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Abstract

We are in the era of advancements with digital innovative
technologies, which have taken dental systems to the next level
through the discovery of artificial intelligence (AI). Recently, AI
systems have gained significant popularity in the field of
prosthodontics, particularly in implant dentistry. Various studies have
emphasized the impact of Al on oral implants, particularly in terms of
diagnostic efficiency, treatment planning ability, and subsequent
patient outcomes, thereby highlighting the accuracy, rapidity, and
precision of decision-making. AI continues to expand in future and
promises to amend the view of implant dentistry and lead it to an
efficient and personalized part of the oral healthcare system. This
review mainly focuses on the advancements of Al-based research in
dental implantology and also explores the various applications of Al
models. Inclusive data from databases in PubMed, Scopus, Web of
Science, and Google Scholar were thoroughly explored, and the role
of Al in implant identification, planning, prediction, and complication
management was described. Although there are a few drawbacks
present, which make AI a challenging factor for continued use in
clinical practice. Further research with numerous clinical trials can
break through the limitations and be used as an excellent supportive
tool.
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1. Introduction

In recent years, prosthodontics has undergone
rapid technological evolution, with the integration
of artificial intelligence (AI) and robotics
significantly transforming clinical workflows [1,2].
These innovations have introduced a new era in
implant dentistry by enhancing diagnostic accuracy,
improving treatment planning, and supporting
predictable patient outcomes [1,4]. The application
of Al in implant dentistry demonstrates
considerable potential in improving clinical
efficiency, precision, and overall treatment success.

Artificial intelligence is defined as the branch of
computer science concerned with the development

of systems capable of performing tasks that
typically require human intelligence, such as
learning, reasoning, and decision-making [1,3]. The
concept of Al was formally introduced during the
Dartmouth Conference in 1956, with foundational
contributions by Alan Turing, who proposed the
“Turing Test” to evaluate machine intelligence [2].
Major subfields of Al include artificial neural
networks (ANNs), machine learning (ML), deep
learning (DL), and robotics. Among these, ML and
DL have gained substantial attention in dentistry
due to their ability to analyse large datasets and
identify complex patterns relevant to diagnosis,
treatment planning, and outcome prediction [1,4].
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The operational framework of Al models generally
involves two fundamental phases: a training phase
and a testing phase. During the training phase, large
datasets are provided to the algorithm to enable
learning of relevant features, patterns, and
associations. The objective of this phase is to
optimise the model’s ability to make accurate
predictions. In the testing phase, the trained model
is evaluated using previously unseen data to assess
its performance, reliability, and generalisability
[2,5].

Artificial neural networks  (ANNs) are
computational models inspired by the structure of
the human brain and consist of interconnected
input, hidden, and output layers composed of
artificial neurons [2,5]. Convolutional neural
networks (CNNs), a specialised subset of ANNs, are
particularly effective for image-based analysis and
are widely employed in medical and dental imaging
[6]. CNNs process visual data using convolutional
operations and kernel filters that detect spatial
features at multiple scales. Pooling layers further
reduce computational complexity while preserving
essential image characteristics, thereby improving
classification and prediction accuracy [6]. In
dentistry, CNN-based models are commonly applied
to radiographic images such as periapical
radiographs, panoramic radiographs, and cone-
beam computed tomography (CBCT) scans [1,6,7].

Advancements in implantology have significantly
improved dental rehabilitation by providing
reliable solutions for single-tooth replacement,
partial edentulism, and complete edentulism [7,8].
Numerous studies have reported enhanced implant
survival rates, improved functional outcomes, and
better patient quality of life. However, despite
technological progress, challenges related to
diagnosis, treatment planning, and long-term
prognosis remain [9]. Al-based applications offer
promising solutions to address these challenges by
supporting clinicians in implant identification,
planning, risk prediction, and complication
management [1,4,6].

Therefore, this narrative review aimed to highlight
the prevailing advancements in artificial
intelligence within implant dentistry and to discuss
its applications across various domains, including
implantidentification, treatment planning, outcome
prediction, and complication management, along
with associated advantages and limitations.

