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ABSTRACT

Artificial intelligence (AI) is an evolving and assuring approach in healthcare and has begun to improve
the dental science ever since. A subgroup of Al called deep learning (DL) related convolutional neural
network algorithm have showed significant applications in computer based tasks and have been shown
to be fairly applicable for dental image recognition and treatment planning analysis. This article aims to
review the adaptation of artificial intelligence in identifying implant systems and abutments using deep
learning concept.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under

Convolutional Neural the identical terms.

For reprints contact: reprint@ipinnovative.com
2 p! p

1. Introduction

Dental implants have been a forerunner and an emerging
choice of rehabilitation of missing teeth. The history of
developement of dental implants has a royal and innovative
travelogue through time.! From using gold wire and pieces
of shell during 600 AD by the Mayan population to the
development of threaded titanium root form implants by
Branemark in 1970’s and making its way to the utilisation
of tissue engineering supported Liga implants, the journey
and new unfolding in this field everyday makes it enthralling
and noteworthy.

Thousands of manufacturers worldwide are in a race to
invent and distribute over 2000 different kinds of dental
implant systems that differ in size, shape, dimensions,
diameter, coating ,surface materials and properties. > The
success of an implant is variable and depends on several
factors such as patient factors, implant factors, procedural
factors and post procedural care. Osseointegration of
implant is an indicator of implant success. Several surface
modifications such as acid etching, anodization, plasma
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spraying to the use of nanoscale materials through design
and interfacial engineering have revamped the odds of
clinical success of implants. It is pivotal for the practitioners
to select appropriate DIS (dental implant system) for
particular clinical indication and contra-indications based
on their personal experience and skillset.

The inability to trace implantable devices (IMD) is a
major limitation of modern medicine. The number and
diversity of implantable device’s are on the rise in all
surgical fields making it more challenging to identify.*
In the field of implant dentistry this issue translates into
difficulty in identifying the system of implant placed by
a dentist, hassle in pinning down the cause of failure
of a system due to lack of traceability of manufacturer,
challenges in forensic identification of an individual and
post mortem aids in natural calamities to list a few.

Artificial intelligence (Al) is an innovative and assuring
approach in oralcare and has started to change the future of
dental field ever since. A sub-group of Al , deep learning
(DL) based convolutional neural network algorithm have
shown significant applications in computer insights and
have proven to be mostly recommended and suitable for
dental image recognition and treatment planning.> Many
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new studies have suggested the precedence of DL in the
identifying and differentiation of dental implant systems.
This article aims to review the recent literatures and
highlight the applications of deep learning in implantology
and finding of implant systems and abutments.

2. Rise of Al in Today’s Era

The booming industrial exploration opens a new digital
era of most significant contributions is deep learning and
artificial intelligence (AI).® AI is growing and spreading
rapidly in all fields from its initial discovery in early 1950’s
with the rise of computer knowledge and Al algorithms,
greater expectations to use Al in the medical and dental
fields are being tried and tested every day. Al had its
breakthrough in mid-1980’s and divided into two category:
Expert systems and Machine learning (ML). Expert systems
human experts feed all possible situations and solutions in
advance while Machine learning allows the computer to find
a solution by learning and summarising by itself.”

2.1. Working pillars of Al

Artificial intelligence is a adaptive term of non-human
intelligence.® Artificial intelligence can be broadly
categorised as strong Al and weak Al Strong AI refers
to intelligence and ability of Al equalling humans. Weak
Al are used to perform a simple task. Expert systems and
ML are subdivision of weak Artificial Intelligence. Deep
learning is a major research area, and a subfield of Machine
Learning. Neural networks (NN) are of biologically
oriented networks that can be considered as pillars of deep
learning algorithms. Convolution neural network (CNN) is
one of the of neural network that is mainly used for image
recognition and analysing.
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Figure 1:

2.2. Principle

The main principle of Convolutional Neural Network in
image recognition is to feed in to a computer data which
have many previously sorted images and teaching to
automatically identify it by using computed calculations.®
The information data passes from first level input to the last
level output by getting sorted at each level. The principle
of working allows to identify the common shape of images,
next layer identifies the angles and then its edges, structures

and points. After passing through layers of the neural
network the image is interpreted by the computer algorithms
and the image is identified.
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Figure 2:

2.3. Individualised Patient Care — Al Supported
Dentistry

Providing Help to clinical practitioners by providing better
care on a consistent basis is one of the main goals
of implementing Al in clinical implant dentistry. Data
analysing and Al applications are applied at all levels of
the patient journey and in every dental specialty fields and
departments. ®

The application of Al can be broadly classified into

The numerous studies using Al, especially deep and
machine learning, is rapid expanding in dentistry mainly in
dental implantology. Artificial intelligence assists to make
clinical decisions, to diagnose patients and predict dental
failure may alert dental practitioners in every ways, hence
decreasing chair time, giving additional steps, implementing
excellent infection control, and acheiving good quality
dental treatment. Anyways Al is still in the starting stages
of research yet More research is important to analyse the
clinical performance of Al methods in dentistry. This study
has provided an outlook of available research that assessed
Artificial intelligence models for implant abutment and
fixture recognition.

