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Sazetak

Uvod: Do znacajnih izmena u decjoj stomatologiji doslo je usled
razvoja tehnologije, materijala i znanja o bolestima. Kada se radi
sa decom, najvaznijniji su prijatnost, brzina, bezbednost i primena
konzervativne terapije. lako se sve navedeno odnosi i na odrasle
pacijente, od posebnog je znacaja da se sa stomatoloskim
pregledima zapocne u detinjstvu, ali i da ovo iskustvo ne bude
stresno ni za pacijente ni za roditelje. Uvodenje i koris¢enje nove
tehnologije izazvalo je promenu paradigme u stomatoloskoj praksi,
obeleZenu razvojem novih i superiornih restaurativnih materijala
koji omogucavaju da se ukloni manje zubnog tkiva. Sada smo
postigli terapijske ciljeve otkrivene u pruZanju minimalno invazivne
stomatologije. Rana stomatolo$ka dijagnoza postala je u poslednje
vreme sve vaZznija. Poslednjih nekoliko godina, rano detektovanje
karijesa dobilo je na znacaju, buduéi da je konzervativna
stomatologija i dalje u prvom planu. Stomatolog treba da naglasi
vaznost rane identifikacije karijesa i da ukaZe na najmanje
invazivne alternative leCenja, posebno u decjem uzrastu.
Tradicionalne metode otkrivanja karijesa Cesto ne uocavaju rane
lezije gledi koje se nisu razvile u kavitaciju. Upravo zbog toga,
razvijeno je nekoliko inovativnih strategija za rano otkrivanje
karijesa.

Cilj: Cilj ovog rada bio je da pruzi opsirne informacije o novim
restaurativnim materijalima i tehnologijama za otkrivanje karijesa i
da sumira nedavna dostignuca u decjoj stomatologiji.

Zakljuéak: U ovom preglednom radu predstavljena je oprema koja
se trenutno Kkoristi u stomatolo3koj dijagnostici, kao i ona koja u te
svrhe moze biti koriséena u buducnosti. Razvoj tehnologije je toliko
brz da je skoro nemoguce ostati u toku. Shodno tome, mozda je za
svakog pedodonta ili pedodontsku kliniku najbolje reSenje da
odabere opremu koja se najvise isplati.

Kljucne reci: materijali _za restauraciju zuba, tehnologija
snimanja, laser, fluorescencija, stktrOSkopija, zvucni talasi, Cone
Beam kompjuterizovana tomografija
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Abstract

Introduction: As a result of developments in technology, materials,
and illness knowledge, paediatric dentistry has experienced major
changes. When dealing with children, comfort, speed, safety, and
conservative therapies are paramount. Of course, this also applies
to adults, but getting youngsters started with dental appointments
and making the experience stress-free for both patients and parents
is extremely vital. The introduction and use of new technology
caused a paradigm change in the practice of dentistry. This has
been marked by the development of new and superior restorative
materials that allow us to remove less tooth structure. We have now
achieved the therapeutic goals discovered in giving more minimally
invasive dentistry. Early dental diagnosis has become increasingly
important in recent years. Early detection of dental caries has
grown in relevance in recent years as conservative dentistry has
remained at the forefront. The dentist should emphasize early
identification of dental caries and the least invasive treatment
alternatives, especially in paediatric patients. Traditional caries
detection methods frequently miss early enamel lesions that have
not developed into cavitation. As a result, several innovative
strategies for detecting cavities early have been developed.

Aim: The purpose of the current literature is to provide broad
information regarding new restorative materials and caries
detection technologies and summarize recent advances in
paediatric dentistry.

Conclusion: This overview highlighted a huge variety of current
equipment that is either now used or can be utilized in dental
diagnostics. Some of these devices are rather pricey and take up a
lot of room. Technology evolves so quickly that it is impossible to
stay up. As a result, possibly the best answer for each pedodontist
or pedodontics clinic is to select the equipment with the greatest
cost benefit.

Key words: tooth restorative materials, imaging technology, laser,
fluorescence, spectroscopy, sound waves, Cone Beam Computed
Tomography
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Terapija karijesa od Black-a do
danas

Prema rezultatima Nacionalne agencije o
zdravlju i ishrani, karijes je naj¢e$¢e hroni¢no
stanje kod dece. Pet puta je ¢eS$¢i od astme i
sedam puta &e$¢i od polenske groznice’.

Prednosti restaurativne terapije cine:
uklanjanje kavitacija ili defekata kako bi se
eliminisala ~ podru¢ja  sklona  karijesu,
omogucilo zaustavljanje progresije demine-
ralizacije zuba; obnavljanje strukture i funkcije
zuba; spreCavanje Sirenja infekcije u zubnu
pulpu 1 spreCavanje migracije zuba usled
gubitka  zubnih struktura.  Restaurativha
terapija moze smanjiti Zivotni vek zuba buduci
da ih ¢ini sklonijim frakturama, ponavljaju¢im
lezijama, neuspehu restauracije, izlaganju
pulpe tokom ekskavacije karijesa i moguéim
oboljenjima pulpe. Osim toga, postoji opasnost
od jatrogenih povreda susednih zuba.

Konvencionalna metoda lecenja karijesa
podrazumeva postavljanje  materijala  za
restauraciju zuba. Koncept G. V. Blacka
»ekstenzija u cilju prevencije”, koji je bio
standard duze od jednog veka, sada se moze
smatrati  arhai¢nim®.  Ovaj  pristup je
podrazumevao uklanjanje zubnog tkiva
proSirenjem preparacije kaviteta u nekariozne
Zlebove. U Blackovo vreme nije bilo strategija,
metoda i materijala za prevenciju karijesa, a ni
validiranih alternativnih lekova. Karijes se
obi¢no lecio u kasnijoj fazi. Karijesni proces,
ukljucuju¢i  cikluse  demineralizacije 1
remineralizacije, pogresno se tumacio. Tada je
materijal najceS¢e koriS¢en za restauraciju
zuba bio amalgam, a preparacija kaviteta
uslovljavala je potrebu za retencijom.
Prednosti  amalgama  ogledaju se u
jednostavnosti primene 1 jakoj Cvrstoéi na
pritisak. Amalgamske plombe imaju razne
nedostatke, medu kojima su slabljenje zuba,
nemogucnost formiranja hemijske veze sa
zubima i perkolacija, koja izaziva sekundarni
karijes i promenu boje zuba.

Zahvaljuju¢i Dawsonu i Makinsonu, Koji
su devedesetin godina proslog veka prvi
upotrebili  izraz ,minimalna interventna
stomatologija” (sada se umesto toga koristi
»-minimalno invazivna stomatologija” ili MID),
doSlo je do pomaka u nainu preparacije
kaviteta za primenu restaurativnih materijala®.
Ovim konceptom naglaSavaju se rana
identifikacija i procena rizika od pojave
karijesa, remineralizacija demineralizovane
gledi i dentina, prevencija karijesa, manje
invazivne operativne procedure i moguénost
popravke umesto  zamene  restauracija.
Sveobuhvatni cilj je da se omoguéi da zubi
ocuvaju svoju funkciju do kraja Zivota.

Caries treatment from Black
today

According to the National Health and
Nutrition Examination Survey findings, caries
is the most frequent chronic condition among
children. It is five times as frequent as a}sthma
and seven times as common as hay fever-.

Restorative therapy benefits include
removing cavitations or defects to eliminate
caries-prone areas, halting the progression of
tooth  demineralization, restoring  tooth
structure and function, preventing the spread of
infection into the dental pulp, and preventing
tooth shifting due to tooth structure loss.
Restorative therapy has the potential to shorten
the lifespan of teeth by rendering them more
prone to fracture, recurring lesions, restoration
failure, pulp exposure  durin caries
excavation, and future pulpal problems, in
addition to the danger of iatrogenic injury to
neighboring teeth.

The conventional method of treating
caries is to put a dental restorative. G. V.
Black's "extension for prevention™ concept was
the standard for more than a_century and might
be regarded archaic now". This approach
eliminated extra tooth structure by extending
the cavity preparation into noncarious grooves.
There was a paucity of strategies, methods, and
materials for caries prevention at the time of
Black, as well as a lack of validated alternative
remedies. Caries was commonly treated at a
later stage. There was a misunderstanding of
the  caries  process, including the
demineralization and remineralization cycles.
At the time, the predominant dental restorative
material was amalgam, and the preparation
design mirrored the necessity to induce
retention. Amalgam has advantages such as
simplicity of  application and strong
compressive strength. Amalgam fillings have
various disadvantages, including weakenin
the teeth, the inability to form a chemical bon
with the teeth, filling leakage causing
secondary caries, and tooth discoloration.

Thanks to Dawson and Makinson, who
were the first to coin the phrase "minimal
interventional dentistry” (now known as
"minimally invasive dentistry" or MID) in the
1990s, there was a shift in the way cavities
were prepared for the application of restorative
materials®. Early caries identification and risk
assessment, remineralization of demineralized
enamel and dentin, caries prevention, less
invasive operational procedures, and the abilit
to repair rather than replace restorations are all
emphasized in this concept. The overarching
objective is to keep the teeth functioning for
the rest of one's life. This conservative
approach decreases restorative time, pain,
tension, and anxiety, all of which are critical
factors for paediatric dentistry patients.
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Ovaj konzervativni pristup smanjuje vreme
restauracije, bol, napetost i anksioznost —
kriticne ~ faktore za  pacijente  decjih
stomatologa. U MID-u se akcenat stavlja na
upotrebu adhezivnih stomatoloskih materijala i
metoda.  Ovi  materijali ~ omogucavaju
uklanjanje karijesa ~ sa  minimalnom
preparacijom kaviteta, Sto rezultira smanjenim
gubitkom strukture zuba. Tako je zahvaljujuci
¢injenici da nema potrebe za ukljucivanjem
retencije u preparaciju’.

Uzrok sve ucestalije upotrebe kompozita
leZi u napretku tehnologije punila i potrebi
javnosti da restauracije budu zadovoljavajuce u
estetskom smislu®. Za razliku od amalgama,
kompoziti imaju nekoliko prednosti. Prvo,
mogu se napraviti manje preparacije kaviteta,
Sto rezultira boljim ocuvanjem zubnih
struktura. Drugo, mehanicka retenciija vise
nije potrebna’. Medutim, nije sve tako
jednostavno.  Kompozitnim  smolama i
zamenama od akrilne smole davala se prednost
1978. godine posto su imale stabilniju boju,
duZe su se lepile za zub i CeS¢e odgovarale boji
zubnog tkiva. Ipak, vremenom bi ove smol]e
pocele da se razgraduju. Na srecu, Kreativnost
Je trijumfovala i otkriveno je da u restauraciju
treba ukljuciti 1 proceduru nagrizanja kada se
koristi  vezuju¢a supstanca. Stoga  se
restauracija 1 adhezija zapocinju unutar zuba
CeS¢e nego sa spoljasnje strane. Hibridni
kompoziti poboljsali su se devedesetih i
dvehiljaditih godina, a razlike su postale toliko
velike da se ova tehnologija pocela efikasno
koristiti na bo¢nim (zadnjim) zubima
Danasnje kompozite koristi najve¢i deo
stomatologa. Kao njihove prednosti moZemo
izdvojiti sledece: prilagodavaju se
nepravilnosti zuba; mogu se postaviti u sloju
koji odgovara strukturi zuba; dostupna je
Siroka paleta boja koja odgovara postojecim
zubima; veoma su fleksibilni.

