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SUMMARY AND KEYWORDS

IntroductionƢ As developments in artificial intelligence ƭAIƮ expandƢ so do its
applications in dentistryƤ these are important to define so that oral health
clinicians can be updated on what possibilities are already at their disposal and
what they can expect to comeơ ObjectivesƢ The purpose of this systematic
review was to determine the trends in AI in dentistry in Europe through
revealing which countries are most involved in its researchƢ which fields of
dentistry AI is most appliedƢ and which domains of AI are being most
developed within dentistryơ MethodologyƢ The databases Medline Complete
and Dentistry Ɵ Oral Sciences Source were utilised to find the ĬĲ articles
published between ĭīĬĴ and ĭīĭĭ that were includedơ Article inclusion was
based on individual relevance to AI and dentistryƢ having been published in
one of the Įī listed European countries of interestƢ having been published in
English between ĭīĬĳ and ĭīĭĭƢ and being a research study rather than a
reviewơ ThenƢ the following variables were collected from each articleƣ country
of publicationƢ country affiliations of authorsƢ article keywordsƢ study typeƢ
publication yearƢ and the overall dental fieldƭsƮ the article was most related toơ
ResultsƢ The main findings were that of European countriesƢ the United
Kingdom published the most articles related to AI in dentistryƢ that
publications related to AI in dentistry mostly focused on radiologyƢ and that
deep learning was the most common domain of AI within publications related
to dentistryơ ConclusionsƢ In EuropeƢ contributions to AI in dentistry
disproportionately stem from certain countries over others and focus on
radiology above allơ In the futureƢ it would be interesting to further research
why so many countries have fallen behind the current European pioneers and
followǝup on which fields of dentistry AI continues to growƢ as well as compare
trends globallyơ

KeywordsƢ dentistryƤ artificial intelligenceƤ machine learningƤ deep learningƤ
Europeơ



RESUMEN Y PALABRAS CLAVE

IntroducciónƢ A medida que se expanden los desarrollos en la inteligencia
artificial ƭIAƮƢ también lo hacen sus aplicaciones en odontologíaƤ es importante
definirlos para que los profesionales de salud bucodental puedan estar
actualizados sobre las posibilidades que ya existen y lo que pueden esperar en
el futuroơ ObjetivosƢ El propósito de esta revisión sistemática fue determinar las
tendencias de IA en odontología en Europa por revelar cuáles países están más
involucrados en su investigaciónƢ qué campos de odontología se aplican más IA
y qué dominios de IA se están desarrollando más dentro de la odontologíaơ
MetodologíaƢ Se utilizaron las bases de datos Medline Complete y Dentistry Ɵ
Oral Sciences Source para encontrar los ĬĲ artículos incluidosƢ publicados entre
ĭīĬĴ y ĭīĭĭơ La inclusión del artículo se basó en la relevancia individual a IA y
la odontologíaƢ la publicación en uno de los Įī enumerados países de interésƢ la
publicación en inglés entre ĭīĬĳ y ĭīĭĭ y ser un estudio de investigaciónơ Se
recopiló la siguiente información de cada artículoƣ país de publicaciónƢ países
de afiliación de los autoresƢ palabras claveƢ tipo de estudioƢ año de publicación y
los campos dentales más relacionados con el artículoơ ResultadosƢ Los
principales descubrimientos fueron queƢ de los artículos relacionados con IA en
odontología en EuropaƢ el Reino Unido publicó la mayoría de los artículos y
que se centraron principalmente en radiología y en el dominio de IA del
aprendizaje profundoơ ConclusionesƢ En EuropaƢ las contribuciones a IA en
odontología provienen de manera desproporcionada de ciertos países y se
centran sobre todo en la radiologíaơ En el futuroƢ sería interesante seguir
investigando por qué tantos países se han quedado atrás y hacer un
seguimiento de los campos de la odontología en que IA sigue creciendoƢ así
como comparar las tendencias a nivel mundialơ

Palabras ClaveƢ odontologíaƤ inteligencia artificialƤ aprendizaje automáticoƤ
aprendizaje profundoƤ Europaơ
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1. INTRODUCTION

1Ơ1Ơ What is Artificial IntelligenceƦ

ĬơĬơĬơ The Origin of Modern AơIơ

The term Artificial intelligence ƭAIǗAơIơƮ was first conceived in ĬĴİıƢ

primarily by computer scientist John McCarthyƢ alongside Marvin MinskyƢ

Shannon RochesterƢ and Nathan Rochester ƭĬƢĭƮơ It has since become known as

the ability of technology to replace human intelligence for tasks requiring

problem solvingƢ optic recognitionƢ or linguistic understanding ƭĬƮơ Even before

the term AI existedƢ the concept was already far in the worksơ In the early ĬĴİīsƢ

Alan Turing developed what became known as the ƵTuring TestƶƢ which was

meant to assess whether one could class a machine as intelligent ƭĭƮơ EssentiallyƢ

if the machine was able to interact with a humanƢ and if that human was not

able to perceive with certainty whether they were interacting with a machine or

another humanƢ then the machine could be deemed as possessing intelligence

ƭĭƮơ

AI may sound quite futuristicƢ but it is already highly intertwined with

the world we live inơ To give some wellǝknown examplesƢ AI is involved in hate

speech and terrorist group detection on social media platformsƢ email spam

filtrationƢ automated telephone operators or chat systemsƢ Ƶvirtualǝassistantsƶ

such as Amazonƴs Alexa or Appleƴs SiriƢ Netflix suggestionsƢ selfǝdriving carsƢ

facial recognitionƢ and finance opportunity and risk assessment ƭĬƮơ

Human intelligence is learned through experiencesƢ memoriesƢ

observationƢ languageƢ and challenges as we age and developơ The ability of the

brain to absorb informationƢ problem solveƢ and plan is what makes it so

specialơ IncidentallyƢ as humans can learn and be taughtƢ so can computersơ

Ĭ

https://www.zotero.org/google-docs/?OGffUj
https://www.zotero.org/google-docs/?MaRoJR
https://www.zotero.org/google-docs/?TszyPJ
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ĬơĬơĭơ Types of AơIơ

In terms of an AIƴs ability to perform certain tasksƢ it depends on how

advanced the AI isơ All of the AI that exists today is classed at narrowǖweak AIơ

This means that it can perform programmed tasks Ƶwithin a narrowly defined

rangeƶ ƭĬƮơ The succeeding level of AI would be generalǖstrong AI ƭĬƮơ This AI

would be defined as being able to operate on the same level as the human brainơ

Though the level of generalǗstrong AI has not yet been achievedƢ it is predicted

to be reached by the year ĭīĭİ ƭĭƮơ If a machine were able to surpass human

intelligenceƢ it would be classed as super AI ƭĬƮơ

Regarding computer learningƢ there are two levelsơ The more basic level

is called machine learning ƭMLƮơ The more complex level is called deep learning

ƭDLƮơ ƭĬƢĭƮ

1Ơ1Ơ2Ơ1Ơ Machine Learning

The term machine learning was conceived by Arthur Samuel in ĬĴİĴ ƭĬƮơ

ML is now known as the ability of a machine to selfǝtrain without explicit

programming ƭĬƮơ The goal is paęern detection within given data in order to

generate outcome predictions and even decision makingơ MoreoverƢ the

machines can evolve and improve themselves through error feedback and

minimization ƭĬƮơ HoweverƢ paęern detection first requires paęern

demonstration ƭĭƮơ

There are three learning types within MLƣ supervisedƢ unsupervisedƢ and

reinforced learningơ Supervised learning requires input data to be

preǝclassified ƭeơgơ labelled radiographsƮ before it begins labelling things on its

