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Abstract
Introduction: Artificial intelligence has been applied in various fields throughout history, but its inte-
gration into daily life is more recent. The first applications of AI were primarily in academia and gov-
ernment research institutions, but as technology has advanced, AI has also been applied in industry, 
commerce, medicine and dentistry. Objective: Considering that the possibilities of applying artificial 
intelligence are developing rapidly and that this field is one of the areas with the greatest increase in 
the number of newly published articles, the aim of this paper was to provide an overview of the lit-
erature and to give an insight into the possibilities of applying artificial intelligence in medicine and 
dentistry. In addition, the aim was to discuss its advantages and disadvantages. Conclusion: The 
possibilities of applying artificial intelligence to medicine and dentistry are just being discovered. Ar-
tificial intelligence will greatly contribute to developments in medicine and dentistry, as it is a tool 
that enables development and progress, especially in terms of personalized healthcare that will lead 
to much better treatment outcomes.
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Introduction

There is probably no human being in the world that has 
not, at some point in his or her life, become aware of the lim-
its of his or her physical and/or mental abilities. In the past, 
these limits often meant life or death because there was no 
way to go beyond one’s limits and simply improve one’s abil-
ities. The devices and machines invented and manufactured 
by man have undoubtedly made everyday life easier, espe-
cially in the physical sense. However, to combine the endur-
ance and reliability of machines with the human characteris-
tics of intelligence and consciousness was the desire of many 
inventors, researchers and philosophers who tried to describe 
the process of human thinking as a mechanical manipula-
tion of symbols. A thinking artificial creation, i.e., a machine 
that has a kind of meta-consciousness and thinks like a hu-
man, is something that captures the imagination. The theo-
retical foundations of what we now call artificial intelligence 
(AI) were laid by Alan Turing, Claude E. Shannon, and Nor-
bert Wiener (1). Alan M. Turing (1912 – 1954) is an Eng-
lish mathematician who is considered the father of theoret-
ical computer science; Claude E. Shannon (1916 – 2001) 
is an American mathematician who is known as the father 
of the so-called “information theory”; and Norbert Wiener 
(1894 - 1964) is an American mathematician and philoso-

Uvod

Vjerojatno ne postoji osoba na svijetu koja u određenom 
trenutku nije osvijestila granice svojih tjelesnih i/ili psihič-
kih sposobnosti. U prošlosti ta su ograničenja često značila 
život ili smrt zato što nisu postojale mogućnosti za pomica-
nje vlastitih ograničenja i jednostavno unaprjeđenje sposob-
nosti. Strojevi i naprave koje je čovjek izumio nedvojbeno su 
olakšali svakodnevni život, osobito u fizičkom smislu. Ipak, 
kombiniranje izdržljivosti i pouzdanosti strojeva s inteligen-
cijom i svjesnošću, što su primarno ljudske osobine, bila je 
težnja mnogobrojnih izumitelja, znanstvenika i filozofa ko-
ji su proces ljudskog razmišljanja nastojali opisati kao meha-
ničku manipulaciju simbolima. Razmišljajuća umjetna krea-
cija, odnosno stroj koji je svjestan i razmišlja poput čovjeka, 
nešto je što intrigira maštu. Teoretsku osnovu za današnju 
umjetnu inteligenciju (UI) postavili su Alan Turing, Claude 
E. Shannon i Nobert Wiener (1). Alan M. Turing (1912. – 
1954.) engleski je matematičar kojeg smatramo ocem teorij-
ske računalne znanosti, Claude E. Shannon (1916. – 2001.) 
američki je matematičar poznat kao otac takozvane “informa-
cijske teorije”, a Norbert Wiener (1894. – 1964.) američki je 
matematičar i filozof, utemeljitelj kibernetike. Upravo su oni 
zaslužni za koncept stvaranja inteligentnih strojeva (2). Ipak, 
koncept same umjetne inteligencije nešto je noviji. Istaknimo 
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pher, who is the founder of cybernetics. They are responsible 
for the concept of creating intelligent machines (2). How-
ever, the concept of AI itself is somewhat younger. Dating 
back to 1956, when a group of researchers participating in 
an eight-week Dartmouth Summer Research Project on Arti-
ficial Intelligence at Dartmouth College in New Hampshire, 
USA, proposed a research project and set the goal of creating 
“thinking machines” that could mimic human intelligence 
and behavior. This is widely regarded as the beginning of AI 
as a formal field of study (3,4).

In order to better understand the concept of artificial in-
telligence, it is necessary to clarify the difference between ar-
tificial intelligence, deep learning, machine learning and data 
science, Figure 1. Artificial intelligence, deep learning, ma-
chine learning, and data science are related but distinct fields. 
Artificial intelligence is the broadest field, of which machine 
learning and deep learning are subsets. Data science uses 
techniques from all of these fields to gain insights and knowl-
edge from data. Artificial intelligence is a broad field that en-
compasses a range of techniques and methods aimed at creat-
ing intelligent machines that can perform tasks that normally 
require human intelligence, such as visual perception, speech 
recognition, decision making, and natural language process-
ing. Artificial intelligence can be divided into several branch-
es, including expert systems, robotics, and natural language 
processing, to name a few. Deep learning is a subfield of ar-
tificial intelligence that uses neural networks inspired by the 
structure of the human brain to learn from large amounts 
of data. Deep learning algorithms can automatically identi-
fy and extract features from raw data such as images, sounds, 
and text and use them to make predictions or decisions. Ex-
amples of deep learning applications include image recogni-
tion, speech recognition, and natural language processing. 
Machine learning is a subfield of artificial intelligence that 
focuses on developing algorithms and statistical models that 
allow computers to learn from data without being explicitly 
programmed. Machine learning techniques can be supervised 

da datira od 1956. godine kada je održan osmotjedni seminar 
Dartmouth Summer Research Project o umjetnoj inteligen-
ciji na Dartmouth Collegeu u New Hampshireu koji je po-
hađala skupina znanstvenika te predložila istraživački projekt 
s naznačenim ciljem – stvoriti „razmišljajuće strojeve“ koji bi 
mogli oponašati ljudsku inteligenciju i ponašanje. Taj se do-
gađaj uglavnom smatra početkom razvoja umjetne inteligen-
cije kao priznatoga znanstvenog područja (3, 4).

Kako bismo bolje razumjeli koncept umjetne inteligenci-
je potrebno je objasniti razliku između umjetne inteligenci-
je, dubokoga učenja, strojnoga učenja i podatkovne znanosti.

Slika 1. Umjetna inteligencija, duboko učenje, strojno 
učenje i podatkovna znanost povezani su, ali su istodobno 
različita polja. Umjetna inteligencija najšire je polje u sklopu 
kojega se nalaze strojno i duboko učenje. Podatkovna znanost 
koristi se tehnikom iz gore navedenih područja kako bi ste-
kla uvid i znanje iz dostupnih podataka. Umjetna inteligenci-
ja široko je polje koje obuhvaća niz tehnika i metoda usmje-
renih na stvaranje inteligentnih strojeva koji mogu obavljati 
zadatke koji inače zahtijevaju ljudsku inteligenciju kao što su 
vizualna percepcija, prepoznavanje govora, donošenje odluka 
i obrada prirodnog jezika. Umjetna inteligencija može se po-
dijeliti u nekoliko grana, uključujući stručne sustave, roboti-
ku, obradu prirodnog jezika – da spomenemo samo neke od 
njih. Duboko učenje područje je unutar umjetne inteligen-
cije koje se koristi neuralnom mrežom inspiriranom struktu-
rom samoga ljudskoga mozga kako bi učila iz velike količi-
ne podataka. Algoritmi dubokoga učenja mogu automatski 
prepoznati i izdvojiti značajke iz sirovih podataka kao što su 
slike, zvukovi i tekst te ih primijeniti u predviđanju i dono-
šenju odluka. Primjeri primjene dubokoga učenja obuhvaća-
ju prepoznavanje slike, prepoznavanje glasa i obradu prirod-
nog jezika.

Strojno učenje je područje unutar umjetne inteligencije 
koje je usmjereno na razvoj algoritama i statističkih mode-
la koji omogućuju računalima učenje iz podataka iako pret-
hodno nisu ciljano programirani u tu svrhu. Tehnike strojnog 

Figure 1	 Artificial intelligence, deep 
learning, machine learning and 
data science

Slika 1.	 Umjetna inteligencija, duboko 
učenje, strojno učenje i 
podatkovna znanost
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(the algorithm learns from labeled data), unsupervised (the 
algorithm learns from unlabeled data), or semi-supervised 
(the algorithm learns from a combination of labeled and un-
labeled data). Applications of machine learning include rec-
ommendation systems, fraud detection, and predictive mod-
eling. Data science is an interdisciplinary field that combines 
statistical and computational techniques with domain-spe-
cific knowledge to gain insights and knowledge from data. 
Data science encompasses a range of activities including da-
ta acquisition, cleaning and pre-processing, exploratory da-
ta analysis, statistical modeling, and machine learning. Data 
science is used in a variety of fields, including healthcare, fi-
nance, social media, and e-commerce.

Artificial intelligence has been applied in various fields 
throughout history, but its integration into daily life is more 
recent. The first applications of AI were primarily in aca-
demia and government research institutions, but as technol-
ogy has advanced, AI has also been applied in industry and 
commerce (5). One of the earliest examples of AI in every-
day life was the use of expert systems in the 1980s and 1990s. 
These were computer programs that could mimic the deci-
sion-making abilities of a human expert in a particular field, 
such as medicine or finance. In the 21st century, AI has been 
increasingly integrated into a variety of consumer products 
and services. Examples of AI include virtual personal assis-
tants such as Apple’s Siri and Amazon’s Alexa, and recom-
mendation systems used by companies such as Netflix and 
Amazon to personalize their customers’ experiences. AI is al-
so being used in areas such as self-driving cars, healthcare and 
finance.

Today, we can distinguish three generations of AI (3). The 
first generation is the so-called artificial narrow intelligence 
(ANI), the second is the artificial general intelligence (AGI) 
and the third, currently the most advanced generation, is the 
artificial superintelligence (ASI). From today’s perspective, 
we can safely say that the first generation is already ubiqui-
tous. When we talk about the first generation of AI, we mean, 
among other things, the facial recognition and tagging tech-
nology used by Facebook, for example, virtual voice assistants 
in our cell phones such as Siri, Alexa or Bixby, the technol-
ogy developed by Tesla and Google for self-driving cars, and 
much more. The second generation of AI is expected to think, 
plan, and solve problems and tasks on its own. The third gen-
eration of artificial superintelligence will be a truly self-aware 
system that could make humans and their input obsolete in 
certain situations. Although it is a fictional AI-based system 
on AI, HAL 9000 from Arthur C. Clarke’s A Space Odyssey 
is perhaps the most vivid representation of the capabilities of 
third-generation artificial intelligence at this time.

Considering that the possibilities of applying artificial 
intelligence are developing rapidly and that, according to 
PubMed data, this field is one of the areas with the greatest 
growth in the number of newly published articles (6), the aim 
of this paper was to provide an overview of the literature and 
to give an insight into the possibilities of applying artificial 
intelligence in medicine and dentistry. The aim was to discuss 
in details its advantages and disadvantages. For this purpose, 
the databases Pubmed and Web of science were searched. The 

učenja mogu biti nadzirane (algoritmi uče iz označenih poda-
taka), nenadzirane (algoritmi uče iz neoznačenih podataka) 
i djelomično nadzirane (algoritmi uče dijelom iz označenih, 
a dijelom iz neoznačenih podataka). Strojno učenje primje-
njuje se u sustavima preporuka, otkrivanja prijevara i predik-
tivnim modelima. Podatkovna znanost interdisciplinarno je 
područje koje kombinira statističke i računalne metode sa 
specifičnim znanjem unutar određene domene da bi se dobio 
uvid u to područje i stvorilo znanje iz samih podataka. Obu-
hvaća niz aktivnosti, uključujući prikupljanje podataka, pro-
čišćavanje i prethodnu obradu, istraživačku analizu podataka, 
statističko modeliranje i strojno učenje. Podatkovna znanost 
koristi se u raznim područjima – u zdravstvu, financijama, 
društvenim medijima i e-trgovini.