Premda je Sezdesetih godina proslog
veka bilo dostupno nekoliko restaurativnih
materijala, ukljucuju¢i amalgam, kompozit,
livene legure 1 dr., nijedan od njih nije se
mogao odrediti kao optimalni restaurativni
materijal. Idealan materijal za restauraciju jeste
onaj koji je estetski prijatan, biokompatibilan,
adhezivan, antikancerogen i dostupan po
razumnoj ceni. Istraziva¢i su tada poceli da
rade na razvoju supstance koja ne bi samo
delovala kao restaurativno sredstvo ve¢ bi i
zamenila gled i dentin. Kao Sto su Vilson i
Kent istakli sedamdesetih godina, ovo je 1969.
godine dovelo do uvodenja glas-jonomer
cementa (GJC). Stakleni polialkenoati su
materijali koji se sastoje od kalcijum-
aluminofluorosilikatnog ili stroncijum-
aluminofluorosilikatnog staklenog praha (baze)
I polimera rastvorljivog u vodi (kiseline).
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The use of adhesive dental products and
methods is emphasized in MID. These
materials enable caries removal with a
minimum cavity preparation design, resulting
in reduced tooth structural loss. This is due to
the fact that there is no need to include
retention in the preparation®.

Composites are being used more often.
The cause for this is advancements in filler
technology and public demand for more
aesthetically  pleasing  restorations®.  As
opposed to amalgam, composites have several
advantages. First, smaller cavity preparations
can be made, resulting in more residual tooth
structure. Second, mechanical retention is no
longer required®. But it wasn't quite that
straightforward. Composite resins and acrylic
resin replacements were widely favored in
1978 because they had higher color stability,
clung to the tooth longer, and were more likely
to match the color of the tooth tissue.
However, as time passed, these resins began to
degrade more regularly as well. Fortunately,
creativity triumphed, and it was discovered
that restorations should incorporate an etching
procedure when the bonding substance was
used. As a result, the restoration and adhesion
began within the tooth rather than only on the
exterior. Hybrid composites improved in the
1990s and 2000s, and the differences grew so
large that this technology began to be utilized
effectively on posterior (back) teeth. Today's
composites are utilized by the vast majority of
dentists. They have the benefit of adjusting to a
tooth's irregularity; their thickness may be
stacked to conform to the tooth's structure; a
wide color range is available to match existing
teeth; and it is very flexible.

Back in the 1960s, there were several
restorative materials available, including
amalgam, composite, cast alloys, and so on,
but none of them could be classified as optimal
restorative materials. An ideal restorative
material is one that is aesthetically pleasing,
biocompatible, adhesive, anticarcinogenic, and
reasonably priced. The researchers then started
working on developing a substance that would
not only operate as a restorative but also
replace enamel and dentin. As Wilson and
Kent described in the 1970s, this resulted in the
introduction of Glass lonomer Cement (GIC)
in 1969. Glass polyalkenoates are materials
composed of calcium or  strontium
aluminofluorosilicate glass powder (base) and
a water-soluble polymer (acid). Kent referred
to such materials as "glass ionomer" cements,
and the term has become part of dental
parlance. The benefits of glass ionomer cement
include adhesion, good marginal seal, fluoride
release, and biocompatibility.
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Kent je takve materijale nazvao ,glas-
jonomernim” cementima, a termin je postao
deo stomatoloskog recnika. Prednosti glas-
jonomer cemenata jesu adhezija, dobro rubno
zaptivanje, oslobadanje fluorida i bio-
kompatibilnost. Medutim, imali su
razocaravajuce klinicke ucnike kod mlecnih
molara buduc¢i da su osetljivi na dehidraciju u
ranoj fazi procesa vezivanja i krti, Sto ih ¢ini
nepodesnim za _ upotrebu u podruc¢jima
izloZenim pritisku”®. Stoga, pokusalo se da se
svojstva GJC-a poboljSaju modifikovanjem
hemijskog sastava originalnog praha. U skladu
sa tim, napravljen je ve¢i broj modifikacija.

Smolom modifikovani glas-jonomeri: Da
bi se promenile fizicke karakteristike i
translucencija standardnog GJC-a, u kiselu
tecnu komponentu dodate su male koliCine

pa smole koje se polimerizuju svetloscu
(Cesto 2-hidroksietil metakrilat ili HEMA).

Metalom ojacani glas-jonomeri:
Formiranje  ,kermeta”  (keramika—metal)
postize se kombinovanjem praha amalgamske
legure 1 sinterovanih Cestica srebra sa
staklenom komponentom. Bilo je dokaza o
znacajnom poboljSanju fizickih kvaliteta GJC-
a. Naknadno istrazivanje o ovom materijalu
otkrilo je da ima manju otpornost na karijes od
obi¢nih glas-jonomera.

Visokoviskozni autocare glas-jonomeri:
Ovi cementi su dizajnirani da obezbede
robusnu adhezivnu restauraciju, sa
sposobnosc¢u oslobadanja fluora. Pogodni su za
leCenje pacijenata u udaljenim, nerazvijenim
oblastima u kojima stomatoloSka nega nije
dostupna.

Polikselinski modifikovane kompozitne
smole (kompomeri): Reéju ,.kompomer”
implicira se Zelja da se integriSu komponente i
prednosti GJC-a i kompozita. Imali su estetiku
kompozita i svojstvo oslobadanja fluora,
karakteristi¢no za GJC. Medutim, oslobadanje
fluora bilo je manje nego kod klasi¢nog GJC-a;
zidovi kaviteta malo su apsorbovali fluor zbog

toga Sto sredstvo za vezivanje smole
funkcioniSe kao barijera.
Cirkonijumom ojacan GJC:

Cirkonijumom prozet glas-jonomer cement
(ZIRCONOMER) nov je dodatak porodici
GJC-a, razvijen radi prevazilazenja svih
potesko¢a koje su dosad postojale kod
tradicionalnih jonomera. Mehanicke osobine
GJC praha poboljSane su kombinovanjem
hidroksiapatita i cirkonijuma (HAp/ZrO2) pri
4% zapreminskoj koncentraciji.

GJC ojacan viaknima. Kada su se
aluminijumska vlakna iskombinovala sa
staklenim prahom, poboljSala su dubinu
o¢vrs¢avanja, otpornost na habanje 1 ¢vrstocu
na savijanje, a smanjila polimerizaciju.

However, it had a disappointing clinical
performance in primary molars because they
are sensitive to dehydration early in the setting
process and are brittle materials, making them
unsuitable for use in stress-bearing areas’”.
Therefore, attempts have been made to
improve the properties of GICs by modifying
the chemical composition of the original
powder. For these reasons, a vast number of
modifications have been made to GIC.

Resin Modified Glass lonomer: To
change the physical characteristics and
translucency of standard GIC, small amounts
of light-polymerizable resin groups (often 2-
hydroxyethyl methacrylate or HEMA) were
added to the acidic liquid component.

Metal Reinforced Glass lonomers:
Forming a "Cermet" (ceramic-metal) by
combining amalgam alloy powder and sintered
silver particles with a glass component. There
was evidence of a considerable improvement
in the physical qualities of GICement. Further
study on this material revealed that it had
lower caries resistance than ordinary glass
ionomers.

High-Viscosity Autocare Glass
lonomers: These cements were designed to
provide a robust adhesive restoration with
fluoride-releasing capabilities to treat patients
in distant, underdeveloped areas where dental
care is unavailable.

Polyacid Modified Composite Resins
(Compomers): The word "Compomer™ implies
a desire to integrate the components and
advantageous qualities of both GIC and
composite. They had the aesthetics of
composites as well as the fluoride-releasing
attribute of GIC, albeit the fluoride release was
minor when compared to normal GIC since
there was little fluoride absorption by the
cavity walls due to the resin bonding agent
functioning as a barrier.

Zirconia Reinforced GIC: Zirconia-
infused glass ionomer cement
(ZIRCONOMER) is a new addition to the GIC
family that has been developed to overcome all
of the difficulties that have afflicted traditional
ionomers up to this point. The mechanical
properties of GIC powder were optimized by
combining Hydroxyapatite and Zirconia
(HAp/ZrO2) at 4% volume concentration.

GIC with Fibre Reinforcement: When
alumina fibres were combined with glass
powder, they improved curing depth, wear
resistance, and flexural strength while
decreasing polymerization. A continuous
network/scaffold of alumina and silicon
dioxide ceramic fibres is used in this polymeric
stiff inorganic matrix technology.
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Kontinuirana mreza/nosa¢a od aluminijum-
dioksid i silicijum-dioksid keramickih vlakana
koristi se u ovoj tehnologiji polimerne krute
neorganske matrice.

GJC koji sadrzi prolin: Posredi je GJC
koji sadrzi amino-kiseline, sa poboljSanom
povrsinskom tvrdo¢om, brzim vezivanjem i
ve¢om sposobnoscu sorpcije vode bez uticaja
na oslobadanje fluorida. Procenjena je i
njegova upotreba u svojstvu kostanog cementa
zbog niske citotoksicnosti 1 jake bio-
kompatibilnosti.

Kalcijum-aluminat GJC: Ova svojstva
GJC-a otkrivaju meSavinu kalcijum-aluminata
I GJC-a za cementiranje. Prednosti su visi pH
tokom ocvrS¢avanja, manje marginalno
curenje, poboljSana  biokompatibilnost i
povecana stabilnost i snaga.

Nanoglas-jonomeri sa modifikacijom

praha: Kombinovanje standardnog glas-
jonomera sa staklenim Cesticama nano
veli¢ine, kao S§to su  nanoapatit |

nanofluorapatit, smanjuje vreme vezivanja i
povecava Cvrstou na pritisak 1 modul
elasj:iénosti nakon sedam dana u destilovanoj
vodi.

Smolom modifikovani GJC (SMGJC) sa
nanopunjenjem: Da bi se unapredila
mehanicka svojstva, SMGJC-ima su dodati
punioci nano veli¢ine i biokeramicke cestice.
Umesto mikromehanicke interakcije, otkrivena
je povecana jonska veza sa zubom.

GJC  impregnirani  hlorheksidinom
oslobodili su priblizno 10 ppm fluorida u toku
prvin 48 satl nakon postavljanja u Kavitet.
Moze im se dodati hlorheksidin-diglukonat
kako bi se pojacala njihova antibakterijska
svojstva'®™®.

Pored savremenih kompozitnih i glas-
jonomer cemenata, postoji nekoliko materijala
koje mozemo prikazati kao stomatoloske
materijale koji se koriste odnosno kao
materijale koji ¢e se koristiti u decjoj
stomatologiji. U nastavku rada navode se neki
od njih.

Srebro-diamin-fluorid (SDF) predstavlja
fluoridnu tecnost na bazi srebra koja se koristi
za spreCavanje Sirenja karijesa denaturacijom i
razbijanjem mikroorganizama u zahva¢enom
regionu. SDF se Koristi kao dopuna
restaurativnoj nezi zbog svoje sposobnosti da
ude u dentinske tubule 1 smanji bol u dubokim
leziama onda kada se primenjuje u
indirektnom prekrivanju pulpe. Kada se uzima
sam, SDF ima sposobnost da zaustavi pocetne
lezije. Uklanjanje ovih lezija kod dece u ranom
uzrastu, koja nisu u stanju da se pridrzavaju
pravila u konvencionalnom stomatoloSkom
okruzenju, moZze eliminisati potrebu za
le¢enjem pod opStom anestezijom ili za
restaurativnim procedurama’.
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GIC-containing proline: An amino acid-
containing GIC with improved surface
hardness, rapid setting, and higher water
sorption  capabilities  without  impacting
fluoride release. It was also evaluated for usage
as a bone cement due to its low cytotoxicity
and strong biocompatibility.

Calcium Aluminate GIC: This GIC's
properties reveal a mixture of calcium
aluminate and luting GIC. The benefits include
a higher pH during curing, less marginal
leakage, enhanced biocompatibility, and
increased stability and strength.

Powder-Modified Nano Glass lonomers:
Combining standard glass ionomer with nano-
sized glass particles such as nanoapatite and
nano-fluorapatite reduced setting time and
increased compressive strength and elastic
modulus after 7 days in distilled water.

Nano-Filled Resin-Modified GIC: To
increase mechanical qualities, nano-sized
fillers, and bioceramic particles were added to
RMGICs. Instead of micromechanical
interaction, increased ionic bonding with a
tooth was detected.