ownơ This is useful for problems or predictions requiring categorical

classification or variable regressionơ Unsupervised learning occurs when

unlabelled data is given and the machine is forced to classify it independentlyƤ

it does so through the identification of differencesơ This type of learning is

useful for clustering problems where it is needed to group items based on

ĭ

https://www.zotero.org/google-docs/?0mNHXT
https://www.zotero.org/google-docs/?GTzz0b
https://www.zotero.org/google-docs/?aU8OkU
https://www.zotero.org/google-docs/?rsnIKc
https://www.zotero.org/google-docs/?VRF9wT
https://www.zotero.org/google-docs/?QlpTFu
https://www.zotero.org/google-docs/?lesJZB
https://www.zotero.org/google-docs/?TiKihf
https://www.zotero.org/google-docs/?r3Y33o


correlationsƢ which can in turn identify things such as obscured signs of

different diseasesơ Reinforced learning is based on rewards and trial and errorơ

It can be used for decision efficiency mappingơ SimplifiedƢ a programmer could

set a goal for a machine and then it would learn through evaluating all the ways

it could reach said goalƢ noting the benefit vsơ tolls of each decision until it has

mapped the path with the most net benefitơ ƭĬƮ

Transfer learning is another separate subset of ML that is based on a

machine applying its method of solving a previous task to solving another

similar task ƭĭƮơ

The drawback of ML is that it requires a lot of structure and is limited by

its difficulty functioning with multiǝdimensional data or tasks which require

data that is extensively more diverseƢ such as the recognition of handwriting or

the processing of natural language ƭĬƮơ

1Ơ1Ơ2Ơ2Ơ Deep Learning

The advantage of DL is that it does not have the same limitations as MLƢ

since it can handle significantly more varied data and dimensionalityơ This

makes DL more effective at image recognition and natural language processing

ƭNLPƮơ For image recognitionƢ DL machines break down aspects of the image

into identifiable parts before puęing it back together as a wholeơ Examples of

uses of NLP would be for applications such as predictive textƢ automated online

chat systemsƢ or speech recognitionơ DL machines mine servers for text and data

in order to recognize paęerns and selfǝteachơ ƭĬƮ

DLƴs superiority comes from the integration of perceptronsƢ which are

manufactured neurons meant to mimic human neurons and processingơ

Perceptrons were first implemented by Frank Rosenblaę in Ưalsoư in ĬĴİıơ

HoweverƢ the stacking of perceptrons in the creation of artificial neural

networks ƭANNƮ was first done in ĬĴıİ by mathematician Alexey Grigorevichơ

ƭĭƮ
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https://www.zotero.org/google-docs/?Z9bv4P
https://www.zotero.org/google-docs/?3Nq4VQ
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NowadaysƢ the layered neural networks have evolved to convolutional

neural networks ƭCNNƮƢ which contain hidden neural layersƢ and are what

allow for complex problem solvingơ ƭĬƢĭƮ

1Ơ2Ơ How is Artificial Intelligence applied to dentistryƦ

Like in medicineƢ there are many ways in which AI proves useful in

terms of healthcare in dentistryơ There is a constant need for more data storage

and sorting with the digitization of health recordsơ AI has the power to make

sense of that data for medical researchƢ epidemiologyƢ model developmentƢ risk

predictionsƢ improvement of efficiencyƢ and even decision makingơ IBMƹs

supercomputerƢ WatsonƢ can already be used at a clinical level for pathology

diagnosis hypotheses based on the input of clinical history informationƢ

comparing it to published research and treatment ƭTxƮ plansơ Watson can then

list its predictions alongside its level of certaintyơ ƭĬƮ

In dentistryƢ AI is already replacing some basic operationsơ From

scheduling regular patient appointmentsƢ to a Ƶvoice command operated dental

chairƢƶ to appointment length and efficiencyǝtracking for dental students at

Columbia university ƭĮǟİƮơ

HoweverƢ it must be remembered that research with CNNs only began in

ĭīĬİƢ and that prior to more specific clinical applicationƢ many more rigorous

studies are required to strengthen AI performance ƭıƢĲƮơ Medical AI still

requires many more multiǝlevel datasets from varied populations to strengthen

generalised interactions ƭıƢĲƮơ

Clinicians are imperfectƤ they are subject to biasƢ memory lossƢ and

variability ƭĲƢĳƮơ In these aspectsƢ AI can helpơ HoweverƢ AI cannot replace

certain aspects of humanǝtoǝhuman treatmentƢ such as physical examination

and nonǝverbal communicationƤ and experienced dentists are still crucial to

training AI ƭıƢĳƮơ AI helps with diagnosingƢ butƢ ultimatelyƢ clinicians should

possess the knowledge for deciding when and when not to treat a patient by
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https://www.zotero.org/google-docs/?5T7Ytp
https://www.zotero.org/google-docs/?BkuF39
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incorporating a holistic approachƢ building a relationship with their patientsƢ

and trying to influence positive change in patient lifestyles that would have

otherwise lead AI to thinking that their oral health was doomed ƭĴƮơ

ĬơĭơĬ Fields of Applications of AơIơ in Dentistry

1Ơ2Ơ1Ơ1Ơ Radiology

Diagnostic imaging is at the forefront of dental applications of AIơ The AI

most implemented are supervised learning CNNs ƭıƮơ AI programs can now

identify caries in periapical ƭPAƮ and bitewing ƭBWƮ radiographs ƭRxƮ with more

accuracy than experienced dentists ƭıƮơ AI can segment lesionsƢ detect initial

lesionsƢ and identify previous restorationsƢ periapical pathologiesƢ root

fracturesƢ anatomical landmarksƢ facial defectsƢ foreign objectsƢ and

supernumerary and impacted teeth ƭĮƢıƢĳƢĴƮơ In the near futureƢ AI will be able

to detect early pathologies with nearly as much accuracy on an

orthopantomography ƭOPGƮ as it currently can through cone beam computed

tomography ƭCBCTƮ ƭĴƮơ

1Ơ2Ơ1Ơ2Ơ Oral Pathology

AI is able to detect maxillary sinusitisƢ Ƶdentigerous cystsƢ odontogenic

keratocystsƢ ameloblastomasƶ with similar accuracy as experienced oral

pathologistsƢ with the advantage of being significantly faster due to its

instantaneous response time ƭĴƮơ AI is also beęer than clinicians at

distinguishing patients with xerostomia from those with Sjögrenƴs syndrome

through the identification of salivary gland steatosis in ultrasound images

ƭUSIƮ ƭĳƮơ

For TMJ conditionsƢ AI can use NLP to evaluate patientsƴ own

descriptions of their experience combined with jaw opening values to

distinguish TMJ osteoarthritis and other temporomandibular disorders from

other pathologies with similar symptoms ƭĮƢĳƮơ
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https://www.zotero.org/google-docs/?kM51Hr
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For root caries risk predictionƢ the AI solely considers the lifestyle and

demography of patients ƭĴƮơ For identifying whether a white oral mucosal lesion

is oral lichen planusƢ AI analyses the Ƶexpression of inflammatory cytokines

genesƶ ƭĳƮơ

LastlyƢ in patients about to receive irradiation to the head and neckƢ AI

merges gene expressionƢ medical historyƢ and diagnostic imaging to formulate

an Ƶoral cancer risk prediction profileƶ and predict from CT scans the radiation

dose to be received by the mandibleƢ to beęer plan treatments prior to

irradiation ƭĴƮơ

1Ơ2Ơ1ƠĭƠ Oral Surgery

AI can predict the level of postoperative facial swelling after third molar

extraction ƭĳƮơ AdditionallyƢ AI can predictƢ based on a patientƴs medical historyƢ

