
Academic Editor: Gang Wei

Received: 21 July 2025

Revised: 29 August 2025

Accepted: 29 August 2025

Published: 4 September 2025

Citation: Pellegrino, G.; Barausse, C.;

Tayeb, S.; Vignudelli, E.; Casaburi, M.;

Stradiotti, S.; Ferretti, F.; Cercenelli, L.;

Marcelli, E.; Felice, P. Augmented

Reality in Dental Extractions:

Narrative Review and an AR-Guided

Impacted Mandibular Third-Molar

Case. Appl. Sci. 2025, 15, 9723.

https://doi.org/10.3390/

app15179723

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Systematic Review

Augmented Reality in Dental Extractions: Narrative Review and
an AR-Guided Impacted Mandibular Third-Molar Case
Gerardo Pellegrino 1 , Carlo Barausse 1, Subhi Tayeb 1,* , Elisabetta Vignudelli 1, Martina Casaburi 1,
Stefano Stradiotti 2 , Fabrizio Ferretti 2 , Laura Cercenelli 2 , Emanuela Marcelli 2,3 and Pietro Felice 1

1 Oral Surgery Unit, Department of Biomedical and Neuromotor Sciences (DIBINEM), University of Bologna,
40125 Bologna, Italy; gerardo.pellegrino2@unibo.it (G.P.); carlo.barausse@unibo.it (C.B.);
elisabetta.vignudelli@unibo.it (E.V.); martina.casaburi@studio.unibo.it (M.C.); pietro.felice@unibo.it (P.F.)

2 Laboratory of Bioengineering—eDIMES Lab, Department of Medical and Surgical Sciences (DIMEC),
University of Bologna, 40138 Bologna, Italy; stefano.stradiotti2@unibo.it (S.S.); fabrizio.ferretti9@unibo.it (F.F.);
laura.cercenelli@unibo.it (L.C.); emanuela.marcelli@unibo.it (E.M.)

3 Istituto di Ricovero e Cura a Carattere Scientifico Azienda Ospedaliero-Universitaria di Bologna,
40138 Bologna, Italy

* Correspondence: subhi.tayeb@unibo.it; Tel.: +39-0512088157

Abstract

Background: Augmented-reality (AR) navigation is emerging as a means of turning pre-
operative cone-beam CT data into intuitive, in situ guidance for difficult tooth removal, yet
the scattered evidence has never been consolidated nor illustrated with a full clinical work-
flow. Aims: This study aims to narratively synthesise AR applications limited to dental
extractions and to illustrate a full AR-guided clinical workflow. Methods: We performed
a PRISMA-informed narrative search (PubMed + Cochrane, January 2015–June 2025) fo-
cused exclusively on AR applications in dental extractions and found nine eligible studies.
Results: These pilot reports—covering impacted third molars, supernumerary incisors,
canines, and cyst-associated teeth—all used marker-less registration on natural dental sur-
faces and achieved mean target-registration errors below 1 mm with headset set-up times
under three minutes; the only translational series (six molars) recorded a mean surgical
duration of 21 ± 6 min and a System Usability Scale score of 79. To translate these findings
into practice, we describe a case of AR-guided mandibular third-molar extraction. A QR-
referenced 3D-printed splint, intra-oral scan, and CBCT were fused to create a colour-coded
hologram rendered on a Magic Leap 2 headset. The procedure took 19 min and required
only a conservative osteotomy and accurate odontotomy that ended without neurosensory
disturbance (VAS pain 2/10 at one week). Conclusions: Collectively, the literature synthe-
sis and clinical demonstration suggest that current AR platforms deliver sub-millimetre
accuracy, minimal workflow overhead, and high user acceptance in high-risk extractions
while highlighting the need for larger, controlled trials to prove tangible patient benefit.

