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Journal of Big Data

SURVEY PAPER Open Access
)

Internet of Things is a revolutionary
approach for future technology enhancement:
a review

Sachin Kumar''®, Prayag Tiwari® and Mikhail Zymb er!
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' Manufaciuring Systems 58 (2021) 346-361

AL Contents lists available at ScienceDirect

§ o Journal of Manufacturing Systems
- EE‘JL""
ET SEVIER journal homeapage: www.glsavier.com/locate/jmansys

Review of digital twin about concepts, technologies, and
industrial applications

Mengnan Liu ™", Shuiliang Fang *"-*, Huiyue Dong “", Cunzhi Xu ™"

* Srate Key Loboratorny of Fluid Power and Mechatronic System, College of Mechanical Engineering, Zhejiong University, Hangzhow, 310037, China
® Key Lobaratory of Advanced Mamufaciuring Techrology of Zhejiang Province, College of Mechonical Engineering, Zhejiany University, Hongshouw, 310027, Ching
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Digital twins for health: a scoping

Evangelia Katsoulakis'®, Qi Wang®, Huanmei Wu®, Leili Shahriyari ®*, Richard Fletcher™, Jinwei Liu ®°,
Luke Achenie®, Hongfang Liu™, Pamela Jackson", Ying Xiao", Tanveer Syeda-Mahmood",
Richard Tuli® & Jun Deng™

The use of digital twins (DTs) has proliferated across various fields and industries, with a recent surge i
the healthcare sector. The concept of digital twin for health (OT4H) holds great promise to revolutionize
the entire healthcare system, including management and delivery, disease treatment and prevention
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Un exoscope utilisé pour la premiere fois
en France en neurochirurgie pédiatrique
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=  80% have access to CBCT, 50% own one

= 53% possess intraoral scanners, 78%

use them daily

Intraoral scanners

survey

member dentists in the United States.

INTERNATIONAL DENTAL JOURNAL 73 (2023) 754-759

Scientific Research Report

User Experience of Intraoral Scanners in Dentistry: )
Transnational Questionnaire Study ==

A Survey of Cone-beam Computed Tomographic
Use among Endodontic Practitioners in the
United States

larity in clinical de try,
Frank C. Setzer, DMD, PhD, MS,”* Nathan Hinckley, DDS,” Meetu R. Kobli, BS, DMD,* ]?a:f:j L;}:':s' This
and Bekir Karabucalk, DMD, MS* ks the pe,s;-.vgd quality of

Abstract [eit data on the number of
Ind the programmes used.

An American Dental Association Clinical Evaluators Panel

Does your practice currently use an intraoral scanner (105)?

| voc 530, YRUVLY

survey Results Data reflect the responses of 369 American Dental Assaciation Clinical Evaluators (
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A practice of :

" Precision Measurements

Journal of Oral Biology and Craniofacial Research 12 (2023) 208-215

Contents lists available at ScienceDirect

Journal of Oral Biology and Craniofacial Research

FLSEVIER journal homepage: www.elsevier.com/locatefjober

Effectiveness of digital data acquisition technologies in the fabrication of
maxillofacial prostheses — A systematic review

Nandita Suresh , Chandrashekar Janakiram b , Suresh Nayar ", V.N. Krishnapriya ",
Anil Mathew ~

@ Department of Proshodontics and Implantlogy, Amrita Vistwa Vidyopeetham, Amrita School of Dentistry, Kochi, Kerala, 682041, Indic

* Department of Public Health Denistry, Amrita Schoal of Dentistry, Amrita Vishwa Vidyopeetham, Kerala, 682041, India

© nstitute for Reconstructive Sciences in Medicine, Division of Otolaryngology Hend and Neck Surgery, Department of Surgery, Faculty of Medicine and Dentisery,
University of Alberta, Institute for Reconstructive Sciences in Medicine (TRSM), Alberta Heoith Services,/Covenant Health/ University of Alberte, Conoda

ARTICLEINFO ABSTRACT

Keywords:

Maxillofacial prostheses
Digital workflow
Computer-aided designing
Rapid prototyping

Ohjective: The systematic review was designed to review and analyze the outcomes of various digital dat
acquisition technologies wsed for treatment planning in the prosthetic rehabilitation of maxillofacial defects.

Methods: The review protocol was registered in PROSPERO data with registration number: CRD4202018841°
The PICOS inclusion criteria was employed in the systematic review. An electronic search (PubMed, databases

Faci yielded twenty-eight eligible case reparts. The qualitative methodological assessment was done according to a
ackil defects N . R . . . . . N N

Comtipriterized sonuography article that provided eriteria for special considerations in evaluating case reports. It consisted of four question:
LASER scanning each carrying grading of 0, 1, and 2. During the full-text screening, the reviewers shortlisted six outcomes (time

aesthetics, cost, dimensional accuracy, patient satisfaction, and fabrication process) and graded (0, 1, 3) ac
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Low accuracy
Low precision

High accuracy
Low precision

Low accuracy
High precision

High accuracy
High precision

Plus reproductible

Journal of Oral Biology and Craniofacial Research 12 (2023) 208-215

Contents lists available at ScienceDirect

journal of prosthodontic research 62 (2018) 347-352

Contents lists available at ScienceDirect

Journal of Prosthodontic Research

journal homepage: www.elsevier.com/locate/jpor

Original article

Trueness and precision of digital impressions obtained using an ()]
intraoral scanner with different head size in the partially edentulous &
mandible

Hironari Hayama, Kenji Fueki®, Juro Wadachi, Noriyuki Wakabayashi

Removable Partial Prosthodontics, Oral Health Sciences, Graduate School of Medical and Dental Sciences, Tokye Medical and Dental University, Tokyo, Japan

ARTICLE INFO ABSTRACT
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A practice of :

= Data Collection




80% des praticiens et 90 % des laboratoires de prothése ont accés ou utilisent un systéeme d’acquisition 3D

Setzer et al. 2018]
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Precision

Contents lists available at ScienceDir

Ultrasonics
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Ultrasonics

Investigation of 3D vessel reconstruction under Doppler imaging with
phantoms: Towards reconstruction of the Circle of Willis

Shuai Li“, Queenie Tsung Kwan Shea“, Yan To Ling ™", Yong-Ping Zheng "™

Computerized Medical Imaging and Graphics 92 (2021) 101956

ELSEVIER

Contents lists available at Science
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Automated three-dimensional vessel reconstruction based on deep
segmentation and bi-plane angiographic projections

D.M. Bappy ®, Ayoung Hong “°, Eunpyo Choi”, Jong-Oh Park *"

»

%

ii
¥
g

, Chang-Sei Kim ™™

* Karen Institute of Medical Mismrobatics, Gwangja, 61011, South Karea
* School of Mechanical Engineering, Chonnam National University, Geangi, 61186, South Korea
© Robotics Engineering Comvergence, Chonnam National University, Gwangiy, 61186, South Korea

ARTICLEINFO

ABSTRACT

Keywords:
Vessel segmentation

3D reconstruction

Automated medical mage reconstruction

Automated three-dimensional (30) blood vessel reconstruction to improve vascular diagnosis and therapeutics is
a challenging task in which the real-time impl ation of i seg) ation and specific vessel tracking
for matching artery sequences is essential. Recently, 8 deep learning-based segmentation technique has been
proposed; however, existing state-of-the-art deep architectures exhibit reduced performance when they are
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Precision
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D.M. Bappy ®, Ayoung Hong “°, Eunpyo Choi”, Jong-Oh Park “" **, Chang-Sei Kim "

* Karen Institute of Medical Mismrobatics, Gwangja, 61011, South Karea
* School of Mechanical Engineering, Chonnam National University, Geangi, 61186, South Korea
© Robotics Engineering Comvergence, Chonnam National University, Gwangiy, 61186, South Korea

ARTICLEINFO ABSTRACT
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* Karen Institute of Medical Mismrobatics, Gwangja, 61011, South Karea
* School of Mechanical Engineering, Chonnam National University, Geangi, 61186, South Korea
© Robotics Engineering Comvergence, Chonnam National University, Gwangiy, 61186, South Korea

ARTICLEINFO ABSTRACT

Keywords:

Automated three-dimensional (30) blood vessel reconstruction to improve vascular diagnosis and therapeutics is
Automiated medical image reconstruction

a challenging task in which the real-time implementation of automatic segmentation and specific vessel tracking
for matching artery sequences is essential. Recently, 8 deep learning-based segmentation technique has been
proposed; however, existing state-of-the-art deep architectures exhibit reduced performance when they are
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New capabilities of diagnosis

Clinical Research

change in the apical category. The selections changed in 55% of the cases when determining Computed Tomography

etiology and in 49% of the cases when making recommendations. CBCT imaging was

Jesus Djalma Pécora, DDS, MSc, Php!