3. Application of AI in Implant Identification

3.1. Implant identification from periapical and
panoromic radiographs

Several studies have been done in past decade that have
compared various convolutional neural network algorithms
in recognition of dental implant types and systems from
periapical and panoramic images. The studies have been
enlisted in the Table 2.

3.2. Implant identification from CBCT using Al

Bayrakdar et al'* conducted a study using seventy five

CBCT images to compare the manual assessment of bone
thickness and height with the deep convolutional neural
network algorithm. While measuring bone density, there
were statistically alarming differences between manual and
Al measurements in all regions of mandible and maxilla
(p < 0.001). Also, the percentage of correct detection was
72.2% for canals, 66.4% for fossae and 95.3% for missing
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Table 1:
Image analysis Data analysis and Treatment outcome Patient interaction
prediction
Prosthodontics Dental implant system Bone analysis for Implant implacement
identification implant planning
Forensic odontology Fixed and removable
prosthesis planning Educaton of patient
Implant failure detection Crown placement and Crown debonding regarding e Results e
shade selection Possible complications
Evaluation of occlusion ~ Maxillofacial prosthetic Dental arch o alternative treatment
planning classification options e
Periodontology Image enhancement and Periodontal bone loss Severity of periodontal 'Cugtgmlsgtlon and
noise reduction detection disease progression individualised care
Severity of
periodontally
compromisd teeth
Oral and Ian and third molar Anticipated difficulties Premalignant

maxillofacial surgery

relation

Pathology detection in
cbet and periapical

in planned surgical
procedures

radigraphy
Endodontics Periapical radiography Dental caries and
interpretation wasting diseases
identification
Appreciation of post Periapical lesion
endodontic seal detection
Tooth fracture
diagnosis
Orthodontics Tooth and alveolar bone Orthodontic treatment
segmentation prediction

Cephalomteric landmark
location

Need for surgical
intervention

conditions diagnosis

OSCC diagnosis

Preogression of
periapical pathology

Tooth extraction
determination in
orthodontic treatments

tooth areas. They concluded that growth of Al systems and
their application in future for implant treatment planning
will both initiate the work of physicians and will be a major
support mechanism in dental implantology departments.

Similar study by Yang et al'> to analyse deep learning
and their supporting application software to recognize and
categorize three dimensional (3D) (CBCT) images of dental
implants and concluded that the ResNet 152 V2 has the
best classification criteria effect on identifying implants.
The artificial intelligence application and identification
system software based on this algorithm can accurately and
efficiently recognize the specifications and brands.

In a systematic review by Chaurasia et al ' documented
that Deep Learning can be used as primary decision-aid tool
for skilled dental clinicians to improve the accuracy of the
detection of Dental Implant System. And it is believed that,
since Deep Learning algorithms are continously improving,
it is not advisable to differentiate Dental implant System
solely based on these data, and clinical knowledge should
be supported by Al to make this decision.

A systematic review by Revilla-Le6n et al'” observed
that total accuracy range of 93.8%-98% of the Artificial

intelligencel models in the various research studies.
Many of the research studies derived data from a 2
Dimensioal radiograph, such as a periapical or panoramic
radiograph. So far, CBCT is not been applied for data
derivatives to practice Al models. This is previously
supported by a review by Correa et al '8 who had queries on
the sharpness and resolution of CBCT and suggested that it
may be as less as compared to peripheral and panaromic
radiographic images. Hence, whether CBCT can be used
for the identification and classification of DIS by Al is still
under debate.

4. Discussion

The usage of Al has already started to change the future
of dental science, since Artificial intelligence models have
shown same or more accuracy to that of dental practitioners
and professionals in many clinical areas, including
endodontics, implantology, prosthodontics, maxillofacial
surgery,periodontics and orthodontics. many recent studies
have concluded that deep learning is superiorly accurate in
the classification and identification of various types of DISs,
and the classification efficiency of deep learning systems
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Table 2:
Author Source Implant system Convolutional Results/conclusion
neural network —
algorithm
Hadj said et al (2020)® 1206 dental 6, Branemark System, Pre trained Google Diagnostic sensitivity —

Lee et al (2020)°

Kim et al (2020) 10

Sukegawa et al
(2020) !