Keywords: augmented reality; mixed reality; surgical navigation; impacted third-molar
extraction; cone-beam CT; head-mounted display; oral and maxillofacial surgery

1. Introduction
Augmented-reality (AR) technology projects computer-generated three-dimensional

information directly onto the operative field, enabling surgeons to view virtual osteotomy
lines, anatomical landmarks, or instrument trajectories while maintaining an unobstructed
view of the patient [1–3]. By contrast, virtual reality immerses the user in a totally synthetic
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scene [4]. AR, therefore, lends itself more naturally to intra-operative navigation. The
earliest maxillofacial prototypes, published just over a decade ago, used stereo cameras
and half-silvered mirrors to display the inferior alveolar canal on cadaver mandibles and
already achieved placement errors of about two millimetres [5]. Subsequent advances—
most notably intra-oral optical scanners, marker-less tooth-recognition algorithms, and
head-mounted displays such as Microsoft HoloLens 2—have reduced registration error
below one millimetre and cut set-up times to fewer than three minutes [6,7].

Although implant navigation and maxillofacial surgeries such as orthognathic repo-
sitioning dominate the AR literature [8–16], an emerging line of enquiry has begun to
address complex dental extractions, in which deeply embedded roots, nerves, and adjacent
structures are notoriously difficult to visualise on two-dimensional imaging. Mandibular
third-molar surgery concentrates the clinical risk: recent cohorts report ≈2–3% transient
and ≈0.5–1% permanent inferior alveolar nerve (IAN) injury (e.g., 2.4% transient and 0.57%
permanent in a 2024 series of 705 extractions), and lingual nerve (LN) injury rises markedly
when lingual retraction is used (meta-analysis: ~0.08% permanent without retraction vs.
~7.9% temporary with repurposed retractors) [17,18]. Because greater bone and soft-tissue
trauma correlates with more postoperative pain/trismus and slower recovery, minimising
osteotomy is clinically consequential [19–21]. By accurately superimposing patient-specific
cone-beam CT volumes on the jaw, an AR navigator can delineate the narrowest safe corti-
cotomy and steer luxation vectors in real time; phantom experiments have already achieved
mean registration errors well below a millimetre, a threshold comparable to state-of-the-art
optical tracking [22,23].

Parallel research has flourished in the educational sphere, where mixed-reality head-
sets create immersive simulations that sharpen psychomotor skills and spatial understand-
ing [24]. Yet the clinical corpus remains extremely small—fewer than twenty extraction-
related patients have been reported—and no randomised trial has so far been undertaken.
Systematic overviews of AR in oral and maxillofacial surgery continue to concentrate
on implant navigation or orthognathic repositioning, touching on dentoalveolar indica-
tions only tangentially [25,26]. The resulting heterogeneity of head-mounted displays,
registration strategies, and outcome metrics hampers cross-study comparison and blurs
the true incremental value of AR guidance for tooth removal. Nevertheless, converging
signals—sub-millimetre accuracy in bench tests, operative times comparable to standard
care in first-in-human pilots, and consistently favourable usability scores—suggest that AR
can enhance visualisation, minimise bone sacrifice, and may ultimately reduce iatrogenic
nerve injury when managing impacted or ectopic teeth.

This study has two aims: (i) to provide a PRISMA-informed narrative synthesis of
all PubMed-indexed studies on AR for dental extractions (visualisation, planning, and
surgical treatment); and (ii) to present a worked AR-guided mandibular third-molar case
that demonstrates the end-to-end workflow. To our knowledge, this is the first review
focused solely on AR in dental extractions paired with a clinical example, and it highlights
the technological and methodological advances still required for broad clinical adoption.

2. Materials and Methods
This narrative review investigates augmented-reality (AR) applications limited to

dental extractions—including wisdom-tooth removal, surgery on impacted or supernu-
merary teeth, cyst enucleation associated with tooth removal, and exposure of impacted
canines. Uses of AR in implantology and orthognathic or trauma surgery were intentionally
excluded. The review protocol was prospectively specified in an internal document and
subsequently registered in the PROSPERO database (CRD420251117535) after the initial
searches. No protocol deviations occurred between the pre-specified protocol and the
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conduct of the review. The review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) framework insofar as it is applicable to narra-
tive reviews, ensuring transparent reporting of the search process, study selection, and
data extraction [27].

2.1. Search Strategy

A comprehensive electronic search was performed in PubMed and the Cochrane
Library (CENTRAL and Cochrane Reviews) covering the 1 January 2015–12 June 2025
period. PubMed was last run on 12 June 2025; Cochrane strategies were verified and
archived on 12 August 2025 to document exact queries and counts.

