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Antimicrobial effect of Sphilantes acmella on
Streptococcus mutans, Staphylococcus aureus,
Enterococcus faecalis and Candida albicans in oral cavity

Zoran Tambur’, Stevan Avramov'?, Ema Aleksi¢’, Anica Joksic¢', Uros Dimitrijevic',

Vladimir Bioc¢anin'

'University Business Academy in Novi Sad, Faculty of Stomatology, Pancevo, Serbia;
?University of Belgrade, National Institute of the Republic of Serbia, Sinisa Stankovic Institute for Biological Research,

Belgrade, Serbia

SUMMARY

Introduction Due to the increasing tolerance to antibiotics, the treatment of disorders of the microbial community in
the oral cavity represents a major challenge. An alternative substance that can partially or completely replace existing
antibacterial agents could be products derived from plants. Spilanthes acmella has been shown to be effective in the
treatment of diseases of the oral cavity. The aim of this study is to investigate the potential antimicrobial efficacy of the
plant Spilanthes acmella against Streptococcus mutans, Staphylococcus aureus, Enterococcus faecalis and Candida albicans,
which are frequently associated with diseases of the oral cavity, and to compare this effect with conventional therapies.
Material and methods Three groups of samples were analyzed: the flower heads, the leaves and the remaining aerial
parts (the stem and twigs).

Results The results showed that the flower extract showed no inhibitory effect on the bacteria tested. The extract
from the stem and twigs showed an inhibitory effect on Candida albicans. The leaf extract showed the best inhibitory
effect against Streptococcus mutans.

Conclusion Considering that chlorhexidine is the only solution with a proven antiplaque effect, we can conclude from
these results that the synergistic effect of these two solutions provides the best results in the chemical control of dental
plaque and could be part of the protocol in the prevention of both dental caries and periodontal disease in the future.

Keywords: plant extracts; antimicrobial activity; oral cavity; minimum inhibitory concentrations

INTRODUCTION

The human oral microbiome is an extremely complex and
extraordinary group of microorganisms that form diverse
associations in the mouth and harbor more than 700
species, including harmless symbionts, commensals and
opportunistic pathogens [1,2]. When the oral microbiome
is disturbed, dysbiosis occurs in which disease-promoting
bacteria gain the upper hand and cause oral diseases [3].
In addition, the role of the oral microbiome in a number
of non-oral diseases such as pancreatic cancer, diabetes
mellitus and endocarditis has been uncovered [4]. The
microorganisms that make up the oral microbiome are usu-
ally organized in biofilms, commonly referred to as dental
plaque. Oral pathogenic biofilms have been recognized as
a predisposing factor for various oral infections, including
dental caries, gingivitis, periodontitis and peri-implantitis
[5, 6]. Dental caries is considered the most prevalent in-
fectious disease in the world and one of the most frequent
oral diseases, affecting 60-90% of schoolchildren and the
vast majority of adults [7]. About 5-15% of the general
population is affected by severe periodontitis [8]. Disruption
of microbial community dynamics plays an important

role in the etiology of gingivitis and the development of
periodontitis [9].

Streptococcus mutans is considered to be the most im-
portant etiological factor in the development of dental
caries [10]. In the early stages of caries formation, the
combined action of enzymes released by Strep. mutans
(glucosyltransferase and fructosyltransferase) and the
adhesion-promoting substances (glucans) secreted by
Candida albicans form cariogenic plaque biofilms on
tooth surfaces. This provides habitats for the growth of
the etiological bacteria [11, 12]. Of particular concern is
the observation that there are strains of Strep. mutans that
are resistant to various antibiotics and also to the presence
of fluoride [13, 14].

Staphylococcus aureus is the most pathogenic member
of the genus and the causative agent of a variety of diseases
ranging from superficial skin abscesses and food poisoning
to life-threatening conditions such as bacteremia, necrotic
pneumonia in children and endocarditis [15]. Staph. aureus
is thought to benefit from the presence of C. albicans in
the oral cavity [16, 17]. The formation of such a specific
microbial community associates Staph. aureus with several
risks, such as the development of oral diseases (e.g. caries,
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halitosis, periodontitis, oral cancer, systemic infections),
and may even influence the progression of several systemic
diseases such as osteoporosis, atherosclerosis, diabetes,
cardiovascular disease and ischemic cardiomyopathy [18].
The widespread use of prophylactic antibiotics in dentistry
has been associated with the emergence of antibiotic re-
sistance in several commensal microorganisms, including
Staph. aureus [19].

Enterococcus faecalis is a facultative anaerobic gram-pos-
itive bacterium in the human oral cavity that is mainly
responsible for various oral pathologies, in particular
dental caries, dental abscesses, periodontal infections,
apical periodontitis and persistent endodontic infections
[20]. The ability of E. faecalis to grow as a biofilm on the
walls of root canals and as a monoinfection in treated
canals without synergistic support from other bacteria
leads to a high resistance to antimicrobial agents [21,22].
Clinical isolates of E. faecalis recovered from root canal
and periodontal infections may exhibit antimicrobial
resistance to conventional treatments recommended for
dental procedures [23].

The opportunistic pathogen Candida albicans is the
most frequently isolated fungus in oral infections [24].
The results of the meta-analysis by Edit et al. [25] indicate
that individuals with the presence of Candida spp. have a
higher prevalence of dental caries than individuals without
these microorganisms in the oral cavity. The presence of C.
albicans in the oral cavity has been associated with other
oral diseases, such as denture stomatitis, oral cancer as
well as the failure of endodontic treatments [26, 27, 28].
Over the past two decades, conventional antimicrobials
have proven increasingly ineffective in controlling C.
albicans [4, 29, 30].

Chlorhexidine is the most popular and widely accepted
oral antibacterial agent and is considered the gold stan-
dard [31]. However, it cannot be used long-term as it has
various side effects, such as brown discoloration, taste
disturbances, oral mucosal lesions, parotid gland swelling,
increased supragingival plaque formation and sometimes
an unacceptable taste [32, 33]. Another problem with the
use of chlorhexidine is the development of antimicrobial
resistance, which is a serious adverse effect [34, 35].

Due to these side effects, it is important to find an alter-
native substance that can partially or completely replace
the existing antibacterial agents. One of the ways to find
new promising drugs is to thoroughly investigate herbs
and herbal remedies used in the traditional medicine of
different countries [36, 37, 38].

One of these herbs is Spilanthes acmella L., which is
native to Brazil and Peru, but can be introduced as an an-
nual plant in continental climates. This herb is popularly
known as a toothache plant as it has an anesthetic effect
when the leaves and flowers are chewed [39].S. acmella is
an herb with ascending, cylindrical, hairy stems that grows
up to 40-60 cm tall and belongs to the Asteraceae family.
Plant extracts, formulations and bioactive ingredients of
Spilanthes species have been shown to have a wide range
of potential applications in the pharmaceutical industry
[40]. S. acmella has been shown to be effective in tradi-
tional medicine for the treatment of rheumatism, fever and

influenza, tuberculosis, rabies, malaria and scurvy [41].
It has antinociceptive, antimicrobial, anti-inflammatory,
anesthetic, analgesic, antifungal, antimutagenic, diuretic
and immunostimulant effects [42,43,44]. It has also been
shown to be effective in the treatment of diseases of the
oral cavity such as dentalgia, periodontitis and ulcers of
the oral mucosa [40, 45]. Alkamides are considered the
predominant phytochemicals in the genus Spilanthes and
the most important alkamide found is spilanthol. Despite
numerous studies on the biological significance of this me-
tabolite, there are only a few commercial spilanthol-based
products for pharmacological purposes [46].

The aim of this study is to investigate the potential
antimicrobial efficacy of the flower heads, the leaves and
the stem and twigs of the S. acmella plant against typical
infectious pathogens in the human oral cavity: Strep. mutans,
Staph. aureus, E. faecalis and C. albicans. This study will
also analyze the comparison with conventional therapies
(chlorhexidine). Given the origin of this plant and its limited
distribution, such studies have not yet been carried out in
European countries as far as we know.

METHODS
Plant material and preparation of the extract

The plant material was obtained in July 2023 from S. ac-
mella plants grown from seed (Tuinzaden.eu, Weesperstraat
94d, 1112AP Dieme, The Netherlands). Three different
groups of samples were analyzed. The first consisted of
the flower heads, the second of the leaves and the third of
the remaining aerial parts (the stem and twigs). All parts
of the plant material that were torn, crumpled and with
dark edges were removed.

The plant parts were thoroughly washed under running
tap water. The raw materials were disinfected by immersion
in a solution containing 100 ppm (mg/L) of free residual
chlorine for 10 minutes [47]. The final rinse was done with
distilled water. The fresh samples were dried in an oven
at 50°C to remove all water. To obtain a fine and homoge-
neous powder, the dried mass of flower heads, leaves and
remaining aerial parts were macerated separately with
liquid nitrogen and a porcelain pestle and mortar. These
extracts obtained by maceration were dissolved in meth-
anol (HPLC grade, Merck) (1:20) at room temperature.
The S. acmella plant material was then left in the bath
sonicator for ten minutes. The methanolic extract was then
centrifuged for 15 minutes at 5000 rpm in a refrigerated
centrifuge (Sigma 4K 15C, Sigma Laborzentrifugen GmbH
Osterode am Harz, Germany). The centrifuged aliquot
(supernatant) was collected. The residue was centrifuged
again in a methanol solution to obtain a larger amount of
the extract. The residue was then discarded and the entire
methanolic solution was collected and filtered. The solutions
were concentrated to dryness under reduced pressure in a
rotary evaporator (Buchi Rotavapor, Flawil, Switzerland).
The vials containing the extracts were wrapped in alumi-
num foil and stored in a freezer at -30°C until analysis of
potential antimicrobial activity.



Microorganisms used in research

The strains tested were gram-positive facultative anaerobes
Strep. mutans ATCC 25175, E. faecalis ATCC 14506, Staph.
aureus ATCC 25923 and C. albicans ATCC 10231, which
were cultured in the presence of oxygen. All strains were
grown overnight at 37 °C in Miller-Hinton broth (HiMedia,
Mumbai, Maharashtra, India) with a standard pH of 7.4
for this broth.

Determination of minimum inhibitory
concentrations

The method used to evaluate the antimicrobial activity
was the minimum inhibitory concentration (MIC) by the
tryptic soy agar dilution method (EUCAST, 2024) [48].
During the cooling of the substrate before it hardens, plant
extracts are added in the appropriate concentration. Serial
dilutions of the plant extracts were prepared in plates with
concentrations of 6.25,12.5,25,50, 100,200 and 400 pg/ml.
The MIC was defined as the lowest concentration of the
extract that caused no visible bacterial growth compared
to the control growth.

There was no intra-observer variation as the investi-
gator inoculating the media for the antimicrobial activity
test obtained identical results for three measurements at
three time points.

Table 1. Determination of the minimum inhibitory concentrations
of chlorhexidine and extracts from flower heads of S. acmella plants
for Streptococcus mutans, Enterococcus faecalis, Staphylococcus au-
reus and Candida albicans

+ growth of microorganisms;

- inhibition of the growth of microorganisms

Tabela 1. Odredivanje minimalnih inhibitornih koncentracija hlor-
heksidina i ekstrakta iz cvasti biljaka S. acmella za Streptococcus mu-
tans, Enterococcus faecalis, Staphilococcus aureus i Candida albicans
+ rast mikroorganizama;

- inhibicija rasta mikroorganizama
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The comparison was made with a standard solution of
0.12% chlorhexidine (Galenika, Zemun, Belgrade, Serbia).
Serial dilutions of chlorhexidine were prepared in plates with
concentrations of 6.25,12.5, 25,50, 100,200 and 400 pl/ml.

RESULTS

The effect of different concentrations of chlorhexidine was
investigated on four types of microorganisms. Chlorhexidine
had an inhibitory effect on the tested strains of all three
types of bacteria (Strep. mutans, E. faecalis and Staph. au-
reus) as well as on C. albicans. The inhibitory effects were
achieved even at the lowest chlorhexidine concentration
used (6.25 pg/mL). The extract from the flowerheads of S.
acmella showed no inhibitory effect on C. albicans in our
experiment in all tested concentrations (Table 1). We found
that the extract from the stem and twigs of S. acmella had
an inhibitory effect on C. albicans at 50 pg/mL as well as
at higher concentrations (Table 2).

The leaf extract of S. acmella showed a highly effective
inhibitory activity against the bacterium Strep. mutans
(MIC = 6.3 pg/mL) (Table 2).

In our study, we found no significant effect of S. acmella
extract on E. faecalis. The flower of S. acmella showed no
inhibitory effect on the tested bacteria - MIC > 400 pg/mL
(Table 1 and Table 2). Our studies did not confirm any
significant effect of S. acmella extracts on S. aureus (Table
1 and Table 2).

Table 2. Determination of the minimum inhibitory concentrations
of extracts from stems, twigs and leaves of S. acmella plants for
Streptococcus mutans, Enterococcus faecalis, Staphylococcus aureus
and Candida albicans. + growth of microorganisms; - inhibition of
the growth of microorganisms

Tabela 2. Odredivanje minimalnih inhibitornih koncentracija ek-
strakata iz stabljika, grancica i listova biljaka S. acmella za Strepto-
coccus mutans, Enterococcus faecalis, Staphilococcus aureus i Can-
dida albicans

+ rast mikroorganizama;

- inhibicija rasta mikroorganizama

3 P g 3 p g

g £ .2 e | 2% se |82 |23 |2

s g ¥ 22 =2 2§ 3¢ |22

& E it A= U A E P H ® U

Chlorhexidine / Hlorheksidin S. acmella stem and twigs / S. acmella stabljike i grancice
400 pg/mL - - - - 400 pg/mL + + + -
200 pg/mL - - - - 200 pg/mL + + + -
100 pg/mL - - - - 100 pg/mL + + + -
50 ug/mL - - - - 50 ug/mL + + + -
25 pg/mL - - - - 25 pg/mL + + + +
12.5 ug/mL - - - - 12.5 pg/mL + + +
6.25 ug/mL - - - - 6.25 ug/mL + + + +
S. acmella flowerheads / S. acmella cvasti S. acmella leaves / S. acmella listovi

400 pg/mL + + + + 400 pg/mL - + + +
200 pg/mL + + + + 200 pg/mL - + + +
100 pg/mL + + + + 100 pg/mL - + + +
50 ug/mL + + + + 50 ug/mL - + + +
25 pg/mL + + + + 25 pg/mL - + + +
12.5 pg/mL + + + + 12.5 pg/mL - + + +
6.25 ug/mL + + + + 6.25 ug/mL - + + +
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DISCUSSION

The increasing resistance of pathogens to conventional
antibiotics and the undesirable side effects of existing ther-
apies have made traditional medicinal plants an attractive
source for screening for antimicrobial agents. In line with
these efforts, the present study aimed to investigate the an-
timicrobial activities of crude methanolic extracts of above
ground parts of S. acmella against four important dental
pathogens: Strep. mutans, E. faecalis, Staph. aureus and C.
albicans. The aim was also to compare these herbal effects
with conventional therapies using chlorhexidine. Numerous
studies have already investigated the antibacterial effect
of S. acmella, but they often lead to contradictory results.

A significant antimicrobial effect of chlorhexidine
observed in our study was also reported by Balagopal and
Arjunkumar [32], Leyes Borrajo et al. [49] and Jiang et al.
[50]. Brookes et al. [35] also cite several studies in their
meta-analysis confirming that chlorhexidine is a potent
antimicrobial agent. The antifungal effects of chlorhex-
idine relate to the prevention of biofilm formation [35]
and disruption of the structure or cell membrane of C.
albicans [50]. Although chlorhexidine gluconate is often
used to reduce and inhibit biofilm formation, it has some
disadvantages. For example, it has some negative effects
on the tissues of the oral cavity and also contributes to
some negative systemic changes [33, 51]. There is also
evidence that some populations of C. albicans may persist
after the application of chlorhexidine and form a multi-
tolerant subpopulation, which may reduce the efticacy of
chlorhexidine over time [52]. In these cases, the combined
effect of chlorhexidine with some other substances can be
of great help. Since the extract from the aerial parts of S.
acmella has been shown to have an inhibitory effect on C.
albicans even at low concentrations, we can conclude that
it could be a good adjuvant in the treatment of candidiasis,
especially when resistant strains are suspected to be pres-
ent. This is of particular importance as, to our knowledge,
no antifungal resistance to spilanthol, the main bioactive
metabolite of S. acmella, has been demonstrated.

It has been described that Strep. mutans communicates
closely with C. albicans in a complex bidirectional inter-
action that is involved in biofilm formation [53]. Several
reports have shown that the dental microbiome is not only
responsible for major disease outbreaks in the oral cavity,
but may also play a role in systemic disease [54, 55]. These
findings make the control of oral microorganisms an im-
portant issue. In this context, the biofilm in dental plaque
is a major obstacle to such control as it protects pathogenic
bacteria from antibiotics [56, 57]. Since the prevention of
biofilm formation is centered on the eradication of Strep.
mutans, it is important to have effective means to control
the presence of this bacterium in the oral cavity. The highly
effective bactericidal effect that the extract of S. acmella
has on Strep. mutans offers the possibility of using this
plant as an independent or additional medicinal agent
that does not have the negative side effects observed with
conventional agents [58].

The persistence of E. faecalis is problematic for endodon-
tic treatment and new effective antimicrobial agents are

clearly needed [59]. Regarding the efficacy of S. acmella
against this bacteria, different results have been reported.
For example, in contrast to our results, Sathyaprasad et
al. [60] observed that extracts from the flower heads of S.
acmella exhibited a statistically broader zone of inhibition
compared to Ca(OH)2. Dube et al. [61] investigated the
antibacterial efficacy of Spilanthes calva De Candolle against
E. faecalis. From this in vitro study, it was concluded that
the differences in efficacy between the root extracts and
the commonly used root canal irrigants depended on the
concentration of the herbal extracts [61]. The differences
between the results may be caused by non-standardized
conditions for plant cultivation as well as different condi-
tions for the preparation of the plant material or chemical
extraction methods.

Staph. aureus is a common gram-positive bacterium in
the human mucosal microbiota [62], which is strongly asso-
ciated with biofilm-related infections [63]. The established
biofilms of Staph. aureus is highly tolerant to common
antimicrobial treatments [64, 65]. Jahan et al. [66] and
Thakur et al. [67] found a significant bactericidal effect of
the aerial parts of S. acmella. Although our results showed
no direct effect of S. acmella extract on Staph. aureus, the
possible indirect effect through its action on C. albicans
could be of importance. When oral immunity is weakened
(diabetes mellitus, HIV, cancer, use of corticosteroids, etc.),
oropharyngeal candidiasis may develop, overcoming the
oral epithelial barrier. If Staph. aureus is also present; it can
invade together with C. albicans and utilize the phagocytes
present in the tissue to spread to the draining lymph nodes
[68]. Thus, by suppressing the development of candidiasis,
S. acmella extract may reduce the likelihood of some of the
harmful effects of Staph. aureus as well as E. faecalis and
some other bacteria capable for bloodstream infections.

These results justify the use of S. acmella for the treat-
ment of various infectious oral diseases caused by the
investigated microorganisms. The results of the present
work are preliminary and further investigations are required
to determine the actual nature of the bioactive compounds
which may be present in the different parts of the plant.
The in vitro observations of the herbal products seem
promising, but preclinical and clinical studies are needed
to evaluate the biocompatibility and safety factor before
they can be conclusively recommended as antimicrobial
solutions and drugs. By analyzing the potential mechanism
of action and comparing it with conventional therapies,
we hope to further explore the potential of S. acmella as
a valuable addition to the antimicrobial armamentarium.
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SAZETAK

Uvod Zbog sve vece tolerancije mikroorganizama na antibiotike, lecenje poremecaja mikrobne zajednice u usnoj duplji predstavlja
veliki izazov. Alternativne supstance koje mogu delimicno ili potpuno zameniti postojece antibakterijske agense mogu biti proizvodi
dobijeni od biljaka. Spilanthes acmella pokazala se efikasnom u lecenju bolesti usne duplje.

Cilj ovog istrazivanja bio je da se ispita potencijalna antimikrobna efikasnost biljke Spilanthes acmella protiv Streptococcus mutans,
Staphylococcus aureus, Enterococcus faecalis i Candida albicans, mikroorganizama koji se Cesto povezuju sa oboljenjima usne duplje,
kao i da se ovaj efekat uporedi sa konvencionalnim terapijama.

Materijal i metode Analizirane su tri grupe uzoraka: cvetne glavice, listovi i preostali nadzemni delovi (stabljika i grancice).
Rezultati Rezultati su pokazali da ekstrakt cveta nije ispoljio inhibitorni efekat na testirane bakterije. Ekstrakt iz stabljike i grancica
pokazao je inhibitorni efekat na Candida albicans. Ekstrakt lista pokazao je najbolji inhibitorni efekat protiv Streptococcus mutans.
Zakljucak S obzirom na to da je hlorheksidin jedino sredstvo sa dokazanim antiplak efektom, iz dobijenih rezultata moze se zakljuditi
da sinergisticki efekat ova dva rastvora daje najbolje rezultate u hemijskoj kontroli zubnog plaka i moze biti deo protokola za pre-

venciju kako zubnog karijesa, tako i parodontalnih bolesti u budu¢nosti.
Kljucne reci: biljni ekstrakti; antimikrobna aktivnost; usna duplja; minimalna inhibitorna koncentracija

uvoD

Ljudski oralni mikrobiom je izuzetno slozena grupa mikroor-
ganizama koji formiraju razli¢ite veze u ustima i sadrze vise od
700 vrsta, uklju¢ujuci bezopasne simbionte, komensale i opor-
tunisticke patogene [1, 2]. Kada je oralni mikrobiom poreme-
¢en, dolazi do disbioze u kojoj patogene bakterije preuzimaju
prevlast i izazivaju oralne bolesti [3]. Pored toga, otkrivena je
uloga oralnog mikrobioma u brojnim neoralnim bolestima,
kao $to su rak pankreasa, dijabetes melitus i endokarditis [4].
Mikroorganizmi koji ¢ine oralni mikrobiom obi¢no su orga-
nizovani u biofilm, koji se naziva zubni plak. Oralni patogeni
biofilma su prepoznati kao predisponiraju¢i faktor za razlicite
oralne infekcije, uklju¢ujuéi karijes, gingivitis, parodontitis i pe-
riimplantitis [5, 6]. Zubni karijes se smatra najrasprostranjeni-
jom zaraznom bole$¢u u svetu i jednom od najces¢ih oralnih
bolesti, koja pogada 60-90% $kolske dece i veliku ve¢inu odra-
slih osoba [7]. Teskim parodontitisom pogodeno je 5-15% opste
populacije [8]. Poreme¢aj dinamike mikrobne zajednice igra
vaznu ulogu u etiologiji gingivitisa i nastanku parodontitisa [9].
Streptococcus mutans se smatra najvaznijim etioloskim fakto-
rom u nastanku karijesa zuba [10]. U ranim fazama formiranja
karijesa, kombinovano delovanje enzima koje oslobada Strep.
mutans (glukoziltransferaza i fruktoziltransferaza) i supstance
koje podsti¢u adheziju (glukani) koje sintetise Candida albicans
formiraju biofilm kariogenog plaka na povrsini zuba. Time se
stvaraju uslovi za rast etioloskih bakterija [11, 12]. Posebno je
zabrinjavajuce postojanje sojeva Strep. mutans koji su otporni na
razli¢ite antibiotike, kao i na prisustvo fluora [13, 14].
Staphylococcus aureus je najpatogeniji ¢lan roda i uzro¢énik
raznih bolesti — od povrsinskih apscesa koze i trovanja hranom
do stanja opasnih po Zivot kao $to su bakteremija, nekroti¢na
pneumonija kod dece i endokarditis [15]. Staph. aureus ima ko-
risti od prisustva C. albicans u usnoj duplji [16, 17]. Formiranje

takve specifi¢ne mikrobne zajednice povezuje Staph. aureus sa
nekoliko rizika, kao $to je razvoj oralnih bolesti (npr. karijes,
halitoza, parodontitis, oralni karcinom, sistemske infekcije), a
moze uticati i na progresiju nekih sistemskih bolesti kao $to su
osteoporoza, ateroskleroza, dijabetes, kardiovaskularne bolesti i
ishemijska kardiomiopatija [18]. Siroka upotreba profilakti¢kih
antibiotika u stomatologiji povezana je sa pojavom rezistencije
na antibiotike kod nekoliko komensalnih mikroorganizama,
ukljuéujuéi Staph. aureus [19].

Enterococcus faecalis je fakultativna anaerobna, gram-pozi-
tivna bakterija u usnoj duplji koja je uglavnom odgovorna za
razli¢ite oralne patologije, posebno zubni karijes, zubne apscese,
parodontalne infekcije, apikalni parodontitis i perzistentne en-
dodontske infekeije [20]. Sposobnost E. faecalis da formira bio-
film na zidovima kanala korena zuba i to kao monoinfekcija u
tretiranim kanalima, bez sinergisticke podrske drugih bakterija,
dovodi do visoke rezistencije na antimikrobne agense [21, 22].
Klini¢ki izolati E. faecalis dobijeni iz inficiranih kanala korena
zuba kao i parodontalne infekcije mogu pokazati antimikrobnu
rezistenciju na konvencionalne tretmane preporucene za sto-
matoloske procedure [23].

Oportunisti¢ki patogen C. albicans je naj¢e$ée izolovana
gljiva u oralnim infekcijama [24]. Rezultati metaanalize Edit
i saradnika [25] ukazuju da osobe sa prisustvom Candida spp.
u usnoj duplji imaju ve¢u prevalenciju zubnog karijesa nego
osobe bez ovih mikroorganizama. Prisustvo C. albicans u usnoj
duplji je povezano sa drugim oralnim oboljenjima, kao $to su
stomatitis proteza, oralni karcinom, kao i neuspesna endodont-
ska le¢enja [26,27,28]. Tokom poslednje dve decenije, konven-
cionalni antimikrobni lekovi pokazuju se kao sve neefikasniji u
kontroli C. albicans [4, 29, 30].

Hlorheksidin je najcesce kori$¢en i Siroko prihvacen oralni
antibakterijski agens i smatra se zlatnim standardom [31]. Ipak,
njegova dugotrajna upotreba nije preporucljiva zbog brojnih
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neZeljenih efekata: bojenje zuba u smedu boju, poremeéaj ¢ula
ukusa, lezije oralne sluzokoze, oticanje parotidnih zlezda, pove-
¢ano formiranje supragingivalnog plaka i ponekad neprijatan
ukus [32, 33]. Drugi problem sa upotrebom hlorheksidina je
razvoj antimikrobne rezistencije, $to predstavlja ozbiljan neze-
ljeni efekat [34, 35].

Zbog ovih nezeljenih efekata, vazno je pronaci alternativne
supstance koje mogu delimi¢no ili potpuno zameniti postojece
antibakterijske agense. Jedan od nacina za pronalazenje novih
obecavajucih lekova je temeljno istrazivanje biljaka i biljnih le-
kova koji se koriste u tradicionalnoj medicini razlicitih zemalja
(36,37, 38].

Jedna od ovih biljaka je Spilanthes acmella L., poreklom iz
Brazila i Perua, koja se moze gajiti kao jednogodisnja biljka u
kontinentalnoj klimi. Ova biljka je u narodu poznata kao biljka
protiv zubobolje jer ima anesteticki efekat kada se Zvacu listovi
i cvetovi [39]. S. acmella je biljka sa uzlaznim, cilindri¢nim,
dlakavim stabljikama koja naraste 40-60 cm visine i pripada
porodici Asteraceae. Pokazalo se da biljni ekstrakti i bioaktivni
sastojci vrsta roda Spilanthes imaju Sirok spektar potencijalnih
primena u farmaceutskoj industriji [40]. S. acmella se pokazala
efikasnom u tradicionalnoj medicini za le¢enje reumatizma,
groznice i gripa, tuberkuloze, besnila, malarije i skorbuta [41].
Ima antinociceptivna, antimikrobna, antiinflamatorna, ane-
steti¢ka, analgeticka, antifungalna, antimutagena, diureticka
i imunostimulativna dejstva [42, 43, 44]. Takode se pokazala
efikasnom u lec¢enju bolesti usne duplje, kao $to su dentalne bo-
lesti, parodontitis i ¢irevi na oralnoj sluzokozi [40,45]. Alkamidi
se smatraju dominantnim fitokemikalijama u rodu Spilanthes,
a najvazniji pronadeni alkamid je spilantol. Uprkos brojnim
studijama o bioloskom znacaju ovog metabolita, postoji samo
nekoliko komercijalnih proizvoda na bazi spilantola za farma-
koloske svrhe [46].

Cilj ove studije je da se ispita potencijalna antimikrobna
efikasnost cvetova, listova, stabljike i grancica biljke S. acmella
protiv ¢estih infektivnih patogena u usnoj duplji coveka: Strep.
mutans, Staph. aureus, E. faecalis i C. albicans. U ovoj studiji ¢e
se takode porediti efekti biljnog ekstrakta sa efektima konven-
cionalne terapije hlorheksidinom. S obzirom na poreklo ove
biljke i njenu ogranicenu rasprostranjenost, ovakva istrazivanja,
koliko nam je poznato, jo$ uvek nisu sprovedena u evropskim
zemljama.

METODE
Biljni materijal i priprema ekstrakta

Biljni materijal je dobijen u julu 2023. od biljaka S. acmella uz-
gojenih iz semena (Tuinzaden.eu, Veesperstraat 94d, 1112AP
Dieme, Holandija). Analizirane su tri razli¢ite grupe uzoraka.
Prvi se sastojao od glavicastih cvasti, drugi od listova, a tre¢i od
preostalih nadzemnih delova (stabljika i grancice). Uklonjeni
su svi delovi biljnog materijala koji su bili pocepani, zguzvani
ili tamnih ivica.

