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Abstract

Objective: To perform a comprehensive review of Lhe use of arlifical intgligence
(Al] and machine learning (ML) in dentistry, providing the community with a broad
insight on the different advances that these technelogies and tools have produced,
paying spedal atlention to the area ol esthetic denlistry and color research,
Materials and methods: The comprehensive review was conducted in MEDLINE/
PubMed, Web ol Stience, and Stopus dalabases, for papers published in English lan-
guage in Lhe last 20 years.

Results: Cut of 3871 eligible papers, 120 were included for final appraisal. Study
methodologies included deep learning (DL n — 76), fuzzy logic {FL n < 12), and other
ML technigues [n — 32), which were mainly applied Lo disease idenlification, image
segmentation, image correction, and biomimetic color analysis and modeling.
Conclusions: The insighl provided by Lhe present work has reported oulstanding
rasults in the design of high-performance decision support systems for the aforemen-
tioned areas. The future of digital dentistry goes through the design of integrated
approaches providing personalized realments Lo palients. In addition, esthetic den-
tistry can benefit from those advances by developing modes allowing 2 complete
characterization of tooth color, enhancing the accuracy of dental restorations.
Clinical significance: The use of Al and ML has an increasing impact on the dental
profession and is complementing the development of digital technolagies and tools,
with a vide application in treatment planning and esthetic dentistry procedures.
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artifical intclligence. decp learming, dantstry, machine lzarning
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Applications of artificial intelligence in dentistry: A comprehensive review.
Carrillo-Perez F, Pecho OE, Morales JC, Paravina RD, Della Bona A, Ghinea R, Pulgar R, Pérez MDM, Herrera LJ.
J Esthet Restor Dent. 2022 Jan



Fur was kann man 2024 die klnstliche Intelligenz in der Zahnmedizin bereits anwenden?

¢ B NOSTIC




Fur was |

THE JOURNAL O

<ann man 2024 die kunstliche Intelligenz in der

1)

THETIC DENTISTRY

| L/

SYSTEMATIC

Artificial intelligence applications in implant dentistry:

A systematic review

Marta Revilla-Ledn, DDS, MSD,” Miguel Gémez-Polo, DDS, PhD,” Shantanu Vyas,*
Basir A. Barmak, MD, MSc, EdD,” German O. Galluci, DMD, PhD,” Wael Att, DDS, Dr Med Dent, PhD,' and

Several domains of sdence
and engincering have been
influenced by artifical intelk
gence (Al) and machine
learning. While Al is a general
term that is used for the study,
development, and investiga
tion of any computer system
that exhibits “intelligent
behavior,”“* machine learning
is a special branch of Al where
the system leams specific sta-
tistical pattemns in a given data
set to predict the behavior of
new data samples. In Al
typically, one is concerned
with “intelligent agents” or
agents that have both flexi-
bility and autonomy of action,
Examples of Al systems such
as expert systems, methods for
dimensionality reduction, and
probabilistic models capture
some important aspect of the
data set, Of those, machine
leamning systems offer a rich
variety of algorithms and

¢ Assistan! Professor, Graduate Prosto

octor of Research and Digital Dantistry,

Jeavorsity, Boston, MA

Vinayak R. Krishnamurthy, PhD”
ABSTRACT

Statement of problem. Artificial intelligence (Al) applications are growing in dental implant
procedures, The curremt expansion and performance of Al models in implant dentistry
applications have not yet been systematically documented and analyzed.