The strategy paired AR-related terms with dental-extraction terminology, explicitly
targeting studies on AR guidance across education (undergraduate and postgraduate) and
real-world surgical practice.

Full, verbatim database strings are provided in Appendix A (Appendix A.1: PubMed;
Appendix A.2: Cochrane).

2.2. Inclusion and Exclusion Criteria

For this review, we considered only peer-reviewed articles published in English
between 2015 and 2025 that applied augmented- or mixed-reality technology to any phase
of a dental-extraction workflow—whether the work dealt with pre-operative simulation,
training, surgical exposure, real-time guidance, or postoperative evaluation of wisdom-
tooth removal, impacted or supernumerary teeth, dentigerous-cyst-associated extractions,
or the surgical exposure of canines. Original investigations of any design, from single-
patient case reports to randomised clinical trials and cadaver or phantom simulations,
were eligible, provided that an AR component was integral to the procedure. Conversely,
we excluded systematic or narrative reviews (which were consulted only for contextual
background), conference abstracts without a full text, non-English papers, and studies that
addressed virtual reality or conventional navigation without an AR element or that focused
on maxillofacial, ENT, orthognathic, or implant surgery in which no tooth extraction was
performed. Records lacking full-text access were also excluded.

2.3. Article Selection Process

The searches retrieved 237 records from PubMed and 15 from the Cochrane Library
(CENTRAL), for a total of 252 records before de-duplication. After removing 2 duplicates,
250 unique records were screened. Limiting the time frame to studies published from
2015 onward reduced the pool to 226. Titles and abstracts were screened against the
predefined eligibility criteria, and 181 articles were excluded because they did not address
augmented-reality applications in dental extractions. The remaining forty-five articles
were assessed for full-text availability; three had no accessible full text (non-subscribed
journals and language/hosting constraints). In keeping with PRISMA recommendations,
the corresponding authors were contacted and given a two-week period to provide the
missing manuscripts, but no responses were received, and these three studies were therefore
excluded. Full-text review of the remaining 42 articles led to the exclusion of 33 additional
papers that failed to meet the inclusion criteria, leaving 9 studies for the final qualitative
synthesis. Screening was performed independently by two oral surgeons with research
experience in implantology; when disagreement arose, consensus was reached with the
help of a third reviewer of the same professional background. A PRISMA flow diagram
illustrates the selection pathway (Figure 1).
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Figure 1. This diagram illustrates the systematic process of identifying, screening, and selecting
studies for inclusion in the review.

2.4. Data Extraction and Quality Assessment

For each of the nine eligible studies, the following information was recorded in a
standardised spreadsheet: publication year, study design, extraction scenario (e.g., wisdom-
tooth removal, supernumerary-tooth extraction, or exposure of impacted canines), AR
hardware and software employed, metrics of surgical accuracy and operative time, and
any quantitative or qualitative data on user experience or training benefit. Although no
formal risk-of-bias tool was applied—because the body of evidence consists largely of pilot
reports, case series, and phantom studies—every paper was scrutinised for methodological
clarity, completeness of outcome reporting, and coherence between aims and conclusions.
Particular attention was paid to sample size, validation of accuracy measurements, and
transparency of the AR workflow. This critical appraisal, while narrative in nature, provides
a cautious context for interpreting the heterogeneous results that characterise early research
in AR-assisted dental extractions.

2.5. Surgical Workflow of the Case

A mandibular third-molar extraction was selected as the exemplar because it is among
the most frequent dentoalveolar procedures and carries a clinically relevant risk of inferior
alveolar nerve injury, making conservative bone removal particularly important. This
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indication also maximises the expected benefit of in-field AR overlays for nerve visuali-
sation and osteotomy planning. Although the present case centres on a third molar, the
planning–registration–overlay steps are transferable to other extraction scenarios covered
in the review (e.g., supernumerary incisors, impacted canines, and cyst-associated teeth).