Kori$¢eni delovi biljaka su temeljno oprani pod teku¢om
vodom. Materijal je dezinfikovan uranjanjem u rastvor koji sa-
dr7i 100 ppm (mg/L) slobodnog hlora tokom deset minuta [47].
Zavrsno ispiranje je obavljeno destilovanom vodom. Svezi uzor-
ci su suseni u pe¢nici na 50 °C kako bi se uklonila voda. Da bi se

dobio fini i homogeni prah, osuSena masa cvasti, listova i preo-
stalih nadzemnih delova odvojeno su usitnjavani kori$¢enjem
tecnog azota u porcelanskom avanu. Ekstrakti dobijeni usitnja-
vanjem rastvoreni su u metanolu (HPLC kvaliteta, Merck) (1 :
20) na sobnoj temperaturi. Biljni materijal S. acmella je zatim
tretiran u sonifikatoru deset minuta. Metanolni ekstrakt je za-
tim centrifugiran 15 minuta na 5000 rpm u hladenoj centrifugi
(Sigma 4K 15C, Sigma Laborzentrifugen GmbH Osterode am
Harz, Nemacka). Centrifugirani supernatant je sakupljen, a osta-
tak je ponovo centrifugiran u rastvoru metanola da bi se dobila
veca koli¢ina ekstrakta. Preostali deo je zatim odbacen, a ceo
metanolni rastvor je sakupljen i filtriran. Rastvori su koncentro-
vani do suve mase pod snizenim pritiskom u rotacionom ispari-
vacu (Buchi Rotavapor, Flavil, Svajcarska). Bocice sa ekstraktima
su umotane u aluminijumsku foliju i ¢uvane u zamrzivacu na
-30 °C do analize potencijalne antimikrobne aktivnosti.

Mikroorganizmi koji se koriste u istrazivanju

Testirani sojevi su bili gram-pozitivni fakultativni anaerobi:
Strep. mutans ATCC 25175, E. faecalis ATCC 14506, Staph. au-
reus ATCC 25923 i C. albicans ATCC 10231, koji su kultivisani
u prisustvu kiseonika. Svi sojevi su uzgajani preko noci na 37
°C u Miller-Hinton medijumu (HiMedia, Mumbai, Indija) sa
standardnom pH od 7,4 za ovaj medijum.

Odredivanje minimalnih inhibitornih
koncentracija (MIC)

Metoda kori$c¢ena za procenu antimikrobne aktivnosti bila je

minimalna inhibitorna koncentracija (MIC) metodom razbla-
zivanja tripti¢nog sojinog agara (EUCAST, 2024) [48]. Prilikom
hladenja, pre nego $to o¢vrsne, u podlogu su dodavani biljni
ekstrakti u odgovarajucoj koncentraciji. Serijska razblazenja
biljnih ekstrakata pripremana su u koncentracijama od 6,25,
12,5,25, 50, 100, 200 i 400 pg/ml. MIC je definisan kao najniza
koncentracija ekstrakta koja nije izazvala vidljiv rast bakterija
u poredenju sa kontrolnim rastom.

Poredenje je vreno sa standardnim rastvorom 0,12% hlor-
heksidina (Galenika, Zemun). Serijska razblazenja hlorheksidi-
na su pripremljena, sli¢no biljnim ekstraktima, u koncentraci-
jama od 6,25,12,5,25, 50, 100, 200 i 400 pg/ml.

Nije bilo varijabilnosti merenja ,unutar posmatraca“ po$to
je istrazivac koji je inokulirao medijume za test antimikrobne
aktivnosti dobio identi¢ne rezultate za tri merenja u tri vre-
menska perioda.

REZULTATI

Ispitivano je dejstvo razli¢itih koncentracija hlorheksidina na
Cetiri vrste mikroorganizama. Hlorheksidin je imao inhibitorni
efekat na ispitivane sojeve sve tri vrste bakterija (Strep. mu-
tans, E. faecalis i Staph. aureus) kao i na C. albicans. Inhibitorni
efekti su postignuti ¢ak i pri najnizoj kori$¢enoj koncentraciji
hlorheksidina (6,25 pg/mL). Ekstrakt cvasti S. acmella nije po-
kazao inhibitorni efekat na C. albicans u naSem eksperimentu
u svim ispitivanim koncentracijama (Tabela 1). Potvrdeno je da



ekstrakt iz stabljike i grandica S. acmella ima inhibitorni efekat
na C. albicans pri 50 pg/mL, kao i pri svim ve¢im koncentraci-
jama (Tabela 2).

Ekstrakt lista S. acmella pokazao je znacajnu inhibitornu
aktivnost protiv bakterije Strep. mutans (MIC = 6,3 ug/mL)
(Tabela 2).

U nasoj studiji nismo pronasli znacajan efekat ekstrakta S.
acmella na E. faecalis. Cvetovi S. acmella nisu pokazali inhibitor-
ni efekat na ispitivane bakterije - MIC > 400 pg/mL (Tabela 1 i
Tabela 2). Nage studije nisu potvrdile znac¢ajan efekat ekstrakta
S. acmella na S. aureus (Tabela 1 i Tabela 2).

DISKUSIJA

Sve veca otpornost patogena na konvencionalne antibiotike
i nezeljeni efekti postojecih terapija ucinili su tradicionalne
lekovite biljke privlacnim izvorom za skrining antimikrobnih
agenasa. U skladu sa ovim trendovima, ova studija je imala za
cilj da istrazi antimikrobnu aktivnost metanolnih ekstrakata
nadzemnih delova S. acmella na Cetiri vazna dentalna patoge-
na: Strep. mutans, E. faecalis, Staph. aureus i C. albicans. Cilj je
takode bio da se uporede ovi efekti ekstrakta biljaka sa konven-
cionalnom terapijom kori$¢enjem hlorheksidina. Brojne studije
su ve¢ ispitivale antibakterijski efekat S. acmella, ali rezultati
nisu bili jednoznacni.

Znacajan antimikrobni efekat hlorheksidina dobijen u ovoj
studiji takode je potvrden u radovima koje su objavili Balagopal
i Arjunkumar [32], Leyes Borrajo i saradnici [49] i Jiang i sa-
radnici [50]. Brookes i saradnici [35] takode navode nekoliko
studija u svojoj metaanalizi koje potvrduju da je hlorheksidin
mocan antimikrobni agens. Antifungalni efekti hlorheksidina
odnose se na prevenciju formiranja biofilma [35] i naruavanje
strukture ¢elijske membrane C. albicans [50]. Iako se hlorheksi-
din-glukonat ¢esto koristi za smanjenje i inhibiciju formiranja
biofilma, on ima izvesne nedostatke. Na primer, moZe negativ-
no uticati na tkiva usne duplje i doprineti nekim negativnim
sistemskim promenama [33, 51]. Takode postoje dokazi da
neke populacije C. albicans mogu da opstanu nakon primene
hlorheksidina i formiraju multitolerantnu subpopulaciju, $to
mozZe tokom vremena smanjiti efikasnost hlorheksidina [52].
U ovim slucajevima, kombinovano dejstvo hlorheksidina sa
nekim drugim supstancama moze biti od velike pomo¢i. Posto
se pokazalo da ekstrakt nadzemnih delova S. acmella ¢akiu
niskim koncentracijama deluje inhibitorno na C. albicans, moze
se zakljuciti da bi ekstrakt ove biljke mogao biti dobar adjuvans
u lec¢enju kandidijaze, posebno kada se sumnja na prisustvo re-
zistentnih sojeva. Ovo je od posebnog znacaja jer, prema nasim
saznanjima, nije pokazana antifungalna otpornost na spilantol,
glavni bioaktivni metabolit S. acmella.

Dokazano je da Strep. mutans blisko komunicira sa C. albi-
cans u slozenoj dvosmernoj interakeiji koja je uklju¢ena u for-
miranje biofilma [53]. Vise istrazivanja je pokazalo da dentalni
mikrobiom nije odgovoran samo za pojavu bolesti u usnoj du-
plji ve¢ moze imati vaznu ulogu u nastanku sistemskih bolesti
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[54, 55]. Ovi rezultati ukazuju da je kontrola oralnih mikro-
organizama veoma znacajna. U tom kontekstu, biofilm u zub-
nom plaku je glavna prepreka takvoj kontroli jer $titi patogene
bakterije od antibiotika [56, 57]. Posto je prevencija stvaranja
biofilma usredsredena na uklanjanje Strep. mutans, vazno je
imati efikasna sredstva za kontrolu prisustva ove bakterije u
usnoj duplji. Veoma efikasan baktericidni efekat koji ekstrakt S.
acmella ima na Strep. mutans nudi mogucnost upotrebe ove bilj-
ke kao samostalnog ili dodatnog lekovitog sredstva koje nema
neZeljene efekte uocene kod konvencionalnih agenasa [58].

Perzistentnost E. faecalis je problemati¢na za endodontsko
lecenje i jasno je da su potrebni novi efikasni antimikrobni
agensi [59]. Sto se tice efikasnosti S. acmella protiv ove bakterije,
zabelezeni su razliciti rezultati. Na primer, za razliku od nasih
rezultata, Sathiaprasad i saradnici [60] primetili su da ekstrakti
cvetova S. acmella pokazuju Siru zonu inhibicije u poredenju sa
Ca(OH),. Dube i saradnici [61] istraZivali su antibakterijsku efi-
kasnost Spilanthes calva De Candolle protiv E. faecalis. 1z ove in
vitro studije, zaklju¢eno je da razlike efikasnosti izmedu ekstra-
kata korena ove biljke i uobicajenih sredstava za irigaciju kanala
korena zavise od koncentracije biljnih ekstrakata [61]. Razlike
izmedu rezultata mogu biti uzrokovane nestandardizovanim
uslovima za uzgoj biljaka, kao i razli¢itim uslovima za pripremu
biljnog materijala ili hemijskim metodama ekstrakcije.

Staph. aureus je uobi¢ajena gram-pozitivna bakterija u mi-
krobioti ljudske sluzokoze [62] i znadajan je faktor infekcija
povezanih sa biofilmom [63]. Formirani biofilm Staph. aureus
je veoma otporan na uobicajene antimikrobne tretmane [64,
65]. Jahan i saradnici [66] i Thakur i saradnici [67] utvrdili su
znadajan baktericidni efekat nadzemnih delova S. acmella protiv
ove bakterije. [ako nasi rezultati nisu pokazali direktan efekat
ekstrakta S. acmella na Staph. aureus, moguci indirektni efekat
preko njegovog delovanja na C. albicans mogao bi biti znac¢ajan.
Kada je oralni imunitet oslabljen (dijabetes melitus, HIV, kancer,
upotreba kortikosteroida itd.), moze se razviti orofaringealna
kandidijaza, koja prolazi kroz oralnu epitelnu barijeru. Ako je
pri tome prisutan i Staph. aureus, on moze zajedno sa C. albi-
cans da iskoristi fagocite prisutne u tkivu i progiri se na drenaz-
ne limfne ¢vorove [68]. Dakle, suzbijanjem razvoja kandidijaze,
ekstrakt S. acmella moZe smanjiti verovatnocu $tetnih efekata
Staph. aureus, aliiE. faecalis i nekih drugih bakterija sposobnih
za infekcije putem krvotoka.

Rezultati ovog istrazivanja opravdavaju primenu S. acmella
za lecenje razlicitih oralnih bolesti izazvanih ispitivanim mikro-
organizmima. Rezultati ovog rada su preliminarni i potrebna
su dalja istrazivanja kako bi se utvrdio sadrzaj svih bioaktivnih
jedinjenja koja mogu biti prisutna u razli¢itim delovima biljke.
In vitro zapazanja o ovim biljnim proizvodima su obecavajuca,
ali su potrebne pretklinicke i klinicke studije kako bi se proce-
nili faktori biokompatibilnosti i bezbednosti pre nego $to se
mogu definitivno preporuciti kao antimikrobna re$enja i lekovi.
Nadamo se da ¢e analizom potencijalnih mehanizama delova-
nja i uporedivanjem sa drugim konvencionalnim terapijama
biti bolje istrazen potencijal S. acmella kao korisnog dodatka
antimikrobnim tretmanima.
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SUMMARY

Introduction/Objective Crown and bridge restorations are commonly used by general dental practitioners to replace
partially edentulous areas following operative or endodontic procedures. The main goal was to explore the use of inten-
tional root canal treatment (RCT) for crown and bridge procedures among dental practitioners in Tamil Nadu, India.
Methods A total of 124 dental practitioner participated in this questionnaire-based survey.

Results The mean duration of practice was 11.66 years; 68.5% responded that they perform intentional RCT in daily
practice; 68.3% stated that they undertake RCT only in attrited or mutilated teeth; 62% reported selecting the option
“to avoid postoperative sensitivity or pain and to achieve adequate tooth preparation and clearance”; 54% indicated

that this preference is based on previous experience.

Conclusion Based on this survey, many practitioners prefer intentional RCT before crown and bridge procedures.
Keywords: intentional root canal treatment; crown and bridge; tooth preparation; dental practitioners

INTRODUCTION

Crown and bridge restorations are an integral part of
comprehensive modern restorative dentistry, commonly
employed by general dental practitioners to replace miss-
ing teeth or restore damaged ones following operative or
endodontic procedures [1,2]. These restorations not only
improve the aesthetic appearance and function of the
teeth but also contribute to the overall oral health of pa-
tients. Caries and periodontal disease affecting abutment
teeth are biological indications for endodontic treatment.
Intentional root canal treatment (RCT) is a key procedure
often performed in conjunction with crown and bridge
procedures, particularly on abutment teeth that serve as
anchors for the prosthesis. Patients should be informed of
the risks of intentional RCT, and should be given informa-
tion on alternative treatments, their risks, and prognosis
[3,4]. While intentional RCT is commonly advocated for
restorative reasons [5], such as achieving optimal tooth
preparation and preventing post-operative complications,
the decision to perform such treatments remains a sub-
ject of debate among dental professionals. Therefore, the
purpose of this study was to explore the prevalence and
practices of intentional RCT among dental practitioners
in Tamil Nadu, a state in India, with a specific focus on its
role in crown and bridge restorations.

METHODS

A total of 124 dental practitioners from Tamil Nadu par-
ticipated in this questionnaire-based survey conducted
from September 2020 to February 2021.

Study design

This was a questionnaire-based survey on knowledge,
attitude, and practice. The survey included questions on
demographic details as well as practice, recommendation,
and opinion on performing intentional or elective RCT
as a pretreatment for crown and bridge procedures. The
survey included 124 general (BDS) and specialty (MDS)
dental practitioners in South India, primarily from Tamil
Nadu. No other selection criteria were applied, such as
age, sex, and ethnicity. The survey was conducted elec-
tronically via Google Forms. It investigated practitioners’
knowledge and practice of intentional RCT for crown and
bridge. The survey consisted of a total of eight questions,
which would take a maximum of three to five minutes
to complete. The questionnaire data were entered into
Microsoft Excel 2013 by the investigator, and descriptive
statistical data were obtained.

RESULTS

The study sample comprised 72 BDS and 52 MDS dentists.
Of the 124 participants, seven were MDS in prosthodon-
tics, 72 were BDS, 15 were MDS in other specialties, while
the remaining 30 dentists did not mention their special-
ties (Figure 1).

For the question ‘Do you perform intentional RCT?,85
(68.5%) participants responded affirmatively, of whom 51
were BDS and 34 were MDS. Responses of 39 participants
showed they were not performing this procedure; among
these, 21 were BDS and 18 were MDS (Figure 2). For the
same question, two prosthodontists responded that they
are not practicing intentional RCT.

Address for correspondence: Jaganbabu Palaniappan, Department of Dental Surgery, Government Vellore Medical College,
Arni Road, Vellore, Tamil Nadu 632011, India; mmdcdentalomfp@gmail.com
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Figure 1. Qualifications of the study participants
Slika 1. Kvalifikacije u¢esnika studije
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INTENTIONAL RCT(YES/NO)

Figure 2. The distribution of answers on performing intentional root
canal treatment depending on qualification of study participants
Slika 2. Raspodela odgovora u zavisnosti od kvalifikacija u¢esnika

Table 1. The distribution of answers on in what clinical situations to recommend the intentional root canal treatment for crown and bridge
Tabela 1. Raspodela odgovora o tome u kojim situacijama se preporucuje namenska endodontska terapija

Only in mutilated | Only in anterior | Only in posterior
Question BDS/MDS No | Yes, inall cases | or attrited tooth teeth teeth Other reason
Pitanje Ne Da, uvek Samo kod Samo kod prednjih | Samo kod bo¢nih Drugi razlozi
destruisanih zuba zuba zuba
Are you recommending root canal BDS 7 16 47 4 0 1
treatment in crown and bridge?
Da li preporucujete tretman kanala MDS 11 7 39 2 0 7
korena kao pripremu za fiksni rad?
BDS - general dental practicioners / opsti stomatolozi; MDS - specialty dental practicioners / specijalisti
Table 2. The distribution of answers on reasons for recommending intentional root canal treatment
Tabela 2. Raspodela odgovora o razlozima za izvodenje namenske terapije kanala korena
To avoid post op pain or To achieve good tooth Both of the
Question BDS/MDS sensitivity preparation and good clearance | aforementioned | Other reason
Pitanje Da bi se izbegla postoperativna | Da bi se postigla bolja preparacija| Oba prethodno | Drugi razlozi
bol ili osetljivost i uklanjanje destruisanog tkiva | pomenuta razloga
Why have you recommended BDS 16 10 44 2
intentional root canal treatment?
Da bi se postigla bolja preparacija MDS 10 4 32 6
i uklanjanje destruisanog tkiva

BDS - general dental practicioners / opsti stomatolozi; MDS - specialty dental practicioners / specijalisti

Table 3. The distribution of answers on the source of stated opinion on intentional root canal treatment

Tabela 3. Raspodela odgovora o izvoru iznetog misljenja

) Learnt from dental . . Learnt from senior

Question Previous experience L. Other reason

N BDS/MDS schools ) practitioner . .
Pitanje . Prethodno iskustvo . . Drugi razlozi

Nauceno na fakultetu Nauceno od iskusnijih

On what is your opinion about intentional BDS 6 40 22 4
root canal treatment based on?
Na ¢emu je zasnovano Vase misljenje o MDS 8 27 13 4
namenskoj terapiji kanala korena?

BDS - general dental practicioners / opsti stomatolozi; MDS - specialty dental practicioners / specijalisti

For ‘Do you recommend intentional RCT before crown
and bridge procedures?, 68.3% stated that they perform
RCT only in attrited or mutilated teeth, followed by 18.3%
who perform intentional RCT in all cases (Table 1).

For ‘What is the main reason for recommending inten-
tional RCT?;62% selected both options - to avoid post-op-
erative sensitivity or pain and to achieve adequate tooth
preparation and clearance - followed by 23.8% who select-
ed only to avoid post-operative sensitivity or pain (Table 2).

For ‘Your opinion on intentional RCT is based on?, 54%
reported previous experience, followed by 28.3% who had
learnt it from senior practitioners (Table 3).

DISCUSSION

This study explored dental practitioners’ attitudes toward
intentional RCT as pretreatment for crown and bridge
procedures and its implementation in daily practice. In-
tentional RCT is performed on teeth that have no signs
or symptoms of irreversible pulpitis or infection. It fol-
lows recognized guidelines and carries the same risks as
non-intentional RCT; both entail similar operator-error
risks, highlighting the need to consider all possible neg-
ative outcomes [6].
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Intentional RCT was reported in daily practice by most
practitioners, distributed almost equally between BDS and
MDS dentists. Most (63.5%) perform it only in mutilat-
ed or attrited teeth, aligning with European Society of
Endodontology guidelines, which recommend intentional
RCT for teeth with presumed infected pulps scheduled
for crown and bridge or when the pulp chamber and root
canals are needed for retention [7].

Avoiding post-operative sensitivity or pain and achiev-
ing optimal tooth preparation were the most common rea-
sons (61%), yet this approach is not evidence-based. De
Backer et al. found no significant difference in long-term
survival between vital-tooth and root-canal-treated abut-
ments, with higher failure rates in prostheses containing
at least one root-canal-treated abutment [8].

Most opinions were based on previous experience, un-
derscoring the need for evidence-based decision-making.
Both intentional and non-intentional RCT show similar
long-term success; intentional RCT should therefore be
limited to attrited or mutilated abutments or when pulp
chamber height compromises preparation, and avoided
in otherwise healthy teeth.

CONCLUSION

Within the limits of this survey, many practitioners from
Tamil Nadu opt for intentional RCT as pretreatment for
crown and bridge procedures.
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Istrazivanje o namenskoj terapiji kanala korena kao pripremi za
izradu krunica i mostova medu stomatolozima
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SAZETAK

Uvod/Cilj Zubne nadoknade u vidu krunica i mostova stomatolozi obi¢no koriste za popunu delimi¢no bezubog podru¢ja i nakon
operativnih ili endodontskih zahvata. Glavni cilj studije bio je da se istrazi namensko lecenje kanala korena kao priprema za izradu
krunica i mostova medu stomatolozima u regiji Tamil Nadu u Indiji.

Metode Ukupno 124 stomatologa ucestvovala su u ovoj anketi zasnovanoj na upitniku.

Rezultati Prose¢no trajanje stomatoloske prakse bilo je 11,66 godina. Namensko lecenje korenskih kanala (RCT) u svakodnevnoj
stomatoloskoj praksi izvodi 68,5% ispitanika; 68,3% ispitanika izjavilo je da radi RCT samo kod abradiranih ili destruisanih zuba; 62%
prakti¢ara oznadilo je opciju da RCT izvodi radi izbegavanja postoperativne osetljivosti ili bola i radi postizanja dobre preparacije,
dok je 54% ucesnika navelo da postupak izvodi zbog pozitivnog prethodnog iskustva.

Zakljucak Na osnovu rezultata ankete, mnogi prakticari su se opredelili za namensko lecenje korenskih kanala pre izrade krunica

i mostova.

Kljucne reci: namensko lecenje kanala korena; krunica i most; preparacija zuba, stomatologija

uvoD

Krunice i mostovi predstavljaju sastavne komponente savreme-
ne restaurativne stomatologije, koje stomatolozi obi¢no koriste
za zamenu zuba koji nedostaju ili obnavljanje o$tecenih zuba
nakon operativnih ili endodontskih procedura [1,2]. Ove nado-
knade ne samo da poboljsavaju estetski izgled i funkciju zuba
ve¢ doprinose i opstem oralnom zdravlju pacijenata. Oboljenja
zubnih tkiva koja uti¢u na nosace fiksnih nadoknada i bioloski
su razlozi endodontskog le¢enja najcesce su karijes i parodon-
talna bolest. Znacajna procedura koja se ¢esto izvodi u okviru
restaurativnih postupaka, pa i u kombinaciji sa izradom krunica
i mostova, jeste namensko le¢enje kanala korena (RCT), poseb-
no na zubima koji sluze kao nosaci fiksnih protetskih radova.
Pacijente treba informisati o rizicima namenskog le¢enja kanala
korena i treba im dati informacije o alternativnim tretmanima,
njihovim rizicima i prognozi [3,4]. Dok je namenski RCT indi-
kovan u okviru nekih restaurativnih procedura [5], obi¢no radi
postizanja optimalne pripreme zuba i sprecavanja postoperativ-
nih komplikacija, odluka o izvodenju ovakvih tretmana ostaje
predmet debate medu stru¢njacima u stomatologiji. Stoga je
svrha ove studije bila da se istraze rasprostranjenost i praksa
namenskog lecenja korenskih kanala medu stomatolozima u
Tamil Naduu, sa posebnim fokusom na njegovu ulogu u resta-
uraciji krunica i mostova.

METODE

U ovoj na upitniku zasnovanoj anketi, koja je sprovedena od
septembra 2020. do februara 2021. godine, uéestvovala su uku-
pno 124 stomatologa iz Tamil Nadua.

Dizajn studije

Studija je zasnovana na upitniku o znanju, stavovima i praksi sto-
matologa. Anketa je ukljucivala pitanja vezana za demografske
podatke ucesnika, kao i na praksu, preporuke i miljenje o izvo-
denju namenske ili elektivne terapije (RCT) kao predtretmana za

krunicu i most. Istrazivanje je obuhvatilo 124 stomatologa opste
prakse (BDS) i lekare specijaliste (MDS) stomatoloske struke u
juznoj Indiji, uglavnom iz Tamil Nadua. Nisu postavljeni posebni
kriterijumi za iskljucenje ucesnika kao $to su starost, pol i et-
nicka pripadnost. Nasa studija je sprovedena putem elektronske
ankete radene preko Google formulara. Cilj nam je bio da istra-
zimo znanje i praksu namenskog RCT kao pripremu za izradu
krunica i mostova. Anketa se sastojala od ukupno osam pitanja,a
za njeno popunjavanje bilo je potrebno najvise tri do pet minuta.
Podatke iz upitnika istraziva¢ je uneo u softver Microsoft Excel
2013 i dobijeni su deskriptivni statisticki podaci.

REZULTATI

U ovoj studiji ucestvovala su 72 doktora stomatologije sa di-
plomom BDS i 52 sa diplomom MDS. Prose¢no trajanje sto-
matoloske prakse bilo je 11,66 godina za obe grupe. Od 124
ucesnika, sedmoro su bili doktori stomatologije, a 15 lekari
raznih i navedenih specijalnosti. Preostalih 30 stomatologa bili
su specijalisti, ali prilikom popunjavanja formulara nisu naveli
oblast svoje specijalnosti (Slika 1).

Na pitanje ,Da li radite namensko lecenje kanala korena?”,
85 (68,5%) ucesnika je odgovorilo potvrdno - od kojih je 51 sa
BDS diplomom i 34 sa MDS diplomom. Odgovori 39 ucesnika
pokazali su da ne praktikuju ovu proceduru. Medu ovim ucesni-
cima 21 je bio sa diplomom BDS i 18 sa diplomom MDS (Slika
2).Na isto pitanje dva lekara specijalista protetike odgovorila su
da ne praktikuju namensko le¢enje kanala korena.

Na pitanje ,Da li preporucujete namensko lec¢enje kanala
korena kao pripremu za izradu krunica i mostova?*, 68,3% uce-
snika navelo je da radi RCT samo kod istro$enog ili o$te¢enog
zuba, a 18,3% ucesnika je izjavilo da rade namensku RCT u svim
slu¢ajevima (Tabela 1).

Na pitanje ,,Koji je razlog za preporuku namenskog tretmana
korenskih kanala?“, 62% ucesnika oznacilo je dve ponudene op-
cije: izbegavanje postoperativne osetljivosti ili bola i postizanje
kvalitetne preparacije zuba. Dodatnih 23,8% ucesnika izabralo
je samo opciju izbegavanja postoperativne osetljivosti ili bola
(Tabela 2).



18

Palaniappan J. et al. A survey on intentional root canal treatment for crown and bridge among dental practitioners

Za poslednje pitanje: ,Na ¢emu se zasniva vase misljenje o
namenskom tretmanu korenskih kanala?®, 54% ucesnika odgo-
vorilo je da se njihovo misljenje temelji na licnom prethodnom
iskustvu, a 28,3% ucesnika je izjavilo da su svoje stavove formi-
rali na osnovu ucenja od starijih kolega (Tabela 3).

DISKUSIJA

Glavni cilj ovog istrazivanja bio je prikupljanje podataka o sta-
vovima stomatologa o namenskom RCT-u kao predtretmanu
za krunice i mostove i primeni ove procedure u svakodnevnoj
stomatoloskoj praksi. Namenski RCT se, po pravilu, radi na
zubu koji nema znakove ili simptome ireverzibilnog pulpitisa
ili infekcije. Prati dobro poznate smernice i nosi iste rizike kao
i RCT indikovan iz razloga identifikovanih patoloskih procesa.
I nameski i uobi¢ajni RCT imaju isti nivo rizika od gresaka
operatora, $to namece potrebu da se uzmu u obzir svi moguci
negativni ishodi ovih procedura [6].

Vecina stomatologa ukljucenih u studiju navela je da u svojoj
svakodnevnoj praksi primenjuju namenski RCT, a ta praksa je
skoro podjednako zastupljena medu prakti¢arima koji su nivoa
BDS i MDS, $to znaci da podjednako primenjuju namenski RCT.
Iz ovoga je moguce zakljuciti da su stomatolozi generalno upo-
znati sa znacajem namenskog RCT-a.

Posmatrajuci razloge primene RCT-a kao pripreme za izradu
krunica i mostova, treba napomenuti da je ve¢ina stomatologa
(63,5%) odgovorila da ga rade samo na o$te¢enom ili istro-
$enom zubu, dok manji broj njih to radi u svim slu¢ajevima.
Ovakav pristup je u skladu sa Smernicama Evropskog drustva
za endodonciju (ESE), u kojima se navodi da namenski RCT
treba planirati za zube predvidene za nosace fiksnih radova sa
utvrdenom inficiranom pulpom, kao i za zube koji se ne mogu
restaurirati bez kori$c¢enja pulpne komore i kanala korena za
retenciju nadoknade [7].

Razlog za izbor namenskog RCT-a kako bi se izbegla posto-
perativna bol ili osetljivost, kao i da bi se postigla dobra prepa-
racija zuba, bio je najzastupljeniji odgovor ucesnika ove ankete
(61%). Medutim, ovaj stav nije zasnovan na dokazima, jer u
studiji koju su uradili De Backer i saradnici nije bilo statisti¢-
ki znacajne razlike u dugoro¢noj stopi prezivljavanja vitalnih
zuba i onih sa tretiranim kanalom korena a koji su bili nosaci
za fiksni protetski rad. Dodatno, propadanje fiksnih protetskih
radova je bilo ¢e$¢e kod nadoknada sa najmanje jednim lece-
nim zubom u odnosu na one koji su imali kao nosace zube sa
vitalnom pulpom [8].

Misljenje o namenskom RCT-u uglavnom je za ve¢inu prak-
ticara zasnovano na prethodnom iskustvu u njihovoj stomato-
loskoj praksi, praceno onim naucenim od starijih kolega. Ovo
ukazuje na potrebu da se prakticari fokusiraju na razumevanje
znacaja ucenja zasnovanog na dokazima i zauzimanja stavova
na 0snovu ovoga.

Na osnovu gore navedenih literaturnih podataka, kao prepo-
ruka za klinicku praksu moze se ista¢i da namenski i uobicajni
RCT koji se rade na nosa¢ima fiksnih radova imaju isti nivo
uspeha i dugoro¢nu stopu prezivljavanja i stoga ih treba detaljno
razmotriti pre nego $to se prakticar odluci za namernsko lecenje
kanala korena. Namensko lecenje kanala korena treba da se ura-
di samo kada je nosac o$tecen, a takode u zavisnosti od visine
rogova pulpe na uklju¢enim zubima nosac¢ima. Zbog toga se na-
menska RCT treba detaljno razmotriti kod inace zdravih zuba.

