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Supernumerary teeth extraction via robot-assisted
surgery without flap elevation

Abstract

Background: Impacted supernumerary teeth often require
surgical intervention, which may involve extensive bone
removal and risk to adjacent anatomical structures.
Minimally invasive techniques, especially those facilitated by
robotic technology, provide a viable alternative.

Objective: To assess the clinical feasibility, safety, and short-
term effects of robot-assisted minimally invasive extraction
of impacted supernumerary teeth without flap elevation.

Methods: A total of 4 patients underwent removal of
impacted supernumerary teeth using a computer-guided
navigation system with robot-assisted tooth extraction.
Preoperative planning consisted of Cone-Beam Computed
Tomography (CBCT) to aid the surgeon in locating essential
anatomical structures. All procedures were completed under
local anesthesia with postoperative follow-up at days 1, 7,
and 30. Feasibility outcome measures included procedural
completion rates, intraoperative navigation accuracy, and
the extent to which the surgeon could modify the robotically
assisted surgical plan.

Results: All procedures were completed with a mean
operative time of 105 minutes. No intraoperative
complications, including hemorrhage, edema, sinus fistula,
nerve damage or adjacent teeth damage, were observed.
Postoperative follow-ups confirmed rapid wound healing
and absence of adverse events. Patients reported high
satisfaction in terms of comfort and esthetic outcomes.

Conclusion: Robot-assisted flapless extraction is a safe,
efficient, and patient-centered technique for the removal of
impacted supernumerary teeth. It shows strong potential to
reduce surgical trauma and improve recovery compared to
conventional methods.

Introduction

Supernumerary Teeth (ST) are anomalies of development
defined as the presence of additional teeth beyond those
dictated by the typical dental formula. They may be located
at any site in the jaws, but most often appear in the maxillary
anterior region, thus causing clinical sequelae such asimpaction,
displacement of adjacent teeth, or cyst formation [1,2]. Their
management as impacted supernumerary teeth creates a
significant challenge in oral and maxillofacial surgery because
of their erratic positioning, proximity to vital structures (e.g.,
nerves, roots of adjacent teeth), and their capacity for occlusal
disharmony [3,4]. Hidden teeth, whether supernumerary or
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of normal origin, can set forth a chain of pathological events,
including pericoronitis, root resorption, odontogenic cysts, or
inhibiting the eruption of permanent teeth [5,6]. The situation
necessitates surgical extraction, but conventional methods
involving extensive osteotomy carry the risk of nerve injury, loss
of alveolar bone, and postoperative morbidity [7,8].

Todate, aconclusive surgicalapproachforextractingimpacted
teeth that minimizes postoperative complications has not been
determined [9]. One such method is the bone lid, developed for
maxillary sinus procedures and apical root resections [10,11].
This involves making a cortical bone window (or “lid”) that is
temporarily lifted to assess the surgical site, then replaced to
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minimize osseous injury and allow healing. The bone lid method
has been adapted for the extraction of impacted teeth requiring
more specific anatomical preservation and approaches, for
example, the mandibular ramus or posterior maxilla [12-14].
Nevertheless, the disadvantages of the bone lid method include
flap elevation and manual osteotomy, both of which are more
invasive and time-consuming than other, more conservative
methods [14]. To address this challenge, this study explored a
flapless robot-assisted minimally invasive surgical technique. By
combining navigation and positioning with minimally invasive
K-wire and drilling techniques, it aims to achieve the same or
even better surgical field exposure while minimizing damage to
bone and soft tissues.

Digital robots have been utilized in various fields, including
oral surgery, the treatment of head and neck tumors, oral
implants, and endodontic procedures. These robots offer a
range of benefits, such as improved precision, enhanced safety,
freedom from visibility limitations, and greater adaptability
[15]. Autonomous robots are especially suitable for activities
that demand accurate alignment and consistent performance,
assisting surgeons in minimizing manual errors and reducing
the risk of complications [16,17]. Furthermore, robot-assisted
surgery offers advantages such as real-time feedback and tactile
constraints, making it a viable alternative to conventional guided
alveolar surgery. Retana et al. [3] successfully performed several
minimally invasive extractions of impacted supernumerary teeth
using dynamic navigation technology, and follow-up 1 week
later showed good wound healing. [3] Han et al. [18] reported
three cases of robot-assisted minimally invasive extraction of
impacted teeth, and follow-up one month later showed good
healing results in all cases [18].