Abstract

A New Periapical Index Based on Cone Beam

Carlos Estrela, DDS, MSc, PbD,* Mike Reis Bueno, DDS, MSc,”
Bruno Correa Azevedo, DDS, MSc,” José Ribamar Azevedo, DDS? and

The purpose of this study was to evaluate a new | Dﬂ'iapim] radiography is an essential resource in endodontic diagnosis, because it

CLINICAL RESEARCH

The Recommendation of Cone-
beam Computed Tomography
and Its Effect on Endodontic
Diagnosis and Treatment
Planning

ABSTRACT

Introduction: Although intraoral radiographs are foundational for diagnosis and planning
treatment in dentistry, the resulting 2-dimensicnal image varies in interpratation requiring
judgment. Cone-beam computed tomagraphic imaging provides a more detailed 3-
dimensional image that may affect treatment recommendations. This study aimed to deter-
mine the basis for CBCT recommendations and the effect on diagnosis and treatmeant
planning. Methods: The study involved a sample of 45 cases that presented for endodontic
treatment, 30 with a CBCT scan on record and 15 without. For phase 1, all 45 cases werg
reviewed by 3 examiners without access to the CBCT scans. For phase 2, 4 months later, the

Sami Chogle, OMD, MSD
Maan Zuaitar, DDS,

Ramzi Sarkis, DMD, M5D
Manal Saadoun, BDS, MSD
Anthony Mecharm, OMD and
Yihong Zhao, PhD

SIGNIFICANCE

This study's goals were to
daterming whethar or not
CBCT imaging can provide
additional useful information,
and whether that information
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New capabilities of diagnosis

Ultrasonics 141 (2024) 107332
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Virtual Histology

'.) Ih can rotate 180 at a
Advancing breast cancer diagnosis in 3D: The transformative power of | icgeine foon g
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X-ray phase-contrast microtomography for virtual histology imorieeedsmbbnctg
pr vascular channels,

a,b,* c fuch diameter over-
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nstructed objectives.
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* Department of Physics, University of Calabria, via P. Bucci, 31C, Rende, 87036, CS, Italy
" INFN Division of Frascati, via Enrico Fermi, 54, Frascati, 00044, RM, Iraly
© Unit of surgical Pathology, Cattinara Hospital, Azienda Sanitarin Universitaria Giulinna Isonting (ASUGH), Strada di Fiume, 447, Trieste, 34149, TS, Italy

ARTICLE INFO ABSTRACT
lease, and diabetes

Breast cancer, a prevalent global malignancy in women, demands accurate tissue alteration detection for ebral arteries [5
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Surgical planning

1 Shoulder Elbow Surg (2014) 23, 1563-1567

Accuracy of patient-specific guided glenoid
baseplate positioning for reverse shoulder

ey Fpvprey P

J Shoulder Elbow Surg (2015) 24, 965-971

specimens

Patient-specific targeting guides compared
with traditional instrumentation for glenoid
component placement in shoulder arthroplasty:
a multi-surgeon study in 70 arthritic cadaver
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Medical Image Analysis

journal homeapage: www.elsevier.com/locate/media

1 AutoFOX: An automated cross-maodal 3D fusion fr
QO angiography and OCT
I Chunming Li ¥, ¥Yuchuan Qiao ", Wei Yu*'¥, Yingguang Li ¥, Yankai Chen®, Zehao Fan”,

mework of coronary X-ray

/ Runguo Wei®, Botao Yang*, Zhiging Wang °, Xuesong Lu ®, Lianglong Chen “, Carlos Collet’,
’ Miao Chu *", Shengxian Tu **
/ 2 Schoal of Biomedical Engineering, Shonghai Jiao Tong University, Shanghai 200030, China
/ * Institute of Sciemce and Technology for Brain-Inspired Intellipence, Fudan Undversity, Shanghai 201200, China
‘9 © Imternational Smare Medival Devices Innovation Center, Kunshon Industrial Technology Ressarch Instinste, Suchow China

4 Department of Candiology, Figion Medical University Union Hospital, Fushou, China

“ School of Biomedical Engineering, South-Certrol Minmu University, Withan 430074, Fubei, Ching
* Cordiovascular Center Aalst, OLV Clinic, Aolst, Belgium

3 Department of Cordiovascidar Medicine, University of Oxford, OX39DU, UK

ARTICLE INFO ABSTRACT
Keywords: Coromary artery disease (CAD) is the leading cause of death globally. The 3D fusion of coronary X-ray
Comonary artery disease angiography (XA) and optical coherence tomography (OCT) provides complementary information to appreciate

Keray angrography coronary anatomy and plaque morphology. This significantly improve CAD diagnesis and prognosis by

OCT (i based b enabling precise hemodynamic and computational physiology assessments. The challenges of fusion lie in
- :_mf:;mnx ased alignment the potential misalignment caused by the foreshorening effect in XA and non-uniform acquisition of OCT

pullback. Moreaver, the need for reconstructions of major bifurcarions is technically demanding. This paper
proposed an automated 3D fusion framework AutoFOX, which consists of deep learning model TransCAN for
3D vessel alignment. The 3D vessel contours are processed as sequential data, whose features are extracted
and integrated with bifurcation information to enhance alignment via 8 multi-task fashion. TransCAN shows
the highest alignment accuracy among all methods with a2 mean alignment error of 0.99 + 0,81 mm along the
vascular sequence, and only 0.82 + (.69 mm at key anatomical positions. The proposed AutoPOX framework
uniquely employs an advanced side branch lumen reconstruction algorithm to enhance the assessment of
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Medical Image Analysis 101 (2025) 103432

Contents lists available at ScienceDirect
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Journal of Dentistry 150 (2024) 105387
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Automated orofacial virtual patient creation: A proof of concept S

Thanatchaporn Jindanil ", Oana-Elena Burlacu-Vatamanu ™, Joeri Meyns ", _
Jeroen Meewis “, Rocharles Cavalcante Fontenele ", Maria Cadenas de Llano Perula’,
Reinhilde Jacobs % o
A OMFS-IMPATH Research Group, Department of fmaging and Pathology, Faculty of Medicine, KU Leuven, Leuven, Belgium

" Department of Oral and Maxillofacial Surgery, University Hospitals Leuven, Leuven, Belgium
© Department of Radiology, Faculty of Dentistry, Chulalongk University, Bangkok, Thailand —

9 Doctoral School, Carel Davila University of Medicine and Pharmacy, Bucharest, Romarnia jray
 Department of Oral and illofacial Surgery, Ziekenhuis Oost Limburg, Genk-Maaseik, Belgium jate
" Department of Oral Health Sciences - Orthodontics, KU Leuven and Dentistry, University Hospitals Leuven, Leuven, Belgium by
# Department of Dental Medicine, Karolinska Institute, Stockholm, Swedent in

ICT

Iper

for
ARTICLE INFO ABSTRACT lted
Keywords: Objectives: To (1) construct a virtual patient (VP) using facial scan, intraoral scan, and low-dose computed to- :':
Virtual patient mography scab based on an Artificial intelligence (Al)-approach, (2) quantitatively compare it with Al-refined e
Multimodal registration and semi-automatic registration, and (3) qualitatively evaluate user satisfaction when using virtual patient as
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Communication avec les patients

Patient survey for pre-op anatomical models
(1 - strongly disogree, 2 - disagree, 3 - neutral, 4 - agree, 5 - strongly agree)

The model improved my understanding of my condition.

