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* Overview

Dental implantology is not an
exception to the revolution in
medicine and dentistry that has been
facilitated by technological
advancements. Dental implants are
the major approach for replacing lost
teeth because of their longevity,
aesthetics, and function. Dental
implants require precise surgical
execution and rigorous treatment
planning to be successful and
accurate (Saini et al., 2024).

Careful planning and surgical
placement of dental implants play an
important role in ensuring positive
outcomes and sustainable health for
patients (Marlicre et al., 2018).
Consideration  planning  enables
clinicians to perform a
comprehensive assessment of the
patient’s oral and maxillofacial
structure,  identifying  potential
complications or obstacles during the
procedure (Anand and Panwar,

2021). By assessing the quality and
quantity of  available  bones,
proximity to vital structures such as
muscles and tendons, and the
condition of adjacent teeth, clinicians
can develop a treatment strategy that
maximizes the chances that problems
will be reduced (Jaju and Jaju, 2014).

In addition, careful planning
facilitates the identification of
optimal implant dimensions,
contours, and orientation, while
considering the functional needs and
aesthetic desires of the individual
(Kola et al., 2015). Furthermore, the
process of osseointegration, where
the implant fuses with the adjacent
bone, is highly dependent on the
precise surgical placement of dental
implants (Parithimarkalaignan and
Padmanabhan, 2013).

On the other hand,
misalignment  or  inappropriate
insertion of implants can cause
mechanical and biological difficulties

Digital Technologies in Dental Implantology



such as implant failure, bone loss, and
soft tissue concerns. The proper site
of the implant has a substantial
impact on its overall endurance and
dependability, which is required for
optimal
optimum performance (Tallarico et
al., 2020).

Conventional treatment
planning in dental implantology often

load distribution and

uses two-dimensional (2D) imaging
methods such as panoramic and
periapical radiography (Shah et al.
2014). Although these conventional
approaches give useful information,
they have limitations in adequately
representing the 3D anatomy of the
oral and maxillofacial areas
(Beshtawi et al., 2021). This
underrepresentation limits the ability
to 1identify important anatomical
features such as dental smooth
muscle, alveolar bone morphology,
and proximal dentition, which may
increase the risk of complications
during implant placement (Beshtawi
et al., 2021). Consequently, three-
dimensional (3D) imaging
techniques, together with virtual
patient models, have emerged as
powerful tools in recent years to
facilitate proactive planning. The
accuracy and predictability of
surgical and operative procedures
have been enhanced in dental
implants (Saini et al., 2024).

Furthermore, three-
dimensional imaging techniques have
enhanced  routine  preoperative
radiographic examinations. It also
increases accuracy in quantifying
bone density and in assessing the
proximity of adjacent anatomic
structures (Tanveer et al.,, 2021).
Thus, data from the 3D imaging
facilitates  preoperative
planning. This system enables precise
implant placement guidance to
optimize placement and angle to
ensure that it is compatible with the
prosthetic design. Further, it can
protect the important adjacent
anatomical structures (Mizrahi et al.,
1998).

Digital design relies on
computer-aided  design  (CAD)
systems to refine the accuracy of
implants. It optimizes the design of
molds and models, and teaches

objects attached to the implant

system

surface, to facilitate the fabrication of
custom implants using various
implant software applications
(Scolozzi et al., 2023). In addition,
digital charts are an important tool for
improving patient communication,
which enables physicians to visually
represent proposed treatment plans
and engage in informed discussions
about predicted outcomes results
have been reported. Overall, the
digitization of implant design reduces
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the potential errors inherent in
traditional  freehand techniques,
increases accuracy, and aids drive the
success and longevity of dental
implant treatments (Saini et al.,
2024).

Despite its advantages, several
challenges may hinder the clinical
application of virtual simulation and
3D imaging. These challenges
include capital investment and
ongoing
associated with these devices, and the
need for specialist personnel trained
in the operation of these technologies.
Notably, the use of this system will
loosely integrate established clinical

maintenance costs

workflows. The development of user-
friendly and economically viable
imaging systems provides a potential
solution to this obstacle (Saini et al.,
2024).

Moreover, the comparative
evaluation of digital dentistry versus
conventional techniques is another
considerable literature lacuna
(Chochlidakis et al., 2016). Digital
procedures are not explicitly
compared to conventional
approaches in a significant number of
studies, which complicates the
determination of the accuracy of
digital dentistry (Tabesh et al.,
2021).

* Applications of 3D imaging
devices
* Intraoral scanners
three-dimensional (3D) optical
scanning technologies, such as the
intraoral scanner (IOS), have been
developed for dental applications.
These techniques may address patient
discomfort, inherent inaccuracies,
and the difficulties in acquiring
realistic three-dimensional
geometries of dental tissues using
traditional two-dimensional (2D)
imaging methods, (Grondahl et al.,
1996). In 1987, an early facial sensor
capable of transferring X-ray images
to a television monitor and an
accompanying display processing
unit appeared as an alternative to
traditional radiography. Subsequent
developments in sensor technology-
enabled digital post-processing,
facilitating the characterization of
diverse diagnostic problems
(Sanderink, 1993).

