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Kratak sadrZaj

S obzirom na Siroku primenu fluorida u danasnje vreme,
promenila se i sama priroda zubne Supljine (kaviteta).
Cvrica i otpornija zubna gled cesto prekriva subpovrsinsku
destrukciju i napredovanje karijesa, za jedan duZi vremenski
period, uz nisku aktivnost i sporu progresiju. KaVo
DIAGNOdent™ je laserski fluorescentni uredaj napravljen
za detekciju karijesa i kvantifikaciju, kao pomoc vizuelnom
istraZivanju i radiografskom ispitivanju. Cilj ove in vitro
studije je bio da ispita stabilnost instrumenta za
longitudinalno merenje. IstraZivanje je sprovedeno u dve
povezane etape gde su merenja obavljena u dve serije, "sa" i
"bez" kalibracije. Materijal u prvoj etapi studije sacinjavalo
je 30 izvadenih zuba sa razlicitim stupnjevima karijesnih
ostecenja koja su merena pomocu DIAGNOdent™ aparata.
U drugom delu, koriscena su dva uredaja da bi se utvrdila
njihova ujednacenost a merenje obavljeno na 6 fluorosce-
ntnih standarda sa ciljem minimiziranja laZzno pozitivnih
ocitavanja. Prva serija u istraZivanju, sa samopocetnom
kalibracijom, vremenom je pokazala znacajne promene:
linearni trend koji se kretao ka niZzim vrednostima (p<0,001 ).
U drugom serijalu, sa ucestalom kalibracijom, nije se mogao
uociti znacajniji linearni trend (p=0.09). Rezultati iz drugog
dela pokazali su znacajnu sistematicnu prekovremenu ra-
zliku izmedu faktora "bez" i "sa” kalibracijom (p=0.0023)
nezavisno od toga koji je uredaj koriscen.

Na osnovu ove in vitro studije zakljuceno je da ucestala
kalibracija DIAGNOdent™-a treba da bude sprovedena radi
dobijanja komparativnih rezultata za longitudionalno
pracenje.

Kljucne reci: infracrveno, laser, fluoroscentnost, kalibra-
cija, DIAGNOdent ™

Abstract

With today’s widespread use of fluoride, the nature of cavities
has changed. Harder, and therefore more resistant enamel
can many times conceal sub-surface decay and the caries
disease progresses, in many cases, for a prolonged period
with low activity and slow progression. KaVo
DIAGNOdent™ is a laser fluorescence device developed for
caries detection and quantification as an adjunct to visual
inspection and radiographic examination. The aim of this in
vitro study was to investigate the stability of the instrument
for longitudinal measurements. The study was carried out in
two subsequent parts where measurements were performed
in two series, with and without calibration. The material in
part I of the study comprised 30 extracted teeth with various
stages of carious lesions measured with one DIAGNOdent™
device. In part 11, two devices were used to determine their
unanimity and measurements were performed on Ssix
fluorescence standards in order to minimise false positive
readings. The first series in study part I, with only one initial
calibration, showed a significant change over time: a linear
trend with drifting towards lower readings (p< 0.001). In the
second series, with frequent calibrations, no significant
linear trend over time could be demonstrated (p=0.09).
Results from part Il showed a significant systematic over-
time difference between the factor “without” and “with”
calibration (p = 0.0023) independent of which device that
was used.

From this in vitro study it was concluded that frequent
calibration of DIAGNOdent™ should be performed in order
to obtain comparable data for longitudinal monitoring.

Key words: infrared, laser, fluorescence, calibration,
DIAGNOdent™
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Uvod

Utvrdeno je da stopa progresije karijesa kod
industrijske populacije opada u toku poslednje
dve decenije, i fluorid paste su prihvacene kao
jedan od najvaznijih faktora za smanjenje ra-
sprostranjenosti karijesa. -2

Jedan od efekata Siroke primene fluorid
suplemenata bila je promena obrazaca bolesti
karijesa, sa istaknutom redukcijom razvoja oSte-
cenja na mestima kojima fluorid ima direktan
pristup, kao Sto su glatke povrSine, dok
okluzalne povrSine pokazuju najmanju redu-
kciju.3 U populacijama sa manjom Karijes
prevalencom, proporcija okluzalnog karijesa se
povedava.*> Veliki broj kvarova se pojavljuje
oko vec postojecih restauracija i/ili na oklu-
zivnim povrSinama zuba. U danaSnje vreme
detekcija 1 kvantifikacija okluzivnih kaviteta
predstavlja izazov posto je bolest inicirana kao
mikroskopski poremecaj u zubnoj gledi ¢vrste
povrsine, i moZe da se odmah proSiri u meksu
zubnu strukturu ispod klini¢ki intaktne povrSine
gledi, takozvani skriveni karijes.®’ Okluzalni
skriveni karijes je tip oStecenja gde su
tradicionalni dijagnosticki metodi kao vizuelno
ispitivanje, X-zracenje i1 sondiranje u velikoj
meri ograni¢eni.*3:%-10 Klini¢ari su primetili
poteskoce pri dijagnostikovanju okluzalnog
karijesa samo na osnovu vizuelnog ispiti-
vanja,'! a upotreba radiografa moZe da bude
problemati¢na pri ranoj dijagnozi karijesa posto
demi-neralizacija moZe biti prikrivena radio-gu-
stinom od obliznje zdrave gledi.!? Upotreba
zubnog pretrazivaca je, takode, kritikovana
zbog mogucnosti da se mikroorganizmi pre-
nesu sa jednog mesta na drugo, Sto moze da
prouzrokuje ireverzibilna traumatska oStecenja
kod ranih demineralizovanih povr$ina.l2:13