ZAKLJUCAK

Na osnovu rezultata ovog istrazivanja moze se zakljuciti da su se
mnogi prakticari iz Tamil Nadua opredelili za sprovodenje na-
menskog RCT-a kao predtretmana za izradu krunica i mostova.
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SUMMARY

Introduction Artificial intelligence (Al) has become an important factor in social, scientific, and economic develop-
ment today. It has wide possibilities for application, including dentistry. Its history spans eight decades, and a special
area of this research and development is expert systems (ES) related to dentistry. The goal is to analyze the state of
development and application of ES in dentistry, and to propose the possibility of their application today.

Methods Using elements of systematic analysis, a representative sample of articles from Web of Science and Scopus
references was selected (PubMed/MEDLINE databases), which were analyzed from the point of view of the time di-
mension of the development of Al and ES.

Results The paper is structured so as to provide answers to the following questions: what is Al and how was it devel-
oped, how did ES in dentistry come about and how did it develop, including in Serbia, what are the prospects for the
application of AI/ES in dentistry, and what are possible future directions in this area?

Conclusion Al and ES in the field of dentistry are moving from an era of experimental research to the verge of becom-
ing good clinical practice. Digitization and the Industry 4.0 model are current directions, already widespread, which
represent strong support for the faster application of these models in dental practice.

Keywords: artificial intelligence; expert systems; dentistry

INTRODUCTION

Artificial intelligence (AI) is a branch of the science of
intelligence, which can be natural or artificial. Al is the
science and engineering of creating intelligent machines
and software systems. These two fields of research are
connected and have contributed to each other over the
past eight decades. Advances in natural intelligence have
laid a solid foundation for AI research: artificial neural
networks (ANN), genetic algorithms (GA), etc., while ad-
vanced Al tools have helped accelerate new discoveries in
natural intelligence [1,2]. Thus, there is an eight-decade-
long history of Al that is more promising today than ever,
as it applies to dentistry.

This review paper aims to provide readers with basic
facts and knowledge about the development and appli-
cation of expert systems (ES) in dentistry, to date. The
beginnings of application refer, first of all, to AL, which
itself has a history of development, also analyzed in detail
in this paper. Why? Because ES have been a good basis for
the application of AI tools and techniques in dentistry,
especially deep learning in the last decade of this centu-
ry. This work is intended for scientists, researchers and
students who want to get concise information about the
beginning of the development of a new scientific branch
in dentistry, smart dentistry.

This system analysis was performed according to the
PRISMA methodology [3], and our queries were the fol-
lowing: Q1 - How ES are used in dentistry,and Q2 - How
ES improve decision-making: diagnosis, treatment plan-
ning, monitoring treatment progress, and evaluation of
therapy success. For these questions, the following were
defined: time period of analysis, type of study, ES models,
search methodology and assessment of study quality. The
sample included 268 papers, and 32 papers met the set
criteria.

This paper has several parts: (i) how Al was created
and developed, (ii) overview of the development of ES
for dentistry, up to today, including Serbia, (iii) challenges
and future development of ES for dentistry, (iv) conclu-
sions and future research.

A BRIEF HISTORY OF Al

Before detailing ES in dentistry, it is necessary to briefly
analyze the history of AI, which is shown in Table 1 [1,
2,4]. It covers an interval of eight decades (1940-2020)
and has four stages of development, as indicated in the
table below.

It can be said that the history of Al starts from the early
1940s. It started with the binary ANN model created by
W. McCulloch and W. Pitts of the University of Illinois in
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Table 1. Overview of the development of artificial intelligence (Al) (adapted from Toosi et al. [1], Negnevitsky [2], and Silver et al. [4])
Tabela 1. Pregled razvoja vestacke inteligencije (Al) (prilagodeno prema Toosi et al. [1], Negnevitsky [2] i Silver et al. [4])

Year of
Al development -
appearance . Event name Characteristic
; period . . L
Godina . . Naziv dogadaja Karakteristika
B Period razvoja Al
pojavljivanja
1943 Binary ANN model (W. McCullouch, W. Pitts) Two-state neuron
Binarni ANN model (W. McCullouch, W. Pitts) Neuron sa dva stanja
The Dark Ages of Al | Turing test — can machines think? (A. Turing) Communication: examiner — examinee — computer
1950 a o L . . ey .
Mraéno doba Al | Tjuringov test — mogu li masine da misle? (A. Turing) | Komunikacija: ispitivac — ispitivani kompjuter
1951 The first neural computer (M. Minsky, D. Edmonds) | A network of forty neurons
Prvi neuronski racunar (M. Minski, D. Edmonds) Mreza od Cetrdeset neurona
1956 First Al Workshop (J. McCarthy) Artificial intelligence defined
Prva Al radionica (J. McCarthy) Definicija termina ,vestacka inteligencija (Al)*
1958 LISP — The First Al Language (J. McCarthy) Still in use today - functional language
LISP — Prvi Al jezik (). McCarthy) Koristi se i danas — funkcionalni jezik
Uses formal logic to find solutions (does not solve com-
1961 General Problem Solver (GPS) (A. Newell, H. Simon) | plex cases)
Opsti resavac problema (GPS) (A. Newell, H. Simon) | Koristi formalnu logiku za trazenje resenja (ne resava
The rise of Al slozene slu¢ajeve)
Uspon Al A continuous transition from not belonging to complete
1965 Fazzy sets (L. Zadeh) belonging
Neizraziti skupovi (L. Zadeh) Kontinualni prelaz od nepripadanja do potpunog pri-
padanja
The first expert system — spectrogram identification of
1969 Dendral (E. Feigenbaum, B. Buchanan, J. Lederberg, C. | chemical compounds
Derassi) Prvi ekspertni sistem — spektrogramska identifikacija
hemijskih jedinjenja
1970 ANN Learning (A. Bryson and Y. Ho) Backpropagation model
ANN ucenje (A. Brajson i Y. Ho) Model propagacije unazad
1975 GA (. Holland) Thg first genetic algorlthm
Prvi genetski algoritam
1976 Mysin (E. Shortliffe) The.? first expert system fo.r.d|agn05|s
Prvi ekspertni sistem za dijagnozu
Al "W|.nte‘|:” Memory systems with binary boundary nodes, a model
1982 Al ,zima Hopfield networks (J. Hopfield) for understanding human memory
Hopfildske mreze (J. Hopfild) Memorijski sistemi sa binarnim grani¢nim ¢vorovima,
model za razumevanje ljudskog pamcenja
Backpropagation (BP) (D. Rumelhart, ). McClelland) Neural error (BP) computation and distributed solutions
1986 and DAI (Distributed Al) (A. Bond, L. Gasser) for Al
Propagacija unazad (BP) (D. Rumelhart, ). McClelland) | Izracunavanje greske neurona (BP) i distribuirana resenja
i DAI (Distribuirana Al) (A. Bond, L. Gasser) za Al
1992 Genetic programming (GP) (). Koza) LISP symbolic code
Genetsko programiranje (GP) (J. Koza) LISP simbolic¢ki kod
Intelligent agents (M. Wooldridge, R. Jennings) They act on the environment in an intelligent way
1995 . . . . . . . S v
Inteligentni agenti (M. Wooldridge, R. Jennings) Deluju na okolinu na inteligentan nacin
2002 ACO, PSO, AIO, DNA computing Al tools
Albecomesa | A, psO, AlO, DNA ratunarstvo Alati Al
science
2006 Al postaje nauka Honda ASIMO robot Moving gnd cl.im'bing stairs .
Robot Honda ASIMO Kretanje i penjanje uz stepenice
2016 AlphaGo DeepMind Manv—computer games
Igre covek—kompjuter
2017 IBM Watson Manv—computer games
Igre covek—kompjuter
Al for different fields
2022 SLEL Open Al Al za razlicite oblasti

1943 [5]. Although their model only considered a binary
state (i.e., on/off for each neuron), this model was used
as a basis for ANN research in the late 1980s. In 1950,
the British mathematician A. Turing proposed the famous
Turing test, which is used to determine whether machines
can think [6]. The Turing test is performed through
computer communication, which includes an examiner,
a person (subject), a participant in the experiment, and
a computer, which are separated from each other, but
communicatively connected. The examiner can ask any

question. If the examiner cannot distinguish a machine
from a human based on their answers, the computer has
passed the test. In 1951, M. Minsky and D. Edmonds, two
graduate students from Princeton University, built the first
neural computer simulating a network of 40 neurons [7].

An important turning point in the development of
Al was the first Al workshop, held in 1956 at Dartmouth
College, under the leadership of J. McCarthy [8]. This
workshop marked the end of the “Dark Age of AI” and the
beginning of the “Rise of AI” in the history of Al The term



“artificial intelligence” was then proposed by J. McCarthy,
and it is still in use. He later moved to the Massachusetts
Institute of Technology to define the first Al language,
LISP, in 1958, which is still in use today. One of the most
ambitious projects in this area was the General Problem
Solver (GPS), which was created in 1961 by A. Newell and
H. Simon from Carnegie Mellon University [9]. GPS is
based on formal logic and can generate an infinite num-
ber of operators trying to find a solution; however, it is
ineffective in solving complicated problems. In 1965, L.
Zadeh of UC Berkeley published the famous paper “Fuzzy
Sets,” which is the basis of the theory of fuzzy sets, or
uncertain decision making [10].

The first ES, Dendral [11], was developed at Stanford
University in 1969 in a project funded by the National
Aeronautics and Space Administration (NASA), led
by J. Lederberg, winner of the Nobel Prize for genetics.
However, at the time, most Al projects could only solve
gaming problems, rather than real-world ones, so many
projects in the United States, Great Britain, and several
other countries failed, or were useless. That’s how Al re-
search entered the so-called “AI Winter”

Despite reduced funding, Al research continued, so in
1970, Bryson and Ho [12] proposed a back-propagation
model for neural network learning. Moreover, the first GA
was proposed in 1975. Holland [13], from the University
of Michigan, used selection, crossover and mutation as
genetic operators for optimization and thus developed the
GA model. The same team, which was developed by ES
Dendral [14], at Stanford University, developed MYCIN
in 1976, which is based on IF-THEN rules, as an expert
system for the diagnosis of blood diseases using 600 rules,
if (IF) — then (THEN). Research has shown that it works
better than a junior doctor [15].

After 30 years, the work on ANN has restarted research
on them as an important area of AL A new era has begun
in which AT has become a science. It was in 1982 that
Hopfield [16] published his Hopfield networks, which
are still popular today. In 1986, back propagation became
the first implemented learning algorithm in ANN, 16
years after the publication of this model [17]. Also, this
year is the beginning of the application of distributed Al
(DAI) through parallel distributed knowledge processing.
After 22 years, fuzzy set theory or fuzzy logic was suc-
cessfully incorporated into the operation management of
dishwashers and washing machines in 1987 by Japanese
companies that produced these household appliances. In
1992, genetic programming was proposed by Koza [18]
for manipulation of symbolic code generated in the LISP
language. Based on the ideas of DAI and artificial life, in-
telligent agents gradually took shape in the mid-1990s.
In the late 1990s, hybrid systems of fuzzy logic, ANN, and
GA became popular tools for solving complex problems.
Various new Al approaches have since emerged, including
ACO, particle lake optimization (PSO), artificial immunity
optimization (AIO),and DNA computing, as well as intel-
ligent agents [19]. The potential of Al in the future — such
as dentistry — remains great and currently unpredictable.

The first popular AI tool was Al-based chess soft-
ware — the computer program Deep Blue, created by
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International Business Machines Corporation (IBM) [20].
Garry Kasparov, the then world chess champion, played
against it in 1997 in an exhibition match, and lost to it by
2.5 to 3.5. Another early example is the Honda ASIMO
robot in 2005 that could climb stairs. For a robot to move
in an unstructured environment and be commanded by
a human, it requires natural language processing capa-
bilities, computer vision, perception, object recognition,
machine learning and motion control during operation.
Recently, in 2016, AlphaGo DeepMind beat world champi-
on L. Sedol in four out of five games, using cloud comput-
ing, supported learning, and a Monte Carlo search algo-
rithm combined with a deep neural network for decision
making [21]. Its newer version, AlphaGo Zero, surpassed
AlphaGo’s ability in just three days through self-learning
from scratch [4,22]. A new breakthrough in this area was
IBM Watson, an intelligent platform.

The latest approach is ChatGPT, a general platform for
the use of Al in various fields, including dentistry. This is
one of the future directions of development of this field
in dentistry.

Today, Al techniques and systems can be used in a va-
riety of fields, from chess games to robot control, disease
diagnosis, airplane autopilot, smart design, and smart
dentistry. In addition to the AI techniques outlined in
Table 2, machine learning and deep learning show much
promise for smart dentistry. This table classifies typical
machine learning models based on whether they are su-
pervised, semi-supervised or unsupervised, discrimina-
tive or generative, learning or deep learning. Those used
in dentistry are colored red.

Namely, supervised learning finds relations between
inputs and outputs over labeled datasets during system
training. In unsupervised learning, the model extracts re-
alities, that is, regularities from the data, without mapping
inputs to outputs. Semi-supervised learning combines su-
pervised and unsupervised learning by using both labeled
and unlabeled data. In addition, a branch of machine
learning that particularly stands out in terms of results in
recent years is deep machine learning. Generally speaking,
it is about the application of ANN with a larger number of
layers. Another classification that has been very current
in recent years distinguishes between discriminative and
generative models. Discriminative models aim to recog-
nize the differences between different types of data, that
is, learn what details separate one class of data from an-
other. Generative models try to learn the distribution of
data and generate new data [23, 24]

EXPERT SYSTEMS IN DENTISTRY — OVERVIEW OF
DEVELOPMENT

ES are intelligent computer programs that solve problems
the way experts do, and they represent one of the most
important areas of Al research [1, 4]. They have been
described as “computerized knowledge,” and the British
Computer Society has defined ES more fully as “.. cre-
ating in a computer a component based on knowledge
from an expert skill in such a form that the system can
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Table 2. Overview of learning models; Toosi et al. [1], Silver et al. [4]

Tabela 2. Pregled modela ucenja (primenjenih u stomatologiji); Toosi et al. [1], Silver et al. [4]

Machine learning model
Model masinskog ucenja

unsupervised

Supervised/semi-supervised/

Nadgledano / polunadgledano /

Discriminative/generative
Diskriminativno / generativno

Learning / deep learning
Ucenje / duboko ucenje

nenadgledano

K-means
K srednjih vrednosti

Unannounced
Nenadgledano

Generative
Generativno

Learning
Ucenje

K-nearest neighbor
K najblizi sused

Support vector method*
Metod podrzavajucih vektora

Hidden Markov model*
Skriveni Markovljev model

Random forest model*
Model slucajne Sume

Extreme Gradient Boosting (XGBoost)
Ekstremno poja¢avanje gradijenta (XGBoost)

Ensemble method
Metod ansambla

Supervised
Nadgledano

Discriminative
Diskriminativno

Deep learning
Duboko ucenje

Convolutional neural networks*
Konvolucijske neuronske mreze

Recurrent neural network*
Rekurentna neuronska mreza

Long short-term neural network
Duga kratkoro¢na neuronska mreza

Naive Bayes classifiers*
Naivni Bajesovi klasifikatori

Gaussian mixture model
Gausov mesani model

Learning
Ucenje

Generative
Generativno

A generative adversarial network
Generativna suparnicka mreza

Semi-supervised
Polunadgledano

Discriminative
Diskriminativho

Deep learning
Duboko ucenje

*Applied in dentistry

offer intelligent advice or make an intelligent decision
about the subject area” [23]. ES solve real problems from
different fields, which would otherwise require human
expertise. The goal is that the computer program always
gives correct answers, in the given field, no worse than an
expert, but this is difficult to achieve. That is why a less
ambitious goal is set, the system is requested to provide
decision-making support.

ES have played a major role in the development and ap-
plication of Al models (Table 3). However, as the analysis
in the table below shows, new generations of ES, based on
deep knowledge, are once again entering the scene.

Earlier it was said that Mysin was the first ES used by
doctors [15,25-29], and in this regard everything start-
ed with the development of the first ES — Dendral [14,
11], which was used to solve a specific task in science: to
help organic chemists in the identification of unknown
organic molecules, by analyzing their mass spectra, using
knowledge from chemistry. The Dendral software program
is considered the first ES, because it automated the de-
cision-making process and defined the problem-solving
behavior of organic chemists. The project consisted of two
programs — Heuristic Dendral and Meta-Dendral, as well
as several subprograms. It is written in the LISP program-
ming language, which is considered the language of Al be-
cause of its flexibility. Many ES are derived from Dendral,
including MYCIN, Molgen, Prospector, Xcon, and Steamer.

MYCIN was the first Al program to search backwards,
which it used to identify bacteria that cause severe in-
fections, such as bacteremia and meningitis, and to

recommend antibiotics, with a dose adjusted to the pa-
tient’s body weight. The very name of this ES comes from
the antibiotics themselves, as many antibiotics have the
suffix “-mycin.” The MYCIN system has also been used
to diagnose blood clotting disorders. His knowledge base
was defined by rules, and the method of searching and
connecting rules for the purpose of reasoning is still an
example of a good model of reasoning [from symptom(s)
(consequences) to cause(s)].

A detailed analysis of the literature shows that the first
ES in dentistry was developed for oral dentistry in 1983
(Table 4) [30]. It was a set of software modules that were
used for the diagnosis of clinical conditions and manage-
ment hypotheses from the knowledge base. These mod-
ules were the following: Problem-Knowledge Coupler,
Coupler Editor, Knowledge Network, and Problem-
Oriented Computerized Medical Record. It contained a
section related to oral dentistry.

The next model was developed in 1986 [31]. It is a
knowledge-based system, which also works on the basis
of rules. Orthodontists have defined a number of char-
acteristic points, or landmarks, on an X-ray image of the
human skull that are used to study growth or as a di-
agnostic aid. The original image was pre-processed with
a pre-filtering operator (median filter) followed by an
edge detector (Mero-Vassi operator). A knowledge-based
line-tracing algorithm is then applied, involving a system
with organized rule sets and a simple interpreter. In the
inference algorithm, a priori knowledge is applied, which
takes into account the facts of biological facial shapes,
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Table 3. Context of expert systems and artificial intelligence development (amended according to Toosi et al. [1] and Silver et al. [4])
Tabela 3. Kontekst razvoja ES i Al (dopunjeno prema Toosi et al. [1] i Silver et al. [4])

Time period
Vremenski
period

Period of
development of ES
Period razvoja ES

Basic characteristic of
the period
Osnovno obelezje
perioda

Detailed characteristics of the period
Detaljna karakteristika perioda

1955-1975

First Al jump
Prvi skok Al

Search and reasoning
(database)
Pretrazivanje i
rezonovanje (baza
podataka

New technologies, neural network and perceptron, were applied to search and reason-
ing. These paradigms made Al capable of performing some intellectual activities, provid-
ed it was given rules and goals (solving puzzles, playing chess, and proving mathematical
theorems). However, the Al boom entered its first winter in the 1970s, because search
and reasoning could not solve more complex problems.

Za navedene klju¢ne re¢i (pretrazivanje i rezonovanje) primenjene su nove tehnologije,
neuronska mreza i perceptron. Ove paradigme su Al ucinile sposobnom da obavlja neke
intelektualne aktivnosti, pod uslovom da su joj data pravila i ciljevi (reSavanje zagonetki,
igranje Saha i dokazivanje matematickih teorema). Medutim, Al je usao u prvi zastoj
tokom 1970-ih, jer pretrazivanje i zakljucivanje nisu mogli da rese slozenije probleme.

1975-2000

Second Al jump
Drugi skok Al

ES (specially organized
knowledge)
Ekspertni sistemi
(Posebno organizovano
znanje)

To break the first Al winter, the new technology of ES was defined. ES were focused on
solving complex problems, by transferring expert knowledge into computers. In the
early 1970s, the representative expert system MYCIN was developed at Stanford Univer-
sity [13, 24, 25, 26] for the diagnosis of infectious blood diseases, and its accuracy was
approximately 60-70%. Thanks to the growth of ES (in number and in the domains to
which they were applied), the second leap of artificial intelligence occurred in the 1980s.
However, ES had several problems. In particular, they required large amounts of expert
knowledge, which were difficult to collect and accurately input into computers at that
time (a process known as knowledge engineering). Furthermore, ES were unable to
handle exceptional cases because their knowledge was stored mainly as IF-THEN rules.
For these reasons, the Al boom entered its second winter in the late 1990s.

Da bi se prekinuo prvi ,zimski period” Al, definisana je nova tehnologija — ekspertni
sistem (ES). ES su bili fokusirani na re$avanje komplikovanih problema transplantacijom
znanja stru¢njaka na rac¢unar. Po¢etkom 1970-ih na Univerzitetu Stanford razvijen je
reprezentativni ekspertni sistem MYCIN [13, 24, 25, 26] za dijagnostiku zaraznih bolesti
krvi, ¢ija je ta¢nost bila 60~70%. Zahvaljujuci porastu ES (po broju, a i oblasti na koje su
se odnosili), drugi skok vestacke inteligencije je nastao 1980-ih. Medutim, ES su imali
nekih problema. Posebno, oni su zahtevali ogromnu koli¢inu znanja struénjaka, koju

je bilo tesko prikupiti i taéno uneti u ra¢unar u to vreme (inzenjerstvo znanja). Stavise,
ES nisu bili u stanju da se izbore sa nekim izuzetnim slucajevima, jer je njihovo znanje
bilo uglavnom sa¢uvano kao pravilo AKO-ONDA. Iz ovih razloga, Al je u[la u svoj drugi
,zimski peropd"” krajem 1990-ih.

2000-2015

Third Al jump
Tredi skok Al

Learning
Ucenje

The third Al boom emerged due to advances in machine learning and the rise of deep
learning. Moreover, this leap was enabled by the advent of smartphones, improvements
in computer performance, and the advent of big data analytics (BDA) resulting from
the expansion of the Internet. Thanks to these technologies, artificial intelligence that
surpasses human abilities has emerged in certain fields, such as IBM Watson (which
defeated quiz players in 2017) [27] and AlphaGo (which defeated professional Go players
in 2015) [28].

Treci bum vestacke inteligencije je stigao zbog napretka masinskog ucenja i pojave
dubokog ucenja. Stavise, ovaj skok je izazvan pojavom pametnih telefona, poboljsanjem
performansi racunara i dolaskom ere velikih podataka (BDA) zbog ekspanzije interneta.
Zahvaljujuci ovim tehnologijama, vestacka inteligencija koja prevazilazi ljudsku pojavila
se u odredenim oblastima kao $to su IBM Vatson (koji je 2017. pobedio igrace na kvizu)
[27] i AlphaGo (koji je pobedio profesionalne igrace igre Go 2015) [28].

2015-pres-
ent
2015. do
danas

Quadruple jump Al
Cetvrti skok Al

Deep learning
Duboko uéenje

The fourth and most recent boom of Al arose as a consequence of the development and
rapid implementation of Industry 4.0, based on CPS, the loT, and BDA. These factors
have accelerated the development and application of new deep learning models, paving
the way for smart manufacturing and smart systems. Today, IBM Watson is a technology
platform that uses NLP and ML to extract knowledge from large volumes of unstruc-
tured data, which can then be handed over to experts for analysis and decision-making.
This method enables support for experts to generate expert knowledge from vast data-
sets, which forms a new basis for the development and application of a new generation
of ES.

Poslednji, ¢etvrti bum vestacke inteligencije nastao je kao posledica razvoja i brze
primene Industrije 4.0, zasnovane na CPS, loT i BDA. Ovi ¢inioci su ubrzali razvoj i
primenu novih modela dubokog ucenja, na putu izgradnje pametne proizvodnje i
pametnih sistema. Danas je IBM Vatson tehnoloska platforma koja koristi NLP i masinsko
ucenje da bi otkrio ¢injenice iz velikih koli¢ina nestrukturiranih podataka, koji se zatim
mogu predati ekspertima na analizu i odlucivanje. Ovaj metod omogucava podrsku
stru¢njacima za generisanje ekspertskih znanja iz ogromne koli¢ine podataka, sto ¢ini
novu osnovu za razvoj i primenu nove generacije ES.

ES — expert systems; Al — artificial intelligence; BDA — big data analytics; CPS — cyber-physical systems, loT — Internet of Things, NLP — natural language processing; ML — ma-

chine learning
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Table 4. Overview of developed expert system models and artificial intelligence / machine learning models for dentistry
Tabela 4. Pregled razvijenih modela ES i modela Al/ML ucenja za stomatologiju

Year of appearance
/ reference ES name Basic characteristics Application
Godina pojavljivanja | Naziv ES Osnovne karakteristike Primena
/ referenca
Based on the rules, it suggests a diagnosis. Diagnosis in oral dentistry
1983 [33] KBS M/D Na bazi pravila, predlaze dijagnozu. Dijagnoza u oralnoj stomatologiji
A knowledge-based system, which is organized Orthodontic gnaly5|s of X-ray images of Fhe
human skull, in order to define and monitor the
through rules (IF-THEN); four types of operators L . .
are used to generate the inference form patient’s OP; automatic extraction of OP
1986 [34] Orthodont . ) : . . Ortodontska analiza rendgentskih snimaka ljudske
Sistem na bazi znanja, koji je organizovan preko ) P A )
) . PR lobanje, radi definisanja i pracenja ortodontskih
pravila (AKO-ONDA). Koriste se Cetiri vrste . . -
-y . S parametara (OP) pacijenta. Automatsko izdvajanje
operatora da generisu oblik zaklju¢ivanja. op
1987 [35] KBS M/D Medical ES with dentistry supplement Diagnosis and treatment plan in oral dentistry
Medicinski ES sa dodatkom za stomatologiju Dijagnoza i plan le¢enja u oralnoj stomatologiji
By means of Bayes’ theorem, the radiograph of Support to clinical doctors in formulating a
1989 [36] Orad patients with intraosseous lesions is evaluated. differential diagnosis
Pomocu Bajesove teoreme se ocenjuje radiografski | Podrska klini¢kim lekarima u formulisanju
snimak pacijenata sa intrakostanim lezijama. diferencijalne dijagnoze
Using fuzzy logic, the state of the dental arch shape
in children is evaluated and a decision is made for
further treatment. Pediatric dentistry
1989 [37] FRIEL Pomocu fazi logike se ocenjuje stanje oblika De¢ja stomatologija
zubnog luka kod dece i donosi odluka za dalje
lecenje.
The following models are used for decision-making
in the ES knowledge base: Bayes’ theorem, decision
Decision-making tree, ROC curve, sensitivity analysis, impact They are used in different branches of dentistry.
1991 (38] models assessment and others. Primenjuju se u razli¢itim granama stomatologije
Modeli odlucivanja Za odlucivanje u bazi znanja ES koriste se slede¢i el 8 Bye-
modeli: Bajesova teorema, Drvo odlucivanja, ROC
kriva, analiza osetljivosti, ocena uticaja i druge.
Decision model analysis A detailed overview of different decision models
1991 [39] Analiza modela Y for use in dentistry Different areas of dentistry
P Detaljan pregled razlicitih modela odlucivanjaza | Razli¢ite oblasti stomatologije
odlucivanja jan preg ) 8l
) primenu u stomatologiji
The knowledge base includes cases with proposed
1992 [40] KBS Orthodontic analysis of class Il occlusion and case 1 | solutions.
Ortodontska analiza zagrizaja klase Il i slu¢aja 1 Baza znanja obuhvata slucajeve sa predlogom
reSenja.
An?jl}lgls of Ej Z)r . The first decade (1980-1992) of development and ?Olsdar?gles n the field obee;ilgne and 8 in the
1992 [41] medicine and dentistry application of ES ield of dentistry were published.
Analiza ES za medicinu i s Objavljeno je 608 ¢lanaka iz oblasti medicine i
- Prva dekada (1980-1992) razvoja i primene ES ; . -
stomatologiju osam iz oblasti stomatologije.
1993 [42] Expert Rule The knowledge base includes thirteen bite models. | Orthodontics — diagnosis with treatment planning
P Baza znanja obuhvata trinaest modela zagrizaja. Ortodoncija — dijagnoza sa planiranjem lecenja
1996 [43] KBS Orthodontic analysis Expanding the knowledge base for each new case
Ortodotska analiza Prosirenje baze znanja za svaki novi slucaj
1996 [44] KBS Decision analysis study of doctors and ES Sample of 100 cases, accuracy 88%
Studija analize odluka lekara i ES Uzorak od 100 slucaja, tacnost 88%
Application of ANN in ES Third molar treatment planning
1998 [45] KBS Primena ANN u ES Planiranje lecenja tre¢eg molara
S Diagnosis and treatment with orthodontic
1998 [46] KBS ES response validation appliances
Validacija odgovora ES - e . .
Dijagnoza i le¢enje ortodontskim aparatima
Supplementing the knowledge base using the RDR
1999 [47] E1S0-1 model of knowledge engineering It is used for planning orthodontic treatment.
Dopuna baze znanja pomoc¢u RDR modela Koristi se za planiranje ortodotskog tretmana.
inZenjerstva znanja
2010 [48] KBS Orthodontic treatment of patients (children) Treatment planning
Ortodontski tretman pacijenata (dece) Planiranje lecenja
2015 [49] eDES Oral dentistry (ANN and fuzzy logic) Diagnosis and treatment plan
Oralna stomatologija (ANN i fazzy logika) Dijagnoza i plan lecenja
The certainty factor (CF) between symptoms and
diagnosis Oral health diagnosis
2020 [50, 51, 52] Web ES Faktor izvesnosti (CF) izmedu simptoma i Dijagnoza oralnog zdravlja
dijagnoze
A CNN with four network depth models Diagnosis of radiographic images in oral dentistry
2020 [53] ES P Dijagnoza radiografskih snimaka u oralnoj

CNN sa Cetiri modela dubine mreze

stomatologiji
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Year of appearance

/ reference ES name Basic characteristics Application
Godina pojavljivanja | Naziv ES Osnovne karakteristike Primena
| referenca
Six models of ML algorithms in use are analyzed. Application in dentistry, especially in orthodontics
2021 [54, 55] Al/ML . . . A -
Analizira se Sest modela algoritama ML u primeni. | Primena u stomatologiji, a posebno u ortodonciji
ES for automatic identification of 13 points on the
patient’s face Diagnosis of malocclusion with treatment plan
2021 [56] CNN e § . .. A A n
ES za automatsku identifikaciju 13 ta¢aka na licu Dijagnoza nepravilnog zagrizaja sa planom lecenja
pacijenta
CAD/CAM modeling, implantology, robotic oral
2021 [57] Al in dentistry Future trends surgery
Al u stomatologiji Bududi trendovi CAD/CAM modeliranje, implantologija, robotska
oralna hirurgija
ES based on Bayesian
rules Multiple simultaneous symptoms Diagnosis of the patient’s oral health condition
2021 [58] S . o o . . . -
ES na bazi Bajesovih Vise istovremenih simptoma Dijagnoza stanja oralnog zdravlja pacijenta
pravila
2022 [59] CNN 700 orthodontic cases, accuracy 97% Diagnosis and treatment plan
700 ortodontskih slucajeva, tacnost 97% Dijagnoza i plan lecenja
Determination of linear and angular cephalometric
landmarks Orthodontic diagnosis and treatment plan
2022 [60] WebCeph ES (CNN) Odredivanje linearnih i ugaonih cefalometrijskih Ortodontska dijagnoza i plan lecenja
orijentira
Analysis of the application of AI/ML in ;I:;fnbi:str:z;zletlssare achieved by applying deep
2023 [61] Al/ML orthodontics rning ) » .
. . Najbolji rezultati se postizu primenom modela
Analiza primene Al/ML u ortodonciji L
dubokog ucenja.
2024 [62, 63] ML Appllcatlon in orthgdontlcs Dentistry 40
Primena u ortdonciji Stomatologija 4.0
1993 [65] Es Application in prosthetics Rule-based model
1994 [66] Primena u protetici Model zasnovan na pravilima

ES — expert systems; Al — artificial intelligence; KBS — knowledge-based system; CNN — convolutional neural network; ML — machine learning; CAD - computer-aided design;

CAM - computer-aided manufacturing; ANN - artificial neural networks; OP - orthodontic parameters; RDR - Ripple-Down Rules; CF — certainty factor

which can vary significantly from one patient to anoth-
er. Therefore, the algorithm takes into account objective
quality criteria through rules. It is especially noted here
that the first positive experiences in the application of this
ES were later used, including today, for the development
of advanced ES in this area.