An intraoral scanner is used to
directly acquire three-dimensional
topographic color and texture data of
the hard and soft tissues of the oral
cavity, including teeth, gums, and
mucous membranes (Mangano et al.,
2017).  Subsequently, computer-
aided design and computer-aided
manufacturing (CAD/CAM)
software platforms can be used to
process digitally captured images of
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patients’ jaw structures. This may
facilitate the fabrication of dental
prostheses and the design and
execution of the restoration (Mai et
al., 2021).

In the case of dental implants,
dental scanning systems can be used
for digital planning and single and
multiple dental implants (Yilmaz et
al., 2023). The integration of digital
scanning  into practice
eliminates the need for traditional

clinical

physical measurements. It also
reduces the risk of microbial
contamination and cross-infection
and offers advantages such as
reducing errors. Elimination of the
tray selection process helps reduce
the risk of infection, decreases staff
workload, and improves patient
comfort (Hou et al., 2022).
Numerous comparative studies
have investigated the accuracy of

digital Versus conventional
impressions,  producing  varied
results. However, several

investigations have indicated that
digital impressions exhibit superior
accuracy compared to traditional
impressions, particularly in full-arch
implant models (Hou et al., 2022).
* Extraoral scanners

As discussed earlier, the
utilization of intraoral scanning
systems can improve both the
reliability and safety of guided

implant surgery by facilitating the
fabrication of computer-assisted
surgical guides and enabling precise
intraoperative implant identification
(Schneider et al., 2009). While
intraoral scanners capture data
directly, extraoral scanners still
require  impression trays and
materials to acquire information from
the oral cavity. Therefore, extraoral
scanners cannot fully eliminate
adverse patient reactions, such as the
gag reflex. Moreover, mitigating
errors  arising  during
fabrication, such as dimensional
changes post-polymerization and tray
distortion presents a greater challenge

model

with extraoral compared to intraoral
scanning techniques (Ellakany et al.,
2022).

However, unlike traditional
design methods, face-to-face
scanners prevent the need for two or
multiple molds, reducing the risk of
tray or cast deformation (Keul and
Giith, 2020). Stefanelli et al. (2020)
recommend the utilization of
conventional postoperative
radiological scanning for implant
teeth positioning. This method gives
the benefits of decreased radiation
publicity by obviating the need for an
extra cone-beam computed
tomography (CBCT) test, improved
time efficiency, and similar accuracy

to established workflows.
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Some proponents have
suggested employing intraoral or
extraoral scanners for implant tooth
localization, and preliminary studies
indicate satisfactory accuracy for
postoperative verification; however,
further research is necessary to
definitively establish the clinical
efficacy and efficiency of these
devices (Zhou et al., 2020). Overall,
despite their increasing prevalence in
dentistry, the application of intraoral
and extraoral scanners remains
subject to limitations imposed by
factors such as operator expertise,
patient movement, restricted intraoral
access, and potential distortion of the
acquired images (Emir and Ayyildiz,

2019).
* Cone-beam computed
tomography

A cone-beam = computed

tomography (CBCT) scanner is an
imaging modality employing a
collimated x-ray source to produce a
cone- or pyramid-shaped x-ray beam.
This beam undergoes a single,
complete, or partial rotation around
the patient, generating a series of
discrete planar projection images
acquired by a digital detector (Hou et
al., 2022). The noninvasive nature of
CBCT and the resultant enhanced
patient comfort also contribute to its
widespread utilization. By acquiring
broad image data in a single scan,

CBCT reduces the need for multiple
imaging sessions, streamlines the
diagnostic process, and improves the
overall patient experience
(Venkatesh and Elluru, 2017).

CBCT provides three-
dimensional volumetric, surface, and
sectional data acquisition
capabilities. Advantages include
rapid scan times, an expanded field of
view, reduced spatial requirements,

and lower associated costs.

CBCT offers the
effective

Significantly,
potential  for
radiation dose and minimization of
metal  artifacts compared to
conventional computed tomography
(CT). This can be achieved through
optimized patient positioning, like
jaw tilting, and the wuse of
supplementary protective measures
such as thyroid collars (Hou et al.,
2022).