& ®
1 2 3 4 5

The model helped me in coping with this condition.

[ L
1 2 3 4 5

The model improved my confidence in the treatment provided for me.

& -  J
1 2 3 & 5

The model improved my confidence in the doctor treating me.

® ®
1 2 3 4 5
Overall satisfaction
[ . ]
0 1 2 3 4 5 6 7 8 9 10
Very Neutral Very
dissatisfied satisfied

Contents lists available at ScienceDirect

Annals of 3D Printed Medicine

journal homepage: www.elsevier.com

Research paper

Patient comprehension of oncologic surgical procedures using 3D printed )

Chack tar

surgical planning prototypes ety

Contents lists available at ScienceDirect
Journal of Orthopaedics

journal homepage: www.elsevier.com/locate/jor

Check for

Role of patient specific 3D printed models in patient confidence, s
understanding and satisfaction of care in Singapore

Carol Xiaoshu Zhao® , Michael Yam "

* Lee Kong Chian School of Medicine, Nanyang Technological University, Singapore
b Orthopaedic Department, Tan Tock Seng Hospital, 308433, Singapore

ARTICLE INFO ABSTRACT

Keywords: Introduction: Patient specific 3D models have been widely used for pre-op planning and intra-op guidance in
Patient specific 3D models orthopaedic surgery. These models however are not often used in pre-operative doctor-patient communication.
Customised 3D models This study evaluates the roles of customized 3D models in improving patient understanding, confidence, and

Preoperative counselling
Improve understanding of patients’ condition
Boost patients’ confidence in the procedure

satisfaction of patient care when they were used during preoperative counselling.
Materials and methods: A prospective survey was conducted on 33 orthopaedic trauma patients who were
required to rate on a scale of 1-5. the effectiveness of patient specific 3D models in: 1) improving patient’s
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Enseignement

RESEARCH ARTICLE Open Access

The role of 3D printed models in the (]
teaching of human anatomy: a systematic
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Comment votre

pratique peut/

pourrait intégrer la

3D ?




Comment votre pratique

pourvait intégrer

(utilisation d’un jumeau

numeérique ?




Categorie

Criteres d'evaluation

Objectifs cliniques

- But principal de I'outil 3D ? (diagnostic,
planification chirurgicale, communication patient...)

Type d’outils et
sources de données

- Type d’acquisition (IRM, CBCT, scanner, empreinte
optique, ou simulation...)

Preécision et
reproductibilité

- La resolution des données est-elle adaptée a
'usage prévu (chirurgie guidée) ou une
approximation suffit-elle (ex. communication
patient) ? - L’outil est-il reproductible et fiable sur
plusieurs essais ?

Risque de biais et

AT, F : | k| F 4

- Sensibilité/ bruit dans les données ou I'acquisition

., 4§ 1 T % 1 R T S




Risque de biais et - Sensibilité/ bruit dans les données ou I'acquisition
qualité des données | qui pourrait fausser le modele 3D ?

- Comment s’assurer de la fiabilité des acquisitions
? (recalibrage scanner, réduction artefacts)

Intervention de - Une correction manuelle ou un post-traitement

I'opérateur est-il nécessaire (ex : segmentation post CBCT)?

- Faut-il une intervention humaine pour valider les
resultats ?

Formation et - Les utilisateurs doivent-ils étre formés /experts ? -
logiciels Quels logiciels sont utilisés pour visualiser ou
modifier les modeles 3D ? S'integrent-ils dans le
circuit actuel de soins ?

Maintenance et - L’équipement ou le logiciel nécessite-t-il une




logiciels

Quels logiciels sont utilises pour visualiser ou
modifier les modeles 3D ? S'integrent-ils dans le
circuit actuel de soins ?

Maintenance et
durabilite

- L’équipement ou le logiciel nécessite-t-il une
maintenance réguliere ? - Qui est responsable de
son entretien et de son suivi ?

Réglementation et
statut médical

- Le systeme est-il considéré comme un dispositif
meédical et doit-il étre certifié (ex. marquage CE,
FDA) ? - Y a-t-il des normes ISO a respecter ?

A vous de jouer




Création d’un jumeau numerique

Situation Enregistrer Segmenter Mailler
clinique ’anatomie ’image le volume

[Richert et al. 2022]
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1. Introduction

Applications of artificial intelligence (AI) are increasing in health-
care (Rajkomar et al, 2019; Choy et al., 2018; Novoa et al. 2019; Loftus
et al, 2020). The field of dysmorphology is currently being transformed

by these new methods (Gurovich et al., 2019). Studies comparing human
performances to Al are flourishing (Zhang et al., 2022; Javitt et al,
2022; Latorre-Pellicer et al., 2020; Mishima et al., 2019), and some of
them suggest that digital diagnostic tools outperform human experts
(Rouxel et al., 2022).

* Corresponding author. Laboratoire "Forme et Croissance du Crane’, Hopital Necker-Enfants Malades, 149 rue de Sévres, 75015, Paris, France.
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Abstract

In a recent study, the ideas of Procrustes analysis were introduced to the study of tooth shape for tecth represented as
configurations of ‘landmarks’ from digital images. This study aimed to establish how well the method could be expected
to perform (in its standard form) when used on surfaces from a variety of tooth types and. in particular, how much impact
inconsistencies in the positioning of landmarks would have on investigations of shape.

Using four different operators” images and landmarks from 10 different surfaces from each of 20 patients, the consequences
of location inconsistency are evaluated by calculating its effect on the recorded variation in Procrustes fits, obtained for cach
set of multiple representations. The proportion of variation in shape attributable to actual differences between patients, rather
than other sources of error, ranged from only 36 to 65% for the five buccal-surfaces considered and was no more than 30%
for any of the five occlusal surfaces. Further examination of these results indicated that consistent orientation differences
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In a recent study, the 1deas ol Procrustes analysis were introduced to the study of tooth shape for tecth represented as
confipurations of ‘landmarks” from digital images. This study aimed to establish how well the method could be expected
to perform (in its standard form) when used on surfaces from a vanety of tooth types and, in particular, how much impact
imconsistencics 1n the positioning of landmarks would have on investigations of shape.

Using four different operators” images and landmarks from 10 different surfaces from each of 20 patients, the consequences
of location inconsistency are evaluated by calculating its effect on the recorded vanation in Procrustes fits, obtained for cach
set of multiple representations. The proportion of vanation in shape attributable to actual differences between patients, rather
than other sources of error, ranged from only 36 to 653% for the hive buccal-surfaces considered and was no more than 30%
tor any ol the hive occlusal surfaces. Further examination of these results indicated that consistent onentation differences
before imaging mught be a particular source of error 1n obtaining any occlusal-landmark data, as might location ambiguities
around the edges of the teeth. Orientation effects were also suggested for the buccal-surfaces of the molar teeth. In contrast,
the relatively flatter buccal-surfaces of the incisors and canines produced the most rehable data.

Methods of analysis need to accommodate these problems 1if landmark data are to be used to describe varnations n
tooth shape. Different surfaces each present their own particular difficulties and so a vanety of solutions may be reguired.