their individual risk of Ƶbisphosphonateǝrelated osteonecrosis of the jawƶ

ƭBRONJƮ following an extraction ƭĴƮơ

1Ơ2Ơ1ƠĮƠ Implantology

AI is used to plan implant placement positioning and to create surgical

guides ƭİƢıƮơ Through PAs and OPGsƢ AI can also identify Ƶup to ĬĬ different

implant systemsƶ ƭĴƮơ

1Ơ2Ơ1ƠįƠ Restorative Dentistry

AI shade selection accuracy outperforms traditional shade guides but

has no advantage over spectrophotometers ƭĴƮơ

1Ơ2Ơ1ƠİƠ Aesthetic Dentistry

There are currently over Ĭİ smile design softwares availableƢ which all

run on AIơ They can alter tooth shape and alignment based on patient photos to

provide mockǝups prior to Txơ ƭİƮ
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Facial aęractiveness and perceived age can also be scored by AIƢ but this

cannot change an individualƴs personal notion of beauty ƭĮƢĳƮơ

1Ơ2Ơ1ƠıƠ Prosthodontics

Computer aided design and manufacturing ƭCADǗCAMƮ is an example

of AI that is already widely utilised clinicallyơ It allows clinicians to scan

preparations intraorally to design and manufacture fixed prosthetics ƭįƮơ Whilst

making dental preparationsƢ intraoral scanners can provide feedback on

marginsƢ axial wall inclinationƢ irregularitiesƢ etc ƭİƮơ

NowadaysƢ AI can also accurately predict whether indirect composite

resin ƭCRƮ crowns will debondơ HoweverƢ it is not known how the AI comes to

this conclusionơ ƭĴƮ

Testing was done inǝvitro with an AI automated Ƶlaser ablation systemƶ

in order to perform tooth preparationsơ The method was found to be very safe

and preciseƢ howeverƢ it required too much time to be clinically viableơ ƭĮƢĳƮ

For prosthetic treatment planningƢ AI can currently predict whether teeth

will need to be extractedƢ endodontically treatedƢ or restoredơ The AI had been

programmed to think conservativelyơ ƭĴƮ

1Ơ2Ơ1ƠĲƠ Orthodontics

For orthodontic evaluationsƢ AI can accurately identify cephalometric

landmarks and stage cervical vertebraeƢ as well as automatically differentiate

surgical from nonǝsurgical cases based on the lateral Rx ƭĴƢĬīƮơ AI also can

predict whether extractions are neededƢ but struggles to individualise which

teeth should be extracted in each case ƭİƢĴƮơ

In order for patients to visualise treatment outcomesƢ AI can simulate the

facial changes that would occur after orthodontic treatment or orthognathic

surgery ƭĮƢİƢĬīƮơ
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For online aligner servicesƢ AI is used to analyse smile selfies taken on

oneƴs phoneƢ so that an orthodontist can monitor the treatment virtually ƭİƮ

1Ơ2Ơ1ƠĳƠ Endodontics

AI can localise apical foramen in teethƢ determine canal working lengthsƢ

and predict endodontic retreatment success ƭĮƢįƢĬīƮơ

1Ơ2Ơ1Ơ10Ơ Periodontics

AI can analyse subgingival plaqueƢ interleukinƢ leukocyteƢ and IgG levels

to create Ƶmicrobial profilesƶ which differentiate between chronic and

aggressive periodontitis ƭİƢĳƮơ AI can also differentiate between healthy

periodontiumƢ gingivitisƢ and different grades of periodontitis solely from a

patientƴs radiographƢ medicalƢ and clinical history ƭĳƮơ

Clinicians struggle with subjective classification of periodontal stages by

bone loss levelsƢ which AI makes up for with objectivityơ HoweverƢ the accuracy

of the classification decreases in molars due to the AI struggling with

multiǝradicular teethơ AI tends to stage periodontitis in molars more gravelyơ

ƭĴƮ

AI can also predict caries in children due to a found correlation between

parental periodontal and caries data ƭİƮơ

1Ơ2Ơ1Ơ11Ơ Forensic Dentistry

AI can provide age predictions based on developmental staging of

mandibular third molars and OPG analysisơ AI can also perform virtual facial

reconstruction from cephalogramsơ ƭİƮ
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1Ơ3Ơ What are the ethical concerns regarding the use of Artificial Intelligence

in medicineƦ

The four principles of healthcare ethics are said to beƣ Ƶrespect for

autonomyƢ beneficenceƢ nonmaleficenceƢ and justiceƶ ƭĬĬƮơ

Regarding the respect for the patient autonomyƢ it is debated whether

informed consents should be required when clinicians utilise AI in the dental

clinic ƭĬĬƮơ Though AI often outperforms experienced professionals in many

tasksƢ errors based on misconstrued associations when learning are possibleơ

There is the possibility of data selection bias due to the either the Ƶoverly sickƶ

or the Ƶoverly affluentƶ being those that come to the dental clinic ƭĲƮơ Wealthier

countries being those that would likely provide the most health data would

lead to data gaps in unstudied foreign populations ƭĬĬƮơ It would be necessary

to inform patients on the prediction accuracy of any AI used in their diagnosis

ƭĬĬƮơ AdditionallyƢ it was previously explained how AI requires massive

amounts of data in order to learnƢ howeverƢ patients are technically required to

consent to the release of their medical information to the machines ƭĴƮơ

The basis of beneficence would be to maximise patient benefits whilst

minimising injury ƭĬĬƮơ AI does indeed add a lot of benefit in terms of risk

assessment and early pathology diagnosesơ HoweverƢ at AIs current stage there

remains too much maleficenceơ Within the European UnionƢ personal

information is protected through the General Data Protection Regulation

ƭGDPRƮ ƭĬĬƮơ The GDPR differs from regulations in the United States ƭUSƮ in

that data without identifiable information can be freely given in the USƢ whilst

the GDPR explicitly restricts the nonǝconsensual disclosure of any personal data

ƭĬĬƮơ ThusƢ privacy remains a concern for patients and a blockade for AI

trainingơ

FurthermoreƢ AI currently only solves problems in a way that hides its

rationaleơ AI has shown that it can possess classing tendencies which can later
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not be explained nor verifiedƢ which make them untrustworthyơ Classing bias

could lead to mass Tx errors amongst populationsơ ƭİƢĳƢĴƮ

When such errors occurƢ proper legislation needs to be in place in order

to decide who gets held accountable and how justice shall be servedơ At the

momentƢ the AI itself is not considered responsible ƭĳƮơ

Another aspect of justice is equityơ AI is expensiveơ Once AI begins to be

distributed to clinicsƢ it will be difficult to ensure that all patients have access to

itơ It is not just to deprive certain socioeconomic groups of the diagnostic

capabilities that others can affordơ ƭĬĬƮ

Apart from concerns for patient well beingƢ it is also notable that AI

produces a significant effect on the environmentơ During the learning and

training stages of advanced AIƢ COĭ emissions range approximately from the

emissions of a roundtrip flight per passenger Ƶbetween New York City and San

Franciscoƶ to Ƶmore than the average lifetime emissions of a US carƶ ƭĲƮơ

1Ơ4Ơ Where is Artificial Intelligence in dentistry headed in the futureƦ

What will be the experience of clinicians and patients in a dental clinic in

the futureƧ It is hoped that dentists and AI will work together to provide more

efficient care and improved bedside manner to their patientsơ Time spent filling

out medical histories and reviewing diagnostic imaging will be streamlined in

order to maximise the patientǝdentist interaction ƭİƢĲƮơ As soon as patients sit in

the dental chairƢ it will be able to record their ƵweightƢ vital signsƢ and anxietyƶ