Purpose. The purpose of this systematic review was to assess the perfoemance of Al models in implant dentistry
for implant type recognition, implant success prediction by using patient risk factors and ontology citeria, and
implant design optimization combining finite element analysis (FEA) caloulations and Al modeds,

Material and methods, An electronic systematic review was completed in 5 databases: MEDUNE/
PubMed, EMBASE, World of Science, Cochrane, and Scopus. A manual search was also conducted. Peer-
reviewed studies that developed Al models for implant type recognition, implant success prediction,
and implant design optimization were included. The search strategy induded articles published until
February 21, 2021. Two investigators independently evaluated the quality of the studies by applying
the Joanna Briggs Institute (B Critical Appraisal Checklist for Quasi-Experimental Studies
(nonrandomized experimental studies). A third investigator was consulted to resclve lack of consensus,

Results. Seventeen articles were included: 7 investigations analyzed Al models for implamt type
recognition, 7 studies included Al prediction models for implant success forecast, and 3 studies
evaluated Al models for optimization of implant designs. The Al models developed to recognize
implant type by using periapical and panoramic images obtained an overall accuracy outcome
ranging from 93.8% to 98%. The models to predict ostecintegration success or implant success by
using different input data varied among the studies, ranging from 62.4% to 80.5%. Finally, the
studies that developed Al models to optimize implant designs seem to agree on the applicability of
Al models to improve the design of dental implants, This iImprovement includes minimizing the
stress at the implant-bone interface by 36.6% compared with the finite elerment model; optimizing
the Implant design porosity, length, and diameter to improve the finite element calculations; or
accurately determining the elastic modulus of the implant-bone interface.

Conclusions. Al models for implant type recognition, implant success prediction, and implant design
optimization have demornstrated great potential but are still in development. Additional studies are
Indispensable to the further development and assessment of the cinkcal performance of Al models
for those implant dentistry applications reviewed. () Prosthet Dent 2023;129293-300)
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17 Artikel
@ Erkennung des Implantatsystems

@ Prognose / Diaghose
einer erfolgreichen Osseointegration (mbl

@ Optimierung des Implantatdesings mit
Finite-Element-Analyse

THE JOURNAL OF PROSTHETIC DENTISTRY

Artificial intelligence applications in implant dentistry: A systematic review.
Revilla-Ledn M, Gémez-Polo M, Vyas S, Barmak BA, Galluci GO, Att W, Krishnamurthy VR.
J Prosthet Dent. 2023
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Unbekannte Implantate
@ Keine prothetischen Teil bestellbar
i ® kénnen nicht versorgt werden

@ Explantation
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IMPLANT

The Dental Implant Search Engine

Spotimplant is the most comprehensive dental implant database

Identify an unknown dental implant

Learn more
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Wie bringe ich die kunstliche Intelligenz in die Praxis?

[ch mach mich selbst kunstlich intelligent

Methode vor 2024

l[ch verwende smarte Gerate und Roboter

Methode seit 2024
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Introduction

ABSTRACT

Objectives: Generative artificial intellipence GenAl), incuding large larguage models
{.LMs) has vast potential apglications inhealth care and education. However, it is uncear
haw proficient LIMs ar in lsterpesting written inpat and proniding accumts asswer: in
dentistry. This study ams to investigat: the accuncy of GenAl in answering questions
krom dentallicensing examinations

Methods: A total of 1461 multiple-choice questions from questioa books for the US and the
UK deatal loensiag examinadons sere nput intwe 2 versions o ChaGPT 135 and 4.0, The
passing rates of tye US and UK dental examinatiors were 75.0% ancd 50.0%, res>ectively
The performrance of the 2 versions of GenAl in individual ecamirations and dental subjects
was analysed and compared.

Results: ChatGPT 35 correctly answened 68.3% (n = 509) and 413% (n= 296] of questions fromthe
US and UX dental icensing examinations, respectively. The scores for ChatGPT 4.0 were 8C.7%
i = 601) and 62.7% (n « 429), respectively. ChatGPT 40 passed beth written dental licensing
examinanions, whist ChatGPT 15 faled. ChatGPT 4.0 arswsred 37 more questions caorrectly
and 102 incorrectly compared to ChatGPT 35 when comparing the 2 versiens.

Conclusons: The newer version of CenAl s shown good profickency in answering multiple
choice questons flrom dental kcensizg examinations. Whilst the mrore recent versior. of GenAl
penerdly pefonmed beuer, Ui cbaervathn may not hold uue B ol xenaros, and furthes
mprovements are necessary. The use of GenAl in dentistry will ave signiicant implicatons
or dentsst-patien! communication and the trairing of dental profassionals.