Jos$ jedna promena kod karijesnog procesa, i
dodatni efekat upotrebe proizvoda koji sadrze
fluorid, jeste da karijes poseduje nisku aktivnost
i sporu progresiju. U vecini slucajeva klinicari
se bave otkrivanjem prvih najranijih oStecenja.
Detekcija bi trebalo da se odigra na mikro-
skopskom nivou gde je remineralizacija
ostvarljiva. Vaznost ranog otkrivanja zubnog
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Introduction

It is well established that the rate of caries
progression in industrialised nations has
declined over the last few decades, and fluoride
dentifrice is accepted to be one of the most
important factors of the decrease in caries
prevalence .!-2

One effect of the widespread use of fluoride
supplements has been the change of the pattern
of the caries disease, with a pronounced
reduction in lesion development at sites that are
readily accessible to fluoride, such as smooth
surfaces, while occlusal surfaces show the least
reduction.®> In populations with decreasing
caries prevalence, the proportion of occlusal
caries has increased.* 3 Much of the decay now
occurs around existing restorations and/or on
occlusal surfaces of the teeth. Detection and
quantification of occlusal cavities is today more
challenging as the disease is initiated as
microscopic defects in the hard surface enamel,
and readily can spread into the softer tooth
structure beneath the clinical intact enamel
surface, so called hidden caries.>’ Occlusal
hidden caries is a type of lesion where traditional
diagnosing methods such as visual examination,
X-rays and probing with an explorer are highly
limited.*$:%:10 Clinicians have reported diffi-
culties in diagnosing occlusal caries by visual
examination alone,!! and the use of radiographs
can be problematic in early caries diagnosis
since a demineralisation can be masked by the
radiodensity of the surrounding sound enamel.!2
The use of a dental explorer has also been
criticised due to the possibility of transferring
micro organisms from one site to another, and
that it can cause irreversible traumatic defects in
early demineralised areas.!2 13

Another change in the caries process, and an
additional effect of the use of fluoride-
containing products, is that the caries disease
progresses with low activity and slow
progression. The clinicians are now, in most
cases, dealing with the detection of the early
primary lesions. The detection should take place
on a microscopic level where the remine-
ralisation is possible. The importance of early
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karijesa naglasena je ¢injenicom da se pocetno
ostecenje moze zaustaviti. Prednost bi imao
dijagnosticki sistem koji objektivno sakuplja
uporedne i precizne longitudinalno pracene
podatke o oSecenjima koje izaziva karijes, kako
bi se odredila aktivnost karijesa 1 izvrSila pro-
cena preventivnih tretmana i njihovih ishoda, i
zakliniCaraiza pacijenta.

Nedavno je bilo pokuSaja da se usavrsi
pouzdanost tradicionalnih dijagnostic¢kih
metoda karijesa*®1415 i da se razviju nove
tehnologije za rano 1 kasnije otkrivanje i
kvantifikaciju karijesa.!® Uloga objektivnog
detekcionog metoda je da podrZzi odredene
klinicke odluke kod svakog individualnog
ostecenja: da li treba primeniti invazivni ili
konzervativniji, neinvazivni pristup .!” Kao deo
strategije suzbijanja karijesa, bazirane na
odsustvu rizika, potreba za novim detekcionim
metodom koji moze pouzdano da odredi stepen
kvara ispod povrSine cesto je citira-
na.15.18.19.20.21

Laserski fluorescentni uredaj, DIA-
GNOdent2095™(KaVo, Biberach, Germany) je
neinvazivni instrument koji se koristi za
detektovanje i kvantifikaciju zubnog karijesa na
glatkim i okluzalnim povrSinama, i komer-
cijalno je dostupan za klinicku primenu. (Slika
1) Zub je osvetljen pomocu svetlosti lasera
(A=655nm) apsorbovane organskim i neorgan-
skim molekulima u zubnoj supstanci i putem
metabolita iz oralnih bakterija.22-23