2. Potential benefits of applying Al in
implant dentistry

The primary benefits of using artificial intelligence
(AI) in implant dentistry for implant placement are
boundless. In this way, Al models guide in
identifying implant types by implant successive
prediction, and design optimisation using combined
finite element analysis calculations, thereby
enhancing functionality and acceptance in the
prosthodontics treatment procedure [2,10]. As Al
reinforce this process through a predictive analytics
system, which enables dentists to identify patterns
through patient data and predict the treatment
required. Hence, it helps in proactively addressing
the potential issues of patients and provides more
personalised treatment plans, according to the
individual needs, thereby reducing the risk of
complications and improving the overall success
rates of dental implant placement [1,4,7].

Furthermore, human errors and restoration quality
are enhanced by Al technology, which substantially
improves the certainty of dental implant
procedures. Also, it is faster and more efficient,
reduces the time required for treatment and
enables higher levels of personalised dental care,
benefiting both patient and dentists. Nevertheless,
further researches are needed to completely
understand the potential benefits of applying and
utilising Al in implant dentistry. Therefore, Al in
implant placement holds significant promise for
advancing the dental field. However, further
research is required to fully understand and
validate the potential benefits of applying Al in
implant dentistry” [11].

3. Al in oral implant identification

Identification of implant design or pattern is vital
for implant placement as well as sustenance and
restoration of implants, which plays a major
challenging factor for clinicians. In the previous
literature, there are several methods that were
recommended for implant identification, but are
nonetheless neither quick nor easy, and also require
human effort. Since Al techniques were
implemented by researchers, they have proven to
be beneficial in improving the accuracy and
efficiency of implant identification. In the
identification of oral implants, digital intraoral
radiograph imaging is used to train the Al model.
The given training data trains the algorithm, and the
testing data analyses the trained Al model's
performance. There are a few studies which used Al
for implant identification.

Lee JH et al. (2020) studied the dental implants
using 11,980 images of digital intraoral panoramic

121

International Journal of Dental Materials 2025;7(4):120-124 © 1JDM 2025



Artificial Intelligence in dental implants

Sowmiya S et al.,

and perapical radiographs with VGG-19 (Visual
Geometry Group), GoogLeNet Inception-v3, ResNet-
50, Automated deep CNN, Pre-trained and fine-
tuned deep CNN architecture, algorithm
architecture along with accuracy rate of 89.1% in
VGC-19, 92.2% IN GoogLeNet Inception-v3, 90.7%
in ResNet-50, 95.5% in Automated deep CNN and
97.1% in deep CNN [12]. Said M H et al. 2020 also
studied the periapical and panoramic digital
radiography with 1206 images using Pretrained
GoogleNet Inception with an accuracy of 93.8%
[13]. Takahashi T et al. in 2020 studied the
panoramic radiograph with 1282 images using
YOLOv3 (you only look once) with an accuracy of
71% [14]. Also, Sukegawa S et al. (2021) identified
using panoramic radiograph in 8859 images using
Basic CNN, VGG16 transfer, VGG16 and 19 fine-
tuning, VGG19 transfer with accuracy of 86% 89.9%
93.5% 88% and 92.7% [15]. Kim HS et al. (2022)
studied using periapical radiographs in 801 images
with algorithm architectures of SqueezeNet,
GooglLeNet, ResNet-18 and 50, MobileNet-v2, with
an average accuracy of 96% [16]. Kong H ] et al.
(2023) studied 28,112 panoramic images using the
Ensemble technique applied to Efficient Net and Res
2 Next algorithms with 96% accuracy [17], and
finally, Park W et al. (2023) studied in higher
population of 156,965 digital periapical and
panoramic images using an automated deep
learning (DL) algorithm with 88.53% accuracy [18].

4. Al application in implant planning

Implant planning before the surgical procedure
plays a vital role in long-term implant success and
fewer surgical complications. Pre-surgically Cone-
Beam Computed Tomography is considered an
effective tool as it provides significant information
on roots, bone and nerve morphologies and other
pivotal anatomic structures, present also aids in
locating the site, implant size and need for
additional surgeries at the site of implant
placement. However, with Al, it cannot be
processed; also, manual delineation is required.
Mandibular canal detection, tooth segmentation are
some of the critical parts in implant planning and
that exclusively should be operated manually.
These can also be automated with deep learning, a
subset of Al, but further validation with clinical
trials is required in future for better
implementation [2,4]. Applications in implant
identification and planning are summerized in
Table 1.