Tijekom prošlosti umjetna se inteligencija primjenjiva-
la u različitim područjima, a njezina primjena u svakodnev-
nom životu nešto je novija. Njezina rana primjena odnosila se 
uglavnom na akademsku zajednicu i državne znanstvene in-
stitucije, ali s napretkom tehnologije počela je primjena u in-
dustriji i trgovini (5). Jedan od najranijih primjera umjetne 
inteligencije u svakodnevnom životu odnosi se na korištenje 
ekspertnih sustava 1980-ih i 1990-ih godina. To su bili raču-
nalni programi koji su oponašali sposobnost donošenja od-
luka stručnjaka u određenom području djelovanja kao što su 
medicina ili financijski sektor. U 21. stoljeću umjetna je inte-
ligencija sve više integrirana u različite potrošačke proizvode i 
usluge. Primjer za to su virtualni asistenti poput Appleove Si-
ri i Amazonove Alexe te sustavi preporuka kojima se koriste 
tvrtke kao što su Netflix i Amazon da bi prilagodili ponudu 
iskustvima svojih korisnika. Upotrebljava se i u izradi samo-
vozećih automobila, u zdravstvu i u financijama.

Danas razlikujemo tri generacije umjetne inteligencije 
(3). Prva generacija je takozvana uska umjetna inteligencija 
(UUI), druga je opća umjetna inteligencija (OUI), a treća, 
trenutačno najnaprednija generacija, jest superumjetna inte-
ligencija (SUI). Iz današnje perspektive možemo sa sigurno-
šću reći da je prva generacija već sveprisutna. Kad govorimo o 
prvoj generaciji umjetne inteligencije, mislimo, između osta-
loga, na tehnologiju prepoznavanja lica i označavanje osoba, 
čime se, primjerice, koristi Facebook, zatim virtualne glasov-
ne asistente na našim mobilnim uređajima, kao što su Siri, 
Alexa ili Bixby, samovozeće automobile koje razvijaju Tesla i 
Google te još mnogo toga. Od druge generacije umjetne inte-
ligencije očekujemo samostalno razmišljanje, planiranje i rje-
šavanje problema te zadataka za koje nikad nije bila dizajni-
rana. Treća generacija: superumjetna inteligencija postat će 
potpuno samosvjesni sustavi koji mogu u određenim situaci-
jama učiniti ljude i njihov doprinos nepotrebnima. Premda 
je riječ o fiktivnom sustavu na temelju umjetne inteligencije, 
HAL 9000 iz Odiseje u svemiru Arthura C. Clarkea možda je 
najživopisniji prikaz mogućnosti koje treća generacija umjet-
ne inteligencije ima u ovom trenutku.

S obzirom na to da se mogućnosti primjene umjetne 
inteligencije iznimno brzo šire i da je prema podatcima iz 
PubMeda to područje među onima s trendom najvećega us-
pona prema broju novoobjavljenih članaka (6), svrha ovoga 
rada jest dati prikaz literature i uvid u mogućnosti primjene 
umjetne inteligencije u medicini i dentalnoj medicini s na-



w
w

w
.a

sc
ro

.h
r

Umjetna inteligencijaVodanović i sur. 73

keywords artificial intelligence, medicine, healthcare, dentist-
ry, deep learning, and machine learning were used.

Advantages and disadvantages of artificial 
intelligence in daily life

AI is expected to become even more prevalent in every-
day life in the future as technology continues to advance and 
more industries adopt AI-powered systems and products. The 
use of AI in everyday life has several advantages, including 
(2,7,8):
·	 Improved efficiency and productivity: AI can automate 

repetitive tasks, making them faster, more accurate, and 
less error-prone.

·	 Personalization and customization: AI can learn from da-
ta and preferences and provide personalised recommen-
dations, services and experiences.

·	 Increased security and safety: AI can be used to monitor 
and protect against potential threats and hazards, such as 
fraud, cyberattacks, and natural disasters.

·	 Better decision making: AI can analyse large amounts of 
data, identify patterns and insights, and help with deci-
sion making in various fields such as finance, healthcare, 
or transportation.

·	 Improved human capabilities: AI can complement hu-
man capabilities by providing real-time information, sug-
gestions, and assistance.

·	 Improved accessibility: AI can provide services, informa-
tion, and entertainment for people with disabilities or 
limited mobility.

·	 Cost efficiency: AI can help reduce the cost of many tasks 
and services by automating them, reducing the need for 
human labour.

·	 Predictive capabilities: AI can analyse and learn from his-
torical data and make predictions about future events, 
which can be used in various fields such as weather fore-
casting, finance, and healthcare.
Although the application of AI has numerous advantag-

es, facilitations and optimizations in everyday life, it also has 
some disadvantages (5,9). The disadvantages of using AI in 
everyday are as follows:
·	 Job displacement: AI can automate many tasks, making 

them faster, more accurate, and less error-prone, which 
can lead to job displacement and unemployment.

·	 Bias and discrimination: AI systems can perpetuate and 
even reinforce biases and discrimination present in the 
data on which they are trained.

·	 Privacy and security concerns: AI systems require large 
amounts of data to function, which can lead to privacy 
and security concerns.

·	 Lack of transparency and accountability: it can be diffi-
cult to understand how AI systems make decisions, which 
can make it difficult to explain or hold them accountable.

·	 Dependence on technology: AI can become a crutch that 
people rely on too much, and some people may no longer 
be able to complete tasks without AI assistance.

glaskom na njezine prednosti i nedostatke. U tu svrhu pre-
tražene su znanstvene baze Pubmed i Web of science. Pritom 
su pojmovi umjetna inteligencija, medicina, zdravstvo, den-
talna medicina, duboko učenje i strojno učenje korišteni kao 
ključne riječi.

Prednosti i nedostatci umjetne inteligencije u 
svakodnevnom životu 

S obzirom na kontinuirani razvoj tehnologije očekuje se 
sve šira primjena umjetne inteligencije u svakodnevnom živo-
tu zato što različite vrste industrije sve više prilagođuju svojim 
potrebama sustave i proizvode temeljene na umjetnoj inteli-
genciji. Postoji više prednosti korištenja umjetne inteligencije 
u svakodnevnom životu, uključujući (2, 7, 8):
·	 poboljšanje radne učinkovitosti i produktivnosti: UI mo-

že automatizirati ponavljajuće poslove i učiniti ih bržima, 
preciznijima i manje sklonima pogreškama

·	 personalizacija i prilagodba: UI može učiti na temelju po-
dataka i afiniteta te na osnovi naučenoga pružiti persona-
lizirane preporuke, usluge i iskustva

·	 povećana sigurnost i osiguranje: UI se može koristiti za 
nadzor i zaštitu od potencijalnih prijetnji i opasnosti kao 
što su prijevare, kibernetički napadi i prirodne katastrofe 

·	 poboljšano donošenje odluka: UI može analizirati velik 
broj podataka, utvrditi obrasce i dobiti uvide te na teme-
lju toga pomoći pri donošenju odluka u različitim po-
dručjima kao što su financije, zdravstvo ili prijevoz

·	 širenje ljudskih sposobnosti: pružajući odgovarajuće in-
formacije, prijedloge i asistenciju u stvarnom vremenu UI 
može nadograditi ljudske sposobnosti

·	 unaprjeđenja dostupnosti: UI može pružati usluge, infor-
macije i zabavni sadržaj osobama s invaliditetom ili ogra-
ničenom pokretljivošću

·	 isplativost: automatizacijom i smanjivanjem potrebe za 
ljudskim radom UI može pomoći u smanjenju cijene ra-
znih poslova i usluga 

·	 mogućnost predviđanja: UI može analizirati podatke iz 
prošlosti, učiti iz njih i na temelju naučenoga predvidjeti 
buduće događaje, što je primjenjivo u različitim djelatno-
stima kao što su vremenska prognoza, financijski sektor i 
zdravstvo.
Premda primjena umjetne inteligencije ima mnogobroj-

ne prednosti te olakšava i optimizira svakodnevni život, ima i 
određene nedostatke (5, 9). Prepoznati nedostatci korištenja 
u svakodnevnom životu jesu:
·	 gubitak posla: UI može automatizirati mnogobrojne za-

datke, učiniti ih bržima, preciznijima i manje sklonima 
pogreškama, što može voditi prema gubitku posla i većoj 
nezaposlenosti u društvu

·	 pristranost i diskriminacija: UI sustavi mogu zadržati, pa 
čak i pojačati pristranost i diskriminaciju koje su bile pri-
sutne u podatcima na kojima se uvježbavaju

·	 privatnost i sigurnosni problemi: UI sustavi zahtijevaju 
veliku količinu podataka da bi mogli djelovati, pa se po-
stavljaju pitanja vezana za sigurnost i privatnost informa-
cija

·	 nedostatak transparentnosti i odgovornosti: razumijeva-
nje načina na koji UI sustavi funkcioniraju i donose od-
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·	 Ethical concerns: AI may raise ethical concerns, such as 
autonomous weapons and decision making, job displace-
ment, and privacy.

·	 Lack of human contact: AI systems lack the human touch 
and emotion that can be important for certain tasks, such 
as healthcare, customer service, and education.

·	 Limited understanding: AI systems may have limited un-
derstanding of context and have difficulty understanding 
nuances and subtleties of human language and behaviour.
AI has the potential to be dangerous in certain scenari-

os, particularly when it comes to the development and use of 
autonomous weapons and decision-making systems that lack 
proper oversight and regulation. In February 2017, the Eu-
ropean Parliament adopted a report with recommendations 
for the European Commission on civil regulation of robotics. 
In response to public concerns and debate, Peter John Bent-
ley, a computer scientist at University College London, Miles 
Brundage of the Future of Humanity Institute at Oxford 
University, Olle Haeggstroem, a professor of mathematical 
statistics at Chalmers University and author of the book Here 
be dragons, and philosopher Thomas Metzinger of the Uni-
versity of Mainz, wrote a comprehensive document under the 
auspices of the European Commission entitled Should We 
Fear Artificial Intelligence? in which they discuss in detail the 
potential dangers posed by the use of AI (10). The potential 
dangers and risks that may be associated with AI can be di-
vided into the following groups:
·	 Decision-making systems: AI systems used to make de-

cisions where the stakes are high, such as in healthcare, 
criminal justice, and finance, can perpetuate or reinforce 
societal biases or discrimination if they are not properly 
designed, tested, and regulated.

·	 Cybersecurity risks: AI systems can be vulnerable to 
hacking and cyber-attacks, which can have serious conse-
quences when deployed in critical infrastructure such as 
power grids and transportation systems.

·	 Autonomous weapons: AI-controlled weapons that can 
select and attack targets without human intervention 
raise concerns about accountability and ethical decision-
making in the event of unintended harm or collateral 
damage.

·	 Unintended consequences: AI systems can have unin-
tended consequences, such as job displacement and eco-
nomic disruption if not properly managed and regulated.