Also, Oral implantology can
benefit from the use of CBCT to
enhance the detection and evaluation

reduced

of anatomical structures in the
planned implant location, as well as
to achieve optimal implant
placement.  Additionally, CBCT
imaging may be implemented to
facilitate the early diagnosis and
treatment of peri-implantitis (Hou et
al., 2022). CBCT facilitates precise
treatment planning by enabling
accurate measurement and evaluation
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of available bone volume. Three-
dimensional visualization of the
implant site allows for the
determination of optimal implant
dimensions, orientation, and
angulation, contributing to improved
implant success and longevity
(Angelopoulos and Aghaloo, 2011).
Nevertheless, the applicability of
CBCT is limited by several factors,
such as the relatively high quantity of
scattered radiation, the limited field
size, and the limitations of the current
reconstruction algorithms (Shaheen
et al., 2017).

* Facial scanners

A facial scanner is a non-
contact, non-invasive measurement
device  that  acquires  three-
dimensional facial morphology data,
including realistic skin textures and
colors (Conejo et al, 2021).
Historically, physical facial
impressions utilizing elastomeric
materials and gypsum casts were
employed to create facial models.
However, this method presented
patient discomfort due to the
obscuring of facial features during
the impression-taking procedure
(Hou et al., 2022).

The advantages of facial
scanners involve their rapid, non-
contact scanning capabilities, which
are generally well-tolerated by
patients. Furthermore, facial scanners

have found widespread clinical
application due to their high
reliability and accuracy. However,
resources, time, and space constraints
may preclude their routine utilization
in certain settings (Petrides et al.,
2021). It is important to note that
some facial scanners utilize radiation
that can be harmful to the eyes to
acquire 3D images. This presents a
disadvantage due to the potential
detrimental impact on patient health
and well-being (Hou et al., 2022).
The analysis of facial morphology is
of critical 1importance in the
preoperative diagnosis, postoperative
evaluation, and symmetry analysis of
craniomaxillofacial surgery (Hou et
al., 2022).

Despite their benefits, facial
scanners are subject to certain
limitations. For instance, data gaps or
artifacts, commonly referred to as
"holes," can arise from challenges in
capturing complex surfaces such as
eyebrows, eyelashes, and hairlines.
Although image processing software
can often rectify minor
imperfections, larger defects can
hinder the image-stitching process
and compromise data integrity (Mai
and Lee, 2020).

* Combined multiple 3D imaging
devices

Recent years have witnessed a
shift towards virtually based
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workflows in clinical practice,
accompanied by growing interest in
the integration of 3D imaging
modalities. These practices include
intraoral scanners, extraoral scanners,
cone-beam computed tomography
(CBCT), and facial scanners. This
combined approach enables
clinicians to select the optimal device
for acquiring the most accurate data
from diverse tissue types,
encompassing the facial skeleton,
extraoral soft tissues, dentition, and
surrounding intraoral soft tissues
(Hou et al., 2022).

Superimposing digital
impressions acquired via intraoral or
extraoral scanners onto CBCT data
allows for comprehensive analysis of
implant positioning (Li et al., 2021)
(Figure 1). However, the practicality
and reliability of utilizing intraoral
scanners for full-arch implant
impressions remain to be fully
elucidated (Hou et al., 2022).
Photogrammetry has steadily gained
traction in clinical practice. By
superimposing the digital file
representing the 3D implant position
onto soft tissue data acquired through
photogrammetric  techniques, the
intraoral scanner can generate an
accurate impression of the edentulous
implant site (Hou et al., 2022).
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Figure 1. Combined multiple
3D imaging device techniques. (A)
intraoral scanner (B) extraoral
scanner (C) digital imprints from
either intraoral or extraoral scanner.
Four non-contact optical technology
principles (D)  Principles  of
triangulation, confocal microscopy,
accordion fringe interferometry, and
active wavefront sampling (Hou et
al., 2022).
* Computer-aided design and
computer-aided manufacturing
systems (CAD/CAM)

Computer-aided design and
computer-aided manufacturing
(CAD/CAM) technologies have
facilitated implant placement for
approximately 15 years. This 3D
technology enables the fabrication of
patient-specific ~ surgical  guides,
providing preoperative planning data
that can be utilized intraoperatively
for precise implant placement
(Derksen, 2023). Preoperative data
for digital planning 1s typically
acquired through non-contact three-
dimensional imaging modalities such
as computed tomography (CT), cone-
beam computed tomography
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(CBCT), and magnetic resonance
imaging (MRI), as well as various
laser scanning techniques (Tanveer et
al., 2021).

Computer-aided
manufacturing (CAM) builds upon
computer-aided design (CAD) data,
transforming virtual blueprints into
tangible objects. This 1s
accomplished through the fabrication
of physical models, wax-ups, molds,
surgical templates, or even direct
prostheses using additive
manufacturing techniques such as
stereolithography (SLA) or fused
deposition modeling (FDM) (Ishida
et al., 2020). Sarment et al. (2003)
reported that the utilization of
CAD/CAM-fabricated surgical
templates significantly enhances the
precision and accuracy of dental
implant placement compared to
conventional surgical guides.
Moreover, CAD/CAM technology
has found recent applications in
craniofacial implant surgery,
demonstrating promising clinical
results (Tanveer et al., 2021).