5
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ARTICLE INFO

ABSTRACT

Keywords:

Statistical shape madeks
Shape reconstruction
Mechanical axis estimation
Landmark evaluation

In this study, we investigated a method allowing the determination of the femur bone surface as well as it
mechanical axis from some easy-to-identify bony landmarks. The reconstruction of the whale femur is therefor
performed from these landmarks using a Statistical Shape Model (S$5M). The aim of this research is therefore t
assess the impact of the number, the position, and the accuracy of the landmarks for the reconstruction of the
femur and the determination of its related mechanical axis, an important elinical parameter to consider for the
lower limb analysis. Two statistical femur models were created from our in-house dataset and a publicl
available dataset. Both were evaluated in terms of average point-to-point surface distance ervor and through the
mechanical axis of the femur. Furthermore, the clinical impact of using landmarks on the skin in replacement o
bony landmarks is investigated. The predicted proximal femurs from bony landmarks were more accurat
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Keywords:

Staristical shape model

Robust Kermel principal component analysis
Data corruption

Segmentation

Statistical Shape Models (55Ms) have achieved considerable success in medical image segmentatio
high quality S5M is able to approximate the main plausible variances of a given anatomical structur
guide segmentation. However, it is technically challenging to derive such a quality model because: (1)
distribution of shape variance is often nonlinear or multi-modal which cannot be modeled by stand
approaches assuming Gaussian distribution; (2) as the quality of annotations in training data usu
varies, heavy corruption will degrade the quality of the model as a whole. In this work, these challen
are addressed by introducing a generic 55M that is able to model nonlinear distribution and is robus
outliers in training data. Without losing generality and assuming a sparsity in nonlinear distnibutio
novel Robust Kernel Principal Component Analysis (RKPCA) for statistical shape modeling is prope
with the aim of constructing a low-rank nonlinear subspace where outliers are discarded. The propo
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Segmentation

Statistical Shape Models [S5Ms) have achieved considerable success in medical image segmentatiol
high quality S5M is able to approximate the main plausible variances of a given anatomical structur
guide segmentation. However, it is technically challenging to derive such a quality model because: (1)
distribution of shape variance is often nonlinear or multi-modal which cannot be modeled by stand
approaches assuming Gaussian distribution; (2) as the quality of annotations in training data usu
varies, heavy corruption will degrade the quality of the model as a whole. In this work, these challen
are addressed by introducing a generic 55M that is able to model nonlinear distribution and is robus
outliers in training data. Without losing generality and assuming a sparsity in nonlinear distributio
novel Robust Kernel Principal Component Analysis (RKPCA) for statistical shape modeling is prope
with the aim of constructing a low-rank nonlinear subspace where outliers are discarded. The propo
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The accuracy of statistical shape models in predicting bone
shape: A systematic review
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’Department of Trauma and Orthopaedics, Background: This systematic review aims to ascertain how accurately 3D models can
:‘I"::klbi":fsﬂ'f Hospitals NHS Trust, be predicted from two-dimensional (2D) imaging utilising statistical shape modelling.
nyepartment of Bioengineering, Imperial Methods: A systematic search of published literature was conducted in September
College London, London, UK 2022. All papers which assessed the accuracy of 3D models predicted from 2D
imaging utilising statistical shape models and which validated the models against the

Correspondence
Amogh Patil ground truth were eligible.
Email amogh.patil 1@ndhs.net Results: 2127 papers were screened and a total of 34 studies were included for final

data extraction. The best overall achievable accuracy was 0.45 mm (root mean
square error) and 0.16 mm (average error).
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ARTICLE INFO ABSTRACT

Keywords: Artificial Intelligence (AI) solutions have been widely used in healthcare, and recent developments in deep
Artificial intelligence neural networks have contributed to significant advances in medical image processing. Much ongoing research
Deep neural networks is aimed at helping medical practitioners by providing automated systems to analyze images and diagnose acute
Predictive analytics diseases, such as brain tumors, bone cancer, breast cancer, bone fracture, and many others. This comprehensive
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Fig. 1. Hierarchical representation of medical image analysis, in which neural networks have been applied.

set of features based on which classification is conducted. The ConvNet
consists of three elementary types of layers: convolution, max-pooling,
fully connected (FC), and softmax for classification.

Several essential processes are employed in convolutional neural
networks (CNNs) for image classification, including convolution, max-
pooling, fullyv connected (FC) lavers, and softmax activation. Here

The significance of CNNs in disease detection lies in their ability
to leverage the power of deep learning, extracting meaningful and
discriminative features from medical images. By improving detection
accuracy, reducing interpretation time, and providing consistent re-
sults, CNNs contribute to more effective and efficient disease diagnosis,
enabhling earlv intervention. hetter natient outcomes. and enhanced
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Méthode

Avantages

Inconvénients

CNN

- Capacité a gérer des données
hétérogenes (IRM, CT).

- Reconst rapide avec données
structurées

- Nécessité de grilles régulieres : peu
adapté maillages / nuages de pts.

- Difficultés pour surfaces complexes
ou des détails fins
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Fig. 5. The schematic diagram of retinal vascular segmentation process proposed in Igbal and Ali (2018) [42].
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Advancing non-destructive analysis of 3D
printed medicines

Anna Kirstine Jergensen, ' Jun Jie Ong, " Maryam Parhizkar, " Alvaro Goyanes, '**** and
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)]
Pharmaceutical 3D printing (3DP) has attracted significant interest over the past  Highlights S

decade for its ability to produce personalised medicines on demand. However, 30 prniing ofmedicnes holds the poten-
current quality control (QC) requirements for traditional large-scale pharmaceutical  fial to revolitionise therapevic regimens
manufacturing are irreconcilable with the production offered by 3DP. The US Food gz;ﬂm;'::f;:; offering ‘;’::fj
and Drug Administration (FDA) and the UK Medicines and Healthcare Products | _ i . < ol scale and at the PoC.
Regulatory Agency (MHRBA) have recently published documents supporting the

implementation of 3DP for pmnt of-care (PoC) manufacturing along with regula-  Reguiatory authorities have established
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Méthode Avantages Inconvénients
- Capacité a gérer des données - Nécessité de grilles régulieres : peu
hétérogenes (IRM, CT). adapté maillages / nuages de pts.
CNN
- Reconst rapide avec données - Difficultés pour surfaces complexes
structurées ou des détails fin$
- Capacité a gérer des données - Nécessité de grilles régulieres : peu
hétérogenes (IRM, CT). adapté maillages / nuages de pts:
GAN - Diff de stabilité d'entrainement

- Capacité générer rapidement des
données synthétiques.

(générateur/discriminateur) &
risque d’artefacts (surtt si détails
fins a apprendre)
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DeepSDF: Learning Continuous Signed Distance Functions
for Shape Representation
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Figure 1: DeepSDE represents signed distance functions (SDFs) of shapes via latent code-conditioned feed-forward decoder networks.
Above images are raycast renderings of DecpSDF interpolating between two shapes in the leamed shape latent space. Best viewed digitally.

Ahstract

Computer graphics, 30 compurer vision and robotics
commnities have prodiuced multiple approaches 1o rep-
resenting 30 geometry for rendering and reconstruction.
These provide trade-offs acrass fidelivy, efficiency and com-
pression capabilities. In dus work, we Introduce DeepSDF,
a learmed continuous Signed Distance Function (80F) rep-
resentation of o class of shapes thar enables high gl

ity shape represemalion, imterpolation and completion from
R N Fy - O IR 5. B

1. Introduction

Deep convolutional networks which are a mainstay of
image-hased approaches grow quickly in space and time
complexity when directly gencralized to the 3rd spatial di-
mension, and more classical and compact surface repre
senlations such as rangle or quad meshes pose problems
in training since we may need © deal with an unknown
number of vertices and arbitrary topology.  These chal-
lenges have limited the quality, Aexibility and fdelity of
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Training: using high-resolution LV segmentations from cardiac CT angiography
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Méthode

Avantages

Inconvénients

- Capacité a gérer des données
hétérogenes (IRM, CT).