Slika 1. DIAGNOdent 2095™ (KaVo, Biberach, Germany). Aparat
za infracrvenu lasersku fluorescencu, dizajniran za otkrivanje i
kvantifikaciju koja se odnosi na gled i dentin, i to na okluzalnim
povrsinama kao i na glatkim povrsinama, i koji se koristi kao
dodatak pri klinickom pregledu i radiografskom ispitivanju. Leva
dva digitalna broja na displeju pokazuju vrednost trenutnog
merenja, a desna dva digitalna broja (raspon od 0-99) pokazuju
maksimalne vrednosti koje oznacavaju dubinu lezije

Figure 1. DIAGNOdent 2095™ (KaVo, Biberach, Germany).
Infrared laser fluorescence device designed for detection
and quantification defined to the enamel and the dentine,
on occlusal surfaces as well as on smooth surfaces, intended
to be used as an adjunct to the clinical inspection and radiographic
examination. The left two-digit number on the display shows the
current measured value and the right two-digit (range from 0-99)
showing the maximumvalue, which indicates the lesion depth

detection of dental caries is emphasised by the
fact that an incipient lesion can be arrested. An
advantage would be a diagnostic system that
objectively collects and records comparable and
accurate longitudinally monitored data of
carious lesions, to determine caries activity and
to evaluate a preventive treatment and its
outcome, both for the clinician as well as for the
patient.

In recent years there have been attempts to
improve the reliability of traditional caries
diagnostic methods ,* 8- 14-15and to develop new
technologies for early and advanced caries
detection and quantification.!® There is a role for
an objective detection method, to support appro-
priate clinical decisions about management of
the individual lesion: whether invasive therapy
or a more conservative, non-invasive approach
is indicated. 17 As part of a caries management
strategy based on risk assessment, the need for
new detection methods that can reliably
establish the extent of the subsurface decay is
frequently cited. 15-18.19.20.21

The laser fluorescence device, DIAGNOdent
2095™ (KaVo, Biberach, Germany) is a non-
invasive instrument used for detection and
quantification of dental caries on smooth and
occlusal surfaces, available commercially for
clinical application. (Fig. 1) The tooth is illu-
minated with laser light (A = 655 nm), which is
absorbed by both inorganic and organic
molecules in the tooth substance and by
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Infracrvena fluorescentnost se pojavljuje i
detektuje, sakupljena 1 prosledena putem
instrumenta i prezentovana operateru u vidu
digitalnog brojanja na displeju, Sto pokazuje
dubinu ostecenja. Veruje se da fluorescentnost
potice od porfirina, jednog od elemenata u
respiratornom lancu mitohondrijaiverovatno su
molekuli glavni odgovorni za apsorbciju plave i
crvene svetlosti. DIAGNOdent™ je pokazao
dobru sposobnost za detektovanje okluzalnih 1
karijesa glatkih povrsina in vitro 242526 i in vivo
27.28.29 § smatra se da je veoma vredan alat za
longitudinalno pracenje razvoja karijesa i za
procenjivanje ishoda preventivne interve-
ncije?*27. Ono $to vazi za sve uredaje u vezi s
njihovim preciznim merenjem jeste stabilnost 1
reproduktivnost u toku duZeg vremenskog
perioda da bi se osigurala bezbedna primena
instrumenta. Da bi se postigla stabilnost
DIAGNOdent™ instrumenta, proizvodadi
preporucuju kalibraciju kad god je potrebno
izvrSiti precizno merenje u toku duZzeg vre-
menskog perioda (od 3 do 12 meseci), kada se
sonde redovno zamenjuju, steriliziraju ili
dezinfikuju. Kalibracija se sprovodi da bi se
nadoknadile potencijalne varijacije sistema
pomocu standarda poznate i stabilne fluoresce-
ntne predaje. (Slika 2)

metabolites from oral bacteria.22-23 Infrared
fluorescence occurs and is detected, collected,
and processed by the instrument and presented
to the operator as a digital number on a display,
which indicates the lesion depth. The
fluorescence is believed to originate from
porphyrins, one of the elements in the mito-
chondria's respiratory chain and are probably
the molecules chiefly responsible for the
absorption of blue and red light. The DIA-
GNOdent™ has shown good performance and
reproducibility for detection of occlusal and
smooth surface carious lesions in vitro 24 25 26
and in vivo 27-28:29 and has been reported to be a
valuable tool for longitudinal monitoring of the
carious process over time and for assessing the
outcome of preventive interventions.24 27

As for all medical devices and their accurate
measurements, stability and reproducibility
over a longer period is required to ensure a safe
application of the instrument. To achieve a
stability of the DIAGNOdent™ instrument,
calibration is recommended by the manufa-
cturer whenever accurate measurements over an
extended period of time (3 to 12 months) are
required, when probes are replaced or sterilised
or disinfected regularly. Calibration is carried
out in order to compensate for potential
variations of the system by a standard of known
and stable fluorescence yield. (Fig. 2)

Slika 2. Kalibracija. U kalibracione svrhe
kaseta ukljucuje standard poznatog i
stabilnog fluorescentnog polja radi
kompenzacije potencijalne varijacije
sistema. Sonda se drZi naspram keramickog
standarda sa preregistrovanom vrednoscu.
Displej mora da se poklapa sa standardnim
vrednostima uz tolerancijuod *3

Figure 2. Calibration. For calibration
purposes, the cassette includes a sta-
ndard of known and stable fluorescence
yield to compensate for potential variations
of the system. The probe is held against the
ceramic standard with a preset value.
The display must match the standard value
withatolerance of 3
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Cilj ovog in vitro istrazivanja bio je da se
ispita stabilnost laserskog fluorescentnog sre-
dstva — DIAGNOdent" za longitudinalno me-
renje saibez frekventne kalibracije.