GICs impregnated with chlorhexidine
released approximately 10 ppm of fluoride
over the first 48 hours after being placed in the
created cavity. Chlorhexidine digluconate can
be added fo it to boost its antibacterial
properties ™.

Aside from contemporary composite and
glass ionomer cements, there are several
materials that we can fairly stately represent a
future period of dental materials that are or will
be employed in pediatric dentistry. Some of
them are:

Silver Diamine Fluoride (SDF) is a
fluoride liquid based on silver that is used to
prevent caries from spreading by denaturing
and breaking down microorganisms in the
affected region. SDF is used as a complement
to restorative care due to its ability to enter
dentinal tubules and reduce pain in deep
lesions when applied in indirect pulp therapy.
When taken alone, SDF has the capacity to
arrest incipient lesions. Arresting these lesions
in young children who are unable to comply in
a conventional dental setting has the potential
to eliminate the need for treatment under
general anaesthetic or restorative procedures™.

Active bioactive restoratives: Bioactive
materials that operate well in a moist oral
environment, neutralize factors that cause tooth
decay, provide preventive advantages, and
maximize,  remineralization potential.
ACTIVA " the first dental resin containing a
shock-absorbing rubberized resin component,
reactive ionomer glass fillers, and a bioactive
ionic resin matrix. Bioactive products imitate
the hphysical and chemical qualities of real
teetn.
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Bioaktivni ~ materijali: ~ Bioaktivni
materijali koji dobro funkcioniSu u vlaznom
oralnom okruzenju neutraliSu faktore koji
uzrokuju karijes, pruzaju preventivne
prednosti i dovode do maksmyma
potencijala remineralizacije. ACTIVA

prva stomatoloska smola koja _sadr2|
kKomponentu gumirane smole, punila od
reaktivnog jonomernog stakla i bioaktivnu

jonsku smolu. Bioaktivni proizvodi imitiraju
fizicke 1 hemijske kvalitete pravih zuba.
Ukljucujuci se u cikluse jonske razmene, ovi
materijali aktivno ucestvuju u upravljanju
prirodnom hemijom nasih zuba i pljuvacke,
¢ime pomazu u ocuvanju oralnog zdravlja 1
strukture zuba'®,

Cention N: Te&nost Cention N sastoji
se od cetiri monomera koja se obi¢no nalaze
u smolastim kompozitima. S obzirom na to
da mu nedostaju kiseli monomeri i voda, od
samog pocetka izostaje sposobnost adhezije
(proizvoda¢ to signalizira lepkom u
Supljinama koje se ne zadrzavaju). TecCnost
takode sadrzi aktivatore fotopolimerizacije i
fotopolimerizatore, §to je potencijalno cini
pravim materijalom za punjenje. Njenu
osobenost ¢ini sastav praha ovog materijala,
posebno reaktivna punila koja sadrzi. Ovaj
proizvod kombinacija je praha i tecnosti koja
se mora rucno mesati spatulom. Poput
giomera i kompomera, Cention N emituje
Jone, pre svega fluor, kada se unesg i oralnu
sredinu, naroito onu koja je kisela™

Surefil One prvenstveno se sastOJl od
poliakrilne kiseline visoke molekularne teZine
funkcionalizovane sa grupama koje mogu da
se polimerizuyju — kompanija ih naziva
»modifikovani sistem polikiselina” (MOPQS).
U pogledu strukture, ova poliakrilna kiselina
sli¢na je Vitrebond kopolimeru koji se nalazi u
Vitremeru i Ketac Nano. StaviSe, tecnost sadrzi
monomere sa dva fotopolimerizuju¢a kraja
koja deluju kao unakrsni veziva¢ izmedu
funkcionallizovanih lanaca poliakrilne kiseline.
Naposletku, smesa ukljuCuje hemikalije za
fotopolimerizaciju i hemopollimerizaciju kao i
malo vode. U principu, ovaj materijal prava
je supstanca za punjenje, buduc¢i da dolazi u
obliku kapsule za jednokratnu upotrebu koja
se mora mehanicki protresti pre upotrebe
Surefil One je neobiCan po tome $to ga je
proizvodac OdObl‘l% za upotrebu u svim
vrstama restauracija

_ Detection and diagnosis of dental
caries

Ako se rano otkrije i dijagnostikuje,
zubni karijes se lakSe i jeftinije leCi. Takode,
potrebno je manje vremena za obnovu zuba.

By engaging in ionic exchange cycles, these
materials  actively  participate in  the
management of the natural chemistry of our
teeth and saliva. As a result, they aid in the
preservation of oral health and tooth
structure™®.

Cention N: The liquid of Cention N is
composed of four monomers that are
commonly found in resin composites. It lacks
acidic monomers and water; therefore, it lacks
adhesive capability from the start (the maker
signals this with an adhesive in non-retentive
cavities).  The liquid also  contains
photopolymerization and photopolymerization
activators, making it potentially a true bulk-fill
material. This material's powder composition,
particularly the reactive fillers it includes, is its
distinctive feature. This product is a powder-
liquid combination that must be spatulated by
hand. Cention N, like giomers and compomers,
emits ions, most notably fluoride, when
introduced into the oral environment,
particularly in an acidic environment™

Surefil One is primarily composed of a
high molecular weight polyacrylic acid that has
been functionalized with  polymerizable
groups, which the company refers to as the
Modified Polyacid System (MOPOS). In terms
of structure, this polyacrylic acid is similar to
the Vitrebond copolymer found in Vitremer
and Ketac Nano. Furthermore, the liquid
contains monomers with two  photo-
polymerizable ends that act as a cross-linker

between functionalized polyacrylic acid
chains.  Finally, the mixture includes
photopolymerization and chemopoly-

merization chemicals, as well as some water.
In principle, this material is a real bulk-fill
substance because it comes in the shape of a
single-use capsule that must be mechanically
vibrated before use. Surefil One is unusual in
that it is approved by the manufacturer for use
in all types of restorations®’.

_ Detection and diagnosis of dental
caries

Dental caries is easier to treat, less
expensive to treat, and takes less time to
rebuild teeth if discovered and diagnosed early.
It typically originates in the cracks on the
occlusal surface of the tooth. The major
instruments utilized in traditional examination
for caries detection are visual inspection,
tactile sensation, and radiography. While these
methods are useful for detecting cavitated
lesions, they are typically insufficient for
detecting early lesions. As a consequence of
these deficiencies, new detection techniques
have been developed to aid in improved
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Obic¢no nastaje u fisurama okluzalnih povrsina
zuba. Glavne metode koje se koriste u
tradicionalnoj  dijagnostici  karijesa  jesu
vizuelna inspekcija, taktilni oseaj i
radiografija. lako su ove metode korisne za
otkrivanje kavitacija, obi¢no nisu dovoljne za
otkrivanje pocetnih lezija. S ciljem da se
otklone ovi nedostaci, razvijene su nove
tehnike detekcije koje olakSavaju dijagnozu.
Bez obzira na savremene  metode
dijagnostikovanja  karijesa, pregledi usne
duplje 1 vizuelni pregledi najbolji su nacin da
se Identifikuju sumnjive lezije. Medutim,
postoji niz dostupnih aktuelnih dijagnostickih
procedura i tehnika koje mogu otkntl cak 1
najsitnije promene u zubnom tkivu®

Radiografija

Radiografija je veoma korisna u detekciji
karijesnih lezija, posebno onda kada one nisu
klinicki vidljive. Zbog upotrebe fluorida, ne
dolazi do pucanja povrSine gledi kod
pacijenata sa malo Kkarijesa, Sto otezava
dijagnozu Kkarijesa. Prevalencija takwh lezija
naglo je porasla poslednjih godina®. Studije su
pokazale da je radiografija sa nagriznim
krilcem efikasan pristup za _ otkrivanje
aproksimalnog i skrivenog karijesa®”.

Digitalna radiografija

Stomatolozi uveliko koriste digitalne
stomatoloSke rendgenske snimke (digitalne
rendgenske snimke) za identifikaciju i
dijagnozu oralnih problema i bolesti, kao i
tokom lecenja i pracenja bolesti. Digitalna
radiografija predstavlja oblik rendgenskog
snimanja koji zamenjuje standardni fotografski
rendgenski  film digitalnim  rendgenskim
senzorima s ciljem da se obezbede poboljSane
kompjuterske slike zuba, desni i drugih oralnih
struktura i bolesti. Digitalne dentalne slike
dobijaju se pomocu jedne od triju metoda:
direktne, indirektne ili poluindirektne. Direktna
tehnika snima slike pomocu elektronskog
senzora postavljenog u usta. Indirektni pristup
koristi  skener rendgenskog filma za
generisanje digitalnih slika  tipicnih
rendgenskih snimaka zuba. Za pretvaranje
zubnih rendgenskih zraka u digitalni film
poluindirektni digitalni pristup upotrebljava
senzor i skener. Tipovi ekstraoralnih
rendgenskih zraka ukljuuju panoramske
rendgenske snimke (Panorex), kompjutersku
tomografiju sa vise preseka (MCT),
cefalometrijske projekcije i sijalografiju.
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there is a pronounced disruption of the sutural
articulation of the maxilla to the remaining
nine bones of the craniofacial complex,
enabling a reaction to the forces of
protraction®.

Radiography

Radiography is quite useful in finding
caries lesions, especially when they are not
clinically evident. Because of fluoride usage,
the surface of enamel does not break down in
low caries populations, making caries
diagnosis more difficult. The prevalence of
such lesions has skyrocketed in recent years™.
Bitewing radiography has been shown In trials
to be an efficient approach for detecting
proximal and concealed caries*.

Digital radiography

Digital dental radiographs (digital X-
rays) are rapidly being used by dental
practitioners to identify, diagnose, treat, and
monitor oral problems and illnesses. Digital
radiography is a form of X-ray imaging that
replaces standard photographic X-ray film with
digital X-ray sensors to provide improved
computer pictures of teeth, gums, and other
oral structures and diseases. Digital dental
pictures are obtained using one of three
methods: direct, indirect, or semi-indirect. The
direct technique records pictures using an
electronic sensor implanted in the mouth. The
indirect approach uses an X-ray film scanner to
generate digital pictures of typical dental X-
rays. To convert dental X-rays into digital film,
the semi-indirect digital approach includes a
sensor and scanner. Types of extraoral X-rays
include Panoramic (Panorex) X-rays, MCT
(multi-slice computed tomography),
Cephalometric projections, and Sialography.