The ES example in a study by Abbey [32] was devel-
oped for medicine, but was also used in dentistry. This
ES is a knowledge-based system (KBS), which generates
variable data from the patient and links it to a large fixed
knowledge base, which is designed to capture the patient’s
specific problems. The results in the form of advisory di-
agnoses and treatment plans are available to the dental
clinician, and they relate to oral dentistry.

This ES (Orad) uses Bayesian theorems to evaluate the
radiographs of patients with intraosseous lesions, in or-
der to establish a diagnosis [33]. Ninety-eight lesions of
the jaw are described in the knowledge base, according to
their prevalence and distribution, and according to age,
sex, race, presence of pain, number, size and localization
of lesions, connection with teeth, etc. The user follows a
menu of 16 questions to characterize a specific lesion. ES
outputs a list of lesions in order of their estimated prob-
ability. Studies show that this ES is useful in assisting cli-
nicians in formulating differential diagnoses.

Using fuzzy logic programming language (FRIL), a
consulting ES for orthodontics was developed [34]. It
helps dentists in general practice to use ES to assess the
shape of the dental arch in children and, based on that,
refer them to an orthodontist for detailed diagnosis and

further treatment. The goal is for the young patient’s per-
manent teeth to grow properly later on.

Decision-making in clinical dentistry is shaped by var-
ious and numerous influences, which is especially true
for ES knowledge bases [35]. For these reasons, it is nec-
essary to know the decision models in detail in order to
make the correct clinical conclusion using ES. Thus, in a
study by McCreery and Truelove [36],a detailed analysis
of decision models, 11 in total, with the best application
in specific branches of dentistry is presented.

Orthodontic ES for the analysis of Class II and Case
1 occlusions was presented in the study by Brown et al.
(1991) [37]. He gives advice to the orthodontist to define
the treatment plan. The first decade of ES for medicine are
KBS for diagnosis and counseling of physicians regarding
treatment plans [38].1t is believed that future research in
this area should be directed towards clinical problems.
Diagnosis with treatment planning is the ES model pre-
sented in a study by Grant and Freer [39], wherein the
knowledge base includes 13 different bite models.

A knowledge-based system is presented in a study by
Hammond and Freer [40] and is used for orthodontic
analysis and synthesis. Its main feature is that for each
new case, the existing knowledge base is expanded with
it. A comparison of the decisions of ES and dentists is
shown that the accuracy of the ES is 88%, which means
that it is worse than the expert and can only be assigned
a consulting role, not the final decision.

Twelve different models were used as a training tool
for NN, on a clinical history sample of 238 mandibular
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third molars (approximately the same number of male
and female patients, aged around 30 years), with output
data on oral surgeon treatment plans [41]. Starting from
the gold standard for this field (0.8 sensitivity), the ES
showed a sensitivity of 0.78 and the oral surgeon 0.88 (not
a significant difference), while the difference in specificity
is even smaller (0.98 and 0.99 for an oral surgeon), which
is also not significant. The conclusion is that it is possible
to train the ANN to provide reliable support in defining
the treatment plan for the lower third molar. A study by
Brickley et al. [42] analyzed the responses of an ES, which
is used as an orthodontic consultant for appliance plan-
ning. Otherwise, it is a rule-based ES, and the result is that
ES answers are satisfactory with 95% accuracy.

EICO-1 ES constitutes a set of rules (690), with which
the orthodontist, using the Ripple-Down-Rules (RDR)
knowledge engineering model, designs and supplements
the knowledge base, thus increasing the quality of the re-
sponse of the ES itself [43]. 1t is suitable for use in the clinic,
and students can especially benefit from it when mastering
and making decisions for planning orthodontic treatment.

A paper by Xie et al. [44] presented a decision-mak-
ing model for orthodontic treatment of patients between
the ages of 11 and 15, in which it is determined wheth-
er tooth extraction is required. ANN is used for training
and decision making. Otherwise, it is a rule-based ES, and
the result was that the ES answers were satisfactory on a
sample of 200 patients (180 for ANN training and 20 for
the test). Accuracy was 100% for trained cases and 80%
for test cases.

Tinuke and Yetunde [45] demonstrated that ES can ef-
fectively automate dental and administrative procedures.
They described two Al techniques for reasoning and in-
ference, ANN and fuzzy logic.

Three Web ES are presented by Pasaribu et al. [46],
Kurniawan [47], and Sidik et al. [48], which are used to
assist the dentist in diagnosing the patient’s oral health sta-
tus. They are based on IF-THEN rules by which symptoms
and diseases are related to a certainty factor. The results
showed 99% accuracy of his diagnosis compared to the di-
agnosis of a specialist dentist. A model for the diagnosis of
the oral condition of patients who need surgical treatment
was based on the diagnosis using radiographic images [49].
The accuracy of this predictive model is achieved by the
depth of the convolutional neural network (CNN), which
was demonstrated by the experiment. The screening includ-
ed 960 patients, and the ResNet-18, 34,50,and 101 models
were used, and the accuracy, sensitivity, and specificity of
each model were evaluated. ResNet-18 performed best with
an area under the curve of 0.979, followed by ResNets-34,
50,and 101 at 0.974, 0.945, and 0.944, respectively.

AI/ machine learning (ML) are increasingly applied in
the fields of orthodontic diagnosis, treatment planning,
growth assessment, and treatment outcome prediction
[50,51]. The following ML algorithms are analyzed: Bayes
model (supporting risk assessment in diagnosis), ANN
(diagnosis by image analysis), support vector machine is
used for skeletal pattern recognition, GA is used for con-
dition prediction trends based on diagnosis, fuzzy logic is
used to define the line of reasoning in sets where states are

not determined. From these models, deep learning models
are being developed today, which will only be applied in
the near future, as a support to dentists.

A study by Prasad et al. [52] presented an intelligent
model based on CNN for deep learning, for the automatic
identification of landmarks on the patient’s face (13 in
total), by analyzing radiographic images, and in relation
to irregular jaw positions and the diagnosis of such a con-
dition. The sample consisted of 950 patients, and excellent
results were obtained with a reliability of 95%, which is
why this method is recommended for clinical practice.

It can be stated that the application of Al in dentistry
is still at an early stage [53, 54]. However, the prospects of
this technology are great for diagnosis, treatment plan-
ning, recovery monitoring, patient management and ad-
ministrative tasks. Special breakthroughs are expected
in computer-aided design (CAD) and computer-aided
manufacturing (CAM), implantology, as well as robotic
oral surgery. The analysis in a study by Tam-Nurseman
etal. [55] shows that in dentistry a few symptoms are not
enough for a diagnosis, and for these reasons, Bayesian
rules were applied, which enables linking (ranking and
correlation) of several symptoms for a single diagnosis.
For these reasons, an improved model of Bayesian rules
was developed, which showed good results in defining the
diagnosis, with multiple simultaneous symptoms.

Diagnosis and treatment planning are the core of or-
thodontics, which orthodontists acquire with years of
experience [47]. ML has the ability to learn by pattern
recognition, and it achieves this in a very short time, en-
suring reduced inference error and excluding inter-cli-
nician inference variability, as well as good accuracy. In
this study, on a sample of 700 patients, using a four-lay-
er CNN, an accuracy of 97% was achieved [52, 56]. All
this was related to the diagnosis and treatment plan in
orthodontics. Automated cephalometric analysis is one
of the main areas of application of Al in the field of or-
thodontics. WebCeph ES performs the determination of
linear and angular cephalometric landmarks, obtained on
a web basis by fully automated measurements of these
parameters using this platform. The results of the research
show that there was complete agreement between manual
measurements and this ES, on a sample of 30 patients.

Systematic reviews analyzed different strategies us-
ing AI to improve diagnosis, planning and monitoring
of orthodontic treatment [57, 58]. The works were ana-
lyzed in an interval of 10 years, and a total of 33 studies
were included. The results show that Al is increasingly
becoming a part of clinical practice, and in particular
the deep learning model. A review paper by Prasad et al.
[52] also provides an analysis of the application of Al in
orthodontics for diagnostics, cephalometric assessment,
tooth age determination, temporomandibular jaw (TM])
assessment, treatment plan decision making and remote
patient monitoring (Dentistry 4.0). However, in clinical
application, the validation of the solution must still be
done by an expert dentist.

As a conclusion of this analysis, we can state the fol-
lowing: (a) ES in dentistry have been a research direction
for four decades, and during that time they have come



from individual research ideas to important scientific re-
search practice, with a perspective in clinical dentistry;
(b) the application of ES (AI) in dentistry is considered
good practice today; (c) deep learning from unstructured
databases is the best method of applying ES (AI) in den-
tistry today.

EXPERT SYSTEMS FOR DENTISTRY IN SERBIA

It is with great pleasure that we can state that at the
School of Dental Medicine in Belgrade, at the Clinic for
Prosthetics, serious research in this field has been car-
ried out since the beginning of the last decade of the last
century, until today [59-62]. All this resulted in the first
ES for prosthetist dentists in Serbia. It was a rule-based
system (IF-THEN rules), and the knowledge base had 120
rules. The search of the knowledge base was based on the
forward chaining model, from symptoms to diagnosis. It
was of an experimental-laboratory nature, and later the
knowledge from its development served in the wide appli-
cation of the CAD/CAM system at this clinic, as well as at
other clinics of the School of Dental Medicine in Belgrade.

EXPERT SYSTEMS AND ARTIFICIAL INTELLIGENCE
IN DENTISTRY - WHAT NEXT

Al-based virtual dental assistants can perform several
tasks in a dental practice with greater accuracy, fewer er-
rors, and less manpower compared to humans [51,52,53].
They can be used to coordinate appointments, manage
insurance and paperwork, and assist in clinical diagnosis
or treatment planning. They are very useful in alerting
the dentist to medical history, as well as to habits such as
alcoholism and smoking. In dental emergencies, the pa-
tient has the option of emergency teleassistance, especial-
ly when the dentist is unavailable. Thus, a detailed virtual
patient database can be created, which will go a long way
in providing the ideal treatment for the patient himself.

ARTIFICIAL INTELLIGENCE IN DIAGNOSIS AND
TREATMENT

Al can be used as an effective approach in the diagno-
sis and treatment of lesions of the oral cavity, and it can
be used in the screening and classification of suspicious
changes in the mucous membrane which go through pre-
malignant and malignant conditions. Even tiny changes
at the level of a single pixel are detected, which can go
unnoticed by the naked eye. AI can accurately predict ge-
netic predisposition to oral cancer for a large population.

ARTIFICIAL INTELLIGENCE IN ORAL AND
MAXILLOFACIAL SURGERY

The biggest application of Al in oral surgery is the de-
velopment of robotic surgery, wherein the movement of

Stomatoloski glasnik Srbije. 2025;72(1):19-34

the human hand and human intelligence are simulated.
Successful clinical applications in image-guided cranial
surgery include oral implant surgery, tumor and foreign
body removal, biopsy, and jaw surgery. Comparative stud-
ies of oral implant surgery indicate significantly higher
accuracy compared to freehand manual surgery, even
when performed by experienced surgeons. Shorter op-
eration time, safer manipulation around delicate struc-
tures and greater intraoperative precision are obtained.
Image-guided robotic surgery allows for more thorough
surgical resection, potentially reducing the need for revi-
sion procedures.

ARTIFICIAL INTELLIGENCE IN PROSTHETIC
DENTISTRY

In order to provide the patient with an ideal aesthetic
prosthesis, various factors such as anthropological cal-
culations, facial measurements, ethnicity and patient
preferences are integrated by the Al-based virtual pros-
thetic design assistant. It integrates computational design,
knowledge-based systems (ES) and databases, using log-
ic-based representation (Al) as a unifying medium. CAD/
CAM application in dentistry is a process by which a
finished dental restoration is achieved by a fine milling
process of finished ceramic blocks. It is used in the pro-
duction of inlays, onlays, crowns as well as crowns and
bridges. CAD/CAM technique essentially creates two-di-
mensional and three-dimensional models and their ma-
terialization by numerically controlled processing on the
machine. This approach replaced the time-consuming and
laborious process of conventional casting and reduced the
component of human error in the final prosthesis.

ARTIFICIAL INTELLIGENCE IN ORTHODONTICS

Diagnosis and treatment planning can only be determined
by analyzing X-rays and photographs with intraoral scan-
ners and cameras. All this is achieved by a virtual dental
assistant, which eliminates the need to take impressions of
the patient’s jaws, as well as several laboratory steps, and
the results are much more accurate compared to human
perception. Tooth movement and the final treatment out-
come can be predicted using AT algorithms and statistical
analysis based on ML.

References of the author of this work represent a re-
search contribution to some of the trends mentioned
ahead [63-70].

CONCLUSIONS AND FURTHER RESEARCH

ES and Al are research areas in dentistry that are in inten-
sive development, especially in clinical practice. Thanks
to the current state of development of machine learning
and knowledge engineering techniques, all the conditions
have been met to translate clinical procedures of the best
diagnostic and treatment practices into virtual dental
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assistants, as the first stage of development and applica-
tion of smart dentistry. On the other hand, the aforemen-
tioned conditions are created for the development and
application of telestomatology or Dentistry 4.0.

The challenges are considerable, but all the previous

analyses in this work show that we need multi-disci-
plinary work, and thus the knowledge of dentists, knowl-
edge engineers, and Al experts.

REFERENCES

1.

20.

21.

22.

Toosi A, Bottino A, Saboury B, Siegel E, Rahmim A. A brief his-
tory of Al: how to prevent another winter (a critical review).
PET Clin. 2021;16(4):449-69. [DOI: 10.1016/j.cpet.2021.07.001]
[PMID: 34537126]

Negnevitsky M. Artificial intelligence: a guide to intelligent systems.
2 ed. Harlow (UK): Addison-Wesley; 2005.

PRISMA Statement [Internet]. 2020 [cited 2024 May 15]. Available
from: hteps://www.prisma-statement.org/

Silver D, Schrittwieser ), Simonyan K, Antonoglou |, Huang A,
Guez A, et al. Mastering the game of Go without human know-
ledge. Nature. 2017;550(7676):354-9. [DOI: 10.1038/nature24270]
[PMID: 29052630]

McCulloch WS, Pitts W. A logical calculus of the ideas immanent
in nervous activity. Bull Math Biophys. 1943;5(4):115-33.

Turing AM. Computing machinery and intelligence. Mind.
1950,59(236):433-60.

Minsky ML. Theory of neural-analog reinforcement systems and its
application to the brain model problem [dissertation]. Princeton
(N)): Princeton University; 1954.

Brook R. The relationship between matter and life. Nature.
2001;409:409-11.

Newell A, Simon HA. GPS, a program that simulates human
thought. In: Billing H, editor. Lernende Automaten. Munich: R.
Oldenbourg; 1961. p. 109-24.

Zadeh LA. Fuzzy sets. Inf Control. 1965;8(3):338-53.

[DOI: 10.1016/S0019-9958(65)90241-X]

Buchanan B, Sutherland G, Feigenbaum EA. Heuristic Dendral: a
program for generating explanatory hypotheses in organic chem-
istry. In: Meltzer B, Michie D, Swann M, editors. Machine intel-
ligence 4. Edinburgh: Edinburgh University Press; 1969. p. 209—54.
Bryson AE Jr, Ho YC. Applied optimal control: optimization, es-
timation, and control. Waltham (MA): Blaisdell Publishing; 1969.
Holland JH. Adaptation in natural and artificial systems. Ann Arbor
(MI): University of Michigan Press; 1975.

Feigenbaum E, Buchanan B, Lederberg J. On generality and prob-
lem solving: a case study using the Dendral program. Mach Intell.
19706.

Shortliffe E, editor. Computer-based medical consultations:
MYCIN. New York: Elsevier; 1976.

Hopfield J). Neural networks and physical systems with emer-
gent collective computational abilities. Proc Natl Acad Sci USA.
1982;79(8):2554—-8. [DOI: 10.1073/pnas.79.8.2554] [PMID: 6953413]
Rumelhart DE, McClelland JL, PDP Research Group. Parallel distrib-
uted processing: explorations in the microstructures of cognition.
Cambridge (MA): MIT Press; 1986.

KozaJR. Genetic programming: on the programming of computers
by means of natural selection. Cambridge (MA): MIT Press; 1992.
Wooldridge M, Jennings NR. Intelligent agents: theory and practice.
Knowl Eng Rev. 1995;10(2):115. [DOI: 10.1017/50269888900008122]
Deep Blue [Internet]. Armonk (NY): IBM; [cited 2024 May 15].
Available from: https://www.ibm.com/ibm/history/ibm100/us/
en/icons/deepblue/

AlphaGo Korea [Internet]. London: DeepMind Technologies; 2019
[cited 2024 May 15]. Available from: https://deepmind.com/re-
search/alphago/alphago-korea/

Noguchi T, Hashizume Y, Moriyama H, Gauthier L, Ishikawa Y,
Matsuno T, et al. A practical use of expert system “Al-Q” focused

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

on creating training data. In: 2018 5th International Conference on
Business and Industrial Research (ICBIR). 2018.

[DOI: 10.1109/ICBIR.2018.8391169]

Dimitrijevic S, Zogovi¢ N. Machine learning advances in beekeep-
ing. In: Zdravkovi¢ M, Trajanovi¢ M, Konjovi¢ Z, editors. ICIST
2022 Proceedings. 2022. p. 59-63. [cited 2024 May 15]. Avail-
able from: https://www.eventiotic.com/eventiotic/files/Papers/
URL/2edce17e-c6b7-4672-88dd-f17720f723ff pdf

Dimitrijevi¢ S. Machine learning and application examples. Lecture,
Serbian Academy of Sciences and Arts; 19 Sep 2023 (in press).
[cited 2024 May 15]. Available from: https://www.sanu.ac.rs/
snimci-predavanja-iz-ciklusa-vestacka-inteligencija/

Shortliffe E. MYCIN: a knowledge-based computer program ap-
plied to infectious diseases. Proc Annu Symp Comput Appl Med
Care. 1977.

Shortliffe EH, Davis R, Axline SG, Buchanan BG, Green CC, Co-
hen SN. Computer-based consultations in clinical therapeutics:
explanation and rule acquisition capabilities of the MYCIN system.
Comput Biomed Res. 1975;8(4):303-20.

[DOI: 10.1016/0010-4809(75)90009-9] [PMID: 1157471)

van Melle W. MYCIN: a knowledge-based consultation pro-
gram for infectious disease diagnosis. Int ] Man Mach Stud.
1978;10(3):313-22. [DOI: 10.1016/S0020-7373(78)80049-2]

Chen Y, Argentinis JD, Weber G. IBM Watson: how cognitive
computing can be applied to big data challenges in life sciences
research. Clin Ther. 2016;38(4):688-701.

[DOL 10.1016/jclinthera.2015.12.001] [PMID: 27130797)

Wang FY, Zhang J}, Zheng X, Wang X, Yuan Y, Dai X et al. Where
does AlphaGo go: from Church—Turing thesis to AlphaGo thesis
and beyond. IEEE/CAA | Autom Sin. 2016;3(2).

Weed LL, Hertzberg RY. The use and construction of problem-
knowledge couplers ... Proc Annu Symp Comput Appl Med Care.
1983:831-6.

Lévy-Mandel AD, Venetsanopoulos AN, Tsotsos JK. Know-
ledge-based landmarking of cephalograms. Comput Biomed
Res. 1986;19(3):282-9. [DOI: 10.1016/0010-4809(86)90023-6]
[PMID: 3519070]

Abbey LM. An expert system for oral diagnosis. | Dent Educ.
1987,51(8):475-80. [PMID: 3301936]

White SC. Computer-aided differential diagnosis of oral radio-
graphic lesions. Dentomaxillofac Radiol. 1989;18(2):53-9.
[DOI: 10.1259/dmfr.18.2.2699592] [PMID: 2699592]

Williams JS, Matthewman A, Brown D. An orthodontic expert
system. Fuzzy Sets Syst. 1989;30(2):121-33.

[DOI: 10.1016/0165-0114(89)90075-4]

McCreery AM, Truelove E. Decision making in dentistry. Part
I historical and methodological overview. J Prosthet Dent.
1991;65(3):447-51. [DOI: 10.1016/0022-3913(91)90241-N]
[PMID: 2056468]

McCreery AM, Truelove E. Decision making in dentistry. Part
II: clinical applications of decision methods. J Prosthet Dent.
1991:65(4):575-85. [DOI: 10.1016/0022-3913(91)90302-D]
[PMID: 2066899]

Brown ID, Adams SR, Stephens CD, Erritt S), Sims-Williams JH.
The initial use of a computer-controlled expert system in treat-
ment planning of Class Il division 1 malocclusion. Br ] Orthod.
1991;18(1):1-7. [DOI 10.1179/bj0.18.1.1] [PMID: 2025618
Stheeman SE, Stelt PF, Mileman P. Expert systems in dentistry:
past performance — future prospects. ] Dent. 1992;20:68-73.
[DOI: 10.1016/0300-5712(92)90105-L] [PMID: 1564183]

Grant PD, Freer TJ. Expert systems in orthodontic clinical diagnosis.
Aust Orthod ). 1993;13(1):32-8. [PMID: 16429857

Hammond RM, Freer TJ. Application of a case-based expert sys-
tem to orthodontic diagnosis and treatment planning: a review.
Australas Orthod J. 1996;14(3):150-3. [DOI: 10.2478/a0j-1996-
0013] [PMID: 9528413]

Stephens CD, Mackin N, Sims-Williams JH. Development and valid-
ation of an orthodontic expert system. Br ) Orthod. 1996,23(1):1-9.
[DOI: 10.1179/bj0.23.1.1] [PMID: 8652492]

Brickley MR, Shepherd JB Armstrong RA. Neural networks: a new
technique for decision support in dentistry. ] Dent. 1998;26(4):305—
9. [DOI: 10.1016/50300-5712(97)00027-4] [PMID: 9611935



43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Poon KC, Freer TJ. EICO-1: an orthodontist-maintained expert
system. Australas Orthod J. 1999;15:219-28. [PMID: 11933356
Xie X, Wang L, Wang A. Artificial neural network modeling for
deciding if extractions are necessary prior to orthodontic treat-
ment. Angle Orthod. 2010,80(2):262-6.

[DOL 10.2319/111608-588.1] [PMID: 19905850]

Tinuke O, Yetunde S. Dental expert system. Int ) Appl Inf Syst.
2015;8(2). [cited 2024 May 15]. Available from: https://research.
ijais.org/volume8/number2/ijais14-451270.pdf

Pasaribu SA, Sihombing P, Suherman S. Expert system for diag-
nosing dental and mouth diseases (certainty factor method). In:
2020 3rd International Conference on Mechanical, Electronics,
Computer, and Industrial Technology (MECNIT). Medan; 2020. p.
218-21. [DOI: 10.1109/MECnIT48290.2020.9166635]

Kurniawan B. Web-based expert system for dental and oral dis-
eases. ) Intell Decis Support Syst. 2021;4(1):17-20. [cited 2024 May
15]. Available from: https://idss.iocspublisher.org/index.php/jidss/
article/view/64/39

Sidik R, Fadlurrahman M, Winanti M. Development of expert sys-
tem for dental and oral diseases (certainty condition). IOP Conf
Ser Mater Sci Eng. 2020,879:012033.

[DOI: 10.1088/1757-899X/879/1/012033]

Kim YH, Park JB, Chang MS, Ryu JJ, Lim WH, Jung SK. Influence of
CNN depth on Al model for orthognathic surgery diagnosis. J Pers
Med. 2021;11:356. [DOI: 10.3390/jpm11050356] [PMID: 33946874]
Asiri SN, Tadlock LR, Schneiderman E, Buschang PH. Applications of
Al & ML in orthodontics. APOS Trends Orthod. 2020;10(1):17-24.
[DOI: 10.25259/APOS_117_2019]

Bichu YM, Hansa |, Bichu AY, Premjani P, Flores-Mir C, Vaid NR. Al
and ML in orthodontics: scoping review. Prog Orthod. 2021;22(1):18.
[DOL 10.1186/540510-021-00361-9] [PMID: 34219198

Prasad J, Mallikarjunaiah DR, Shetty A, Gandedkar N, Chikka-
muniswamy AB, Shivashankar PC. ML predictive model for ortho-
dontic planning. Dent ). 2022;11:1. [DOI: 10.3390/dj11010001]
[PMID: 36661538]

Kim YH, Lee C, Ha EG, Choi YJ, Han SS. Fully deep-learning
model for automatic cephalometric landmarks. Imaging
Sci Dent. 2021;51(3):299-306. [DOI: 10.5624/isd.20210077]
[PMID: 34621657)

Banerjee M. Artificial intelligence in dentistry: a ray of hope. CODS
) Dent. 2021;13(2):58—60. [DOL: 10.5005/jp-journals-10063-0121]
Tam-Nurseman G, Achimugu P, Achimugu O, Kelechi H, Anabi S,
Sseggujja. Expert system for common dental diseases using Bayes
network. ] Biomed Sci Eng. 2027;14(11).

[DOI: 10.4236/jbise.2021.1411031]

Mahto RK, Kafle D, Giri A, et al. Automated cephalometric
measurements from Al platform. BMC Oral Health. 2022,22:132.
[DOI: 10.1186/512903-022-02170-w]

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Stomatoloski glasnik Srbije. 2025;72(1):19-34

Dipalma G, Inchingolo AD, Inchingolo AM, Piras F, Carpentiere
V, Garofoli G, et al. Al and clinical applications in orthodontics:
systematic review. Diagnostics. 2023;13:3677.

[DOI: 10.3390/diagnostics13243677] [PMID: 38132261]
Kazimierczak N, Kazimierczak W, Serafin Z, Nowicki P, Nozewski J,
Janiszewska-Olszowska ). Al in orthodontics: revolutionizing diag-
nostics and planning. ) Clin Med. 2024;13:344.

[DOI: 10.3390/jcm 13020344

Stamenkovi¢ D, Milicevi¢ V, Todorovi¢ A. Application of comput-
ers in dentistry. Stomatol Gaz Serb. 1993;40(4/5):171-7.
Todorovi¢ A, Stamenkovi¢ D, Milicevi¢ V, Todorovi¢ B. Expert
systems in dental prosthetics. In: First Dental Congress of FRY.
1993;40(Suppl 1):139.

Stamenkovi¢ D, Todorovi¢ A. Possibility of developing expert sys-
tems in dentistry. Stom A voice S. 1994;41:105-10.

Todorovic A, Lazic V. Computer-aided design and manufacturing
of dental restorations—"computerized impression”. Dental Gaz
Serb. 2006;53. [DOI: 10.2298/SGS0601042T]

Majstorovié N, Majstorovi¢ V, Mitrovié R, Migkovi¢ Z. Industry 4.0
applications in medicine and dentistry & COVID-19. Casopis Teh-
nika. 2021;20(4):509-20. [DOI: 10.5937/tehnika2104509M]
Sabbagh R, Zivkovi¢ S, Gawlik B, Sreenivasan SV, Stothert A,
Majstorovic V, et al. Big metrology data within CPM*. CIRP | Manuf
Sci Technol. 2022;36:90-9. [DOI: 10.1016/j.cirp}.2021.10.009]
Djurdjanovi¢ D, Jiao Y, Majstorovic V. Multistage manufactur-
ing process control robust to inaccurate knowledge about
process noise. CIRP Ann Manuf Technol. 2017;66(1):437-40.
[DOI: 10.1016/j.cirp.2017.04.012]

Majstorovi¢ N, Zivkovi¢ S, Glisi¢ B. Dental arch monitoring by
splines fitting error ... Med Pregl. 2019,76:67.

[DOI: 10.2298/VSP161212067M]

Majstorovi¢ NV, Macuzi¢ J, Glisi¢ B. Referent geometric entities in
orthodontics on 3D models. Serb Dent J. 2014;61(2).

