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Sazetak

Zaprimljen: 5. studenog 2010.

Svrha rada: Svjetlosni polimerizacijski uredaj osnovni je dio svake ordinacije dentalne medici-
ne. Tijekom godina njihov intenzitet svjetlosti postupno opada i to moze rezultirati nedostatnom
polimerizacijom materijala, Sto se klinicki ne moze detektirati odmah nakon osvjetljavanja. Svr-
ha ovog istrazivanja bila je ispitati zadovoljava li intenzitet svjetlosti polimerizacijskih uredaja u
zagrebackim ordinacijama dentalne medicine minimalne operativne uvjete. Materijali i postupci:
Intenzitet svjetlosti 111 ispitanih polimerizacijskih uredaja bio je izmjeren radiometrom (Bluep-
hase® meter, Ivoclar Vivadent, Schaan, Liechtenstein). Za svaki je obavljeno Sest mjerenja —tri na
pocetku osvjetljavanja i tri od 35 do 40 sekundi nakon pocetka iluminacije. Takoder su zabiljezZe-
ni podaci o vrsti uredaja, starosti, u¢estalosti koristenja i ima li ugraden radiometar. Rezultati: In-
tenzitet svjetlosti nizi od 300 mW/cm?imalo je 34 posto polimerizacijskih uredaja, a njih 44 posto
nizi od 400 mW/cm?. Prosjecna jakost svjetlosti preostalih uredaja bila je 675,3 mW/cm?. Polime-
rizacijski uredaji u Zagrebu koji su bili ukljuceni u ovo istrazivanje bili su u prosjeku koristeni pet
godina. Zaklju¢ak: lako prosjecan intenzitet svjetlosti polimerizacijskih uredaja u Zagrebu ispu-
njava opce zahtjeve za ucinkovitu polimerizaciju kompozitnih smolastih materijala, ¢injenica da
je jakost vise od trecine uredaja nedovoljna treba upozoriti stomatologe da moraju redovito kon-
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Uvod

Restauracije u boji zuba ubrajaju se u osnovne estetske za-
htjeve, a to za vec¢inu doktora dentalne medicine znaci upo-
trebu kompozitnih materijala. Visok stupanj polimerizacije
nuzan je za postizanje optimalnih fizickih svojstava i kom-
patibilnost s bioloskim strukturama. Nepolimerizirane me-
takrilatne skupine, koje mogu zaostati u dubokim dijelovima
lose polimeriziranih kompozitnih ispuna, ne samo da pred-
stavljaju citotoksi¢ni i genotoksicni rizik (1-3), nego njihova
topljivost moze potaknuti nastanak $upljina i sekundarnog
karijesa (1, 4-6). Polimerizacija kompozitnih materijala ovisi
o mnogobrojnim unutarnjim ¢imbenicima, tako osim sasta-
va organske matrice (7) oni uklju¢uju i vrstu fotoinicijatora
(8), nijansu i stupanj translucencije materijala (9).

Na stupanj polimerizacije svjetlosno stvrdnjavaju¢ih
materijala, osim svojstva materijala, znatno utjecu i svjetlo-
sno polimerizacijski uredaji (SPU). Polimerizacijski uredaj
nuzni je dio opreme svake ordinacije dentalne medicine.
U nedavno provedenom istrazivanju u kojem se evaluirala
ucinkovitost halogenih polimerizacijskih uredaja u Toron-
tu, istaknuto je da je ¢ak 78 posto ordinacija koje su sudje-

Introduction

Tooth colored restorations are among primary dental
esthetic demands, which, for most dentists, means the use
of composite materials for their patients. A high degree of
composite polymerization is essential for the optimal phys-
ical properties and the compatibility with biological struc-
tures. Not only do the residual unconverted methacrylate
groups which may remain in lower parts of poorly polymer-
ized composite fillings present a cytotoxic and genotoxic risk
(1-3), but also their solubility might cause the formation of
cavities and the occurrence of secondary caries (1, 4-6). The
polymerization of composite materials depends on many in-
trinsic factors. Apart from the composition of organic matrix
(7), these involve the type of the photoinitiator (8), shade
and the degree of translucency of the material (9).

Together with the material characteristics, the degree
of polymerization of light cured composites is significant-
ly influenced by light curing units (LCU). A light curing
unit is an unavoidable part of dental equipment in every
dental office. A recent study evaluating the efficacy of halo-
gen photopolymerization units in Toronto states that 78%
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lovale u istrazivanju imalo vise od jedne polimerizacijske
svjetiljke (10). Od prve pojave svjetlosno polimeriziraju¢ih
kompozita, u upotrebi su razliciti SPU-i — od onih kvarc-
tungsten-halogenih (QTH) i plazme, do danasnjih viso-
ko sjajnih svjetle¢ih dioda (engl. ,light emmiting diode®;
LED) te laserskih polimerizacijskih uredaja. QTH-svjetilj-
ke imaju halogenu Zarulju koja emitira bijelo svjetlo koje se
zatim filtrira kako bi postalo plavo u valnim duljinama od
350 do 520 nm. Razmjerno su jeftine i jo$ u Sirokoj upo-
rabi. Polimerizacijski uredaji na temelju LED-tehnologije
imaju maksimalnu valnu duljinu od 455 do 480 nm. To su
lagani, beZi¢ni i prijenosni aparati s veCom trajno$¢u i stva-
raju manje topline (11).