Digital subtraction radiography
(DSR)

Subtraction radiography improves the
visibility of radiographic changes between two
radiographs by  removing  unchanging
backdrop disturbances. Subtraction was first
accomplished in angiography by utilizing
positive and negative prints. DSR has
improved significantlly in the identification of
oral and maxillofacial lesions. This technology
is employed in periodontal diagnostics because
it has the capacity to identify bone alterations
by as little as 1%. Another application of DSR
is in the imaging of the temporomandibular
joint (TMJ), particularly with panoramic. TMJ
Imaging programs permitted imaging of the
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Digitalna radio-

grafija

suptrakciona

Suptrakciona radiografija poboljSava
vidljivost radiografskih promena izmedu dvaju
radiografa tako Sto uklanja nepromenljive
smetnje u pozadini. Suptrakcija je najpre
postignuta u  angiografiji  koriS¢enjem
pozitivnih i negativnih otisaka. Digitalna
suptrakciona radiografija (DSR) znacajno je
poboljSana u identifikaciji oralnih i maksilo-
facijalnih lezija. Ova tehnologija Kkoristi se u
parodontoloskoj  dijagnostici  poSto  ima
kapacitet da identifikuje koStane promene za
samo 1%. DSR se primenjuje i u snimanju
temporomandibularnog zgloba (TM2),
posebno sa panoramskim snimcima. Programi
snimanja TMZ-a dozvoljavaju snimanje desnih
i levih kondila donje vilice u otvorenim i
zatvorenim pozicijama na jednom filmu.
Medutim, glava kondila 1 intraartikularni
prostor  nisu  jasno  prikazani  zbog
superponiranja okolnih struktura i kosih
projekcija zgloba. DSR se takode koristi za
procenu  napredovanja, zaustavljanja ili
regresije kausti¢nih lezija. Cini se da kontrast
izmedu dveju fotografija predstavljaju tamni i
svetli delovi. Ova metoda se u velikoj meri
koristi i u parodontologiji za ldentlflkac 2!;“
karijesa i za merenje gubitka kostane mase®

Transiluminacija

Transiluminacija u stomatologiji prvi put
je sagledana u knjizi dr Williama Johna
Camerona ,,Dijagnostika transiluminacijom:
Traktat o upotrebi transiluminacije u dijagnozi
infektiynih  stanja  zubnog procesa” 1922.
godine?’. Transiluminacija je prenos svetlosti
kroz bioloska tkiva. Odlican je nacin detekcije
karijesa, fraktura, ogranicenih otvora kanala
korena i drugih klinickih karakteristika. Deluje
tako Sto ispusta jarku svetlost kroz bocnu
stranu zuba. MoZe pozitivno uticati na
dijagnosticke 1 terapijske sposobnosti kliniCara.
Indeks propustanja svetlosti zdravih zubnih
struktura veci je od onog kod zuba zahvacenih
karijesom ili kamencem. Linija preloma ili
kalcifikovani otvor kanala korena takode mogu
ograniciti prenos svetlosti. Naime, ako se jako
svetlo usmerava direktno na zub dok je druga
strana svetlosti prigusena, ove klinicke pOJave
prikazace se kao diskretne crne mrlje u inace
briljantnoj  strukturi. Vrh transiluminatora
stavlja se na oralnu ili lingvalnu povrsinu zuba
ili korena, a regija se moze videti sa okluzalne
povrsine ili povrsSine koja se nalazi suprotno od
transiluminatora.

right and left mandibular condyles in open and
closed positions on a single film, however, the
condylar head and intra-articular space were
not clearly displayed due to the
superimposition of surrounding structures and
the joint's oblique projection. DSR has also
been used to assess the advancement, stop, or
regression of caustic lesions. The contrast
between the two photographs appears to be
dark and bright parts. This method is also
widely used in periodontology for the
identification of caries and the measurement of
bone loss™

Transillumination

Transillumination in dentistry was first
discussed in Dr. William John Cameron's book
"Diagnosis by Transillumination: A Treatise
on the Use of Transillumination in the
Diagnosis of Infectlous Conditions of the
Dental Process" in 19224’ Transillumination is
the transmission of Ilght through biological
tissues. Transillumination is a great way to see
caries, fractures, restricted root canal orifices,
and other clinical features. It works by shining
a bright light through the side of the tooth and
can significantly improve the clinician's
diagnostic and treatment abilities. The index of
light transmission of healthy dental structures
is higher than that of caries or calculus. A
fracture line or calcified root canal opening can
also limit light transmission. As a result, if a
strong light is shone directly on a tooth while
other extraneous light is dimmed, these clinical
entities will show as discrete black patches in
an  otherwise  brilliant  structure. The
transilluminator tip is put on the tooth's or
root's facial or lingual surface, and the region
may be seen from the occlusal surface or the
surface  opposite  the transilluminator.
Depending on the region under inspection,
direct eyesight or a dental mirror may be
utilized for viewing. For cavities, endodontics,
fractures, and so on, the exact positioning of
the transilluminator varies. Transillumination's
popularity as a diagnostic procedure has been
considerably aided by the availability of
sophisticated instruments designed specifically
for this purpose. To provide the required bright
white light, these transilluminators employ
white light-emitting diode (LED) lamps. The
light is then transferred without heat to the
working area through a thin fibre-optic rod or
fibre-optic wires. A crucial aspect is an ease
with which a fibre-optic rod may be withdrawn
and autoclaved to prevent cross-contamination
between patients. The new gadgets' modest
size and mobility make transillumination more
practical to use.
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U zavisnosti od regije koja se pregleda,
promena se moze posmatrati direktno il
stomatoloskim ogledalom. Kada je re¢ o
karijesu, endodonciji, frakturama i sl., tacno
pozicioniranje transiluminatora varira.
Popularnost transiluminacije kao dijagnosticke
procedure umnogome je potpomognuta
dostupnoséu  sofisticiranih  instrumenata
dizajniranih posebno u ove svrhe. Da bi
obezbedili potrebno jarkobelo svetlo, ovi
transiluminatori koriste bele svetlee diode
(engl. light-emitting diode — LED). Svetlost se
zatim bez toplote prenosi na radni prostor kroz
tanku Sipku od optickih vlakana ili kroz
opticke Zice. Kljuéni faktor predstavlja lakoca
sa kojom se fiberopticki Stap moze izvuéi i
autoklavirati kako bi se sprecila kontaminacija
medu pacijentima. Skromna veliina i
mobilnost novih uredaja ¢ine transiluminaciju
prakti¢nijom za upotrebu.

Fiberopticka detekcija

Svi oblici transiluminacije koris¢enjem
optickih vlakana zasnivaju se na konceptu koji
podrazumeva da se svetlost Siri kroz opticka
vlakna od izvora svetlosti do zuba i da mora
biti dovoljno svetla da prede strukturu zuba.
Transiluminacija optickim vlaknima koristi se
kao pomoc¢na dijagnostiCka procedura u
dijagnostici  prednjeg i zadnjeg inter-
proksimalnog Karijesa 1 okluzalnog karijesa, za
otkrivanje kamenca, u proceni obojenih ivica
kompozitnih smola, u proceni preloma kvrzice
i infrakcija zuba, kao alat za istraZzivanje za
osvetljavanje endodontskog pristupa i otvora
kanala korena u pulpnoj komori zuba u toku
endodontskog  tretmana, kao  sredstvo
poboljSanja procene otvora kanala korena u
toku endodontskog leCenja, u proceni
keramickih restauracija kako bi se iskljucilo
postojanje  bilo  kakvih  preloma pre
cementiranja, za klinicko ispitivanje linija
loma 1 nabora na potpuno keramickim
restauracijama i prirodnim zubima, te za
odredivanje odgovarajutih preporuka za
leCenje na osnovu nivoa spoljasnjeg bojenja.
Metode koje koriste ovaj mocni izvor svetlosti
poznate su kao FOTI (engl. fiber-optic
transillumination) i digitalna slikovna opti¢ka
transiluminacija (eng. digital imaging fibre-
optic transillumination-DIFOTI).  Putanja
bliskog infracrvenog svetlosnog snopa u
DIFOTI-ju razlikuje se izmedu zvuka i
povredenog tkiva. Nalazi se mogu saCuvati kao
digitalne fotografije i prikazati na monitoru uz
koris¢enje DIFOTI-ja Vlakna usmeravaju
svetlost na povrsinu zuba, a zub se sa obeju
strana osvetljava vrhom ili senzorom koji se
nalazi u plasti¢nom rukohvatu uredaja.
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Fibre Optics Detection

Transillumination using fibre optics in
all of its forms is based on the concept that
light propagates through optical fibres from a
light source to the tooth and must be bright
enough to cross tooth structure. Fibre-optic
transillumination is used as an adjunctive
diagnostic aid for anterior and posterior
interproximal caries and occlusal caries
diagnosis; detection of calculus; evaluation of
stained margins of composite  resins;
evaluation of cusp fractures and cracked teeth;
as an exploration tool to illuminate endodontic
access and root canal orifices within the pulp
chamber of teeth during endodontic treatment;
as a tool for improved evaluation of root canal
orifices during endodontic treatment; for
evaluating all-ceramic restorations to rule out
any fractures before to cementation; for
clinical examination of fracture and craze lines
in all-ceramic restorations and natural teeth;
and for determining suitable treatment
recommendations based on the level of
extrinsic  staining. Methods utilizing this
powerful light source are known as FOTI
(fibre-optic  transillumination) and digital
imaging fibre-optic transillumination
(DIFOTI). The path of the near-infrared light
beam in DIFOTI differs between sound and
injured tissue. The findings may be saved as
digital photos and presented on a monitor
using DIFOTI. Fibres guide the light onto the
tooth surface, and the tooth is transilluminated
from both sides by a tip or a sensor in the
device's plastic handgrip. A small camera is
built into the tip, and a digital image of the
tooth is relayed to a monitor online. Ima es
captured can be preserved in the database®®

The Microlux Transilluminator®
(Addent, Danbury, CT) detects anterior and
posterior caries. It also aids in the visualization
of crown fractures, root canal orifices, and root
fractures without the requirement for X-rays. A
simple push-button controls the dual-intensity
operation and improves vision. The battery
features a low-level indication, and the device
contains a voltage regulator to provide
consistent light output. It runs on two readily
accessible AAA Datteries. The Microlux 2
comes with a 2mm or 3mm light guide and

accommodates  all _existing  Microlux
autoclavable accessories™.

DEXIS Carivu™ is a small, portable
caries diagnostic equipment that uses

proprietary transillumination technology to
help identify occlusal, interproximal, and
recurring carious lesions and fractures. CariVu
continues DEXIS' long legacy of offering
straightforward, user-friendly diagnostic tools
to the dentistry community™*.
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Mala kamera ugradena je u vrh, a digitalna
slika zuba prenosi se na monitor na mrezi.
Smmljeng ghke mogu se sacuvati u bazi
podataka®®

The Microlux Transilluminator®
(Addent, Danburi, CT) otkriva prednji i bo¢ni
karijes. Takode pomaze u vizuelizaciji preloma
krunice, otvora kanala korena fraktura
korena, i to bez potrebe za rendgenskim
snimcima. Jednostavno dugme kontrolise rad
dvostrukog intenziteta i poboljSava vid.
Baterija ima indikaciju niskog nivoa, a uredaj
sadrzi regulator napona koji obezbeduje
konzistentan izlaz svetlosti. Koriste se dve lako
dostupne AAA baterije. Microlux 2 dolazi sa
svetlosnim vodi¢em od 2 mm ili 3 mm i
prihvata svu postojec’u Microlux dodatnu
opremu za autoklavira

DEXIS CariVu & mala, prenosiva
oprema za dijagnostiku karijesa kOja koristi
sopstvenu tehnologiju transiluminacije kako bi
pomogla u Identifikaciji okluzalnih,
interproksimalnih 1 recidiviraju¢ih karijesnih
lezija i preloma. CariVu nastavlja dugu
zaostavstinu DEXIS -a u ponudi jednostavnih
dijagnostickih alata lgkih za upotrebu u
stomatolo$koj zajednici*".

DIAGNOcam Vision Full HD® (KaVo,
Biberach, Nemacka) pretvara zube u svetlosne
provodioce koris¢enjem bezbolnog lasera
podesenog na odredenu talasnu duzinu i
uslovljava da bilo kakve lezije ili pukotine
zaustave prirodni tok svetlosti, stvaraju¢i senke
na slici. Projektuje uzivo zub na povezani
monitor, pruzajué¢i  stomatologu  vodeni
vizuelni pregled usne duplje. Ovaj proizvod
prili¢no je delotvoran za otklanjanje problema
kao Sto su rano otkrivanje karijesa okluzalnih,
aproksimalnih i glatkih povrsina, sekundarnog
karijesa i fraktura pre nego Sto se pojave
komplikacije. DIAGNOcam pruza ,,tri u jedan”
dijagnostiku pritiskom na dugme.
Revolucionarna ideja ,,tri u jedan” proizvodi
svetle, Full HD intraoralne, transiluminacione i
fluorescentne slike. Dakle, tri  klinicki
relevantne fotografije dobijaju se za manje od
jedne sekunde i samo jednim klikom. Pored
toga, korisnik moze izabrati rezim jedne
fotografije ili kombinaciju dvaju ili triju rezima
za individualno optlmlzovanl tok rada koji je
idealan za proceduru tretmana®.