[DOI: 10.2298/SGS1402102M)]

Majstorovic N, Zivkovi¢ S, Glisi¢ B. Advanced model definition
of orthodontic parameters on 3D models. Srp Arh Celok Lek.
2017;145:11. [DOI: 10.2298/SARH151207011M]

Trifkovi¢ B, Budak I, Vukeli¢ D, Puskar T, Jevremovi¢ D, Todorovi¢
A, et al. Accuracy and precision of optical 3D digitization devices
in dental CAD/CAM. Maejo Int J Sci Technol. 2017:45-57. [cited
2024 May 15]

Vulovi¢ S, Todorovi¢ A, Stanci¢ |, Popovac A, Stasi¢ N, Vencl A, et al.
Surface properties of CAD/CAM materials for implant restorations.
J Esthet Restor Dent. 2022;34(7):1132-41.[DOI: 10.1111/jerd.12958)

Received: 19.11.2024 - Accepted: 30.12.2024

29



30 ‘ Todorovic A. et al. Expert systems in dentistry

Ekspertni sistemi u stomatologiji

Aleksandar Todorovi¢', Nemanja V. Majstorovi¢?, Sonja Dimitrijevi¢?, Vidosav D. Majstorovi¢*

'Univerzitet u Beogradu, Stomatoloski fakultet, Beograd, Srbija;
*Stomatoloska ordinacija ELIDA 1, Beograd, Srbija;

*Univerzitet u Beogradu, Institut ,Mihajilo Pupin’, Beograd, Srbija;
“Univerzitet u Beogradu, Masinski fakultet, Beograd, Srbija

SAZETAK

Uvod Vestacka inteligencija (Al) danas predstavlja vazan cinilac drustvenog, nau¢nog i ekonomskog razvoja. Njene Siroke mogu¢-
nosti primene obuhvataju i stomatologiju. Istorija Al duga je oko osam decenija, a posebna oblast njenog istrazivanja i razvoja su i
ekspertni sistemi, koji su predmet ovog rada, a odnose se na stomatologiju.

Cilj rada je da se analizira stanje razvoja i primene ekspertnih sistema (ES) u stomatologiji, sa predlogom mogucnosti njihove pri-
mene danas.

Metode Korisc¢enjem elemenata sistemske analize, izabran je reprezentativni uzorak ¢lanaka sa SCI, Web of Science i Scopus referenci
(PubMed/MEDLINE baze podataka), koji su analizirani iz ugla vremenske dimenzije razvoja Al i ES.

Rezultati Rad je strukturisan tako da daje odgovore na sledeca pitanja: Sta je Al i kako se razvijala, kako su nastali i kako su se
razvijali ES u stomatologiji, uklju¢ujuci i Srbiju, Sta su perspektive primene Al/ES u stomatologiji, i koji su moguci pravci buduéih
istrazivanja u ovoj oblasti.

Zakljucak Al i ES su u oblasti stomatologije iz ere eksperimentalnih istrazivanja na granici da postanu dobra klinicka praksa. Di-
gitalizacija i model Industrije 4.0, koji su vec Siroko rasprostranjeni, predstavljaju veliku podrsku za brzu primenu ovih modela u
stomatoloskoj praksi.

Kljucne reci: vestacka inteligencija; ekspertni sistemi; stomatologija

UvoD

Vestacka inteligencija (AI) je grana nauke o inteligenciji, koja
moze biti prirodna i vestacka. Al je nauka i inZenjerstvo za stva-
ranje inteligentnih masina i softverskih sistema. Ove dve oblasti
istrazivanja su povezane i doprinosile su jedna drugoj tokom
prethodnih osam decenija. Uspesi u prirodnoj inteligenciji po-
stavili su ¢vrste temelje za istrazivanje Al: neuronske mreze
(ANN), genetski algoritmi (GA) itd., dok su napredni Al alati
pomogli da se ubrzaju nova otkri¢a u prirodnoj inteligenciji [1,
2]. Dakle, postoji istorija Al, duga osam decenija, koja je danas
obecavajuca vise nego ikad, $to se odnosi i na stomatologiju.

Ovaj pregledni rad ima za cilj da ¢itaocima stavi na uvid
osnovne ¢injenice i znanja o razvoju i primeni ES u stomatolo-
giji. Poceci primene se odnose, pre svega, na Al, koja sama za
sebe ima istoriju razvoja, takode detaljno analiziranu u ovom
radu. Zasto? Zato $to su ES bili dobra osnova za primenu alata
i tehnika AI u stomatologiji, posebno dubokog ucenja u po-
slednjoj dekadi ovog veka. Ovaj rad je namenjen nau¢nicima,
istrazivac¢ima i studentima koji Zele da dobiju konciznu infor-
maciju o pocetku razvoja nove naucne grane u stomatologiji,
pametne stomatologije.

Ova sistemska analiza je vr§ena prema metodologiji PRISMA
[3], a nasa pitanja su bila: Q1. Kako se ES koriste u stomatolo-
giji? 1 Q2. Kako ES poboljsavaju donosenje odluka o dijagnozi,
planiranju lecenja, pracenju napretka le¢enja i ocene uspesno-
sti terapije? Za ova pitanja bili su definisani: vremenski period
analize, tip studije, modeli ES, metodologija pretrage i ocena
kvaliteta studije. Uzorak je obuhvatio 268 radova, a postavljene
kriterijume su zadovoljila 32 rada.

Ovaj rad ima nekoliko celina: (i) kako je nastala i razvijala
se AL (ii) pregled razvoja ES za stomatologiju do danas, uklju-
¢ujudi i Srbiju, (iii) izazovi i bududi razvoj ES za stomatologiju,
(iv) zakljucci i buduca istrazivanja.

KRATKA ISTORIJA Al

Pre nego $to iznesemo detalje o ES u stomatologiji, neophodno
je da ukratko analiziramo istoriju Al, koja je prikazana u Tabeli
1[1,2,4]. Ona obuhvata interval od osam decenija (1940-2020.
god.) i ima Cetiri etape razvoja, kako je to navedeno u donjoj
tabeli.

Moze se reci da istorija Al pocinje od ranih 40-ih godina
proslog veka. Pocelo je sa binarnim ANN modelom [5] koji su
1943. godine kreirali V. McCulloch i V. Pitts sa Univerziteta u
Ilinoisu. Tako je njihov model samo razmatrao binarno stanje
(tj. uklju¢eno/isklju¢eno za svaki neuron), ovaj model je ko-
ris¢en kao osnova za istrazivanje ANN-a kasnih 80-ih godina
proslog veka. Godine 1950. britanski matematicar A. Tjuring je
predlozio poznati Tjuringov test, pomocu koga se utvrduje da
li masine mogu da misle [6]. Tjuringov test je izvoden putem
kompjuterske komunikacije, koja ukljucuje ispitivaca, coveka
(ispitivani), u¢esnika u eksperimentu i kompjuter, koji su medu-
sobno razdvojeni, ali komunikaciono povezani. Ispitiva¢ moze
postaviti bilo kakva pitanja. Ako ispitiva¢ ne moze razlikovati
masinu od ¢oveka na osnovu njihovih odgovora, kompjuter je
poloZio test. Godine 1951. M. Minski i D. Edmonds [7], dva
diplomirana studenta sa Univerziteta Prinston, napravili su prvi
neuronski ra¢unar koji simulira mrezu od 40 neurona.

Vazna prekretnica u razvoju Al je bio prva radionica o Al,
odrzana 1956. godine na Dartmut koledzu, pod vodstvom J.
Makartija [8]. Ova radionica oznalila je kraj ,mra¢nog doba“
Al pocetak uspona Al u istoriji vestacke inteligencije. Termin
vestacka inteligencija tada je predlozio J. Makarti, i on je jo$
uvek u upotrebi. On se kasnije preselio u Masacusetski institut
za tehnologiju (MIT), gde je 1958. definisao prvi jezik vestacke
inteligencije, LISP, koji se i danas koristi. Jedan od najambici-
oznijih projekata u ovoj oblasti bio je General Problem Solver
(GPS), koji su 1961. godine stvorili A. Njuel i H. Sajmon sa
Univerziteta Karnegi Melon [9]. GPS je zasnovan na formalnoj



logici i moze da generise beskonacan broj operatora koji poku-
$avaju da pronadu resenje; medutim, neefikasan je u re$avanju
komplikovanih problema. Godine 1965, L. Zadeh sa Univerziteta
u Berkliju objavio je ¢uveni rad ,,Fuzzi skupovi‘, koji je osnova
teorije rasplinutih skupova [10], ili neizvesnog odlucivanja.

Prvi ekspertni sistem, Dendral [11], razvijen je na
Univerzitetu Stanford 1969. u okviru projekta koji je finansi-
rala Nacionalna uprava za aeronautiku i svemirska istrazivanja
(NASA),a vodio ga je Dz. Lederberg, dobitnik Nobelove nagrade
za genetiku. Medutim, u to vreme ve¢ina projekata Al mogla je
da resi samo probleme sa igrama, a ne stvarne probleme, zbog
¢ega su mnogi projekti u Sjedinjenim Americ¢kim Drzavama,
Velikoj Britaniji i nekoliko drugih zemalja propali, odnosno bili
beskorisni. Tako su istrazivanja Al usla u tkz.,, Al zimu®

Uprkos smanjenom finansiranju, istrazivanja Al su se nasta-
vila, tako da su 1970. god., A. Brajson 1 Y. Ho [12] predloZili mo-
del propagacije unazad za u¢enje neuronske mreze. Stavise, prvi
GA je predlozio 1975. god. ]. Holand sa Univerziteta u Micigenu,
koji je koristio selekciju, ukrstanje i mutaciju kao genetske ope-
ratore za optimizaciju [13] i tako razvio model GA. Isti tim koji
je razvio ES Dendral [14] na Univerzitetu Stanford, razvio je
1976. godine MYCIN, koji je zasnovan na pravilima IF-THEN,
kao ekspertni sistem za dijagnostiku bolesti krvi pomocu 600
pravila, ako (IF) - onda (THEN). IstraZivanja su pokazala da on
radi bolje od mladeg lekara [15].

Posle 30 godina, ponovo su zapocela istrazivanja na neu-
ronskim mrezama, kao vaznoj oblasti Al Poceo je novi period,
u kome je Al postala nauka. Bilo je to 1982. godine, kada je J.
Hopfild objavio svoje Hopfildove mreze, koje su i danas popu-
larne [16]. Godine 1986, propagacija unazad je postala prvi im-
plementirani algoritam ucenja u ANN, 16 godina nakon objave
ovog modela [17]. Takode, ova godina je i pocetak primene dis-
tribuirane AI (DAI) kroz paralelno distribuiranu obradu znanja.
Posle 22 godine, teorija rasplinutih skupova ili fuzzi logika us-
pesno je ugradena u upravljanje radom masina za pranje sudova
i masina za pranje vesa 1987. god., japanskih kompanija koje su
proizvodile ove aparate za domacinstvo. Godine 1992, ]. Koza je
predlozio genetsko programiranje za manipulaciju simbolickim
kodom koji je generisan na LISP jeziku [18]. Bazirani na ide-
jama DAT i vestackog Zivota, inteligentni agenti su postepeno
dobili oblik sredinom 1990-ih. Krajem 1990-ih, hibridni sistemi
fuzzy logike, ANN i GA postali su popularni alati za re$avanje
slozenih problema. Posle toga su se pojavili razliciti novi pri-
stupi AL ukljucujuc¢i ACO, optimizaciju jezera ¢estica (PSO),
vestacku optimizaciju imuniteta (AIO) i DNK ra¢unarstvo, kao
i inteligentni agenti [19]. Potencijal AI u budu¢nosti - kao $to
je stomatologija — ostaje veliki i u ovom trenutku nepredvidiv.

Prvi popularni Al alat bio je softver za igranje $aha, kom-
pjuterski program Deep Blue, koji je kreirala korporacija
International Business Machines (IBM) [20]. Gari Kasparov, ta-
dasnji svetski Sampion u $ahu, igrao je protiv njega 1997.god. u
egzibicionom mecu i izgubio rezultatom 2,5 : 3,5.Jos jedan rani
primer je robot Honda ASIMO iz 2005. godine, koji je mogao da
se penje stepenicama. Da bi se robot kretao u nestrukturisanom
okruzenju i njime komandovao ¢ovek, potrebne su sposobnosti
obrade prirodnog jezika, racunarska vizija, percepcija, prepo-
znavanje objekata, masinsko ucenje i kontrola pokreta tokom
rada. Nedavno, 2016. godine, AlphaGo kompanije DeepMind
pobedio je svetskog Sampiona L. Sedola u ¢etiri od pet igara, ko-
risteci racunarstvo u oblaku, podrzano u¢enjem i Monte Karlo
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algoritmom za pretragu u kombinaciji sa dubokom neuron-
skom mreZom za donosenje odluka [21]. Njegova novija verzija,
AlphaGo Zero [4, 22], nadmasila je sposobnost AlphaGo-a za
samo tri dana kroz samoucenje od nule. Novi iskorak u ovoj
oblasti predstavlja inteligentna platforma IBM Watson.

Najnoviji pristup predstavlja ChatGTP, opsta platforma za
kori$¢enje Al u razli¢itim oblastima, ukljucujudi i stomatologiju.
Ovo je jedan od buducih pravaca razvoja ove oblasti u stoma-
tologiji.

Danas se tehnike i sistemi AI mogu koristiti u razli¢itim
oblastima — od $ahovskih partija i upravljanja robotima, preko
dijagnoze bolesti, autopilota u avionima, pametnog projekto-
vanja, pa sve do pametne stomatologije. Pored Al tehnika pri-
kazanih u Tabeli 2, masinsko ucenje i duboko ucenje pokazuju
mnogo toga obecavajuceg za pametnu stomatologiju. Ova tabela
klasifikuje tipi¢ne modele masinskog ucenja na osnovu toga
da li su nadgledani, polunadgledani ili nenadgledani, diskri-
minativni ili generativni, kao i prema tome da li se odnose na
standardno ucenje ili duboko ucenje. Modeli koji se primenjuju
u stomatologiji obojeni su crvenom bojom.

Naime, nadgledano ucenje pronalazi relacije izmedu ulaza i
izlaza nad oznacenim skupovima podataka u toku obucavanja
sistema. Kod nenadgledanog ucenja, model izdvaja realacije,
odnosno zakonitosti iz podataka, bez mapiranja ulaza na izlaze.
Polunadgledano ucenje kombinuje nadgledano i nenadgleda-
no ucenje tako Sto koristi i oznacene i neoznacene podatke.
Pored toga, grana masinskog ucenja koja se narocito istice po
rezultatima poslednjih godina je duboko masinsko ucenje.
Uopsteno receno, radi se o primeni neuronskih mreza sa ve-
¢im brojem slojeva. Jo$ jedna klasifikacija koja je vrlo aktuelna
poslednjih godina razlikuje diskriminativne i generativne mo-
dele. Diskriminativni modeli imaju za cilj da prepoznaju razlike
izmedu razlicitih tipova podataka, odnosno uce koje pojedinosti
odvajaju jednu klasu podataka od druge. Generativni mode-
li pak nastoje da nauce distribuciju podataka i generi$u nove
podatke [23,24].

EKSPERTNI SISTEMI U STOMATOLOGI]JI - PREGLED
RAZVOJA

Ekspertni sistemi (ES) su inteligentni ra¢unarski programi
koji reSavaju probleme na nacin na koji to ¢ine eksperti, i pred-
stavljaju jednu od najznacajnijih oblasti istrazivanja vestacke
inteligencije [1, 4]. Opisani su kao ,kompjuterizovano znanje®,
a Britansko kompjutersko drustvo je definisalo ES potpunije
kao: ... stvaranje u ra¢unaru komponente zasnovane na znanju
iz ekspertske vestine u takvom obliku da sistem moze ponuditi
inteligentne savete ili doneti inteligentnu odluku o predmetnoj
oblasti [23]. ES re$avaju realne probleme iz razli¢itih oblasti,
koji bi inace zahtevali ljudsku ekspertizu. Cilj je da ra¢unarski
program uvek daje korektne odgovore u datoj oblasti, ne losije
od eksperta, ali je to tesko dostizno. Zato se postavlja manje
ambiciozan cilj, trazi se da sistem pruzi pomoc¢ u odlucivanju.

ES su odigrali veliku ulogu u razvoju i primeni modela Al
(Tabela 3). Medutim, kako pokazuje analiza u donjoj tabeli, na
scenu ponovo stupaju nove generacije ES zasnovanih na du-
bokom znanju.

Ranije je receno da je Mysin bio prvi ES koji su koristili le-
kari [15,25-29], a u vezi sa tim sve je pocelo razvojem prvog
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ES - Dendral [14, 11], koji se koristio za re$avanje specifi¢nog
zadatka u nauci: pomo¢i organskim hemic¢arima u identifika-
ciji nepoznatih organskih molekula analizom njihovih masenih
spektara, uz kori$¢enje znanja iz hemije. Softverski program
Dendral smatra se prvim ES, jer je automatizovao proces dono-
$enja odluka i definisao ponasanje organskih hemicara u resa-
vanju problema. Projekat se sastojao od dva programa: Heuristic
Dendral i Meta-Dendral i nekoliko podprograma. Napisani su u
programskom jeziku Lisp, koji se smatra jezikom Al zbog svoje
fleksibilnosti. Mnogi ES su izvedeni iz Dendrala, uklju¢ujuéi
MYCIN, Molgen, Prospector, Kscon i Steamer.

MYCIN je bio prvi Al program za pretrazivanje unazad,
kojim je identifikovao bakterije koje izazivaju teske infekcije,
kao $to su bakteremija i meningitis i preporucivao antibiotike
sa dozom prilagodenom telesnoj tezini pacijenta. Sam naziv
ovog ES potic¢e od samih antibiotika, jer mnogi antibiotici imaju
sufiks “-mycin”. Sistem MYCIN je takode kori$¢en za dijagnozu
bolesti zgrusavanja krvi. Njegova baza znanja bila je definisana
pravilima, a nadin pretrazivanja i povezivanja pravila radi za-
kljucivanja i danas predstavlja primer dobrog modela rezono-
vanja (od simtoma (posledica) ka uzroku(cima).

Detaljna analiza literature pokazuje da je prvi ES u stoma-
tologiji razvijen za oralnu stomatologiju 1983. god. (Tabela 4)
[30]. Bio je to skup softverskih modula koji su se koristili za
dijagnozu klinickih stanja i upravljackih hipoteza iz baze znanja,
koja je razvijena na osnovu relevantnih informacija iz medicin-
ske literature. Ovi moduli su bili: Problem-Knowledge Coupler,
Coupler Editor, Mreza znanja i kompjuterizovani medicinski
karton orijentisan na probleme. On je sadrzavao jedan deo koji
se odnosio na oralnu stomatologiju.

Slede¢i model je razvijen 1986. god. [31]. Radi se o sistemu
zasnovanom na znanju, koji takode funkcioni$e na bazi pravila.
Ortodonti su definisali odredeni broj karakteristi¢nih tacaka, ili
orijentira, na rendgenskom snimku ljudske lobanje koje se kori-
ste za proucavanje rasta ili kao dijagnosticka pomo¢. Originalna
slika je prethodno obradena operatorom predfiltriranja (medi-
janski filter), a zatim detektorom ivica (Mero-Vassi operator).
Zatim se primenjuje algoritam za pracenje linija zasnovan na
znanju, koji ukljucuje sistem sa organizovanim skupovima
pravila i jednostavnim tumacem. U algoritmu zaklju¢ivanja
primenjuje se apriorno znanje, koje uzima u obzir ¢injenice
bioloskih oblika lica, koji mogu znacajno da variraju od jednog
do drugog pacijenta. Zbog toga algoritam putem pravila uzima
u obzir objektivne kriterijume kvaliteta. Ovde se posebno napo-
minje da su prva pozitivna iskustva u primeni ovog ES kasnije
iskoris¢ena, uklju¢ujudi i dana$nje vreme, za razvoj naprednih
ES u ovoj oblasti.

Primer ES u studiji koju je sproveo Abbey [32] razvijen je
za medicinu, ali je imao primenu i u stomatologiji. Ovaj ES je
sistem zasnovan na znanju, koji generise promenljive podatke
od pacijenta i povezuje ih sa velikom fiksnom bazom znanja,
koja je projektovana tako da obuhvata specifi¢ne probleme paci-
jenta. Rezultati u vidu savetodavnih dijagnoza i planova le¢enja
na raspolaganju su stomatologu klini¢aru i odnose se na oralnu
stomatologiju.

Ovaj ES (Orad) koristi Bajesove teoreme za ocenu radio-
grafskog snimka pacijenata sa intrakostanim lezijama, radi
postavljanja dijagnoze [33]. U bazi znanja opisano je 98 lezija
vilice, prema njihovoj prevalenci i distribuciji, kao i prema sta-
rosti, polu, rasi, prisustvu bola, broju, veli¢ini i lokalizaciji lezija,

povezanosti sa zubima itd. Korisnik prati meni od 16 pitanja
kako bi se okarakterisala konkretna lezija. ES kao izlaz daje li-
stu lezija poredanih prema procenjenoj verovatnodi. Ispitivanja
pokazuju da je ovaj ES koristan kao pomo¢ klini¢arima u for-
mulisanju diferencijalnih dijagnoza.

Kori$¢enjem programskog jezika za fazzy logiku (FRIL), ra-
zvijen je konsultanski ES za ortodonciju [34]. On pomaZe sto-
matolozima opste prakse da koris¢enjem ES ocene stanje oblika
zubnog luka kod dece i na osnovu toga ga upute ortodontu za
detaljnu dijagnozu i dalje lecenje. Cilj je da mladom pacijentu
kasnije pravilno izrastu i budu rasporedeni stalni zubi.

Donosenje odluka u klinickoj stomatologiji je skopcano sa
razli¢itim i velikim brojem uticaja, $to posebno vazi i za baze
znanja kod ES [35]. Iz tih razloga, potrebno je detaljno pozna-
vati modele odlucivanja da bi se doneo pravilni klinicki zaklju-
¢ak pomocu ES. Tako je u studiji koju su sproveli McCreery i
Truelove [36] prikazana detaljna analiza 11 modela odlu¢ivanja
sa najboljom primenom u specifi¢nim granama stomatologije.

Ortodontski ES za analizu zagrizaja klase IT i slucaja 1 prika-
zan je u studiji koju su sproveli Brown i sar. (1991) [37]. On daje
savete ortodontu za definisanje plana le¢enja. Prva dekada ES
za medicinu su sistemi zasnovani na znanju za dijagnozu i sa-
vetovanje lekara u vezi sa planovima le¢enja [38]. Smatra se da
bi buduca istrazivanja u ovoj oblasti trebalo da budu usmerena
ka klini¢kim problemima. Dijagnoza sa planiranjem lecenja je
model ES prikazan u studiji koju su sproveli Grant i Freer [39],
u kojoj baza znanja obuhvata 13 razli¢itih modela zagriZaja.

Sistem na bazi znanja prikazan je u studiji koju su sproveli
Hammond i Freer [40] i koristi se za ortodontsku analizu i sin-
tezu. Njegova osnovna karakteristika je da se za svaki novi slucaj
postojeca baza znanja njime prosiri. Poredenjem odluka ES i
stomatologa pokazano je da je ta¢nost ES 88%, Sto znaci da je
losiji od eksperta i njemu se moze dodeliti samo konsultantska
uloga, ne i kona¢na odluka.

Kao alat za obucavanje neuronske mreze (NN) koris¢eno je
12 razlicitih modela, na uzorku klinicke istorije od 238 donjih
tre¢ih molara (priblizno istog broja muskih i Zenskih pacijenta,
uzrasta oko 30 god.), sa izlaznim podacima o planovima tre-
tmana oralnog hirurga [41]. Polaze¢i od zlatnog standarda za
ovu oblast (osetljivost 0,8), ES je pokazao osetljivost od 0,78, a
oralni hirurg od 0,88 (razlika nije znacajna), dok je razlika u
specifi¢nosti jo§ manja (0,98 za ES i 0,99 za oralnog hirurga),
$to takode nije znacajno. Zakljucak je da je moguce obuciti NN
da pruza pouzdanu podrsku pri definisanju plana le¢enja za
donji trec¢i molar. Studija koju su sproveli Brickley i saradnici
[42] analizirala je odgovore ES, koji se koristi kao konsultant
u ortodonciji za planiranje aparata. Inace, radi se o ES na bazi
pravila, a rezultati pokazuju da su odgovori ES zadovoljavajudi,
sa 95% tacnosti.

EICO-1 ES ¢ini skup pravila (690) pomo¢u kojih stomatolog
ortodont, koriste¢i model inZenjerstva znanja Ripple-Dovn-
Rules (RDR), dizajnira i dopunjuje bazu znanja, ¢ime povecava
kvalitet odgovora samog ES [43]. Pogodan je za upotrebu na
klinici, a posebne koristi od njega mogu da imaju studenti pri
usavr$avanju i dono$enju odluka u planiranju ortodontskog
tretmana.

U radu ¢iji su autori Xie i saradnici [44] prikazan je model
za donosenje odluka za ortodontski tretman pacijenata izme-
du 11.1 15. godina, kod kojih se utvrduje da li je potrebna ek-
strakcija zuba. Za obuku i donosenje odluka koristi se vestacka



neuronska mreza (ANN). Inace, radi se o ES na bazi pravila,
a rezultati su pokazali da su odgovori ES zadovoljavaju¢i na
uzorku od 200 pacijenata (180 za obuku ANN, a 20 za testira-
nje). Tacnost je iznosila 100% za obucene slucajeve, a 80% za
test primer.

Slededi primer je pokazao da ES moZe efikasno da automa-
tizuje stomatoloske i administrativne procedure [45]. On koristi
dve tehnike Al za rezonovanje i zaklju¢ivanje - ANN i fazzy
logiku.

Tri veb ES predstavili su Pasaribu i saradnici [46], Kurniawan
[47] i Sadik i saradnici [48]. Oni se koriste za pomo¢ stoma-
tologu pri dijagnozi oralnog zdravlja pacijenta. Zasnovani su
na pravilima (AKO ~ONDA) u kojima su simptomi i bolesti
povezani sa faktorom izvesnosti (CF). Rezultati su pokazali
99% tacnosti njegove dijagnoze u poredenju sa dijagnozom
stomatologa specijaliste. Model za dijagnozu oralnog stanja
pacijenata kojima je potrebno hirursko le¢enje [49] zasnovan
je dijagnostici pomo¢u radiografskih snimaka. Taénost ovog
prediktivnog modela postize se dubinom CNN, $to je eksperi-
mentom i pokazano. Skrining je obuhvatio 960 pacijenata, a ko-
ri$¢eni su modeli ResNet-18, 34,501 101, pri ¢emu su ocenjivani
ta¢nost, osetljivost i specifi¢nost svakog modela. ResNet-18 je
imao najbolje performanse sa povr$inom ispod krive od 0,979,
zatim ResNets-34,501 101 sa vrednostima 0,974,0,945 i 0,944,
respektivno.

Al i masinsko ucenje (ML) sve se vi$e primenjuju u obla-
stima ortodontske dijagnoze, planiranja leCenja, procene rasta
i predvidanja ishoda le¢enja [50, 51]. Analiziraju se sledeci al-
goritmi ML: Bejsov model (podrska oceni rizika u dijagnozi),
NN (dijagnoza analizom snimaka), masina vektora podrske
(MVP) (koristi se za prepoznavanje skeletnih uzoraka), genet-
ski algoritam (GA)( koristi se za trendove predvidanja stanja na
osnovu dijagnoze), fazzy logika (FL) (koristi se za definisanje
linije rezonovanja u skupovima gde nisu determinisana stanja).
Iz ovih modela se danas razvijaju modeli dubokog ucenja (Deep
ML), koji ¢e se u bliskoj budu¢nosti i jedino primenjivati, kao
podrska stomatolozima.

Studija Prasada i saradnika [52] prikazala je inteligentni
model zasnovan na CNN za duboko ucenje, za automatsku
identifikaciju orijentira na licu pacijenta (ukupno 13), analizom
radiografskih snimaka, a u vezi sa nepravilnim polozajima vilica
i dijagnozom takvog stanja. Uzorak je obuhvatao 950 pacijenata,
auz pouzdanost od 95% dobijeni su odli¢ni rezultati, zbog cega
se ovaj metod preporucuje i za klinicku praksu.

Moze se konstatovati da je primena Al u stomatologiji jos
uvek u ranoj fazi razvoja [53, 54]. Medutim, perspektive ove
tehnologije su velike za dijagnozu, planiranje lecenja, pracenje
oporavka, upravljanje pacijentima i administrativne poslove.
Posebni pomaci se o¢ekuju u CAD/CAM modeliranju, implan-
tologiji, kao i u robotskoj oralnoj hirurgiji. Analiza u studiji koju
su sproveli Tam-Nurseman i saradnici [55] pokazuje da u sto-
matologiji nekoliko simptoma nije dovoljno za dijagnozu, pa
su iz tih razloga primenjena Bajesova pravila, koja omogucuju
povezivanje (rangiranje i korelaciju) vi$e simptoma za jednu di-
jagnozu. Iz ovih razloga je razvijen unapredeni model Bajesovih
pravila, koja su pokazala dobre rezultate u definisanju dijagno-
ze, sa vise istovremenih simptoma.

Dijagnoza i planiranje lecenja su srz ortodoncije, koju orto-
donti dobijaju vi§egodi$njim iskustvom [47]. Masinsko ucenje
(ML) ima sposobnost uéenja prepoznavanjem obrazaca, a to
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postize u veoma kratkom roku, smanjujuci verovatnocu greske u
zakljuc¢ivanju i iskljucujuci varijabilnost zakljuc¢ivanja medu kli-
nic¢arima, kao i dobru ta¢nost. U ovoj studiji je na uzorku od 700
pacijenata, koris¢enjem Cetvoroslojne CNN, postignuta tac¢nost
0d 97% [52,56]. Sve ovo se odnosilo na dijagnozu i plan le¢enja
u ortodonciji. Automatizovana cefalometrijska analiza je jedna
od glavnih oblasti primene AI u oblasti ortodoncije. WebCeph
ES vrsi odredivanje linearnih i ugaonih cefalometrijskih orijen-
tira, dobijenih na veb bazi potpuno automatizovanim merenjima
ovih parametara pomocu ove platforme. Rezultati istraZivanja
pokazuju da je dobijena potpuna saglasnost izmedu merenja
ru¢nim putem i pomocu ovog ES, na uzorku od 30 pacijenata.

Sistematski pregled [57, 58] analizira razli¢ite strategije
koje koriste Al u pobolj$anju dijagnoze, planiranja i pracenja
lecenja u ortodonciji. Analizirani su radovi u intervalu od 10
godina, a ukupno su obuhvacene 33 studije. Rezultati pokazuju
da Al sve vise postaje deo klinicke prakse, a posebno model
dubokog ucenja. Pregledni rad Prasada i saradnika [52] takode
daje analizu primene Al u ortodonciji u oblastima dijagnostike,
cefalometrijske ocene, odredivanja starosti zuba, temporoman-
dibularne ocene vilica (TM]), donosenja odluka o planu lecenja
i daljinskog pradenja pacijenata (Stomatologija 4.0). Medutim,
u klinickoj primeni, jo$ uvek, validaciju re$enja mora da uradi
ekspert stomatolog.