Materijali metode

Ova studija sprovedena je u dva sukcesivna
dela. U prvom delu studije materijal je sacinja-
valo 30 pretkutnjaka, izvadenih mladim adole-
scentima; petnaest zuba sa vizuelno netaknutim
glatkim povrSinama ili razli¢iti stupnjevi
nekavitetnih karijes oStecenja, i petnaest zuba
koji su prosli kroz razliCite stupnjeve neka-
vitetnih okluzalnih karijes oStecenja, ili koji su
naizgled bili zdravi. Strane naslage su pazljivo
ociscene pomocu Robinsonove Cetkice i vode.
Obavljene su dve odvojene serije merenja sa i
bez kalibracije sa prvom generacijom DIA-
GNOdent (DD 1), koja je plasirana na trZiSte
1998. godine. Pre pocetka prve serije merenja,
izvrSena je standardizovana instrumentalna
kalibracija koriscenjem keramickog standarda
koji je obezbedio proizvodac, i prema uputstvu
za operativhu primenu. Zubna povrSina je
isuSena u roku od 5 sekundi pomocu sabijenog
vazduha pre samog merenja. Za svaki zub su
odredene bazi¢ne vrednosti na zdravom delu
zubne gledi da bi se omogucila unutrasnja
varijacija fluoresentne adaptacije individualnih
uzoraka. Potom su izvrSena dvadeset osam
merenja u periodu od dvadeset osam dana bez
ikakve dalje kalibracije (na bazi¢noj liniji, 1
jednom u toku 1 sata u trajanju od 12 sati, zatim
svaki treci sat u narednih 12 sati, pa na svakih 6
sati u narednih 12 sati, i jedno merenje 4, 7, 10,
14,21. dana i zavr$no merenje 28. dana). U toku
druge etape merenja, izvrSena je standardi-
zovana kalibracija pre svakog merenja. Isti
protokol kori$cen je za drugo merenje kao i za
prvo. Pre i u toku eksperimenta zubi su Cuvani u
saturisanom thymol rastvoru u friZideru na
temperaturi od +8°C. Kapacitet baterije ovog
uredaja i sobna temperatura odredeni su pre
pocetka svakog merenja. Pribavljene su i
digitalne slike ispitivanih povrSina da bi se

The aim of this in vitro study was to investigate
the stability of a laser fluo-rescence device the
DIAGNOdent™ for longitudinal measu-
rements with and without frequent calibration.

Material and methods

The present study was carried out in two
subsequent parts. The material in part I
comprised 30 premolar teeth, extracted from
young adolescents on orthodontic indications;
fifteen teeth with visually intact smooth surfaces
or various stages of non-cavitated carious
lesions, and fifteen teeth that had various stages
of non-cavitated occlusal carious lesions, or that
were visually sound. Extrinsic deposits were
gently cleaned with a Robinson brush and water.
Two separate series of measurements where
performed with and without calibration - with a
first generation DIAGNOdent™ (DD 1),
introduced on the market in 1998. Before the
start of the first series of measurements,
standardised instrument calibration was
performed using the ceramic standard provided
by the manufacturer and according to the
operating instruction manual. The tooth surfaces
were air dried for 5 s with compressed air prior to
the measurement. A baseline value for each
tooth was measured on a sound enamel spot, to
allow for intrinsic variation in fluorescence of
individual specimen adaptation. Twenty-six
measurements were then subsequently perfo-
rmed during twenty-eight days without any
further calibration (at baseline, and once an hour
for 12 h, then every third hour for the next 12 h,
then every sixth hour for the next 12 h, and one
measurement day 4, 7, 10, 14, 21 and a final
measurement on day 28). During the second
series of measurements, standardised instru-
ment calibration was performed before every
measurement session. The same time protocol
as for the first series of measurements was used
for the second one. Before and during the
experiment the teeth were kept in saturated
thymol saline under refrigeration, +8C. The
battery capacity of the device and room tempe-
rature were determined before each session of
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olakSala reorijentacija onih mesta predvidenih
zalongitudinalno merenje.

