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Abstract

Background: Proper placement of dental implants is essential to prevent damage to vital structures,
provide optimal prosthetics, and ensure a successful long-term outcome. While previous studies
have sporadically addressed individual advanced surgical guidelines, this systematic review
aimed to uniquely synthesize and compare the latest evidence on multiple advanced implant
placement techniques from 2019 to 2024, providing clinicians with comprehensive guidance on
their relative advantages and accuracy metrics.

Methods: In this systematic review, major international databases, such as PubMed, ISI, Scopus,
and the Cochrane Library, were utilized to evaluate published articles related to advanced
guidelines in implant placement surgery. The search focused on in vitro studies, randomized
controlled clinical trials, and cohort studies published in English from 2019 to March 2024. Two
researchers conducted the search using relevant keywords and their combinations.

Results: Overall, 661 articles were identified in the initial search. After eliminating duplicates
and reviewing titles, abstracts, and inclusion/exclusion criteria, a total of 13 articles were
selected for inclusion in the study. Based on the results of the reviewed studies, the latest
advanced guidelines in implant placement surgery include computer-assisted implant surgery
(in both static and dynamic methods) and augmented reality-based navigation with cone-beam
computed tomography. The success rates of these advanced implant placement guidelines were
reported through evaluating their accuracy metrics (assessing hex deviation, angular deviation,
crown positioning, and implant angle). In all the mentioned guidelines, the accuracy of implant
placement was found to be superior to that of free-hand implant placement guidelines.
Conclusion: According to the results of this review, although the accuracy of the newly introduced
advanced guidelines was higher than that of free-hand guidelines, there was no clear evidence
indicating which advanced surgical guideline was associated with higher accuracy in implant
placements. Given that implant placement surgery can have long-term clinical implications, it is
recommended that researchers focus on this type of surgery in the future.
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Background

and decreased sensitivity in neighboring teeth (1,2).

Dental implants have emerged as a widely accepted
solution for replacing missing teeth. Essentially, a dental
implant consists of a structure made from biocompatible
materials that is surgically inserted into oral tissues
(beneath the mucosa, within the periosteum, or directly
into the bone). The primary purpose of an implant is to
provide support and stability for either a fixed or removable
dental prosthesis (1). Dental implants offer several
advantages over other treatments for lost teeth, including
a high success rate (over 97% over 10 years), reduced risk
of decay and issues with adjacent teeth roots, improved
maintenance of jawbone at the site of the missing tooth,

Despite advancements in implant technology, potential
surgical complications can arise during their placement,
including damage to nearby structures, aesthetic issues,
inflammation around the implant site, and, in some cases,
implant failure (3). Most of these complications arise
from improper positioning of the implant (4). Correct
placement of the implant provides several benefits, such as
excellent aesthetic results and long-term health of soft and
hard tissues, ensuring optimal occlusion and placement
of the implant (3,5). Additionally, the ideal location for
the implant optimizes the design of final restorations and
allows for the design and construction of a retaining screw
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restoration that can also prevent adhesive factors (3).

Generally, implants are placed in areas with a higher
amount of jawbone tissue; however, in many cases, the
placement of implants is not as precise as it appears.
Even a slight deviation in implant placement compared
to its ideal position can lead to problems in forming
the final structure of implants in the patient’s mouth.
Therefore, adherence to a precise guideline for placing
implants is essential (6). To address this challenge, there
are guidelines for the surgical placement of implants that
not only assist in diagnosis and treatment planning but
also facilitate the selection of appropriate positions for
placing implants in the jawbone. This can significantly
reduce clinical complications associated with implant
placement. Newer and more advanced technologies for
surgical procedures have been developed in response to
the increasing demand for dental implants and perceived
complexities in their placement (7).

With the growing need for implants, it is expected
that the demand for this treatment will increase globally
over the next decade. As previously mentioned, despite
their acceptance, some issues related to dental implants
have been reported, such as surgical complications and
prosthetic failures due to the improper diagnosis and
positioning of the implants. Accordingly, selecting an
advanced surgical guideline for implant placement with
minimal complications and consequences is necessary by
examining the advantages and disadvantages associated
with each surgical guideline. This goal can only be
achieved by reviewing the latest advanced guidelines
in implant placement surgery. Previous studies have
randomly focused on the advantages and disadvantages
of advanced surgical guidelines in implant placement;
thus, enhancing knowledge regarding the selection of
the best advanced surgical guideline requires thorough
and systematic investigations. In this way, future
treatments for patients eligible for this procedure can
be based on these guidelines. Hence, this study seeks to
systematically review advanced guidelines in implant
placement surgery.