© 2023 The Authars. Published by Elsevier Inc. an behalf of FDI World Dental Federation. This
5 an open access aticle under the CC BY boense (htpd/creativecommonrs orghicensss/by/i.0)

tools with the ability to comprehend complex conversatimns
and generate humanlike text responses,

und USA

The rapid advarcement of artificial irtelligence Al) in recent
years has led to significint progress in natural languagze
processing (NLP) and large anguage models (LLMs).-
Amongst these developments, penerstive Al (GenAl) models,
such as ChatGFT (OpenAl), have emerged as sophisticated

* Carresponding author. F, Priace Phillip Dental Hosaital, 34
Ho:pinl Read Sai Yiag Mua, Hong Keng, Hong Kong Epecal
Admiaistrative Region, China.

E-mail addres:: rethvaw@heoo he (W Y H Lam)
Reinhard Chun Wang Chau: http//orcid org/0000-0007
Khairg Myst Thu hup cid.org K710.170¢
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Richard Tai-ChiuHsungz
Walter Yu Hang lam: Intp

Simila’ to the advent of the internet in the 1390s,” patients
may increasingly tum to GenAl for oral health information
and guidince. Dental professionals may also use GenAl to
answer patients' inquiries and to facilitate scentific writing
and leaming." ' However, ensuring the accuracy of the in‘or-
mation provided by these Al systems ic of utmost importance,
given the potential consequences of inaccurate informason
on patient maragercent and dental education.

Two versions of ChatCPT are available: The older system,
ChalGrl 35 (W¥I-3)), launched in November 2022, and the
latest version, ChatGPT 40 (GPT-4), launched in March 2023
and is caimed to have improved performance due to
advancements in its algerithm and increased trainng data

nttpsy/do 101016014
0020-6539/0 2023 The Authors, Published by Esevier Inc, on behalf of FDI World Dental Federation, This is an oper access article under

the CC BY license (http//crestivecommans.org/licerses/by/'4.0/]
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@ mangelnde Individualitat
(kein Bezug zum Patienten)

@ Idealisierte Situation
@® Materialverschleiss
@ unrealistische Materialien

@® keine automatisiertes Feedback

® kein Zugang zur digitalen Welt / keine KI






haptic dentistry
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haptic dentistry

Study plan

Conventional learning

Conventional learning

Virtual learning

-
! . . , 1 Woche Prafung
JK 4 Propadeutischer Kurs Prufung | Semesterferien ‘ 2 \Woche

2 Wochen 4h 1.5 h 1.5h

Comparison of the learning effect between training on conventional typodonts and novel haptic 3D simulators for the preparation of fixed restorations: a randomized study in
dental educationC

M. Balmer; A. Pulver, A. Mehl, R.Jung, A. Zlrcher
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Abweichung

Fully Guided Versus Half-Guided and Freehand Implant Placement:

Systematic Review and Meta-analysis.
Gargallo-Albiol J, Barootchi S, Marqués-Guasch J, Wang HL.

Int J Oral Maxillofac Implants. 2020 Nov/Dec


https://pubmed.ncbi.nlm.nih.gov/33270056/
https://pubmed.ncbi.nlm.nih.gov/33270056/

Abweichung

mittlerer Fehler

Einstiegspunkt® 1.8mm

Spitze 1.97 mMm
Winkel 74
Versenktiefe 1.25 MmMm

Fully Guided Versus Half-Guided and Freehand Implant Placement:

Systematic Review and Meta-analysis.
Gargallo-Albiol J, Barootchi S, Marqués-Guasch J, Wang HL.
Int J Oral Maxillofac Implants. 2020 Nov/Dec



https://pubmed.ncbi.nlm.nih.gov/33270056/
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dynamic navigation
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dynamic navigation

Workflow
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dynamic navigation
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dynamic navigation