- Nécessité de grilles régulieres : peu
adapté maillages / nuages de pts.

CNN
- Reconst rapide avec données - Difficultés pour surfaces complexes
structurées ou des détails fins :
- Capacité a gérer des données - Necessité de grilles regulieres : peu
hétérogenes (IRM, CT). adapté maillages / nuages de ptss
GAN p— ) - Diff de stabilité dlentrainement
- Capacité générer rapidement des . N Y
) - (générateur/discriminateur) &
données synthétiques. : , S, .
risque d’artefacts (surtt si détails
fins a apprendre)
- Représent continue et compacte | p|ys lent pour les reconstructions
via fonctions de distance signée. volumineuses ou de grandes
structures (calcul point-par-
DeepSDF ( P P

- Précis pour les surfaces complexes

- Adapté données non structurées

maillages /nuages de pts.
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Méthode

Avantages

Inconvénients

CNN

- Capacité a gérer des données
hétérogenes (IRM, CT).

- Reconst rapide avec données
structurées

GAN

- Capacité a gérer des données
hétérogenes (IRM, CT).

- Capacité générer rapidement des
données synthétiques.

DeepSDF

- Représent continue et compacte
via fonctions de distance signée.

- Précis pour les surfaces complexes

- Adapté données non structurées

maillages /nuages de pts.
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Catégorie

Criteres d'evaluation

Objectifs et
béneéfices attendus

Quel probleme clinique I'IA vise-t-elle a résoudre ?
Quels avantages pour les praticiens et patients ?

Données et qualité

Les données 3D sont-elles représentatives ?
Les annotations sont-elles fiables ?

Modele d'IA et
méthodologie

Type de modele utilisé (CNN, GAN, DeepSDF...) ?
L.e modele a-t-il été validé sur des bases externes ?

Performance et
précision

Quels indicateurs de performance sont utilisées ?
Le modele est-il robuste face aux variations ?




Performance et
précision

Quels indicateurs de performance sont utilisés ?
Le modele est-il robuste face aux variations ?

Biais et équité

Présence de biais affectant certains groupes ?
Quelles mesures ont-elles été mises en place pour
les atténuer ?

Risques et sécuriteé

Quels sont les risques cliniques en cas d'erreur de
I'TA 7 Quelles conséquences pour le patient ?

Validation clinique
et réglementation

Le modele a-t-il été testé en conditions réelles ?
Respecte-t-il les réglementations médicales ?

Intégration et
formation

Comment la solution IA est-elle intégrée dans le
workflow clinique ?




formation workflow clinique ?

Surveillance et
maintenance

Considerations

éthiques et légales

Suivi des performances post-mise en ceuvre ?
Comment les mises a jour sont-elles gérées ?

Les patients sont-ils informés de l'utilisation de
I'IA ? Comment la confidentialité des données est-
elle assurée ?

A vous de jouer
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Information technology — Medical image-
based modelling for 3D printing

Part 1: General requirements

ISO/TR 24291:2021
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Journal of Dental Research

Trustworthy Artificial Intelligence
in Dentistry: Learnings from
the EU Al Act

meljdr

M. Ducret'23') E. Wahal®, D. Gruson®®7, S. Amrani®’,
R. Richert'8, M. Mouncif-Moungache’, and F. Schwendicke'®

Abstract

Artificial intelligence systems (AlSs) gain relevance in dentistry, encompassing diagnostics, treatment planning, patient management, and
therapy. However, questions about the generalizability, fairness, and transparency of these systems remain. Regulatory and governance
bodies werldwide are aiming to address these questions using various frameworks, On March 13, 2024, members of the European
Parliament approved the Artificial Intelligence Act (AlA), which emphasizes trustworthiness and human-centeredness as relevant aspects
to regulate AlSs beyond safety and effic This review presents the AlA and similar regulatory and governa e in other
jurisdictions and lays out that regulations such as the AIA are part of a complex ecosystem of interdependent and interwoven legal
requirements and standards. Current efforts to regulate dental AlSs require active input from the dental community, with participation
of dental research, education, providers, and patients being relevant to shape the future of dental AlSs.

Keywords: algorithms, biomedical ethics, Europe, machine learning, regulation, deep learning
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EU Al Regulatory Landscape

Medical Device Regulation is a set General Data Protection

of rules and standards that govern Regulation governs collection,
the manufacturing and marketing of < : processing, and storage of
medical devices to ensure their A Privacy personal data, with the aim to
safety, quality, and effectiveness.  |[IERUCLIUANE. 20 safeguard individuals' privacy.

Safety Data
s Governance

i
!

Transparency
Human \
oversight

Diversity Accountability
is a framework Al Liability Directive is a proposal
to govern the development and designed to establish a framework
deployment of AIS within the EU, for determining liability and
including ethical and responsible compensation in cases where AlS
Al practices. cause harm or damage.
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Biogeneric tooth: a new mathematical
representation for tooth morphology in
lower first molars

Mehl A, Blanz V, Hickel R. Biogeneric tooth: a new mathematical representation for
tooth morphology in lower first molars. Eur J Oral Sci 2005, 113: 333-340. © Eur J Oral
Sci, 2005

A mathematical representation of tooth morphology may help to improve and auto-
mate restorative computer-aided design processes, virtual dental education, and par-
ametric morphology. However, to date, no quantitative formulation has been
identified for the description of dental features. The aim of this study was to establish
and to validate a mathematical process for describing the morphology of first lower
molars. Stone replicas of 170 caries-free first lower molars from young patients were
measured three-dimensionally with a resolution of about 100,000 points. First, the
average tooth was computed, which captures the common features of the molar’s
surlace quantitatively. For this, the crucial step was to establish a dense point-to-point
correspondence between all teeth. The algorithm did not involve any prior knowledge
about teeth. In a second step, principal component analysis was carried out. Repeated
for 3 different reference teeth, the procedure yielded average teeth that were nearly
independent of the reference (less than = 40 pum). Additionally, the results indicate
that only a few principal components determine a high percentage of the three-
dimensional shape variability of first lower molars (e.g. the first five principal com-

Copyright @ Eur | Oral S¢i 2005

European Journal of
Oral Sciences

Albert Mehl', Volker Blanz?,
Reinhard Hickel'

"Department of Restorative Dentistry, Ludwig

Maximilians University, Munich; 2Max-Planck-

Institute for Computer Science, Saarbruecken,
Germany

Prof. Dr Albert Mehl, Department of Restorative
Dentistry, Ludwig Maximilians University,
Goethestr. 70, 80336 Munich, Germany

Telefax: +49-89-51605344

™ mamils smasbblenAdamt msneomal imt s s als oo sl




Eur J Oral Sci 2005; 113: 333-340
Printed in Singapore. All vights reserved

Biogeneric tooth: a new mathematical
representation for tooth morphology in
lower first molars

Mehl A, Blanz V, Hickel R. Biogeneric tooth: a new mathematical representation for
tooth morphology in lower first molars. Eur J Oral Sci 2005, 113: 333-340. © Eur J Oral
Sci, 2005

