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[Abstract] Endodontic microsurgery (EMS) is an oral surgical procedure that utilizes the magnification and illumina-
tion provided by a microscope. Fine instruments are used to remove periapical diseased tissues, resect the root apex,
and tightly seal the root canal system, aiming to promote the healing of periapical tissues and retain the affected tooth
whenever possible. Precise localization and resection of the root apex have always been challenging in EMS. The appli-
cation of digital technology in EMS can address many issues in traditional endodontic microsurgery. Digital technology
offers advantages such as optimizing surgical planning, providing precise positioning guidance, and enhancing opera-
tional accuracy. Currently, the commonly used digital technologies in EMS include static and dynamic navigation tech-
nologies and oral surgical robots. Static navigation technology enhances surgical predictability through precise preopera-

tive planning and guided fabrication, yet is constrained by its inability to adjust during surgery. Dynamic navigation
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technology excels in real-time tracking and intraoperative flexibility but demands high hand-eye coordination from sur-
geons and may be hindered by bulky handheld devices. Oral surgical robots reduce hand tremors and human error in
surgery with their high precision, stability, and ability to adjust in real time, but their clinical applicability is limited
and their cost is high. In clinical practice, tailored combinations of these technologies can be applied based on case
complexity. For simple cases with well-defined anatomy, static navigation alone may suffice. For complex anatomical
cases, static navigation can provide initial planning, supplemented by dynamic navigation for real-time guidance or ro-
botic systems for high-precision execution. This paper discusses the workflow, clinical application status and advantages
and limitations of these three digital technologies in EMS. The continuous development of digital technology is expected
to simplify the operation process, improve the navigation accuracy, and reduce the operation cost. It is believed that
with continuous improvement and optimization, these technologies will effectively break through the current bottleneck
of the cost of equipment, operation complexity, and accuracy enhancement. These technologies are also expected to fur-

ther expand the application boundaries, providing more minimally invasive, precise, and time-saving personalized treat-

ment solutions for endodontic diseases.

[Key words] digital technology; computer-guided surgery; endodontic microsurgery; static navigation; dynamic navi-
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Figure 1  Working flow of three digital technologies
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Table 1 Application examples of digital technologies in complex cases

Researcher Digital technology ~ Tooth position Clinical case description

Popowicz W, et al. *"! SGE 25 Apical low=density lesion adjacent to a pneumatized maxillary sinus

Benjamin G, et al. *!! SGE 26, 36 Teeth adjacent to critical structures (greater palatine artery, accessory cervical neuro-
vascular bundle, posterior superior alveolar artery)

Giacomino CM, et al. ¥ SGE 17 Intraoperative removal of palatal root lesions via a lateral palatal approach

Li X, et al. 14! DGE 34,32,35,25 Roots adjacent to mental foramen, implants, inferior alveolar nerve, and maxillary sinus

Fu W, et al.* DGE 16 The root of the affected tooth is closely adjacent to the maxillary sinus, and the palatal
root is adjacent to the root of the adjacent tooth

Villa-Machado PA, et  DGE 26 Intraoperative elevation of the maxillary sinus in conjunction with piezoelectric oste-

al 1! otomy for removal of the palatal root apices

Fu M, et al.* Surgical Robot 11 A separated instrument approximately 7 mm in length is located beyond the apical fora-
men of the affected tooth

Isufi A, et al.%! Surgical Robot 24,25 Root of affected tooth adjacent to maxillary sinus

SGE: static guided endodontics; DGE: dynamic guided endodontics
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Table 2 Comparison of advantages and disadvantages of three digital technologies in the application of endodontic microsurgery

Category SGE DGE Surgical robot
Technical features Physical guide + sleeve guid-  Optical tracking + real-time visual- Robotic arm control + automatic calibration
ance ization
Mouth opening requirement High Relatively low Relatively low

Hand-eye coordination High High
Intraoperative real-time ad- Not supported
Jjustment ment)

Core limitations

Inability to correct deviations  Impact of hand tremors

Relatively low (requires experienced surgeon

guidance)

Supported (visual feedback adjust-  Supported (robotic arm auto—sync adjustment)

Dependency on marker stability

SGE: static guided endodontics; DGE: dynamic guided endodontics
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