level ƭįƮơ AI will also be able to adjust the room to fit patientsƴ recorded

preferences regarding the roomƴs temperatureƢ musicƢ and lighting ƭİƮơ

AdditionallyƢ NLP and translation will allow for speechǝtoǝtext record keeping

and live feedback from the AI during treatmentsƢ in order to Ƶminimise human

errorƶƭİƢĲƮơ
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Patientsƴ wearable health trackers would be able to sync up with the AI

to beęer personalise advice based on behaviour and continuous selfǝmonitoring

ƭįƢĲƮơ

Explainable AI is already in development to solve the issue regarding

lack of processing transparency ƭĲƮơ This new field will allow AI to explain its

interpretations ƭĲƮơ With this it is hoped that the field of medicine will be able to

develop a beęer understanding of multifactorial diseases ƭİƮơ

It is hoped that eventually AI will independently propose designs for

implant type and placement with CBCTs ƭƵideal position based on tissue

thicknessƢ emergence profileƢ bone typeǗthicknessƶƮ and removable partial

dentures ƭRPDƮ with intraoral scans ƭİƮơ

Currently researchers are looking into how AI could be used to predict

and compensate for prosthetic shape distortion during ĮD printingơ This ability

would allow clinicians to acquire an accurately fięing prosthesis in fewer visits

and would diminish costsơ ƭĴƮ

Bioprinting is also in the works for the reconstruction by cell layers of

lost soft and hard tissues ƭįƮơ

For dental studentsƢ evaluation of dental preparations will be done by

intraoral scanners rather than professors in order to eliminate grading

subjectivity ƭİƮơ

Insurance claims will be approved or denied immediately through AI

evaluation of diagnostic imaging and clinical histories ƭİƮơ AdditionallyƢ AI will

aid clinicians in adherence to clinical guides required by insurance policies

during treatmentƢ for example informing which specific photographs are

requested ƭįƮơ

Office AI will even automatically develop and launch marketing

campaigns based on clinic finance analyses ƭįƮơ

The drawback of such a powerful force to come could be that as

clinicians begin to rely more heavily on the AIƢ they will lose confidence in their

ĬĬ
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own judgementơ It will be more difficult to speak out against a super computer

in order to defend what they may think is actually best for their patient ƭĬĬƮơ For

nowƢ AI is meant to augment human intelligenceƢ rather than replace itƤ

howeverƢ that is not guaranteed for the future ƭĭƢıƮơ

1Ơ5Ơ What is the purpose of reviewing the trends in Artificial Intelligence in

dentistry in EuropeƦ

By defining the current applications and research of AI in dentistry in

EuropeƢ oral health clinicians can be updated on what possibilities are already

at their disposal and what they can expect to comeơ AdditionallyƢ legislators can

get an idea of what sort of legal structure they must prepare alongside the

continentsƴ rapidly enhancing technologyơ

2Ơ OBJECTIVES

2Ơ1Ơ General Objective

● To define the trends in artificial intelligence in dentistry in Europe

2Ơ2Ơ Specific Objectives

● To reveal which European countries are most involved in the publication

of research and development of artificial intelligence in dentistry

● To reveal which fields of dentistry artificial intelligence is most applied

in Europe

● To reveal which domains of artificial intelligence within the field of

dentistry are being most developed in Europe

3Ơ MATERIALS ANDMETHODS

Ĭĭ

https://www.zotero.org/google-docs/?gXyWt4
https://www.zotero.org/google-docs/?KiMGQ6


The following article was carried out following the PRISMA guidelines

for a systematised review ƭĬĭƢĬĮƮơ

For the purpose of researching the topicƢ the database search resources of

Universidad Europea de Madridƴs CRAI Dulce Chacón library were usedơ Two

databases were chosenƣ Medline Complete and Dentistry Ɵ Oral Sciences

Source ƭDOSSƮơ Many levels of searches were done on Wednesday the ĬįthƢ

ĭīĭĭ in order to record different statisticsơ It was decided thatƢ for the reviewƴs

searchƢ the European countries of interest would be defined as all EU member

statesƢ NorwayƢ SwiĚerlandƢ and the United Kingdom ƭUKƮơ

European countries of interest ƭĮī totalƮƣ

● EU member states ƭĭĲ totalƮ

ǝ AustriaƢ BelgiumƢ BulgariaƢ CroatiaƢ Republic of CyprusƢ Czech

RepublicƢ DenmarkƢ EstoniaƢ FinlandƢ FranceƢ GermanyƢ GreeceƢ

HungaryƢ IrelandƢ ItalyƢ LatviaƢ LithuaniaƢ LuxembourgƢ MaltaƢ

NetherlandsƢ PolandƢ PortugalƢ RomaniaƢ SlovakiaƢ SloveniaƢ

Spain and Sweden ƭĬįƮ

● Norway

● SwiĚerland

● United Kingdom

Inclusion criteriaƢ relevance to artificial intelligenceƢ relevance to dentistryƢ

articles published in one of the European countries previously listedƢ articles

published between ĭīĬĳ and ĭīĭĭƢ articles in EnglishƢ research studies

Exclusion criteriaƢ nonǝrelevance to artificial intelligenceƢ nonǝrelevance to

dentistryƢ articles not published in one of the European countries previously

listedƢ articles published before ĭīĬĳ or after ĭīĭĭƢ articles without doi

referenceƢ articles without full text availableƢ articles not in EnglishƢ systematic

reviews

ĬĮ
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3Ơ1Ơ First Search

The initial advanced search was conducted on both databasesƢ

separatelyơ The search equation was as followsƣ Ƶartificial intelligence or

machine learning or deep learningƶ ƯAll Fieldsư AND Ƶdentistry or dentist or

dentalƶ ƯAll Fieldsư AND Ƶeurope or europeanƶ ƯAll FieldsưƢ Limitersƣ Full TextƢ

Publication date ĭīĬĳǝĭīĭĭƢ Languagesƣ Englishơ

Results from Medlineƣ ıĮơ

Results from DOSSƣ ĬĮơ

Total resultsƣ Ĳıơ

3Ơ2Ơ Second Search

The second advanced search was conducted solely on MedlineƢ due to its

unique ability to filter by country of publicationơ It was conducted Įī timesƢ

once per country of interest listed aboveƢ as wrięenơ The only exception to this

procedure was for the UKƢ which was wrięen as ƵǢǢunited kingdom or uk or

england or britain or scotland or northern ireland or walesƶơ The second search

equation was as followsƣ Ƶartificial intelligence or machine learning or deep

learningƶ ƯAll Fieldsư AND Ƶdentistry or dentist or dentalƶ ƯAll Fieldsư AND

Ƶǈinsert each country listed individuallyǈƶ ƯCY CountryưƢ Limitersƣ Publication date

ĭīĬĳǝĭīĭĭơ The number of results for each country were recorded in Table Ĭơ

This search did not exclude articles based on language or full text

availability as it was done purely to document the number of publications per

country of interestơ

3Ơ3Ơ Removal of Duplicate Records

In order to identify and remove duplicate records between Medline and

DOSS in search ĬƢ the title of each of the Ĵ articles from the DOSS results were

Ĭį



entered individually into the Medline database in addition to the first search

formula ƭAND Ƶarticle titleƶ ƯAll FieldsưƮơ Duplicate recordsƣ Ĭīơ Records leftƣ ııơ