Fluorescencija

Fluorescencija  je vrsta foto-
luminiscencije koju karakteriSu apsorpcija
objekta UV zraCenja (od 1 nm do 400 nm
nevidljive svetlosti) i spontana emisija duzih
talasnih duzina (od 430 nm do 450 nm vidljive
svetlosti).

DIAGNOcam Vision Full HD® (KaVo,
Biberach, Germany) converts the teeth into a
light conductor by using a painless laser tuned
to a specific wavelength, causing any lesions
or cracks to stop the natural flow of light,
creating shadows in the imagery, and projects a
live feed of teeth onto a connected monitor,
providing the dentist with a guided visual tour
of the mouth. This product is quite effective for
catching problems like early detection of
occlusal, approximal, smooth surfaces,
secondary caries, and cracks before they grow
too complicated. DIAGNOcam provides a
three-in-one diagnostic with the stroke of a
button. The revolutionary 3-in-1 idea produces
bright, Full HD intraoral, transillumination,
and fluorescence pictures. That is, three
clinically relevant photos are created in less
than a second and with only one click. In
addition, the user can select a single photo
mode or a combination of two or three modes
for an individually optimized workflow that is
ideal for the treatment procedure™.

Fluorescence

Fluorescence is a type of photo-
luminescence characterized by an object's
absorption of UV radiation (1 nm to 400 nm
invisible light) and spontaneous emission of
longer wavelengths (430 nm to 450 nm visible
light). Autofluorescence is the natural emission
of light by biological structures when they
absorb light, and it is used to differentiate light
emission from fluorescent markers
(fluorophores). The presence of endogenous
fluorophores in the enamel and dentine
accounts for tooth autofluorescence. Because
of the energy difference, the colour of the
emitted fluorescence light is always different
from the colour of the excitation light, with a
longer wavelength and lower photon energy.
Thus, violet or blue excitation light will
produce green, orange, or red emissions, all of
which are longer wavelengths of visible light.
It is generally known that the enamel and
dentin both exhibit autofluorescence. Light
absorption and reemission varies across
enamel, dentin, and cementum, as well as
between sound and carious tissues. As a result,
fluorescence may be utilized to identify and
further diagnose dental cavities. Fluorescent
components can also be found in tooth plaque
and oral bacteria. Aside from its use in caries
detection and other tissue diagnostics, another
important aspect of fluorescence revealed by
the introduction of restorative materials into
clinical dentistry is its relationship with the
optical properties of teeth and the ability of
said materials to reproduce it.
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Autofluorescencija je prirodna emisija svetlosti
bioloskih struktura kada apsorbuju svetlost, a
koristi se za razlikovanje emisije svetlosti od
fluorescentnih markera (fluorofora). Prisustvo

endogenih fluorofora u gledi 1 dentinu
objaSnjava autofluorescenciju zuba. Zbog
razlike ~u energiji, boja  emitovane

fluorescentne svetlosti uvek se razlikuje od
boje ekscitacione svetlosti, sa duzom talasnom
duzinom i manjom energijom fotona. Dakle,
ljubicasta ili plava pobudna svetlost proizvesce
zelenu, narandZastu ili crvenu emisiju, a sve su
vece talasne duzine vidljive svetlosti. OpSte je

poznato da i gled i dentin pokazuju
autofluorescenciju.  Apsorpcija i reemisija
svetlosti variraju izmedu gledi, dentina i

cementa, kao i izmedu zdravih 1 karijesnih
tkiva. Rezultat toga je da se fluorescencija
moze Koristiti za identifikaciju 1 dalju
dijagnozu kavitacija. Fluorescentne kompo-
nente takode se mogu nac¢i u zubnom plaku i
oralnim bakterijama. Osim upotrebe u detekciji
karijesa i dijagnostici oboljenja drugih tkiva,
JoS jedan vazan aspekt fluorescencije otkriven
uvodenjem restaurativnih materijala u klinicku
stomatolosku praksu ¢ini njen odnos sa
optickim svojstvima zuba 1 sposobno$¢u
pomenutih materijala da je reprodukuju. U
Idealnoj situaciji, materijali za restauraciju
treba da imaju nivo fluorescencije uporediv sa
prirodnim zubima. To, naZalost, nije slucaj,
cak ni kada je re¢ o savremenim stomato-
loSkim materijalima koji pokazuju varijacije u
emisiji  fluorescencije. U stomatologiji se
koristi laserska, ksenonska i LED oprema, koja
emituje svetlost i radi na principima
fluorescencije®*°.

Uredaji koji emituju svetlost
Laser

Za otkrivanje karijesa mogu se koristiti
instrument za otkrivanje karuesa pomocu
fluorescencije  jeste laser. Fluorescencija
normalne zdrave strukture zuba minimalna je
ili nikakva. Karijesna struktura zuba
fluorescira srazmerno obimu karijesa. Kada se
primenjuje odredena talasna duzina laserske
svetlosti, nusprodukti bakterija poznati kao
porfirini  trepere crveno. Intenzitet fluo-
rescencije stoga moze biti odreden kao
direktna veza sa prisustvom i obimom
aktivnosti karijesa. Dakle, Sto je veéi atak
kiseline na zub, 19 0]e veci broj na skali uredaja
za detektovanje®

U ovoj oblastl dijagnostike pionir je bio
DIAGNOdent® (KaVo, Biberach, Nemacka).
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Restorative materials should ideally have
fluorescence levels comparable to natural
teeth; unfortunately, this is not the case, even
with modern dental materials exhibiting
variances in fluorescence emission. Laser,
xenon, and LED light-emitting equipment is
utilized in dentistry and works on the
principles of fluorescence®*,

Light-emitting devices
Laser

There are a variety of laser-based
systems available for detecting caries. The
most often used instrument for detecting caries
using fluorescence is a laser. Fluorescence
from normal healthy tooth structure is minimal
to non-existent. Carious tooth structure
fluoresces in proportion to the extent of caries.
When a certain wavelength of laser light is
applied, bacterial byproducts known as
porphyrins  flash red. The fluorescence
intensity may therefore be assessed as a direct
link to the presence and extent of caries
activity. As a result, the worse the acid assault
on the tooth, the hi%her the number on the
capture device's scale

The DIAGNOdent® (KaVo, Biberach,
Germany) was a pioneer in this diagnostic
field. On a scale of 0 to 99, this portable gadget
monitors fluorescence. Its effectiveness in
assessing the presence and extent of the caries
process Is well documented, but there does not
appear to be agreement on what number on the
scale signals the point at which treatment
should begin. Because the probe is so small,
the DIAGNOdent can be technique-intensive.
For large-coverage regions, such as a
mandibular molar, several readings would
have to be recorded by an a53|stant O the
dentist for each pit or crack in the tooth™

The Canary System® (Quantum
Dental Technologies Inc.)

The Canary System is a precise, low-
powered laser-based instrument with an
integrated intraoral camera that detects cracks
and caries before they become large enough to
show up on dental X-rays. Images from the
intraoral camera can be shown for an instant
chairside examination of the patient. A patient
report is provided that includes an odontogram
with color-coded Canary Numbers for the
inspected teeth, as well as the dentist's
treatment advice. The patient can also view
this report on The Canary Cloud. During a
three-second scan, a low-powered, pulsating
laser light is shone on the tooth surface.
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Ovaj prenosivi uredaj prati fluorescenciju na
skali od 0 do 99. Njegova efikasnost u proceni
prisustva i obima procesa karijesa dobro je
dokumentovana, ali izgleda da nema
saglasnosti u vezi sa tim Kkoji broj na skali
oznacCava taCku kada treba zapoceti leCenje.
Posto je sonda vrlo mala, DIAGNOdent moze
zahtevati intenzivnu tehniku. Za regione sa
velikom pokrivenos¢u, kao Sto je npr.
mandibularni molar, asistent ili stomatolog
morao bi snimiti nekoliko o€itavanja za svako
udubljenje ili svaku pukotinu na zubu™.

The Canary System® (Quantum
Dental Technologies Inc.)

The Canary System je precizan laserski
instrument male snage sa integrisanom
intraoralnom kamerom koja detektuje pukotine
i karijes pre nego Sto postanu dovoljno veliki
da se pojave na rendgenskim snimcima zuba.
Slike sa intraoralne kamere mogu se u tom
trenutku prikazati pacijentu. Obezbeden je
izvestaj pacijenta koji ukljucuje odontogram sa
kodiranom bojom oznatenom  Canary
brojevima za pregledane zube, kao i savet
stomatologa o mogucoj terapiji. Pacijent
takode moze pogledati ovaj izvestaj na Canary
Cloudu. Tokom skeniranja koje traje tri
sekunde, pulsirajuca laserska svetlost male
snage isijava na povrSinu zuba. Laserski
svetlosni impulsi izazivaju fototermalne (PTR)
i luminiscentne (LUM) reakcije. Kori$¢enjem
laserskog impulsa na frekvenciji od 2 Hz
lasersko svetlo moZe prodreti izvan povrsine
zuba i identifikovati karijesne lezije koje imaju
veli¢inu od ¢ak 50 mikrona (Sto je dvadeset
puta manje od milimetra) i koje se nalaze na
c¢ak 5 mm dubine od povrsine zuba. Canary
broj generise Canary System radi informisanja
stomatologa 0 verovatnom zdravstvenom
statusu odredenog zuba. Canary System
prevodi jedinstvene PTR/LUM potpise u
Canary broj na skali od 0 do 100, koji se
prikazuje na ekranu monitora, ali i cuje
zahvaljuju¢i komplikovanom algoritmu. Nize
vrednosti ukazuju na dobru gled, a vise
vrednosti na postojanje pukotina i karijesa42.

LED fluorescentni uredaj

Tehnologija Spectra Caries Detection®
(Air Techniques, Inc., Melville, N.1.) resila je
mnoge probleme izazvane upotrebom ranih
tehnologija laserske fluorescencije. Pojavila se
tehnologija koja je prenosiva, efikasna i ima
znacajan uticaj na pacijente, a pruza i odlicnu
dokumentaciju o stanju karijesa zuba.

Laser light pulses cause photothermal (PTR)
and luminescence (LUM) reactions. The laser
light can penetrate beyond the tooth surface
and identify carious lesions as tiny as 50
microns (20 times smaller than a millimetre)
and as deep as 5 mm from the tooth surface by
utilizing a laser pulse at a frequency of 2Hz. A
Canary Number is the output generated by The
Canary System to inform an oral health care
professional about the likely health status of a
specific tooth. The Canary System translates
the unique PTR/LUM signatures into a Canary
Number on a scale of 0 to 100, which shows
on a monitor screen and is also audible, using a
complicated algorithm. Lower values indicate
good enamel, whereas larger values indicate
the existence of fissures and cavities™.

LED fluorescence device

The  Spectra  Caries  Detection
technology® (Air Techniques, Inc., Melville,
N.Y.) has addressed many of the concerns
raised by early laser fluorescence technologies,
resulting in a technology that is portable,
efficient, and delivers considerable patient
impact as well as great documentation of the
tooth's caries condition. It comprises a wand
that, through a TWAIN interface, smoothly
connects with most digital imaging
applications. This "plug-and-play” feature
enables the user to rapidly unplug the device
from one computer and attach it to another.
The Spectra capture a single image of the tooth
and map the fluorescence in various hues
based on its intensity. Furthermore, a patented
algorithm condenses the scale from 0 to 3,
making analysis and decision-making easier.
As a result, a value of 1 shows that acid has
attacked the enamel. If one believes in early
intervention, that region is in high danger of
deeper degradation and should thus be
examined and sealed. The inspection can be
photographed against the same teeth as typical
intraoral pictures and saved in the digital
record for simple memory, or it can be Printed

for insurance companies and patients***.