U drugom delu tekuce studije koriScena su
dva DIAGNOdent™ aparata, prva generacija
(DD 1) i druga generacija (DD II) plasirana
2001. godine. Merenje je izvedeno na 6 fluore-
scentnih standarda, uzoraka boja, napravljenih
od poliestera koji su sadrzali razliCite koli¢ine
titanijum-dioksida (0,1% — 1,0%TiO,). Flu-
orescentni standardi koriSéeni su da bi se
eliminisali eksterni izvori greske kao Sto su
prisustvo fleka, kalkulus 1 plak — prerekviziti
potrebni da bi se smanjio broj laznih pozitivnih
rezultata. Izvedene su dve odvojene serije, "sa"
i "bez" kalibracije, a pre pocetka prve serije
merenja, samo je jednom sprovedena stan-
dardna instrumentalna kalibracija. Bazi¢ne
vrednosti, adaptacije svakog uzorka, su pri-
bavljene uz 26 merenja koja su jedna za drugim
sprovedena u periodu od 28 dana bez ikakve
dalje kalibracije. U toku drugog serijala, pre
svakog merenja obavljena je standardna
kalibracija. Isti onaj protokol koji je koriscen u
prvoj etapi takode je koriS¢en u oba merenja
druge etape. Pre 1 u toku eksperimenta fluo-
rescence standardi su Cuvani u mracnoj sobi
izloZzeni jedino sijalici od 60W. Kapacitet
baterije ovog uredaja i sobna temperatura su
odredeni pre svakog merenja.

Intra-operativno uskladivanje

Intra-operativno ponavljanje je uradeno
ponovnim merenjem dva karijes oStecenja oda-
brana metodom slucajnog uzorka (jedna
okluzivna 1 jedna glatka povrSina) merena pod
identi¢nim uslovima, 20 puta svaki, sa jednim
DIAGNOdent aparatom. Merenja su obavljena
u intervalima od 20 minuta i operator je napu-
Stao sobu u toku svake pauze.

Statisticki metodi

Dvosmerna ANOVA sa ponovljenim
merenjima na dva faktora koriScena je da bi se
analizirali podaci u prvoj 1 drugoj studiji.
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measurements. To facilitate reorientation of the
sites for the longitudinal measurements, digital
images were obtained of the surfaces under
investigation.

In Part II of the present study were two
DIAGNOdent™ devices used, a first generation
(DD I) and a second generation (DD II)
introduced in 2001. Measurements where
performed on six fluorescence standards,
samples of colour, made of polyester containing
different amounts of titanium dioxide filler
(0,1% — 1,0% Ti0,). The fluorescence standards
were used in order to eliminate external sources
of error such as storage media, presence of
stains, calculus and plaque — prerequisites
required to reduce the number of false positive
readings. Two separate series, with and without
calibration, were performed and before the start
of the first series of measurements, standardised
instrument calibration was carried out only
once. Baseline values, an adaptation of each
specimen, were obtained followed by twenty-
six measurements subsequently performed
during 28 days without any further calibration.
During the second series of measurements,
standardised calibration was performed before
every measurement session. The same time
protocol used in study part I was used for both
series of measurements in part II. Before and
during the experiment were the fluorescence
standards kept in a dark room only exposed by a
60W light bulb. The battery capacity of the
device and room temperature were determined
before each session of measurements.

Intra-operator agreement

The intra-operator repeatability was
determined by repeated measurements of two
randomly selected carious lesions (one occlusal
and one smooth surface) measured under
identical conditions, 20 times respectively with
one DIAGNOdent device. The measurements
were performed with a 20 minute interval in
between, and the operator left the room during
every intermission.
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Faktori su bili kalibracija (sa nivoima bez
kalibracije i/sa kalibracijom) i stanja merenja u
toku vremenskog perioda (sa razli¢itim
nivoima). Interakcija u ANOVI odnosi se na
statisticki test da li se efekat jednog faktora,
posto je izmeren na osnovu razlika u prosecima
odgovora, razlikuje za razli¢ite nivoe od ostalih
faktora. U slu¢aju znacajne interakcije, ispitani
su jednostavni efekti npr. efekat jednog faktora
koji drzi drugi faktor fiksiran. Kada je F-ratio za
merenje faktora stanja u toku vremena postao
znaCajan, obavljena su planirana poredenja
izmedu tretmana. P-vrednosti su onda ispravlje-
ne naosnovu Bonferonijeve procedure. Takode
je ispitan i kontrast za linearni trend. Ako ko-
relacije izmedu svakog para ponovljenog
merenja nisu iste (test na Sfernost), stepen
slobode (d.f.) F testa povezanog sa faktorom
merenja stanja u toku vremena, smanjen je
uvecavanjem svakog od d.f. Greenhouse-Ge-
isser epsilonom. Ponovljena merenja ANOVA
primenjena su da bi se analizirala konzistentnost
izmedu oba sredstva DD I'1 DD II. Za procenu
ponavljanja, srednja vrednost, standardna
devijacija, srednja i maksimalna vrednost su
primenjene podjednako na glatka 1 okluzalna
karijes oStecenja.