This paper presents four clinical case studies focusing on the
minimally invasive extraction of impacted supernumerary teeth
using intelligent digital robotic systems. These robotic units
operate independently while remaining under the supervision
of dental surgeons to ensure precision and safety. This
research aims to evaluate the practical benefits of employing
autonomous robotic technology in the surgical management
of supernumerary teeth, thereby contributing valuable insights
and reference data to advance clinical applications.

Materials and methods
Clinical report

There were four patients that had minimally invasive
extraction of supernumerary teeth that were impacted at
the Outpatient Clinic of Oral and Maxillofacial Surgery of the
Affiliated Stomatological Hospital of Xi’an Jiaotong University.
Preoperative systemic evaluation in addition to specialized
examination was made by Dr. LX. and L.C.P. The patient
population represents patients who have excellent systemic
health and no history of systemic disorders, nor hereditary
disorders in their family histories. Table 1 shows the clinical
characteristics of the four patients.

Preoperative preparation and surgical planning

Before the surgical procedure, a flowable restorative material
(3M, Z350XT) was employed to secure the marker to the teeth in
the non-surgical region of the maxilla (Figure 2A-D, Figure 3A).

Data in the Digital Imaging and Communications in Medicine
(DICOM) format were acquired using Cone-Beam Computed
Tomography (CBCT, Planmeca) and then analyzed using
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robot software (RemebotDent, v1.0.0.2; Beijing) for surgical
planning and three-dimensional reconstruction of the impacted
supernumerary teeth (Figure 2A-D, Figure 1A-C). The red
outline designates the surgical field where intervention would
take place to allow for accurate preoperative planning. This
completed planning indicated what specific paths the various
drills would travel during the surgical procedure. These paths
were mapped out to ensure the highest accuracy is achieved
throughout the osteotomy portion of the procedure.

The drilling protocol (Table 2) was followed in a stepwise
manner to confirm that the osteotomy was completed correctly
at every stage, from initial markings to final widening, along the
intended drill paths.

A cylindrical simulated item was built on the computer and
drilled with dimensions marginally above the distance between
the jaw surface and the affected tooth, together with a diameter
beyond the maximum circumference of the dental crown. The
physician verified the drill’s definitive placement.

The marker affixed to the teeth comprised seven magnetic
beads that were discernible in the CBCT imaging data. The
primary role of the marker is to execute registration and
calibration in surgical preparation, as well as to assist in robot
placement and tracking during surgical procedures (Figure 2D).

Registration and calibration

On the day of surgery, local anesthesia was administered
to the patient followed by standardized sterilization of the
maxillofacial region and oral cavity. The navigation program was
initiated using a visible-light optical locator (Remebot, Beijing,
China), followed by sequential registration and calibration of the
marker and calibration plate. The robot’s product specification
indicates that the calibration plate was placed in the frontal
region (about four fingers above the tip of the nose), the left
cheek (approximately at the left molar position), and the right
cheek (approximately at the proper molar position), ensuring
alignment with the marker (Figure 3B).

The surgical plan was precisely executed during the
procedure using real-time navigation. The drill paths were
executed under robotic guidance, ensuring minimal deviation
from the preoperative plan. The navigation system continuously
monitored the robotic arm’s position and made real-time
adjustments to compensate for any displacement.

The drilling protocol, as outlined step-by-step in (Table 2),
ensured that each stage of osteotomy—from initial marking to
final widening—was completed with precision, following the
planned drill trajectories.

Surgical procedure

Before the procedure, the patient is fitted with markers
for CBCT scanning, allowing the software to autonomously
reconstruct the oral dentition, alveolar bone, neural canal,
maxillary sinus, and additional structures, thereby facilitating
the formulation of surgical plans for the clinicians. The optical
tracking and positioning equipment collects the positions of
the robotic arm and the patient in real time, immediately and
accurately detects any tiny displacement of the patient, and
calibrates the robotic arm to the correct initial position. Then,
the robotic arm accurately reaches the prepared position.
The doctor pushes the gripper in the direction limited by the
robot, which guides the drill needle to the extraction position
accurately, and, with the help of different drill needles,
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completes extraction site positioning, hole preparation, tooth
exploration, and other operations (Figure 2D).