VistaProof®  (Durr  Dental,
Bietigheim-Bissingen, Germany)

The gadget works on the same premise
of enhanced fluorescence in carious lesions as
Diagnodent® but uses a different wavelength
of excitation. It allows the practitioner to save
and retain photographs of occlusal surfaces
examined by the program, which indicates the
regions of teeth that release a high amount of
fluorescence.
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Sastoji se od Stapica koji se preko TVAIN
interfejsa  glatko povezuje sa  vecinom
aplikacija za digitalno snimanje. Ova plug-
and-play funkcija omogucava korisniku da
brzo isklju¢i uredaj sa jednog raCunara i
prikljuci ga na drugi. Spectra snima jednu sliku
zuba i mapira fluorescenciju u razli¢itim
nijansama na osnovu njenog intenziteta.
StaviSe, patentirani algoritam sazima skalu od
0 do 3, Sto olakSava analizu i donoSenje
odluka. Vrednost 1 pokazuje da je re¢ o ataku
kiseline na gled. Za one koji veruju u ranu
intervenciju, ta regija je u velikoj opasnosti od
dublje razgradnje 1 zato je treba ispitati i zaliti.
Inspekcija se moze fotografisati naspram istih
zuba kao tipicne intraoralne slike i sacuvati u
digitalnom zapisu radi jednostavnog pamcenja
ili se moZe odStampati za oOsiguravajuca
drustva i pacijente**.

VistaProof®  (Durr  Dental,
Bietigheim-Bissingen, Germany)

Uredaj radi na istoj pretpostavci
poboljSane fluorescencije karijesnih lezija kao
DIAGNOdent® ali koristi drugaciju talasnu
duzinu ekscitacije. Omogucava lekaru da
sacuva 1 zadrzi fotografije okluzalnih povrSina
koje su pregledane programom, $to ukazuje na
regione zuba koji oslobadaju veliku koli¢inu
fluorescencije. Ovom tehnikom snimaju se
slike zuba, koje se zatim procenjuju softverom
i ¢uvaju na racunaru. VistaProof™ koristi svetlo
talasne duzine od 405 nm i softver Kkoji
pojacava fluorescenciju koju oslobada tkivo.
Softver za gledanje (Diirr Dental) Koristi se za
digitalizaciju video-toka, proizvodeci slike
rezolucije 720 k 576 piksela, 3 k 8-bit RGB
dubine boje i 72 piksela po incu (rezolucija
ekrana racunara). Program analizira fotografije
i kvantifikuje crvene i1 zelene komponente
fluorescencije. Program prikazuje intenzitet
fluorescencije u veStaCkim nijansama na
osnovu tabele za trazenje (LUT) u rasponu od
zelene (*510 nm talasne duzine) do crvene
(*680 nm talasne duzine). Vrednost rezultata,
koja se krece od 0 do 3, odnosi se na tezinu
lezije i ukazuje na odnos intenziteta crvene i
zelene fluorescencije. Kada predu vrednosti od
2,0, Kkarijesne lezije dostizu dentin, Sto
VistaProof na ekranu prikazuje  kao
narandZastu ili Zutu oblast™*,

D-Carie mini™ (Neks Techno-
logies Inc.)

Mini-D  koristi LED tehnologiju i

tehnologiju optickih vlakana za identifikaciju
okluzalnih i aproksimalnih karijesnih lezija.
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Images of the teeth are captured using this
technique, then evaluated by software and
saved on the computer. VistaProof® employs a
405 nm wavelength light and software that
amplifies the fluorescence released by the
tissue. A viewer software (Durr Dental) is used
to digitize the video stream, producing pictures
with 720 x 576 pixels of resolution, 3 x 8-bit
RGB colour depth, and 72 pixels per inch
(computer screen resolution). The program
analyzes the photos and quantifies the red and
green components of fluorescence. The
program displays the fluorescence intensity in
artificial hues based on a look-up table (LUT)
ranging from green (*510 nm wavelength) to
red (*680 nm wavelength). The result value,
which ranges from 0 to 3, refers to the severity
of the lesion and indicates the intensity ratio of
red and green fluorescence. When values
exceed 2.0, carious lesions reach the dentin,
which VistaProof depicts as an orange or
yellow area on the screen*“°.

D-Carie mini™ (Neks Techno-
logies, Inc.)

Mini-D uses LED and fibre-optic
technologies to identify occlusal and proximal
caries lesions. This device creates 635—880 nm
LED light, analyzes the light reflected off the
surface of the tooth, and converts it into
electrical impulses. It is simple to use because
no calibration or difficult interpretation is
required. Caries detection relies on structural
changes in a tooth rather than the quantity of
bacterial fluorescence present within pits and
fissures. When used in combination with an X-
ray, it enables the assessment of a third
dimension—the volume of caries—prior to
opening the tooth. The technology also enables
the examination and diagnosis of children,
pregnant women, and patients who choose to
avoid or limit their exposure to X-rays for
health or personal reasons*’*.

Soprolife® (Acteon Imaging, La Ciotat,
France) is a light-induced fluorescence
intraoral camera system. Soprolife® uses two
types of LEDs to illuminate the tooth and
evaluate changes in mineral density. Images
can be captured in three different modes:
daylight, diagnosis, and treatment. The
daylight mode uses a high-level magnification
intraoral camera illuminated with white LEDs.
The diagnosis and treatment modes use
fluorescence via four blue LEDs at a 450 nm
wavelength. The second light is directed at the
tooth surface and produces a superimposed
image over the white light image, a
phenomenon known as autofluorescence.
Soprolife uses a colour-coding system.
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Ovaj uredaj stvara LED svetlo od 635 nm do
880 nm, analizira svetlost reflektovanu od
povrSine zuba 1 pretvara je u elektricne
Impulse. Jednostavan je za upotrebu posto nisu
potrebni ni kalibracija ni teSko tumacenje.
Detekcija karijesa oslanja se na strukturne
promene u zubu, a ne na koli¢inu bakterijske
fluorescencije prisutne u jamicama i fisurama.
Kada se koristi u kombinaciji sa rendgenskim
snimkom, omogucava procenu trece dimenzije
— zapremine karijesa — pre otvaranja lezije.
Ova tehnologija takode omogucava pregled 1
dijagnostiku dece, trudnica i pacijenata koji iz
zdravstvenih ili li¢nih razloga odlucuju da
izbegnu ili ogramce svoje  izlaganje
rendgenskim zracima 148

Soprolife® (Acteon Imaging, La Ciotat,
Francuska) predstavlja svetlo- indukovanu
fluorescentnu intraoralnu kameru. Soprolife
koristi dve vrste LED dioda za osvetljavanje
zuba i procenu promena u mineralnoj gustini.
Slike se mogu snimiti u tri razli¢ita rezima —
jedan je dnevno svetlo, drugi dijagnoza, a treci
le¢enje. Rezim dnevnog svetla Koristi
intraoralnu kameru visokog nivoa uvecanja
osvetlienu belim LED diodama. Rezimi
dijagnoze i leCenja koriste fluorescenciju preko
cetir1 plave LED diode na talasnoj duzini od
450 nm. Drugo svetlo je usmereno na povrsinu
zuba i proizvodi sliku postavljenu iznad slike
bele svetlosti, Sto je fenomen poznat kao
autofluorescencija. Soprolife Kkoristi sistem
kodiranja boja. Zelena fluorescencija smatra se
indikatorom  zdravih  tkiva, a crvena
fluorescencija ukazuje na Karijesnu leziju.
Rezim tretmana moZze se koristiti kao vodi¢ u
toku pripreme kaviteta. Slike se mogu sacuvati
za buduca poredenj a®®

Kvantitativno svetlosno indukovana fluo-
rescencija (engl. Quantitative light-induced
fluorescence — QLF) prvi put je predstavljena
1995. godine. Ovo je opticka metoda koja
koristi  prirodnu  fluorescenciju zuba za
razlikovanje Kkarijesa od zdrave gledi. Sjaj
fluorescencije karijesnog tkiva koji se ispituje
QLF-om nizi je nego kod okolne zdrave gledi.
QLF odreduje koli¢inu minerala izgubljenu
tokom  demineralizacije  izraCunavanjem
procentualne promene u osvetljenosti fluo-
rescencije demineralizovane gledi u poredenju
sa okolnom zdravom gledi. Svetlost se mnogo
brze rasipa u karijesnim tkivima nego u
zdravim zubnim  tkivima, skracujuci _put
svetlosti u leziji 1 smanjujuci apynpcuu i
fluorescenciju u ovoj oblasti. To znaCi da se
rasejanje svetlosti koristi za procenu gubitka
minerala u vezi sa lezijom. QLF metoda
takode se moze koristiti pri merenju crvene
fluorescencije mikroorganizama u plaku.

Green fluorescence is considered an indicator
of healthy tissues, and red fluorescence
indicates a carious lesion. The treatment mode
can be wused as a guide during cavity
preparation. 2!5%3993 can be saved for future
comparisons~

Quantitative light-induced fluorescence
(QLF) was first introduced in 1995. This is an
optical method that leverages the natural
fluorescence of teeth to distinguish between
caries and sound enamel. The fluorescence
radiance of a carious patch examined with
QLF is lower than that of surrounding sound
enamel. QLF calculates the quantity of mineral
lost during demineralization by calculating the
percentage change in fluorescence brightness
of demineralized enamel compared to
surrounding sound enamel. The light scatters
much faster in carious tissues compared to
sound dental tissues, shortening the pathway of
the light in the lesion and decreasing the
absorption and fluorescence in this area. This
means that the scattering of the light is used for
evaluating the mineral loss related to the
lesion. The QLF method can also be used in
measuring the red fluorescence from
microorganisms in plaque. It works on the
concept that distinct (organic) compounds in
the mouth absorb light of a specific
wavelength and then re-emit the absorbed
energy at a different wavelength. A fluorescent
or QLF picture is obtained by filtering the
lighting light. Demineralized regions (e.g.,
white dots) appear as black patches in these
pictures, and a decrease In fluorescence
correlates with mineral loss. Porphyrin-
covered areas, produced by (anaerobic)
cariogenic bacterial activity, are bright
red/orange. These impacts may be seen
visually, analyzed and measured by (proprletary
software, and digitally documented®

Inspektor Pro™ (Inspektor™ Research,
Amsterdam, Netherlands) was the first
commercial QLF device marketed in 2004
which is a gadget for assessing oral cleanliness
at home or at the dental clinic. The Inspektor
Biluminator emits a harmless blue light that is
used to detect porphyrins (byproducts of
certain strains of anaerobic bacteria's metabolic
process) in the oral cavity, especially inside or
around tooth elements and the gingiva. These
porphyrins cannot be seen with the naked eye.
QLF has been utilized effectively for the past
12 years to identify and quantify
demineralization and remineralization of tooth
tissue and bacterial cavities. The Inspektor
Biluminator improves the identification of
white spot lesions, approximal caries, occlusal
caries, margin leakage and secondary caries,
sealant integrity, calculus, and gingivitis with
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Bazira se na konceptu koji podrazumeva da
razli¢ita (organska) jedinjenja u ustima
apsorbuju svetlost odredene talasne duzine, a
zatim ponovo emituju apsorbovanu energiju na
drugoj talasnoj duzini. Fluorescentna ili QLF
slika  dobija se filtriranjem  svetla.
Demineralizovani regioni (npr. bele tacke)
pojavljuju se kao crne mrlje na ovim slikama, a
smanjenje fluorescencije korelira sa gubitkom
minerala. Podru¢ja pokrivena porfirinom,
proizvedena  (anaerobnom)  kariogenom
aktivno$¢u bakterija, svetlocrvene su ili
narandzaste boje. Ovi uticaji mogu se prikazati
vizuelno, analizirati 1 izmeriti Vlasmckim
softverom i digitalno dokumentovati*®

Inspektor Pro™ (Inspektor™ Research,
Amsterdam, Holandija) bio je prvi
komercijalni QLF uredaj. Na trZistu je prisutan
od 2004. godine, a sluzi za procenu oralne
Cisto¢e u kuénim uslovima ili u stomatoloskoj
klinici.  Inspektor  Biluminator  emituje
bezopasno plavo svetlo koje se Kkoristi za
otkrivanje porfirina (nusproizvoda odredenih
sojeva metabolickog procesa anaerobnih
bakterija) u usnoj duplji, posebno unutar
zubnih tkiva i gingive ili oko njih. Ovi porfirini
ne mogu se videti golim okom. QLF se
poslednjih 12 godina efikasno Kkoristi za
identifikaciju i kvantifikaciju demineralizacije
i remineralizacije zubnog tkiva i bakterijskih
Supljina.  Inspektor Biluminator olakSava
identifikaciju pocetne lezije — bele mrlje,
aproksimalnog karijesa, okluzalnog Karijesa,
curenja ruba i sekundarnog karijesa, integriteta
zalivaCa, kamenca 1 gingivitisa. Za njegovu
upotrebu nije potrebno ni mnogo finansijskih
sredstava ni mnogo vremena. Koristi svetlosnu
kutiju koja sadrzi plavo-zelenu lampu sa
talasnim duzinama od 290 nm do 450 nm, sa
vrsnim intenzitetom od 370 nm. Ekscitaciono
svetlo putuje do intraoralnog Stapi¢a pomocu
optickog kabla. Stapi¢ takode sadrzi kameru sa
napunjenim uredajem (CCD) prekrivenu
propusnim plavim filterom.

