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Abstract:
Robotics has emerged as a transformative technology in oral surgery, offering unprecedented precision and 
enhancing surgical outcomes. This article provides an overview of the applications, advancements, and 
challenges of robotics in the field of oral and maxillofacial surgery. Key applications include dental implant 
placement, orthognathic surgery, tumor resection, and nerve repair. The integration of robotics allows for 
precise pre-operative planning through advanced imaging and simulation, thereby minimizing risks and 
improving patient safety. Despite its benefits, challenges such as cost, training requirements, and surgical 
workflow integration remain. Ongoing research focuses on enhancing haptic feedback, miniaturizing robotic 
tools, and integrating artificial intelligence to further refine surgical techniques. Looking forward, robotics 
holds promise in revolutionizing oral surgery by pushing the boundaries of surgical precision and patient care.
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I. Introduction:
For decades, robotics and surgery evolved autonomously.1The term "robot" originated from the Czech 

word "Robota," meaning "labor" or "drudgery," coined by Czech writer Karel Čapek in 1920. In 1967, 
Masahiro Mori defined robots as "flexible machines" possessing characteristics like mobility, intelligence, and 
versatility.2According to the American National Standards Institute; robots are programmable mechanical 
devices capable of autonomous operations and mobility tasks.3Medical robots are categorized as macrorobots, 
microrobots, and bio-robots.4 Joseph Engelberger, recognized as the Father of Robotics, founded Unimation 
Corporation in 1958, the world’s first robot-manufacturing factory, which marked the official start of the 
industrialization of robots.5 In 1978, Unimation developed a Programmable Universal Machine for Assembly, 
representing a significant milestone in the development of international industrial robotics. In the late 1980s and 
early 1990s, endoscopic techniques flourished but faced limitations. The potential of telerobotics in minimally 
invasive surgery became evident, although the safe integration of robots and surgery via telemanipulation for 
surgical innovation was achieved only recently.6 As technology has advanced, robotic-assisted surgery has 
shown numerous advantages over conventional techniques, including more precision, efficiency, minimal 
invasiveness, and safety, making it a research hotspot and cutting-edge trend.7 Advances in digital imaging, 3D 
printing, and new restorative materials have transformed dentistry. Robotics is the next frontier, promising 
superior precision, reduced human error, and improved patient outcomes.8 The successful application of medical 
robots, such as the da Vinci Surgical System, has spurred enthusiasm for robotics in dentistry.9 Applications 
include the Yomi Dental Robot for dental implants, microrobots in endodontics, and potential use in 
maxillofacial surgery.10Despite the benefits, the adoption of robotics in dentistry faces challenges such as cost, 
learning curves, and the need for further research.
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Dental schools like Boston University and New York University College of Dentistry are integrating 
robotics into their curricula, preparing future practitioners to effectively utilize these technologies.11 While 
challenges may slow widespread adoption, continued innovation is expected to drive broader integration in 
dental practices worldwide. The future of dental robotics holds promise beyond implant surgery, potentially 
impacting orthognathic surgery, endodontics, prosthetics, and more. Robotics in oral surgery has the potential to 
redefine treatment standards and improve patient outcomes as technology evolves and research 
expands.Overall, robotic surgery in head and neck oncology demonstrates significant potential to improve 
surgical outcomes, reduce morbidity, and enhance patients' quality of life by preserving critical functions such 
