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ABSTRACT

Aims: Digital flow is a reality in contemporary Dentistry. In this sense, 3D guides and operating
microscopes to improve the performance of endodontic surgeries have gained prominence and are
becoming more accessible to dental surgeons. Therefore, the following literature review aims to
verify the effectiveness of using these new technologies, comparing conventional surgical
technigues with those that use digital means.

Study Design: Literature Review.

Methodology: The articles included in the work were found on the search platforms “Pubmed”,
“CAPES Platform”, “Scielo” and “VHL health”. Based on chosen terms, those that had been
published in the last 10 years, in Portuguese, English or Spanish were selected and which, after
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articles were included.

recent techniques that are still being improved.

reading, were correlated with keywords in the development of the text and/or dealt with endodontic
surgery performed with technological methods. After applying the described methodology, 38

Conclusion: When reviewing and analyzing the articles incorporated into the study, it was
observed that the authors agreed that the incorporation of new technologies in endodontics, such
as 3D guides and microscopes, had positive impacts, providing greater precision and safety.
However, there is a need to expand studies and knowledge. This is due to the fact that these are

Keywords: Apicoectomy; Three-dimensional printing; CAD-CAM; microsurgery; dental surgery.

1. INTRODUCTION

It is evident that technology has reached all
areas of today's society, making it inevitable in
the dental field as well. With the arrival of
modernization brought by digital flow, processes
have become more accelerated and simplified
and cases that were previously complex and
almost impossible to treat were resolved with the
assistance from digital media.

According to Chaves et al. (2022), digital
workflow is defined as any workflow that occurs
primarily through the use of conversion of
physical or analog structures into a digital format
to be manipulated using computer-aided design
software [1]. Lots of technological features

are used in digital workflow such as beam
computed tomography conical (TCFC) and
computer-aided design and manufacturing
(CAD/CAM). The Cone Beam Computed
Tomography (CBCT) is widely used in Dentistry
and, specifically in endodontics, has proved to be
an accurate resource, improving diagnosis,
planning and handling complex cases. CAD/CAM
technology allows the digitization of dental and
oral cavity structures for the virtual design of
simple and complex. This technology was
revolutionary for both laboratory protocols as
clinical. These resources have been combined in
oral surgery, implant dentistry, and endodontics.
Through this planning method, it is possible to
obtain three-dimensional (3D) images before
surgery to define the exact position where the
drill will be placed, using printed guides, for
example. In recent years, there has been an
increased interest in endodontics for guided
periapical surgery using 3D guides and electronic
microscopes, due to the difficulty in treating
challenging cases.

Inflammation of the pulp is a healing response
that reveals the tooth's repair capacity, while pulp
death is pulp necrosis. This can result in damage
to the supporting periodontal tissues, which can

become infected through the dentinal tubules.
There is evidence that pulp necrosis is common
among teeth that have been damaged by trauma
[2]. In these cases, the first treatment option is
conventional endodontic treatment. However,
sometimes this treatment alone is not capable of
healing the periapical damage caused.

Periapical surgery is the treatment option for
cases where conventional endodontic treatment
has failed with persistent apical periodontitis,
especially when non-surgical retreatment was
not possible or successful. The goal of
endodontic microsurgery is to locate the root
apex, resect the apical 3 mm, prepare the root
end, and fill it with a biocompatible material with
excellent sealing ability. One of the main benefits
of this modern surgical technique is the use of
magnification devices, such as dental surgical
microscopes. Surgical microscopes allow for
microsurgical interventions with easy
identification of the root apices, resulting in
smaller osteotomies and shallower resection
angles, thus ensuring the maintenance of the
surrounding bone and the preservation of root
length and dental structures [3].

The present study aims to conduct a literature
review on the effectiveness of using 3D guides
and electronic microscopes in periapical
surgeries, comparing conventional surgical
techniques with those that utilize digital dentistry
resources.

2. METHODOLOGY

For this study, the searches were performed on
platforms such as 'Pubmed’, 'Plataforma
CAPES', 'Scielo', and 'BVS saude'. The terms
'Periapical Surgery', 'Digital Dentistry', 'Digital
Technology', 'Digital  Periapical  Surgery',
'Surgical Guide', ‘Modern Endodontic
Microsurgery', 'Guided Root', 'Guided Endodontic
Surgery', and '3D Guide' were used. A total of
711 articles were located. After removing
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duplicates and reviewing titles and abstracts,
articles were included based on the following
criteria: presence of keyword correlations in the
text development and/or addressing periapical
surgery performed with technological methods
(guides and/or electronic microscopy). In this
study were excluded articles that were not written
in English, Portuguese, or Spanish and not
published within the last 10 years. Furthermore,
other articles cited on the previously selected
works and were considered important were
included. In the end, 38 articles were selected for
literature review

3. LITERATURE REVIEW
3.1 Concepts related to digital dentistry
3.1.1 Dental Digital Workflow

Digital workflow in dentistry has been increasing
in recent years due to advances in technologies
such as intraoral scanners and software
programs, which have contributed to improving
communication between clinicians and other
professionals [4].