Ista kompanija predstavila je 2012.
godine noviji QLF uredaj pod nazivom QLF-D
Biluminator 2 (Inspektor™ Research). Oba
pomenuta uredaja osvetljavaju zube plavom
svetlo$¢u, Sto dovodi do toga da oni trepere
zeleno (to je fenomen poznat kao
autofluorescencija). Osim zelene autofluo-
rescencije, plava svetlost moze proizvesti i
crvenu fluorescenciju. Smatra se da ovaj crveni
sjaj stvaraju porfirini proizvedeni metabo-
lickim  procesima odredenih  bakterijskih
sojeva. Pokazalo se da je intenzitet crvene
fluorescencije povezan sa aktivnos¢u bakterija.
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little financial or time commitment. It utilizes a
light box that contains a blue-green arc lamp
with wavelengths of 290 nm to 450 nm with a
peak intensity of 370 nm. The excitation light
travels to an intraoral wand by fibre optic
cable. The wand also contains a charged
coupled device (CCD) camera covered with a
bandpass blue filter.

In 2012, a newer QLF device was
released by the same company under the name
QLF-D Biluminator 2 (Inspektor™ Research).
Both of these gadgets illuminate the teeth with
blue light. This causes the teeth to flash green
(@ phenomenon known as autofluorescence).
Aside from green autofluorescence, blue light
can also produce red fluorescence. This red
glow is thought to be created by porphyrins
produced by particular bacterial strains'
metabolic processes. It has been demonstrated
that the intensity of the red fluorescence is
connected to the activity of the bacteria. In
addition to caries-related bacteria, several
recent QLF research has revealed that red
fluorescence may be linked to other oral health
concerns such as gingivitis and halitosis. The
capacity to track tooth surfaces over time
(longitudinal monitoring) is a major feature of
QLF. The program incorporates automated
video repositioning, which allows for the
capture of comparative QLF plctures of the
same surfaces at various time intervals™ >

In addition to biluminators, the most
recent capturing devices are available on the
market.

FoerrofessionaIs and researchers, the Q-
Raycam™ Pro is the gadget of choice. It is an
intra-oral camera with the ability to zoom in on
individual tooth surfaces. Offering an
objective, longitudinal, quantitative oral health
evaluation method, improving service quality,
and helping the development of patient-centred
preventative care programs are all advantages
for dentists. Qraycam Pro is a high-resolution
camera with an elegant and practical design
that is lightweight, easy to use, and autofocus.
Suitable for clinical and in vitro research.
contains an autosave function for white Ilght
and QLF™ photographs, full arch imaging,
PMS compatibility, and a one-touch autofocus
button. It also had anterior and occlusal modes,
as well as PC or tablet apps, and the ergonomic
grip design aided operation. Qraypen C is a
portable intraoral diagnostic imaging gadget
with Lautozoom capability. Quick capture of
QLF and white light photos. Ideal for
inspecting and diagnosing individual cracks,
incipient and proximal caries, fissures, and
plaque. It is compatible with PMS and has a
one-touch imaging button.
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Nekoliko nedavnih istrazivanja QLF
sistema otkrilo je da se crvena fluorescencija
ne javlja samo kod bakterija povezanih sa
karijesom ve¢ da moze biti dovedena u vezu i
sa drugim problemima oralnog zdravlja, kao
Sto su npr. gingivitis i halitoza. Kapacitet
pracenja povrSine zuba u toku vremena
(longitudinalno pracenje) glavna je odlika
QLF-a. Program ukljucuje automatizovano
video-repozicioniranje,  koje omogucava
snimanje uporednih QLF slika |st|h E)ovrsma u
razli¢itim vremenskim intervalima™

Pored biluminatora, na trzistu  su
dostupni i najnovi nu uredaji za snimanje.

Q-Raycam Pro wuredaj je koji
uglavnom biraju profesionalci i istrazivaci. To
je intraoralna kamera koja moze zumirati
pojedinaéne  povrSine  zuba.  Pruzanje
objektivne,  longitudinalne,  kvantitativne
metode procene oralnog zdravlja, poboljSanje
kvaliteta usluge i pomo¢ u razvoju programa
preventivne nege usmerenih na pac N,enta
prednosti su za stomatologe. Q- Raycam Pro
Jje kamera visoke rezolucije sa elegantnim i
prakticnim dizajnom. Lagana je, jednostavna
za upotrebu i ima autofokus. Pogodna je za
klinicka i in vitro istrazivanja. Sadrzi funkcij ju
automatskog cuvanja za belo svetlo i QLF
fotografije, snimanje punog luka, PMS
kompatibilnost 1 dugme za automatsko
fokusiranje jednim dodirom. Ima i prednji i
okluzalni rezim, kao 1 aplikacije za racunar ili
tablet. Ergonomski dizajn ruke pomaze u
radu. Qraypen C je prenosivi uredaj za
intraoralno  dijagnosticko  snimanje,  sa
mogucnoscu automatskog zumiranja. Brzo
snima QLF™ fotografije i fotografije belog
svetla. Idealan je za pregled i dijagnostiku
pojedinacnih fisura, pocetnih i aproksimalnih
karijesa, fisura i plaka. Kompatibilan je sa
PMS-om i ima dugme za snimanje jednim
dodirom. Qscan Plus je jednostavan i siguran
Biofilm samotester, kao i odli¢an asistent za
pracenje  oralne higijene.  Stitnik  od
ambijentalnog svetla osigurava jasan i svetao
vid. Zreli kariogeni zubni plak prikazuje se
zahvaljujuci revolucionarnoj kombinaciji Cetiri
fluorescentne LED diode i Inspektor filtera™.

Endoskopija

Ovaj pristup oslanja se na ideju merenja
fluorescencije koja se deSava kada su tkiva
izloZena plavoj svetlosti od 400 nm do 500 nm.
Lezije bele mrlje izgledaju tamnije od zdrave
gledi kada se fluorescentna struktura zuba
?rlegleda koris¢enjem odredenog Zelatinskog
iltera.

Qscan Plus is a simple and safe biofilm self-
tester as well as an excellent oral hygiene
monitoring assistant. The ambient light shield
ensures that the vision is clear and bright.
Mature cariogenic dental plaque is shown by a
revolutionary combination of four fluorescent
LEDs and the Inspektor filter*®.

Endoscopy

This approach relies on the idea of
measuring the fluorescence that happens when
tissues are exposed to 400—500 nm blue light.
White spot lesions look darker than sound
enamel when the fluoresced tooth structure is
examined via a particular gelatin filter.
Similarly, when a light source is linked via
cable to an endoscope, the teeth may be
examined without the use of a filter. This is
known as white light endoscopy. It has been
proven that this approach is effective in
detecting early carious lesions. The endoscope
is a revolutionary tool used to treat periodontal
disease. The endoscope allows one to examine
the contents of the periodontal pocket and
analyze the root surface of the tooth for
disease-causing  bacterial ~ accumulations
(plaque and calculus) without the need for an
incision or surgical therapy. It also aids in the
removal of plaque and calculus from the root
surface as part of periodontitis treatment. It
also allows us to detect other problems (cracks,
perforations, and other disease-causing flaws
on the surface of the tooth root) that were
previously buried behind the gum and required
surgery to be detect”’.

Spectroscopy

Alternating
spectroscopy (ACIST)

current impedance

ACIST sends a low amplitude microamp
current into the tooth structure from the sensor
tip contact, penetrating the enamel, dentin, and
pulp to record changes in mineral density
throughout the tooth structure, not only at the
surface.

CarieScan PRO® (CarieScan, LLC) is
changing the way of detecting caries. It is one
of the most dependable equipment in the
dentistry business, with 94.8% accuracy in
diagnosing caries and healthy tooth structures.
The PRO not only identifies when a tooth has
to be restored, but it also pinpoints the location
of the lesion, allowing restorations (fillings) to
be as minimal and cosmetically acceptable as
feasible. This device produces minimal false
positives, lowering the danger of drilling
healthy teeth.
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Sli¢cno tome, u slucajevima kada je izvor
svetlosti povezan kablom sa endoskopom, zubi
se mogu pregledati bez upotrebe filtera; ta
pojava poznata je kao endoskopija bele
svetlosti. Dokazano je da je ovaj pristup
efikasan u otkrivanju ranih karijesnih lezija.
Endoskop je revolucionarni alat koji se Koristi
za leCenje parodontalne bolesti. Endoskop
omogucava pregled sadrzaja parodontalnog
dZzepa i pregled povrSine korena zuba na
akumulacije bakterija koje izazivaju bolesti
(plak i kamenac), bez potrebe za rezom ili
hirurSkom terapijom. Takode, pomaze u
uklanjanju plaka i kamenca sa povrsine korena
u okviru lecenja parodontitisa. Omogucava i
uocavanje  drugih  problema  (pukotina,
perforacija i drugih nedostataka koji izazivaju
bolesti na povrsini korena zuba) kOjI su
prethodno bili zariveni iza desni_i za Cije je
otkrivanje bila potrebna operacija’".

Spektroskopija

Spektroskopija otpora  naizmenicne
struje (engl. Alternating current impedance
spectroscopy — ACIST)

ACIST 3Salje struju male amplitude u
strukturu zuba od kontakta vrha senzora,
prodiru¢i u gled, dentin i pulpu kako bi
zabelezio promene u mineralnoj gustini u celoj
strukturi zuba, a ne samo na povrsini.

Nacin otknvanja karijesa promenio je
CarieScan PRO® (CarieScan, LLC). To je
jedan od najpouzdanijih alata u stomatoloskoj
praksi, sa 94,8% ta¢nosti u dijagnostici karijesa
I zdravih zubnih struktura. Ne samo da ukazuje
na vreme kada zub treba da se restaurira vec
precizno  odreduje 1 lokaciju lezije,
omogucavajuci pritom da nadoknade (plombe)
budu minimalne i estetski prihvatljive onoliko
koliko je to moguce. Ovaj uredaj proizvodi
minimalne  lazne  pozitivne  rezultate,
smanjujuéi opasnost od bpreparacije zdravih
zuba. Smanjuje potrebu za rendgenskim
zracima 1 obezbeduje merljiv 1 ponovljiv izlaz
kako bi se omogucili kontinuirano pracenje
pacijenata 1 povecanje broja ponovljenih
preventivnih tretmana™.

I zvucni talasi mogu biti koriS¢eni za
otkrivanje karijesa. Ultrazvuk moze lako otkriti
lezije buduéi da se vreme putovanja
ultrazvuénih impulsa razlikuje u zvucnim i
demineralizovanim tkivima gled159 % Ova
metoda smatra se obecavaju¢om u otkrivanju
ranih lezija gledi posto bele mrlje ogranicene
na gled ne proizvode uocljive ili slabe reakcije.
S druge strane, dublje lezije proizvode znatno
vece amph‘fude6
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It reduces the need for X-rays and provides
quantifiable and repeatable output to allow for
ongoing patient monitoring and an increase in
repeat preventive treatments™.