A mathematical representation of tooth morphology may help to improve and auto-
mate restorative computer-aided design processes, virtual dental education, and par-
ametric morphology. However, to date, no quantitative formulation has been
identified for the description of dental features. The aim of this study was to establish
and to validate a mathematical process for describing the morphology of first lower
molars. Stone replicas of 170 caries-free first lower molars from young patients were
measured three-dimensionally with a resolution of about 100,000 points. First, the
average tooth was computed, which captures the common features of the molar’s
surlace quantitatively. For this, the crucial step was to establish a dense point-to-point
correspondence between all teeth. The algorithm did not involve any prior knowledge
about teeth. In a second step, principal component analysis was carried out. Repeated
for 3 different reference teeth, the procedure yielded average teeth that were nearly
independent of the reference (less than = 40 pum). Additionally, the results indicate
that only a few principal components determine a high percentage of the three-
dimensional shape variability of first lower molars (e.g. the first five principal com-

Copyright @ Eur | Oral S¢i 2005

European Journal of
Oral Sciences

Albert Mehl', Volker Blanz?,
Reinhard Hickel'

"Department of Restorative Dentistry, Ludwig

Maximilians University, Munich; 2Max-Planck-

Institute for Computer Science, Saarbruecken,
Germany

Prof. Dr Albert Mehl, Department of Restorative
Dentistry, Ludwig Maximilians University,
Goethestr. 70, 80336 Munich, Germany

Telefax: +49-89-51605344

™ mamils smasbblenAdamt msneomal imt s s als oo sl







HISTORY OF ARTIFICIAL INTELLIGENCE

A

1950 1980 2012 2023
Turing Test ExpertSystems ~ Deepleaming  GPT-4 & ChatGPT

(AlexNet)
! | l P l

1

1956 1997 2020 2025
Dartmouth Deep Blue GPT-3 Rise of Multimodall
Conference beats Kasparov & Agentic Al

® %




HISTORY OF ARTIFICIAL INTELLIGENCE
2024

. Al Act

1950 1980 2012 2023
Turing Test ExpertSystems ~ Deepleaming  GPT-4 & ChatGPT

(AlexNet)
| l i l

| I !

1956 1997 2020 2025
Dartmouth Deep Blue GPT-3 Rise of Multimodall
Conference beats Kasparov & Agentic Al

® %




HISTORY OF ARTIFICIAL INTELLIGENCE
2024

.\ 0 \J l
-:;-:Izo ' Al Act
./ \ ” \

1950 1980 2012 2023
Turing Test ExpertSystems  Deepleaming  GPT-4 & ChatGPT

l l (AleINet) l

| T !

1956 1997 2020 2025
Dartmouth Deep Blue GPT-3 Rise of Multimodall
Conference beats Kasparov & Agentic Al

® 9

|
Technological development Regulation




[Role] Tu es un ingénieur biomédical spécialisé en modélisation
anatomique osseuse.

[Context] Usage pédagogique enseignement.

[Task] Partager code python pour générer un fémur 3D synthétique
paramétrique .

[Process] Assembler des primitives (cylindre, cdne, sphére) de maniére
anatomiquement cohérente et exporter le modéle en STL
[Characteristics] Code clair et commenté avec parameétres ajustables et
dépendances légéres.

Parametric Synthetic Femur Generator (python) - python Copier Modifier Télécharger

numpy np



T~ & Offre gratuite X ([} Mémoire pleine -+

table across trimesh versions.

ests (important for teaching & debugging)
were no tests, | added minimal sanity checks:
dity

()] Copier le code
istance (femur, trimesh.Trimesh)
r.vertices.shape[2] >
r.faces.shape[2] >
al plausibility

@ Copier le code

. = femur.bounds[1, 2] - femur.bounds[Z, 2]

_height > * expected height

ht
idependent
il in a pedagogical setting

1 behavior (please confirm)

further, | want to confirm one point:
outcome:

- should always export a valid STL, even if
rs are modified (within reasonable ranges),
arly with clear assertions if geometry becomes

nt.

|a\!i0r you wantf. \I, udents f teachinm m;lh:l[ia"?

‘-/'. £

—— could be:

Ine question g o

femur.clean() with femur =
femur.repair() to fix the error.

Parametric Synthetic Femur Gen... ~

SUDQ1V1S10ns=
)
condyle lateral. ([CONDYLE_OFFSET,
# =======—e—ee—eeeee e
# Assembly
#oommmmmmmmem e e
femur = trimesh. = ([
shaft,
neck,
head,
condyle medial,
condyle lateral
D
# Mesh cleanup (API-safe)
femur = femur. (9]
#oommmmmmmmem e e
# Basic sanity tests (pedagogical)
-

# Test 1: mesh validity

clean . You should replace femur =

Corriger le bug

- 8])

]

assert isinstance(femur, trimesh. e
e L ——— r 'I ) -
@& chatcPT x s
The emmor occurs because the Trimesh  roughly matches anatomy
object does not have a method called 1 - femur. [e.
clean() .- The correct method to dlean ~ + HEAD_RADIUS
amesh in trimesh is repair, not ected_height,

sh' object has no attribute 'remove duplicate faces’

&)

&

D e P Exécuter le code

]

| 7 4
module:134

module:124
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Copilot 3D ™=

La 3D pour tous, de I'imagination a la création

+ Charger une image

Fonctionne de maniére optimale avec un seul sujet, un éclairage uniforme et un arriére-plan simple.
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ABSTRACT

Objectives: To assess the implant accuracy, safety, and efficiency between robotic-assisted and freehand dental implant place-
ment with a hal

Methods: Patients requiring single-tooth implant restorations were recruited and randomized into two groups: robotic-assisted
surgery and freehand implant surgery. The accuracy of implant positioning was compared by assessing immediate postoperative
CBCT scans against preoperative planning software. Intraoperative and postoperative complications were recorded, and data
were analyzed using an intention-to-treat approach. The time required for implant ement in each gr umented. A
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Abstract

Orhan K, Bayrakdar IS, Ezhov M, Kravisov A,
(“)Z]rl'.irek T. Evaluation of artificial intelligence for detecting
periapical pathosis on cone-beam computed tomography

scans. International Endodontic Journal, 53, 680-689, 2020.

Aim To verify the diagnostic performance of an arti-
ficial intelligence system based on the deep convolu-
tional neural network method to detect periapical
pathosis on cone-beam computed tomography (CBCT)
images.

Methodology Images of 153 periapical lesions
obtained from 109 patients were included. The speci-
fic area of the jaw and teeth associated with the peri-
apical lesions were then determined by a human
observer. Lesion volumes were calculated using the
manual segmentation methods using Fujifilm-Synapse
3D software (Fujifilm Medical Systems, Tokyo, Japan).
The neural network was then used to determine (i)

(Diagnocat Inc., San Francisco, CA, USA) methods
were compared using Wilcoxon signed rank test and
Bland-Altman analysis.

Results The deep convolutional neural network sys-
tem was successful in detecting teeth and numbering
specific teeth. Only one tooth was incorrectly identi-
fied. The AI system was able to detect 142 of a total
of 153 periapical lesions. The reliability of correctly
detecting a periapical lesion was 92.8%. The deep
convolutional neural network volumetric measure-
ments of the lesions were similar to those with man-
ual segmentation. There was no significant difference
between the two measurement methods (P = (0.05).
Conclusions Volume measurements performed by
humans and by Al systems were comparable to each
other. Al systems based on deep learning methods
can be useful for detecting periapical pathosis on
CBCT images for clinical application.

T . sy s T s x TEs W

exact type of periapical pathosis must be specified
using a separate deep CNN. Once trained, the model
is utilized to identify the presence of apical periodonti-

Patient selection

CBCT scans for test data sets taken for various diag-
nostic purposes were obtained from the CBCT archive
of Eskisehir Osmangazi University Faculty of Den-
tistry. A total of 153 periapical lesion images obtained
from 109 patients were included in this study. The
research protocol was approved by the Non-interven-
tional Clinical Research Ethical Committee of Eskisehir
(Osmangazi University (decision date and number:
28.05.2019/48) and was performed in accordance
with the principles of the Declaration of Helsinki.



