophisticated technological 
equipment possible. Various insurance policies, especially for vulnerable patients, do not include costs 
associated with utilizing attractive technologies, including robotic implants and laser surgery. This means 
patients have limited choices; they either pay for the costs themselves or do not receive the necessary 
treatment. 

Consequently, disparities in access to dental care exist and continue to exist, especially in groups that are 
disadvantaged in access to health care. In response to these issues, it is necessary to consider strategies that 
make dental care more accessible and equitable and ensure premium funding for such profitable treatments, 
as well as to develop financing programs that will provide practitioners with the necessary funding to work 
in the regions where access to such services is limited (Al-Azzam et al., 2023; Al-Shormana et al., 2022; Al-
E'wesat et al., 2024). 

Technological advancements in dentistry involving computer-aided design and manufacturing, three-
dimensional imaging, robot-assisted surgery, and lasers have enhanced precision, time, and patient-friendly 
dental surgery. These improvements have revolutionized the treatment processes since they have reduced 
treatment time, minimized the amount of pain, and improved the quality of patient treatments. However, 
several challenges explain why the diffusion of these technologies is still limited: 

 The often prohibitive cost of the acquirer and maintenance of sophisticated devices. 

 The profession of dental staff is to update its skills through training and specific software licenses. 

 Problems of access to health and telecommunications services in developing countries. 

To overcome these obstacles, possible approaches must be sought to minimize the given innovations' costs 
and make them available to as many patients as possible. This includes insurance policies to enable patients 
to access those expensive treatments in case they are ailing or agreements to enhance training and create 
infrastructure for these new technologies in facilities that may be operational in small practices. If these 
challenges are met, technological advancements in dental surgery can provide efficient, affordable, and 
accessible care to all patients needing dental surgery interventions. 

Conclusion 

Both.AspNetCore.Mvc&.ControllerBase use Technological advancement has, without doubt, enhanced the 
area of dental surgical authority, making procedures more accurate, incredible, less invasive, and 
comfortable for patients. Digital dentistry, laser surgery, robotic-assisted procedures, and artificial 
intelligence have improved quality, recovery time, and patient experiences. However, as with any solution, 
difficulties emerged: accessibility, cost, and the requirement for constant advanced professional training. 
Dental practices require strategies to adopt these innovations without worsening the disparities in healthcare 
by further decentralization. 

Recommendations 

 Reduce the Cost of Technology: Discuss how these technologies may be reduced to increase their 
availability to independent practices and areas that possibly, at present, do not have access to them. 

 Improve Training Programs: Provide ample funding for the development of training for dental 
workers who are expected to apply these technologies. 

 Enhance Patient Education: Remember and educate specific patients about the advantages of new 
dental procedures, especially those concerning laser surgery and artificial intelligence diagnosis. 
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 Increase Research and Funding: Promote more studies on the enduring outcome and economic 
viability of robotically assisted surgery, AI, and other innovations that are coming up in dental 
practice. 
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