3Ơ4Ơ Risk of Bias

When screening through the ıı articles that the database searches

producedƢ the category of exclusion that could be considered most subjective

would have to be the relation to dentistryơ Since dentistry itself is so

interdisciplinary and intertwined with medicineƢ one could argue relevance for

many of the excluded articlesơ It was aęempted that all included articles

explicitly mentioned a facet of dentistry in some wayơ HoweverƢ this

methodology inevitably leads to the subjective scale and variability of dental

relevance across the included studiesơ

The language inclusion criteria of English would have excluded

publication results from countries other than Ireland and the UK had they been

published in their native tongueơ It can be assumed that this could lead to a

slight increase in publication results for search Ĭ from the English speaking

countries compared to the nonǝEnglish speaking countriesơ

4Ơ RESULTS

4Ơ1Ơ Article Selection Process

The results from search Ĭ were first screened for exclusion based on their

titleƢ keywordsƢ country of publicationƢ and abstractsơ The number of and

reasons for exclusions are included in Figure Ĭơ Records includedƣ ĬĲơ

Ĭİ



Figure 1Ơ PRISMA Reference Flow Chartơ Hybrid of the ĭīīĴ and ĭīĭī PRISMA

flowchart models ƭĬĭƢĬĮƮơ

4Ơ2Ơ Data Items & Collection

From the remaining ĬĲ articlesƢ the following variables were recordedƣ

country of publication ƭas listed by the databaseƮƢ country affiliations of authorsƢ

article keywordsƢ study typeƢ publication yearƢ and the overall dental fieldƭsƮ

each article was most related toơ The keywords were separated into two

categoriesǟAơIơ related or dentistry relatedơ

4Ơ3Ơ Second Search Results

From Search ĭƢ Table Ĭ summarises the number of results per European

country of interest for publications related to AI in Dentistryơ The following

countries yielded no results ƭno publicationsƮ during the searchƣ BulgariaƢ

BelgiumƢ CroatiaƢ EstoniaƢ FinlandƢ HungaryƢ LatviaƢ LithuaniaƢ LuxembourgƢ

Ĭı
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MaltaƢ NorwayƢ PortugalƢ Republic of CyprusƢ SlovakiaƢ SloveniaƢ SpainƢ and

Swedenơ

Table 1Ơ Distribution of Article Publications per European Country Related to

AơIơ in Dentistry on Medline Complete

Country Number of Publications

United Kingdom

SwiĚerland

Germany

Netherlands

Denmark

Ireland

Italy

France

Poland

Greece

Romania

Austria

Czech Republic

İĳĳ

Įĳİ

ĬīĴ

Ĳī

ĭĲ

ĮĬ

Ĵ

Ĵ

ı

Į

ĭ

Ĭ

Ĭ

Total Publications = 1241

The distribution shows that the three countries with the highest number

of publications were the United KingdomƢ followed by SwiĚerlandƢ then

Germanyơ The remaining countries had significantly lower numbers of

publicationsƢ with RomaniaƢ AustriaƢ and the Czech Republic being amongst

those with the fewestơ
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4Ơ4Ơ Included Study Characteristics

For Search ĬƢ Table ĭ summarises the countries of publication and of

author affiliation per articleơ The distribution of each variable can be found in

Tables İǝĲƢ with the countries of author affiliation being separated by European

vsơ nonǝEuropeanơ

Table 2Ơ Article Countries

Article Country of Publication Countries of Author

Affiliation

ƵDeep learningǟbased

metal artefact reduction

in PETǗCT imagingƶ

ƭĬİƮ

Germany ● SwiĚerland

● The Netherlands

● Denmark

ƵComputed

Tomography Radiomics

Kinetics as Early

Imaging Correlates of

Osteoradionecrosis in

Oropharyngeal Cancer

Patientsƶ ƭĬıƮ

SwiĚerland ● United States

● Italy

● Australia

ƵDental Erosion

Evaluation with

IntactǝTooth

Smartphone

Applicationƶ ƭĬĲƮ

SwiĚerland ● Italy

● United Kingdom

Ĭĳ
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ƵFully automatic

segmentation of

craniomaxillofacial CT

scans for

computerǝassisted

orthognathic surgery

planning using the

nnUǝNet frameworkƶ

ƭĬĳƮ

Germany ● France

ƵDeep learning analysis

using FDGǝPET to

predict treatment

outcome in patients

with oral cavity

squamous cell

carcinomaƶ ƭĬĴƮ

Germany ● United States

● Japan

ƵComparison of deep

learning segmentation

and

multigraderǝannotated

mandibular canals of

multicenter

CBCT scansƶ ƭĭīƮ

United Kingdom ● Finland

● Thailand

● United Kingdom

ƵPreliminary study on

the application of deep

learning system to

United Kingdom ● Japan

ĬĴ
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diagnosis of sjögrenƹs

syndrome on ct imagesƶ

ƭĭĬƮ

ƵUsefulness of a deep

learning system for

diagnosing sjögrenƴs

syndrome using

ultrasonography

imagesƶ ƭĭĭƮ

United Kingdom ● Japan

ƵMetagenomeǝgenomeǝ

wide association studies

reveal human genetic

impact on the oral

Microbiomeƶ ƭĭĮƮ

United Kingdom ● China

ƵUsing artificial

intelligence to

determine the influence

of dental aesthetics on

facial aęractiveness in

comparison to other

facial modificationsƶ

ƭĭįƮ

United Kingdom ● SwiĚerland

● Germany

ƵFacial aęractiveness of

cleft patientsƣ a direct

comparison between

artificialǝintelligenceǝ

United Kingdom ● SwiĚerland

● China

ĭī
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based scoring and

conventional rater

groupsƶ ƭĭİƮ

ƵMachine learning

assisted Cameriere

method for dental age

estimationƶ ƭĭıƮ

United Kingdom ● China

ƵThe validation of

orthodontic artificial

intelligence systems that

perform orthodontic

diagnoses and

treatment planningƶ

ƭĭĲƮ

United Kingdom ● Japan

ƵNodalǝbased radiomics

analysis for identifying

cervical lymph node

metastasis at levels I

and II in patients with

oral squamous cell

carcinoma using

contrastǝenhanced

computed tomographyƶ

ƭĭĳƮ

Germany ● Japan

ƵCombining virtual

reality and ĮDǝprinted

United Kingdom ● United Kingdom

ĭĬ

https://www.zotero.org/google-docs/?rJ0KPK
https://www.zotero.org/google-docs/?ASWnXF
https://www.zotero.org/google-docs/?qAb4n3
https://www.zotero.org/google-docs/?RG2P21