Materials and Methods

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines, which involved evaluating
all studies related to advanced guidelines in implant
placement surgery published in the databases of PubMed,
Scopus, ISI, and Cochrane Library. However, there was
no clear evidence representing which advanced surgical
guideline was related to higher accuracy in implant
placements from 2019 to March 2024. The search strategy
employed the following English keywords:

((“Surgical Method”) OR (“Guide Surgical”) OR
(“Advanced Surgical Guide”) OR (“Advanced Surgical
Navigation”) OR (“Online Classes”) OR (“Virtual
Education”)) AND ((“Dental Implants”) OR (“Dental
Prosthesis Implantation”) OR (“Dental Implantation”) OR

(“Dental Prosthesis”) OR (“Prosthesis Implantation”)).

Thesekeywordswereutilized inall possible combinations
to extract all relevant articles from the aforementioned
databases. Additionally, the reference lists of the retrieved
articles were examined to identify further studies. Initially,
the titles and abstracts of all obtained articles were
reviewed, leading to the removal of duplicates and articles
that did not meet the inclusion criteria. To minimize
bias, all extraction and review processes were conducted
independently by two researchers (F. K. and M. S.). Each
author independently evaluated all retrieved articles
based on their titles, abstracts, and full texts according to
the study’s inclusion criteria, providing reasons for any
exclusions made. Any disagreements between the two
researchers were resolved by a third investigator.

On the other hand, the inclusion criteria for this study
encompassed studies published in English that were
classified as in vitro studies, randomized controlled
clinical trials, or cohort studies relevant to the topic of this
research. Moreover, these criteria included conference
abstracts, case reports, articles without full-text access,
review articles, letters to the editor, and publications in
languages other than English. In this systematic review,
data such as authors’ names, year of study, study title,
study objectives, research location, study type, and
results were separately compiled for each study. The
quantitative synthesis of their results was avoided due to
the heterogeneity of the searched studies. The obtained
data were analyzed through a comprehensive review of
articles, qualitative summarization, and final conclusions.

Results
In the conducted review, a total of 661 articles were
identified during the initial search. After removing
duplicate entries, 494 titles and abstracts were assessed for
inclusion and exclusion criteria. Among these, 55 articles
met the inclusion criteria. Following the elimination of
42 articles due to including insufficient data, not having
access to their full texts, or meeting the exclusion criteria, a
final total of 13 articles were deemed eligible for inclusion
in the study. Nonetheless, there was no clear evidence
demonstrating which advanced surgical guideline was
linked to higher accuracy in implant placements (Figure 1).
The results extracted from this systematic review
regarding the latest advanced guidelines in implant
placement surgery from 2019 to March 2024 included
computer-assisted implant surgery (CAIS) and augmented
reality (AR)-based navigation with cone-beam computed
tomography (CBCT). The most recent scientific studies
examined the advantages and superiority of both static
and dynamic methods of CAIS or conducted comparative
analyses of the aforementioned new guidelines of CAIS
and AR navigation against previous free-hand guidelines.
In all these investigations, the primary objective was to
evaluate and compare hex deviation, angular deviation,
crown positioning, and implant angle to select the best
guideline (Table 1).
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Figure 1. PRISMA Flowchart of Study Selection for the Systematic Review. Note. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Computer-Assisted Implant Surgery

CAIS enables dentists to achieve clinically sufficient
accuracy in the planned placement position during surgery
(21). Guided implant placement is a minimally invasive
surgical technique designed to minimize surgical time
and reduce postoperative complications. This method
helps dentists avoid damaging adjacent tooth roots, major
blood vessels, nerves, the nasal cavity, and maxillary
sinuses, particularly when compared to traditional free-
hand techniques. Optimal aesthetics, functionality, and
biomechanics of the implant can be achieved by utilizing
this approach while also promoting the long-term stability
of the surrounding soft and hard tissues. Guided implant
placement can be further categorized into dynamic
navigation and static navigation (22).

In static CAIS, the virtual implant site designed using
computer assistance is referenced based on CT data,
providing precise guidance for implant preparation and
placement under a surgical guide template. However, this
guide does not allow for the repositioning of the implant
during the procedure (23,24). In this type of surgery, a
predetermined computer template is used to place a stent
with metal tubes. Essentially, the virtual implant position
derived from CT data is transferred to the surgical site (6).
The advantage of using static computer-assisted surgery
(CAS) is knowing the fixture’s position before final
implant placement, which aids in creating an immediate
implant restoration on the same day (25).