Artificial intelligence in medicine and healthcare

The decades-long use of computers in medicine and 
healthcare around the world has generated huge databases 
with an enormous amount of different data on patients, di-
agnoses, medical records and linked laboratory results, radio-

luke mogu biti izazovni i zato može biti teško objasniti ih 
i pozvati na odgovornost

·	 ovisnost o tehnologiji: UI može postati oslonac u koji se 
ljudi pretjerano pouzdaju, a pojedinci mogu postati ma-
nje sposobni u obavljanju posla bez pomoći tehnologije 

·	 etički izazovi: UI može potaknuti određena etička pitanja 
u vezi s autonomnim oružjem i donošenjem odluka, gu-
bitkom posla i privatnosti

·	 nedostatak ljudskog dodira: UI sustavi svakako ne posje-
duju ljudski dodir i emocije što može biti velik nedosta-
tak u određenim djelatnostima kao što su zdravstvo, kori-
snička podrška i obrazovni sustav 

·	 ograničeno razumijevanje: UI sustavi mogu biti ograniče-
ni u shvaćanju konteksta i mogu imati poteškoća u razu-
mijevanju nijansi i suptilnosti ljudskoga jezika i ponaša-
nja. 
Umjetna inteligencija može biti opasna u određenim sce-

narijima, pogotovo onima koji uključuju razvoj i upotrebu 
autonomnog oružja i sustava za donošenje odluka bez ade-
kvatnog nadzora i propisa. U veljači 2017. godine Europski 
je parlament odobrio Izvješće s preporukama Komisiji o pra-
vilima građanskoga prava o robotici. S obzirom na brigu i ra-
sprave koje su pokrenute u javnosti, Peter John Bently, ra-
čunalni znanstvenik s University College iz Londona, Miles 
Brundage iz Instituta za budućnost čovječanstva Sveučilišta 
Oxford, Olle Häggström, profesor matematičke statistike na 
Sveučilištu Chalmers i autor knjige „Here be dragons“ te fi-
lozof Thomas Metzinger sa Sveučilišta u Mainzu, napisali su 
opširan dokument pod pokroviteljstvom Europske komisi-
je pod naslovom Trebamo li se bojati umjetne inteligencije? 
u kojemu se detaljno raspravlja o potencijalnim opasnostima 
pri uporabi umjetne inteligencije (10). Potencijalne opasno-
sti i rizike koji se mogu povezati s umjetnom inteligencijom 
možemo svrstati u nekoliko skupina:
·	 sustavi odlučivanja: UI sustavi koji se koriste za donoše-

nje odluka s velikim ulozima kao što su zdravstvena skrb, 
kazneno pravosuđe i financije, mogu zadržati ili pojačati 
društvene predrasude ili diskriminaciju ako nisu pravilno 
dizajnirani, testirani i regulirani

·	 rizici kibernetičke sigurnosti: UI sustavi mogu biti pod-
ložni hakiranju i kibernetičkim napadima što može imati 
ozbiljne posljedice ako se koriste u kritičnoj infrastruktu-
ri kao što je električno napajanje i prijevozni sustavi

·	 autonomno oružje: oružje na temelju umjetne inteligen-
cije koje može odabirati i ciljati mete bez ljudske interven-
cije izaziva zabrinutost zbog odgovornosti i etičkog dono-
šenja odluka u slučaju nenamjerne ili kolateralne štete

·	 nenamjerne posljedice: UI sustavi mogu stvoriti određene 
nenamjerne posljedice kao što su gubitak posla i naruše-
na ekonomija ako se njima ne upravlja pravilno i ako nisu 
odgovarajuće regulirani. 

Umjetna inteligencija u medicini i zdravstvu

Primjenom računala diljem svijeta stvorene su tijekom 
desetljeća u medicini i zdravstvu goleme baze podataka s ve-
likom količinom različitih podataka o pacijentima, dijagno-
zama, zdravstvenim kartonima i povezanim laboratorijskim 
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logical images, clinical images, therapeutic procedures, treat-
ment results, and much more. The existence of such large 
databases has created one of the main prerequisites for ma-
chine learning and the development of artificial intelligence 
in all areas of medicine. The number of areas in modern med-
icine where AI is finding practical application is growing in-
exorably. It is almost impossible to present all the areas in 
which AI is applied in medicine today, therefore this paper 
will present only some of them. Only 15 or 20 years ago, the 
application of AI in medicine was mostly experimental and 
geographically limited to developed and rich countries (11–
18). Today, AI can be used in a variety of ways to improve 
healthcare and medicine:
·	 Medical imaging: AI can help radiologists and other med-

ical professionals analyse medical images, such as CT 
scans and X-rays, to detect and diagnose diseases (19–
22). 

·	 Diagnosis and treatment: AI can analyse large amounts 
of patient data to help physicians make more accurate di-
agnoses and personalised treatment plans. Artificial in-
telligence is now used in almost all areas of medicine for 
screening, diagnosing and treating patients, including 
gastroenterology and digestive disorders (23,24), cancer 
screening, diagnosis and treatment (25–27), COVID-19 
(28), heart diseases and failures (29), oncology (30), in-
tensive care (31), dermatology (32) and many more.

·	 Drug discovery and development: AI can be used to anal-
yse big data from genetic, chemical, and medical research 
to identify new drug candidates and speed up drug devel-
opment (33–36). Artificial intelligence has also been used 
in the research of new drugs and vaccines against Cov-
id-19 (37). The role of AI in oncology is particularly im-
portant for cancer research and for the discovery of new 
drugs, because by applying the principles of personalized 
medicine it is possible to find much better and more ef-
fective drugs more quickly (38).

·	 Clinical decision support: AI can help physicians and 
other healthcare professionals make better decisions by 
providing real-time information and alerts based on pa-
tient data (39–42). The progress of AI application is par-
ticularly pronounced in intensive care (31), surgery (43), 
oncology (44) and clinical decision support in infectious 
diseases (45) but also in other areas of medicine. 

·	 Personalized medicine: AI can be used to analyze genetic 
and patient data to create personalized medical (46) plans 
and treatments tailored to the specific needs of individual 
patients especially in oncology (30,47) and cardiovascular 
medicine (48–50). 

·	 Monitoring and tracking of chronic diseases: AI can help 
monitor vital signs, symptoms and other data to help 
identify potential health issues early (51,52), especially 
in cases of chronic diseases, helping to prevent compli-
cations such as in chronic obstructive pulmonary disease 
(53) or hypertension management (54).

·	 Predictive analytics: AI can help predict the likelihood of 
certain medical conditions and diseases based on a pa-
tient's data, thus contributing to their prevention and 
treatment (55,56). Large existing public health system 

nalazima. Tu su i radiološki i klinički nalazi i slike, terapij-
ski zahvati, ishodi liječenja i još mnogo toga. Zahvaljujući 
takvim opsežnim bazama podataka osiguran je jedan od te-
meljnih preduvjeta za strojno učenje i razvoj umjetne inteli-
gencije u svim područjima medicine. Područja medicine u 
kojima počinje praktična primjena umjetne inteligencije sva-
kodnevno nezaustavljivo raste. Gotovo je nemoguće nabrojiti 
sva područja u sklopu medicine u kojima se danas primjenju-
je umjetna inteligencija pa ćemo se u ovom radu ograničiti na 
neke od njih. Prije samo 15 do 20 godina primjena umjetne 
inteligencije bila je u medicini još na eksperimentalnoj razini 
i geografski ograničena uglavnom na razvijene i bogate zemlje 
(11 – 18). Danas se pak može primijeniti na različite načine i 
tako unaprijediti zdravstvo i medicinu. To uključuje:
·	 medicinsko snimanje: UI može pomoći radiolozima i 

ostalim medicinskim stručnjacima u analizi slika kao što 
su CT i RTG snimke kako bi uspješnije ustanovili i po-
tvrdili dijagnozu (19 – 22)

·	 dijagnoza i liječenje: UI može procesuirati veliku količi-
nu pacijentovih podataka kako bi se mogla što precizni-
je postaviti dijagnoza i pripremiti personalizirani plan li-
ječenja; danas se primjenjuje u gotovo svim područjima 
medicine za skrining (probir), dijagnosticiranje i liječenje 
pacijenata, uključujući gastroenterologiju i bolesti pro-
bavnog sustava (23, 24), skrinig, dijagnosticiranje i lije-
čenje karcinoma (25 – 27), bolesti COVID-19 (28), srča-
ne bolesti i mane (29), onkologiju (30), intenzivnu skrb 
(31), dermatologiju (32) i mnoga druga područja

·	 otkriće i razvoj novih lijekova: UI se može koristiti za 
analizu velikoga broja podataka iz genetičkih, kemijskih 
i medicinskih istraživanja sa svrhom otkrivanja potenci-
jalnih novih lijekova i ubrzanje njihova razvoja (33 – 36); 
također se koristi u istraživanju novih lijekova i cjepiva 
protiv bolesti COVID-19 (37); njezina uloga u onkolo-
giji osobito je važna u istraživanju karcinoma i otkrivanju 
novih lijekova zato što se primjenom principa personali-
zirane medicine brže može pronaći bolje i učinkovitije li-
jekove (38)

·	 podrška u kliničkom odlučivanju: UI može pomoći li-
ječnicima i drugim zdravstvenim radnicima u donošenju 
odluka jer osigurava dostupnost informacija u realnom 
vremenu i pronalazi pacijentove podatke (39 – 42); na-
predak na tom planu osobito je izražen u području in-
tenzivne skrbi (31), kirurgije (43), onkologije (44), pri 
donošenju kliničkih odluka u slučaju infektivnih bolesti 
(45), ali i u mnogim drugim djelatnostima u sklopu me-
dicine 

·	 personalizirana medicina: UI se može koristiti za anali-
zu genetskih i drugih pacijentovih podataka kako bi se 
pripremio personalizirani medicinski plan (46) i liječe-
nje prilagodilo specifičnim potrebama pojedinog pacijen-
ta, osobito u onkologiji (30, 47) i kardiovaskularnoj me-
dicini (48 – 50)

·	 promatranje i praćenje kroničnih bolesti: UI može pomo-
ći u praćenju vitalnih znakova, simptoma i ostalih poda-
taka kako bi se rano otkrili mogući zdravstveni problemi 
(51, 52), osobito u slučaju kroničnih bolesti, pomažući 
u prevenciji komplikacija kod, primjerice, kronične op-
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databases are used for this purpose (57). It has been inter-
esting to see how AI has been used to predict COVID -19 
outcomes (58) or, in patients with gastrointestinal cancer, 
to predict response to treatment (59).

·	 Medical research: AI can be used to analyse large volumes 
of medical data, identify patterns, and gain new insights 
that can help us understand the pathology of diseases and 
ultimately develop new treatments (60–63).

Advantages and disadvantages of artificial 
intelligence in medicine and healthcare

In general, the advantages and disadvantages of using AI 
in medicine are similar to the advantages and disadvantages 
of using AI in daily life. The use of AI in medicine has several 
advantages, including:
·	 Improved accuracy and efficiency: AI can help doctors 

and other healthcare professionals analyse large amounts 
of medical data, such as imaging and patient records, to 
detect and diagnose diseases more quickly and accurately 
(64).

·	 Personalized medicine: AI can be used to analyze genetic 
and patient data to create personalized medical plans and 
treatments tailored to the specific needs of individual pa-
tients.

·	 Clinical decision support: AI can help physicians and 
other healthcare professionals make decisions by provid-
ing real-time information and alerts based on patient data 
(65).

·	 Early detection and prevention: AI can help monitor 
vital signs, symptoms, and other data to detect poten-
tial health problems early, especially chronic diseases, to 
avoid complications (66).

·	 Predictive analytics: AI can help predict the likelihood of 
certain medical conditions and diseases based on a pa-
tient's data, helping to prevent and treat them.

·	 Medical research: AI can be used to analyse large volumes 
of medical data, identify patterns, and make new discov-
eries that can help understand the pathology of diseases 
and ultimately develop new treatments.

·	 Reduced costs: Using AI to automate certain tasks, such 
as analysing imaging and patient data, can reduce the 
need for manual labour, resulting in cost savings (67,68).

·	 Remote care: AI can help monitor patients remotely, 
which can be particularly useful for people living in re-
mote areas or those with mobility issues to enable access 
to healthcare services (53,69,70).
The use of AI in medicine has several drawbacks, includ-

ing:
·	 Bias and discrimination: AI systems can perpetuate and 

struktivne bolesti pluća (53) ili tijekom nadzora hiperten-
zije (54)

·	 prediktivna analiza: UI može pomoći u predviđanju odre-
đenih medicinskih stanja i bolesti na osnovi analize paci-
jentovih podataka i tako olakšati njihovu prevenciju i li-
ječenje (55, 56), a za to se koriste velike baze podataka iz 
sustava javnoga zdravstva (57); osobito je bilo zanimljivo 
promatrati kako je korištena u predviđanju ishoda bole-
sti COVID-19 (58) ili kako će pacijent s karcinomom ga-
strointestinalnog sustava odgovoriti na primijenjenu tera-
piju (59)

·	 medicinska istraživanja: UI može se koristiti za analizu 
velikog broja medicinskih podataka, prepoznavanje obra-
zaca i pronalaženje novih otkrića koja mogu pomoći u ra-
zumijevanju patologije bolesti i na kraju rezultirati novim 
načinima liječenja (60 – 63).