as speech and swallowing.12

II. Discussion:
In the ever-evolving landscape of healthcare technology, robotic assistance has emerged as a promising 

tool in the field of oral and maxillofacial surgeries. This innovative approach offers a spectrum of potential 
benefits, yet also presents challenges and considerations that merit careful examination. By exploring both the 
advantages and drawbacks of integrating robotic systems into surgical practices, dentists and oral surgeons can 
discern whether they represent a transformative boon or a potential bane for the future of patient 
care.13Orthognathic surgery is pivotal in correcting dentofacial deformities, where achieving precise outcomes is 
crucial for patient satisfaction. Traditional methods using intermediate splints for maxillary repositioning have 
historically been fraught with challenges such as inaccuracies and complex laboratory procedures.14 In response, 
newer techniques like intraoperative navigation, template-based surgery, and patient-specific implants have 
emerged to enhance precision without relying on mandibular autorotation.15These advancements mitigate 
intraoperative errors and streamline procedures by eliminating labor-intensive preoperative preparations.16

Despite progress in navigation and implant technologies, achieving precise maxillary positioning 
remains complex. Template-based surgery and patient-specific implants offer promising accuracy but require 
extensive planning and may limit intraoperative flexibility. Medical robotics present a transformative 
opportunity in orthognathic surgery by focusing on osteotomy and bone segment repositioning, enabling real-
time adjustments based on intraoperative data.This not only enhances surgical precision but also facilitates 
minimally invasive techniques, accelerating recovery times.17 Research into robotic systems that integrate 
surgical navigation for maxillary repositioning shows promising benefits that require validation through 
experimental studies.18 One study evaluated the feasibility and accuracy of robot-assisted maxillary 
repositioning through postoperative Computed Tomography analysis, highlighting promising outcomes while 
acknowledging existing challenges.19Surgical navigation combined with robotic assistance is showing promising 
results in improving the accuracy and efficacy of orthognathic surgeries, particularly in maxillary 
repositioning.20 This approach integrates real-time tracking of anatomical structures and precise execution of 
surgical plans, leading to minimal deviations from the intended postoperative outcomes.21 Jeong Joon Han et.al  
evaluated the effectiveness of a system where a robot arm, guided by surgical navigation, maintained the 
maxilla in the desired position during orthognathic surgery.Results indicated minimal displacements—0.42 mm 
medio-laterally, 0.37 mm antero-posteriorly, and 0.38 mm supero-inferiorly—compared to the surgical plan.22 
These outcomes are comparable to those achieved with other advanced surgical techniques like template-based 
surgery and patient-specific implants. Traditionally, methods such as interocclusal splints and customized 
guides have been used, but they pose challenges like inflexibility during surgery and potential inaccuracies due 
to preparation errors.23

In contrast, the robotic system offers flexibility during surgery, allowing adjustments to the surgical 
plan in real-time, which is crucial for adapting to unforeseen circumstances.24 However, the integration of 
robotic technology in orthognathic surgery, also presents challenges. Fully autonomous surgeries, while 
technically feasible, require robust safety measures to prevent malfunctions. Additionally, the lack of tactile 
feedback in robotic arms may hinder their ability to detect and address bony interferences accurately, potentially 
prolonging surgical procedures.25 To assess surgical outcomes, 3D Computed Tomography scans are commonly 
used despite inherent limitations such as differences between reconstructed models and actual anatomy. 