Additionally, CAD/CAM
technology purportedly reduces the
number of required  patient
consultations, shortens clinical and
laboratory procedural timelines, and
streamlines production stages
compromising
outcomes. Tanveer et al. (2021)

without clinical

employed CAD/CAM technologies
for the fabrication of surgical
templates, models, molds,
substructures, customized implants,
and guided implant procedures in the
prosthetic rehabilitation of orbital
defects.

However, the assessment of
the impact of CAD/CAM on the
fabrication = of  implants and
prostheses reveals

literature gaps and controversies,

numerous

necessitating additional scientific
investigation. These voids are the
result of a wvariety of factors,
including the evolving and complex
nature of  digital  dentistry
technologies, the limited number of
long-term clinical studies, and the
diverse methodologies used in the
extant research (Fliigge et al., 2018).
* Artificial intelligence in implant

dentistry

The concept of artificial
intelligence (AI) was initially
articulated at the Dartmouth

Conference in 1956, defined as the
cognitive capacity exhibited by
human-created systems. Al strives to
emulate, augment, and potentially
surpass human intelligence in terms
of cognitive functions and behavioral
responses. This is achieved through
the ability of Al systems to learn from
and adapt to environmental stimuli
(Xiaojun et al.,, 2021). Machine
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learning (ML), a subdomain of
artificial intelligence, focuses on the
development of algorithms capable of
learning from input data and
generating predictive outputs based
on training. These algorithms are
designed to extract patterns and
identify relevant features from large
datasets,  while
filtering irrelevant information from
the input sources (Choi et al., 2020).

On the other hand, deep
learning (DL), predicated on artificial
(ANNs), has
garnered significant attention due to
its advanced capacity to learn from
input data. Unlike traditional
machine learning (ML) models, DL
utilizes layered data abstractions to

simultaneously

neural networks

construct complex computational
models. This approach often results
in shorter testing times compared to
existing ML algorithms (Sarker,
2021).

Clinical medicine was
extensively implemented with Al,
which can encompass the fields of
clinical medicine and dentistry due to
its high efficacy and capacity to
address intricate conditions (Morch et
al., 2021). Artificial intelligence has
found widespread application in
dentistry, contributing to
advancements in both diagnosis and
treatment. Various Al classifications

have emerged, facilitating

applications such as the diagnosis of
cysts and tumors, and the detection
and classification of dental caries and
periapical lesions. Other applications
involve the diagnosis of gingivitis
and  periodontitis, orthodontic
treatment planning, pediatric
dentistry, the segmentation of natural
teeth and maxillofacial structures,
guidance for dental professionals and
researchers, and public oral health
education (Morch et al., 2021; Tay et

al., 2023).
Moreover, the integration of
artificial  intelligence (Al) into

implant planning heralds a new
paradigm of enhanced efficiency and
precision. Al algorithms enable
clinicians to analyze extensive patient
datasets, including radiographic
images, three-dimensional scans, and
clinical records, facilitating evidence-
based decision-making regarding
implant placement (Bonny et al.,
2023). Al also offers predictive
modeling and simulation capabilities,
allowing clinicians to preview the

projected outcomes of various
treatment strategies before
performing any intervention. This
facilitates  personalized, patient-

specific treatment and enhances the
overall planning process (Dhopte and
Bagde, 2023).

Despite the potential
advantages, the widespread adoption
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of Al in implant planning raises
important ethical, legal, and practical
considerations. Key  challenges
including data privacy, algorithmic
transparency, and liability, must be
addressed to ensure the responsible
and ethical implementation of Al
technologies in dentistry (Pethani,
2021). However, the efficacy of Al
models in  predicting implant
prognosis remains to be fully
established. @~ A comprehensive
evaluation of the performance and
of Al models for
predicting dental implant outcomes is
recommended to support clinicians in
their decision-making processes (Wu
et al., 2024).

In conclusion, the integration
of digital technology has
considerably changed the design of
dental implants, from initial
diagnostic imaging to final prosthetic
reconstruction. Advances in 3D

limitations

imaging (external scanners, CBCT),
CAD/CAM  systems, and the
application of Al manage growing
applications  for  unprecedented
accuracy, predictability, and
efficiency. This technology addresses
the limitations of traditional methods,
reducing risks, improving patient
comfort, and contributing to
enhanced treatment outcomes and
long-term implant success. Further
research is needed to refine existing

technologies, address limitations
such as image distortion and data
gaps, and explore the full potential of
Al in transplant management and
prognostic prediction. Also, ethical
considerations of data privacy,
algorithmic  transparency,  and
accountability are needed to ensure
that these are used profitably in
responsible tools are powerful. As
digital technologies continue to
evolve, ongoing research and clinical
inclusion workflows will become
necessary to maximize the positive
impact on implants, and most
importantly, the patients who benefit
from these improvements.
* References
Alauddin, M.S., Baharuddin, A.S.,
Mohd Ghazali, M.1., 2021. The
Modern and Digital
Transformation of Oral Health