Prednosti i nedostatci umjetne inteligencije u medicini 
i zdravstvu

Prednosti i nedostatci primjene umjetne inteligencije u 
medicini općenito su slični onima tijekom njezine primjene u 
svakodnevnom životu. Više je prednosti pri korištenju umjet-
ne inteligencije u medicini, uključujući:
·	 poboljšanje preciznosti i učinkovitosti: UI može pomo-

ći liječnicima i ostalome zdravstvenom osoblju u analizi 
velikog broja medicinskih podataka kao što su snimke i 
zdravstveni kartoni da bi što ranije i točnije otkrili bolest 
te postavili dijagnozu (64)

·	 personalizirana medicina: UI se može upotrijebiti za ana-
lizu genetskih i drugih podataka o pacijentu kako bi se 
pripremio personalizirani medicinski plan i liječenje pri-
lagodilo specifičnim potrebama određenog pacijenta

·	 podrška kliničkom odlučivanju: osiguravajući informaci-
je u realnom vremenu na temelju pacijentova stanja UI 
može pomoći liječnicima i ostalom zdravstvenom osoblju 
u donošenju odluka (65)

·	 rano otkrivanje i prevencija: UI može pomoći u praćenju 
vitalnih znakova, simptoma i ostalih podataka kako bi se 
rano otkrili potencijalni zdravstveni problemi, što je oso-
bito korisno u sprječavanju komplikacija kroničnih bole-
sti (66)

·	 prediktivna analiza: UI može pomoći u predviđanju odre-
đenih zdravstvenih stanja i bolesti na temelju pacijentovih 
podataka i na taj način omogućiti prevenciju i liječenje

·	 medicinska istraživanja: UI se može koristiti za analizu 
velike količine medicinskih informacija, prepoznavanje 
obrazaca i nova otkrića, što će zajedno pomoći boljem 
razumijevanju patologije bolesti i naposljetku omogućiti 
pronalaženje novih mogućnosti liječenja 

·	 smanjenje troškova: primjena UI-e omogućuje automati-
zaciju određenih poslova kao što je analiza snimki i paci-
jentovih podataka, čime se može smanjiti opseg ljudskog 
rada što smanjuje troškove (67, 68) 

·	 skrb na daljinu: UI može pomoći u praćenju pacijenata 
na daljinu, što je osobito korisno za one koji žive u uda-
ljenim područjima ili imaju poteškoće u kretanju jer im 
tako zdravstveni sustav postaje dostupniji (53, 69, 70).
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even reinforce biases and discrimination present in the 
data on which they have been trained. This can lead to in-
correct diagnosis or treatment for certain groups of peo-
ple (71,72). 

·	 Lack of transparency and accountability: it can be diffi-
cult to understand how AI systems make decisions, which 
can make it difficult to explain or hold them accountable 
(73–75).

·	 Privacy and security concerns: AI systems require large 
amounts of patient data to function, which can lead to 
privacy and security concerns, especially with the growth 
of electronic medical records (76,77).

·	 Dependence on technology: AI may become a crutch 
that physicians and other healthcare professionals rely on 
too heavily, and some may no longer be able to complete 
tasks without AI assistance (78).

·	 Limited understanding: AI systems may have limited un-
derstanding of context and have difficulty understand-
ing nuances and subtleties of human health and disease 
(79,80).

·	 Ethical concerns: AI may raise ethical concerns, such as 
autonomy and decision-making in healthcare, e.g., the 
use of autonomous surgical robots (81,82).

·	 Job displacement: AI can automate certain tasks, such as 
analysing imaging and patient data, which can lead to job 
displacement and unemployment (83–85).

·	 Lack of human touch: AI systems lack the human touch 
and emotions that can be important for certain tasks such 
as healthcare (86–88).
It is important that these potential drawbacks be consid-

ered in the development and implementation of AI systems 
in the medical field and that regulation and controls are in 
place to mitigate potential adverse effects. It is also impor-
tant to ensure that AI systems are used as tools to assist physi-
cians and other health care professionals, rather than replac-
ing them.

Artificial intelligence in dental medicine

The speed with which analog dentistry is being replaced 
by digital dentistry is comparable to the speed with which ar-
tificial intelligence is penetrating profusely through the dai-
ly work of a modern dentist. Although these changes are not 
always immediately recognized or associated with AI, they 
are neither small nor insignificant, especially when viewed 
in a broader context. AI can be used in a variety of ways to 
improve dental care and dentistry, such as segmentation and 
identification of teeth (89,90), planning of dental implants 
treatment, identification and classification of dental implant 
systems (91), for detection and classification of dental plague 
(92), for diagnosing maxillary sinusitis on panoramic radiog-

Postoje i određeni nedostatci primjene umjetne inteligen-
cije u medicini. To su:
·	 pristranost (bias) i diskriminacija: UI može ponavljati, pa 

čak i umnožiti pogreške pristranosti i diskriminacije ako 
su se one nalazile u podatcima na kojima su sustavi treni-
rani (71, 72); to može rezultirati netočnom dijagnozom 
ili neadekvatnim liječenjem određenih skupina ljudi

·	 nedostatak transparentnosti i pouzdanosti: razumijevanje 
načina na koji UI funkcionira može biti izazovno zbog če-
ga je podatke katkad teško objasniti ili smatrati pouzdani-
ma (73 – 75)

·	 privatnost i sigurnosna pitanja: UI zahtijeva veliku koli-
činu podataka o pacijentima kako bi se sustav osposobio 
za funkcioniranje, što može potaknuti pitanje privatnosti 
podataka i njihove sigurnosti, a to je osobito istaknuto pri 
korištenju elektroničkih zdravstvenih kartona (76, 77)

·	 ovisnost o tehnologiji: UI može postati oslonac na koji se 
liječnici i drugo zdravstveno osoblje mogu početi pretje-
rano oslanjati, što može smanjiti sposobnost pojedinca u 
obavljanju poslova bez njezine pomoći (78)

·	 ograničeno razumijevanje: UI sustavi mogu biti ograniče-
ni u razumijevanju konteksta te imati poteškoće s razumi-
jevanjem nijansi i suptilnosti ljudskoga zdravlja i bolesti 
(79, 80) 

·	 etički problemi: UI može iznjedriti etičku zabrinutost 
kad je riječ o autonomiji i donošenju odluka u zdravstvu, 
primjerice, u slučaju korištenja samostalnih kirurških ro-
bota (81, 82)

·	 gubitak posla: UI može automatizirati određene poslove 
kao što su analiza snimki i pacijentovih podataka, što mo-
že rezultirati ukinućem određenih poslova i nezaposleno-
šću (83 – 85)

·	 nedostatak ljudskog dodira: UI sustavi ne posjeduju spo-
sobnost ljudskog dodira i emocija, što može biti važno u 
nekim poslovima kao što je zdravstvena skrb (86 – 88). 
Važno je uzeti u obzir i razmotriti sve navedene poten-

cijalne nedostatke tijekom dizajniranja i uvođenja sustava 
umjetne inteligencije u medicinsko područje djelatnosti i uz 
to osigurati odgovarajući nadzor i propise da bi se umanjile 
potencijalno negativne posljedice. Uz to, važno je osigurati 
primjenu sustava koji će poslužiti kao oruđe koje će olakšati 
posao liječnicima i ostalom medicinskom osoblju, a neće ih 
potpuno zamijeniti.

Umjetna inteligencija u dentalnoj medicini

Brzina kojom analognu dentalnu medicinu zamjenjuje 
digitalna može se usporediti s brzinom kojom umjetna inte-
ligencija prodire u svakodnevni život modernoga stomatolo-
ga. Premda te promjene nisu uvijek odmah vidljive i trenu-
tačno povezane s umjetnom inteligencijom, nisu ni male, ni 
beznačajne, osobito ako ih promatramo u širem kontekstu. 
Umjetna inteligencija može se primijeniti na različite načine 
koji unaprjeđuju dentalnu medicinu kao što su segmentacjia 
i prepoznavanje zuba (89, 90), planiranje postavljanja zub-
nih implantata, prepoznavanje i klasifikacija korištenih su-
stava zubnih implantata (91), otkrivanje i klasifikacija zub-
nih naslaga (92), zatim u dijagnostici maksilarnog sinusitisa 
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raphy (93), for cephalometric landmarks detection (94), or 
for root morphological classification (95), dental caries detec-
tion on periapical and bitewing X-ray images (96), and many 
other applications including (97–105):
·	 Dental imaging: AI can assist dentists and other dental 

professionals in analysing dental images, such as X-rays 
and CT scans, to help identify and diagnose conditions 
such as cavities and periodontal disease (6,103,106–108).

·	 Treatment planning: AI can be used to analyse dental im-
ages and patient data to help dentists create personalised 
treatment plans in almost all areas of modern dentistry 
(101,103,109–112).

·	 Orthodontics: AI can be used to analyse dental images 
to create 3D models of teeth and jaws that can be used 
for orthodontic treatment planning and simulations 
(103,113,114).

·	 Dental prosthetics: AI can be used to create 3D mod-
els of teeth and jaws that can be used to fabricate crowns 
and bridges, but AI can also be used in dental CAD /
CAM systems to help dentists design and fabricate den-
tal restorations such as fillings, crowns, and bridges us-
ing computer-aided design and manufacturing systems 
(103,115,116).

·	 Periodontology: AI can be used to differentiate between 
aggressive and chronic periodontitis and to diagnose ag-
gressive or chronic periodontitis using relatively simple 
and easy to determine parameters such as the leukocyte 
count in the peripheral blood (103,117). 

·	 Endodontics: AI has been introduced to determine the 
root canal morphology, locating minor apical foramen, 
detecting periapical lesions and root canal fractures and 
evaluating the success of treatment and retreatment 
(95,103,104). 

·	 Oral pathology: AI can be a promising aid in the diagno-
sis of head and neck cancer lesions and offers great poten-
tial for detecting tumour tissue in tissue samples or on ra-
diographs (103,118–120). 

·	 Forensic dentistry: AI can be used for dental profiling in-
cluding estimation of age and determination of sex of an 
individual using X-ray images (121–129).

·	 Dental robotics: AI can help dentists perform certain 
procedures in dental implantology, oral and maxillofacial 
surgery, prosthetic and restorative dentistry, endodon-
tics, orthodontics, oral radiology, and dental education 
through the use of robotic systems (130–134).

·	 Chatbots: AI-driven chatbots can help patients make ap-
pointments, answer questions, and educate them about 
dental care (135,136). 

na panoramskim radiografskim snimkama (93), u detekciji 
kefalometrijskih oznaka (94), ili za klasifikaciju morfologije 
korijena (95), otkrivanje zubnog karijesa na periapikalnim ili 
zagriznim snimkama u traku (96) te na mnogobrojne druge 
načine koji obuhvaćaju (97-105):
·	 stomatološko snimanje: UI može koristiti stomatolozi-

ma i drugom stomatološkom osoblju u analizi dentalnih 
snimki kao što su RTG snimke i CT skenovi kako bi se 
olakšalo otkrivanje i dijagnostika stanja poput karijesa i 
parodontne bolesti (6, 103, 106 – 108)

·	 planiranje liječenja: UI može poslužiti za analizu dental-
nih snimki i podataka o pacijentu i tako olakšati pripre-
mu personaliziranog plana liječenja u gotovo svim polji-
ma moderne dentalne medicine (101, 103, 109 – 112)

·	 ortodoncija: UI se može koristiti u analizi dentalnih 
snimki i pomoći u izradi 3D modela zuba i čeljusti koji 
će se upotrijebiti u planiranju ortodontskog liječenja i za 
njegovu simulaciju (103, 113, 114)

·	 dentalna protetika: UI se može koristiti za izradu 3D 
modela zuba i čeljusti koji će poslužiti za izradu zubnih 
krunica i mostova, također u CAD/CAM sustavima ko-
ji olakšavaju stomatologu izradu dentalnih restauracija 
kao što su zubni ispuni, zubne krunice i mostovi, korište-
njem računalno navođenih sustava za njihovo dizajnira-
nje i izradu (103, 115, 116)

·	 parodontologija: UI se može koristiti za razlikovanje agre-
sivnoga i kroničnoga parodontitisa i za postavljanje dija-
gnoze agresivnoga ili kroničnoga parodontitisa koristeći 
razmjerno jednostavne parametre, kao što su broj leuko-
cita u perifernoj krvi (103, 117)