Techniques like optical scanning and dental markers are employed to minimize these errors and ensure accurate 
evaluation of surgical results.26 The combination of robotic assistance and surgical navigation holds promise for 
enhancing orthognathic surgeries, it necessitates addressing cost considerations, space requirements, and 
technological refinements for clinical applicability.27 Future advancements should focus on improving safety 
features, enhancing tactile perception in robotic systems, and optimizing integration into routine surgical 
practices..The broader adoption of robotic surgery in maxillofacial surgery, including applications for head and 
neck tumours, faces obstacles such as extended surgical durations and specific technical demands.28Addressing 
these issues necessitates ongoing research and technological refinements to optimize robotic surgery across 
diverse head and neck procedures.29Critical aspects requiring further investigation before robotic surgery 
becomes a standard treatment include long-term efficacy assessments, cost-effectiveness analyses, and 
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resolving unique field challenges.30Future advancements in robotic surgery entail developing specialized 
instruments for head and neck procedures, miniaturizing components for precise manoeuvres, integrating haptic 
feedback for surgical dexterity, enabling multi-surgeon capabilities, and designing flexible multiportaccess 
devices.31Continued innovation promises to expand robotic technology's application in enhancing surgical 
precision, patient outcomes, and overall standards of care in head and neck surgery. Virtual surgical planning, 
which enhances robotic system precision and efficiency, holds potential for reducing surgical duration and 
improving outcomes in reconstructive procedures. Integrating robotic surgery with Virtual Surgical Planning 
represents a promising direction for advancing robotic-assisted procedures in head and neck surgery.32Transoral 
robotic surgery has demonstrated significant advantages over traditional methods, particularly in reducing 
complications and postoperative bleeding.33 Lee et al. reported that Transoral Robotic Surgery resulted in 
shorter operation times, faster recovery of swallowing function, and reduced hospital stays compared to 
conventional approaches.34While procedures such as submandibular gland excisions may still require 
transcervical approaches, Transoral Robotic Surgery offers aesthetic benefits through techniques like the 
retroauricular or modified facelift incision, resulting in minimal visible scarring.35Robotic systems equipped 
with neurostimulators provide a technical advantage by emitting warnings when approaching nerves, 
eliminating the need for frequent instrument changes required in open surgeries.36Robotic approaches in neck 
dissections, such as the transaxillary method introduced by Kang et al., have demonstrated advantages over 
traditional open surgeries by minimizing visible scarring and better preserving muscle function.37 However, 
challenges in accessing deep neck levels have led to the development of alternative techniques like the 
retroauricular or facelift approach, pioneered by Lee et al.38Despite longer operative times associated with 
robotic neck dissections, outcomes related to intraoperative bleeding, nodal recurrence, postoperative drainage, 
hospital stays, and patient satisfaction with postoperative aesthetics remain comparable to those of traditional 
methods. These advancements underscore the evolving role of robotics in enhancing surgical precision and 
patient outcomesacross various procedures in head and neck surgery.39 In the realm of cleft palate surgeries, 
robotic techniques are still evolving. Nadjmi's research indicates that while muscle sling reconstruction using 
robotics may take longer than traditional methods (average of 9.5 months), it results in shorter hospital stays 
and faster functional recovery. This is attributed to the precise dissection capabilities of robotic systems, which 
minimize damage to muscle vascularization and innervation.40These cancers are globally significant with high 
incidence rates and mortality statistics. Surgery remains crucial for treating many head and neck cancers, 
especially when tumors near the larynx pose challenges for traditional surgical methods.41 Robotic surgery 
offers a minimally invasive option for precise tumor removal, leading to improved postoperative outcomes in 
speech and swallowing functions. The technology continues to advance, broadening its applications in 
managing head and neck neoplasms.42Initially demonstrated in preclinical experiments, robot-assisted surgery 
for conditions like vallecular cysts began with successful procedures by McLeod and Melder in 2005.43 
Subsequent advancements, such as robot-assisted resections of base of tongue neoplasms by O’Malley and 
colleagues, and radical tonsillectomies by Weinstein and team, have further expanded the scope of Transoral 
Robotic Surgery.44It has been extensively studied across various neoplasms including squamous cell carcinoma, 
mucoepidermoid carcinoma, malignant melanoma, synoviosarcoma, adenoid cystic carcinoma, pleomorphic 
adenoma, lipoma, and neurilemmoma.45 Research consistently demonstrates that Transoral Robotic Surgery for 