INTERNATIONAL

voosonmc souwa. [ NG

doi:10.1111/iej. 13265

Evaluation of artificial intelligence for detecting
periapical pathosis on cone-beam computed

tomography scans

K. Orhan’ (), I. S. Bayrakdar? (%), M. Ezhov?

, A. Kravtsov®

& T. Ozyiirek*

]Dcparlmcrll of Oral and Maxillolacial Radiology, Facully of Dentistry, Ankara University, Ankara; chparlmcnl of Oral and
Masxillofacial Radiology, Faculty of Dentistry, Eskischir Osmangaz Universily, Eskigehir, Turkey; ‘Diagnncal Inc, San Francisco,
CA. USA; and 1I'J|:parlrnc11l of Endodontics, Facully of Dentisiry, Istanbul Medeniyel University, Istanbul, Turkey

Abstract

Orhan K, Bayrakdar IS, Ezhov M, Kravisov A,
(“)Z\rl'.irek T. Evaluation of artificial intelligence for detecting
periapical pathosis on cone-beam computed tomography

scans. International Endodontic Journal, 53, 680-689, 2020.

Aim To verify the diagnostic performance of an arti-
ficial intelligence system based on the deep convolu-
tional neural network method to detect periapical
pathosis on cone-beam computed tomography (CBCT)
images.

Methodology Images of 153 periapical lesions
obtained from 109 patients were included. The speci-
fic area of the jaw and teeth associated with the peri-
apical lesions were then determined by a human
observer. Lesion volumes were calculated using the
manual segmentation methods using Fujifilm-Synapse
3D software (Fujifilm Medical Systems, Tokyo, Japan).
The neural network was then used to determine (i)

(Diagnocat Inc., San Francisco, CA, USA) methods
were compared using Wilcoxon signed rank test and
Bland-Altman analysis.

Results The deep convolutional neural network sys-
tem was successful in detecting teeth and numbering
specific teeth. Only one tooth was incorrectly identi-
fied. The AI system was able to detect 142 of a total
of 153 periapical lesions. The reliability of correctly
detecting a periapical lesion was 92.8%. The deep
convolutional neural network volumetric measure-
ments of the lesions were similar to those with man-
ual segmentation. There was no significant difference
between the two measurement methods (P = (0.05).
Conclusions Volume measurements performed by
humans and by Al systems were comparable to each
other. Al systems based on deep learning methods
can be useful for detecting periapical pathosis on
CBCT images for clinical application.

. m_ . gy s T s = T¥s I

research protoc
tional Cliv | R
(smanga: 4
28.05.2019:.
with the prin

from 109 patients were i

i




INTERNATIONAL

voosonmc souwa. [ NG

doi:10.1111/iej. 13265

Evaluation of artificial intelligence for detecting
periapical pathosis on cone-beam computed

tomography scans

K. Orhan’ (), I. S. Bayrakdar? (%), M. Ezhov?

, A. Kravtsov® &T. ﬁlzvi.'lrek“

]Dcparlmcnl of Oral and Maxillolacial Radiology, Facully of Dentistry, Ankara University, Ankara; zﬂcparlmcnl of Oral and
Masxillofacial Radiology, Faculty of Dentistry, Eskischir Osmangaz Universily, Eskigehir, Turkey; ‘Diagnwal Inc, San Francisco,
CA, USA; and 1U|:parlrnu11l of Endodontics, Facully ol Dentisiry, Istanbul Medeniyel University, Istanbul, Turkey

Abstract

Orhan K, Bayrakdar IS, Ezhov M, Kravisov A,
(“)Z\rl'.irek T. Evaluation of artificial intelligence for detecting
periapical pathosis on cone-beam computed tomography

scans. International Endodontic Journal, 53, 680-689, 2020.

Aim To verify the diagnostic performance of an arti-
ficial intelligence system based on the deep convolu-
tional neural network method to detect periapical
pathosis on cone-beam computed tomography (CBCT)
images.

Methodology Images of 153 periapical lesions
obtained from 109 patients were included. The speci-
fic area of the jaw and teeth associated with the peri-
apical lesions were then determined by a human
observer. Lesion volumes were calculated using the
manual segmentation methods using Fujifilm-Synapse
3D software (Fujifilm Medical Systems, Tokyo, Japan).
The neural network was then used to determine (i)

(Diagnocat Inc., San Francisco, CA, USA) methods
were compared using Wilcoxon signed rank test and
Bland-Altman analysis.

Results The deep convolutional neural network sys-
tem was successful in detecting teeth and numbering
specific teeth. Only one tooth was incorrectly identi-
fied. The AI system was able to detect 142 of a total
of 153 periapical lesions. The reliability of correctly
detecting a periapical lesion was 92.8%. The deep
convolutional neural network volumetric measure-
ments of the lesions were similar to those with man-
ual segmentation. There was no significant difference
between the two measurement methods (P = (0.05).
Conclusions Volume measurements performed by
humans and by Al systems were comparable to each
other. Al systems based on deep learning methods
can be useful for detecting periapical pathosis on
CBCT images for clinical application.

. m_ . gy s T s = T¥s I

Conflict of interest

The authors have stated explicitly that there are no
conflicts of interest in connection with this article.



INTERNATIONAL
ENDODONTIC JOURNAL

doi:10.1111/iej. 13265

Evaluation of artificial intelligence for detecting
periapical pathosis on cone-beam computed

tomography scans

K. Orhan' (@, I. S. Bayrakdarz . M. Ezh‘a, A. Kravt &T. ﬁlzvi.'lrek“

]Dcparlmcnl of Oral and Maxillolacial Radiology, Facully of Dentistry, Ankara University, Ankara; 2]:lh;:parlrm:nl of Oral and
Marxillofacial Radiology, Faculty of Dentistry, Eskischir Osmangaz University, Eskigehir, Turkey; "[ﬁﬂgnocal Inc, San Francisco,

CA, USA; and 1I'J|:parlrm:11l of Endodontics, Facully of Dentistry, Istanbul Medeniyel University, Istanbul, Turkey

Abstract

Orhan K, Bayrakdar IS, Ezhov M, Kravisov A,
(“)Z\rl'.irek T. Evaluation of artificial intelligence for detecting
periapical pathosis on cone-beam computed tomography

scans. International Endodontic Journal, 53, 680-689, 2020.

Aim To verify the diagnostic performance of an arti-
ficial intelligence system based on the deep convolu-
tional neural network method to detect periapical
pathosis on cone-beam computed tomography (CBCT)
images.

Methodology Images of 153 periapical lesions
obtained from 109 patients were included. The speci-
fic area of the jaw and teeth associated with the peri-
apical lesions were then determined by a human
observer. Lesion volumes were calculated using the
manual segmentation methods using Fujifilm-Synapse
3D software (Fujifilm Medical Systems, Tokyo, Japan).
The neural network was then used to determine (i)

(Diagnocat Inc., San Francisco, CA, USA) methods
were compared using Wilcoxon signed rank test and
Bland-Altman analysis.

Results The deep convolutional neural network sys-
tem was successful in detecting teeth and numbering
specific teeth. Only one tooth was incorrectly identi-
fied. The AI system was able to detect 142 of a total
of 153 periapical lesions. The reliability of correctly
detecting a periapical lesion was 92.8%. The deep
convolutional neural network volumetric measure-
ments of the lesions were similar to those with man-
ual segmentation. There was no significant difference
between the two measurement methods (P = (0.05).
Conclusions Volume measurements performed by
humans and by Al systems were comparable to each
other. Al systems based on deep learning methods
can be useful for detecting periapical pathosis on
CBCT images for clinical application.

7 R

EPTT T B R | T I

/

-

7’

N\
\\[/ y—

—_—

~

~ >
//f\\

—

/

= ~ Conflict of interest

’

The authors have stated explicitly that there are no

conflicts of interest in connection with this article.