·	 endodoncija: UI ima primjenu u utvrđivanju morfolo-
gije korijenskih kanala, lociranju unutarnjeg apikalnog 
ušća, otkrivanju periapikalnih lezija i fraktura korijena 
te u procjeni uspješnosti endodontskog liječenja i revizije 
(95, 103, 104)

·	 oralna patologija: UI je obećavajuće sredstvo u procesu 
dijagnostike karcinoma glave i vrata te pokazuje izraziti 
potencijal u otkrivanju tumorskoga tkiva u uzorcima ili 
na radiografskim snimkama (103, 118 – 120)

·	 forenzička dentalna medicina: UI se može koristiti u den-
talnom profiliranju, uključujući procjenu dobi i spola po-
jedinca na rendgenskim snimkama (121 – 129)

·	 dentalna robotika: UI se može primijeniti kao pomoć sto-
matolozima pri obavljanju određenih zahvata u dental-
noj implantologiji, oralnoj i maksilofacijalnoj kirurgiji, 
protetici i restaurativnoj dentalnoj medicini, endodonci-
ji, ortodonciji, oralnoj radiologiji te u dentalnoj edukaciji 
korištenjem robotskih sustava (130 – 134)

·	 Chatbotovi umjetni inteligentni agenti za razgovor: ro-
botski sustavi temeljeni na umjetnoj inteligenciji mogu 
poslužiti u dogovaranju termina s pacijentima i pri odgo-
varanju na upite te dati korisne savjete u vezi sa skrbi o 
oralnome zdravlju (135, 136).
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Advantages and disadvantages of artificial 
intelligence in dentistry

Technological advances in medicine and dentistry bring 
numerous advantages that have a positive impact on main-
taining or achieving oral health, but also certain problems 
and doubts. The use of AI in dentistry has several advantages, 
including (137,138):
·	 Improved accuracy and efficiency: AI can help dentists 

and other dental professionals analyze large volumes of 
dental data, such as imaging and patient records, to de-
tect and diagnose conditions more quickly and accurately 
(139,140).

·	 Personalized treatment plans: AI can be used to analyze 
dental images and patient data to help dentists create per-
sonalized treatment plans tailored to the specific needs of 
individual patients (141).

·	 Predictive analytics: AI can help predict the likelihood of 
certain dental problems and diseases based on a patient's 
data, helping to prevent and treat them (142–146).

·	 Lower costs: using AI to automate certain tasks, such as 
analysis of dental imaging and patient data, can reduce 
the need for manual labour, leading to cost savings (147).
As in medicine, shortcomings in the use of AI in dentistry 

may be associated with bias and discrimination, lack of trans-
parency and accountability, privacy and security concerns, 
particularly with the advent of electronic dental records, and 
reliance on the technology among dentists and other dental 
professionals. AI systems may be limited in their understand-
ing of the context of human oral health and disease, which 
can cause serious problems as well as cause harm. Currently, 
job displacement cannot be considered an important short-
coming of AI application in dentistry, but it is possible that 
some tasks and procedures could be replaced by AI devices. 
Although patients are positive about AI in dentistry (148) , 
AI in dentistry, as in medicine, may raise some ethical con-
cerns (149), mainly related to prudence, justice, privacy, re-
sponsibility, solidarity, autonomy, and health care decision 
making (150). In addition, AI systems may not be accessible 
or affordable to all people and communities, which may lead 
to inequities in access to health care. It is important to note 
that AI in dentistry is still in progress and its utility depends 
on the particular case of implementation. It is also important 
that adequate regulations ensure that AI systems are safe, ef-
fective, and ethical.

It is of utmost importance to consider these potential 
drawbacks when developing and deploying AI systems in the 
dental field and to have regulations which can mitigate po-
tential negative impacts. Ensuring that AI systems are used as 
tools to assist dentists and other dental professionals is more 
important than replacing them.

Prednosti i nedostatci umjetne inteligencije u 
dentalnoj medicini

Tehnološki napredak u medicini i dentalnoj medici-
ni omogućuje bezbrojne prednosti koje pozitivno utječu na 
postizanje i očuvanje oralnoga zdravlja, ali postoje i odre-
đeni problemi i sumnje. Nekoliko je prednosti pri primje-
ni umjetne inteligencije u dentalnoj medicini koje uključu-
ju (137, 138):
·	 poboljšanu preciznost i učinkovitost: UI može poslužiti 

stomatolozima i drugom stomatološkom osoblju u anali-
zi velike količine dentalnih informacija kao što su snim-
ke i zdravstveni kartoni te tako omogućiti brže i precizni-
je otkrivanje bolesti i postavljanje dijagnoze (139, 140)

·	 personalizirani plan liječenja: UI se može koristiti za ana-
lizu dentalnih snimki i podataka o pacijentu i tako olak-
šati stomatologu pripremu personaliziranoga plana lije-
čenja koji je u cijelosti prilagođen specifičnim potrebama 
određenog pacijenta (141)

·	 prediktivna analiza: UI može predvidjeti pojave određe-
noga dentalnoga stanja i bolesti na osnovi analize pacijen-
tovih podataka, što olakšava prevenciju i liječenje (142 – 
146) 

·	 smanjenje troškova: korištenjem UI-ja mogu se automati-
zirati određeni poslovi kao što je analiza dentalnih snimki 
i podataka o pacijentu čime se smanjuje potreba za ljud-
skim radom, što smanjuje troškove (147).
Kao u medicini, i u dentalnoj medicini, nedostatci u pri-

mjeni umjetne inteligencije povezuju se s pristranošću i dis-
kriminacijom, manjkom transparentnosti i pouzdanosti te 
pitanjima privatnosti i sigurnosti, osobito poslije sve šire upo-
trebe elektroničkih dentalnih kartona pa se upozorava na ovi-
snost stomatologa i drugoga stomatološkog osoblja o tehno-
logiji. Sustavi umjetne inteligencije mogu biti ograničeni u 
razumijevanju konteksta ljudskoga oralnoga zdravlja i bolesti 
što može stvoriti ozbiljne probleme i znatnu štetu. Zasad još 
uvijek ne možemo shvaćati umjetnu inteligenciju kao zna-
čajnu prijetnju koja vodi prema gubitku posla u dentalnoj 
medicini, ali određeni poslovi i zahvati mogu se zamijeniti 
uređajima vođenima umjetnom inteligencijom. Premda pa-
cijenti imaju pozitivno stajalište prema primjeni umjetne in-
teligencije u dentalnoj medicini (148), kao i u medicini op-
ćenito, mogu se postaviti određena etička pitanja (149) koja 
se u najvećoj mjeri odnose na razboritost, pravičnost, privat-
nost, odgovornost, solidarnost, autonomiju i donošenje od-
luka u zdravstvu (150). Dodatno, sustavi umjetne inteligen-
cije nisu dostupni, niti si ih mogu priuštiti svi pojedinci i 
zajednice, što može prouzročiti nejednakost u načelu pristu-
pačnosti zdravstvene skrbi. Važno je istaknuti da je umjet-
na inteligencija u dentalnoj medicini još uvijek tehnologija 
u razvoju i da njezine prednosti uvelike ovise o pojedinom 
području primjene. Također je važno stvoriti odgovarajuću 
pravnu regulativu i nadzor kako bi se jamčila sigurnost, učin-
kovitost i etičnost u njezinu korištenju. 

Također je važno imati na umu sve moguće nedostatke 
pri stvaranju i korištenju sustava umjetne inteligencije u po-
dručju dentalne medicine, osigurati pravnu regulativu i nad-
zor kako bi se potencijalne negativne posljedice svele na mini-
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malnu razinu. I na kraju, važno je osigurati primjenu sustava 
umjetne inteligencije tako da bude stomatolozima i drugim 
stručnjacima potpora u radu, a nikako ne njihova zamjena.

Zaključak

Mogućnosti primjene umjetne inteligencije u medicini i 
dentalnoj medicini još se otkrivaju. Očekujemo, u godinama 
koje dolaze, revoluciju u zdravstvenoj skrbi zato što se sve vi-
še teži personaliziranoj zdravstvenoj skrbi koja će omogući-
ti mnogo bolje rezultate u usporedbi s trenutačnim stanjem. 
Glavna primjena umjetne inteligencije u medicini jest me-
dicinsko snimanje, dijagnostika i liječenje, otkriće lijekova i 
njihov razvoj, podrška kliničkome odlučivanju, nadziranje i 
praćenje kroničnih bolesti, prediktivna analiza i medicinska 
istraživanja. U dentalnoj medicini umjetna se inteligencija 
može primjenjivati u stomatološkom snimanju, dijagnostici 
i planiranju liječenja u ortodonciji, protetici, parodontologi-
ji, endodonciji i oralnoj patologiji te u dentalnom profilira-
nju u forenzičkoj stomatologiji. Umjetna inteligencija moć-
no je oruđe koje će omogućiti takav razvoj i napredak. To će 
u konačnici poboljšati zdravlje, podignuti razinu kvalitete ži-
vota i produljiti očekivani životni vijek. Unatoč tomu, treba 
uzeti u obzir i sve nedostatke umjetne inteligencije, osobito 
one etičke prirode. Države i pojedinci vrlo olako prihvaćaju 
prednosti umjetne inteligencije, ali vrlo sporo djeluju kad je 
riječ o izradi i primjeni pravila kojima je reguliraju. To se mo-
ra ispraviti prije nego što bude prekasno.
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Conclusions

The possibilities of applying artificial intelligence in med-
icine and dentistry are just being discovered. It is expected 
that there will be a revolution in healthcare in the coming 
years as there will be more and more efforts to provide per-
sonalized healthcare that will lead to much better outcomes. 
The main applications of artificial intelligence in medicine 
are: medical imaging, diagnosis and treatment, drug discov-
ery and development, clinical decision support, chronic dis-
ease monitoring and tracking, predictive analytics, and medi-
cal research. In dentistry, artificial intelligence can be used for 
dental imaging, diagnosis and treatment planning in ortho-
dontics, prosthodontics, periodontics, endodontics, oral pa-
thology, and also in forensic dentistry for dental profiling. Ar-
tificial intelligence will be a big part of this evolution as a tool 
that enables development and progress. This will ultimately 
lead to better health; will improve one’s quality of living, thus 
enabling longer life expectancy. Nevertheless, the shortcom-
ings of artificial intelligence should be taken into account, es-
pecially those of ethical nature. States and individuals very 
easily accept the benefits that artificial intelligence brings, but 
they are very slow to develop and implement the rules that 
regulate it. This must be changed before it is too late.
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Sažetak
Uvod: Umjetna inteligencija (UI) primjenjivala se u prošlosti u različitim područjima, no njezina inte-
gracija u svakodnevni život novija je pojava. Najprije se koristila uglavnom u akademskim i vladinim 
istraživačkim ustanovama, no kako je tehnologija napredovala, počela se primjenjivati u industriji, 
trgovini, medicini i stomatologiji. Cilj: Uzimajući u obzir ubrzani razvoj i širenje primjene umjetne in-
teligencije i zato što je to jedno od područja s najvećim rastom kad je riječ o broju objavljenih čla-
naka, svrha ovoga rada jest dati pregled literature i uvid u mogućnosti primjene umjetne inteligen-
cije u području medicine i stomatologije, osobito s naglaskom na prednosti i nedostatke. Zaključak: 
Mogućnosti primjene umjetne inteligencije u medicini i stomatologiji tek se otkrivaju. Umjetna inte-
ligencija važan je dio budućeg razvoja medicine i stomatologije jer je to oruđe koje osigurava razvoj 
i napredak, osobito kad je riječ o individualiziranoj zdravstvenoj skrbi koja obećava značajno pobolj-
šane ishode liječenja.

Zaprimljen: 2. veljače 2023.
Prihvaćen: 1. ožujka 2023.

Adresa za dopisivanje
Marin Vodanović
Zavod za dentalnu antropologiju,
Stomatološki fakultet,
Sveučilište u Zagrebu, 
Gundulićeva 5
10 000 Zagreb, Hrvatska
vodanovic@sfzg.hr

MeSH pojmovi: Umjetna inteligencija, 
medicina, precizna medicina, stoma-
tologija



w
w

w
.a

sc
ro

.h
r

Umjetna inteligencijaVodanović i sur. 81

References

1.	 Aspray WF. The Scientific Conceptualization of Information: A 
Survey. Ann Hist Comput. 1985 Apr;7(2):117–40. 

2.	 Teng X. Discussion About Artificial Intelligence’s Advantages and 
Disadvantages Compete with Natural Intelligence. J Phys Conf 
Ser. 2019 Apr;1187(3):032083. 