The procedure was performed as robot-assisted minimally
invasive surgery, eliminating the need for flap elevation or a
sterile steel scalpel. With detailed preoperative planning, the
robotic system created a precise, minimally invasive access
point through the palatal mucosa, preserving surrounding soft
tissues. This minimally invasive approach significantly reduced
surgical trauma and promoted accelerated postoperative
healing.

A triangular drill was mounted on the robotic manipulator,
which autonomously navigated to the predefined surgical
coordinates to mark the cortical bone and verify trajectory
alignment (Figure 2E). Following this confirmation, the robotic
system proceeded with the sequential osteotomy preparation
using a series of calibrated drills, as visually documented in
(Figure 2F-H).

The osteotomy began with the triangular drill (2.0-3.3 mm),
which initiated cortical entry and established the intended
drill trajectory. This was followed by the round drill (1.4-3.4
mm), penetrating the cortical plate to a depth of 4 mm. A
second-round drill (2.3-3.4 mm) was then employed to deepen
the osteotomy to 7 mm, allowing further canal formation.
Subsequently, the pilot drill (2.2-4.1 mm) was introduced to
prepare the full-length osteotomy at 10 mm depth (Figure 3C).
This was followed by the reamer drill (3.5-4.1 mm) for pre-final
canal shaping, and finally, a larger reamer drill (4.2-4.1 mm) was
used to complete the osteotomy with the desired geometry
(Figure 3D). The drilling protocol is shown step-by-step in (Table
2).

Each drill was precisely positioned by the robotic system,
operating under continuous irrigation to prevent thermal injury.

The implant system was operated at 1500 rpm for tooth
splitting and osteotomy. This speed provided sufficient cutting
efficiency while minimizing heat generation and trauma to
surrounding tissues. All drills, including triangular, round, pilot,
and reamer types, were utilized under this standard speed
setting to ensure consistency and procedural safety.

The surgeon actively monitored the intraoperative field and
robotic interface in real time to ensure safety and accuracy
throughout the procedure.

Once the osteotomy was completed, the impacted
supernumerary teeth were exposed through the minimal access
created. The surgeon proceeded with the manual extraction
of the teeth. Depending on anatomical complexity, a dental
elevator was employed for luxation. Hemostatic forceps were
utilized to facilitate the removal of the loosened teeth (Figures
3E-G).

As demonstrated in the aforementioned steps, robot-
assisted flapless extraction enables precise localization of
impacted teeth and achieves accurate bone removal and tooth
segmentation. Even in complex anatomical scenarios, it ensures
efficient completion of the final stage of tooth division while
avoiding additional tissue damage.

After the procedure, the access site was closed carefully with
CGF and a gelatin sponge to ensure primary closure, minimizing
tissue trauma and promoting efficient postoperative recovery
(Figures 3H-J).
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Figure 1: Overview of the clinical workflow: (A) Clinical
Experimental Procedure. (B) Main components of the robotic-
assisted system. (C). Diagram of the Surgical Model.

Figure 2: The position of supernumerary teeth (ST) in CBCT and
preoperative planning strategies within the robotic operating
system. (A-D) Preoperative 3D (CBCT) imaging provides a
comprehensive view of the patient’s dental anatomy. The impacted
ST was located on the palatal side of teeth 21 and 22 in the
maxillary bone. During the surgical planning stage, the CBCT images
were overlaid with a blue digital model of the robotic system. The
red outline indicates the target area for surgical intervention,
facilitating accurate preoperative planning. (E-H) Drilling Protocol
Step-by-Step: 1. Pre-drilling/positioning phase: a triangular drill
(drill size: 2.0-3.3 mm) used for initial osteotomy. 2. The second
step of guided osteotomy, using a round drill sized 1.4-3.4 mm,
reached a depth of 2 mm. (Osteotomy completed) indicator is
green for 2.0 mm - suggesting the initial cortical entry is complete.
3. Osteotomy expansion: Progressing through the osteotomy
sequence confirms that osteotomy at 7.0 mm depth is complete. 4.
Pilot drills: Initial full-length osteotomy (2.2-4.1 diameter) and the
final (2.8-4.1 diameter) osteotomy depth reached 10 mm. 5. Final
osteotomy widening steps: A progressive 3.5 mm drill followed by
a 4.2 mm drill, both to 10 mm depth. (All drills were in preparation
for the Straumann 4.8x10 mm implant.)
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Postoperative care

Prophylactic antibiotics were supplied to avert postoperative
infections at the surgical site. The patient concurrently gargled
and washed his mouth with a povidone-iodine solution.