Kao zakljucak ove analize mozemo da konstatujemo sledece:
(a) ES u stomatologiji su istrazivacki pravac ve¢ éetiri decenije,
iza to vreme su od pojedinih istrazivackih ideja dosli do vazne
naucnoistrazivacke prakse, sa perspektivom u klinickoj stoma-
tologiji, (b) ES se danas smatraju dobrom praksom primene Al
u stomatologiji, i (¢) duboko uéenje iz nestrukturisanih baza
podataka je najbolji metod dana$nje primene ES (AI) u sto-
matologiji.

EKSPERTNI SISTEMI ZA STOMATOLOGIJU U SRBIJI

Sa velikim zadovoljstvom mozemo ista¢i da se na
Stomatoloskom fakultetu u Beogradu, na Klinici za protetiku,
ozbiljna istrazivanja u ovoj oblasti rade od pocetka poslednje
decenije proslog veka, pa sve do danas [59-62]. Sve to je re-
zultiralo i prvim ES za stomatologa proteticara u Srbiji. On je
bio sistem zasnovan na pravilima (pravila AKO-ONDA), a baza
znanja je imala 120 pravila. Pretrazivanje baze znanja je bilo
po modelu pretrazivanja unapred, od simptoma ka dijagnozi.
On je bio eksperimentalno-laboratorijskog karaktera, a kasnije
su ta znanja iz njegovog razvoja posluzila u Sirokoj primeni
CAD/CAM sistema na ovoj klinici, kao i drugim klinikama
Stomatoloskog fakulteta u Beogradu.

EKSPERTNI SISTEMI | VESTACKA INTELIGENCIJA U
STOMATOLOGI)I - STA DALJE

Virtuelni stomatoloski asistenti zasnovani na AI mogu da
obavljaju nekoliko zadataka u stomatoloskoj praksi sa vecom
precizno$c¢u, manje gre$aka i manje radne snage u poredenju
sa ljudima [51, 52, 53]. Mogu da se koristiti za koordinaciju
zakazivanja termina, upravljanje osiguranjem i papirologijom,
kao pomoc¢ u klinickoj dijagnozi ili planiranju le¢enja. Veoma
su korisni da upozoravaju stomatologa o istoriji bolesti, kao i
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navikama poput alkoholizma i puSenja. U hitnim stomatolos-
kim sluc¢ajevima, pacijent ima mogucnost hitne teleasistencije,
posebno kada je stomatolog nedostupan. Tako se moze kreirati
detaljna virtuelna baza podataka o pacijentu, koja ¢e mnogo
pomodi u pruzanju idealnog tretmana za samog pacijenta.

VESTACKA INTELIGENCIJA U DIJAGNOZI | LECEN)JU

Al se moze koristiti kao efikasan pristup u dijagnostici i lecenju
lezija usne duplje, kao i u skriningu i klasifikaciji sumnjivih pro-
mena sluzokoze, koja prolazi kroz premaligna i maligna stanja.
Detektuju se ¢ak i sitne promene na nivou jednog piksela koje
mogu ostati neprimecene golim okom. Al moze ta¢no predvi-
deti genetsku predispoziciju za oralni karcinom na nivou velike
populacije.

VESTACKA INTELIGENCIJA U ORALNOJ |
MAKSILOFACIJALNOJ HIRURGI)I

Najveca primena vestacke inteligencije u oralnoj hirurgiji jeste
razvoj robotske hirurgije, u kojoj se simulira kretanje ljudske
ruke i ljudska inteligencija. Uspesna klinicka primena u hirurgiji
vodenom slikom u predelu lobanje obuhvata hirurgiju oralnih
implantata, uklanjanje tumora i stranih tela, biopsiju i operaciju
vilica. Uporedne studije oralne implantoloske hirurgije ukazuju
na znatno vecu tacnost u poredenju sa ru¢nim zahvatom slo-
bodnom rukom, ¢ak i ako ga izvode iskusni hirurzi. Dobija se
krace trajaje operacije, sigurnija manipulacija oko delikatnih
struktura i veca intraoperativna preciznost. Robotska opera-
cija vodena slikom omogucava temeljniju hirursku resekciju,
$to potencijalno smanjuje potrebu za revizionim procedurama.

VESTACKA INTELIGENCIJA U PROTETSKO)
STOMATOLOGI)I

Da bi se pacijentu pruzila idealna estetska proteza, virtuelni
asistent dizajna za upotrebu u protetici na bazi Al integrisao
je razli¢ite faktore poput antropoloskih proraduna, merenja
lica, etnicke pripadnosti i preferencija pacijenata. On integrise

kompjuterski dizajn, sisteme zasnovane na znanju (ES) i baze
podataka, koriste¢i logi¢ki zasnovanu reprezentaciju (AI) kao
objedinjuju¢i medijum. Primena CAD/CAM tehnologije u sto-
matologiji je proces kojim se postize gotova dentalna restauraci-
ja finim procesom glodanja gotovih keramickih blokova. Koristi
se u proizvodnji inleja, onleja, krunica i mostova. CAD/CAM
tehnika u sustini stvara dvodimenzionalne i trodimenzional-
ne modele i njihovu materijalizaciju numericki kontrolisanom
obradom na masini. Ovaj pristup je zamenio dugotrajan i na-
poran proces konvencionalnog livenja i smanjio komponentu
ljudske greske u finalnoj protezi.

VESTACKA INTELIGENCIJA U ORTODONCI)I

Dijagnoza i planiranje lecenja mogu se utvrditi iskljucivo anali-
zom rendgenskih snimaka i fotografija intraoralnim skenerima
i kamerama. Sve ovo se postize virtuelnim stomatoloskim asi-
stentom, ¢ime se eliminide potreba za uzimanjem otisaka vilica
pacijenta, kao i za nekoliko laboratorijskih koraka, a rezultati su
mnogo ta¢niji u poredenju sa ljudskom percepcijom. Pomeranje
zuba i kona¢ni ishod lecenja mogu se predvideti koris¢enjem
algoritama Al i statisticke analize na bazi u¢enja (ML).

Ovde svakako treba dodati i neke reference autora ovog rada
koje predstavljaju istrazivacki doprinos nekim od trendova opi-
sanih u prethodnim delovima teksta [63-70].

ZAKLJUCCI | DALJA ISTRAZIVANJA

ES i Al su istrazivacke oblasti u stomatologiji koje se intenzivno
razvijaju, posebno u klinic¢koj praksi. Zahvaljuju¢i dana$njem
stanju razvoja masinskog ucenja i tehnika inZenjerstva znanja,
stekli su se svi uslovi da se klinicke procedure najbolje prakse
dijagnostike i lecenja prevedu u virtuelne stomatoloske asisten-
te, kao prvu fazu razvoja i primene pametne stomatologije. Sa
druge strane, time se stvaraju uslovi za razvoj i primenu tele-
stomatologije ili Stomatologije 4.0.

Izazovi su veliki, ali sve prethodne analize u ovom radu
pokazuju da nam je potreban multidisciplinaran rad, a time i
znanja stomatologa, inZenjera znanja i eksperata za Al $to ovaj
rad i pokazuje.
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SUMMARY

Introduction Implant placement is often complicated in the posterior maxilla by post-extraction bone resorption,
pneumatization of maxillary sinuses, and poor quality of alveolar bone. In these situations, elevation of the maxillary
sinus floor is one possible solution, which requires surgical maxillary sinus augmentation techniques that can convert
part of the sinus cavity into bone suitable for implant placement.

Case outline A 34-year-old female patient was referred for implant treatment of the posterior left maxilla. A radio-
graphic assessment revealed an atrophied posterior maxilla in the region of 25, 26, and 27, with a residual alveolar ridge
height of 6 mm. At site 26, a transcrestal sinus lift was performed using a piezoelectric-surgery technique. A xenograft
mixed with hyaluronic acid was used as the graft material. After graft application, a two-stage endosseous implant
(Bio3, Pforzheim, Germany) with dimensions 8 x 4.2 mm was placed in the prepared site.

Conclusion Piezosurgery is an optimal option in all cases where sinus membrane elevation via the transcrestal approach
is required, with the possibility of simultaneous implant placement when the residual alveolar ridge height is > 5 mm.
Keywords: sinus lift; transcrestal approach; piezoelectric surgery; endosseous dental implants

INTRODUCTION

The maxillary sinus is the largest of the paranasal sinuses
and in adults contains roughly 12-15mL of air [1].Itis a
pyramidal structure with its base close to the nasal cavity,
the superior portion forming the floor of the orbit, and the
apex directed toward the zygomatic bone [2]. The floor
of the sinus extends anteriorly to the premolar or canine
region and posteriorly to the maxillary tuberosity, with its
lowest part in many cases being close to the area of the
first molar. The floor of the maxillary sinus is the thickest
wall in dentate adults and is at about the same level as the
nasal floor. In ¢ edentulous patients it is 1 cm below the
nasal floor [3].

The rising demand for implant treatment corresponds
with a growing need for their placement in various an-
atomical sites. Implant placement is often complicated
in the posterior maxilla by post-extraction bone resorp-
tion, pneumatization of maxillary sinuses, and poor al-
veolar-bone quality, leading to a faster rate of bone loss
compared with other areas of the mouth [4]. In these
situations, elevation of the maxillary sinus floor is one
possible solution, which requires surgical maxillary-si-
nus-augmentation techniques that can convert part of the
sinus cavity into bone suitable for implant placement [5].

The most widely used technique for maxillary-si-
nus-floor elevation is the classic lateral antrostomy

introduced by Tatum in 1976 and later published by
Boyne and James in 1980. This technique is based on the
lateral-window method, a modification of the well-known
Caldwell-Luc sinus-revision procedure, in which graft-
ed bone may be added in excess of 10-16 mm through
a lateral-wall quadrilateral osteotomy [6]. According to
traditional protocols, in cases of good-quality bone and
subantral bone height of 5-6 mm the implant is placed
simultaneously with the sinus-floor elevation, with or
without adding bone-graft material [7]. In contrast, in sit-
uations of poor-quality bone or of subantral bone height
< 5 mm, lateral antrostomy is performed and the space
under the elevated Schneiderian membrane is filled with
bone-graft material [6].

The most common intraoperative complication
with these surgical approaches is perforation of the
Schneiderian membrane [8]. Although no evidence sug-
gests that perforation of the Schneiderian membrane re-
duces the survival rate of the implants, perforation may
cause the grafting materials to enter the sinus cavity, lead-
ing to inflammation [9].

A crestal approach for sinus-floor elevation was ini-
tially suggested by Tatum, while Summers later proposed
the osteotome technique to place implants in a simpler,
more conservative, and less invasive manner than the lat-
eral approach [10]. In Summers’ technique, an osteotome
is inserted through the edentulous alveolar crest at the
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Figure 1. Panoramic X-ray of the initial situation
Slika 1.

Kuzmanovski S. et al. Application of piezosurgery for transcrestal sinus lift during simultaneous implant placement — case report

Ortopantomografski snimak pocetne situacije

Figure 2. Placed implant at site 24 and
preparation of implant site 26

Slika 2. Postavljeni implantat u regiji
24 i priprema implantnog lezista 26

Figure 3. Piezoelectric extension
with a rounded tip
Slika 3. Piezoelektri¢ni nastavak sa
zaobljenim vrhom

Figura 4. a) Maxillary-sinus-floor elevation using piezoelectric surgery; b) Expansion of implant site 26; c) Prepared implant site 26
Slika 4. a) Podizanje dna maksilarnog sinusa pomo¢u piezohirurgije; b) Prosirenje implantnog lezista 26; c) Pripremljeno implantno leziste 26

inferior border of the maxillary-sinus floor. This intrusion
procedure produces a fracture in the least traumatic way
possible and the sinus floor is moved upward, creating a
space for bone graft placement and simultaneous implant
insertion [11].

Over the past decade, various modifications of the
osteotome technique for sinus lifting have been intro-
duced, including hydraulic, crestal-core, and infracture
methods. These techniques fall under osteotome-medi-
ated sinus-floor elevation, which allows for localized si-
nus-floor elevation via a crestal approach, the placement
of grafting materials beneath it, and the subsequent inser-
tion of implants. One of the many described techniques
uses piezoelectric ultrasonic vibration (25-30 kHz). The
piezosurgery device precisely cuts only mineralized struc-
tures (bone) without cutting soft tissues, which remain
undamaged even in case of accidental contact. The typical
cavitation effect induces hydropneumatic pressure in the
physiological saline solution that contributes to atraumat-
ic sinus membrane elevation [12].

The aim of this article is to present a case report on
the transcrestal sinus-lift technique using piezosurgery,

with simultaneous placement of a dental implant in the
posterior maxilla.

CASE REPORT

A 34-year-old female patient, a non-smoker, denied the
presence of systemic diseases or the use of chronic ther-
apy. Clinical examination and radiographic assessment
revealed an atrophied posterior maxilla in the region of
teeth 25, 26, and 27, with a residual alveolar-ridge height
of 6 mm (Figure 1). After discussing the current condition
and the necessity of a surgical approach for sinus-mem-
brane elevation, the patient agreed to undergo the pro-
cedure.

Following the administration of local infiltrative anes-
thesia at the surgical site and elevation of a full-thickness
flap, the first implant site was prepared at the level of tooth
24, and a two-stage implant (Bio3, Pforzheim, Germany)
with dimensions 11.5 x 3.3 mm was placed. Once the first
implant was positioned, preparation of the implant site for
the second implant in the region of tooth 26 continued
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Figure 5. Mixing graft material with hyaluronic acid
Slika 5. Mesanje graft materijala sa hijaluronskom
kiselinom

Figure 6. Filling the prepared site with graft material (a and b)
Slika 6. Popunjavanje pripremljenog lezista graft materijalom (a i b)

Figure 7. a) Implant placement at prepared site 26; b) Both implants at sites 24 and 26; c) Closed surgical site with simple interrupted sutures
Slika 7. a) Postavljanje implantata u pripremljeno leziSte 26; b) Postavljeni implantati u regijama 24 i 26; ¢) Zatvorena hirurska regija poje-

dina¢nim $avovima

using standard drills from the surgical set, where the re-
sidual alveolar-ridge height was limited (Figure 2).

In such cases of atrophied posterior maxilla, char-
acterized by low supportive capacity, the implant site is
prepared with reduced dimensions to enhance primary
implant stability. The preparation was carried out up to
1 mm from the bony floor of the maxillary sinus. Upon
reaching the appropriate depth, piezoelectric extensions
with a rounded (ball-shaped) tip were used to perforate
the bony floor, allowing contact with the sinus membrane
(Figure 3). The ultrasonic vibrations facilitated elevation
of the sinus membrane. This was followed by expansion
of the implant site using a stopper sleeve with smaller
dimensions than the planned implant size and by filling
the created subantral space with graft material (Figure 4).

A xenograft from the same manufacturer (Bio3), com-
bined with hyaluronic acid, was used (Figure 5). The graft
was applied into the sinus cavity with a specialized appli-
cator until the prepared site was completely filled (Figure
6). After graft application, a two-stage endosseous implant
(Bio3) with dimensions 8 x 4.2 mm was placed in the pre-
pared site. The surgical site was then closed with simple
interrupted sutures (Figure 7). Antibiotics (amoxicillin
875 mg + clavulanic acid 125 mg, twice a day) were pre-
scribed for seven days and analgesics as required.

A follow-up radiographic examination at six months
showed successfully osseointegrated implants, with no
changes in the sinus cavity and no clinical signs of postop-
erative complications (Figure 8). After successful implant
therapy, the patient proceeded with prosthetic rehabilita-
tion involving fabrication of a fixed prosthetic restoration.
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Figure 8. Follow-up panoramic X-ray after six months
Slika 8. Kontrolni ortopantomografski snimak nakon Sest meseci

DISCUSSION

According to the literature, if implants are installed at the
time of a sinus-lifting procedure, many investigators agree
that there should be a minimum of 5 mm or more of ini-
tial subantral bone height and bone of sufficient density
to provide good initial dental implant stability [13, 14].

Patients presenting < 5 mm of residual subantral bone
are usually treated using the lateral antrostomy technique
and two-stage surgery, with sinus lifting performed in one
stage and implant placement later in the second stage [15].

According to Toffler [16], the primary determinant of
implant survival with osteotome-mediated sinus-floor
elevation procedures is the height of the residual alveolar
ridge.

In a multicenter retrospective study, Rosen et al. eval-
uated the outcome of the Summers’ technique in the
placement of implants below the maxillary sinus floor:
the success rate was 96% when the residual bone height
was 5 mm or more, but dropped to 85% when crestal bone
height was 4 mm or less.

Existing literature suggests that residual bone height
has a significant influence on the outcome of crestal
procedures. Specifically, the success rate decreases with
reduced residual bone height [17].

In general, studies comparing the lateral and transcr-
estal approaches for sinus lift show that the transcrestal
technique allows for a maximum bone-height increase
of 3-4 mm, whereas the lateral technique permits an in-
crease of 10-12 mm [18].

In a study conducted by Baldi et al. [19], two transcr-
estal techniques — piezoelectric and osteotome-medi-
ated sinus-floor elevation — were evaluated. The mean
sinus-floor elevation (6.78 mm) was equal to or greater
than the augmentation reported in previous studies using
osteotome-mediated sinus-floor elevation [19].

In the retrospective study by Bernardello et al. [20],a
one-stage crestal approach for sinus lift was performed
using a specific sequence of drills (Cosci’s technique). The
shape of the drill tip prevents perforation of the sinus

membrane and permits gentle abrasive removal of the
cortical bone without fracture.

Out of 134 implants immediately inserted into sites
with a residual bone height of less than 5 mm (average
height 3.46 + 0.91 mm), an excellent survival rate (96.3%)
was observed over a 48-month follow-up. The average
bone-height gain was 6.48 + 2.38 mm, greater than the
increase typically achieved using the osteotome technique
(3-4 mm) [20].

Marchetti et al. [21] concluded that the average volume
augmentation after the piezoelectric transcrestal approach
was 4.2 mm, as assessed at the 12-month X-ray check-up.

Many authors suggest that in cases of low supportive
capacity (e.g. an atrophic posterior maxilla), the diam-
eter of the implant-site preparation should be reduced
compared with standard protocols to optimize primary
stability [19].

One of the most frequent causes of failure during max-
illary-sinus-floor augmentation by the crestal approach
is rupture of the Schneiderian membrane. Although the
crestal approach is less invasive, the lack of a direct view
of the membrane prevents assessment of a possible per-
foration, with subsequent dispersion of graft material in
the maxillary sinus and failure of the regenerative treat-
ment [21].

Wallace et al. [22] reported that the membrane-perfo-
ration rate fell from 30% with rotary instrumentation to
7% using the piezoelectric technique.

Apart from reducing the risk of membrane perforation,
piezoelectric surgery offers several advantages over other
techniques used for the transcrestal approach. Some of
these advantages include the following: minimal move-
ment of the piezosurgery extensions, which increases cut-
ting precision and reduces patient discomfort; the absence
of macrovibrations, making the instrument more manage-
able and allowing greater intra-operative control, resulting
in a safer approach in anatomically challenging regions;
and the ability to maintain a clear surgical site by keeping
ablood-free field during bone cutting, due to the air—water
cavitation effect of the ultrasonic instrument [23].

Different types of biomaterials have been used for si-
nus augmentation, including autograft, allograft, xeno-
graft, alloplast, and growth factors, and the selection of
the ideal graft material is controversial.

Autogenous grafts, harvested from intra- or extra-oral
sources, are the gold standard owing to their osteogen-
ic capacity, but increased morbidity, limited availability,
and a high resorption rate (up to 40%) make them less
desirable.

Allogenic bone grafts, or allografts, are obtained from
cadavers of the same species as the recipient of the graft.
They are osteoconductive space-maintaining scaffolds for
bone regeneration.

Their osteoinductive capability can be enhanced by de-
mineralization, although processing reduces growth-fac-
tor content.

Xenografts are obtained from different animal species
and act as semi-permanent, slowly resorbing, osteocon-
ductive grafts.



Alloplastic grafting materials are either synthetic
(polymers, calcium sulphates, hydroxyapatite, calcium
phosphates) or natural (coral- or algae-derived hydroxy-
apatite). Alloplastic grafting materials are generally osteo-
conductive only [24].

In the present study, a xenograft mixed with hyaluronic
acid was used as graft material. According to numerous
studies, the crucial factors for successful implant treat-
ment after a sinus-lift procedure include thorough evalu-
ation of the patient’s systemic and oral health and precise
radiographic measurement of the residual bone height.
These factors directly influence the choice of sinus-lift
approach and technique.

The ability to work in direct proximity to the sinus
membrane without causing perforation makes piezosur-
gery an optimal option in all cases where sinus membrane
elevation via the transcrestal approach is required, with the
possibility of simultaneous implant placement when the
height of the residual alveolar ridge is more than 5 mm.
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Primena piezohirurgije za transkrestalni pristup sinus liftu uz
istovremeno postavljanje implantata - prikaz slucaja
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SAZETAK

Uvod Postavljanje implantata u posteriornoj maksili ¢esto je otezano zbog postekstrakcione resorpcije kosti, pneumatizacije mak-
silarnih sinusa i loseg kvaliteta alveolarne kosti. U takvim situacijama, podizanje dna maksilarnog sinusa predstavlja jedno od
mogucih resenja, koje zahteva hirurske tehnike augmentacije sinusa kako bi se deo sinusne Supljine pretvorio u kost pogodnu za
postavljanje implantata.

Prikaz slucaja Pacijentkinja stara 34 godine upucena je na implantoloski tretman posteriorne leve maksile. Radiografska procena
pokazala je atrofi¢nu posteriornu maksilu u regiji zuba 25, 26 i 27, sa preostalom visinom alveolarnog grebena od 6 mm. Na mestu
zuba 26 izvréeno je podizanje membrane sinusa transkrestalnim pristupom primenom piezoelektri¢ne hirurske tehnike. Kao graft
materijal kori$¢en je ksenograft pomesan sa hijaluronskom kiselinom. Nakon aplikacije grafta, u pripremljeno leziste postavljen je
dvofazni endoosealni implantat (Bio3, Pforzheim, Nemacka) dimenzija 8,0 x 4,2 mm.

Zakljucak Piezohirurgija predstavlja optimalno resenje u slu¢ajevima kada je potrebno transkrestalno podizanje membrane sinusa,

uz mogucnost istovremene ugradnje implantata kada je visina preostalog alveolarnog grebena ve¢a od 5 mm.
Kljucne reci: sinus lift; transkrestalni pristup; piezoelektri¢na hirurgija; endoosealni dentalni implantati

UvoD

Maksilarni sinus je najveci paranazalni sinus i kod odraslih sa-
drzi priblizno 12-15 ml vazduha [1]. To je piramidalna struk-
tura sa bazom blizu nosne $upljine, gornjim delom koji formira
dno orbite i vrhom usmerenim ka zigomati¢noj kosti [2]. Dno
sinusa se proteZe anteriorno do regije premolara ili o¢njaka i
posteriorno do maksilarnog tubera, pri ¢emu je njegov najnizi
deo u mnogim slucajevima blizu podrucja prvog molara. Dno
maksilarnog sinusa je najdeblji zid kod pacijenata sa o¢uvanim
zubima i nalazi se otprilike na istom nivou kao i dno nosne
$upljine. Kod bezubih pacijenata ono se nalazi 1 cm ispod dna
nosne $upljine [3].

Povecani interes za terapiju implantatima dovodi do poveca-
ne potrebe za njihovim postavljanjem na razli¢itim anatomskim
lokacijama. Postavljanje implantata u posteriornoj maksili ¢esto
je otezano postekstrakcionom resorpcijom kosti, pneumatizaci-
jom maksilarnih sinusa i losim kvalitetom alveolarne kosti, $to
dovodi do brze resorpcije kosti u poredenju sa drugim regijama
usne duplje [4]. U ovim situacijama, podizanje dna maksilar-
nog sinusa predstavlja jedno od moguc¢ih resenja, koje zahteva
hirurske tehnike augmentacije sinusa kako bi se deo sinusne Su-
pljine pretvorio u kost pogodnu za postavljanje implantata [5].

Najcesce koriscena tehnika za podizanje dna maksilarnog
sinusa je klasi¢na lateralna antrostomija, koju je uveo Tatum
1976. godine, a kasnije objavili Boyne i James 1980. godine. Ova
tehnika se zasniva na metodi lateralnog prozora, koja predstav-
lja modifikaciju dobro poznate Caldwell-Luc revizije sinusa, pri
¢emu se graftovana kost moze dodati u koli¢ini veéoj od 10 do
16 mm putem lateralnim zidom kvadrilateralne osteotomije
[6]. Prema tradicionalnim protokolima, u slu¢ajevima kada je
kvalitet kosti dobar, a subantralna visina kosti 5-6 mm, im-
plantat se postavlja istovremeno sa podizanjem dna sinusa, sa
dodavanjem graft materijala ili bez njegovog dodavanja [7].
Nasuprot tome, u situacijama kada je kvalitet kosti los ili kada

je subantralna visina kosti manja od 5 mm, vr$i se lateralna
antrostomija i prostor ispod podignute Snajderove membrane
popunjava se graft materijalom [6]. Naj¢e$¢a intraoperativna
komplikacija ovih hirurskih pristupa je perforacija Snajderove
membrane [8]. Iako ne postoje dovoljni dokazi da perforacija
Snajderove membrane smanjuje stopu prezivljavanja implan-
tata, moZe do¢i do ulaska graft materijala u sinusnu $upljinu,
$to dovodi do njene upale [9].

Krestalni pristup za podizanje dna sinusa prvobitno je pred-
lozio Tatum, dok je Summers kasnije razvio osteotomsku tehni-
ku za postavljanje implantata na jednostavniji, konzervativniji
i manje invazivan nadin u odnosu na lateralni pristup [10]. U
Samersovoj tehnici, osteotom se uvodi kroz bezubi alveolarni
greben na donjoj granici dna maksilarnog sinusa. Ova intruzio-
na procedura izaziva frakturu na najmanje traumati¢an nacin i
omogucava pomeranje dna sinusa navise. Time se stvara prostor
za kostani graft i istovremeno postavljanje implantata [11].

Tokom poslednje decenije, uvedene su razli¢ite modifikacije
osteotomske tehnike za podizanje sinusa, uklju¢ujuci hidrau-
li¢nu metodu, krestalnu jezgro-tehniku i infrakturne metode.
Ove tehnike spadaju u osteotomski posredovanu elevaciju dna
sinusa (osteotome-mediated sinus floor elevation — OMSFE),
koja omogucava lokalizovano podizanje dna sinusa krestal-
nim pristupom, postavljanje graft materijala ispod podignute
membrane sinusa i naknadnu ugradnju implantata. Jedna od
mnogih opisanih tehnika koristi piezoelektri¢ne ultrazvuc¢ne
vibracije (25-30 kHz). Piezohirurski aparat precizno sece samo
mineralizovane strukture (kost) bez o$te¢enja mekih tkiva, koja
ostaju netaknuta ¢ak i u slucaju kontakta. Tipicni efekat kavi-
tacije stvara hidropneumatski pritisak u fizioloSkom rastvoru,
$to doprinosi atraumatskom podizanju membrane sinusa [12].

Cilj ovog rada je prikaz slu¢aja transkrestalne tehnike podi-
zanja sinusa pomocu piezohirurgije, sa istovremenim postav-
ljanjem dentalnog implantata u posteriornoj maksili.



PRIKAZ SLUCAJA

Pacijentkinja stara 34 godine, nepusac, na osnovu dobijenih
anamnestickih podataka, negirala je prisustvo sistemskih bo-
lesti ili upotrebu hroni¢ne terapije. Klinickim pregledom i radi-
ografskom procenom utvrdena je atrofija posteriorne maksile
u regiji zuba 25, 26 i 27, sa preostalom visinom alveolarnog
grebena od 6 mm (Slika 1). Nakon razgovora i objasnjenja tre-
nutnog stanja i potrebe za hirurskim pristupom radi podizanja
membrane sinusa, pacijentkinja je pristala na hirurski zahvat.

Nakon primene lokalne infiltracione anestezije u hirurskoj
regiji i podizanja mukoperiostalnog reznja, pripremljeno je prvo
implantno leZiste u nivou zuba 24, gde je postavljen dvofazni
implantat (Bio3, Pforzheim, Nemacka) dimenzija 11,5 mm X
3,3 mm. Nakon postavljanja prvog implantata, nastavilo se sa
pripremom implantnog lezita za drugi implantat u regiji zuba
26 koris¢enjem standardnih drilova iz hirurskog seta, gde je
preostala visina alveolarnog grebena bila ograni¢ena (Slika 2).

Kod ovakvih slucajeva atrofi¢ne posteriorne maksile, karak-
terisane smanjenim kapacitetom potpore, implantno leziste se
priprema sa smanjenim dimenzijama kako bi se poboljsala
primarna stabilnost implantata. Preparacija implantnog leziSta
drilovima zavrsila se na 1 mm od ko$tanog dna maksilarnog
sinusa. Po dostizanju odgovarajuce dubine, piezoelektri¢ni na-
stavci sa zaobljenim (okruglim) vrhom kori$¢eni su za perfora-
ciju ko$tanog dna, omogucavajuci kontakt sa sinusnom mem-
branom (Slika 3). Ultrazvu¢ne vibracije olaksale su podizanje
membrane sinusa. Nakon toga je usledilo prosirenje implantnog
lezista pomocu upotrebe stopera (stopper sleeve) smanjene di-
menzije u odnosu na planirani implantat, kao i popunjavanje
formiranog subantralnog prostora graft materijalom (Slika 4).

Kori$¢en je ksenograft istog proizvodaca (Bio3, Pforzheim,
Nemacka), u kombinaciji sa hijaluronskom kiselinom (Slika
5). Graft materijal je apliciran u sinusnu Supljinu specijalnim
aplikatorom sve dok pripremljeno leziSte nije bilo potpuno is-
punjeno (Slika 6). Nakon aplikacije grafta, u pripremljeno leziste
postavljen je dvofazni endoosealni implantat (Bio3, Pforzheim,
Nemacka) dimenzija 8,0 x 4,2 mm. Hirurska regija je zatvore-
na pojedina¢nim Savovima (Slika 7). Prepisana je antibiotska
terapija (amoksicilin 875 mg + klavulonska kiselina 125 mg,
dva puta dnevno) u trajanju od sedam dana, uz analgetike po
potrebi.