Dynamic navigation involves using a surgical navigation
system for implant placement that can design the virtual
implant location based on CT data (3). This system allows
dentists to monitor the preparation of the implant bed
during surgery. Image capture from teeth and related

information is performed using CT or CBCT, enabling
dentists to track the positions of surgical drills in real time
with specialized software and tracking methods (26). In
other words, dynamic computer-assisted implant systems
provide live tracking for implants. This surgical system
uses an optimal marker and correlates this information
with a three-dimensional virtual program prior to surgery
using CBCT (27). This system allows for the real-time
tracking of implant drills during the procedure based
on tracking technology. If necessary, adjustments to the
designed implant location and its size, length, width,
and shape can be made during surgery according to the
actual intraoral conditions of patients. Overall, dynamic
navigation has enhanced the process by providing dentists
with navigational tools to improve accuracy in implant
placement (3).

The static approach is more commonly used due to
its ease of use and lower cost compared to the dynamic
approach. Consequently, most major implant brands
have their own static computer-assisted surgical systems;
however, all are based on a fundamental principle (25).

Augmented Reality-Based Navigation With Cone-Beam
Computed Tomography

AR 1is a technology that overlays computer-generated
content onto the real environment to enhance the sensory
perception of dentists (28,29). AR includes innovative
imaging technology that creates an immersive surgical
environment by integrating digital data with real-world
surroundings. This technology is incorporated into a
dynamic dental implant guiding system to assist operators
in visualizing real-time navigation information for
improved surgical performance (30,31). AR utilizes a set
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Table 1. A Brief Description of the Discussed Guidelines

L Authors/
Results Guideline Purpose Country Years
Clinical evaluation and
“Augmented reality (AR)-based navigation combined with comparison of implant
cone-beam computed tomography (CBCT) for dental implant ~ The AR-guided implant was placed ~ placement accuracy
; ) . . . . . Ma et al
placement showed better results than relying solely on the using three-dimensional (3D) images using AR-based China ®)
dentist’s experience (mean target error=1.25 mm vs. 1.63 mm; generated from CBCT. navigation with CBCT
mean angular error=4.03 degrees vs. 6.10 degrees).” versus the dentist’s
experience
The mean deviation at the implant platform and apex in the
static computer-assisted implant surgery (CAIS) group was
0.44+0.97 mm and 0.46+1.28 mm, respectively, while in the Comparison of implant
dynamic CAIS group, it was 1.05+0.44 mm and 1.29+0.50 Implants were placed using placement accuracy .
. R . ) . ) . . Kaewsiri et al
mm, respectively. The angular deviation in the static and computer-guided static or dynamic  between static and Thailand )
dynamic CAIS groups was 2.84+1.71 degrees and 3.06£1.37  systems. dynamic CAIS in single-
degrees, respectively. The deviation angle, crown, and implant tooth gaps
angle were the same and without difference in both static and
dynamic groups.
The mean coronal deviations were 0.43 +0.78 mm for static
CAIS and 0.85 +0.48 mm for dynamic CAIS. The mean apical
deviations were 0.48+1.20 mm and 0.60+1.18 mm for static . Analysis of the L
. . - Implants were placed using . Mediavilla
CAIS and dynamic CAIS, respectively. The angular deviation . ) ) accuracy of static and ) .
computer-guided static or dynamic Spain Guzman et al

for static CAIS was 1.48+2.95 degrees and 1.41 +4 degrees
for dynamic CAIS. The crown position did not differ between
the static and dynamic CAIS groups, but the angular deviations
were greater in the dynamic group than in the static group.

The mean angular deviation was 2.72 +1.42 degrees. The
mean 3D deviation at the implant entry point was 0.34+0.75
mm, and at the implant apex, the mean was 1.06+0.44 mm.
The implant survival rate was 99.3% (only 1 failed implant) at
12 months and 24 months post-placement.

In the static CAIS group, the median (interquartile range)
deviations in angles, shoulders, and apices were 2.8 (2.6)
degrees, 0.9 (0.8) mm, and 1.2 (0.9) mm, respectively. In the
free-hand group, the median deviations in angles, shoulders,
and apices were 7.0 (7.0) degrees, 1.3 (0.7) mm, and 2.2 (1.2)
mm, respectively. The angular and coronal deviations in the
static CAIS group were lower than in the free-hand group.