Results

Four minimally invasive extractions of impacted
supernumerary teeth with robotic assistance were successfully
performed. The average operation duration was 10 minutes
+ 5 minutes. One day post-surgery, there was an absence of
bleeding or edema at the surgical site, and no problems such
as maxillary sinus fistula, oral-nasal communication, nerve
injury, or adjacent teeth damage were seen. At the follow-up
appointments one week and one-month post-surgery (Figure
3J), the patient’s wound showed satisfactory healing, and
the patient expressed high satisfaction with the use of this
technique (Figure 4).
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Figure 4: CBCT images of the Supernumerary Teeth (ST) position
and orientation. The ST is impacted palatally between the
maxillary central incisors, oriented in an inverted position. Top
row: Preoperative CBCT views. From left to right, there are sagittal,
coronal, axial, and 3D volume-rendered reconstructions (frontal
and oblique views). Bottom row: Immediate Postoperative CBCT
views showing the surgical site after removal of the ST. The red
outline indicates the location of the ST in the preoperative images
and the corresponding area in the postoperative scans.

Table 1: Patient clinical characteristics.

Figure 3: Surgical procedure. (A) Patient setup with a marker
attached to the maxillary region in contralateral teeth. (B) The
calibration plate is positioned on the left cheek (approximate left
molar position) to align with the marker. (C) A ball drill locates
surgery’s first step. Includes step-by-step explanations of the
procedure’s burs, as shown in the smaller images (Table 1). (D)
A close-up image of the ring drill partially removes bone. (E) An
intraoperative view reveals the surgical site after the osteotomy with
ST. (F) Surgical site post-osteotomy. (G) The removed ST is shown
next to a ruler to illustrate its dimensions. (H-1) Concentrated
Growth Factor (CGF) and a collagen sponge were applied. (J) The
final image after surgery shows the fully healed surgical site, with
the one-week follow-up on top and the one-month follow-up on
the bottom, indicating that the soft tissue is well-aligned and free
from complications.

General Fla Operative Wound
Number Gender Age . Impacted tooth position p Clinical diagnosis . P ) Complication i
condition elevation time (min) healing
No systemic . . .
1 Male 8 " Maxillary anterior region No Impacted supernumerary tooth 15 No Exellent
ilinesses
No systemic . . .
2 Female | 8 " Maxillary anterior region No Impacted supernumerary tooth 12 No Exellent
ilinesses
No systemic . . .
3 Male 8 " Maxillary anterior region No Impacted supernumerary tooth 11 No Exellent
ilinesses
No systemic . . .
4 Male 9 ilinesses Maxillary anterior region No Impacted supernumerary tooth 14 No Exellent
i
www.anncrmi.org 04



Table 2: Drilling protocol step-by-step.
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Step Drill Type Diameter (mm) Drill tip Depth (mm) Notes
1 Triangular drill 2.0-3.3 0 0 Triangular drill — initial marking
2 Round drill 1.4-3.4 0 4 Cortical entry
3 Round drill 2.3-34 0 4 Osteotomy expansion
4 Round drill 2.3-3.4 0 7 Deeper penetration
5 Pilot drill 2.2-4.1 0.4 10 First full-length preparation
6 Pilot drill 2.8-4.1 0.4 10 Intermediate finalization
7 Reamer drill 3.5-4.1 0.4 10 Pre-final drill
8 Reamer drill 4.2-4.1 0.4 10 Final osteotomy before implant
Discussion dangers and frequently result in various severe postoperative
sequelae. Piezosurgery provides the benefit of selective cutting,
Impacted supernumerary teeth are those that stay

completely encased in the jaw for a lengthy duration and cannot
erupt properly [6,19]. Due to their location in the jaw, they may
be impeded by adjacent teeth, soft tissue, and osseous tissue.
This frequently results in lesions or displacement of neighboring
teeth, obstructing normal tooth eruption and inducing alveolar
bone resorption. Moreover, impacted supernumerary teeth can
lead to the development of odontogenic diseases, increasing
the risk of cysts and oral infections and thereby significantly
diminishing the patient’s quality of life [20-22]. Consequently, it
is essential to eliminate the affected teeth and address pertinent
clinical symptoms that immediately affect the neighboring teeth
to improve the patient’s clinical condition.