Rezultati
Prvideo

Slika 3a pokazuje podatke dobijene na
osnovu svih 30 izvadenih zuba i dvadeset Sest
uzastopnih merenja sa samo jednom pocetnom
kalibracijom. Slika 3b pokazuje dvadeset Sest
merenja sa kalibracijom pre svakog merenja u
toku 28 dana. Rezultati su pokazali znaCajnu
promenu u toku vremena: linearni trend koji se
krece ka nizim stanjima u prvom delu studije sa
samo jednom pocetnom kalibracijom
(p<0.001). U drugom delu merenja, sa Cestim

Statistical methods

A two-way ANOVA with repeated measures on
two factors was used to analyse the data in part |
and II of the study. The factors were calibration
(with the levels without calibration and with
calibration) and measurement readings over
time (with different levels). The interaction in
the ANOVA refers to the statistical test of
whether the effect of one factor, as measured by
differences in the response averages, is different
for different levels of the other factor. In case of
significant interaction, simple effects were
examined, i.e. effects of one factor holding the
other factor fixed. When the F-ratio for factor
measurement readings over time was signi-
ficant, planned comparisons were performed
between the treatments. The p-values were then
corrected according to the Bonferroni procedu-
re. Contrast for linear trend was also investi-
gated. If the correlations between each pair of
repeated measures were not the same (test of
Sphericity), the degrees of freedom (d.f.) of the
F-tests associated with the factor measurement
readings over time were reduced by multiplying
each of the d.f. by the Greenhouse-Geisser
epsilon. Repeated measures ANOVA were
applied to analyse the consistency between the
two devices DD I and DD II. For assessment of
repeatability, mean value, standard deviation,
mean and max value were applied for smooth
and occlusal carious lesions, respectively.

Results

Partl

Fig. 3a shows data obtained from a total of 30
extracted teeth and twenty-six subsequent
measurements with only one initial calibration.
Fig. 3b shows twenty-six measurements with
calibration before every measurement, during
28 days. The results showed a significant change
over time: a linear trend with drifting towards
lower readings in the first study series with only
one initial calibration (p<0.001). In the second
series of measurements, with frequent cali-
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kalibracijama, nije se mogao uociti znacajniji
linearni trend (p=0.09) u toku vremenskog
perioda. Klinicki bitne razlike u srednjoj
vrednosti izmedu serija merenja su vremenom
postale uocljive (bez ucestale kalibracije 8.57).
Srednja vrednost rezultata iz ove serije sa
stalnom kalibracijom je otprilike bila za jednu
jedinicu viSa u toku Citave studije, a pojedinacna
posmatranja bila su viSaiza Sest jedinica.

Drugideo

Ponovljena merenja ANOVA pokazala su
znacajnu sistematsku razliku izmedu faktora
"sa" i "bez" kalibracije (p=0.0023) a razlika je
bila nezavisna od uredaja koji je koriséen
(p=0.67). Nije bilo znacajnijih razlika izmedu
uredaja DD I i DD II (p=0.14). Interakcija,
vremenska kalibracija bila je znacajna

brations, no significant linear trend over time
could be demonstrated (p=0.09). Clinically
relevant differences in mean value between the
series of measurements were seen over time
(without frequent calibration 7.64 — with fre-
quent calibration 8.57). The mean value of
readings from the series with frequent
calibrations was approximately one unit higher
throughout the study, and single observations
were one to six units higher.

Partl1l

Repeated measures ANOVA showed a
significant systematic difference between the
factors "with" and "without" calibration
(p=0.0023) and the difference was independent
of which device that was used (p=0.67). There
was no significant difference between the
devices, DD 1 and DD II (p=0.14). The

Vol lage [

DI&G Nddent readings

Time point

Figure 3a.

Slika 3a. DIAGNOdent ocitavanje bez kalibracije. Podaci koji
su dobijeni na 30 izvadenih zuba i 26 ocitavanja za vreme 28
dana, sa samo jednom pocetnom kalibracijom. Pronadene su
znacajne promene u tom periodu sa linearnim trendom i
pomeranja prema niZzim vrednostima (p<0,001). Tamnija
tackasta kriva na vrhu dijagrama pokazuje kapacitet voltaZe
baterije, koji opada postepeno za vreme prvog dana kao i
kontinuirano opadanje vremenom. Donja naznacena kriva sa
kvadraticima pokazuje srednje vrednosti sa ocitavanjima nizim,
priblizno za jednu jedinicu, kroz celu seriju studije (¥=7,64) u
poredenju sa serijama sa kalibracijom.