The mean 3D deviation in the static and dynamic CAIS groups
at the implant platform was 1.04+0.67 mm versus 1.24+0.39
mm, respectively. At the apex, it was 0.79+£1.54 mm versus
0.56+1.58 mm, and the angular deviation was 1.69+4.08
degrees versus 1.84 +3.78 degrees, respectively. The angular
deviation between two placed implants in the static and
dynamic CAIS groups was also 2.44£4.32 and 2.29+3.55
degrees, respectively. There was no significant difference

in coronal and angular deviations between the two placed
(parallel) implants between the two groups. Both static and

dynamic CAIS methods provide similar accuracy in 3D implant

positioning and parallelism between two implants.

The mean deviation of the implant hex, apex, and angle in
the static group was 1.15+0.34 mm, 1.37+0.38 mm, and
2.60+1.11 degrees, respectively. The mean deviation of

the implant hex, apex, and angle in the dynamic group was
0.40+0.41 mm, 0.34+0.33 mm, and 1.1+0.97 degrees,
respectively. The deviation of the hex, coronal area, and
implant angle was lower in the dynamic group compared to
the static group.

The free-hand technique (mean deviations of 1.10 mm for
coronal, 1.88 mm for apical, with an angular deviation of up
to 6.3 degrees). The static system (mean deviations of 0.35
mm coronal, 0.43 mm apical, and 0.78 degrees angular,
respectively). The angular and coronal deviations in the static
computer-assisted system were lower than in the free-hand

group.

systems.

Patients underwent implant
placement planning using computer-
guided surgery (coDiagnostiX),
with the surgical guide fabricated
based on the results of tomographic
imaging. Three months post-
implantation, an intraoral scan of
the implant position was obtained
to evaluate placement accuracy
using the coDiagnostiX treatment
evaluation tools.

In both groups, digital implant
planning was performed using CBCT
data and surface scans. In the static
computer-guided system group,

a fully guided implant surgical

guide was used, while in the free-
hand group, implants were placed
freehand.

Implants were placed using
computer-guided static or dynamic
systems.

Implants were placed using
computer-guided static or dynamic
systems.

Patients were divided into two
groups for implant surgery planning.
One group was planned using CBCT,
and the other group was planned
using the free-hand technique.

dynamic computer-
assisted dental implant

Analysis of the
accuracy of static and
dynamic computer-
assisted implant
placement

Comparison of the
accuracy of dental
implant placement
using static computer-
assisted systems and
free-hand surgery in a
single tooth gap.

Comparison of the
positional accuracy
and parallelism of two
implants using static
and dynamic computer-
assisted systems

Comparison of implant
placement accuracy
between static and
dynamic computer-
assisted surgery systems
in a model of a partially
edentulous mandible

Comparative analysis
of implant placement
accuracy using static
computer systems vs.
free-hand surgery

(10)

Derksen et al
(11)

Netherlands

Smitkarn et al

Thailand (12)
) Yimarj et al

Thailand (13)
. Zhou et al

China (14)
Mistry et al

England (15)
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Table 1. Continued.

Running title

Results Guideline Purpose Country Authors/
Years

The 3D angular deviation of the implant in the AR grou . . ) Evaluation of implant
versus the ither group was 1.1 8:1?68 degrees andg2.1 ’7312‘46 Patients /\;vere Fimgled m(tjoltvgo deviation betwesn
degrees, respectively. The mean apical implant deviation in the gr(?gps. nawggEon ancia OEja;ory navigation systems hailand Yotpibulwong
AR and non-AR groups was 0.36+1.21 mm and 0.52+1.27 guide system v(;”th AR was used for and surgical guides Thailan etal (16)
mm, respectively. No significant difference was observed one group, an ! © same system with and without AR