Due to the resistance posed by soft tissue, osseous tissue,
neighboring teeth, the inferior alveolar nerve canal, and
the maxillary sinus cavity, along with the unique anatomical
positioning of the oral cavity, it is imperative to adequately
expose impacted supernumerary teeth during the extraction
procedure toavertharmtothe surrounding softand hard tissues,
as well as critical blood vessels and nerves [23]. This approach
may result in consequences, including significant trauma,
postoperative edema, and wound infection [24]. Conventional
methods for addressing severely impacted or ectopic teeth—
such as those located in the mandibular ramus, maxillary sinus,
or lingual plate typically need significant flap elevation, bone
excision, and soft tissue alteration [25,26]. These procedures not
only prolong operational duration and elevate intraoperative
hemorrhage but also lead to postoperative problems, including
pain, edema, and neurosensory abnormalities [26]. Conversely,
robotic-assisted minimally invasive surgery is a whole new
approach: it utilizes superior visualization, tremor reduction,
or improved instrument movement to precisely find and
remove hidden teeth while being careful of the surrounding
anatomical structures [27]. To achieve the objectives of precise
osteotomy, tooth sectioning, and removal of the affected tooth
with minimal tissue damage [18]. The growing prevalence of
minimally invasive tooth extraction has prompted inquiries into
improving precision, reducing surgical complexity, minimizing
stress on the operative site, and minimizing complications
associated with the procedure. Oral alveolar surgeons have
aggressively addressed this significant clinical problem. The use
of advanced technologies and techniques, including high-speed
turbine handpieces, piezosurgery, and digital guidance, has
markedly improved the precision, safety, and extent of trauma
associated with these procedures. The advent of high-speed
turbine handpieces has obviated the necessity for conventional
intrusive bone removal techniques, which entail significant

which diminishes bone trauma from high-speed friction and
minimizes nerve injury, as well as postoperative edema and
discomfort [13]. Significantly, robotic aid facilitated real-time
navigation and precise micro-movements, enabling targeted
osteotomy and atraumatic tooth extraction. The use of
preoperative Cone-Beam Computed Tomography (CBCT) with
intraoperative robotic guidance significantly improved safety
by providing precise spatial orientation and safeguarding vital
tissues, including the inferior alveolar nerve, maxillary sinus
floor, and neighboring roots [15,28].

This exploratory clinical experiment demonstrated that
robot-assisted minimally invasive extraction of impacted
supernumerary teeth can be performed in all four patients
without flap elevation. The average operational duration was
10+5 minutes, indicating a substantial decrease compared
to traditional methods [29]. Our method probably helped
the healing process go so well since it was shorter and didn’t
need flap elevation. Postoperative assessments conducted
one day post-surgery indicated an absence of hemorrhage,
edema, maxillary sinus fistula, nerve damage, or adjacent
teeth damage. Subsequent evaluations, conducted 1 week
and 1 month after the initial procedure, revealed complete
wound healing and exceptional tissue regeneration, with no
complications noted. Patients reported high satisfaction with
aesthetic and functional outcomes. These findings highlight the
capability of robot-assisted microsurgery to improve surgical
accuracy, reduce trauma, and facilitate postoperative recovery
in the treatment of impacted supernumerary teeth.