Figure 3a. DIAGNOdent readings without calibration.
Data from atotal of 30 extracted teeth and twenty-six subsequent
measurements during 28 days, with only one initial calibration.
A significant change over time was found, with a linear trend
drifting toward lower readings (p<0.001). The bold, dotted
curve at the top of the diagram demonstrates the battery voltage
capacity, which falls considerable during the first day, only to
continuously decrease very slowly over time. The lower bold,
square-marked curve shows the mean value, with readings
approximately one unit lower throughout the study series
(¥=7.64) comparedto the series with calibration.
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Slika 3b. DIAGNOdent ocitavanje sa kalibracijom.
Standardizovana kalibracija je uradena pre svakog merenja u
skladu sa istim vremenskim protokolom kao za prvu seriju
merenja. Nije uocen signifikantni linearni trend u opisanom
vremenu (p=0.09). Kapacitet baterijske voltaZe, pokazan kao
crnatackasta kriva, sa vrha pada zanemarljivo malo u opisanom
vremenskom periodu, sa 7.5 V na 6.75 V. Donja crna kriva sa
kvadraticima pokazuje srednje vrednosti sa ocitavanjima
priblizno jedne jedinice vise kroz celu seriju u studiji (%, =8.57) u
poredenju sa serijom bez kalibracije.

Figure 3b. DIAGNOdent readings with calibration. Sta-
ndardised calibration was performed before every measurement
session according to the same time protocol as for the first series
of measurements. No significant linear trend over time could be
demonstrated (p=0.09). The battery voltage capacity,
demonstrated as a bold, dotted curve at the top, falls negligible
over time from 7.5V to 6.75V. The lower bold, square-marked
curve shows the mean value, with readings approximately one
unit higher throughout the study series (%=8.57) compared with
the series without calibration.
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(p=0.000) sa stabilnim dijagnozama u toku
vremenskog perioda "sa kalibracijom", dok su
se rezultati u periodu "bez kalibracije" kretali u
pravcu niZeg stanja od prvog dana pa nadalje.
(S1.4)

Instrument

Fizh cal.

FFizh ool

DD readings

O N B - -

Fithout oal, Withoue cal,

2406 5101214161820222430 2 4 6 2 10121416 1820222426
Verfical bars denote 085 confidence inferval

Intra-operativno uskladivanje

Ponovljena merenja jednog okluzalnog
karijes oStecenja, putem jednog operatora, dalo
je srednju vrednost od 13.85 sa SD od 2.24 (min
11, max 18). Za glatke povrsine, odgovarajuci
podaci iznosili su 8.15 za srednju vrednost, a za
SD0.67 (min 7, max9).

Diskusija

Promena u obrascu po kome se karijes razvija
zahteva 1 menjanje filozofije samog tretmana;
originalna maksima "ekstenzija za prevenciju"
izbegavana je 1 kod pristupa minimalnim
intervencijama, iako je ovaj pristup efektivan
samo ako se karijes otkrije rano. Netacna
dijagnoza je uzrok nepravilne odluke u vezi
tretmana koji ¢e se primenjivati. U danasnje
vreme kada je nizak stepen kvara dominantan a
progresija bolesti spora, potencijalni rizik
nepotrebne restauracije veci je od rizika
propustanja ranog kvara. Kao dodatak konve-
ncionalnim karijes dijagostickim metodama kao
Sto su vizuelni pregled i "bitwing" radiografija,
potreba za objektivnim kvantitativnim meto-
dama je od velike vaZnosti.

interaction, time-calibration, was significant
(p<0.000) with stable readings over time in the
period "with calibration", while the readings in
the period "without calibration" was drifting
towards lower readings from day one and
orward. (Fig.4)

Slika 4. Uticaj kalibracione frekvence na merenje standardne
fluorescence, sa DD 1i DD II. Dvadeset Sest merenja uradena
su za 28 dana u seriji izmedu faktora sa i bez kalibracije
standarde fluorescence, sa dva instrumenta. Znacajna razlika
izmedu "sa kalibracijom” i "bez kalibracije" je uocena
(p=0,0023), nezavisno upotrebljenog od aparata (p=0,67).
Rezultati su pokazali da nema signifikantne razlike izmedu
aparataDDI i DDII (p=0,14)

Figure 4. The influence of calibration frequency on measu-
rements of fluorescence standards, with DD I and DD II
Twenty-six measurements were performed during 28 days in
series between the factors with and without calibration on
fluorescence standards, with two instruments. A significant
difference between “with calibration” and “without calibra-
tion” was seen (p=0.0023), independent of which device used
(p=0.67). The results showed no significant difference between
the devices, DD [ and DD Il (p=0.14).

Intra-operator agreement

Repeated measurements of one occlusal
carious lesion, by one operator, showed a mean
value of 13.85 with a SD of 2.24 (min 11, max
18). For the smooth surface, the corresponding
findings were a mean of 8.15, SD 0.67 (min 7,
max 9).