3.1.2 Intraoral scanning

Intraoral scanning is a technique for digitizing
real objects using images generated by capturing

light reflection or through contact. There are
intraoral scanners as well as benchtop scanners.
Once the images are acquired through scanning,
they are imported into planning software where
they are manipulated. In these programs, the
images or virtual gypsum model are processed to
obtain the desired piece [5].

3.1.3 Cone Beam Computed Tomography
(CBCT)

Cone Beam Computed Tomography (CBCT) is a
three-dimensional imaging technique that uses
digital technology to capture detailed images of
the maxillofacial region and the jaw [6]. Unlike
conventional tomography, dental CBCT provides
high-resolution 3D images, allowing for more
precise visualization of dental structures,
maxillary bones, temporomandibular joints, and
surrounding tissues. The development of
computed tomography (CT) in 1972, reported in
1973, enabled conditions to be diagnosed with
3D images. These devices have been used in
various fields, and their use in dentistry became
more common with the advent of implant
surgery. Although CT devices are becoming
more compact, they still tend to be relatively
large, expensive, and expose patients to
relatively high doses of radiation. As a result,
Arai et al. (1999) decided to develop a compact
CT device specifically for dental use [6].
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CBCT (Cone Beam Computed Tomography)
uses an extraoral imaging scanner specifically
designed for head and neck imaging, producing
3D images of the maxillofacial skeleton. It
involves a unit that can be comparable in size to
a conventional panoramic radiographic machine.
Cone beam machines use X-rays in the form of a
large cone that covers the surface of the head
being examined. Instead of a linear array of
detectors like in conventional CT, a two-
dimensional planar detector (2D) is used.
Because the cone beam irradiates a large
volume area rather than a thin slice, the machine
doesn't need to rotate as many times as
traditional CT. It rotates only once, providing all
the necessary information to reconstruct the
Region of Interest (ROI) [7].

Tomography in dentistry is often integrated into
the CAD/CAM (Computer-Aided
Design/Computer-Aided Manufacturing) system
to optimize dental procedures.

3.1.4 CAD-CAM system

The CAD-CAM system, according to the
terminology, means CAD: Computer-Aided
Design and CAM: Computer-Aided
Manufacturing [5].

The CAM process, or computer-aided
manufacturing, is essentially the materialization
or fabrication of the virtual image manipulated in
CAD software. Since Computer Numeric Control
(CNC) machines were developed, the CAM
process has also evolved. CNC machines or
lathes controlled by computers perform
machining operations with high precision based
on a specific code. This code allows
simultaneous control of multiple axes for cutting
or shaping raw material. Therefore, the shape
and details of the cut or machining are respected
and controlled in an automated manner [5].

CAM machining can be classified as: (1)
industrial; (2) in lab or laboratory; and (3) clinical.
In lab and clinical lathes are typically smaller,
lighter, and more cost-effective for the dental
community in general. Industrial lathes, on the
other hand, are larger, more expensive, and are
usually acquired by companies or large
enterprises that operate machining centers. The
clinical process is the newest among the three
and can involve all procedures (scanning, "virtual
wax-up,” and in lab machining) or only parts of
them, such as when intraoral scanners send
images to companies via communication
networks (internet). Among these, the clinical

process demands the largest initial investment by
the dentist and likely involves forming a
multidisciplinary team [5].

3.1.5 3D printing

There are several forms of 3D printing, including
stereolithography (SLA), where a UV laser beam
solidifies liquid material deposited in a movable
vat to form layers; 3D printing, which involves
depositing powder on a movable surface and
jetting a fluid that agglomerates the powder to
form the layers; and selective laser sintering
(SLS), which selectively melts powder to create
layers [8].

3.1.6 Fabrication of guides

The acquisition of surgical guides by CAD/CAM
requires three-dimensional tomographic
scanning and computer programs that assist in
diagnosis and planning [9]. Obtaining images
using this technology allows for a rehearsal of all
procedures, ideally projecting and virtually
positioning  correctly. These images are
manipulated in a specific program, enabling the
creation of a highly precise surgical guide [10].

Once the tomography data and planning have
been completed, the surgical guide can be
manufactured using various types of 3D printers
or miling machines [9], providing the
professional with a precise replica of the internal
structures on which they will operate [10].