2.5.1. Digital Workflow

The digital workflow began with an intra-oral surface acquisition: the patient’s
mandibular arch was scanned with an intra-oral scanner (TRIOS 4, 3Shape, Copenhagen,
Denmark) to generate an STL file accurate to 20 µm. A cone-beam CT (CBCT) (NewTom,
Cefla, Imola, Italy) scan was then obtained. DICOM data were imported into Mimics
Medical 27 software (Materialise, Leuven, Belgium) and threshold-segmented to isolate
the mandibular cortex, the fully impacted right third molar, and the inferior alveolar canal.
The original TRIOS STL was co-registered to the CBCT surface in a CAD software (3-Matic
Medical, version 9.0, Materialise, Leuven, Belgium), yielding a unified virtual 3D model
of the patient’s mandible with teeth accurately reconstructed from an intra-oral scan. The
mandibular 3D model was utilised to design a dental splint specifically fitted to the sub-
ject’s lower dental arch. The splint included a holder engineered to uniquely attach to a
QR-based marker (5 × 5 cm), ensuring a precise and consistent position relative to the
patient that is easily reproducible during surgery. The holder was integrated into the splint
in the region of the right canine to allow for an unobstructed line of sight during surgery.
The splint with the holder was produced with a stereolithography 3D printer (Form3B,
FormLabs, Somerville, MA, USA) using biocompatible resin (BioMed Clear, FormLabs,
Somerville, MA, USA), while the QR-based marker was produced as a textured object using
Polyjet 3D printing technology (J720 Dental 3D printer, Stratasys Ltd., Eden Prairie, MN,
USA) and then securely connected to the holder through a mechanical joint (Figure 2).

 
(A) 

 
(B) 

Figure 2. (A) Photograph of the dental splint with the QR-based marker used for patient tracking
and virtual-to-real registration during AR view wearing Magic Leap 2 glasses. (B) Intra-operative
view through the Magic Leap 2 headset with colour-coded holograms: green—incision outline;
white—crown; and yellow—inferior alveolar canal.
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Surgical planning was performed in CAD software (3-Matic Medical 19, Materialise,
Leuven, Belgium). A trapezoidal flap and an 8 × 6 mm cortical window were positioned
directly over the crown; for intra-operative clarity, the flap outline was coloured green,
the inferior alveolar canal yellow, and the tooth crown white. The composite scene of the
surgical planning was exported to a Unity-based application (Unity 2022.3.39f1, Unity
Software Inc., San Francisco, CA, USA), extended with Vuforia 10.27.3 (PTC Inc., Boston,
MA, USA), which was then compiled for the Magic Leap 2 head-mounted display (Magic
Leap, Inc., Plantation, FL, USA).

2.5.2. Surgical Execution

The operating surgeon completed a short rehearsal on a 3D-printed model using the
same application, focusing on overlay lock acquisition, head-movement compensation, and
bur angulation relative to the projected cutting plane.

On the day of surgery, the splint was reseated on the patient. Using the Vuforia
Image Target function, the Magic Leap cameras detected the QR code anchored to the
splint and locked the holograms of the surgical planning to the dentition and displayed the
colour-coded anatomy stereoscopically in the surgeon’s field (Figure 2).

3. Results
3.1. Literature Synthesis

Nine papers published from 2015 to 2025 met the refined eligibility criteria and together
document the technical accuracy, operative feasibility, and educational value of marker-less
augmented-reality guidance for difficult tooth surgery. Across the nine included studies,
clinical reports encompassed twelve patients, studies on donated human bodies comprised
two donated human bodies, early human tests included two volunteers, and multiple
phantom/bench models were used in proof-of-concept workflows (Table 1).

In the earliest volunteer test, Suenaga et al. (2015) [28] achieved a mean target-
registration error (TRE) of 0.91 ± 0.18 mm while superimposing an impacted mandibular
third molar and the inferior alveolar canal, with image updates at 3–5 frames s−1, confirm-
ing that natural dental surfaces can replace physical markers. Wang et al. (2017) [29] refined
the concept on 3D-printed jaws and a live subject using a single 4 K camera, reporting TRE
values between 0.67 and 1.05 mm (worst case 1.38 mm) at comparable frame-rates, thus
showing sub-millimetre fidelity under video see-through conditions. A mixed phantom–
animal–human proof of concept by Pham-Dang et al. (2021) [30] visually confirmed stable
overlay (<1 mm deviation on bench tests) and enabled a precisely located bone window for
cyst removal in one patient, all without fiducial markers.