WILEY

Conflict of interest Form

The purpose of this form is to p

ur manuscript with infermation about your

o "
ro e 0 o rk. The form is designe!

understand your wo!
of the submitted informati

d to be completed el
ach author shoul

other interests that could
ectronically and stored
d submit a separaie form

inuenca non s a“ul'.‘a.r\'irlﬁng that allows appropriate gata display o B ot s In Six harts,
and d

ically. It contains prog
etectronically. It o€ e , :

and is 1

ifying information.
1. Identifying 10 ‘ -
2. The work under consideration for publication.

=

nformation about ihe work that you T:\;E;;:J;:n ;

initial conception and plaqnnng o

di recﬂ;rr“; \lr'\1mal ¢ institution), lohgrgat:(;;ou :z act "

- , i . o -
'mmﬁ::msiu? reneiving any financial support "D?i da:},crﬂtl\ P

m:tmian thal pays your sakary and that lrs:gu;:?;pm o

institution received funds from a third party

commercial sponsor, check "Yes". ) e work.
3. Relevant financial activities outside the submit!

) . ionships
ecti financial relationsnips }

i jon asks about your _
;rr‘{;;gesi sense. You should disclose interactions Wit

i ith o mentati
i i nnection with ndge a:ug 2
intended for use N CONNELIL 70 -0 i ded tissue

This section asks for i
of the work itself, from

eceive third-party
ork, such as a gover

with entities in the den
th ANY entity. For exampl
0n using autografis, you

ipn but rather L .
regeneralion DULTERIE =0 a, fdge

ke, if your article

d for publication, The time
The requesied infarmatc
plete the work, Checkin
the work was S pported
funds with which to pay yo!
nment granting agentcy,

tal research and dent

should not restrict
report al associanon

n is about resources that you

by funds from the same
w. 1f you oF your

al supply arena in the

is abosl 1gsling a membrane
+vour disclosure to entities
ons with entities pursuing
augmentation, odont

P

frame for this reporting is that

g “No" means that you did

charitable foundaion of






Error due to updates on alignment










Questions Réponses possibles

1 Juelle et Origine des données | Origine des domnées
dmﬁs utilisées E e I
pour entrainer I'TA ? (nombre et diversité). transparente.
2. Comment les
données sont-elles Usage transparent et Uﬂgﬂ transparent,

o . . mais absence de cadre
utilisées et protégees | conformité au RGPD. latif au RGPD
(RGPD) ? :

Domné Données de
3. Que vaut la : d:]_ 1 performance vahidées
performance duo pm‘fnrm.ann: > uniquement en inteme,
dispositif ? S rapportees par le
mdépendantes. fabricant.

4. LE_ Foneti ¢ clair et anmt:_rnnement clair
fonctionnement de S mais absence
I'IA est-1l clair 7 ! : d’explication.
5. a-t1l une Meécanisme en place
paranfie humaine antomanquement sur o .
pour vérifier les I"'ensemble de la chaine L e
décisions ? et vérifié en externe.
6. Le disposinf est-11 | Mise a jour fréquente Mise a jour rare

mis 3 jour

(3 3 6 mois) et

(= 6 mois) pen

ASSOCIATION
DENTAIRE
FRANCAISE




ASSOCIATION
DENTAIRE
FRANCAISE

8 IO M B
L

-
. L
. .
.l’ﬂ"“ l’l‘!
",\so
.. Ve

Guide d’usage



— GuideTV Direct Bientotenligne ARTE Concert

Les jumeaux numeriques pour de meilleurs soins

Lecture

OfEa ek

w "
|

~ W SOy




| O A %
/ . I T T A

univ-lyodl.fr | |

oy
%

Lt

I



	Diapositive 1
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21 Evolution of our practice
	Diapositive 22 Evolution of our practice
	Diapositive 23 Evolution of our practice
	Diapositive 24 Evolution of our practice
	Diapositive 25 Evolution of our practice
	Diapositive 26 Evolution of our practice
	Diapositive 27 Evolution of our practice
	Diapositive 28 Evolution of our practice
	Diapositive 29 Evolution of our practice
	Diapositive 30 Evolution of our practice
	Diapositive 31
	Diapositive 32 Evolution of our practice
	Diapositive 33 Evolution of our practice
	Diapositive 34 Evolution of our practice
	Diapositive 35 Evolution of our practice
	Diapositive 36 Evolution of our practice
	Diapositive 37 Evolution of our practice
	Diapositive 38
	Diapositive 39 Evolution of our practice
	Diapositive 40 Evolution of our practice
	Diapositive 41 Evolution of our practice
	Diapositive 42 Evolution of our practice
	Diapositive 43 Evolution of our practice
	Diapositive 44 Evolution of our practice
	Diapositive 45 Evolution of our practice
	Diapositive 46
	Diapositive 47
	Diapositive 48
	Diapositive 49
	Diapositive 50
	Diapositive 58
	Diapositive 59
	Diapositive 60
	Diapositive 61
	Diapositive 62
	Diapositive 63
	Diapositive 64
	Diapositive 65
	Diapositive 66
	Diapositive 67
	Diapositive 68
	Diapositive 69
	Diapositive 70
	Diapositive 71
	Diapositive 72
	Diapositive 73
	Diapositive 74
	Diapositive 75
	Diapositive 76
	Diapositive 78
	Diapositive 79
	Diapositive 80
	Diapositive 81
	Diapositive 82
	Diapositive 83
	Diapositive 84
	Diapositive 85
	Diapositive 86
	Diapositive 87
	Diapositive 88
	Diapositive 89
	Diapositive 90
	Diapositive 91
	Diapositive 92
	Diapositive 94
	Diapositive 95
	Diapositive 96
	Diapositive 97
	Diapositive 98
	Diapositive 99
	Diapositive 100
	Diapositive 101
	Diapositive 102
	Diapositive 103
	Diapositive 104
	Diapositive 105
	Diapositive 106
	Diapositive 107
	Diapositive 108
	Diapositive 109
	Diapositive 110
	Diapositive 111
	Diapositive 112
	Diapositive 113
	Diapositive 114
	Diapositive 115
	Diapositive 116
	Diapositive 118
	Diapositive 119
	Diapositive 120
	Diapositive 121
	Diapositive 123
	Diapositive 124
	Diapositive 125
	Diapositive 126
	Diapositive 127
	Diapositive 128
	Diapositive 129
	Diapositive 130
	Diapositive 131
	Diapositive 132
	Diapositive 133
	Diapositive 134
	Diapositive 135
	Diapositive 136
	Diapositive 137
	Diapositive 138
	Diapositive 139
	Diapositive 140
	Diapositive 141
	Diapositive 142
	Diapositive 143
	Diapositive 144
	Diapositive 145
	Diapositive 146
	Diapositive 147
	Diapositive 148
	Diapositive 149
	Diapositive 150
	Diapositive 151
	Diapositive 152
	Diapositive 153
	Diapositive 154
	Diapositive 155
	Diapositive 156
	Diapositive 157
	Diapositive 158
	Diapositive 159
	Diapositive 160
	Diapositive 161
	Diapositive 162
	Diapositive 163
	Diapositive 164
	Diapositive 165
	Diapositive 166
	Diapositive 167
	Diapositive 168
	Diapositive 169
	Diapositive 170
	Diapositive 171
	Diapositive 172
	Diapositive 173
	Diapositive 174
	Diapositive 175
	Diapositive 176
	Diapositive 178
	Diapositive 179
	Diapositive 180
	Diapositive 181
	Diapositive 182
	Diapositive 183
	Diapositive 184
	Diapositive 185
	Diapositive 186
	Diapositive 187
	Diapositive 188
	Diapositive 190
	Diapositive 191
	Diapositive 201
	Diapositive 202