3.1.7 Dynamic navigation

The 3D Dynamic Navigation System (3D-DNS)
guides the dentist through real-time computer
images, akin to satellite-guided navigation. This
new technology offers greater precision and
safety in  minimally invasive procedures.
Information is generated from cone beam
computed tomography (CBCT) images of the
patient, including virtually planned surgery
images. Optical motion-tracking cameras
(sensors) also detect the position of the contra-
angle handpiece [12,13].

Initially, this technology was applied in implant
dentistry starting from 2003, and there has been
a significant increase in studies regarding its use
in guided endodontics. It has been primarily
applied in the localization of calcified canals,
access cavity preparation, periapical surgery,
endodontic  retreatment, and intraosseous
anesthesia [11].
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In the case of periapical surgery, the precision of
the 3D-DNS system has been compared to that
of surgery performed freehand, demonstrating
superior performance in apex localization and
minimally invasive ostectomy [13].

3.1.8 Operative microscopy

The use of the operative microscope (OM) in
Dentistry was first proposed by Baumann in
1977, primarily due to its illumination that allows
clearer visualization of oral cavity structures. Its
application in Endodontics was subsequently
introduced by Gary Carr [14].

The OM provides illumination and enhanced
visualization of the operative field through light
and high magnification. This tool assists in
locating calcified canals, detecting
microfractures, identifying isthmuses, observing
internal aspects and complexities of the root
canal system, removing fractured instruments,
and accessing the coronal portion. Another
advantage of its use is that it allows the surgeon
to maintain an upright position, improving
ergonomic comfort [14,15].

Furthermore, the benefits of magnification can be
observed in both conventional endodontics and
periapical surgeries. The advantages of using the
microscope in  surgeries include easier
identification of the apex, smaller osteotomies,
and visualization of isthmuses, microfractures,
and lateral canals [16]. Therefore, it ensures
higher success rates, greater safety, precision,
and comfort for the patient [14].

3.2 Endodontic Surgery
3.2.1 Endodontic pathology

Endodontic pathology originates from
inflammation and is closely linked to microbial
contamination of the root canals. The complexity
of dental anatomy can exacerbate and further
complicate this pathology. The dental pulp is in
close proximity to the periodontium, whether
through the presence of the apical foramen,
lateral canals, accessory canals, apical deltas,
inter-radicular canal, or due to root perforations.
Endodontic infection arises from pulp necrosis
combined with decreased host defenses or
following pulp removal during endodontic
treatment. Bacteria are the primary etiological
factor in this dental infection. Periradicular tissue
inflammation develops due to the effects of
bacterial products, and its progression is
influenced by host factors and the bacterial
population [17].

3.2.2 Indication for periradicular surgery

In situations where failure of endodontic therapy
is identified, retreatment of the root canal can be
considered. However, in cases Wwhere
retreatment is not feasible, periradicular surgery,
also known as surgical endodontics, is an
excellent alternative to resolve problems not
addressed by conventional treatments. It is
indicated when access to the root canal system
is difficult due to calcified canals, canals
obstructed by fractured instruments, cases of
extruded obturation material, failure of
conventional treatment, inability to retreat, apical
perforations, or in teeth with cores or fixed
prostheses [18].

Surgical exposure of the apex facilitates the
biomechanics of the root canal, as well as
eliminates concerns about potential extrusion of
septic material. Additionally, it allows for more
efficient obturation with vigorous condensation,
aiming to reach lateral and/or secondary canals
without the worry of obturation material extrusion.
These reasons justify the recommendation for
periradicular surgery [19].

3.2.3 Conventional periradicular surgery

Surgeries in the periapical region receive
names that differentiate them based on the
desired outcomes of their results. Apical
curettage, apicoectomy, and retrograde
obturation are perhaps the most frequently
mentioned [20].

Periradicular curettage involves the
removal of pathological tissue or foreign bodies
(extruded obturation material and instrument
fragments) from the apical area that disrupts
healing. The technique of root apex resection
consists of making a cut to eliminate apical
deltas, inaccessible segments of the canal, and
areas of  cementum resorption. This
reduces apical morphological variations and
iatrogenic effects from endodontic treatment,
while providing better visualization of the surgical
field and apical pathological processes [21,22].
The extent of apicoectomy may vary
depending on anatomical changes in the root
canals, typically ranging from 2 to 4 mm, which
aims to eliminate any dentin contaminated
with debris or bacteria in the region. The
apical resection should be sufficient to provide a
larger surface area and expose lateral canals,
typically involving half to one-third of the root
[20].
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Table 1. Analysis of the articles included in the literature review