Clinical evidence then broadened: Suenaga et al. (2023) [31] removed two deeply
impacted supernumerary maxillary incisors in paediatric patients; AR localisation limited
the cortical window to the crown outline; and both extractions healed uneventfully with no
root or follicle injury. Macrì et al. (2023) [32] exposed a palatally impacted canine using a
monitor-based system whose real-time tracking inlier ratio remained at 0.39–0.48, allowing
a targeted osteotomy that avoided postoperative morbidity. Suenaga et al. (2024) [33]
employed the same marker-less platform to delineate a conservative posterior maxillary
window over a dentigerous cyst harbouring an ectopic wisdom tooth; enucleation and
extraction were completed intact, with preservation of the sinus walls and adjacent roots.
Additionally, Koyama et al. (2023) [34] reported three paediatric mesiodens extractions
performed under general anaesthesia with a HoloLens-based mixed-reality system; two
cases were approached palatally and one labially, and the surgeons shared the same holo-
graphic model intra-operatively, underscoring MR’s value for team situational awareness
and conservative bone removal.
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Rieder et al. (2024) [35] presented the first translational series on mandibular third mo-
lars: six fully impacted teeth (two donated human bodies and four clinical) were removed
after a mean AR set-up time of 166 ± 44 s and an operative time of 21 ± 6 min. Koyama
et al. (2023) [34] reported a mean operative time of 32 min for the three mesiodens cases.

In a study by Rieder et al. (2024) [35], surgeons rated usability “good” with a mean
System Usability Scale score of 79 ± 9 and reported no AR-related complications. Suenaga
et al. (2023) [31] reported uneventful healing with no root or follicle injury, and Koyama
et al. (2023) [34] reported no intra- or postoperative complications. Suenaga et al. (2024) [33]
reported preservation of the sinus walls and adjacent roots.

Finally, Fudalej et al. (2024) [36] evaluated a HoloLens2 planner for impacted-canine
traction: among 38 clinicians, the median Likert response for six of ten usability items
reached the maximum (“totally agree”), and overall, >90% felt mixed reality improved
three-dimensional understanding of tooth position and force vectors, indicating strong
educational promise.

Taken together, these studies—despite modest sample sizes and heterogeneous
hardware—consistently showed sub-millimetre overlay accuracy, set-up times under three
minutes, operative success without AR-induced complications, and high user acceptance,
collectively supporting augmented reality as a precise and clinically valuable adjunct for
the visualisation and management of impacted or ectopic teeth.

Table 1. This table provides an overview of the studies included in the review.

Title Authors Year Study Type Extraction Context AR Modality Key Findings

Vision-based marker-less
registration using stereo

vision and an augmented
reality surgical navigation

system: a pilot study

Suenaga et al. [28] 2015 Pilot volunteer Impacted third
molar (visualised)

Marker-less
stereo-vision AR

<1 mm registration
error; real-time

overlay of
canal + roots

Video see-through
augmented reality for oral
and maxillofacial surgery

Wang et al. [29] 2017
Proof of concept

(phantom +
volunteer)

Impacted wisdom
tooth and

mandibular canal
visualised (no

extraction
performed)

Video see-
through AR

~1 mm overlay error;
real-time workflow

A proof-of-concept
augmented reality system

in oral and
maxillofacial surgery

Pham Dang et al. [30] 2021
Proof of concept

(phantom, pig jaw,
1 patient)

Bone window and
removal of a

maxillary
cyst/impacted tooth

root; visualises
nerve and foramina

Marker-less
screen-based AR
using dental-cusp

landmarks

Accurate alignment;
successful

cyst removal

Computer-Assisted
Pre-operative Simulation &

AR for Extraction of
Impacted Supernumerary

Teeth: A Clinical Case
Report of Two Cases

Suenaga et al. [31] 2023 Case report
(2 patients)

Deeply impacted
supernumerary

maxillary incisors

Marker-less video
see-through AR
(CT + intra-oral-

scan fused)

Precise localisation;
atraumatic removals;

no complications;
demonstrates

clinical feasibility

Mixed reality for extraction
of maxillary mesiodens Koyama et al. [34] 2023 Case series (3

paediatric patients)

Mesiodens
(supernumerary

maxillary incisors)
extractions

Microsoft
HoloLens-based

mixed reality
(CarnaLife Holo;

marker-less volume
rendering)