Kontrolnim radiografskim pregledom nakon $est meseci
utvrdeni su uspesno oseointegrisani implantati, bez promena
u sinusnoj $upljini i bez klinickih znakova postoperativnih
komplikacija (Slika 8). Nakon uspesne implantoloske terapije,
pacijentkinja je nastavila sa protetskom rehabilitacijom, koja je
obuhvatala izradu fiksno-protetskog rada.

DISKUSIJA

Prema podacima iz literature, ukoliko se implantati postavljaju
istovremeno sa procedurom podizanja sinusa, mnogi istraziva-
¢i se slazu da bi minimalna visina preostale subantralne kosti
trebalo da bude 5 mm ili vi$e, uz dovoljnu gustinu kosti, kako
bi se obezbedila dobra primarna stabilnost implantata [13, 14].
Kod pacijenata sa manje od 5 mm preostale subantralne kosti
obi¢no se preporucuje tehnika lateralne antrostomije i dvofazna
hirurgija, gde se podizanje sinusa izvodi u prvoj fazi, dok se
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implantati postavljaju kasnije, u drugoj fazi [15]. Toffleru [16]
navodi da je primarni faktor za uspeh implantata pri transkre-
stalnom osteotomski posredovanom podizanju dna maksilar-
nog sinusa visina preostalog alveolarnog grebena.

U multicentri¢noj retrospektivnoj studiji, Rosen i saradnici
analizirali su ishod Samersove tehnike prilikom postavljanja
implantata ispod dna maksilarnog sinusa: stopa uspesnosti bila
je 96% kada je preostala visina kosti bila 5 mm ili viSe, ali je dra-
sti¢no opala na 85% kada je visina krestalne kosti bila 4 mm ili
manje. Postojeca literatura sugerise da preostala visina kosti ima
znacajan uticaj na ishod sinus lifta transkrestalnim pristupom,
pri cemu se stopa uspeha smanjuje sa smanjenjem preostale
visine kosti [17]. Generalno, studije koje porede lateralni i tran-
skrestalni pristup podizanja sinusa pokazuju da transkrestalna
tehnika omogucava povecanje visine kosti za 3 do 4 mm, dok
lateralna tehnika omogucava povecanje od 10 do 12 mm [18].

S druge strane, u studiji koju su sproveli Baldi i saradnici
analizirane su dve transkrestalne tehnike — piezoelektri¢no i
osteotomski posredovano podizanje dna maksilarnog sinusa.
Utvrdeno je da prose¢na visina podizanja sinusa (6,78 mm)
odgovara ili premasuje povecanje zabelezeno u prethodnim
studijama koje su koristile osteotomski posredovano podiza-
nje dna sinusa [19].

U retrospektivnoj studiji koju su sproveli Bernardello i sarad-
nici, jednofazni krestalni pristup za podizanje sinusa sproveden
je kori¢enjem specifi¢nog niza drilova (Cosci tehnika). Oblik
vrha drilova spre¢ava perforaciju membrane sinusa i omoguca-
va blago abrazivno uklanjanje kortikalne kosti dna sinusa bez
frakture. Od 134 implantata imedijatno postavljenih u mesta
sa preostalom visinom kosti manjom od 5 mm (prose¢na visi-
na: 3,46 + 0,91 mm), zabeleZena je visoka stopa prezivljavanja
(96,3%) tokom perioda pracenja od 48 meseci. Prose¢no po-
vecanje visine kosti u ovoj studiji iznosilo je 6,48 + 2,38 mm,
$to je viSe od povecanja koje se obi¢no postize osteotomskom
tehnikom (3-4 mm) [20]. Marchetti i saradnici [21] u svojoj
studiji su zakljucili da je prose¢no povecanje zapremine kosti
nakon piezoelektri¢ne tehnike za transkrestalni pristup bilo 4,2
mm, $to je potvrdeno rendgenskim snimkom nakon 12 meseci.

Mnogi autori predlazu da se u slucaju niske potpore kosti
vilice, kao $to je atrofi¢na posteriorna maksila, pre¢nik implan-
tnog lezista smanji u odnosu na standardne protokole kako bi
se optimizovala primarna stabilnost implantata [19]. Jedan od
najcesc¢ih uzroka neuspeha pri augmentaciji poda maksilarnog
sinusa krestalnim pristupom jeste ruptura Snajderove mem-
brane. Iako je krestalni pristup manje invazivan, nedostatak
direktne vizuelizacije membrane spre¢ava procenu moguce
perforacije, $to moze dovesti do disperzije graft materijala u
maksilarni sinus i neuspeha regenerativnog tretmana [21].
Wallace i saradnici navode da je stopa perforacije membrane
smanjena sa prosecnih 30%, koliko se belezilo pri kori§¢enju
rotacionih instrumenata, na 7%, kada se koristi piezoelektri¢na
tehnika [22].

Osim $to smanjuje rizik od perforacije membrane, piezoelek-
tri¢na hirurgija pruza brojne prednosti u odnosu na druge teh-
nike transkrestalnog pristupa. Neke od ovih prednosti uklju¢uju
minimalno pomeranje piezohirurskih nastavaka, $to povecava
preciznost se¢enja i smanjuje nelagodnost pacijenta; odsu-
stvo makrovibracija, $to ¢ini instrument laksim za rukovanje i
omogucava bolju intraoperativnu kontrolu, rezultiraju¢i sigur-
nijim pristupom u anatomski izazovnim regijama; sposobnost



42

Kuzmanovski S. et al. Application of piezosurgery for transcrestal sinus lift during simultaneous implant placement — case report

odrzavanja jasnog hirurskog polja bez prisustva krvi tokom
osteotomije, zahvaljuju¢i efektu kavitacije vazdu$no-vodenog
mlaza ultrazvu¢nog instrumenta [23].

Za augmentaciju sinusa kori$ceni su razliciti biomaterijali,
ukljuéujuéi autograft, alograft, ksenograft, aloplast i faktore ra-
sta. Izbor idealnog graft materijala je i dalje predmet rasprave.
Autogeni graftovi, koji se mogu uzeti iz intraoralnih ili ekstrao-
ralnih izvora, smatraju se zlatnim standardom za augmentaciju
sinusa zbog svoje osteogene sposobnosti, ali su manje pozeljni
zbog povecane morbidnosti, ograni¢ene dostupnosti i visoke
stope resorpcije grafta (do 40%). Alogeni graftovi (alografti)
dobijaju se od kadavera iste vrste kao i recipijent grafta i deluju
kao osteokonduktivni materijali koji omogucavaju regeneraciju
kosti. Njihova osteoinduktivna sposobnost moze biti poveca-
na uklanjanjem mineralizovanog dela grafta kako bi se dobio
materijal sa ve¢om koncentracijom kostanih morfogenetskih
proteina (BMP) i drugih proteina specifi¢nih za kost. Treba ima-
ti na umu da eliminacija patogena i antigena tokom obrade
graft materijala dovodi do znadajnog smanjenja koli¢ine faktora
rasta. Ksenografti, dobijeni od razli¢itih vrsta Zivotinja, deluju

kao polutrajni ili sporo resorbujuéi osteokonduktivni graftovi.
Aloplasti¢ni graft materijali su sintetskog porekla, kao $to su
polimeri, kalcijum-sulfati, hidroksiapatit i kalcijum-fosfati, ili
prirodnog porekla, kao $to je hidroksiapatit dobijen iz korala i
algi. Aloplasti¢ni graft materijali se generalno smatraju isklju-
¢ivo osteokonduktivnim, bez osteoinduktivnih svojstava [24].
U ovoj studiji kao graft materijal kori$¢en je ksenograft pome-
$an sa hijaluronskom kiselinom. Prema brojnim istraZivanjima
sprovedenim na ovu temu, klju¢ni faktori za uspe$an tretman
implantatima nakon podizanja sinusa uklju¢uju adekvatnu pro-
cenu sistemskog i oralnog zdravlja pacijenta, kao i odgovarajuc¢u
radiografsku dijagnostiku sa preciznim merenjem preostale vi-
sine kosti. Ovi faktori direktno uti¢u na izbor pristupa i tehnike
podizanja dna maksilarnog sinusa.

Moguc¢nost rada u neposrednoj blizini membrane sinusa bez
izazivanja njene perforacije ¢ini piezohirurgiju optimalnom op-
cijom u svim slu¢ajevima gde je potrebno podizanje membrane
sinusa transkrestalnim pristupom, uz mogucnost istovremene
implantacije kada je visina preostalog alveolarnog grebena veca
od 5 mm.
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SUMMARY

A book from the field of basic dental sciences is described, published in mid-2024. Its content is briefly presented, as
well as its essential importance for students on integrated dental studies as well as anyone interested in the mechanisms

of pathological changes in oral structures.

Knowledge of the processes underlying the disease is of
essential importance for a high-quality and successful
therapeutic procedure — from diagnosis, through thera-
peutic procedures to monitoring the success of the treat-
ment. Furthermore, atypical clinical presentations are
common in practice and can lead to unforeseen problems
during disease recognition, as well as during therapeutic
procedures. Overcoming these challenges also depends
on the knowledge of the basics of pathological processes.
Until now, no book in Serbian exclusively focused on the
pathophysiological basis of oral diseases has been avail-
able to professionals. In 2024, a textbook on this topic was
published, edited by Prof. Dr. Maja Mileti¢ and issued by
the School of Dental Medicine, University of Belgrade.
This is the first book in our country that combines
knowledge from oral pathophysiology and is intended
primarily for students of integrated and doctoral studies
in dentistry, and it can also be used by specialists who
want to refresh and enrich their knowledge in this area.
They can certainly benefit significantly from understand-
ing and clarifying clinical situations, especially in atypical
cases. Therefore, it can be useful for doctors in everyday
dental practice. The editor is Maja Mileti¢, a professor at
the School of Dental Medicine, University of Belgrade.
As the editor herself states, the book integrates existing
knowledge of the functioning of the immune system and
immunoregulation, inflammation, disorders of immune-
response regulation and autoimmune processes to provide
a precise understanding of pathophysiological mecha-
nisms and the role of inflammatory mediators in the in-
flammatory processes that occur in the dental pulp, peri-
apical lesions and the periodontal ligament. In separate
chapters, facts about oral manifestations in autoimmune
diseases and immunodeficiencies are presented in detail.
The textbook consists of seven chapters written by au-
thors in their respective fields of expertise. It contains nu-
merous summary tables and diagrams that significantly
facilitate understanding of the complex molecular mecha-
nisms in this field. A detailed approach allows readers to
follow and understand the presented data with ease. This
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makes the text easy to read and accessible to readers of
various interests and backgrounds in the field, both stu-
dents and scholars. All authors are faculty members of the
School of Dental Medicine in Belgrade, except Dr. Slavko
Mojsilovi¢, a senior research associate at the Institute for
Medical Research of the University of Belgrade, who wrote
the introductory chapter, which contains a description of
the basics of the immune system.

The special quality of the book is that it points to the
clinical implications of the described pathophysiological
processes, which is enhanced by the fact that the authors
include clinicians from various fields — oral surgery, peri-
odontology, endodontics and restorative dentistry.
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As mentioned, the first chapter is a kind of introduc-
tion to this complex field and deals with the structure
and function of the immune system. Cells and signaling
pathways and mechanisms in the body’s immune system
are described, which is essential for understanding spe-
cific mechanisms in oral structures.

The second chapter, authored by Dr. M. Mileti¢, deals
with processes and biologically active molecules involved
in inflammation.

The third chapter was written by Dr. K. Belji¢ Ivanovi¢
and Dr. J. Ili¢. In it, the pathophysiological mechanisms of
the inflammatory response of the dental pulp are present-
ed. This is preceded by a description of these structures
in non-pathological conditions.

The fourth chapter, by M. Andri¢, deals with patho-
physiological mechanisms and the role of inflammatory
mediators in periapical lesions. In the fifth chapter, written
by Dr. N. Nikoli¢ Jakoba, pathophysiological mechanisms
and the role of inflammatory mediators in periodontitis
are described and analyzed in detail.

The sixth chapter, authored by Assistant Professor A.
Jakovljevi¢, describes and analyzes oral manifestations of
immunodeficiencies.

Chapter seven, signed jointly by the editor-in-chief and
Dr. Jakovljevi¢, deals with oral manifestations in the clini-
cally most significant autoimmune diseases. Oral changes
in rheumatoid arthritis, systemic lupus, and those charac-
teristic of autoimmune dermatoses and intestinal diseases
have been described.

The textbook is a thoroughly contemporary reading
in this field. Thanks to the detailed descriptions, as well
as the comprehensible and receptive writing style, it will
help students in integrated studies acquire foundational
knowledge and will also benefit readers who already pos-
sess certain insight in this field. It will help practitioners
improve diagnostic work and better understand the basics
of oral pathological processes. For those involved in scien-
tific research, it will point to some new possible directions
of investigation in this area.
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SAZETAK

Ovaj tekst daje opis knjige iz oblasti bazi¢nih stomatoloskih nauka, koja je izadla iz Stampe sredinom 2024. godine. Ukratko su
prikazani njen sadrzaj i sustinski znacaj za studente na integrisanim studijama, kao i za sve koje zanimaju mehanizmi patoloskih

promena u oralnim strukturama.

Poznavanje procesa koji leZe u osnovi oboljenja od sustin-
skog je znacaja za kvalitetan i uspesan terapijski postupak - od
dijagnostike, preko terapijskih procedura do pracenja uspeha
sprovedenog lecenja. Pored toga, atipi¢ne klinicke slike i ma-
nifestacije ¢este su u praksi i mogu dovesti do nepredvidenih
problema tokom prepoznavanja oboljenja, ali i tokom izvode-
nja terapijskih postupaka. Prevazilazenje ovih izazova takode
je uslovljeno dobrim poznavanjem osnova patoloskih procesa.
Stru¢noj javnosti do sada nije bila dostupna knjiga na srpskom
jeziku ¢ija je tema iskljucivo patofizioloska osnova oralnih
oboljenja. Tokom 2024. godine pojavio se udzbenik sa ovom
tematikom, ureden od strane prof. dr Maje Mileti¢, a u izdanju
Stomatoloskog fakulteta Univerziteta u Beogradu.

Ovo je prva knjiga u Srbiji koja objedinjava saznanja iz oral-
ne patoloske fiziologije. Namenjena je prvenstveno studentima
integrisanih i doktorskih studija stomatologije, ali je mogu ko-
ristiti i specijalisti koji Zele da osveze i obogate svoje znanje iz
ove oblasti. Moze im biti od zna¢ajne pomo¢i u razumevanju i
pojasnjavanju klinickih situacija, narocito u atipi¢nim slucajevi-
ma. Stoga moze biti korisna i lekarima u svakodnevnoj stomato-
logkoj praksi. Urednik knjige je profesorka Stomatoloskog fakul-
teta Univerziteta u Beogradu Maja Mileti¢. Kako sama urednica
navodi, knjiga integriSe dosadasnja saznanja o funkcionisanju
imunskog sistema i imunoregulacije, inflamacije, poremecaja
regulacije imunskog odgovora i autoimunskih procesa u cilju
preciznog sagledavanja patofizioloskih mehanizama i uloge in-
flamatornih medijatora u zapaljenjskim procesima u pulpi zuba,
periapikalnim lezijama i parodoncijumu. U odvojenim poglav-
ljima detaljno se iznose saznanja o oralnim manifestacijama u
autoimunskim bolestima i imunodeficijencijama.

Udzbenik se sastoji od sedam poglavlja koja su napisali
razliciti autori iz domena svoje kompetentnosti. Sadrzi brojne
sumarne tabele i $eme koje znacajno olaksavaju razumevanje
slozenih molekularnih mehanizama ove kompleksne oblasti.
Detaljan pristup omogucava ¢itaocima da sa lakocom prate i
razumeju prezentovane podatke; samim tim, tivo je lako ¢itlji-
vo i prijem¢ivo Citaocima razli¢itih interesovanja i predznanja
iz ove oblasti, kako studentima tako i nau¢nicima. Svi autori su
nastavnici Stomatoloskog fakulteta u Beogradu, osim dr Slavka

Mojsilovica, viSeg nau¢nog saradnika Instituta za medicinska
istrazivanja Univerziteta u Beogradu, koji je napisao uvodno
poglavlje sa opisom osnova imunskog sistema. Poseban kvalitet
knjige ogleda se u tome $to ukazuje na klinicke implikacije opi-
sanih patofizioloskih procesa, a $to dodatno dobija na znacaju
¢injenicom da su medu autorima i klinicari iz raznih oblasti -
oralne hirurgije, parodontologije, endodoncije i restaurativne
stomatologije.

Kao $to je pomenuto, prvo poglavlje predstavlja vrstu uvoda
u ovu kompleksnu oblast i bavi se opisom strukture i funkcije
imunskog sistema. Opisane su Celije i signalni putevi i meha-
nizmi u odbrambenom sistemu organizma, $to je od sustinskog
znadaja za razumevanje specifi¢nih mehanizama u oralnim
strukturama. Drugo poglavlje, autora dr M. Mileti¢, bavi se
procesima zapaljenja i bioloski aktivnim molekulima. U tre-
¢em poglavlju, koje su napisali dr K. Belji¢ Ivanovi¢ i dr J. Ili¢,
izneti su patofizioloski mehanizmi u zapaljenskom odgovoru
pulpe zuba, a prethodi im opis ovih struktura u stanjima koja
nisu patoloska.

Cetvrto poglavlje, autora M. Andrica, bavi se patofizioloskim
mehanizmima i ulogom inflamatornih medijatora u periapikal-
nim lezijama. U petom poglavlju, koje je napisala dr N. Nikoli¢
Jakoba, detaljno se opisuju i analiziraju patofizioloski meha-
nizmi i uloga inflamatornih medijatora u parodontitisu. Sesto
poglavlje, autora docenta A. Jakovljevica, detaljno opisuje i ana-
lizira oralne manifestacije imunodeficijencija. Sedmo poglavlje,
koje zajedno potpisuju glavna urednica i dr Jakovljevi¢, bavi se
oralnim manifestacijama kod klini¢ki najznacajnijih autoimun-
skih oboljenja. Opisane su oralne promene kod reumatoidnog
artritisa, sistemskog lupusa, kao i promene karakteristi¢ne za
autoimunske dermatoze i crevne bolesti.

Udzbenik predstavlja savremeno §tivo iz ove oblasti. Za-
hvaljujuci detaljnim opisima i razumljivom i prijem¢ivom sti-
lu pisanja, pomo¢i ¢e u usvajanju osnovnih znanja studentima
integrisanih studija, ali i onima koji znanja iz ove oblasti ve¢
imaju. Pomoci ¢e prakticarima da unaprede dijagnostiku i bo-
lje razumeju osnove oralnih patoloskih procesa. Onima koji se
bave naukom, ukazace na moguce nove pravce istrazivanja u
ovoj oblasti.
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Da li ste pazljivo citali radove?

Vestacka inteligencija je grana nauke o:
a) inteligenciji

b) razmisljanju

¢) zakljuivanju

Razvoj vestacke inteligencije traje:
a) osam godina

b) osam decenija

¢) osam vekova

Tjuringovim testom se utvrduje:

a) da li masine mogu da misle

b) da li mogu masinski da se formiraju povrsine zadatih
oblika

¢) koli¢ina minerala u stenama

Prvi neuronski racunar simulira mrezu od:
a) 30 neurona

b) 40 neurona

¢) 100 neurona

Prvi jezik vestacke inteligencije zove se:
a) LISP

b) MISP

c) DISP

GPS, zasnovan na formalnoj logici:

a) neefikasan je u reSavanju komplikovanih problema

b) veoma je efikasan u reSavanju komplikovanih
problema

¢) najefikasniji je u re$avanju komplikovanih problema

Cuveni rad koji je osnova teorije rasplinutih skupova [8],
ili neizvesnog odlucivanja, poznat je pod imenom:

a) Fuzzi skupovi

b) Busy skupovi

¢) Ludi skupovi

Novi period u kome je Al postala nauka poceo je:
a) 1982. godine
b) 1992. godine
¢) 2002. godine

10.

11.

12.

13.

14.

15.

16.

. Prvi popularni Al alat je:

a) softver za igranje fudbala
b) softver za igranje kriketa
c) softver za igranje $aha

ChatGPT je:

a) opsta platforma za kori$¢enje Al u razli¢itim oblastima
b) platforma za kori$¢enje Al u masinstvu

c) platforma za koris¢enje Al u stomatologiji

Pronalazenje relacije izmedu ulaza i izlaza nad
oznacenim skupovima podataka u toku obucavanja
sistema naziva se:

a) nadgledano ucenje

b) nenadgledano ucenje

c) standardno ucenje

Diskriminativni modeli masinskog u¢enja imaju za cilj da:
a) prepoznaju razlike izmedu razli¢itih tipova podataka
b) usaglase razlike izmedu razli¢itih tipova podataka

c) nauce distribuciju podataka i generi$u nove podatke

Generativni modeli masinskog uc¢enja imaju za cilj da:
a) nauce distribuciju podataka i generi$u nove podatke
b) usaglase razlike izmedu razli¢itih tipova podataka

c) prepoznaju razlike izmedu razli¢itih tipova podataka

Ekspertni sistemi su:

a) standardni ra¢unarski sistemi

b) inteligentni ra¢unarski programi koji reSavaju
probleme na nacin na koji to ¢ine eksperti

c) ra¢unarski sistemi koji iznalaze najbrza resenja

Ekspertni sistemi su opisani kao:
a) kompjuterizovano znanje

b) sveopste znanje

¢) upotpunjeno znanje

Ekspertni sistemi su odigrali veliku ulogu u razvoju i
primeni:

a) vestacke inteligencije

b) softverskih resenja uopsteno

¢) hardvera



17.

18.

19.

20.

21.

22.

23.

24.

25.

Prvi ekspertni sistem koji su koristili lekari je:
a) Mysin

b) Dendral

c) Prospector

Mycin, Molgen, Prospector su ekspertni sistemi izvedeni
iz:

a) Dendrala

b) Kscona

c) Steamera

Prvi Al program za pretraZzivanje unazad, koji se koristio
za identifikaciju bakterija koje izazivaju teske infekcije,
kao $to su bakteremija i meningitis, i da preporuci
antibiotike bio je:

a) Mycin

b) Dendral

c) Protector

Prvi ekspertni sistem u stomatologiji razvijen je:
a) 1993. godine
b) 1983. godine
c) 2003. godine

Ekspertni sistem Orad za postavljanje dijagnoze koristi

Bajesove teoreme za:

a) analizu modela za studije

b) analizu radiografskih snimaka pacijenata sa
intrakostanim lezijama

¢) analizu anamnestickih podataka

EICO-1 ES ¢ini skup pravila pomocu kojih stomatolog
ortodont, koriste¢i model inZenjerstva znanja Ripple-
Down Rules (RDR):

a) dizajnira i dopunjuje bazu znanja

b) povedava kvalitet odgovora samog ekspertnog sistema
c) Oba odgovora su ta¢na

Model za donosenje odluka za ortodontski tretman
pacijenata izmedu 11 i 15 godina, kod kojih se utvrduje
dalije potrebna ekstrakcija zuba:

a) koristi ve$tacku neuronsku mrezu (ANN)

b) ima ta¢nost 100% za obucene slucajeve

c) Oba odgovora su ta¢na

Najveca primena vestacke inteligencije u oralnoj hirurgiji

je:

a) razvoj robotske hirurgije gde se simulira kretanje
ljudske ruke i ljudska inteligencija

b) u vodenju dokumentacije

¢) analiza primene antibiotika

Virtuelni asistent dizajna za upotrebu u protetici na bazi

Al

a) integrise kompjuterski dizajn

b) koristi logi¢ki zasnovanu reprezentaciju kao
objedinjuju¢i medijum

c) Oba odgovora su ta¢na

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
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Virtuelnim stomatoloskim asistentom u ortodonciji:

a) elimini$e se potreba za uzimanjem otisaka

b) pomeranje zuba i konac¢ni ishod le¢enja mogu se
predvideti kori$¢enjem algoritama Al

c) Oba odgovora su ta¢na

Mikroorganizmi koji ¢ine oralni mikrobiom obi¢no su
organizovani u:

a) biofilm

b) planktonski oblik ekosistema

c) druge oblike organizacije

Streptococcus mutans se smatra najvaznijim etioloskim
faktorom u nastanku:

a) karijesa

b) parodontopatije

¢) nekarijesnih lezija

Najpatogeniji ¢lan roda Staphylococcus i uzro¢nik raznih
bolesti, od povrsinskih apscesa koze i trovanja hranom do
stanja opasnih po Zivot je:

a) Staphylococcus aureus

b) Staphylococcus epidermidis

c) Staphylococcus hominis

Najcesce izolovana gljiva u oralnim infekcijama je:
a) Pithomyces chartarum

b) Candida albicans

c) Trichophyton mariatii

Hlorheksidin se ne moze koristiti dugotrajno jer:

a) ima razlicite neZeljene efekte, kao $to su bojenje zuba u
smedu boju, poremecaj ukusa

b) smanjuje svoju aktivnost na svetlosti

¢) ne utie na stvaranje plaka

Na hlorheksidin:

a) ne stvara se mikrobna rezistencija
b) stvara se mikrobna rezistencija

c) bakterije ne reaguju

Biljka Spilanthes acmella L. poznata je u narodu kao lek
protiv:

a) glavobolje

b) zubobolje

c) kostobolje

Biljka iz prethodnog pitanja ima anesteticki efekat:
a) kada se zvacu listovi i cvetovi

b) kada se guta ekstrakt korena

¢) nema anesteticki efekat

S. acmella se pokazala efikasnom u tradicionalnoj
medicini za lecenje:

a) reumatizma

b) pulpitisa

¢) malih boginja

47



48 | Stomatoloki glasnik Srbije, vol. 72, sv. 1, 2025.

36.

37.

38.

39.

40.

41.

42.

43.

Dominantnim fitohemikalijama u rodu Spilanthes
smatraju se:

a) flavonoidi

b) alkamidi

¢) piruvati

Da bi se dobio fini i homogeni prah biljnog porekla u
studiji o biljkama objavljenoj u ovom broju, osusena masa
cvasti, listova i preostalih nadzemnih delova:

a) usitnjena je u avanu nakon delovanja te¢nog azota

b) mlevena je u aparatu — homogenizatoru

¢) usitnjena je u avanu nakon susenja na suncu

Metoda kori$¢ena za procenu antimikrobne aktivnosti
bila je:

a) minimalna inhibitorna koncentracija (MIC)

b) PCR

¢) CFU

U ovoj studiji poredenje je vrseno sa:

a) standardnim rastvorom 0,12% hlorheksidina
b) rastvorom 3% vodonik-peroksida

¢) rastvorom 1% NaOCl

Inhibitorni efekat na C. albicans nije pokazao:
a) ekstrakt cvasti S. acmella

b) ekstrakt grancice

c) ekstrakt stabla

U ovoj studiji:

a) nije pronaden znacajan efekat ekstrakta S. acmella
na E. faecalis

b) pronaden je znadajan efekat ekstrakta S. acmella
na E. faecalis

¢) ovo nije ispitivano

U ovoj studiji:

a) nije pronaden znacajan efekat ekstrakta S. acmella
nas. aureus

b) pronaden je znadajan efekat ekstrakta S. acmella
naS. aureus

¢) ovo nije ispitivano

Tradicionalne lekovite biljke postale su privlac¢an izvor za

skrining antimikrobnih agenasa zbog:

a) sve vece otpornosti patogena na konvencionalne
antibiotike

44.

45.

46.

47.

48.

49.

50.

b) nezeljenih efekata postojecih terapija
c) Oba odgovora su ta¢na

U ovoj studiji utvrden je:

a) znacajan antimikrobni efekat hlorheksidina
b) slab antimikrobni efekat hlorheksidina

c) Ovo nije ispitivano

Ova studija je imala za cilj da istrazi antimikrobnu
aktivnost:
a) metanolnih ekstrakata nadzemnih delova
S. acmella
b) etanolnih ekstrakata nadzemnih delova
S. acmella
c) acetonskih ekstrakata nadzemnih delova
S. acmella

Antifungalni efekti hlorheksidina odnose se na:
a) prevenciju formiranja biofilma
b) naru$avanje strukture ¢elijske membrane
C. albicans
c) Oba odgovora su ta¢na

U slu¢aju smanjene efikasnosti hlorheksidina:

a) on se ne sme koristiti

b) on se ipak mora koristiti

c) preporucuje se kombinacija sa drugim antimikrobnim
agensima

Najcesce koris¢ena tehnika za podizanje

dna maksilarnog sinusa je:

a) lateralna antrostomija, koju je uveo Tatum,
a kasnije su je objavili Boyne i James

b) Caldwell-Luc revizija sinusa

c) Obe metode se podjednako cesto koriste

Rezultati ovog rada su:

a) preliminarni

b) definitivni

c) ne zahtevaju dalja istrazivanja

Rezultati ovog istrazivanja u le¢enju razlicitih
oralnih bolesti izazvanih ispitivanim
mikroorganizmima:

a) opravdavaju primenu S. acmella

b) ne opravdavaju primenu S. acmella

¢) Ovo se ne moze precizirati

Odgovore slati na email adresu Urednistva ¢asopisa ,,Stomatoloski glasnik Srbije“ ili na adresu Stomatoloske
komore Srbije (Uzun Mirkova 3/3). Ta¢ni odgovori na pitanja ce se vrednovati u skladu s Pravilnikom
o kontinuiranoj medicinskoj edukaciji zdravstvenih radnika.
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UPUTSTVO AUTORIMA ZA PRIPREMU RADA

Stomatoloski glasnik Srbije (SGS) ¢asopis je Srpskog lekarskog
drustva osnovan 1953. godine. Casopis objavljuje originalne
naucne i stru¢ne radove, prikaze iz prakse, pregledne radove,
saopstenja, istoriografske radove, prikaze knjiga, komentare i
pisma uredni$tvu, drustvenu hroniku.

Pre podnosenja rukopisa Uredni$tvu casopisa SGS svi autori
treba da procitaju Uputstvo za autore (Instructions for Authors),
gde ¢e pronadi sve potrebne informacije o pisanju i pripremi
rada u skladu sa standardima ¢asopisa. Ukoliko rukopis ne bude
uskladen s ovim zahtevima, Urednistvo ¢e odloziti ili odbiti nje-
govo publikovanje.