Author, year of Type of study Aim Result/conclusion
publication
LIETZAU etal.,  Retrospective  Examining the effectiveness of an Er:YAG laser  Post-operative healing was positively affected by the use of the Er:-YAG laser, with additional control
2013 [23] clinical study. used in conjunction with a surgical microscope using a surgical microscope, compared to conventional apicectomy.
for apicectomy, compared to the traditional
surgical microscope procedure.
TSESIS et al., Meta-analysis.  To evaluate, by means of a A success rate of success rate of 89.0% after more than 1 year of follow-up. It was also defined that the
2013 [16] systematic review and meta-analysis type of material and the use of augmentation devices can affect the outcome. However, prospective
results of modern endodontic surgery, as well large-scale clinical studies are still needed to determine possible success and failure factors.
as evaluate the factors that influence its results.
LUl etal., 2014  Retrospective  To evaluate the outcome of endodontic The use of modern techniques in endodontic microsurgery achieved a cure rate and process of 78.5%
[24] study. microsurgery and examine prognostic factors in a period of 1 to 2 years after the procedure. There was greater treatment success among the female
related to healing. public than males. Regarding the position of the teeth, anterior maxilla were more successful than the
anterior teeth of the mandible. Finally, probing depths less than or equal to 3 mm were associated with
greater success.
STRBAC et al., Case report. New technique in surgery using a guided It is a viable technique that allows osteotomies and pre-defined root resections.
2017 [25] osteotomy and root resection.
AHN, S.Y. et Case report. Present a method that involves the application Introducing a CAD/CAM method in endodontic surgery helps minimize the extent of the osteotomy and
al., 2017 [26] of a surgical procedure to guide the osteotomy facilitates the localization of the root apex in cases with thickness and intact buccal bone plate. The
and facilitate precise localization of the apex in surgical template would be useful in surgery on teeth with problematic anatomical structures.
a case involving thick buccal bone plate.
HERNANDEZ Clinical study.  Evaluate and describe the image The use of CBCT should be considered as a complement to conventional periapical radiographs. Its
VIGUERAS, et characteristics found in a group of patients capability to display geometrically accurate three-dimensional images, elimination of adjacent
al., 2017 [27] referred for periapical surgery, using CBCT ( anatomical noise, comparable sensitivity, and effective dose confer significant advantages for the
Cone Beam Computed Tomography). diagnosis, assessment, and surgical planning of periapical lesions.
ANDERSON; Literature Review the current applications of 3D printing The literature on 3D printing in endodontics is limited, being mostly confined to case reports and
WEALLEANS; review. in endodontics and speculate on future preclinical studies. Endodontic applications for stent-guided EMS, rapid prototyping of anomalous teeth,

RAY, 2018 [28]

directions for research and clinical use in the
specialty.

and autotransplantation using 3D printing technology in endodontics will become feasible as more
research is conducted. Acquiring technique and experience within endodontics is an obstacle to the
widespread adoption of the technology. With advancements, postgraduate endodontic programs should
consider implementing 3D printing as part of their curriculum. Greater expertise within the specialty will
pave the way for a more robust body of evidence.

YE et al., 2018
[22]

Case report.

Presenting a new treatment approach for
removing cortical bone and root apex during
periapical surgery with the assistance of cone
beam computed tomography (CBCT),
computer-aided design (CAD), and three-
dimensional (3D) printing technology.

The digitally designed directional model effectively facilitated periapical surgery as anticipated. Root
ends were accurately located and excised. The surgical procedure was simplified, and treatment
efficiency was improved. This technique minimized damage and reduced iatrogenic injuries.

ACKERMAN et
al., 2019 [29]

Ex vivo study.

Explore the accuracy of access in endodontic
surgeries using 3D-printed surgical guides

Surgeries with guides allow for more precise surgical access compared to the freehand method.
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Author, year of Type of study Aim Result/conclusion
publication
designed from cone beam computed
tomography compared to "freehand"”
approximate access performed on cadavers.
ANTAL et al., Case series. Justify the clinical safety and precision of Studies support the use of guided trephination for root resection. However, research is in its early
2019 [30] guided trephine root resection. stages, leaving ample room for improvements in both the method and its assessment.
FAN et al., Ex vivo study.  Introduce a new method using cone beam The method proposed in the article was more accurate than the unguided method. Further research on
2019 [31] computed tomography and prefabricated grids prefabricated grids is necessary to explore their applicability.
to guide apical access and compare its
accuracy with the unguided method.
GARCIA- Case report. lllustrate the accuracy of a digitally planned 3D-  The authors did not present any conclusions in the paper.
SANCHEZ et printed guide for an apicoectomy procedure.
al.,2019 [32]
KIM; SHIM; Case report. Presenting a case of endodontic microsurgery This method of endodontic microsurgery using a guide model can be beneficial in calcified canals.

SHIN, 2019 [33]

using a guide model to direct apex positioning
for the treatment of an anterior tooth with
calcified canals. This tooth was untreatable with
conventional therapy, and the apex position
could not be traced due to the absence of a
fistula.