Boys aged 7–11;
mean operative time

32 min; palatal
approach in 2 cases,
labial in 1; minimal

bleeding, no
intra/postoperative

complications;
shared holograms
among surgeons

AR-Assisted Surgical
Exposure of an Impacted

Tooth: a pilot study
Macrì et al. [32] 2023 Pilot single case

(1 patient)
Impacted maxillary
canine (exposure)

Marker-less,
video-based
AR (VisLab;

single camera,
monitor view)

Targeted flap and
osteotomy;

uneventful healing

Mixed reality-based
technology to visualise
impacted teeth: proof

of concept

Fudalej et al. [36] 2024 Proof of concept
(demo + survey)

Impacted-canine
planning

HoloLens 2
mixed reality

>90 % clinicians
found MR beneficial
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Table 1. Cont.

Title Authors Year Study Type Extraction Context AR Modality Key Findings

AR-Guided Extraction of
Fully Impacted Lower

Third Molars
Rieder et al. [35] 2024 Pilot (2 cadaver +

4 patients)
Fully impacted

lower third molars
HoloLens 2

CBCT overlay
Set-up 166 s; surgery

21 min; SUS ≈ 79

Marker-less AR-assisted
surgery for resection of a
dentigerous cyst in the

maxillary sinus

Suenaga et al. [33] 2024 Case report
Dentigerous
cyst + ectopic
wisdom tooth

Marker-less
HUD AR

Conservative
window; complete

enucleation

3.2. Case Report

A 25-year-old woman presented with a mesio-angular, fully impacted mandibular
right third molar (tooth 48, Pell–Gregory IIB). Pre-operative CBCT showed the proximity
of the inferior alveolar canal, with the root apex (Figure 3).

(A) (B) (C)

Figure 3. Pre-operative views of the impacted mandibular right third molar. (A) Panoramic radio-
graph demonstrating the mesio-angular impaction of tooth 48 and its intimate relationship to the
inferior alveolar canal. (B) Intra-oral photograph showing the fully mucosa-covered inclusion site
of tooth 48, with no crown exposure. (C) Tridimensional reconstruction of the mandible showing
the proximity of the dental roots to the inferior alveolar nerve (yellow) and the nerve in the opposite
side (pink).

After passive seating of the QR-referenced splint, Magic Leap 2 detected the fiducial
markers. Local anaesthesia comprised 1.8 mL of 3% mepivacaine for inferior alveolar and
lingual blocks plus 1.8 mL of 4% articaine with 1:100,000 epinephrine delivered buccally
and lingually to reinforce anaesthesia and promote haemostasis.

The surgeon viewed a stable holographic overlay—flap outline (green), tooth crown
(white), and inferior alveolar canal (yellow) (Figure 4). The mucoperiosteal flap was
executed following the incision line as projected: a vertical releasing incision mesial to the
mandibular second molar, an intrasulcular sweep around the second molar, and a distal
relieving cut carried onto the anterior border of the ascending ramus. A full-thickness
envelope was reflected, exposing the planned cortical window.

Using tungsten-carbide round and fissure burs under copious saline, an osteotomy
was performed to expose the crown. Then, the odontotomy was performed following
the holographically planned cutting plane. The crown fragment was removed first, after
which the roots were luxated and delivered with straight elevators, all while the surgeon
monitored the yellow canal trajectory in the headset. Total operative time—from initial
incision to final suture—was nineteen minutes, six of which were devoted to rotary bone
removal. Haemostasis was routine, and the cortical roof of the canal remained intact. Single
sutures were applied (PGA 4/0) (Figure 5).
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(A) (B)

(C)

Figure 4. (A) Three-dimensional reconstruction of the mandible highlighting the planned mucope-
riosteal flap (green) and the inferior alveolar nerve (yellow). (B) AR visualisation of the planned
osteotomy (light blue) overlaid on the inferior alveolar nerve (yellow). (C) AR visualisation of the
planned osteotomy (green).