Za objavljene radove se ne isplacuje honorar, a autorska pra-
va se prenose na izdavaca. Rukopisi i prilozi se ne vracaju. Za
reprodukciju ili ponovno objavljivanje nekog segmenta rada
publikovanog u ,Stomatoloskom glasniku Srbije“ neophodna
je saglasnost izdavaca - Srpskog lekarskog drustva.

Radovi se $tampaju na englekom i srpskom jeziku.

OPSTA UPUTSTVA. SGS objavljuje radove koji do sada nisu
nigde objavljeni, u celosti ili delom, niti prihvaceni za objavljiva-
nje. Radovi se uvek dostavljaju na engleskom i srpskom jeziku.
Tekst rada kucati u programu za obradu teksta Word, fontom
Times New Roman i veli¢inom slova 12 tacaka (12 pt). Sve Cetiri
margine podesiti na 25 mm, veli¢inu stranice na format A4, a
tekst kucati s dvostrukim proredom, levim poravnanjem i uvla-
¢enjem svakog pasusa za 10 mm, bez deljenja re¢i (hifenacije).
Ako se u tekstu koriste specijalni znaci (simboli), koristiti font
Symbol. Podaci o kori$¢enoj literaturi u tekstu oznacavaju se
arapskim brojevima u uglastim zagradama - npr. [1, 2],i to
redosledom kojim se pojavljuju u tekstu. Stranice numerisati
redom u donjem desnom uglu, pocev od naslovne strane.

Pri pisanju teksta na engleskom jeziku treba se pridrzavati
jezickog standarda American English i koristiti kratke i jasne
recenice. Za nazive lekova koristiti isklju¢ivo genericka ime-
na. Uredaji (aparati) se oznacavaju fabrickim nazivima, a ime i
mesto proizvodaca treba navesti u oblim zagradama. Ukoliko
se u tekstu koriste oznake koje su spoj slova i brojeva, precizno
napisati broj koji se javlja u superskriptu ili supskriptu (npr.
99Tc,IL-6,02, B12,CD8). Ukoliko se nesto uobicajeno pise kur-
zivom (italic), tako se i navodi, npr. geni (BRCA1). Ukoliko je
rad deo magistarske teze, odnosno doktorske disertacije, ili je
uraden u okviru nau¢nog projekta, to treba posebno naznaciti
u Napomeni na kraju teksta.

KLINICKA ISTRAZIVANJA. Klinicka istrazivanja se definidu
kao istrazivanja uticaja jednog ili viSe sredstava ili mera na is-
hod zdravlja. Registarski broj istrazivanja se navodi u posled-
njem redu saZetka.

ETICKA SAGLASNOST. Rukopisi o istrazivanjima na ljudima
treba da sadrze izjavu u vidu pisanog pristanka ispitivanih oso-
ba u skladu s Helsinskom deklaracijom i odobrenje nadleznog
etickog odbora da se istrazivanje moze izvesti i da je ono u
skladu s pravnim standardima. Eksperimentalna istrazivanja
na humanom materijalu i ispitivanja vr§ena na Zivotinjama
treba da sadrze izjavu etickog odbora ustanove i treba da su u
saglasnosti s pravnim standardima.

IZJAVA O SUKOBU INTERESA. Uz rukopis se prilaze potpisa-
na izjava u okviru obrasca Submission Letter kojom se autori
izja$njavaju o svakom mogucem sukobu interesa ili njegovom
odsustvu. Za dodatne informacije o razlicitim vrstama sukoba
interesa posetiti internet-stranicu Svetskog udruzenja urednika
medicinskih ¢asopisa (World Association of Medical Editors -
WAME; http://www.wame.org) pod nazivom ,,Politika izjave o
sukobu interesa‘

AUTORSTVO. Sve osobe koje su navedene kao autori rada treba
da se kvalifikuju za autorstvo. Svaki autor treba da je ucestvo-
vao dovoljno u radu na rukopisu kako bi mogao da preuzme
odgovornost za celokupan tekst i rezultate iznesene u radu. Au-
torstvo se zasniva samo na: bitnom doprinosu koncepciji rada,
dobijanju rezultata ili analizi i tumacenju rezultata; planiranju
rukopisa ili njegovoj kritickoj reviziji od znatnog intelektualnog
znacaja; zavrsnom doterivanju verzije rukopisa koji se priprema
za $tampanje.

Autori treba da priloZe opis doprinosa pojedinacno za svakog
koautora u okviru obrasca Submission Letter. Finansiranje, sa-
kupljanje podataka ili generalno nadgledanje istrazivacke grupe
sami po sebi ne mogu opravdati autorstvo. Svi drugi koji su
doprineli izradi rada, a koji nisu autori rukopisa, trebalo bi da
budu navedeni u Zahvalnici s opisom njihovog doprinosa radu,
naravno, uz pisani pristanak.

PLAGIJARIZAM. Od 1. januara 2019. godine svi rukopisi pod-
vrgavaju se proveri na plagijarizam/autoplagijarizam preko
SCIndeks Assistant — Cross Check (iThenticate). Radovi kod
kojih se dokaze plagijarizam/autoplagijarizam bic¢e odbijeni, a
autori sankcionisani.

NASLOVNA STRANA. Na prvoj stranici rukopisa treba navesti
sledece: naslov rada bez skracenica; predlog kratkog naslova
rada, puna imena i prezimena autora (bez titula) indeksirana
brojevima; zvani¢an naziv ustanova u kojima autori rade, mesto i
drzavu (redosledom koji odgovara indeksiranim brojevima auto-
ra); na dnu stranice navesti ime i prezime, adresu za kontakt, broj
telefona, 1 imejl adresu autora zaduzenog za korespondenciju.

SAZETAK. Uz originalni rad, prethodno i kratko saopstenje,
metaanalizu, pregled literature, prikaz slucaja (bolesnika), rad iz
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istorije medicine, aktuelnu temu, rad za rubriku jezik medicine
i rad za praksu, na drugoj po redu stranici dokumenta treba
prilozi ti sazetak rada obima 100-250 reci. Za originalne radove,
prethodno i kratko saopstenje, metaanalize i pregledne rado-
ve, sazetak treba da ima sledecu strukturu: Uvod/Cilj, Metode,
Rezultati, Zakljucak; svaki od navedenih segmenata pisati kao
poseban pasus koji poc¢inje boldovanom reci. Navesti najvaznije
rezultate (numericke vrednosti) statisticke analize i nivo zna-
¢ajnosti. Zaklju¢ak ne sme biti uopsten, ve¢ mora biti direktno
povezan sa rezultatima rada. Za prikaze bolesnika sazetak treba
da ima sledece delove: Uvod (u poslednjoj recenici navesti cilj),
Prikaz bolesnika, Zakljucak; segmente takode pisati kao pose-
ban pasus koji pocinje boldovanom reci. Za ostale tipove radova
sazetak nema posebnu strukturu.

KLJUCNE RECI. Ispod Sazetka navesti od tri do $est klju¢nih
re¢iili izraza. U izboru klju¢nih reci koristiti Medical Subject
Headings — MeSH (http://www.nlm.nih.gov/mesh).

PREVOD NA SRPSKI JEZIK. Na posebnoj stranici dokumenta
priloziti naslov rada na srpskom jeziku, puna imena i prezimena
autora (bez titula) indeksirana brojevima, zvani¢an naziv usta-
nova u kojima autori rade, mesto i drzavu. Na sledecoj stranici
dokumenta priloziti sazetak (100-250 reci) s klju¢nim recima
(3-6), prevod naziva priloga (tabela, grafikona, slika, shema) i
celokupni tekst u njima i legendu.

STRUKTURA RADA. Svi podnaslovi se piSu velikim masnim
slovima (bold). Originalni rad, metaanaliza, prethodno i kratko
saopstenje obavezno treba da imaju sledece podnaslove: Uvod
(Cilj rada navesti kao poslednji pasus Uvoda), Metode rada, Re-
zultati, Diskusija, Zakljucak, Literatura. Pregled literature ¢ine:
Uvod, odgovarajuci podnaslovi, Zakljucak, Literatura. Prvoime-
novani autor metaanalize i preglednog rada mora da navede bar
petautocitata (kao autor ili koautor) radova publikovanih u ¢aso-
pisima s recenzijom. Koautori, ukoliko ih ima, moraju da navedu
bar jedan autocitat radova takode publikovanih u ¢asopisima
s recenzijom. Prikaz slucaja ili bolesnika ¢ine: Uvod (Cilj rada
navesti kao poslednji pasus Uvoda), Prikaz bolesnika, Diskusija,
Literatura. Ne treba koristiti imena bolesnika, inicijale, niti bro-
jeve istorija bolesti, narocito u ilustracijama. Prikazi bolesnika
ne smeju imati vise od pet autora. Priloge (tabele, grafikone, sli-
ke itd.) postaviti na kraj rukopisa, a u samom telu teksta jasno
naznaciti mesto koje se odnosi na dati prilog. Krajnja pozicija
priloga bic¢e odredena u toku pripreme rada za publikovanje.

SKRACENICE. Koristiti samo kada je neophodno, i to za veoma
dugacke nazive hemijskih jedinjenja, odnosno nazive koji su kao
skracenice ve¢ prepoznatljivi (standardne skracenice, kao npr.
DNK, sida, HIV, ATP). Za svaku skracenicu pun termin treba
navesti pri prvom navodenju u tekstu, sem ako nije standar-
dna jedinica mere. Ne koristiti skracenice u naslovu. Izbegavati
kori$cenje skracenica u sazetku, ali ako su neophodne, svaku
skracenicu objasniti pri prvom navodenju u tekstu.

DECIMALNI BROJEVI. U tekstu rada na engleskom jeziku, u
tabelama, na grafikonima i drugim prilozima decimalne bro-
jeve pisati sa tackom (npr. 12.5 + 3.8), a u tekstu na srpskom
jeziku sa zarezom (npr. 12,5 + 3,8). Kad god je to moguce, broj
zaokruziti na jednu decimalu.

JEDINICE MERA. Duzinu, visinu, teZinu i zapreminu izrazavati
u metric¢kim jedinicama (metar — m, kilogram (gram) - kg (g),
litar - 1) ili njihovim delovima. Temperaturu izrazavati u stepe-
nima Celzijusa (°C), koli¢inu supstance u molima (mol), a pri-
tisak krvi u milimetrima Zivinog stuba (mm Hg). Sve rezultate
hematoloskih, klini¢kih i biohemijskih merenja navoditi u me-
trickom sistemu prema Medunarodnom sistemu jedinica (SI).

OBIM RADOVA. Celokupni rukopis rada - koji ¢ine naslovna
strana, sazetak, tekst rada, spisak literature, svi prilozi, odnosno
potpisi za njih i legenda (tabele, slike, grafikoni, sheme, crtezi),
naslovna strana i saZetak na srpskom jeziku - mora iznositi
za originalni rad, prethodno i kratko saopstenje, rad izistorije
medicine i pregled literature do 5000 re¢i, a za prikaz bolesnika,
rad za praksu, edukativni ¢lanak i rad za rubriku ,,Jezik medi-
cine“ do 3000 reci; radovi za ostale rubrike mogu imati najvise
1500 reci.

PRILOZI RADU su tabele i slike (fotografije, crtezi, sheme, gra-
fikoni).

TABELE. Svaka tabela treba da bude sama po sebi lako razu-
mljiva. Naslov treba otkucati iznad tabele, a obja$njenja ispod
nje. Tabele se oznacavaju arapskim brojevima prema redosledu
navodenja u tekstu. Tabele crtati isklju¢ivo u programu Word,
kroz meni Table-Insert-Table, uz definisanje ta¢nog broja ko-
lona i redova koji ¢e ¢initi mrezu tabele. Desnim klikom na
mi$u - pomocu opcija Merge Cells i Split Cells - spajati, odno-
sno deliti celije. Kucati fontom Times New Roman, veli¢inom
slova 12 pt, s jednostrukim proredom i bez uvlacenja teksta.
Kori$¢ene skracenice u tabeli treba objasniti u legendi ispod
tabele. Ukoliko je rukopis na srpskom jeziku, priloziti nazive
tabela i legendu na oba jezika. Takode, u jednu tabelu, u okviru
iste Celije, uneti i tekst na srpskom i tekst na engleskom jeziku
(nikako ne praviti dve tabele sa dva jezika!).

SLIKE. Slike su svi oblici grafi¢kih priloga i kao ,,slike“ u SGS se
objavljuju fotografije, crtezi, sheme i grafikoni. Slike oznacavaju
se arapskim brojevima prema redosledu navodenja u tekstu.
Primaju se iskljucivo digitalne fotografije (crno-bele ili u boji)
rezolucije najmanje 300 dpi i formata zapisa tiff ili jpg (male,
mutne i slike loSeg kvaliteta nece se prihvatati za Stampanje!).
Ukoliko autori ne poseduju ili nisu u mogu¢nosti da dostave
digitalne fotografije, onda originalne slike treba skenirati u re-
zoluciji 300 dpi i u originalnoj veli¢ini. Ukoliko je rad neophod-
no ilustrovati sa vise slika, u radu ¢e ih biti objavljeno nekoliko,
a ostale Ce biti u e-verziji ¢lanka kao PowerPoint prezentacija
(svaka slika mora biti numerisana i imati legendu). Ukoliko je
rukopis na srpskom jeziku, priloziti nazive slika i legendu na
oba jezika.

GRAFIKONI. Grafikoni treba da budu uradeni i dostavljeni u
programu Excel, da bi se videle pratece vrednosti rasporedene
po Celijama. Iste grafikone prekopirati i u Word-ov dokument,
gde se grafikoni oznacavaju arapskim brojevima prema redo-
sledu navodenja u tekstu. Svi podaci na grafikonu kucaju se u
fontu Times New Roman. Kori$¢ene skracenice na grafikonu
treba objasniti u legendi ispod grafikona. U Stampanoj verziji
¢lanka verovatnije je da grafikon nece biti Stampan u boji, te je
bolje izbegavati kori$¢enje boja u grafikonima, ili ih koristiti



razli¢itog intenziteta. Ukoliko je rukopis na srpskom jeziku,
priloziti nazive grafikona i legendu na oba jezika.

SHEME (CRTEZI). CrteZi i sheme se dostavljaju u jpg ili tiff for-
matu. Sheme se mogu crtati i u programu CorelDraw ili Adobe
[lustrator (programi za rad sa vektorima, krivama). Svi podaci
na shemi kucaju se u fontu Times New Roman, veli¢ina slova
10 pt. Kori$c¢ene skracenice na shemi treba objasniti u legendi
ispod sheme. Ukoliko je rukopis na srpskom jeziku, priloziti
nazive shema i legendu na oba jezika.

ZAHVALNICA. Navesti sve saradnike koji su doprineli stvaranju
rada, a ne ispunjavaju merila za autorstvo, kao $to su osobe koje
obezbeduju tehnicku pomo¢, pomo¢ u pisanju rada ili rukovode
odeljenjem koje obezbeduje op$tu podrsku. Finansijska i mate-
rijalna pomo¢, u obliku sponzorstva, grantova, projekata treba
takode da bude pomenuta.

LITERATURA. Spisak referenci je odgovornost autora, a citirani
¢lanci treba da budu lako pristupacni ¢itaocima ¢asopisa. Stoga
uz svaku referencu obavezno treba navesti DOI broj ¢lanka (je-
dinstvenu nisku karaktera koja mu je dodeljena) i PMID broj
ukoliko je clanak indeksiran u bazi PubMed/MEDLINE. Refe-
rence numerisati rednim arapskim brojevima prema redosledu
navodenja u tekstu. Broj referenci ne bi trebalo da bude ve¢i od
30, osim u pregledu literature, u kojem je dozvoljeno da ih bude
do 50, a u metaanalizi do 100. Broj citiranih originalnih radova
mora biti najmanje 80% od ukupnog broja referenci, odnosno
broj citiranih knjiga, poglavlja u knjigama i preglednih ¢lanaka
manji od 20%. Ukoliko se domace monografske publikacije i
¢lanci mogu uvrstiti u reference, autori su duzni da ih citiraju.
Vecina citiranih nau¢nih ¢lanaka ne bi trebalo dabude starija
od pet godina. Nije dozvoljeno citiranje apstrakata. Reference
¢lanaka koji su prihvaceni za $tampu, ali jo$ nisu objavljeni,
treba oznaciti sa in press i priloziti dokaz o prihvatanju rada
za objavljivanje.

Reference se citiraju prema Vankuverskom stilu (uniformisanim
zahtevima za rukopise koji se predaju biomedicinskim ¢asopi-
sima), koji je uspostavio Medunarodni komitet urednika me-
dicinskih ¢asopisa (http://www.icmje.org), ¢iji format koriste
U.S. National Library of Medicine i baze nau¢nih publikacija.
Primeri navodenja publikacija (¢lanaka, knjiga i drugih mono-
grafija, elektronskog, neobjavljenog i drugog objavljenog ma-
terijala) mogu se pronaci na internet-stranici http://www.nlm.
nih.gov/bsd/uniform_requirements.html. Prilikom navodenja
literature veoma je vazno pridrzavati se pomenutog standarda,
jer je to jedan od najbitnijih faktora za indeksiranje prilikom
Kklasifikacije nau¢nih ¢asopisa.

PROPRATNO PISMO (SUBMISSION LETTER). Uz rukopis
obavezno priloziti obrazac koji su potpisali svi autori, a koji
sadrzi: 1) izjavu da rad prethodno nije publikovan i da nije isto-
vremeno podnet za objavljivanje u nekom drugom ¢asopisu,
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2) izjavu da su rukopis procitali i odobrili svi autori koji ispu-
njavaju merila autorstva, i 3) kontakt podatke svih autora u radu
(adrese, imejl adrese, telefone itd.). Blanko obrazac treba preu-
zeti sa internet-stranice ¢asopisa (http://www.stomglas. org.rs).
Takode je potrebno dostaviti kopije svih dozvola za: reprodu-
kovanje prethodno objavljenog materijala, upotrebu ilustracija
i objavljivanje informacija o poznatim ljudima ili imenovanje
ljudi koji su doprineli izradi rada.

CLANARINA I NAKNADA ZA OBRADU CLANKA. Da bi rad
bio objavljen u ¢asopisu Stomatoloski glasnik Srbije, svi autori
koji su lekari ili stomatolozi iz Srbije moraju biti ¢lanovi Srp-
skog lekarskog drustva (u skladu sa ¢lanom 6. Statuta Drustva) i
izmiriti naknadu za obradu ¢lanaka (Article Processing Charge)
u iznosu od 6000 dinara. Uplata nije garancija da ¢e rad biti
prihvacen i objavljen u Stomatoloskom glasniku Srbije.

Uz rukopis rada treba dostaviti kopije uplatnica za ¢lanarinu
i naknadu za obradu ¢lanka, kao dokaz o uplatama, ukoliko
izdava¢ nema evidenciju o tome. Casopis prihvata donacije
od sponzora koji snose deo troskova ili tro$kove u celini onih
autora koji nisu u mogucnosti da izmire naknadu za obradu
¢lanka (u takvim slucajevima potrebno je casopisu staviti na
uvid opravdanost takvog sponzorstva).

SLANJE RUKOPISA. Rukopis rada i svi prilozi uz rad dostavljaju
se preko sluzbene imejl adrese.

NAPOMENA. Rad koji ne ispunjava uslove ovog uputstva ne
moze biti upucen na recenziju i bice vra¢en autorima da ga do-
pune i isprave. Pridrzavanjem uputstva za pripremu rada znatno
¢e se skratiti vreme celokupnog procesa do objavljivanja rada u
¢asopisu, $to ¢e pozitivno uticati na kvalitet ¢lanaka i redovnost
izlazenja Casopisa.

Za sve dodatne informacije, molimo da se obratite na dole na-
vedene adrese i broj telefona:

ADRESA:

Srpsko lekarsko drustvo

Urednistvo ¢asopisa ,,Stomatoloski glasnik Srbije“ Ul. kraljice
Natalije 1

11000 Beograd Srbija

Telefon: + 381 (0)11 409-2776

Imejl adresa: stomglas@bvcom.rs

Internet adresa: http://www.stomglas.org.rs

ISSN Online 1452-3701

Open access
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INSTRUCTIONS FOR AUTHORS

Serbian Dental Journal is the journal of the Serbian Medical
Society, founded in 1953. The journal publishes following article
types: original scientific papers, case reports, review articles,
preliminary and short communications, history of medicine
and dentistry articles, book reviews, articles for practitioners,
invited commentaries, letters to the editor, editorials, congress
and scientific meeting reports, personal view articles, profes-
sional news, chronicle articles from medical and dental society.

Before submitting their paper to the Editorial Office of the
Serbian Dental Journal, authors should read the Instructions
for Authors, where they will find all the necessary information
on writing their manuscript in accordance with the journal’s
standards. The manuscripts that are not prepared in accord-
ance with these standards will result in paper being delayed
or rejected.

Serbian Dental Journal provides no fee for published articles.
By submitting a paper for publishing consideration, authors of
a paper accepted for publication in the Serbian Dental Journal
grant and assign all copyrights to the publisher - the Serbian
Medical Society.

The papers are published in English and Serbian.

GENERAL INSTRUCTIONS. Serbian Dental Journal publishes
papers that have not been, either in their entirety or partially,
previously published, and that have not been accepted for pub-
lication elsewhere. The papers are always submitted in both
English and Serbian. The text of the manuscript should be typed
in MS Word using the Times New Roman typeface, and font size
12 pt. The text should be prepared with margins set to 25 mm
and onto A4 paper size, with double line spacing, aligned left
and the initial lines of all paragraphs indented 10 mm, without
hyphenation. If special signs (symbols) are used in the text, use
the Symbol font. References cited in the text are numbered with
Arabic numerals within parenthesis (for example: [1, 2]), in
order of appearance in the text. Pages are numbered consecu-
tively in the right bottom corner, beginning from the title page.

When writing text in English, linguistic standard American
English should be observed. Write short and clear sentences.
Generic names should be exclusively used for the names of
drugs. Devices (apparatuses, instruments) are termed by trade
names, while their name and place of production should be in-
dicated in the brackets. If a letter-number combination is used,
the number should be precisely designated in superscript or
subscript (i.e., 99Tc, IL-6, O,, B12, CD8). If something is com-
monly written in italics, such as genes (e.g. BRCA1), it should
be written in this manner in the paper as well. If a paper is a
part of a master’s or doctoral thesis, or a research project, that
should be designated in a separate note at the end of the text.

CLINICAL TRIALS. Clinical trial is defined as any research
related to one or more health related interventions in order to
evaluate the effects on health outcomes. The trial registration
number should be included as the last line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medical re-
search should contain a statement that the subjects’ written
consent was obtained, according to the Declaration of Helsinki,
the study has been approved by competent ethics committee,
and conforms to the legal standards. Experimental studies with
human material and animal studies should contain statement
of the institutional ethics committee and meet legal standards.

CONFLICT OF INTEREST STATEMENT. The manuscript
must be accompanied by a disclosure statement from all au-
thors (contained within the Submission Letter) declaring any
potential interest or stating that the authors have no conflict
of interest. For additional information on different types of
conflict of interest, please see World Association of Medical
Editors (WAME, www.wame.org) policy statement on conflict
of interest.

AUTHORSHIP All individuals listed as authors should be quali-
fied for authorship. Every author should have participated suf-
ficiently in writing the article in order to take responsibility for
the whole article and results presented in the text. Authorship
is based only on: crucial contribution to the article conception,
obtaining of results or analysis and interpretation of results;
design of manuscript or its critical review of significant intel-
lectual value; final revision of the manuscript being prepared
for publication.

The authors should enclose the description of contribution
to the article of every co-author individually (within the
Submission Letter). Funding, collection of data or general su-
pervision of the research group alone cannot justify authorship.
All other individuals having contributed to the preparation of
the article should be mentioned in the Acknowledgment sec-
tion, with description of their contribution to the paper, with
their written consent.

PLAGIARISM. Since January 1,2019 all manuscripts have been
submitted via SCIndeks Assistant to Cross Check (software
iThenticate) for plagiarism and auto-plagiarism control. The
manuscripts with approved plagiarism/autoplagiarism will be
rejected and authors will not be welcome to publish in Serbian
Dental Journal.

TITLE PAGE. The first page of the manuscript (cover sheet)
should include the following: title of the paper without any ab-
breviations; suggested running title; each author’s full names
and family names (no titles), indexed by numbers; official name,



place and country of the institution in which authors work (in
order corresponding to the indexed numbers of the authors); at
the bottom of the page: name and family name, address, phone
number, and e-mail address of a corresponding author.

SUMMARY. Along with the original article, preliminary and
short communication, review article, case report, article on his-
tory of medicine, current topic article, article for language of
medicine and article for practitioners, the summary not exceed-
ing 100-250 words should be typed on the second page of the
manuscript. In original articles, the summary should have the
following structure: Introduction/Objective, Methods, Results,
Conclusion. Each segment should be typed in a separate para-
graph using boldface. The most significant results (numerical
values), statistical analysis and level of significance are to be
included. The conclusion must not be generalized, it needs to
point directly to the results of the study. In case reports, the
summary should consist of the following: Introduction (final
sentence is to state the objective), Case Outline (Outline of
Cases), Conclusion. Each segment should be typed in a separate
paragraph using boldface. In other types of papers, the sum-
mary has no special outline.

KEYWORDS. Below the Summary, 3 to 6 keywords or phrases
should be typed. The keywords need not repeat words in the
title and should be relevant or descriptive. Medical Subject
Headings - MeSH (http://www.nlm.nih. gov/mesh) are to be
used for selection of the keywords.

TRANSLATION INTO SERBIAN. The separate page of the
manuscript should include: title of the paper in the Serbian
language; each author’s full name and family name (no titles),
indexed by numbers; official name, place and country of the
institution in which authors work. On the next page of the
manuscript the summary (100-250 words) and keywords (3-
6). The terms taken from foreign literature should be translated
into comprehensible Serbian. All foreign words or syntagms
that have a corresponding term in Serbian should be replaced
by that term.

STRUCTURE OF THE MANUSCRIPT. All section headings
should be in capital letters using boldface. Original articles
and preliminary and short communications should have the
following section headings: Introduction (objective is to be
stated in the final paragraph of the Introduction), Methods,
Results, Discussion, Conclusion, References. A review article
and current topic include: Introduction, corresponding section
headings, Conclusion, References. The firstly named author
of a review article should cite at least five auto-citations (as
the author or co-author of the paper) of papers published in
peer-reviewed journals. Co-authors, if any, should cite at least
one auto-citation of papers also published in peer-reviewed
journals. A case report should consist of: Introduction (objec-
tive is to be stated in the final paragraph of the Introduction),
Case Report, Discussion, References. No names of patients,
initials or numbers of medical records, particularly in illus-
trations, should be mentioned. Case reports cannot have more
than five authors. Letters to the editor need to refer to papers
published in the Serbian Archives of Medicine within previous
six months; their form is to be comment, critique, or stating
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own experiences. Publication of articles unrelated to previously
published papers will be permitted only when the journal’s
Editorial Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be
placed at the end of the manuscript, while in the body of the
text a particular enclosure should only be mentioned and its
preferred place indicated. The final arrangement (position) of
the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for very long
names of chemical compounds, or as well-known abbreviations
(standard abbreviations such as DNA, AIDS, HIV, ATP, etc.). Full
meaning of each abbreviation should be indicated when it is
first mentioned in the text unless it is a standard unit of meas-
ure. No abbreviations are allowed in the title. Abbreviations in
the summary should be avoided, but if they have to be used,
each of them should be explained when first mentioned in the
text of the paper.

DECIMAL NUMBERS. In papers written in English, includ-
ing text of the manuscript and all enclosures, a decimal point
should be used in decimal numbers (e.g. 12.5 + 3.8), while in
Serbian papers a decimal comma should be used (e.g. 12,5 +
3,8). Wherever applicable, a number should be rounded up to
one decimal place.

UNITS OF MEASURE. Length, height, weight and volume
should be expressed in metric units (meter - m, kilogram -
kg, gram - g, liter - 1) or subunits. Temperature should be in
Celsius degrees (°C), quantity of substance in moles (mol), and
blood pressure in millimeters of mercury column (mm Hg).
All results of hematological, clinical and biochemical measure-
ments should be expressed in the metric system according to
the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript - title
page, summary, the whole text, list of references, all enclosures
including captions and legends (tables, photographs, graphs,
schemes, sketches), title page and summary in Serbian - must
not exceed 5,000 words for original articles, review articles and
articles on history of medicine, and 3,000 words for case reports,
preliminary and short communications, current topics, articles
for practitioners, educational articles and articles for “Language
of medicine”, congress and scientific meeting reports; for any
other section maximum is 1,500 words.

ARTICLE ENCLOSURES are tables, figures (photographs,
schemes, sketches, graphs) and video-enclosures.

TABLES. Each table, with its legend, should be self-explanatory.
The title should be typed above the table and any explanatory
information under the table. Tables should be numbered in
Arabic numerals in order of citation in the text. Use MS Word,
the menu Table-Insert-Table, inserting the adequate number
of rows and columns. By the right click of the mouse, use the
options Merge Cells and Split Cells. Use Times New Roman, font
size 12 pt, with single line spacing and no indent to draw tables.
Abbreviations used in tables should be explained in the legend
below each respective table.
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Tables and corresponding legend should be both in Serbian and
English. Also, the table cells should contain text in both languag-
es (do not create two separate tables with a single language!).

FIGURES. Figures are all types of visual enclosures, and photo-
graphs, schemes, sketches and graphs are published as ‘figures’
in the Serbian Dental Journal. Figures should be numbered in
Arabic numerals in order of citation in the text. Only original
digital photographs (black-and-white or color), of minimum
300 dpi, and jpg or tiff format, are acceptable (small, blurry and
photographs of poor quality will not be accepted for publish-
ing!). If authors do not possess or are not able to provide digital
photographs, then the original photos should be scanned in 300
dpi, and saved in original size. If a paper needs to be illustrated
with a considerable number of figures, several figures will be
published within the paper, and the rest will be available in the
electronic version of the paper as a PowerPoint presentation
(every figure needs to be numbered and be accompanied by
legend). Photographs and corresponding legend should be both
in Serbian and English.

GRAPHS. Graphs should be plotted in Excel in order to see
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