POPOWICZ et Case report. Describing root canal surgery with the use of The cases presented show potential for targeted endodontic microsurgery not only in execution, but
al.,2019 [34] DDSPro implant planning software (Natrodent also in achieving positive outcomes within a short follow-up period. The preservation of the cortical plate
Polska, Poland), a 3D printed surgical guide for use as an autogenous graft was an additional advantage of the technique.
positioned accurately according to preoperative
measurements from Computed Tomography,
and a modified access to soft tissues, with the
assistance of autogenous bone grafting.
ANTAL et al., Case report. Transferring the precision of computer-assisted  Digitally guided endodontic surgery with a trephine appears to be an easily performed operation, a safe
2020 [35] static guided dental implant placement to root and uncomplicated method that allows for the resection and removal of the root apex in a single step.
resection using a custom trephine, drills The approach itself is a step toward a standardized digital system and workflow dedicated to guided
manufactured specifically for use in targeted endodontic surgery.
endodontic microsurgery.
GEORGE etal.,, Case report. It presents a relatively easy method for The high degree of precision that this technique offers means that it would be best utilized for cases
2020 [36] manufacturing a surgical guide and where an osteotomy is essential to access the pathology, particularly when vital structures are in close
demonstrates the benefits of a planned surgical  proximity to the planned osteotomy and root resection procedures.
guide in managing a periapical pathology near
the mental nerve canal.
HAWKINS et Surgical Comparison of surgical time, bevel angle, and The methodology shows promise for future endodontic experiments. TEMS (targeted endodontic
al., 2020 [37] simulation volumetric profiles of the osteotomy and microsurgery) allowed certified endodontists to initiate surgery with less clinical evaluation time and
comparison. resection site performed by targeted conclude the osteotomy and root resection more efficiently, achieving more appropriate root resection

endodontic microsurgery (TEMS) and
traditional endodontic microsurgery in a

volume and bevel angle.
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Author, year of Type of study Aim Result/conclusion
publication
surgical simulation model.
KIM; KIM; Case report. Describing the applications of computer-guided  Using a CAD/CAM-guided surgical splint and the bone window technique in endodontic surgery

KIM, 2020 [38]

cortical bone window technique using
piezoelectric saws that prevent any nerve
damage during the performance of
microsurgical endodontics on a lower molar.

prevents the formation of large residual bone defects after microsurgery. The repositioned cortical bone
obtained from the window can act as an autogenous bone graft, promoting early healing. Additionally,
the introduction of a CAD/CAM-guided surgical splint and piezoelectric saws allows the surgeon to
perform the surgery as planned safely, with less trauma and convenience.