Beyond technical achievement, patient safety is crucial,
especially in pediatric robotic surgery. For safe robot-assisted
extraction, pediatric patients must remain still. Local anesthesia
reduces the risks of anesthesia for pediatric patients and makes
the procedure more convenient for them. Significant movement
can affect operation accuracy and safety [27]. Advanced robotic
systems use motion tracking and safety interlocks to prevent
accidents. Dental robotic systems use visual tracking markers
and sensors to monitor patient movement and correct the
robot arm in real time. The robot’s “position-following”
capacity lets it adapt to slight movements in real time and keep
its position. The surgeon also continuously controls the system.
The surgeon can stop motion at predictable measurements,
and the robot can be trained to function only on foot pedal
activation [27] Thus, if the patient moves unexpectedly, the
robot can stop instantly. When treating young children with
limited anatomy and low cooperation, these safety aspects are
crucial. Robotic precision and fail-safes can be used for safe
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pediatric procedures to maintain the child’s composure during
anesthesia. Combining a flapless, robot-assisted treatment with
less surgical trauma for children reduces postoperative pain and
swelling, preserves growing oral tissues, speeds recovery, and
reduces psychological stress.

It is essential to investigate robot-assisted surgery to
identify innovative, less invasive, safe, and easy techniques
for the extraction of impacted supernumerary teeth. Robot-
assisted operations have become increasingly common and
are the subject of global study. Surgical robotic technologies
mitigate the constraints of human motor abilities, providing
precise motion control, high operational accuracy, excellent
repeatability, and stability [30]. At now, robot-assisted
surgery is progressively being used in diverse domains like
dental implantology [31], urology [32], and cancer [33,34].
The implant robot’s high-precision positioning guarantees
correct implantation angles and depths, as well as long-term
stability [35]. Moreover, computer-assisted implant surgery
offers enhanced precision, improved surgical success rates,
and reduced operating durations compared to conventional
techniques [15]. Moreover, extending robotic manipulators to
other surgical and nonsurgical applications might enhance the
applicability and benefits of these systems to meet the distinct
requirements of various illnesses. Advancements in machine
learning and artificial intelligence present prospective prospects
for autonomous robotic surgical applications [36].

Despite the favorable results, this study is limited by its small
sample size and the absence of a control group for comparison
with traditional surgical methods. The brief follow-up duration
limits the evaluation of long-term outcomes, including bone
remodeling and any subsequent consequences. Moreover, the
cost-effectiveness and accessibility of robotic systems remain
unresolved challenges that may hinder their wider clinical
implementation.

Subsequent research should include larger, multicenter
randomized controlled trials to corroborate these initial findings
and develop standardized techniques for robotic-assisted
extraction of impacted supernumerary teeth. Longitudinal
data on neurosensory preservation, osseous healing dynamics,
and patient-reported outcomes will be crucial. The use of
artificial intelligence in surgical planning and intraoperative
guidance may improve procedural precision and independence,
promoting broader clinical application.

Conclusion

Robot-assisted minimally invasive surgery is an innovative,
accurate, and efficient method for removing impacted
supernumerary teeth, providing improved safety, reduced
tissue damage, and expedited recovery. Despite the limited
current data, the use of robotic systems in oral and maxillofacial
surgery might revolutionize conventional surgical practices,
necessitating further clinical research.

Declarations

Ethical declaration and informed consent: This study was
approved by the Institutional Review Board of the Xi’an Jiaotong
Stomatological Hospital Affiliated to Xi'an Jiaotong University
(No. 2025-XJKQIEC-XJS-0003-001). The patient gave written
informed consent to publish all of the images, clinical data, and
other data.

Annals of Case Reports and Medical Images

Author contributions: Xiang Liang and Chengpeng Lv
performed the surgery. Linyang Xie and Sina Ahmadi managed
the clinical care; patient management conducted the
investigations, and data collection and analysis were carried out
by Linyang Xie and Sina Ahmadi. Sina Ahmadi and Xiang Liang
drafted and edited the manuscript. The project was supervised
by Junbo Tu and Sijia Na. All authors reviewed and approved the
final manuscript.

Funding: This work was supported by the Central University
Basic Scientific Research Business Expenses Special Funds,
China (Grant No. xzy012020048).

Consent for publication: This is a retrospective analysis, with
the consent of the patients.

Data availability statement: All dates are included within
the article. Videos of robot-assisted minimally invasive tooth
extraction can be obtained upon reasonable request by
contacting the first or corresponding author.