Care: A Mini Review.
Healthcare 9, 118.
https://doi.org/10.3390/healthc
are9020118

Altalhi, A.M., Alharbi, F.S.,
Alhodaithy, M.A.,
Almarshedy, B.S., Al-saaib,
M.Y., Al Jfshar, R.M.,,
Aljohani, A.S., Alshareef,

A.H., Muhayya, M., AL-harbi,
N.H., 2023. The Impact of
Artificial  Intelligence  on
Dental  Implantology: A
Narrative Review. Cureus.

Digital Technologies in Dental Implantology



https://doi.org/10.7759/cureus.
47941

Anand, M., Panwar, S., 2021. Role of

Oral
Surgery: A
Surgeon’s Perspectives. Clin
Cosmet Investig Dent 13, 127—
139.
https://doi.org/10.2147/CCID
E.S299249

Navigation in and

Maxillofacial

Angelopoulos, C., Aghaloo, T., 2011.

Imaging technology in implant
diagnosis. Dent Clin North Am
55, 141-158.
https://doi.org/10.1016/j.cden.
2010.08.001

Baniasadi, T., Ayyoubzadeh, S.M.,

Mohammadzadeh, N., 2020.
Challenges
Considerations in  Applying
Virtual Reality in Medical
Education and Treatment.
Oman Med J 35, el25.
https://doi.org/10.5001/om;j.20
20.43

and  Practical

Beshtawi, K.R., Peck, M.T., Chetty,

M., 2021. Review of the
radiographic modalities used
during dental implant therapy -
A narrative. S. Afr. dent. j. 76,
84-90.

https://doi.org/10.17159/2519-

0105/2021/v76no02a4

Bonny, T., Al Nassan, W., Obaideen,
K., Al Mallahiy, M.N,,
Mohammad, Y., El-

Chiu,

Damanhoury, H.M., 2023.
Contemporary  Role  and
Applications of  Artificial
Intelligence in  Dentistry.
F1000Res 12, 1179.

https://doi.org/10.12688/f1000
research.140204.1

A., Chen, Y.-W., Hayashi, J.,
Sadr, A., 2020. Accuracy of
CAD/CAM Digital
Impressions with Different
Intraoral Scanner Parameters.
Sensors 20, 1157.
https://doi.org/10.3390/s20041
157

Chochlidakis, K.M., Papaspyridakos,

Choit,

P., Geminiani, A., Chen, C.-J.,
Feng, 1.J., Ercoli, C., 2016.
Digital
impressions for

conventional
fixed
prosthodontics: A systematic

VErsus

review and meta-analysis. The
Journal of Prosthetic Dentistry
116, 184-190.e12.
https://doi.org/10.1016/j.prosd
ent.2015.12.017

J.Y., Choi, JH., Kim, N.K,,
Kim, Y., Lee, J.K., Kim, M.K.,
Lee, J.H., Kim, M.J., 2002.
Analysis of errors in medical
rapid prototyping models. Int J
Oral Maxillofac Surg 31, 23—
32.
https://doi.org/10.1054/ijjom.2
000.0135

Digital Technologies in Dental Implantology



Choi, R.Y., Coyner, A.S., Kalpathy-

M.F.,
2020.
Machine
Learning, Neural Networks,
and Deep Learning.
Translational Vision Science
&  Technology 9, 14.
https://doi.org/10.1167/tvst.9.
2.14

Cramer, J.,
Campbell,

Chiang,
J.P.,
Introduction  to

Conejo, J., Dayo, A.F., Syed, A.Z.,

Mupparapu, M., 2021. The

Digital  Clone: Intraoral
Scanning, Face Scans and
Cone Beam Computed

Tomography Integration for
Diagnosis and  Treatment
Planning. Dent Clin North Am
65, 529-553.
https://doi.org/10.1016/j.cden.

2021.02.011

D’haese, J., Van De Velde, T.,

Komiyama, A., Hultin, M., De
Bruyn, H., 2012. Accuracy and

Complications Using
Computer-Designed
Stereolithographic  Surgical

Guides for Oral Rehabilitation
by Means of Dental Implants:
A Review of the Literature.
Clinical Implant Dentistry and
Related Research 14, 321-335.
https://doi.org/10.1111/3.1708-
8208.2010.00275.x

Derksen, W.D.C., 2023. The digital

workflow in implant dentistry:

From planning, to scanning
(dr.). Vrije  Universiteit
Amsterdam.
https://doi.org/10.5463/thesis.
219

Dhopte, A., Bagde, H., 2023. Smart

Ellakany, P.,

Emir,

Smile: Revolutionizing
Dentistry  With  Artificial
Intelligence. Cureus.