PENG et al., In vitro study. Evaluate the precision of digital endodontic The application of the digital guide can improve the precision of root resection.
2021 [39] surgical guide operation.
RAY et al., Case report. Describing the considerations and guiding If anatomical structures are accurately reproduced in digital format, the resulting files can generate a 3D
2020 [40] principles of the digital workflow for guided model that serves as a design basis for a useful surgical guide.
endodontic microsurgery.
TAVARES et Case report. Here's a presentation on 3D-guided The method presented has proven to be very simple, reproducible, and reliable. Its applicability can be
al., apicoectomy, a new method for performing extended to other anatomically complex conditions and multiple cases of endodontic surgery. The
2020 [41] ultraconservative guided endodontic surgery reproducibility of the technique allows for the preservation of teeth indicated for endodontic surgery
with conventional guided implant drills, when anatomy poses a challenge.
describing its application in a case with
complex anatomical features and close
proximity to the maxillary sinus.
BUNIAG,; Retrospective Evaluate outcomes of guided endodontic These results are an early indication that guided endodontic microsurgery (TEMS) using root resection
PRATT; study. microsurgery at least 1 year post-treatment. tips with guided trephine drill shows successful outcomes, presenting similar success rates to those
RAY, 2021 [42] found in resections using freehand diamond and carbide drills.
LANGALIYA et Case report. Introducing a new guided microsurgical Guided osteotomy, apex localization, and root resection were performed for retrograde retrieval of
al., technique in endodontics with the assistance of  separated instrument fragments, following the principles of modern endodontic surgery. Guided surgery
2021 [43] 3D-printed surgical splints. shows promise.
NAGY et al., In vitro study. To determine if there is an inherent tendency The lack of depth control is a significant source of error when guided apicoectomy is performed with a
2022 [44] for excessive penetration in apicoectomy with a  conventional trephine. The use of a customized product with a stop has proven effective in reducing this
trephine and to test if the addition of a stop error to a safe and acceptable level. With adequate depth control, the precision of apicoectomy was
could effectively prevent excessive penetration comparable to guided implant surgery. However, this surgical approach is novel, and further testing is
and improve the precision rate of trephine needed before definitive conclusions can be drawn. Additionally, other safety issues such as
apicoectomy. intraosseous heat generation during these interventions also require further clarification. The results
indicate that customized trephines with an integrated stop provide an ideal solution to the problem of
excessive penetration.
ANTAL, 2022 Literature Summarize the evolution of static guided The author does not provide any conclusion in the article.
[45] review. periapical surgery, presenting its challenges
and technical solutions.
CHAVES et Case report. Present a new workflow possibility where apical ~ Current 3D-printed guides can be planned and printed for periapical surgeries on lower molars through
al., 2022 [1] surgery on lower molars with thick buccal bone  a simplified workflow using only CBCT (Cone Beam Computed Tomography).
plate is performed using a surgical guide
planned solely with Cone Beam Computed
Tomography (CBCT), eliminating the need for
3D intraoral scanning.
FU et al., 2022 Case series. Present a new approach to dynamic navigation- Dynamic navigation has proven to be a viable, predictable, and time-saving system to assist in
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Author, year of Type of study Aim Result/conclusion
publication
[46] assisted endodontic microsurgery and describe  endodontic microsurgery concerning issues in molar areas. With the system's assistance, surgeons can
its application in posterior teeth. minimize the extent of osteotomy and easily locate root apices in cases involving anatomically
challenging areas in posterior teeth. Moreover, surgical time is notably reduced by decreasing the time
needed to locate root apices, while preliminary work can be enhanced through pre-operative design and
calibration.
HAN et al., Randomized Compare and evaluate the clinical effects of the It will end in June 2024.
2022 [47] controlled trial  Dynamic Navigation System technique
(RCT). compared to the freehand technique in cases of
endodontic microsurgery with labial
lesions/buccal cortical bone.
REDDY et Case report. Present two case reports that elucidate the Guided endodontic microsurgery produced a localized osteotomy with predictable angulation and
al., 2022 [48] application of 3D surgical guides using cone diameter, proving to be more precise and minimally invasive than conventional surgery. Guided
beam computed tomography (CBCT) alongside  endodontic microsurgery represents a viable alternative to advancing technological and clinical
microsurgery. expertise in the field of endodontics.
SETZER,; Literature Focus on the current landscape, comparing Endodontic surgery has a considerable history and is evolving with improvements in both research
KRATCHMAN, Review. materials and techniques used in endodontic development and clinical applications. The current landscape of endodontic microsurgeries has
2022 [49] microsurgery today with those more widely demonstrated successful short- and long-term results. The technical arsenal and materials available to
used in the past. clinicians have allowed it to become a more standardized technique for specialized professionals
CABEZON et Ex vivo study.  To evaluate the accuracy of new 3D-printed This proof-of-concept study demonstrates its feasibility in an ex vivo model and suggests the potential
al., 2023 [50] open-structure metal surgical guides compared  for 3D-printed metal surgical guides to be used in endodontic microsurgeries.
to virtual planning in an ex vivo endodontic
surgical simulation using a pig mandible.
IQBAL et al., Narrative To define and characterize guided endodontic Surgically guided endodontics is a relatively new and still maturing area of study. It has many
2023 [51] Review. surgery, as well as its advantages and applications, such as access and location of root canals, micro-endodontic surgery, endodontic

disadvantages.

retreatment, and removal of fiberglass posts. Additionally, regardless of the operator's experience, the
procedure can be completed in less time and provides greater precision and safety than conventional
endodontics.

KISCSATARI et

In Vitro study.

To evaluate the accuracy of osteotomy and

Guided microsurgery provides a level of precision considered clinically acceptable, regardless of the

al.,2023 [52] apicoectomy performed using a polymeric instrument used. However, validation through additional and potentially clinical investigations is
guide, both with a drill and a trephine, and to warranted.
compare the accuracy achieved with the two
instruments.

MAHENDRAN Case series. Introducing a new endodontic surgical 3D-printed surgical models were used to assess more accurately the size, extent of the lesion, and

etal., 2023 [53]

technique using a 3D-printed surgical guide for
guided osteotomy and root resection.

adjacent structures. Thus, it can be concluded that the application of 3D printing in surgical endodontics
is highly beneficial, presenting promising scope compared to traditional approaches.