models to simulate

patientǝspecific dental

operative

proceduresǠA study

exploring student

perceptionsƶ ƭĭĴƮ

ƵComparing a Fully

Automated

Cephalometric Tracing

Method to a Manual

Tracing Method for

Orthodontic Diagnosisƶ

ƭĮīƮ

SwiĚerland ● Greece

● United States

ƵDevelopment of

intraǝoral automated

landmark recognition

ƭALRƮ for dental and

occlusal outcome

measurementsƶ ƭĮĬƮ

United Kingdom ● United Kingdom

Table ĮƢ belowƢ summarises AI keywords and dentistry keywords used

per articleơ The distribution of each variable can be found in Tables ĳ and Ĵơ

Table 3Ơ Article Keywords

Article AƠIƠ Related Keywords Dentistry Related

Keywords

ĭĭ
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ƵDeep learningǟbased

metal artefact reduction

in PETǗCT imagingƶ

ƭĬİƮ

● Deep learning

● Artificial

intelligence

● Positron

emission

tomography

ƭPETƮ

● Computed Xǝray

tomography

● Artefacts

ƵComputed

Tomography Radiomics

Kinetics as Early

Imaging Correlates of

Osteoradionecrosis in

Oropharyngeal Cancer

Patientsƶ ƭĬıƮ

● Functional

principal

component

analysis

● Osteoradionecros

is

● Computed

tomography ƭCTƮ

● Radiomics

● Radiotherapy

● Head and neck

cancer

● Oropharyngeal

cancer

ƵDental Erosion

Evaluation with

IntactǝTooth

Smartphone

Applicationƶ ƭĬĲƮ

● Machine learning ● Basic erosive

wear

examination

index

● Caries

● Dental erosion

● Intactǝtooth

ƵFully automatic

segmentation of

● Deep learning

● Computerǝassiste

● Orthognathic

surgery

ĭĮ
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craniomaxillofacial CT

scans for

computerǝassisted

orthognathic surgery

planning using the

nnUǝNet frameworkƶ

ƭĬĳƮ

d ● Computed

tomography

ƵDeep learning analysis

using FDGǝPET to

predict treatment

outcome in patients

with oral cavity

squamous cell

carcinomaƶ ƭĬĴƮ

● Deep learning ● Squamous cell

carcinoma of

head and neck

● Positron

emission

tomography

ƵComparison of deep

learning segmentation

and

multigraderǝannotated

mandibular canals of

multicenter

CBCT scansƶ ƭĭīƮ

● Deep learning ● Mandibular canal

● Cone beam

computed

tomography

ƵPreliminary study on

the application of deep

learning system to

diagnosis of sjögrenƹs

syndrome on ct imagesƶ

● Deep learning ● Sjögrenƴs

syndrome

● Computed

tomography

ĭį
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ƭĭĬƮ

ƵUsefulness of a deep

learning system for

diagnosing sjögrenƴs

syndrome using

ultrasonography

imagesƶ ƭĭĭƮ

● Deep learning ● Sjögrenƴs

syndrome

● Ultrasonography

ƵMetagenomeǝgenomeǝ

wide association studies

reveal human genetic

impact on the oral

microbiomeƶ ƭĭĮƮ

● Machine learning ● Oral microbiome

ƵUsing artificial

intelligence to

determine the influence

of dental aesthetics on

facial aęractiveness in

comparison to other

facial modificationsƶ

ƭĭįƮ

● Artificial neural

networks

● Artificial

intelligence

● Convolutional

neural networks

● Cosmetic

dentistry

● Corrective

orthodontics

ƵFacial aęractiveness of

cleft patientsƣ a direct

comparison between

artificialǝintelligenceǝ

based scoring and

conventional rater

● Artificial

intelligence

● Convolutional

neural networks

● Oral surgery

● Orthodontics

● Facial aesthetics

ĭİ
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groupsƶ ƭĭİƮ

ƵMachine learning

assisted Cameriere

method for dental age

estimationƶ ƭĭıƮ

● Machine learning ● Dental age

● Tooth

development

● Cameriere

ƵThe validation of

orthodontic artificial

intelligence systems that

perform orthodontic

diagnoses and

treatment planningƶ

ƭĭĲƮ

● Artificial

intelligence

● Support vector

machines

● Orthodontic

diagnosis

● Corrective

orthodontics

ƵNodalǝbased radiomics

analysis for identifying

cervical lymph node

metastasis at levels I

and II in patients with

oral squamous cell

carcinoma using

contrastǝenhanced

computed tomographyƶ

ƭĭĳƮ

● Machine learning

● Support vector

machines

● Cervical lymph

nodes

● Squamous cell

carcinoma

● Radiomics

● Metastasis

ƵCombining virtual

reality and ĮDǝprinted

models to simulate

patientǝspecific dental

● Virtual reality

ƭVRƮ

● Dental care

● Dental education

● Threeǝdimension

al printing

ĭı

https://www.zotero.org/google-docs/?64hRSB
https://www.zotero.org/google-docs/?YnlJfa
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https://www.zotero.org/google-docs/?L4I313


operative

proceduresǠA study

exploring student

perceptionsƶ ƭĭĴƮ

● Tooth

preparation

ƵComparing a Fully

Automated

Cephalometric Tracing

Method to a Manual

Tracing Method for

Orthodontic Diagnosisƶ

ƭĮīƮ

● Artificial

intelligence

● Deep learning

● Cephalometrics

● Digital tracing

● Manual tracing

ƵDevelopment of

intraǝoral automated

landmark recognition

ƭALRƮ for dental and

occlusal outcome

measurementsƶ ƭĮĬƮ

● Artificial

intelligence

● Machine learning

● Software

development

tools

● Dental arch

● Cleft palate

● Dental landmark

recognition

Table įƢ belowƢ summarises study typesƢ publication yearsƢ and dental

fields of focus per articleơ The distribution of each variable can be found in

Tables ĬīǝĬĭơ

Table 4Ơ Article Study TypesƢ Years of PublicationƢ and Dental Fields

Article Study Type Publication Year Dental Field

ƵDeep ExperimentalƢ ĭīĭĬ Radiology

ĭĲ

https://www.zotero.org/google-docs/?l4wwEZ
https://www.zotero.org/google-docs/?qR7v4h
https://www.zotero.org/google-docs/?dYXTlv


learningǟbased

metal artefact

reduction in

PETǗCT imagingƶ

ƭĬİƮ

Retrospective

ƵComputed

Tomography

Radiomics

Kinetics as Early

Imaging

Correlates of

Osteoradionecros

is in

Oropharyngeal

Cancer Patientsƶ

ƭĬıƮ

CaseǝcontrolƢ

Retrospective

ĭīĭĬ Radiology

ƵDental Erosion

Evaluation with

IntactǝTooth

Smartphone

Applicationƶ ƭĬĲƮ

CohortƢ

Prospective

ĭīĭĭ Restorative

Dentistry

ƵFully automatic

segmentation of

craniomaxillofaci

al CT scans for

computerǝassiste

CaseǝcontrolƢ

Retrospective

ĭīĭĭ RadiologyƢ Oral

Surgery

ĭĳ

https://www.zotero.org/google-docs/?kz2N6K
https://www.zotero.org/google-docs/?PCk2Ro
https://www.zotero.org/google-docs/?1JUk71


d orthognathic

surgery planning

using the

nnUǝNet

frameworkƶ ƭĬĳƮ

ƵDeep learning

analysis using

FDGǝPET to

predict treatment

outcome in

patients with oral

cavity squamous

cell carcinomaƶ

ƭĬĴƮ

CaseǝcontrolƢ

Retrospective

ĭīĭī RadiologyƢ Oral

Pathology

ƵComparison of

deep

learning

segmentation

and

multigraderǝanno

tated

mandibular

canals of

multicenter

CBCT scansƶ ƭĭīƮ

ExperimentalƢ

Retrospective

ĭīĭĭ RadiologyƢ Oral

SurgeryƢ

Implantology

ƵPreliminary Experimental ĭīĬĴ RadiologyƢ Oral

Pathology

ĭĴ

https://www.zotero.org/google-docs/?nlW4nO
https://www.zotero.org/google-docs/?onbnZ1
https://www.zotero.org/google-docs/?ozMOSX


study on the

application of

deep learning

system to

diagnosis of

sjögrenƹs

syndrome on ct

imagesƶ ƭĭĬƮ

ƵUsefulness of a

deep learning

system for

diagnosing

sjögrenƴs

syndrome using

ultrasonography

imagesƶ ƭĭĭƮ

Experimental ĭīĭī RadiologyƢ Oral

Pathology

ƵMetagenomeǝge

nomeǝwide

association

studies

reveal human

genetic impact on

the oral

microbiomeƶ ƭĭĮƮ

CohortƢ

Prospective

ĭīĭĬ Oral Microbiology

ƵUsing artificial

intelligence to

Experimental ĭīĭĭ Aesthetic dentistry

Įī

https://www.zotero.org/google-docs/?hS0MYL
https://www.zotero.org/google-docs/?snYquq
https://www.zotero.org/google-docs/?lbikdf


determine the

influence of

dental aesthetics

on facial

aęractiveness in

comparison to

other facial

modificationsƶ

ƭĭįƮ

ƵFacial

aęractiveness of

cleft patientsƣ a

direct

comparison

between

artificialǝintellige

nceǝ

based scoring

and conventional

rater groupsƶ ƭĭİƮ

Experimental ĭīĬĴ Aesthetic dentistry

ƵMachine

learning assisted

Cameriere

method for

dental age

estimationƶ ƭĭıƮ

ExperimentalƢ

Retrospective

ĭīĭĬ Forensic Dentistry

Ǘ Dental

Anthropology

ĮĬ

https://www.zotero.org/google-docs/?clgh8r
https://www.zotero.org/google-docs/?ckMbfc
https://www.zotero.org/google-docs/?6AdYnN