Conflicts of interest: The authors declare that there are
no conflicts of interest financial, personal, or otherwise that
could have appeared to influence the work reported in this
manuscript. No author has any financial or non-financial
relationship with any organizations that could inappropriately
influence or bias the content of the paper.

References

1. Khandelwal P, Rai AB, Bulgannawar B, Hajira N, Masih A, Jyani A.
Prevalence, characteristics, and morphology of supernumerary
teeth among patients visiting a dental institution in Rajasthan.
Contemp Clin Dent. 2018; 9: 349-356.

2. Kumar A, Namdev R, Bakshi L, Dutta S. Supernumerary teeth:
Report of four unusual cases. Contemp Clin Dent. 2012; 3:
S71-S77.

3. Retana A, Emery RW, Keir V. Removal of impacted supernumerary
teeth using a dynamic surgical navigation system: A case report.
J Oral Maxillofac Surg. 2019; 77: 1130-1134.

4. Sherwood K. Evidence-based surgical-orthodontic management
of impacted teeth. Atlas Oral Maxillofac Surg Clin. 2013; 21: 199-
210.

5. Alberto PL. Surgical exposure of impacted teeth. Oral Maxillofac

Surg Clin North Am. 2020; 32: 561-570.

6. Patel PS, Shah JS, Dudhia BB, Butala PB, Jani YV, Macwan RS.
Comparison of panoramic radiograph and cone beam computed
tomography findings for impacted mandibular third molar root
and inferior alveolar nerve canal relation. Indian J Dent Res.
2020; 31: 91-102.

7. Kang F, Sah M, Fei G. Determining the risk relationship
associated with inferior alveolar nerve injury following removal
of mandibular third molar teeth: A systematic review. J Stomatol
Oral Maxillofac Surg. 2020; 121: 63-69.

8. Ku JK, Han M, Yongvikul A, Huh JK, Kim JY. Volumetric analysis of
spontaneous bone healing after jaw cyst enucleation. Sci Rep.
2022; 12: 14953.

9. Bailey E, Kashbour W, Shah N, Worthington HV, Renton TF,
Coulthard P. Surgical techniques for the removal of mandibular
wisdom teeth. Cochrane Database Syst Rev. 2020; 2020.

10. Lindorf HH. Osteoplastic surgery of the sinus maxillaris—The
“bone lid” method. J Maxillofac Surg. 1984; 12: 271-276.

06



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Khoury F, Hensher R. The bony lid approach for the apical root
resection of lower molars. Int J Oral Maxillofac Surg. 1987; 16:
166-170.

Chiapasco M, Flora A, Serioli L, Zaniboni M. The removal of a
deeply impacted lower third molar by means of the bone lid
technique with piezoelectric instruments. Ital ) Dent Med. 2017;
2:13-17.

Scolozzi P. Buccal corticotomy using piezosurgery as a surgical
approach for removal of deeply impacted mandibular teeth:
An alternative procedure to avoid pitfalls associated with the
conventional technique. J Stomatol Oral Maxillofac Surg. 2022;
123:142-146.

Degerliyurt K, Akar V, Denizci S, Yucel E. Bone lid technique with
piezosurgery to preserve inferior alveolar nerve. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2009; 108: 1-5.

Chen YW, Hanak BW, Yang TC, Wilson TA, Hsia JM, Walsh HE, et al.
Computer-assisted surgery in medical and dental applications.
Expert Rev Med Devices. 2021; 18: 669-696.

Sun M, Lin L, Chen X, Xu C, Zin MA, Han W, et al. Robot-assisted
mandibular angle osteotomy using electromagnetic navigation.
Ann Transl Med. 2021; 9: 567.

Yang S, Chen J, Li A, Deng K, Li P, Xu S. Accuracy of autonomous
robotic surgery for single-tooth implant placement: A case
series. J Dent. 2023; 132: 104451.

Han LZ, Wang H, Guan QL, Yang YH, Li XN, Yu Y, et al. Digital
robot-assisted minimally invasive impacted tooth extraction: A
case report. Heliyon. 2024; 10.

Goyal M, Kumar M, Kumar S, Kushwah A, Sharma S. Management
of horizontally impacted mandibular canines in a skeletal Class Il
malocclusion. J Clin Orthod. 2020; 52: 277-283.