   
(A)  (B) 

   
(C)  (D) 

(E)  (F) 

Figure 5. Cont.
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(G)  (H) 

   
(I)  (J) 

Figure 5. Augmented-reality-assisted surgical sequence. (A) Flap elevation following the projected
green trajectory. (B) Clinical aspect of the trapezoidal envelope incision. (C) Creation of the cortical
window observed under AR guidance, preventing encroachment toward the canal roof and reducing
the osteotomy footprint. (D) Clinical overview of the osteotomy. (E) Odontotomy under AR guidance
to separate the crown and roots. The cutting line follows the planned plane, shortening the luxation
path and limiting distal bone removal. (F) Clinical view of the odontotomy. (G) Delivery of the tooth
crown. (H) Delivery of the root fragments with a straight elevator. (I) Placement of the final 4–0
polyglactin suture. (J) Extracted tooth 48 showing crown and root segments.

One week later, the patient reported a VAS pain score of 2/10, displayed normal
lower-lip sensation, and showed uneventful soft-tissue healing.

4. Discussion
4.1. Strengths of AR-Guided Extraction

The present synthesis and clinical case underscore augmented reality (AR) as a credible
adjunct for difficult dental extractions, with every published pilot showing sub-millimetre
overlay accuracy when natural tooth surfaces are used for registration [29,34,37]. Across
the available reports, sub-millimetre accuracy and short set-up times recur as consistent
themes, indicating that AR can be integrated without materially prolonging procedures.

In the present case of mandibular third-molar extraction, the headset locked to the
splint and remained stable throughout a 19 min procedure, permitting a conservative
osteotomy and root delivery without neurovascular compromise. These timings mirror the
2 to 3 min set-up and similar operative durations reported by Rieder et al. [35], suggesting
that AR integration does not prolong surgery once the workflow is rehearsed.

Compared with static guides or conventional dynamic navigation [38,39], AR offers
two practical gains. First, three-dimensional radiographic data are projected directly
into the operative field, eliminating the need to glance at a remote monitor and thereby
preserving hand–eye coordination [40]. Second, recent marker-less algorithms avoid bulky
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physical trackers and halve the registration steps seen in earlier optical systems [29],
although they may be more limited in terms of registration accuracy.

Together, these features deliver what has been described as real-time “X-ray vision”,
helping surgeons tailor osteotomies to the true extent of hidden crowns and roots while
continuously monitoring the inferior alveolar nerve trajectory. The present case exemplifies
these themes by showing AR-constrained bone removal around the crown outline while
maintaining a visible buffer from the canal, thereby illustrating the review’s central practical
advantages in a high-risk indication.

4.2. Clinical Relevance

Clinical relevance is most evident in mandibular third-molar surgery, where inap-
propriate bone removal or nerve trauma remains a persistent problem. Conventional
navigation has already shown that real-time tracking can reduce bony windows and post-
operative morbidity [41]; AR builds on this by presenting guidance cues superimposed on
the patient, not on a separate screen. In the present case, the yellow hologram of the nerve
canal imposed a conscious buffer during bur work, and the white crown outline curtailed
distal bone removal—qualitative advantages echoed in earlier single-patient reports of
supernumerary incisor removal, cyst enucleation, and canine exposure, all completed
uneventfully under AR guidance [37]. Although definitive evidence of superior patient-
reported outcomes is not yet available, the consistent trend toward smaller osteotomies
and shorter luxation paths is encouraging.

4.3. Educational Potential

The educational potential of AR is equally compelling. Fudalej et al. showed that
over 90% of surveyed clinicians felt that a HoloLens application improved their spatial
appreciation of impacted-canine position and traction vectors [36]. Holographic overlays
allow trainees to rehearse flap design or instrument angulation on mannequins and cadav-
ers, bridging the gap between two-dimensional textbooks and live surgery. Early work in
orthognathic and oncologic planning suggests that such immersive rehearsal can accelerate
psychomotor learning and facilitate remote telementoring, where an expert observes the
same augmented view in real time.

4.4. Limitations

Nonetheless, AR-assisted oral surgery is still in its infancy [42–53]. Across the nine
included studies, the clinical corpus comprises twelve patients, supplemented by work
on two donated human bodies and early tests on two volunteers, alongside multiple
phantom/bench models. Fewer than twenty extraction-related patients have been doc-
umented, and no randomised trial has yet benchmarked AR against best conventional
practice [54]. Several reports are of a single patient or are very small series with limited or
absent long-term follow-up, and heterogeneous devices/registration methods complicate
pooled estimates. Most reports are proof-of-concept or in vitro studies, employing dis-
parate hardware, tracking methods, and accuracy metrics, which complicates quantitative
comparison. Pre-operative preparation remains labour-intensive: high-resolution CBCT,
intra-oral scanning, segmentation, and registration demand digital expertise and additional
chair time, although rapid AI-based segmentation promises to streamline this workflow in
the near future. Technical constraints persist as well; limited headset field of view, device
weight, and occasional tracking loss during irrigation or wide mouth opening oblige the
surgeon to maintain situational awareness and be ready to revert to conventional cues
when necessary [55–58].