ƵThe validation

of orthodontic

artificial

intelligence

systems that

perform

orthodontic

diagnoses and

treatment

planningƶ ƭĭĲƮ

Experimental ĭīĭĭ Orthodontics

ƵNodalǝbased

radiomics

analysis for

identifying

cervical lymph

node metastasis

at levels I and II

in patients with

oral squamous

cell carcinoma

using

contrastǝenhance

d computed

tomographyƶ ƭĭĳƮ

ExperimentalƢ

Retrospective

ĭīĭĬ RadiologyƢ Oral

Pathology

ƵCombining

virtual reality

and ĮDǝprinted

Experimental ĭīĭī EducationƢ

Prosthodontics

Įĭ

https://www.zotero.org/google-docs/?68wJCs
https://www.zotero.org/google-docs/?nHZlNY


models to

simulate

patientǝspecific

dental operative

proceduresǠA

study exploring

student

perceptionsƶ ƭĭĴƮ

ƵComparing a

Fully Automated

Cephalometric

Tracing Method

to a Manual

Tracing Method

for Orthodontic

Diagnosisƶ ƭĮīƮ

Experimental ĭīĭĭ Orthodontics

ƵDevelopment of

intraǝoral

automated

landmark

recognition

ƭALRƮ for dental

and occlusal

outcome

measurementsƶ

ƭĮĬƮ

Experimental ĭīĭĬ OrthodonticsƢ Oral

SurgeryƢ Forensic

Dentistry Ǘ Dental

Anthropology

ĮĮ
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Table İƢ belowƢ summarises the number of publications per European

countryơ

Table 5Ơ European Countries of Publication

Country Ƭ3 totalƭ Number of Articles

United Kingdom

Germany

SwiĚerland

Ĭī

į

Į

Amongst the included studiesƢ the United Kingdom published the most

articlesơ

Table ıƢ belowƢ summarises the number of times a European country was

referenced as being affiliated with the articlesƴ authorsơ

Table 6Ơ European Countries of Author Affiliation

Country Ƭ9 totalƭ Number of Articles

United Kingdom

SwiĚerland

Italy

DenmarkƢ FinlandƢ FranceƢ GermanyƢ

GreeceƢ The Netherlands

į

Į

ĭ

Ĭ each

Amongst the included studiesƢ the United Kingdom was the European

country with the most author affiliationsơ

Table ĲƢ belowƢ summarises the number of times a NonǝEuropean

country was referenced as being affiliated with the articlesƴ authorsơ

Įį



Table 7Ơ NonǜEuropean Countries of Author Affiliation

Country Ƭ5 totalƭ Number of Articles

Japan

China

United States

Australia

Thailand

į

Į

Į

Ĭ

Ĭ

Amongst the included studiesƢ Japan was the nonǝEuropean country

with the most author affiliationsơ

Table ĳƢ belowƢ summarises the number of times each AI term was

utilised as an official keyword by all articlesơ

Table 8Ơ AI Keywords

Keyword Ƭ10 totalƭ Number of Articles

Deep learning

Artificial intelligence

Machine learning

Convolutional neural networks

Support vector machines

Ĳ

ı

İ

ĭ

ĭ

Artificial neural networksƢ

ComputerǝassistedƢ Functional

principal component analysisƢ

Ĭ each
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Software development toolsƢ Virtual

reality

Amongst the included studiesƢ Ƴdeep learningƴ was the most utilised AI

keywordơ

Table ĴƢ belowƢ summarises the number of times each dentistry term was

utilised as an official keyword by all articlesơ

Table 9Ơ Dentistry Keywords

Keyword Ƭ38 totalƭ Number of Articles

Computed tomography

Orthodontics

İ

Į

Positron emission tomographyƢ

RadiomicsƢ Sjögrenƴs syndromeƢ

Squamous cell carcinoma

ĭ each

ArtefactsƢ Basic erosive wear

examination indexƢ CameriereƢ

CariesƢ CephalometricsƢ Cervical

lymph nodesƢ Cleft palateƢ Cosmetic

dentistryƢ Dental ageƢ Dental archƢ

Dental careƢ Dental educationƢ Dental

erosionƢ Dental landmark

recognitionƢ Digital tracingƢ Facial

aestheticsƢ Head and neck cancerƢ

IntactǝtoothƢ Mandibular canalƢ

Ĭ each

Įı



Manual tracingƢ MetastasisƢ Oral

microbiomeƢ Oral surgeryƢ

Oropharyngeal cancerƢ Orthodontic

diagnosisƢ Orthognathic surgeryƢ

OsteoradionecrosisƢ RadiotherapyƢ

Threeǝdimensional printingƢ Tooth

developmentƢ Tooth preparationƢ

Ultrasonography

Amongst the included studiesƢ Ƴcomputed tomographyƴ was the most

utilised dentistry keywordơ

Table ĬīƢ belowƢ summarises the number of articles which implemented

each type of studyơ

Table 10Ơ Article Study Types

Study Types Ƭ3 totalƭ Number of Articles

Experimental

CaseǝControl

Cohort

Ĭĭ

Į

ĭ

Amongst the included articlesƢ study types were mostly experimental in

natureơ

Table ĬĬƢ belowƢ summarises the number of articles published per yearơ

Table 11Ơ Article Publication Years

ĮĲ



Year Ƭ4 totalƭ Number of Articles

ĭīĬĴ

ĭīĭī

ĭīĭĬ

ĭīĭĭ

ĭ

Į

ı

ı

Amongst the included studiesƢ publications related to artificial

intelligence in dentistry have tripled since ĭīĬĴơ

Table ĬĭƢ belowƢ summarises the number of times a dental field was the

focus of an articleơ Some articles had multiple fields of focusơ

Table 12Ơ Dental Fields of Focus

Dental Field Ƭ10 totalƭ Number of Articles

Radiology

Oral Pathology

Oral Surgery

Orthodontics

Aesthetic Dentistry

Forensics Ǘ Anthropology

Ĭī

į

Į

Į

ĭ

ĭ

EducationƢ Oral microbiologyƢ

ProsthodonticsƢ Implantology

Ĭ each

Amongst the included studiesƢ the dental field of most focus was

Radiologyơ
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5Ơ DISCUSSION

5Ơ1Ơ Interpretation of Results

Regarding countries of publication viewed in both search Ĭ and ĭƢ results

were fairly congruentƢ with the UKƢ GermanyƢ and SwiĚerland dominating as

the top three producers across both searchesơ The subsequent most producing

countries for search ĭ and European countries of author affiliation were most

frequently Northern European countriesơ As mentioned when discussing this

reviewƴs risks of biasƢ this correlation is likely related to the amount of English

language proficiency in those countriesơ Even though search ĭ did not filter out

articles by languageƢ there is still a massive language bias due to English being

the current universal language of scienceơ

For the many countries that yielded no resultsƢ further research would be

needed in order to pinǝpoint why that wasơ It would also be interesting to

investigate other correlations to publication output per country such as national

economicsƢ GDP per capitaƢ investments into research and educationƢ healthcare

models and perceptionsơ

Within the İ year span of included articlesƢ publications increased in

numberƢ though ĭīĭĬ and ĭīĭĭ were equalơ One could hypothesise that the

European COVIDǝĬĴ lockdown had an influential role in these outputsơ It is

possible that a couple of the articles that were set to be published in ĭīĭī got

delayedƢ and thus were published in ĭīĭĬ insteadơ Had the pandemic not

occurredƢ we might have seen values even more consistent with increased

output per yearƢ rather than the illusion of a small plateauơ In order to test this

theoryƢ publication output within other fields during the same İ years could be

analysed for any growth discrepancies due to COVIDǝĬĴơ

As for the findings regarding which study types were observedƢ through

reading the articles includedƢ it was noted that the experimental studies

occurred when the purpose of the study was to test the AI itselfƢ whereas most
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of the other cohort or caseǝcontrol studies were solely using already functional