3.	 Kaplan A, Haenlein M. Siri, Siri, in my hand: Who’s the fairest in 
the land? On the interpretations, illustrations, and implications of 
artificial intelligence. Bus Horiz. 2019 Jan 1;62(1):15–25. 

4.	 Choi RY, Coyner AS, Kalpathy-Cramer J, Chiang MF, Campbell JP. 
Introduction to Machine Learning, Neural Networks, and Deep 
Learning. Transl Vis Sci Technol. 9(2):14. 

5.	 Haenlein M, Kaplan A. A Brief History of Artificial Intelligence: On 
the Past, Present, and Future of Artificial Intelligence. Calif Man-
age Rev. 2019 Jul 17;61:000812561986492. 

6.	 Putra RH, Doi C, Yoda N, Astuti ER, Sasaki K. Current applications 
and development of artificial intelligence for digital dental radiog-
raphy. Dentomaxillofacial Radiol. 2022 Jan 1;51(1):20210197. 

7.	 Bhosale S, Pujari V, Multani M. Advantages And Disadvantages 
Of Artificial Intellegence. Aayushi International Interdisciplinary 
Research Journal. 2020 Feb;77:227-30. 

8.	 Zhu D. Analysis of the Application of Artificial Intelligence in Col-
lege English Teaching. Conference: 2017 2nd International Con-
ference on Control, Automation and Artificial. 

9.	 Kumar N, Kharkwal N, Kohli R, Choudhary S. Ethical aspects and 
future of artificial intelligence. In: 2016 International Conference 
on Innovation and Challenges in Cyber Security (ICICCS-INBUSH). 
2016. p. 111–4. 

10.	 Bentley P, Brundage M, Häggström O, Metzinger T. Should we 
fear artificial intelligence? Brussels: European Parliament; 2018. 

11.	 Pesapane F, Bracchi DA, Mulligan JF, Linnikov A, Maslennikov O, 
Lanzavecchia MB, et al. Legal and Regulatory Framework for AI 
Solutions in Healthcare in EU, US, China, and Russia: New Sce-
narios after a Pandemic. Radiation. 2021 Dec;1(4):261–76. 

12.	 Bhattacharya S, Pradhan KB, Bashar MA, Tripathi S, Semwal J, 
Marzo RR, et al. Artificial intelligence enabled healthcare: A hype, 
hope or harm. J Fam Med Prim Care. 2019 Nov;8(11):3461–4. 

13.	 Jiang F, Jiang Y, Zhi H, Dong Y, Li H, Ma S, et al. Artificial intelli-
gence in healthcare: past, present and future. Stroke Vasc Neu-
rol. 2017 Dec;2(4):230–43. 

14.	 Ramesh AN, Kambhampati C, Monson JRT, Drew PJ. Artificial intel-
ligence in medicine. Ann R Coll Surg Engl. 2004 Sep;86(5):334–8. 

15.	 Noorbakhsh-Sabet N, Zand R, Zhang Y, Abedi V. Artificial Intel-
ligence Transforms the Future of Healthcare. Am J Med. 2019 
Jul;132(7):795–801. 

16.	 Handelman GS, Kok HK, Chandra RV, Razavi AH, Lee MJ, Asadi 
H. eDoctor: machine learning and the future of medicine. J Intern 
Med. 2018;284(6):603–19. 

17.	 Meskó B. The Real Era of the Art of Medicine Begins with Artificial 
Intelligence. J Med Internet Res. 2019 Nov 18;21(11):e16295. 

18.	 Bhatt P, Liu J, Gong Y, Wang J, Guo Y. Emerging Artificial Intel-
ligence–Empowered mHealth: Scoping Review. JMIR MHealth 
UHealth. 2022 Jun 9;10(6):e35053. 

19.	 Zhou LQ, Wang JY, Yu SY, Wu GG, Wei Q, Deng YB, et al. Artificial 
intelligence in medical imaging of the liver. World J Gastroenterol. 
2019 Feb 14;25(6):672–82. 

20.	 Zinchenko V, Chetverikov S, Akhmad E, Arzamasov K, Vladzymyr-
skyy A, Andreychenko A, et al. Changes in software as a medical 
device based on artificial intelligence technologies. Int J Comput 
Assist Radiol Surg. 2022;17(10):1969–77. 

21.	 Tan XJ, Cheor WL, Lim LL, Ab Rahman KS, Bakrin IH. Artificial Intel-
ligence (AI) in Breast Imaging: A Scientometric Umbrella Review. 
Diagnostics. 2022 Dec 9;12(12):3111. 

22.	 Seah J, Brady Z, Ewert K, Law M. Artificial intelligence in medi-
cal imaging: implications for patient radiation safety. Br J Radiol. 
2021 Oct 1;94(1126):20210406. 

23.	 Kröner PT, Engels MM, Glicksberg BS, Johnson KW, Mzaik O, 
van Hooft JE, et al. Artificial intelligence in gastroenterolo-
gy: A state-of-the-art review. World J Gastroenterol. 2021 Oct 
28;27(40):6794–824. 

24.	 Chen HY, Ge P, Liu JY, Qu JL, Bao F, Xu CM, et al. Artificial intelli-
gence: Emerging player in the diagnosis and treatment of diges-
tive disease. World J Gastroenterol. 2022 May 28;28(20):2152–
62. 

25.	 Mitsala A, Tsalikidis C, Pitiakoudis M, Simopoulos C, Tsar-
oucha AK. Artificial Intelligence in Colorectal Cancer Screen-

ing, Diagnosis and Treatment. A New Era. Curr Oncol. 2021 Apr 
23;28(3):1581–607. 

26.	 Chen Z, Lin L, Wu C, Li C, Xu R, Sun Y. Artificial intelligence for 
assisting cancer diagnosis and treatment in the era of precision 
medicine. Cancer Commun. 2021 Oct 6;41(11):1100–15. 

27.	 Bhinder B, Gilvary C, Madhukar NS, Elemento O. Artificial Intelli-
gence in Cancer Research and Precision Medicine. Cancer Discov. 
2021 Apr;11(4):900–15. 

28.	 Huang S, Yang J, Fong S, Zhao Q. Artificial intelligence in the di-
agnosis of COVID-19: challenges and perspectives. Int J Biol Sci. 
2021 Apr 10;17(6):1581–7. 

29.	 Yasmin F, Shah SMI, Naeem A, Shujauddin SM, Jabeen A, Kazmi S, 
et al. Artificial intelligence in the diagnosis and detection of heart 
failure: the past, present, and future. Rev Cardiovasc Med. 2021 
Dec 22;22(4):1095–113. 

30.	 Shimizu H, Nakayama KI. Artificial intelligence in oncology. Can-
cer Sci. 2020 May;111(5):1452–60. 

31.	 El-Kareh R, Sittig DF. Enhancing diagnosis through technology: 
Decision support, artificial intelligence, and beyond. Crit Care 
Clin. 2022 Jan;38(1):129–39. 

32.	 Du-Harpur X, Watt FM, Luscombe NM, Lynch MD. What is AI? Ap-
plications of artificial intelligence to dermatology. Br J Dermatol. 
2020 Sep;183(3):423–30. 

33.	 Gupta R, Srivastava D, Sahu M, Tiwari S, Ambasta RK, Kumar P. 
Artificial intelligence to deep learning: machine intelligence ap-
proach for drug discovery. Mol Divers. 2021;25(3):1315–60. 

34.	 Paul D, Sanap G, Shenoy S, Kalyane D, Kalia K, Tekade RK. Artifi-
cial intelligence in drug discovery and development. Drug Discov 
Today. 2021 Jan;26(1):80–93. 

35.	 Zhu H. Big Data and Artificial Intelligence Modeling for Drug Dis-
covery. Annu Rev Pharmacol Toxicol. 2020 Jan 6;60:573–89. 

36.	 Hessler G, Baringhaus KH. Artificial Intelligence in Drug Design. 
Mol J Synth Chem Nat Prod Chem. 2018 Oct 2;23(10):2520. 

37.	 Floresta G, Zagni C, Gentile D, Patamia V, Rescifina A. Artificial In-
telligence Technologies for COVID-19 De Novo Drug Design. Int J 
Mol Sci. 2022 Mar 17;23(6):3261. 

38.	 You Y, Lai X, Pan Y, Zheng H, Vera J, Liu S, et al. Artificial intelli-
gence in cancer target identification and drug discovery. Signal 
Transduct Target Ther. 2022 May 10;7:156. 

39.	 Garcia-Vidal C, Sanjuan G, Puerta-Alcalde P, Moreno-García E, So-
riano A. Artificial intelligence to support clinical decision-making 
processes. EBioMedicine. 2019 Jul 11;46:27–9. 

40.	 Magrabi F, Ammenwerth E, McNair JB, De Keizer NF, Hyppönen H, 
Nykänen P, et al. Artificial Intelligence in Clinical Decision Sup-
port: Challenges for Evaluating AI and Practical Implications. 
Yearb Med Inform. 2019 Aug;28(1):128–34. 

41.	 Montani S, Striani M. Artificial Intelligence in Clinical Decision 
Support: a Focused Literature Survey. Yearb Med Inform. 2019 
Aug;28(1):120–7. 

42.	 Jansson M, Rubio J, Gavaldà R, Rello J. Artificial Intelligence for 
clinical decision support in Critical Care, required and accelerated 
by COVID-19. Anaesth Crit Care Pain Med. 2020 Dec;39(6):691–3. 

43.	 Loftus TJ, Tighe PJ, Filiberto AC, Efron PA, Brakenridge SC, Mohr 
AM, et al. Artificial Intelligence and Surgical Decision-Making. JA-
MA Surg. 2020 Feb 1;155(2):148–58. 

44.	 Wang L, Chen X, Zhang L, Li L, Huang Y, Sun Y, et al. Artificial in-
telligence in clinical decision support systems for oncology. Int J 
Med Sci. 2023 Jan 1;20(1):79–86. 

45.	 Peiffer-Smadja N, Rawson TM, Ahmad R, Buchard A, Georgiou P, 
Lescure FX, et al. Machine learning for clinical decision support 
in infectious diseases: a narrative review of current applications. 
Clin Microbiol Infect. 2020 May 1;26(5):584–95. 

46.	 Ho D, Quake SR, McCabe ERB, Chng WJ, Chow EK, Ding X, et al. 
Enabling technologies for personalized and precision medicine. 
Trends Biotechnol. 2020 May;38(5):497–518. 

47.	 Rezayi S, R Niakan Kalhori S, Saeedi S. Effectiveness of Artificial 
Intelligence for Personalized Medicine in Neoplasms: A Systemat-
ic Review. BioMed Res Int. 2022 Apr 7;2022:7842566. 

48.	 Krittanawong C, Zhang H, Wang Z, Aydar M, Kitai T. Artificial In-
telligence in Precision Cardiovascular Medicine. J Am Coll Cardiol. 
2017 May 30;69(21):2657–64. 

49.	 Bonkhoff AK, Grefkes C. Precision medicine in stroke: towards 
personalized outcome predictions using artificial intelligence. 
Brain. 2021 Dec 16;145(2):457–75. 

50.	 Sánchez de la Nava AM, Atienza F, Bermejo J, Fernández-Avilés 



w
w

w
.a

sc
ro

.h
r

Artificial IntelligenceVodanović et al.82

F. Artificial intelligence for a personalized diagnosis and treat-
ment of atrial fibrillation. Am J Physiol-Heart Circ Physiol. 2021 
Apr;320(4):H1337–47. 

51.	 Xie Y, Lu L, Gao F, He S jiang, Zhao H juan, Fang Y, et al. Integra-
tion of Artificial Intelligence, Blockchain, and Wearable Technol-
ogy for Chronic Disease Management: A New Paradigm in Smart 
Healthcare. Curr Med Sci. 2021;41(6):1123–33. 