primary or recurrent neoplasms in the oral cavity, oropharynx, nasopharynx, and laryngopharynx results in 
superior functional recovery, higher rates of negative margins, and improved survival outcomes compared to 
traditional open surgery or radiochemical therapy.46 Additionally, Transoral Robotic Surgery is associated with 
reduced risks of complications such as hemorrhage and dependence on gastrostomy or 
tracheostomytubes.While Transoral Robotic Surgery shows great promise, challenges remain, as reported by 
Blanco et al. who noted instances where Transoral Robotic Surgery for recurrent oropharyngeal squamous cell 
carcinoma led to postoperative metastasis in some patients.47 The technology has also proven effective in 
detecting and diagnosing unknown primary tumors, particularly in Human Papilloma Virus positive patients, 
surpassing traditional diagnostic methods like Computed Tomography scans, positron emission tomography 
scans, and directed biopsies. Blanco et al. reported instances where Transoral Robotic Surgery for recurrent 
oropharyngeal squamous cell carcinoma resulted in regional or distant metastasis postoperatively in three out of 
four patients, highlighting significant challenges and outcomes that require careful consideration.48 Despite these 
challenges, Transoral Robotic Surgery has shown effectiveness in detecting and diagnosing unknown primary 
tumors, particularly in Human Papilloma Virus positive patients, outperforming conventional methods such as 
computed tomography, positron-emission tomography, and directed biopsies.49The influence of Human 
Papilloma Virus  status on prognosis in oropharyngeal cancer remains varied in research findings. Some studies 
suggest that Transoral Robotic Surgery can achieve outcomes comparable to Human Papilloma Virus negative 
patients in terms of resection margins and survival rates, while others indicate higher disease-free survival rates 
in Human Papilloma positive patients.50Postoperative quality of life assessments have indicated temporary 
declines in swallowing and speech functions 3–6 months post Transoral Robotic Surgery, with recovery to 
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preoperative levels typically occurring within a year.51 Robotic surgery offers several advantages including 
precise dissection using laser instruments, potentially reducing hemorrhage, intraoperative pharyngotomy, 
postoperative pain, and operation times compared to traditional electrocautery methods. However, the compact 
nature of the parapharyngeal space, which houses critical structures like the internal carotid artery andcranial 
nerves IX, X, and XI, presents challenges requiring meticulous surgical planning and technique adaptation in 
robotic approaches.52Continued research is essential to refine techniques, optimize patient selection based on 
Human Papilloma Virus status, and enhance postoperative outcomes and quality of life with Transoral Robotic 
Surgery.53 Innovations in robotic surgery have demonstrated significant advancements in treating head and neck 
neoplasms.54 Studies have shown benefits such as shorter hospital stays, rapid functional recovery, and reduced 
complications across various tumor types including squamous cell carcinoma, lipoma, and adenoid cystic 
carcinoma.55Challenges persist, as highlighted by Chan et al. in robot-assisted surgery for pleomorphic 
adenoma, due to limitations in tactile feedback and instrument handling.56 Advancements in thyroid and 
mediastinal parathyroid surgeries, such as transaxillary robotic resections introduced by Bodner et al., have 
established minimally invasive and safe procedures.57Despite requiring longer operative times and hospital stays 
compared to traditional methods, robotic retroauricular thyroidectomy for papillary thyroid carcinoma has 
demonstrated feasibility and safety, reflecting ongoing progress in the field. Recent developments have also 
shown effectiveness in excising lingual thyroglossal duct cysts using either transoral or retroauricular 
approaches, minimizing complications and recurrence compared to transcervical approaches.58 Robotic systems 
enhance surgical precision through enhanced three-dimensional visualization and magnification, reducing 
damage to surrounding tissues, intraoperative bleeding, and infection risks. For salivary gland tumors, robotic 
resections via retroauricular or modified face-lift approaches offer curative effects with minimal scarring, 
presenting more appealing options to patients compared to traditional transcervical approaches.59 Studies by 
Yang et al. have suggested that robotic gland-preserving surgery may reduce intraoperative hemorrhage risk, 
positive margin rates, and postoperative nerve deficits compared to conventional methods,despite longer 
postoperative hospitalization and drainage durations due to the complexity of flap management.60Additionally, 
robotic surgery has been successfully applied for oropharyngeal minor salivary gland tumors, parotid gland 
tumors, and sublingual gland ranulas.. Multiple studies have reported favorable outcomes, including excellent 
cosmetic results, minimal neurovascular damage, low positive margin rates, and rapid functional recovery, 
further underscoring the benefits of robotic technology in managing salivary gland pathologies.Neck dissection 
followed by head and neck tumor removal is always necessary to reduce locoregional recurrence.61Kang et al. 