Takahashi et al
(2020) 12

Lee et al (2022) 13

radiographic images

10,770 panaromic and

periapical images

801 periapical images

8859 panaromic
images

1282 panaromic
images

7325 panaromic
images

Nobel Active, , , Zimmer
Biomet Tapered
Screw-Vent,
SwissPlus,Nobel Biocare,
Straumann BL and TL

3 ( Dentium Superline
,TSII, , Straumann BLT,
Osstem)

4 ( Straumann BL and TL
, Dentium Implantium
Branemark Mk TiUnite, ,)

11 (, Astra EV 4.2, Astra
OsseoSpeed TX 4.0/4.5,
Zimmer Biomet Full
OSSEOTITE 4.0 Astra
MicroThread 4.0/4.5, ,
FINESIA 4,.2,
Branemark Mk III 4.0
Replace Select Tapered
4.3, , Straumann SP 4.1,
Nobel Replace CC 4.3)
6 ( MK III Groovy ,
Speedy Groovy Nobel ,
Straumann BL Biocare
MK III, , MK IV, MK 1V,
, GC Genesio Plus ST)

6 (Astra OsseoSpeed TX,
Osstem TSIII, Dentium
Superline and
Implantium, Straumann
BL and BLT)

Net Inception v3

pre trained
Fine-tuned Google
Net Inception v3

,Squeeze Net
GoogLeNet, Pre
trained ResNet-18,
Pre trained Mobile
Net-v2, and Pre
trained Res Net-50

YOLO v3 with
fine-tuning

Customized deep
convolutional neural
network algorithm
with automated
architecture

93.5% Specificity —
94.2%, Negative
predictive value — 91.5%,
Positive predictive value —
92%

Deep CNN architecture
was very useful in
identification and
classification of dental
implant by using
panoramic & periapical
radiographic images.

All CNN models Have
shown a test accuracy of
90% CNN can divide the
4 implant fixtures with
more accuracy even with
a relatively less network
and minimal number of
images.

Finely tuned VGG19 and
VGG16 CNNs accurately
classified dental implant
systems in 11 different
types of panoramic
radiographic images

Implants can be found
from xray and panoramic
radiographic images using
Al deep learning-based
object implant detection -
helps clinicians and
patients suffering from
implant related issues.
outstanding improvement
in the average division
accuracy of DISs of mean
accuracy: 78.88%)
compared to that without
the usage of the Deep
learning algorithm where
its mean accuracyis
63.13%
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has been proved to be similiar or superior to that of dental
clinicians specialized or non-specialized in implantology.

The process of implant identification includes several
steps. The images of dental implant were collected and
pre-processed to remove any exploitable data. The images
were augmented further to improve the image training.
This forms the image training database. Convolutional
neural network algorithm consists of interconnected nodes
organised in several layers. As the implant image passes
between the layers of CNN, each layer of the algorithm
filters the image based on its character such as shape, size ,
surface etc.. until a assumption is made at the final level.

Several studies have been performed using various
CNN systems to compare the identification of implant
systems using dental radiographs and CBCT. These studies
have stressed on the advantages of using deep learning
methods in implant identification when compared to
conventional implant identification methods. A metanalysis
by Akhilanand Chaurasia et al'® concluded that Deep
Learning models proved superior accuracy in classifying
and identifying Dental Implant Systems using periapical and
panoramic radiographic images. Therefore, Deep Learning
models are assuring methods to be used as decision-making
tools and decision aids.

Although several advantages of deep learning models
have been discussed, drawbacks of wusing artificial
intelligence should never be overlooked. Most of Artificial
Intelligence for health interventions introduced to date lack
demonstrations of clinical or further benefit when compared
with standard of dental care. The possible challenges in the
field of Al dentistry include bias, selective accessibility of
data, interoperability difficulties, reliability and validity of
data to name a few.

Often, little, uneven or unrecognized datasets are
used, resulting in AI suffering from less accuracy and
generalizability as well as biases. This is to the core in data
being siloed, limitedly interoperable, without standardized,
and generally not available in sufficient breadth to
retrieve representativeness. Recent steps for scientific
data management need data to be acceptable, accessible,
detectable, interoperable, and reusable by machines (FAIR
principles). 1

5. Conclusion

Based on the review of literature we would like to
conclude that in an era of computer revolution and deep
learning, artificial intelligence is a blooming field of
research. The applications of Al in dentistry has improved
patient care and treatment outcome. In days to come,
artificial intelligence can overcome many of the possible
drawbacks of prosthodontic speciality treatment, enhancing
the accuracy and precision in its final outcome. In a way, the
days are not far in which artificial intelligence will takeover
by making treatment faster and accurate with minimal

complications.
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