Worlkflow

Calibrate the hand piece and X-Mark probe tool
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dynamic navigation

Worlkflow
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dynamic navigation iInnovation

Genauigkelt

Genauigkeit

® No significant difference for:

1:33mm (95% C1(0.98,1.67)) ® jaw

® systems used

3.59°(95%Cl (2.09, 5.09))

Accuracy of dynamic navigation in implant surgery: A systematic review and meta-analysis
Wei SM, Zhu Y, Wei JX, Zhang CN, Shi JY, Lai HC.
Clin Oral Implants Res. 2021 Apr




dynamic navigation

dynamisch

@® Anderung der Planung
wahrend Operation moglich

@® Echtzeit- Feedback uber die aktuelle
Position

@ direkte Interaktion mit digitalen Daten

® Zugang zum OP-Feld nicht eingeschrankt

@ Zugang zur digitalen Welt / K
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X first so implants X last so implants

Accuracy of a Dynamic Dental Implant Navigation System in a Private Practice
Stefanelli LV, DeGroot BS, Lipton DI, Mandelaris GA
Int J Oral Maxillofac Implants. 2019 January/February;34(1):205-213
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augmented / mixed / virtual reality

Augmented Reality

Microsoft Hololens 2>




augmented / mixed / virtual reality

SCIENCE DOI: 10.3290/j.ijcd.b5394865, PubMed-ID: 38801193

Use of optical see-through head-mounted devices in dentistry - a
scoping review

Use of optical see-through head-mounted devices in dentistry - a scoping review.
Sadilina S, Strauss FJ, Jung RE, Joda T, Balmer M.
Int J Comput Dent. 2024



Use of optical see-
Sadilina S, Strauss
Int J Comput Dent
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Use of optical see-through head-mounted devices in dentistry - a scoping review.
Sadilina S, Strauss FJ, Jung RE, Joda T, Balmer M.
Int J Comput Dent. 2024
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robotic dentistry
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robotic dentistry

Accuracy and Deviation Analysis of Static and Robotic Guided Implant Surgery: A Case Study
Mozer PS

Int J Oral Maxillofac Implants. 2020 Sep/Oct;35(5):e86-e90

Non-
| autonomous |

robots Materials and Methods:

-Same patient

-Same clinician
-2 Implants (1 static, 1 robotic)

Static Robotic
O.55mMm O.5mm
4.5° 0.5’
BY NEOCIS
omm 0.4mm
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robotic dentistry
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robotic dentistry

robotic guided

static guided
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Accuracy:

Robot
0.45 £ 0.28 mm

0.47 £ 0.28 mMm

0.95°

statisch gefiuhrt
1.45 £ 1.27 MM

1.77 £ 114 Mmm

4.31°




robotic dentistry

29.04.2024

Innosuisse unterstutzt das Robotik-Projekt
der Klinik fur Rekonstruktive Zahnmedizin
mit einer Gesamtforderung von 2 Millionen
Schweizer Franken.

Dank eines kompetitiven Forschungsgrants von Innosuisse in Hohe von 2 Millionen Schweizer Franken erh
die Klinik flr Rekonstruktive Zahnmedizin eine einzigartige Gelegenheit, ihrinnovatives Projekt «Miniature
Intraoral Robot (MIR) Performing Minimal-invasive, Personalized and Precision Dentistry» (101.453 IP-LS) z

realisieren und damit die rekonstruktive Zahnmedizin auf ein neues Niveau zu heben.




robotic dentistry Workflow

Besuch 1

Labor 1 Besuch 2 Labor 2 Besuch 3

Labor 1 Besuch 2

LN
L4
55D,
4







robotic dentistry
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Wahrend der Operation...

@ Instrument vergessen

@ richtiges Implantat aus Lager
holen

@ Rezept fUr Medikamente
ausstellen

@® Bekannte anrufen, dass die
Operation bald fertig ist
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Vielen Dank fur lhre Aufmerksamkeit

marc.balmer@hin.ch
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