Sound waves can be used for the
detection of caries. Ultrasound can detect
lesions easily because the travel time of
ultrasonic  pulses differs |n sound and
demineralized enamel tissues®>®. This method
is considered promising in detecting early
enamel lesions because the white spot lesions
confined to enamel produce no detectable or
weak echoes whereas deeper IeS|0ns produce
substantially higher amplitudes®.

Cone Beam Computed Tomo-
graphy (CBCT)

Cone beam computed tomography
(CBCT) systems are a type of computed
tomography (CT) technology. Dental experts
employ CBCT devices that circle around the
patient, collecting data with a cone-shaped X-
ray beam. These data are utilized to create a
three-dimensional (3D) imaging of the patient's
dental (teeth), oral and maxillofacial area
(mouth, jaw, and neck), and ears, nose, and
throat (ENT). Since the early 2000s, dental
CBCT systems have been sold in the United
States and are increasingly being used by
radiologists and dental professionals for a
variety of clinical applications such as dental
implant planning, visualization of abnormal
teeth, evaluation of the jaws and face, cleft
palate assessment, diagnosis of dental caries
(cavities), endodontic (root canal) diagnosis,
and diagnosis of dental trauma®

Optic Coherence Tomography

This technique uses a high penetration
near-infrared light at a wavelength of
780—1550 nm. No potential biological side
effects have been reported on this system so
far. Optic coherence tomography (OCT)
generates  high-resolution  cross-sectional
images of the oral structures. OCT is found to
be more sensitive in the detection of recurrent
caries and evaluation of the marginal
adaptation of the restorations compared to
other tools. Like ultrasonics, OCT uses near-
infrared emissions to determine not only the
presence of the caries lesions but also measure
their depth. Another important advantage of
this technlque is that the patient is not exposed
to X- rays
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Cone Beam kompjuterizovana tomo-
grafija (engl. Cone Beam computed
tomography — CBCT)

Sistemi Cone Beam kompjuterizovane
tomografije (engl. Cone Beam computed
tomography — CBCT) predstavljaju vrstu
tehnologije kompjuterske tomografije (CT).
Stomatoloski stru¢njaci koriste CBCT uredaje
koji kruze oko pacijenta i prikupljaju podatke
pomocu rendgenskog zraka u obliku konusa.
Ovi podaci potom se koriste za kreiranje
trodimenzionalne (3D) slike pacijentovog zuba
(pacijentovih zubi), oralne 1 maksilofacijalne
oblasti (usta, vilica i vrat) i uSiju, nosa i grla
(ENT). Od ranih dvehiljaditin  godina,
stomatoloski CBCT sistemi prodaju se u
Sjedinjenim Ameri¢kim Drzavama. Sve ih vise
koriste radiolozi i1 stomatolozi u razliite
klinicke svrhe, medu kojima su i planiranje
zubnih implantata, vizuelizacija abnormalnih
zuba, procena vilica i lica, rascepa procena
nepca, dijagnoza zubnog Karijesa, endodontska
dijagnoza (dijagnoza kanala korena) i
dijagnoza stomatoloske traume® .

Opticka koherentna tomografija

Ova tehnika Koristi blisku infracrvenu
svetlost visoke prodornosti na talasnoj duzini
od 780 nm do 1550 nm. Dosad nisu prijavljeni
potencijalni bioloski nezeljeni efekti na ovaj
sistem. Opticka koherentna tomografija (engl.
Optical Coherence Tomography - OCT)
generiSe slike popre¢nog preseka oralnih
struktura visoke rezolucije. Utvrdeno je da je

""" u otkrivanju rekurentnog
karijesa 1 proceni marginalne adaptacije
restauracija od drugih alata. Poput ultrazvuka,
OCT koristi bliske infracrvene emisije ne samo
da bi odredio prisustvo karijesnih lezija vec 1
da bi izmerio njihovu dubinu. Jo$ jedna vazna
prednost ove tehnike ogleda se u tome Sto
pacijent nije izloZen rendgenskim zracima®™.

Terahertz Imaging (THz)

Stomatologija je takode vazan deo THz
biomedicine. Karijesno tkivo ¢esto ima vece
slabljenje transmisije THz od zdrave gledi i
mozda nece apsorbovati THz vibracije pre
nego da ih disperguju. Stavise, THz indeks
prelamanja gledi ve¢i je od indeksa dentina. Na
osnovu ovih promena navedeno je da
transmisija ili refleksija mogu razlikovati
karijesnu gled od zdrave gledi. THz impulsi
upotrebljavaju se za pravilno i pouzdano
otkrivanje debljine gledi 1 za skeniranje
trodimenzionalne strukture zuba. Pokazalo se i

Terahertz Imaging

Dentistry is also an important part of
THz biomedicine. Carious tissue often has a
higher THz transmission attenuation than
healthy enamel and may not absorb THz
vibrations  rather than disperse them.
Furthermore, the THz refractive index of
enamel is greater than that of dentin. Based on
these changes, it has been suggested that
transmission or reflection imaging may
discriminate between carious and healthy
enamel. THz pulses were used to properly and
reliably detect the enamel thickness and scan
the three-dimensional structure of the tooth.
THz pulse imaging was also shown to be
capable of measuring the depth of artificial
acid gel demineralization across a limited
range. As a result, THz pulses have the
potential to be utilized to detect the depth of a
lesion. There is also a small optical fibre-
coupled THz endoscope system for oral
examination. Although THz technology has
been explored in dentistry more extensively
than in other medical applications, a more
complete and systematic study on the
mechanis%rg of THz wave-tooth interaction is
necessary”".

Multiphoton Imaging

A carious lesion in the dentin is a
dynamic process that involves
demineralization and collagen denaturation.
Collagen type I is the most abundant protein in
dentin and its optical characteristics have been
studied. Multiphoton microscopy (MPM) is a
nonlinear imaging method that uses collagen
two-photon excitation fluorescence (2PEF) and
its second-harmonic generation (SHG) to
expose the caries process. Multiphoton
tomography (MPT) allows for an optical
biopsy depth of up to 200 m with subcellular
resolution, allowing for the visualization of
cellular and extracellular features. Additional
information regarding the microenvironment,
energy status, and cellular metabolism may be
gained when combined with fluorescent
lifetime imaging. With a 700-nanometer
excitation wavelength and a 1.3 numerical
aperture objective, for example, the observed
lateral resolution is roughly 0.2 micrometres,
with a matching axial resolution of 0.6
micrometres®”’.
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da snimanje THz impulsa ima mogucnost da
izmeri dubinu demineralizacije vestackog
kiselog gela u ograni¢enom opsegu, S$to znaci
da THz impulsi mogu da se Kkoriste za
otkrivanje dubine lezije. Postoji i mali THz
endoskopski  sistem  spregnutih  opti¢kih
vlaknana za pregled usne duplje. lako je
primena THz tehnologije bolje istrazena u
stomatologiji nego u drugim granama
medicine, neophodna je potpunija i
sistematicnija studija o mehanizmu interakcije
izmedu THz talasa 1 zuba®.

Multiphoton Imaging

Karijesna lezija u dentinu dinamican je

proces koji ukljuCuje demineralizaciju i
denaturaciju  kolagena. Kolagen tipa |
najzastupljeniji  je  protein u  dentinu.
ProuCavale su se njegove  opticke
karakteristike. Multifotonska mikroskopija
(engl. multiphoton microscopy — MFM)

nelinearna je metoda snimanja koja koristi
dvofotonsku ekscitaciju fluorescencije (engl.
two-photon excitation fluorescence — 2PEF)
kolagena 1 njegovu drugu harmoni¢nu
generaciju (DHG) da otkrije proces karijesa.
Multifotonska tomografija (engl. multiphoton
tomography - MFT) omoguéava dubinu
opticke biopsije do 200 m, sa subcelularnom
rezolucijom, dopustaju¢i tako vizuelizaciju
Celijskih 1 ekstracelularnih ~ karakteristika.
Dodatne informacije u vezi sa
mikrookruzenjem, energetskim statusom i
¢elijskim metabolizmom mogu se dobiti kada
se kombinuju sa fluorescentnim snimanjem
tokom zivota. Sa talasnom  duzinom
pbudjivanje od 700 nm i objektivom sa
numerickim otvorom od 1,3, na primer,
posmatrana lateralna rezolucija iznosi otprilike
0,2 mikrometra, sa odgovaraju¢om aksijalnom
rezolucijom od 0,6 mikrometara

Kompjuterska tomografija sa
podeSenim otvorom blende (engl.
Tuned Aperture  Computed
Tomography — TACT)

Webber et al. razvili su kompju-
terizovanu tomografiju sa podeSenom blendom
(engl. Tuned Aperture Computed Tomography
— TACT), veoma jednostavan i brz pristup za
rekonstrukciju tomografskih slika®. Zasnovan
je na konceptima tomosinteze i teorije optickog
otvora. TACT pocinje sa 2D periapikalnim
radiografijama snimljenim iz razli¢itih uglova
projekcije, a zatim generiSe uzduzne
tomografske rezove (TACT-S) koji bivaju
poredani u Z-0si oblasti od interesa.
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Tuned  Aperture
Tomo-graphy (TACT)

Webber and colleagues developed tuned
aperture computed tomography (TACT), a
very simple, quicker approach  for
reconstructing tomographic images™. It is
based on the tomosynthesis and optical
aperture theory concepts. TACT starts with 2-
D periapical radiographs recorded from
various projection angles and then generates
longitudinal tomographic slices (TACT-S) that
line up in the Z-axis of the area of interest. It
generates real 3-D data from an arbitrary
number of 2-D projections. TACT has proven
to be a promising and successful alternative to
other traditional modalities in a variety of
therapeutic settings. TACT's total radiation
exposure is no more than 1 to 2 times that of a
standard periapical X-ray film. The resolution
is said to be comparable to that of 2-D
radiography. TACT does not have the artifacts
associated with CT, such as starburst patterns
found with metallic restorations®.

This overview highlighted a huge variety
of current equipment that is either now used or
can be utilized in dental diagnostics. Some of
these devices are rather pricey and take up a lot
of room. Some are quite inexpensive and can
be wused in routine dental diagnostics.
Technology evolves so quickly that it is
impossible to stay up. As a result, possibly the
best answer for each pedodontist or
pedodontics clinic is to select the equipment
with the greatest cost benefit.

Computed
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GeneriSe stvarne 3D podatke iz proizvoljnog
broja 2D projekcija. TACT se pokazao kao
obecavaju¢a 1 uspeSna alternativa drugim
tradicionalnim modalitetima u razli¢itim
terapijskim okruzenjima. Ukupna izloZenost
zracenju TACT-a nije viSe od jednog do dva
puta vecta od standardnog periapikalnog
rendgenskog filma. Rezolucija se moze
uporediti sa rezolucijom 2D radiografije.
TACT nema artefakte povezane sa CT-om,
kao Sto su obrasci zvezdanog 6Draska koji se
nalaze kod metalnih restauracija®.

U ovom preglednom radu predstavljena
je oprema koja se trenutno Kkoristi u
stomatoloskoj dijagnostici, kao i ona koja u te
svrthe moze biti koriS¢ena u buducnosti.
Pojedini od navedenih uredaja prilicno su
skupi i zauzimaju mnogo prostora. Ima i onih
koji su jeftini 1 koji mogu biti koriS¢eni u
rutinskoj stomatoloskoj dijagnostici. Razvoj
tehnologije je toliko brz da je skoro nemoguce
ostati u toku. Shodno tome, mozda je za
svakog pedodonta ili pedodontsku kliniku
najbolje reSenje da odabere opremu koja se
najvise isplati.
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