52.	 Thoenes M, Agarwal A, Grundmann D, Ferrero C, McDonald A, 
Bramlage P, et al. Narrative review of the role of artificial intelli-
gence to improve aortic valve disease management. J Thorac Dis. 
2021 Jan;13(1):396–404. 

53.	 Li X, Zhou HP, Zhou ZJ, Du N, Zhong EH, Zhai K, et al. Artificial 
intelligence-powered remote monitoring of patients with chron-
ic obstructive pulmonary disease. Chin Med J (Engl). 2021 Jul 
5;134(13):1546–8. 

54.	 Tsoi K, Yiu K, Lee H, Cheng H, Wang T, Tay J, et al. Applications of 
artificial intelligence for hypertension management. J Clin Hyper-
tens. 2021 Feb 3;23(3):568–74. 

55.	 Letourneau-Guillon L, Camirand D, Guilbert F, Forghani R. Arti-
ficial Intelligence Applications for Workflow, Process Optimiza-
tion and Predictive Analytics. Neuroimaging Clin N Am. 2020 Nov 
1;30(4):e1–15. 

56.	 Ravi D, Wong C, Deligianni F, Berthelot M, Andreu-Perez J, Lo B, et 
al. Deep Learning for Health Informatics. IEEE J Biomed Health In-
form. 2017 Jan;21(1):4–21. 

57.	 Benke K, Benke G. Artificial Intelligence and Big Data in Public 
Health. Int J Environ Res Public Health. 2018 Dec;15(12):2796. 

58.	 Lyu J, Cui W, Finkelstein J. Use of Artificial Intelligence for Predict-
ing COVID-19 Outcomes: A Scoping Review. Inform Technol Clin 
Care Public Health. 2022;317–20. 

59.	 Wesdorp NJ, Hellingman T, Jansma EP, van Waesberghe JHTM, 
Boellaard R, Punt CJA, et al. Advanced analytics and artificial in-
telligence in gastrointestinal cancer: a systematic review of ra-
diomics predicting response to treatment. Eur J Nucl Med Mol Im-
aging. 2021;48(6):1785–94. 

60.	 Ramkumar PN, Kunze KN, Haeberle HS, Karnuta JM, Luu BC, Nwa-
chukwu BU, et al. Clinical and Research Medical Applications of 
Artificial Intelligence. Arthroscopy [Internet]. 2020 Aug 21 [cit-
ed 2023 Jan 30]; Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC7441013/

61.	 Webb-Robertson BJM. Explainable Artificial Intelligence in Endo-
crinological Medical Research. J Clin Endocrinol Metab. 2021 May 
21;106(7):e2809–10. 

62.	 Hamamoto R. Application of Artificial Intelligence for Medical Re-
search. Biomolecules. 2021 Jan 12;11(1):90. 

63.	 Campbell JP, Lee AY, Abràmoff M, Keane PA, Ting DSW, Lum F, et 
al. Reporting Guidelines for Artificial Intelligence in Medical Re-
search. Ophthalmology. 2020 Dec;127(12):1596–9. 

64.	 Ellertsson S, Loftsson H, Sigurdsson EL. Artificial intelligence 
in the GPs office: a retrospective study on diagnostic accuracy. 
Scand J Prim Health Care. 39(4):448–58. 

65.	 Adlung L, Cohen Y, Mor U, Elinav E. Machine learning in clinical 
decision making. Med. 2021 Jun 11;2(6):642–65. 

66.	 Kenner BJ, Abrams ND, Chari ST, Field BF, Goldberg AE, Hoos 
WA, et al. Early Detection of Pancreatic Cancer. Pancreas. 2021 
Aug;50(7):916–22. 

67.	 Huang XM, Yang BF, Zheng WL, Liu Q, Xiao F, Ouyang PW, et al. 
Cost-effectiveness of artificial intelligence screening for diabet-
ic retinopathy in rural China. BMC Health Serv Res. 2022 Feb 
25;22:260. 

68.	 Hendrix N, Veenstra DL, Cheng M, Anderson NC, Verguet S. As-
sessing the Economic Value of Clinical Artificial Intelligence: Chal-
lenges and Opportunities. Value Health. 2022 Mar 1;25(3):331–
9. 

69.	 Zhou C, Hu J, Chen N. Remote Care Assistance in Emergency 
Department Based on Smart Medical. J Healthc Eng. 2021 Jun 
19;2021:9971960. 

70.	 Li JPO, Liu H, Ting DSJ, Jeon S, Chan RVP, Kim JE, et al. Digital tech-
nology, tele-medicine and artificial intelligence in ophthalmology: 
A global perspective. Prog Retin Eye Res. 2021 May;82:100900. 

71.	 Peters U. Algorithmic Political Bias  in Artificial Intelligence Sys-
tems. Philos Technol. 2022;35(2):25. 

72.	 Ostherr K. Artificial Intelligence and Medical Humanities. J Med 
Humanit. 2022;43(2):211–32. 

73.	 Felzmann H, Fosch-Villaronga E, Lutz C, Tamò-Larrieux A. Towards 
Transparency by Design for Artificial Intelligence. Sci Eng Ethics. 
2020;26(6):3333–61. 

74.	 Daneshjou R, Smith MP, Sun MD, Rotemberg V, Zou J. Lack of 
Transparency and Potential Bias in Artificial Intelligence Data 
Sets and Algorithms. JAMA Dermatol. 2021 Nov 1;157(11):1362–
9. 

75.	 Haibe-Kains B, Alexandru Adam G, Hosny A, Khodakarami F, Wal-
dron L, Wang B, et al. Transparency and reproducibility in artificial 
intelligence. Nature. 2020 Oct;586(7829):E14–6. 

76.	 Elliott D, Soifer E. AI Technologies, Privacy, and Security. Front Ar-
tif Intell. 2022 Apr 13;5:826737. 

77.	 Wang C, Zhang J, Lassi N, Zhang X. Privacy Protection in Using Ar-
tificial Intelligence for Healthcare: Chinese Regulation in Compar-
ative Perspective. Healthcare. 2022 Sep 27;10(10):1878. 

78.	 Wadhwa V, Alagappan M, Gonzalez A, Gupta K, Brown JRG, Co-
hen J, et al. Physician sentiment toward artificial intelligence (AI) 
in colonoscopic practice: a survey of US gastroenterologists. En-
dosc Int Open. 2020 Oct;8(10):E1379–84. 

79.	 Thompson JAF. Forms of explanation and understanding for 
neuroscience and artificial intelligence. J Neurophysiol. 2021 
Dec;126(6):1860–74. 

80.	 Bellini V, Cascella M, Cutugno F, Russo M, Lanza R, Compagnone 
C, et al. Understanding basic principles of artificial intelligence: 
a practical guide for intensivists. Acta Bio Medica Atenei Parm. 
2022;93(5):e2022297. 

81.	 Naik N, Hameed BMZ, Shetty DK, Swain D, Shah M, Paul R, et 
al. Legal and Ethical Consideration in Artificial Intelligence in 
Healthcare: Who Takes Responsibility? Front Surg. 2022 Mar 
14;9:862322. 

82.	 Arnold MH. Teasing out Artificial Intelligence in Medicine: An Ethi-
cal Critique of Artificial Intelligence and Machine Learning in Med-
icine. J Bioethical Inq. 2021;18(1):121–39. 

83.	 Chen N, Li Z, Tang B. Can digital skill protect against job dis-
placement risk caused by artificial intelligence? Empirical ev-
idence from 701 detailed occupations. PLOS ONE. 2022 Nov 
8;17(11):e0277280. 

84.	 Sarwar S, Dent A, Faust K, Richer M, Djuric U, Van Ommeren R, et 
al. Physician perspectives on integration of artificial intelligence 
into diagnostic pathology. NPJ Digit Med. 2019 Apr 26;2:28. 

85.	 Botwe BO, Antwi WK, Arkoh S, Akudjedu TN. Radiographers’ per-
spectives on the emerging integration of artificial intelligence in-
to diagnostic imaging: The Ghana study. J Med Radiat Sci. 2021 
Sep;68(3):260–8. 

86.	 Gao S, He L, Chen Y, Li D, Lai K. Public Perception of Artificial Intel-
ligence in Medical Care: Content Analysis of Social Media. J Med 
Internet Res. 2020 Jul 13;22(7):e16649. 

87.	 Yakar D, Ongena YP, Kwee TC, Haan M. Do People Favor Artificial 
Intelligence Over Physicians? A Survey Among the General Popu-
lation and Their View on Artificial Intelligence in Medicine. Value 
Health. 2022 Mar 1;25(3):374–81. 

88.	 Park S, Whang M. Empathy in Human–Robot Interaction: Design-
ing for Social Robots. Int J Environ Res Public Health. 2022 Feb 
8;19(3):1889. 

89.	 Im J, Kim JY, Yu HS, Lee KJ, Choi SH, Kim JH, et al. Accuracy and ef-
ficiency of automatic tooth segmentation in digital dental models 
using deep learning. Sci Rep. 2022 Jun 8;12:9429. 

90.	 Milošević D, Vodanović M, Galić I, SubašIć M. A Comprehensive 
Exploration of Neural Networks for Forensic Analysis of Adult Sin-
gle Tooth X-Ray Images. IEEE Access. 2022;10:70980–1002. 

91.	 Jae-Hong L. Identification and classification of dental implant sys-
tems using various deep learning-based convolutional neural net-
work architectures. Clin Oral Implants Res. 2019;30(S19):217–217. 

92.	 You W, Hao A, Li S, Wang Y, Xia B. Deep learning-based dental 
plaque detection on primary teeth: a comparison with clinical as-
sessments. BMC Oral Health. 2020 May 13;20:141. 

93.	 Kuwana R, Ariji Y, Fukuda M, Kise Y, Nozawa M, Kuwada C, et 
al. Performance of deep learning object detection technolo-
gy in the detection and diagnosis of maxillary sinus lesions on 
panoramic radiographs. Dentomaxillofacial Radiol. 2021 Jan 
1;50(1):20200171. 

94.	 Arık SÖ, Ibragimov B, Xing L. Fully automated quantitative ceph-
alometry using convolutional neural networks. J Med Imaging. 
2017 Jan;4(1):014501. 

95.	 Hiraiwa T, Ariji Y, Fukuda M, Kise Y, Nakata K, Katsumata A, et al. 
A deep-learning artificial intelligence system for assessment of 
root morphology of the mandibular first molar on panoramic radi-
ography. Dentomaxillofacial Radiol. 2018 Nov 9;48(3):20180218. 

96.	 Lian L, Zhu T, Zhu F, Zhu H. Deep Learning for Caries Detection 
and Classification. Diagnostics. 2021 Sep 13;11(9):1672. 



w
w

w
.a

sc
ro

.h
r

Umjetna inteligencijaVodanović i sur. 83

97.	 Ahmed N, Abbasi MS, Zuberi F, Qamar W, Halim MSB, Maqsood 
A, et al. Artificial Intelligence Techniques: Analysis, Application, 
and Outcome in Dentistry—A Systematic Review. BioMed Res Int. 
2021 Jun 22;2021:9751564. 

98.	 Schwendicke F, Samek W, Krois J. Artificial Intelligence in Dentist-
ry: Chances and Challenges. J Dent Res. 2020 Jul;99(7):769–74. 

99.	 Nguyen TT, Larrivée N, Lee A, Bilaniuk O, Durand R. Use of Artifi-
cial Intelligence in Dentistry: Current Clinical Trends and Research 
Advances. J Can Dent Assoc. 2021 May;87:l7. 

100.	Rodrigues JA, Krois J, Schwendicke F. Demystifying artificial intel-
ligence and deep learning in dentistry. Braz Oral Res [Internet]. 
2021 Aug 13 [cited 2023 Jan 30];35. Available from: http://www.
scielo.br/j/bor/a/HY5N3PdKRmjbg5ZQgfTPRYB/?lang=en

101.	Machoy ME, Szyszka-Sommerfeld L, Vegh A, Gedrange T, 
Woźniak K. The ways of using machine learning in dentistry. Adv 
Clin Exp Med Off Organ Wroclaw Med Univ. 2020 Mar;29(3):375–
84. 

102.	Kishimoto T, Goto T, Matsuda T, Iwawaki Y, Ichikawa T. Appli-
cation of artificial intelligence in the dental field: A literature re-
view. J Prosthodont Res. 2022;66(1):19–28. 