MARTINHO et Ex vivo study. = Compare the accuracy, efficiency, and Within the limitations of this study conducted on cadavers, completely static computer-assisted guided
al., 2023 [54] feasibility of static systems and dynamic endodontic microsurgery was as accurate as dynamic computer-assisted endodontic microsurgery.
techniques in computer-assisted surgical Both were efficient in terms of the time required for osteotomy and apical resection.
navigation for osteotomy and root apical
resections.
SUDHA et al., Case report. Present two clinical cases where cone beam The guided approach has proven advantageous over conventional management in cases of calcified
2023 [55] computed tomography (CBCT)-guided surgery canals, surgical endodontics, retrieval of separated instruments, and dental autotransplantation. Unlike
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Author, year of

Type of study

Aim

Result/conclusion

publication
was used for retrieval of fractured instruments the conventional approach, guided treatment is more conservative, precise, and time-efficient, with
located beyond the limits of the root canalsina  minimal risk of damage to surrounding tissues. In this case series, guided endodontic surgery was
lower molar and an upper premolar. performed without the need for apicoectomy
WESTBROOK Comparative Compare the accuracy and efficiency of a new The 3D-SG FG protocol demonstrated greater precision than FH osteotomy and RER. Additionally, the
et al.,2023 [56] study. computer-assisted static surgical technique 3D-SG FG drilling protocol significantly reduced surgical time.
using a 3D-printed surgical guide (3DSG) with
a fully guided drilling protocol (3D-SG FG) to
freehand osteotomy (FH) and root resection
(RER)
ZHAO et al., Clinical study.  Design a new three-dimensional (3D) printed The newly designed 3D printed surgical guide could effectively assist in endodontic microsurgery and
2023 [57] surgical guide and evaluate its accuracy in improve its accuracy by fixing the position and angle of apicoectomy.

assisting endodontic microsurgeries.

Source: self-authorship
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The apical cut should be perpendicular to the
long axis of the tooth, exposing a smaller
number of dentinal tubules. In retrograde
obturation, a cavity is prepared at the
root apex and filled. It is indicated in cases
involving inaccessible canals, prostheses and
posts, perforations, fractured instruments, and
dens in dens. This procedure can be
performed using rotary instruments or
ultrasonic tips. The retrofilling material should
hermetically seal the sectioned apex and trap
any remaining irritants within the root canal
system, promoting apical cementogenesis repair
[21].

Currently, materials such as: Intermediate
Restorative Material (IRM), Dental cement
composed of zinc oxide and eugenol, reinforced
with Ethoxybenzoic Acid (SuperEBA), and
Mineral Trioxide Aggregate (MTA) are commonly
used for this purpose. This sealing process
confines any potential microorganisms within the
root canal, thereby preventing aggression to
periapical tissues and promoting repair.
Therefore, any biocompatible retrofilling material
that meets the physical sealing requirements at
the apex can be utilized [20].
3.2.4 Limitations of conventional
periradicular surgery

The limitations and  disadvantages  of
conventional  periradicular  surgery  have
become apparent due to rapid technological
advancements. Firstly, approaching
the root apex from the coronal direction of the
root end inevitably increases damage and risk to
non-pathological bone tissues. Secondly,
conventional radiography provides only two-
dimensional images that do not accurately
depict the lesion area with precision and
distinction.  Thirdly, it is challenging for
inexperienced dentists to balance
minimizing damage to bone tissues while
gaining access for root resection and root
obturation [22].

3.2.5 New technologies applied to digital
periradicular surgery

In dentistry, 3D printing technology has been
used for treatment planning, surgical guidance,
and manufacturing dental models for
orthognathic surgery, implant surgery, oral and
maxillofacial surgery, orthodontics, and dental
prosthetics. The high precision and extended
flexibility of this technology make it highly

promising. In endodontics, 3D printing has also
gained wide application. Based on CBCT

technology, CAD, and 3D printing, issues
encountered with conventional techniques
can be addressed. This arsenal constitutes

what is referred to as digital periradicular surgery
[22].

Therefore, it is necessary to expand the concepts
and deepen the subject. Hence, there is a
demand for a review of the studies already
present in the current literature to identify
established concepts and existing gaps in
knowledge.

Thus, this literature review presents the following
Table 1 regarding the included articles. It
describes the authors, year of publication, study
type, objectives, and the results or conclusions of
each study. The inclusion criteria were described
in the methodology discussed earlier. Articles
were organized chronologically, and those
published in the same year were sorted
alphabetically by the initial of the author's
surname.

4. RESULTS AND DISCUSSION

A challenge in conventional endodontic surgery
is achieving precise ostectomy to remove the
targeted section, as the procedure is performed
freehand and relies on the surgeon’s
manual skill. Additionally, the root apex is located
using radiographic imaging, which provides only
a two-dimensional view, further complicating
accuracy.

A significant advancement in dentistry has been
the introduction of Cone Beam Computed
Tomography (CBCT). This technology provides
geometrically accurate three-dimensional
images, reduces adjacent anatomical noise, and
offers comparable sensitivity with a lower
effective radiation dose, making it beneficial for
diagnosis, assessment, and surgical planning.
These advantages are especially valuable in
endodontic surgery, particularly for periapical
lesions [27].