A study described the Automatic and simultaneous
detection of alveolar bone and mandibular canal

using the Dental-YOLO Al model with an accuracy
rate 0£99.46% [19]. Alsomali M et al. (2022) studied
the localisation of the position of radiographic stent
GP markers automatically using CBCT images to
recognise proposed implant positions, by DL
models with 83% accuracy [20]. Sakai T et al
(2023) studied using LeNet-5, and analysed the Al
model to identify the appropriate implant drilling
protocol utilising CBCT images with 93.8% accuracy
[21].

5. Al-guided prediction in dental
implantology

In spite of extensive technologies and
advancements evolved in implant placement, a
diagnostic and planning protocol, some
complications remain significantly concerning. One
such complication frequently observed in implants
is peri-implantitis, which leads to subsequent bone
loss eventually, implant failure occurs. Effective and
periodic diagnosis and maintenance can provide
preventive care. Al systems in such a way
considerably detect and predict peri-implantitis
and can be a valuable adjunct for effective treatment
strategies to prevent and manage peri-implantitis.
Various studies have investigated the management
of peri-implantitis. A study evaluated the extent of
periodontal damage around dental implants in
periapical film using a CNN model and achieved an
accuracy of 90.45% [10]. Various other studies
evaluated the prediction of dental implants guided
by Al [22,23]. Oh S et al. (2023), Prediction of
osseointegration from radiographs using ResNet-
18, 34, 50, DenseNet-121,201, MobileNet-V2, and
MobileNet-V3 with an overall 80% accuracy [24].
Ramachandran RA et al. (2023) evaluated the early
detection and prediction of bio-tribocorrosion in
dental implant materials using Logistic Regression,
Latent Dirichlet Allocation, k-NN, Decision Tree,
Support Vector Classifier, and Random Forest
Models with an overall 90% accuracy rate [25]. Park
JHetal. in 2023 classified dental implant size using
periapical radiographs using VGG16 Cluster
analysis with 99% accuracy [26].

6. Challenges and prospects

Regardless of the extensive benefits of advanced
technologies, there are still some challenges that
exist. Importantly, due to its high cost, it is not
affordable in all health care centres, and also not all
people can benefit. As it is in the developing era, it
requires time to master the techniques by surgeons
as well as to train the Al models. Therefore, it is
essential to utilize the technique with continuous
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Table 1. Summary of Al applications in implant identification and planning.

Author (Year) Study Objective Al Model Used Key Findings

Lee JH et al. (2020) [12] Identification of dental implant systems  VGG-19, GoogLeNet Inception-v3, Maximum accuracy of
from radiographs ResNet-50, Deep CNN 97.1%

Said MH et al. (2020) [13] Implant identification using radiographs ~ GoogLeNet Inception Accuracy of 93.8%

Takahashi T et al. (2020) [14]  Automated implant identification YOLOv3 Accuracy of 71%

Sukegawa S et al. (2021) [15]  Classification of implant systems VGG16, VGG19 Accuracy up to 93.5%

Said MH et al. (2020) [13] Implant identification using radiographs ~ GoogLeNet Inception Accuracy of 93.8%

Takahashi T et al. (2020) [14]  Automated implant identification YOLOv3 Accuracy of 71%

Sukegawa S etal. (2021) [15]  Classification of implant systems VGG16, VGG19 Accuracy up to 93.5%

Said MH et al. (2020) [13] Implant identification using radiographs ~ GoogLeNet Inception Accuracy of 93.8%

improvement of the Al [4,5]. Very importantly,
dentists must maintain their clinical judgment and
make sure that technology is used as an auxiliary
tool rather than replacing their professional
judgment, also some ethical considerations, such as
maintaining the patient’s data in a secure manner
and patients' privacy. Thereby, training the Al
system to perform more complicated tasks
independently under the guidance of human
surgeons in the near future and analyzing the multi-
model patient data, anatomical variations and
scrutinizing the ethical considerations can provide
a guaranteed success in future [1,6].

7. Conclusion

It can be concluded that the integration of artificial
intelligence in implant dentistry effectively increases
the clinical outcomes by proper decision planning,
patient satisfaction, and excellent procedural
competency. Thereby, holds a promising future,
upon which continuous research is widespread with
effective endorsement. However, it is highlighted
that Al cannot replace clinicians completely; instead,
it can provide support for clinicians. Some clinicians
adopting roles utilise special human skills such as
empathy,  motivation, and  comprehensive
assimilation as part of an integrated patient care.
Hence, further research with various organised data
sets and clinical trials can make the successive
changes across the modern globe.
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