Discussion

The change in pattern of the caries disease
calls for a shift in treatment philosophy; the
original maxim of “extension for prevention”
has been eschewed for a minimal intervention
approach, though this approach is only effective
if caries is diagnosed at an early stage. Incorrect
diagnosis results in incorrect treatment
decisions. In current age of lower overall
prevalence of decay and slow disease
progression, the potential risk of unnecessary
restorations is greater than the risk of missing
early decay. As an adjunct to conventional
caries diagnostic methods such as visual
inspection and bitewing radiography, a need for
objective quantitative detection methods is of
high importance.

195



Acta Stomatologica Naissi, mart/March 2004, vol. 20, broj/number 45

Laserski fluorescentni uredaj, KaVo DIA-
GNOdent™, je neinvazivan instrument za
otkrivanje i kvantifikaciju zubnog karijesa na
glatkim 1 okluzalnim povrSinama, upotrebljava
se u istrazivanjima, koriste ga klinicari, zubari i
zubni higijenicari, a zastupljen je i u klinic¢koj
primeni. Ova stoliasta baterijski kvantitativna
laser dioda sa kompaktnim dizajnom i brzom
procedurom merenja pokazala je obecavajuce
rezultate kao dopuna konvencionalnim vizu-
elnim, taktilnim i radiografskim tehnikama, kao
i za longitudinalno pracenje karijes oStecenja3,
Dobra validnost3! i dobra2”-3! ili skoro odli¢na
reproduktivnost DIAGNOdent'"-a  objavljena
je u Stampanim in vitro istraZivanjima, ali
stabilnost ovog aparata joS nije procenjena.
Prema proizvodacu, kalibracija ovog uredaja je
neophodna samo kada su potrebna precizna
merenja u toku duzeg vremenskog perioda (od 3
do 12 meseci), kada se sonde redovno menjaju,
steriliSu ili dezinfikuju. Trenutna in vitro
istrazivanja predstavljaju rezultate merenja sa
znacajnim linijskim kretanjem ka niZim
rezultatima u serijalu bez kalibracije. Procena
intra-operativne respektabilnosti je pokazala
veoma dobre rezutate, ¢ime se istiCe da znatne
varijacije u rezultatima najverovatnije nisu
rezultat intra-operativnih varijacija. Ovo
pokazuje da je neophodno obavljati stalnu
kalibraciju ovog aparata da bi se dobili uporedni
podaci pri longitudinalnom pracenju karijes
ostecenja. Nije bilo znacajne razlike izmedu oba
uredaja DD I i DD II, niti znacajnije
uredaj/kalibracija interakcije. Calculus, plak,
kompozitni materijal za plombiranje, ostaci po-
lir pasti i mrlje mogu da stvore fluorescencu i
pritom prouzrokuju laZzne pozitivne rezulta-
te.24:2630 Zhog toga su drugi autori predlozili da
je neophodno izvrsiti temeljno ¢iscenje zubne
povrsine pre merenja.2+3931 Na osnovu rezu-
Itata ovog istraZivanja, preporucuje se da se,
takode, u ove prerekvizite ukljuci i frekventna
kalibracija DIA-GNOdent"-a da bi se smanjio
broj laznih pozitivnih rezultata.

Zahvalnost

Istrazivanje je potpomognuto i odobreno od
strane Svedskog Patentnog drzavnog fonda za
istrazivanje u preventivhom zubarstvu.
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The laser fluorescence device, KaVo
DIAGNOdent™, is a non-invasive instrument
for detection and quantification of dental caries
on smooth and occlusal surfaces, used for
research purposes and by clinicians, dentists and
dental hygienists, for clinical application. This
chair side, battery powered quantitative laser
diode with a compact design and fast
measurement procedure, has shown promising
results as a complement to conventional visual,
tactile and radiographic techniques, and for
longitudinal monitoring of carious lesions.30
Good validity3! and good?®: 3! to excellent
reproducibility 27 of the DIAGNOdent™ has
been reported in published in vivo studies, but
the stability has not been evaluated. According
to the manufacturer, calibration of the device is
only needed whenever accurate measurements
over an extended period of time (3 to 12 months)
are required, when probes are replaced or
sterilised or disinfected regularly. The present in
vitro study demonstrated measurement readings
with a significant linear drifting toward lower
readings in series without calibration.
Assessment of the intra-operator repeatability
exhibited very good results, which indicates that
the significant variations in readings were
probably not caused by intra-operator variation.
This indicates that frequent calibration of the
device should be performed in order to obtain
comparable data at longitudinal monitoring of
carious lesions. There was no significant
difference between the two devices, DD I and
DD II, nor any significant device/calibration
interaction. Calculus, plaque, composite filling
materials, remnants of polish pastes and stains
may produce fluorescence and could therefore
cause false-positive readings.2*26- 30 Therefore,
other authors have been suggested that a
thorough cleaning of the tooth surfaces should
be performed before the measurement,24- 30: 31
Based on the findings from this study, a reco-
mmendation is to also include frequent
calibration of the DIAGNOdent™ into these
prerequisites required to reduce the number of
false positive readings.
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