pioneered the use of robotic surgical systems in radical neck dissection via a transaxillary approach for treating 
thyroid carcinoma, aiming to minimize visible scars and muscle deformities while enhancing deep and precise 
dissections.62However, this method faced challenges in completely dissecting level I regions. Subsequent 
advancements involved robot-assisted radical or selective neck dissections using retroauricular or modified 
face-lift approaches, addressing these limitations. Studies comparing robot-assisted neck dissection with 
traditional open surgery found similar outcomes in terms of intraoperative bleeding, lymph node retrieval, 
drainage volume, hospitalization duration, and complications.63 Notably, patients undergoing Radical and neck 
dissection reported higher satisfaction with postoperative aesthetics. Additionally, research by Kim et al. and 
Tae et al. suggested potential advantages of Radical and neck dissection over conventional surgery, including 
lower risks of lymphedema and lymph node recurrence.64 In post-ablative defect reconstruction, Genden et al. 
first utilized robotic systems for complex mucosal and flap procedures, demonstrating benefits such as shorter 
operative times, improved functional recovery, and enhanced aesthetic outcomes compared to traditional 
methods.65Further studies explored various flap techniques with successful outcomes, highlighting the precision 
and efficacy of robotic systems in reconstructive surgery. In the realm of obstructive sleep apnea syndrome, 
robotic surgery, particularly Transoral Robotic Surgery, emerged as a viable option for procedures like base of 
tongue resection, tonsillectomy, and supraglottoplasty.66 Studies indicated that Transoral Robotic Surgery could 
achieve similar therapeutic efficacy to conventional surgeries but with reduced postoperative pain, shorter 
hospital stays, and lower rates of complications like dysphagia. The success rates of Transoral Robotic Surgery 
varied but generally showed significant improvements in Obstructive Sleep Apnoea Syndrome symptoms 
postoperatively.Overall, robotic surgical techniques continue to advance in treating various head and neck 
conditions, offering precise interventions with minimal morbidity and favorable functional outcomes. 

III. Future Directions AndResearch Opportunities:
The future of robotics in oral surgery holds promise for further advancements. Research continues to 

explore applications in oral surgery, endodontics, prosthetics, and other specialized areas within dentistry, 
aiming to refine technologies, expand their accessibilityandare needed to address specific challenges and 
optimize outcomes across different procedures and patient populations.67
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IV. Conclusion:
The integration of robotics into oral surgery presents a dual-edged prospect—offering substantial 

benefits while posing notable challenges. The precision and enhanced outcomes facilitated by robotics in 
procedures such as dental implant placement, orthognathic surgery, tumor resection, and nerve repair are 
undeniable. These advancements allow for meticulous pre-operative planning through advanced imaging and 
simulation, ultimately reducing risks and improving patient safety. However, challenges such as the high initial 
costs, extensive training requirements for surgeons and support staff, and the integration of robotic systems into 
existing surgical workflows must be carefully navigated. Overcoming these hurdles is crucial for broader 
adoption and realizing the full potential of robotics in oral surgery. Looking forward, ongoing research efforts 
aimed at enhancing haptic feedback, miniaturizing robotic tools, and integrating artificial intelligence hold 
promise for further refining surgical techniques and expanding the scope of robotic applications in oral surgery. 
Robotics in oral surgery represents a transformative boon by pushing the boundaries of surgical precision and 
patient care, its full realization as a universally accessible and seamlessly integrated technology remains a work 
in progress, demanding continued innovation and adaptation in the field.
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