Momin M, Matsumoto K, Ejima K, Asaumi R, Kawai T, Arai Y,
et al. Correlation of mandibular impacted tooth and bone
morphology determined by cone beam computed tomography
on a premise of third molar operation. Surg Radiol Anat. 2013;
35:311-318.

Zheng X, Lin X, Wang Z. Extraction of low horizontally and
buccally impacted mandibular third molars by three-piece tooth
sectioning. Br J Oral Maxillofac Surg. 2020; 58: 829-833.

Liao R, Jiang X, Wang R, Li X, Zheng Q, Huang H. Removal of
horizontally impacted mandibular third molars with large root
bifurcations using a modified tooth sectioning method. J Oral
Maxillofac Surg. 2021; 79: 748-755.

Zou R, Qiao Y, Lin Y, Piao Z, Zhao T, Wu Q, et al. Is it necessary to
remove bone-impacted teeth? A retrospective study. J Stomatol
Oral Maxillofac Surg. 2023; 124: 101304.

Yesiltepe S, Kilci G. Evaluation of the relationship between the
position and impaction level of the impacted maxillary third
molar teeth and marginal bone loss, caries and resorption
findings of the second molar teeth with CBCT scans. Oral Radiol.
2022; 38: 1-9.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Annals of Case Reports and Medical Images

Varghese G. Management of impacted third molars. In:
Bonanthaya K, Panneerselvam E, Manuel S, Kumar VV, Rai
A, editors. Oral and Maxillofacial Surgery for the Clinician.
Singapore: Springer Nature; 2021. p. 299-328.

Alfotawi RA. Flap techniques in dentoalveolar surgery. In:
Sridharan G, Anil S, Al Ostwani AEO, editors. Oral Diseases.
Rijeka: IntechOpen; 2020.

Liu C, Liu Y, Xie R, Li Z, Bai S, Zhao Y. The evolution of robotics:
Research and application progress of dental implant robotic
systems. Int J Oral Sci. 2024; 16: 28.

Feng J, Qi W, Duan S, Bao C, Zhang X, Cai B, et al. Three-
dimensional printed model of impacted third molar for surgical
extraction training. J Dent Educ. 2021; 85: 1828-1836.

Miadili M, Zhang W, Zhang Y, Gao Y, Mutalifu H, Li X, et al. Robot-
assisted extraction of impacted mandibular tooth: A clinical
report. BMC Oral Health. 2025; 25: 710.

Pischel A, Schafmayer C, GrofR J. Robot-assisted techniques
in vascular and endovascular surgery. Langenbecks Arch Surg.
2022; 407: 1789-1795.

Pimkhaokham A, Chow J, Pozzi A, Arunjaroensuk S, Subbalehka
K, Mattheos N. Computer-assisted and robotic implant surgery:
Assessing the outcome measures of accuracy and educational
implications. Clin Oral Implants Res. 2024; 35: 939-953.

Parekh DJ, Reis IM, Castle EP, Gonzalgo ML, Woods ME, Svatek
RS, et al. Robot-assisted radical cystectomy versus open radical
cystectomy in patients with bladder cancer (RAZOR): An open-
label, randomised, phase 3, non-inferiority trial. Lancet. 2018;
391: 2525-2536.

Liu H, Zhou Z, Yao H, Mao Q, Chu Y, Cui Y, et al. Robot-assisted
radical cystectomy vs open radical cystectomy in patients with
bladder cancer: A systematic review and meta-analysis of
randomized controlled trials. World J Surg Oncol. 2023; 21: 240.

Cuk P, Kjeer MD, Mogensen CB, Nielsen MF, Pedersen AK,
Ellebaek MB. Short-term outcomes in robot-assisted compared
to laparoscopic colon cancer resections: A systematic review
and meta-analysis. Surg Endosc. 2022; 36: 1-15.

LiY,HuJ, Tao B, Yu D, Shen Y, Fan S, et al. Automatic robot-world
calibration in an optical-navigated surgical robot system and
its application for oral implant placement. Int J Comput Assist
Radiol Surg. 2020; 15: 1685-1692.

Rawal S. Guided innovations: Robot-assisted dental implant
surgery. J Prosthet Dent. 2022; 127: 673-674.

07