103.	Fatima A, Shafi I, Afzal H, Díez IDLT, Lourdes DRSM, Breñosa J, et 
al. Advancements in Dentistry with Artificial Intelligence: Current 
Clinical Applications and Future Perspectives. Healthcare. 2022 
Oct 31;10(11):2188. 

104.	Agrawal P, Nikhade P. Artificial Intelligence in Dentistry: Past, 
Present, and Future. Cureus. 14(7):e27405. 

105.	Park WJ, Park JB. History and application of artificial neural net-
works in dentistry. Eur J Dent. 2018;12(4):594–601. 

106.	Heo MS, Kim JE, Hwang JJ, Han SS, Kim JS, Yi WJ, et al. Arti-
ficial intelligence in oral and maxillofacial radiology: what 
is currently possible? Dentomaxillofacial Radiol. 2021 Mar 
1;50(3):20200375. 

107.	Kim SH, Kim KB, Choo H. New Frontier in Advanced Dentistry: 
CBCT, Intraoral Scanner, Sensors, and Artificial Intelligence in 
Dentistry. Sensors. 2022 Apr 12;22(8):2942. 

108.	Ezhov M, Gusarev M, Golitsyna M, Yates JM, Kushnerev E, Ta-
mimi D, et al. Clinically applicable artificial intelligence system 
for dental diagnosis with CBCT. Sci Rep. 2021 Jul 22;11:15006. 

109.	Khanagar SB, Al-Ehaideb A, Vishwanathaiah S, Maganur PC, Patil 
S, Naik S, et al. Scope and performance of artificial intelligence 
technology in orthodontic diagnosis, treatment planning, and 
clinical decision-making - A systematic review. J Dent Sci. 2021 
Jan;16(1):482–92. 

110.	Asiri AF, Altuwalah AS. The role of neural artificial intelligence for 
diagnosis and treatment planning in endodontics: A qualitative 
review. Saudi Dent J. 2022 May;34(4):270–81. 

111.	Kabir T, Lee CT, Chen L, Jiang X, Shams S. A comprehensive ar-
tificial intelligence framework for dental diagnosis and charting. 
BMC Oral Health. 2022 Nov 9;22:480. 

112.	Bayrakdar SK, Orhan K, Bayrakdar IS, Bilgir E, Ezhov M, Gusarev 
M, et al. A deep learning approach for dental implant planning in 
cone-beam computed tomography images. BMC Med Imaging. 
2021 May 19;21:86. 

113.	Bichu YM, Hansa I, Bichu AY, Premjani P, Flores-Mir C, Vaid NR. 
Applications of artificial intelligence and machine learning in or-
thodontics: a scoping review. Prog Orthod. 2021 Jul 5;22:18. 

114.	Liu J, Chen Y, Li S, Zhao Z, Wu Z. Machine learning in orthodon-
tics: Challenges and perspectives. Adv Clin Exp Med Off Organ 
Wroclaw Med Univ. 2021 Oct;30(10):1065–74. 

115.	Bernauer SA, Zitzmann NU, Joda T. The Use and Performance of 
Artificial Intelligence in Prosthodontics: A Systematic Review. 
Sensors. 2021 Oct 5;21(19):6628. 

116.	Singi SR, Sathe S, Reche AR, Sibal A, Mantri N. Extended Arm 
of Precision in Prosthodontics: Artificial Intelligence. Cureus. 
14(11):e30962. 

117.	Papantonopoulos G, Takahashi K, Bountis T, Loos BG. Artifi-
cial Neural Networks for the Diagnosis of Aggressive Periodon-
titis Trained by Immunologic Parameters. PLoS ONE. 2014 Mar 
6;9(3):e89757. 

118.	Halicek M, Lu G, Little JV, Wang X, Patel M, Griffith CC, et al. 
Deep convolutional neural networks for classifying head and 
neck cancer using hyperspectral imaging. J Biomed Opt. 2017 
Jun;22(6):060503. 

119.	Poedjiastoeti W, Suebnukarn S. Application of Convolutional 
Neural Network in the Diagnosis of Jaw Tumors. Healthc Inform 
Res. 2018 Jul;24(3):236. 

120.	Ilhan B, Lin K, Guneri P, Wilder-Smith P. Improving Oral Cancer 

Outcomes with Imaging and Artificial Intelligence. J Dent Res. 
2020 Mar;99(3):241–8. 

121.	Thurzo A, Kosnáčová HS, Kurilová V, Kosmeľ S, Beňuš R, Mora-
vanský N, et al. Use of Advanced Artificial Intelligence in Forensic 
Medicine, Forensic Anthropology and Clinical Anatomy. Health-
care. 2021 Nov 12;9(11):1545. 

122.	Mohammad N, Ahmad R, Kurniawan A, Mohd Yusof MYP. Appli-
cations of contemporary artificial intelligence technology in fo-
rensic odontology as primary forensic identifier: A scoping re-
view. Front Artif Intell. 2022 Dec 6;5:1049584. 

123.	Albernaz Neves J, Antunes-Ferreira N, Machado V, Botelho J, Pro-
ença L, Quintas A, et al. An Umbrella Review of the Evidence of 
Sex Determination Procedures in Forensic Dentistry. J Pers Med. 
2022 May 13;12(5):787. 

124.	Milošević D, Vodanović M, Galić I, Subašić M. Automated esti-
mation of chronological age from panoramic dental X-ray images 
using deep learning. Expert Syst Appl. 2022 Mar 1;189:116038. 

125.	Milošević D, Vodanović M, Galić I, Subašić M. Automated Sex As-
sessment of Individual Adult Tooth X-Ray Images. In: 2021 12th 
International Symposium on Image and Signal Processing and 
Analysis (ISPA). 2021. p. 72–7. 

126.	Brkić H, Škavić J, Strinović D. Postmortalna identifikacija tijela 
postignuta statusom zubala. Acta Stomatol Croat. 1994 Sep 
15;28(3):231–6. 

127.	Brkić H, Miličević M, Petrovečki M. Forenzično određivanje 
dentalne dobi kod odraslih. Acta Stomatol Croat. 2008 Sep 
15;42(3):267–72. 

128.	Banjšak L, Milošević D, Subašić M. Implementation of artificial 
intelligence in chronological age estimation from orthopantomo-
graphic X-ray images of archaeological skull remains. Bull Int As-
soc Paleodont. 2020 Dec 22;14(2):122–9. 

129.	Stavrianos C, Dietrich EM, Stavrianos I, Petalotis N. Zadaća sto-
matologa u slučaju velikih nesreća i bioterorizma. Acta Stomatol 
Croat. 2010 Jun 18;44(2):110–9. 

130.	Ahmad P, Alam MK, Aldajani A, Alahmari A, Alanazi A, Stoddart 
M, et al. Dental Robotics: A Disruptive Technology. Sensors. 
2021 May 11;21(10):3308. 

131.	Adel S, Zaher A, El Harouni N, Venugopal A, Premjani P, Vaid 
N. Robotic Applications in Orthodontics: Changing the Face 
of Contemporary Clinical Care. BioMed Res Int. 2021 Jun 
16;2021:9954615. 

132.	Cheng C, Yinan X, Zongxin X, Lei S, Yanan X, Yanli Y. Robotic and 
Microrobotic Tools for Dental Therapy. J Healthc Eng. 2022 Feb 
18;2022:3265462. 

133.	Kumar PR, Ravindranath KV, Srilatha V, Alobaoid MA, Kulkarni 
MM, Mathew T, et al. Analysis of Advances in Research Trends in 
Robotic and Digital Dentistry: An Original Research. J Pharm Bio-
allied Sci. 2022 Jul;14(Suppl 1):S185–7. 

134.	van Riet TCT, Chin Jen Sem KTH, Ho JPTF, Spijker R, Kober J, de 
Lange J. Robot technology in dentistry, part one of a system-
atic review: literature characteristics. Dent Mater. 2021 Aug 
1;37(8):1217–26. 

135.	Pithpornchaiyakul S, Naorungroj S, Pupong K, Hunsrisakhun J. 
Using a Chatbot as an Alternative Approach for In-Person Tooth-
brushing Training During the COVID-19 Pandemic: Comparative 
Study. J Med Internet Res. 2022 Oct 21;24(10):e39218. 

136.	Suárez A, Adanero A, Díaz-Flores García V, Freire Y, Algar J. Us-
ing a Virtual Patient via an Artificial Intelligence Chatbot to De-
velop Dental Students Diagnostic Skills. Int J Environ Res Public 
Health. 2022 Jul 18;19(14):8735. 

137.	Shetty V, Yamamoto J, Yale K. Re-architecting Oral Healthcare for 
the 21st Century. J Dent. 2018 Jul;74(Suppl 1):S10–4. 

138.	Nayyar N, Ojcius DM, Dugoni AA. The Role of Medicine and Tech-
nology in Shaping the Future of Oral Health. J Calif Dent Assoc. 
2020 Mar;48(3):127–30. 

139.	Khanagar SB, Al-ehaideb A, Maganur PC, Vishwanathaiah S, Pa-
til S, Baeshen HA, et al. Developments, application, and perfor-
mance of artificial intelligence in dentistry – A systematic review. 
J Dent Sci. 2021 Jan;16(1):508–22. 

140.	Revilla-León M, Gómez-Polo M, Vyas S, Barmak BA, Galluci GO, 
Att W, et al. Artificial intelligence applications in implant dentist-
ry: A systematic review. J Prosthet Dent [Internet]. 2021 Jun 15 
[cited 2023 Jan 30];0(0). Available from: https://www.thejpd.
org/article/S0022-3913(21)00272-9/fulltext

141.	Hung KF, Yeung AWK, Bornstein MM, Schwendicke F. Personal-
ized dental medicine, artificial intelligence, and their relevance 
for dentomaxillofacial imaging. Dentomaxillofacial Radiol. 2023 



w
w

w
.a

sc
ro

.h
r

Artificial IntelligenceVodanović et al.84

Jan;52(1):20220335. 
142.	Hegde S, Ajila V, Zhu W, Zeng C. Artificial intelligence in early 

diagnosis and prevention of oral cancer. Asia-Pac J Oncol Nurs. 
2022 Aug 24;9(12):100133. 

143.	Kim DW, Lee S, Kwon S, Nam W, Cha IH, Kim HJ. Deep learning-
based survival prediction of oral cancer patients. Sci Rep. 2019 
May 6;9:6994. 

144.	Reyes LT, Knorst JK, Ortiz FR, Ardenghi TM. Machine Learning in 
the Diagnosis and Prognostic Prediction of Dental Caries: A Sys-
tematic Review. Caries Res. 2022;56(3):161–70. 

145.	Huqh MZU, Abdullah JY, Wong LS, Jamayet NB, Alam MK, Rashid 
QF, et al. Clinical Applications of Artificial Intelligence and Ma-
chine Learning in Children with Cleft Lip and Palate—A System-
atic Review. Int J Environ Res Public Health [Internet]. 2022 Sep 
[cited 2023 Jan 30];19(17). Available from: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC9518587/

146.	Schwendicke F, Krois J. Data Dentistry: How Data Are Changing 
Clinical Care and Research. J Dent Res. 2022 Jan;101(1):21–9. 

147.	Schwendicke F, Rossi JG, Göstemeyer G, Elhennawy K, Cantu AG, 
Gaudin R, et al. Cost-effectiveness of Artificial Intelligence for 
Proximal Caries Detection. J Dent Res. 2021 Apr;100(4):369–76. 

148.	Kosan E, Krois J, Wingenfeld K, Deuter CE, Gaudin R, Schwen-
dicke F. Patients’ Perspectives on Artificial Intelligence in Den-
tistry: A Controlled Study. J Clin Med. 2022 Apr 12;11(8):2143. 

149.	Rischke R, Schneider L, Müller K, Samek W, Schwendicke F, Krois 
J. Federated Learning in Dentistry: Chances and Challenges. J 
Dent Res. 2022 Oct;101(11):1269–73. 

150.	Murphy K, Di Ruggiero E, Upshur R, Willison DJ, Malhotra N, Cai 
JC, et al. Artificial intelligence for good health: a scoping review 
of the ethics literature. BMC Med Ethics. 2021 Feb 15;22:14.