without AR was utilized for the other. .
between the two groups. techniques
The static method (angular deviation, 4.09£2.79° and
3.21+1.52°; coronal deviation, 0.40+1.27 mm and
0.42+1.31 mm, and apical deviation, 1.31+1.34 mm Comparison of implant
and 0.1+1.34 mm) AR-based navigation (coronal and Group 1: AR-based navigation; Iacepment accuraf
apical deviations of 0.79+1.93 mm and 0.74+2.28 mm, Group 2: Free-hand implant lion model surgeries Y Kivovics et al
respectively). No significant difference was found in the placement; erformed ugn threo Hungary (17)
accuracy of dental implant placement using AR-based Group 3: Static computer-guided (pjifferent im langt
navigation compared to static computer-assisted implant implant placement. lacement nF:ethods
placement (in terms of angular, coronal, and apical deviations), p
and the superiority of both methods was confirmed compared
to the free-hand technique.
The mean deviations in the static and dynamic CAIS groups
were 0.63 +0.99 mm and 0.55+1.06 mm, respectively, A comparison of full-
and the mean apical deviations were 0.75+1.50 mm and guidance accuracy
1.18+0.53 mm, respectively. The angular deviation in the Implants were placed using between computer- Fong ot al
static and dynamic CAIS groups was 2.18+3.07 degrees and ~ computer-guided static or dynamic ~ aided implant surgery China (%8)
1.67 +3.23 degrees, respectively. Both static and dynamic systems. systems for immediate
methods resulted in accurate implant placement (coronal and implant placement in
apical deviations with no significant difference between the the maxilla
two groups).
The mean coronal and apical deviations for static CAIS were Comparison between
0.88+0.31 mm and 1.45+0.37 mm, respectively, and for o (?ifferent implant
dynamic CAIS, the mean coronal and apical deviations were ) . eimp .
0.97£0.32 mm and 1.580.56 mm, respectively. Both static P12t were placed using - sites regarding implant , Taheri
and dynamic methods resulted in accurate implant placement computer-guided static or dynamic ple_lcemen.t accuracy Switzerland ~ Otaghsara et
(coronal and apical deviations with no significant difference systems. zsmg S.tatlc versus al(19)
between the two groups). However, the dynamic method yfwdarzll_c co]mputer—
showed higher deviations in a laboratory setting. guided implant surgery.

Developing and

The mean coronal deviation was 0.87 mm and 0.91 mm for Two erouns of patients received evaluating an AR-based
the AR and free-hand groups. The mean angular deviation - Ignt P i FtJh freo-hand method implant navigation Liu et al
for these two groups was 1.84 degrees and 4.93 degrees, plants using the free-hand metho system for dental China ueta

and an AR navigation system, (20)

respectively. The AR method demonstrated less angular

implants, and assessing

iati tively.
deviation compared to the free-hand method. [EEfpEaivEh

implant accuracy using
the free-hand technique

of technologies to merge the digital world with reality.
The main components of this system include a display,
tracking technology, and specialized software. The display
allows users to simultaneously perceive both the real
environment and presented digital information, while
tracking technology ensures that digital information
accurately corresponds to real objects in real time (32).

Free-Hand Method

In free-hand surgical techniques, panoramic and periapical
radiographs are employed to evaluate the width and
characteristics of the available alveolar bone for implant
placement and to examine the surrounding anatomy
prior to utilizing CBCT imaging. During this process,
instruments such as probes, gauges, or periodontal calipers
are used in intraoral examinations to assess the bone
quality. This approach provides a practical representation
of ridge height and thickness, aiding in the planning of
the implant procedure (12). Surrounding teeth can also
serve as guides for determining the correct position of
the implant. The free-hand method offers numerous

advantages for dentists as it allows them to visualize
diagnostic data in relation to soft tissues and assess bone
anatomy relevant to actual clinical conditions (33).

Discussion
This systematic review presented integrated evidence
of the latest and most advanced guidelines in implant
placement surgery from 2019 to March 2024. Since the
introduction of modern implantology to the medical
community in the early 1980s, dentists have consistently
sought to place implants based on the amount of remaining
bone in the patient’s jaw (34). This issue is compounded
by challenges such as misplacing implants within the jaw,
which often makes achieving suitable prosthetics difficult
or impossible, both aesthetically and functionally (35).
It is essential to understand that dentists typically prefer
to place implants in areas with the greatest volume of
remaining bone; however, this approach can lead to
excessive buccal or lingual positioning of the implant,
resulting in complications (36).

Based on the findings of this study, the latest published
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guidelines for implant placement include CAIS using
both static and dynamic methods, as well as AR-based
navigation with CBCT. In most studies evaluating the
outcomes and implications of CAIS between static and
dynamic methods, no significant differences were found
regarding accurate positioning for implant placement.
However, the results of the study by Zhou et al indicated
that hex, crown, and angular deviations were lower in
the dynamic group compared to the static group (14).
Additionally, another study reported that using dynamic
CASachieved an average crown deviation of less than 1 mm
and an angular deviation of less than 5 degrees (37). The
higher accuracy of implant placement in these studies can
be attributed to their laboratory settings, where implants
are placed in models that allow for better surgical visibility
without patient movement, thus reducing operator error
(38). Another reason for the lower angular deviation in
dynamic methods compared to static methods is operator
experience, which has become a measured variable
influencing accuracy in clinical practice (39). Therefore,
an experienced operator can significantly minimize
implantation errors.