https://doi.org/10.7759/cureus.
41227

Tantawi, M.E.,
Mahrous, A.A., Al-Harbi, F.,

2022. Evaluation of the

Accuracy of Digital
Impressions Obtained from
Intraoral and Extraoral Dental
Scanners  with  Different
CAD/CAM Scanning
Technologies: An In Vitro

Study. J Prosthodont 31, 314—
319.
https://doi.org/10.1111/jopr.13
400

F., Ayyildiz, S., 2019.
Evaluation of the trueness and
precision of eight extraoral
laboratory
complete-arch model: a three-
dimensional  analysis. J
Prosthodont Res 63, 434-439.
https://doi.org/10.1016/j.jpor.2
019.03.001

scanners with a

Fliigge, T., van der Meer, W.J.,

Gonzalez, B.G., Vach, K.,
Wismeijer, D., Wang, P., 2018.

Digital Technologies in Dental Implantology



The accuracy of different
dental impression techniques
for implant-supported dental
prostheses: A systematic
review and meta-analysis.
Clinical Oral Implants
Research 29, 374-392.
https://doi.org/10.1111/clr.132
73

Grondahl, H.G., Wenzel, A., Borg,

E., Tammisalo, E., 1996. An
image plate system for digital

intra-oral radiography. Dent
Update 23, 334-337.

Hou, X., Xu, X., Zhao, M., Kong, J.,

Wang, M., Lee, E., Jia, Q.,
Jiang, H.B., 2022. An
overview of three-dimensional
imaging devices in dentistry. J
Esthet Restor Dent 34, 1179-
1196.
https://doi.org/10.1111/jerd.12
955

Ishida, Y., Miura, D., Miyasaka, T.,

Shinya, A., 2020. Dimensional
Accuracy of Dental Casting
Patterns  Fabricated Using
Consumer 3D Printers.
Polymers 12, 2244.
https://doi.org/10.3390/polym
12102244

Jaju, P.P., Jaju, S.P., 2014. Clinical

utility of dental cone-beam
computed tomography: current
perspectives. Clin  Cosmet
Investig Dent 6, 29-43.

https://doi.org/10.2147/CCID
E.S41621

Keul, C., Giith, J.-F., 2020. Accuracy

of full-arch digital
impressions: an in vitro and in
vivo comparison. Clin Oral
Investig 24, 735-745.
https://doi.org/10.1007/s00784
-019-02965-2

Kola, M.Z., Shah, A .H., Khalil, H.S.,

Rabah, A.M., Harby, N.M.H.,
Sabra, S.A., Raghav, D., 2015.
Surgical templates for dental
implant positioning; current
knowledge  and  clinical
perspectives. Niger J Surg 21,
1-5.
https://doi.org/10.4103/1117-
6806.152720

Kumar, M., Shanavas, M., Sidappa,

A., Kiran, M., 2015. Cone
beam computed tomography -
know its secrets. J Int Oral
Health 7, 64-68.

Li, J., Sommer, C., Wang, H.-L.,

Lepidi, L., Joda, T.,
Mendonca, G., 2021. Creating
a virtual patient for completely
edentulous  computer-aided
implant surgery: A dental
technique. J Prosthet Dent 125,
564-568.
https://doi.org/10.1016/j.prosd
ent.2020.02.026

Mai, H.-N., Kim, J., Choi, Y.-H., Lee,

D.-H., 2021. Accuracy of

Digital Technologies in Dental Implantology



Mai,

Portable Face-Scanning
Devices for Obtaining Three-
Dimensional Face Models: A
Systematic Review and Meta-
Analysis. International Journal
of Environmental Research
and Public Health 18, 94.
https://doi.org/10.3390/ijerphl
8010094

H.-N., Lee, D.-H., 2020.
Accuracy of Mobile Device-
Compatible 3D Scanners for
Facial Digitization: Systematic
Review and Meta-Analysis. J
Med Internet Res 22, €22228.
https://doi.org/10.2196/22228

Mangano, F., Gandolfi, A., Luongo,

G., Logozzo, S., 2017.
Intraoral scanners in dentistry:
a review of the current
literature. BMC Oral Health
17, 149.
https://doi.org/10.1186/s12903
-017-0442-x

Marliére, D.A.A., Demétrio, M.S.,

Picinini, L.S., Oliveira,
R.G.D., Netto, H.D.D.M.C.,
2018. Accuracy of computer-
guided surgery for dental
implant placement in fully
edentulous patients: A
systematic review. Eur J Dent
12, 153-160.
https://doi.org/10.4103/ejd.ejd
249 17

Mizrahi, B., Thunthy, K.H., Finger,

I., 1998. Radiographic/surgical
template incorporating metal
telescopic tubes for accurate
implant  placement.  Pract
Periodontics Aesthet Dent 10,
757-65; quiz 766.