Recently, it has become possible to use
CAD/CAM design and three-dimensional printing
technology to create 3D printed models. If
anatomical structures are accurately reproduced
in digital format, the resulting files can generate a
3D model that serves as a design basis for a
useful surgical guide.[40] These models can also
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be used to assess more accurately the size,
extent of the lesion, and adjacent
structures. Additionally, they. have the potential
to increase precision and accuracy, reduce
intraoperative time, as well as postoperative

complications, which are not achieved
when  conventional surgery is adopted
[22,53]. Studies have also indicated the

potential to use the cortical bone obtained
from the window opened as an autogenous
bone graft, enhancing the healing process
[34,38]

Thus, the constant evolution of digital means and
the emergence of new techniques and
applications in different areas of Dentistry are

undeniable. Periapical surgeries have also
benefited from this advancement, as
according to Ye et al. (2018), the digitally
designed directional model worked in all
aspects to facilitate periapical surgery,
allowing root ends to be located and
resected with greater precision. Therefore,
in the near future, conventional techniques
will not be as recommended as those

using these new technologies, as they increase
the predictability and success of the treatment
[22].

In light of this, this work aims to contribute to the
understanding of the complexites and
challenges inherent in the digital age associated
with endodontic surgeries. After reviewing and
analyzing the articles included in the study, it is
evident that there is agreement among the
authors that the use of new technologies in
endodontics (3D guides and microscopy) has
been positive and has brought greater
precision and safety [25,26,22,29,30,31,34,35,
36,37,38,39,41,42,43,46,48,49,50,51,52,53,55,5
6,57]. Another point of consensus among
some authors was the need to explore and
study in order to implement these
technologies more widely in endodontics, as
these tools are still evolving and have not yet

been fully consolidated in the literature
[16,28,30,31,44,52].
Regarding the success rates of modern

techniques in endodontic microsurgery, which
involve the use of surgical operating microscopes
combined with ultrasonic tips, only two of the
analyzed articles included this data. In the
studies by Lui et al. a healing rate of 78.5% was
determined within a period of 1 to 2 years after
the procedure [24]. Meanwhile, Tsesis et al.
found a success rate of 89.0% after more than 1

year of follow-up [16]. These findings confirm the
benefit of using new technologies in endodontic
surgery.

In this context of technological advancement, it is
crucial to explore the pros and cons associated
with  these innovations. Therefore, some
advantages of using three-dimensional guides
and surgical microscopes are highlighted, such
as increased precision and safety during the
surgical act of root apex resection [29]. The
procedure is considered minimally invasive,
promoting reduced iatrogenic injuries [48, 22],
requiring less manual dexterity from the surgeon,
and providing greater predictability in treatments.
Surgical time is also reduced [35,37].
Additionally, according to Kim; Kim; Kim (2020),
surgery becomes less traumatic, avoiding the
formation of large bone defects and preserving
vital structures near ostectomy and root resection
procedures, with the potential to preserve the
cortical plate for use as an autogenous graft [38].
It also allows for more accurate evaluation of the
size, extent of the lesion, and adjacent structures
[34,36,53].

However, it is crucial to analyze with discernment
the limitations and adverse implications of these
resources. Among these disadvantages, the
need for a technological arsenal for planning and
fabrication of the guides stands out [49],
requiring training of the dentist for handling the
equipment used [28], and preliminary work may
be increased concerning pre-operative design
and calibration [46].

Considering these considerations, the
relevance of the topic transcends mere
intellectual curiosity, extending to gaps in current
scientific knowledge. The scarcity of studies
dedicated to this topic, as discussed by
Anderson; Wealleans; Ray (2018), highlights the

urgent need to explore this still relatively
uncharted field [28].
5. CONCLUSION
Currently, digital workflow in dentistry has

advanced treatments, bringing more precision
and safety to procedures. The use of various 3D
guides was initially applied to implantology but
has increasingly found  application in
endodontics.  This  technology can be
applied to both access to the pulp chamber
and surgical endodontics, proving beneficial in
both cases. When considering its use in
periradicular surgery, a considerable
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success rate is observed, along with reduced
iatrogenic incidents and less traumatic surgery
compared to freehand (conventional) endodontic
surgery.

Another tool that has gained prominence in
endodontics is the surgical operating
microscope, which allows for better visualization,
illumination, and magnification of the treatment
area. The microscope can also be used in
periradicular surgeries, enabling the dentist to
more effectively visualize their operative field,
leading to greater precision and treatment
success.

Considering the advantages and limitations
related to the use of new technologies in
periradicular surgery found in this literature
review, as well as the scarcity of broader reviews
and studies on the subject, it is clear that there is
a need to expand knowledge to define a
technique that can be replicable by dentists.
These are recent techniques still undergoing
refinement.
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