Economic and regulatory considerations must also be addressed before widespread
adoption. Head-mounted displays cost several thousand euros, and current reimbursement
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pathways rarely recognise digital navigation for tooth extraction. Additionally, the incre-
mental radiation from a prerequisite CBCT scan may not be justified in routine low-risk
cases; AR is therefore best reserved for high-risk scenarios—roots intimately related to
the canal, ectopic teeth in the sinus or ramus, or cases combined with cyst enucleation—
where its precision can offset the added cost and complexity. From a patient-outcome
standpoint, these costs and device constraints will be justified only if prospective studies
confirm reductions in nerve injury, procedure time, and postoperative morbidity relative to
standard care.

4.5. Future Directions

In summary, a small body of case reports and pilot series suggests that AR achieves
sub-millimetre accuracy, offers intuitive visualisation, and is generally well accepted by
surgeons when managing impacted or ectopic teeth. Whether these advantages ultimately
translate to fewer nerve injuries, faster recovery, or meaningful cost savings remains to
be proven. Multicentre clinical trials with standardised outcome sets, coupled with cost–
benefit analyses, are logical next steps. Until such data emerge, AR should be regarded as a
powerful adjunct for carefully selected high-risk extractions and an invaluable training tool
rather than a universal replacement for surgical expertise. Continued software automation,
lighter headsets, and clearer reimbursement guidance are likely to accelerate its transition
from experimental novelty to routine clinical practice.

5. Conclusions
Augmented-reality guidance appears to be a promising adjunct for high-risk extrac-

tions. The narrative review and the illustrative third-molar case suggest feasibility in
clinical use, but the limited evidence base counsels caution. Before routine adoption, robust
multicentre—ideally randomised—studies with patient-centred outcomes are needed; in
the meantime, AR may be best regarded as a precision aid for selected complex cases and a
useful educational tool, with wider uptake contingent on streamlined planning workflows
and lighter head-mounted displays.
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Appendix A.1. PubMed—Query (Verbatim)

(“augmented reality”[tiab] OR “mixed reality”[tiab])
AND
(“tooth extraction”[tiab] OR “dental extraction”[tiab] OR extraction[tiab] OR re-

moval[tiab]
OR “impacted tooth”[tiab] OR “impacted teeth”[tiab] OR “impacted canine”[tiab]
OR “third molar”[tiab] OR “wisdom tooth”[tiab] OR “wisdom teeth”[tiab]
OR “supernumerary tooth”[tiab] OR “supernumerary teeth”[tiab]
OR dentigerous[tiab] OR cyst[tiab]
OR “oral surgery”[tiab] OR “maxillofacial surgery”[tiab] OR “oral and maxillofacial

surgery”[tiab])

Appendix A.2. Cochrane Library

#1 (Technology): “augmented reality”:ti,ab,kw OR “mixed reality”:ti,ab,kw
#2 (Indication): “tooth extraction”:ti,ab,kw OR “dental extraction”:ti,ab,kw OR extrac-

tion:ti,ab,kw OR removal:ti,ab,kw
OR “impacted tooth”:ti,ab,kw OR “impacted teeth”:ti,ab,kw OR “impacted ca-

nine”:ti,ab,kw
OR “third molar”:ti,ab,kw OR “wisdom tooth”:ti,ab,kw OR “wisdom teeth”:ti,ab,kw
OR “supernumerary tooth”:ti,ab,kw OR “supernumerary teeth”:ti,ab,kw
OR dentigerous:ti,ab,kw OR cyst:ti,ab,kw
OR “oral surgery”:ti,ab,kw OR “maxillofacial surgery”:ti,ab,kw OR “oral and maxillo-

facial surgery”:ti,ab,kw
Combination: #1 AND #2
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