Monaghesh, E., Negahdari, R.,

Samad-Soltani, T., 2023.
Application of virtual reality in
dental implants: a systematic
review. BMC Oral Health 23,
603.
https://doi.org/10.1186/s12903
-023-03290-7

Morch, C.M., Atsu, S., Cai, W., Li,

X., Madathil, S.A., Liu, X.,
Mai, V., Tamimi, F., Dilhac,
M.A., Ducret, M., 2021.
Artificial Intelligence and
Ethics in Dentistry: A Scoping
Review. J Dent Res 100, 1452—
1460.
https://do1.org/10.1177/00220
345211013808

Oliveira, A.L.I.,, Baldisserotto, C.,

Baldisserotto, J., 2005. A
Comparative Study on
Machine Learning Techniques
for Prediction of Success of
Dental Implants, in: Gelbukh,
A., de  Albornoz, A.,
Terashima-Marin, H. (Eds.),
MICAI 2005: Advances in
Artificial Intelligence.
Springer, Berlin, Heidelberg,

Digital Technologies in Dental Implantology



pp. 939-948.
https://do1.org/10.1007/11579
427 96

Parithimarkalaignan, S.,

Padmanabhan, T.V., 2013.
Osseointegration: an update. J
Indian Prosthodont Soc 13, 2—
6.
https://doi.org/10.1007/s13191
-013-0252-z

Pethani, F., 2021. Promises and perils

of artificial intelligence in
dentistry. Australian Dental
Journal 66, 124-135.
https://doi.org/10.1111/adj.12
812

Petrides, G., Clark, J.R., Low, H.,

Lovell, N., Eviston, T.J., 2021.
Three-dimensional  scanners
for soft-tissue facial
assessment in clinical practice.
J Plast Reconstr Aesthet Surg
74, 605-614.
https://doi.org/10.1016/j.bjps.

2020.08.050

Reddy, N., Vempalli, S., Prakash, J.,

Suganna, M., Meenakshi, S.I.,
Shivakumar, G.C., Crimi, S.,
Minervini, G., 2023.
Evaluation of the Effect of

Digital Dentistry on the
Accuracy of Implant
Placement and Prosthesis
Fabrication—A  Systematic

Review and Meta-Analysis.

Prosthesis 5, 666—677.

https://doi.org/10.3390/prosth
esis5030047

Revilla-Leon, M., Gémez-Polo, M.,

Saini,

Vyas, S., Barmak, B.A,
Galluci, G.O., Att, W,
Krishnamurthy, V.R., 2023.
Artificial intelligence
applications in implant
dentistry: A systematic review.
The Journal of Prosthetic
Dentistry 129,  293-300.
https://doi.org/10.1016/j.prosd
ent.2021.05.008

R.S., Bavabeedu, S.S., Quadri,
S.A., Gurumurthy, V., Kanji,
M.A., M.S.,
Binduhayyim, R.I.H.,
Avetisyan, A., Heboyan, A.,
2024. Impact of 3D imaging
techniques and virtual patients
on the accuracy of planning

Kuruniyan,

and
dental implants: A systematic
review. DIGITAL HEALTH
10, 20552076241253550.
https://doi.org/10.1177/20552
076241253550

surgical placement of

Sanderink, G.C., 1993. Imaging: new

versus traditional
technological aids. Int Dent J
43, 335-342.

Sarker, [.LH., 2021. Deep Learning: A

Comprehensive Overview on

Techniques, Taxonomy,
Applications and Research
Directions. SN COMPUT.

Digital Technologies in Dental Implantology



SCIL 2, 420.
https://do1.org/10.1007/s42979
-021-00815-1

Sarment, D.P., Sukovic, P.,

Clinthorne, N., 2003.
Accuracy of Implant
Placement with a
Stereolithographic ~ Surgical
Guide. | EBSCOhost [WWW
Document]. URL
https://openurl.ebsco.com/cont
entitem/gcd:368462177sid=eb
sco:plink:crawler&id=ebsco:g
cd:36846217 (accessed
12.11.24).

Schneider, D., Marquardt, P.,

Zwahlen, M., Jung, R.E., 2009.
A systematic review on the
accuracy and the clinical
outcome of computer-guided
template-based implant
dentistry. Clin Oral Implants
Res 20 Suppl 4, 73-86.
https://doi.org/10.1111/1.1600-
0501.2009.01788.x

Scolozzi, P., Michelini, F., Crottaz,

C., Perez, A., 2023. Computer-
Aided Design and Computer-
Aided Modeling (CAD/CAM)
for Guiding Dental Implant
Surgery: Personal Reflection
Based on 10 Years of Real-
Life Experience. J Pers Med
13, 129.
https://doi.org/10.3390/jpm13
010129