The accuracy of CAS is affected by all individual errors
throughout the treatment process. Considering that
CAS approaches are image-based, image acquisition and
processing inevitably introduce errors. Although CBCT is
currently one of the most reliable tools for preoperative
assessment for dental implant placement, measuring the
mandible with CBCT can result in an average systematic
error of up to 1.4%. Another major source of error in
CAS application is related to inputting CT data and
surface scan data into planning software (14). Several
factors can affect the accuracy of implant positioning
when utilizing both static and dynamic CAIS. In static
CAIS, common limitations and potential sources of error
include the breakage or improper fit of surgical guides,
as well as challenges presented by patients with limited
mouth opening. On the other hand, dynamic CAIS may
encounter limitations and errors related to the learning
curve associated with navigation systems, particularly
among novice dentists who are still becoming familiar
with the technology (13).

The current systematic review indicates that CAIS
significantly influences implant placement accuracy.
Both static and dynamic CAIS methods are successful
for implant placement; however, it appears that dynamic
CAS may achieve higher accuracy than static CAS in
specific clinical environments (e.g., laboratory settings).
The results of this systematic review suggest that utilizing
new technologies and modern software is associated with
higher success rates for accurate placements with minimal
damage and optimal aesthetics for dental implants.

According to this study’s findings, the results of Smitkarn
et al (12) and Mistry et al (15) revealed that angular and
crown deviations were lower in static computer systems
compared to free-hand groups. These results confirm
that the novel CAIS is more successful than previous

guidelines for implant placements. Although a body of
evidence suggests greater accuracy for implants placed
via static CAIS, the limitations of this technique include
higher costs and requirements for favorable anatomical
conditions regarding mouth opening (36,40).

Furthermore, based on the results of this systematic
review, the examined studies demonstrated a higher
success rate for AR-based navigation with CBCT compared
to traditional free-hand methods. According to Kivovics et
al, the lowest crown or apical deviations between implant
positions were reported using AR navigation systems
compared to free-hand methods (17), highlighting the
superiority of this new guideline in successful implant
placements.

AR navigation allows dentists to visualize surgical plans
overlaid on the actual surgical field, providing complete
visual control over both the surgical plan and the field
simultaneously. In this method, surgeons do not need
to shift their focus between a monitor and the surgical
area, which may be a significant advantage over dynamic
navigation in clinical settings and could help prevent
iatrogenic complications during implant placement.
Additionally, a noted advantage of AR navigation over
static CAIS is that it does not require template fabrication;
instead, immediate loading of surgical plans into computer
systems is possible (17,32,41). In the study by Kivovics
et al, crown and apical angular deviations following AR
navigation were reported as 0.40+ 1.27 mm and 0.41 + 1.34
mm, respectively (17), similar to previous laboratory
studies’ results (8,31,42,43). The developed AR navigation
guideline can provide a scene from the surgical site and
enhance depth perception for dentists. This therapeutic
approach can resolve hand-eye coordination issues present
in some commercially developed navigation systems for
dental implant surgery because older guiding systems
always display navigational information on a screen away
from the surgical site. Considering that dental implant
placement methods must meet biomechanical, functional,
and aesthetic needs, precise location and orientation are
essential (8). This novel guideline is capable of fulfilling
these requirements for dental implant placements.

To the best of our knowledge, this was the first study
to examine advanced guidelines in implant placement
surgery over the past five years (2019-2024), which is a
strength of this research. However, limitations included a
limited number of studies focusing on advanced guidelines
for dental implant surgery and concentrating on only one
surgical guideline; additionally, methodological diversity
among studies and heterogeneity in published results
posed challenges for conducting meta-analyses.

Conclusion

Based on the findings from studies reviewed in this
research, each of the static and dynamic CAIS guidelines,
along with AR-based navigation with CBCT, was
successfully performed compared to older free-hand
guidelines in dental implant placement surgery. Each of
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these new guidelines offers advantages regarding accuracy
during dental implantation; however, limitations and
challenges still exist within each novel CAIS guideline
(static or dynamic), as well as AR-based navigation with
CBCT, thereby requiring further investigation through
laboratory and clinical studies. Evidence-based studies
should provide solutions aimed at addressing these
limitations and challenges associated with novel CAIS
guidelines (both static and dynamic) and AR-based
navigation with CBCT.
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