AI to study something elseơ

Within the ĬĲ articlesƢ most dental fields featured representationơ

HoweverƢ the amount of representation was disproportionateƢ and notable

absences included fields such as endodontics and paediatric dentistryơ

NonethelessƢ technological advances in other fields will still impact those not

directly mentionedơ Radiology for oneƢ the most highly represented field

throughout the reviewƢ is indispensable to all dental specialtiesơ ThusƢ leaps in

object identification and analysis from PETƢ CBCT scansƢ USIƢ or conventional

XǝRaysǠexemplified in the articles through automated osteoradionecrosis risk

predictionsƢ Sjögrenƴs syndrome diagnosticsƢ noninvasive lymph node

metastasis detectionƢ oral squamous cell carcinoma treatment prognosticsƢ

dental age estimationƢ Ƶautomated cephalometric tracingƶƢ orthognathic

surgical planificationƢ or image correction due to metallic interferenceǠhighly

benefit all dental fields ƭĬİƢĬıƢĬĳƢĬĴƢĭīƢĭĬƢĭĭƢĭĲƢĭĳƢĮīƮơ Radiology is also the most

convenient dental field in which to experiment with and train AIƢ as it can be

conducted inǝvitro with existing files and wouldƢ consequentlyƢ have much less

ethical red tape to get through prior to commencing a studyơ

5Ơ2Ơ Limitations

Despite the fact that all of the included articles were technically

registered by the databases as having been published from within the listed

European countries of interestƢ so many have authors without European

affiliation and even Ĳ articles were completely wrięen by authors without any

European affiliationơ This makes it difficult to acknowledge the content as a

European Ưtrendư at allƢ if the information seems solely importedơ Another

review evaluating global trends would be necessary in order to compare

Europeƴs contributions to that of the rest of the worldƢ but one could fear that it

may be at risk of falling behind its competitorsơ

įī



The other limitation of this review was that it heavily relied on database

informatics to reliably filter in or out articles based on the search equationsơ As

was evident from the record screening processƢ many articles still did not meet

the inclusion criteriaơ PotentiallyƢ other articlesƢ which would have otherwise

met the inclusion criteriaƢ were inaccurately excluded by the database filtration

systemƢ andƢ thusƢ excluded from this reviewơ These conditions led to a rather

small sample size of included articlesƢ affecting how representative one would

consider the gathered data to beơ

5Ơ3Ơ Implications

A future where AI can be incorporated into every dental clinic is brightơ

Solely from the included studies there are many valuable examples of AI in

dentistryƴs potentialơ FirstlyƢ Fujimaƴs ĭīĭī study introduced a new opportunity

for individualising treatments and predicting the chance of Ƶdiseaseǝfree

survivalƶ for oral cancer patients through the application of DL to biomarkers

on PET scans ƭĬĴƮơ In Liuƴs ĭīĭĬ studyƢ ML was used to distinguish which oral

pathologies were correlated more with the oral microbiome and which were

more correlated with geneticsǠthis discovery also aids in individualising

treatment approaches for different oral pathologies ƭĭĮƮơ

Patients can even take the AI home with themơ In Buteraƴs ĭīĬĴ studyƢ an

app was used to track dental erosion and give patients management techniquesơ

This exemplified the value of such apps for the continuous virtual followǝup of

patients while allowing the AI behind them to learn from the data being sharedơ

Future applications could focus more broadly on oral health to improve patient

compliance whilst providing larger data samples for AI learningơ ƭĬĲƮ

In terms of supporting cliniciansƢ Kiseƴs ĭīĬĴ and ĭīĭī studies

demonstrated how AI could outperform inexperienced professionals when

evaluating CBCT scans and USI ƭĭĬƢĭĭƮơ Woodsendƴs ĭīĭĭ study also

demonstrated AIƴs application to digital models through successful Ƶautomated
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landmark recognitionƶ ƭĮĬƮơ The aid provided by the AI systems would save

valuable time for clinicians during patient evaluations and would help Ƶlower

variabilityƶ between experts ƭĭīƮơ ConsequentlyƢ AI should be viewed as a

useful Ƶdiagnostic supportƶ for dentistsƢ though not a replacement ƭĭĬƢĭĭƮơ

Even dental students were shown to benefit from the use of AI in

Towerƴs ĭīĭĬ studyƢ where VR simulations were used to improve operator

confidenceƢ as it allowed students to practise dental preparations of real patient

cases ƭĭĴƮơ

HoweverƢ there is still much room for growthơ As Järnstedtƴs ĭīĭĭ study

pointed outƢ studies must work with more heterogeneous datasets while

training DL systems in order to further improve their accuracy ƭĭīƮơ Järnstedtƴs

study illustrated how such training could be doneƢ by introducing images from

different types of scanners and of different ethnicities when analysing an AIƴs

ability to perform mandibular canal segmentation from a CBCT scan ƭĭīƮơ AIƴs

aęempts to evaluate facial aęractiveness also occasionally fell short in Patcasƴs

ĭīĬĴ and Obwegeserƴs ĭīĭĭ studies as it can be difficult for AI to predict the

effect and compete with subjective human perception when rarer features are

introduced ƭĭįƢ ĭİƮơ LastlyƢ when evaluating the ability of AI to diagnose

orthodontic patients and develop treatment plansƢ Shimizuƴs ĭīĭĭ study proved

the AI currently incapable ƭĭĲƮơ It can be said thatƢ for the momentƢ AI could be

used to improve the patient experience and dental professional efficiency

without risk of replacing the dentistơ

6Ơ CONCLUSIONS

Regarding the research of AI in dentistry within EuropeƢ this review of

articles from the last İ years has allowed for the identification of various trendsơ

Research tends to be mostly experimental in nature and the number of

publications each year has been increasingơ The UKƢ SwiĚerlandƢ and Germany
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were the top contributors to research in this fieldƢ howeverƢ many

nonǝEuropean countries can also claim credit through their contributing

researchersơ Of AI developments in dental radiologyƢ developments most

commonly focused on computed tomographyơ

Specific objective findingsƣ

● Of European countriesƢ the United Kingdom published the most articles

related to AI in dentistryơ

● Within the fields of dentistryƢ publications related to AI in dentistry

mostly focused on radiologyơ

● Deep learning was the most common domain of AI within publications

related to dentistryơ
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ĳơ ANNEXES

Annex 1Ơ Index of Abbreviations

AIǗAơIơ artificial intelligence

ANN artificial neural networks

BRONJ bisphosphonateǝrelated osteonecrosis of the jaw

BW bitewing

CADǗCAM computer aided design and manufacturing

CBCT cone beam computed tomography

CNN convolutional neural networks

CR composite resin

DL deep learning

DOSS dentistry Ɵ oral sciences source

EU european union

GDPR general data protection regulation

IA la inteligencia artificial

ML machine learning

NLP natural language processing

OPG orthopantomography

PA periapical
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PET positron emission tomography

RPD removable partial denture

Rx radiograph

TMJ temporomandibular joint

Tx treatment

UK united kingdom

US united states

USI ultrasound images

VR virtual reality

VRF vertical root fracture
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