Shah, N., Bansal, N., Logani, A.,

2014. Recent advances in
imaging  technologies in
dentistry. World J Radiol 6,
794-807.
https://doi.org/10.4329/wjr.v6.
110.794

Shaheen, E., Khalil, W., Ezeldeen,

M., Van de Casteele, E., Sun,
Y., Politis, C., Jacobs, R.,
2017. Accuracy of
segmentation of tooth
structures using 3 different
CBCT machines. Oral Surg
Oral Med Oral Pathol Oral
Radiol 123, 123-128.
https://doi.org/10.1016/j.0000.
2016.09.005

Spielau, T., Hauschild, U., Katsoulis,

J., 2019. Computer-assisted,
template-guided  immediate
implant placement and loading
in the mandible: a case report.
BMC Oral Health 19, 55.
https://doi.org/10.1186/s12903
-019-0746-0

Stefanelli, L.V., Mandelaris, G.A.,

DeGroot, B.S., Gambarini, G.,
De Angelis, F., Di Carlo, S.,
2020. Accuracy of a Novel
Trace-Registration Method for
Dynamic Navigation Surgery.
Int J Periodontics Restorative
Dent 40, 427-435.
https://doi.org/10.11607/prd.4
420

Digital Technologies in Dental Implantology



Tabesh, M., Nejatidanesh, F., Savabi,

G., Davoudi, A., Savabi, O.,
Mirmohammadi, H., 2021.
Marginal adaptation of
zirconia  complete-coverage
fixed dental restorations made
from  digital scans or
conventional impressions: A
systematic review and meta-
analysis. The Journal of
Prosthetic Dentistry 125, 603—
610.
https://doi.org/10.1016/j.prosd
ent.2020.01.035

Tallarico, M., Scrascia, R., Annucci,

M., Meloni, S.M., Lumbau,
A.lL., Koshovari, A., Xhanari,
E., Martinolli, M., 2020. Errors
in Implant Positioning Due to
Lack of Planning: A Clinical
Case Report of New Prosthetic
Materials and  Solutions.
Materials (Basel) 13, 1883.
https://doi.org/10.3390/mal30
81883

Tanveer, W., Ridwan-Pramana, A.,

Molinero-Mourelle, P.,
Forouzanfar, T., 2021.
Systematic Review of Clinical
Applications of CAD/CAM
Technology for Craniofacial
Implants ~ Placement  and
Manufacturing of  Orbital
Prostheses. International
Journal of Environmental
Research and Public Health 18,

11349.
https://doi.org/10.3390/ijerphl
82111349

Tay, J.R.H., Ng, E., Chow, D.Y.,
Sim, C.P.C., 2023. The use of
artificial intelligence to aid in
oral hygiene education: A
scoping review. Journal of
Dentistry 135, 104564.
https://doi.org/10.1016/j.jdent.
2023.104564

Venkatesh, E., Elluru, S.V., 2017.
Cone beam computed
tomography:  basics  and
applications in dentistry. J
Istanb Univ Fac Dent 51,
S102-S121.
https://doi.org/10.17096/jiufd.
00289

Wu, Z., Yu, X., Wang, F., Xu, C.,
2024. Application of artificial
intelligence in dental implant
prognosis: A scoping review.
Journal of Dentistry 144,
104924,
https://doi.org/10.1016/j.jdent.
2024.104924

Xiaojun, L., Xiande, Z., Kexi, Z.,
Zhenli, D., Kai, Z., Xi, W,,
2021. Study on the Application
Fields and Development
Prospects of Artificial
Intelligence, in: 2021 2nd
International Conference on
Artificial Intelligence and
Education (ICAIE). Presented

Digital Technologies in Dental Implantology



at the 2021 2nd International
Conference on  Artificial
Intelligence and Education
(ICAIE), pp- 101-105.
https://doi.org/10.1109/ICAIE
53562.2021.00029

Yilmaz, B., Guo, X., Schimmel, M.,
Abou-Ayash, S., 2023. Effect
of industrial scanner and
framework material interaction
on the marginal gaps of CAD-
CAM complete arch implant
frameworks. The Journal of
Prosthetic Dentistry 130, 723—
730.
https://doi.org/10.1016/j.prosd
ent.2021.10.013

Zhou, M., Zhou, H., Li, S.-Y., Geng,
Y.-M., 2020. Dental implant
location via surface scanner: a
pilot study. BMC Oral Health

20, 306.
https://doi.org/10.1186/s12903
-020-01297-y

Zhou, M., Zhou, H., Li, S.-Y., Yang,
X.-B., Geng, Y.-M., Che, Y .-
J., 2021. Accuracy of Implant
Placement  Guided  with
Surgical Template: An In Vitro
and In Vivo Study. Int J
Periodontics Restorative Dent

41, e55-e62.
https://doi.org/10.11607/prd.4
570

Digital Technologies in Dental Implantology