Intenzitet svjetlosti, izlazni spektar svjetlosnog izvora i na-
¢in polimerizacije najvaznije su znacajke uc¢inkovitosti SPU-a
(12). Izlazni spektar vecine tih uredaja prilagoden je najéesée
koristenom fotoinicijatoru — kamforkinonu koji ima najvisu
apsorpciju oko 468 nm. Drugi fotoinicijatori, kao $to su fe-
nilpropandion i lucirin TPO, koji se ¢esto upotrebljavaju u ja-
ko svijetlim nijansama nekih smolastih materijala, aktiviraju se
apsorpcijom svjetla u ultraljubicastom spektralnom podruéju
(380 do 430 nm). Takvi materijali zahtijevaju i posebno pri-
lagodene polimerizacijske uredaje. Razli¢iti SPU-i imaju do-
stupne razne nacine polimerizacije. Veéina se temelji na pro-
mjenama intenziteta svjetlosti tijekom postupka, kako bi se
smanjili negativni ucinci polimerizacijskog skupljanja koje je
izrazito povezano s visokim stupnjem polimerizacije (13-15).
Najvaznije varijable koje utjecu na stupanj polimerizacije smo-
lastih kompozitnih materijala su gusto¢a svjetlosne energije
(16-18) i trajanje ekspozicije svjetlosti (19).

«Intenzitet svjetlosti», odnosno povrsinska gustoca elek-
tromagnetskog zracenja, pojam je koji se upotrebljava u ra-
diometriji za snagu elektromagnetskog zratenja po povrsini.
Dostupna literatura nedosljedna je u vezi s pitanjem mini-
malnog operativnog intenziteta svjetlosti SPU-a. U mnogo-
brojnim istrazivanjima rabila su se 233 mW/cm* kao mini-
mum, prema preporuci Rueggeberga i suradnika (20). No, u
tom radu preporucuje se vrijeme ekspozicije od 60 sekundi,
koristeci se polimerizacijskim izvorima svjetlosti od najmanje
400 mW/cm? ako debljina sloja materijala ne prelazi dva mi-
limetra. Te tvrdnje podupiru rezultati Yapa i Seneviratna, ko-
ji tvrde da je ekspozicija od 500 mW/cm? tijekom 30 sekundi
dostatna za optimalnu polimerizaciju (21). Internacionalna
organizacija za standardizaciju (ISO) preporucuje minimal-
ni intenzitet svjetlosti od 300 mW/cm? u valnom podrucju
od 400 do 515 nm, na vrhu svjetlosnog nastavka uredaja za
polimerizaciju (22).

Intenzitet SPU-a moze se mijeriti dircktno radiometrom
(RM-om), uredajem za mijerenje fluksa elektromagnetskog
zratenja. Osim nekih preciznih fizikalnih instrumenata za
mjerenje intenziteta svjetlosti, postoje i stomatoloski radio-
metri koji mogu biti zasebni uredaji ili ugradeni u SPU. Nji-
hova pouzdanost nekoliko je puta bila dovedena u pitanje
(23, 24). Indirekeno, u¢inkovitost SPU-a moze se ustanoviti
testiranjem kakvoce materijala nakon polimerizacije, odredi-
vanjem stupnja polimerizacije kompozitnih materijala razli-
¢itim spektroskopskim metodama (25, 26), testom struganja
(27), testom mikrotvrdoée (28) i ostalim (9).

Polimerizacijski uredaji u Zagrebu

of dental offices participating in the study had more than
one light curing unit (10). Since the first introduction of
light curing composite resins, various LCUs have been in
use, from quartz tungsten halogen (QTH), plasma arc to
today’s light emitting diode (LED) and laser curing units.
Quartz tungsten halogen curing units have a halogen light
bulb which emits the white light which is than filtered and
the output is the blue light with wavelengths from 350-520
nm. They are relatively low-cost and still widely used. Cur-
ing units based on LED technology have the peak wave-
length in range from 455-480 nm. They are lightweight,
cordless and portable, have a longer life span and generate
less heat (11).

The light intensity, spectral output of the light source and
the curing mode are the most important features associated
with the effectiveness of LCUs (12). The spectral range of
most LCUs is adjusted to the most commonly used photoini-
tiator, camphorquinone, which has the peak absorbance at
around 468 nm. However, another two photoinitiators phe-
nylpropanedione and lucirin TPO, mostly used in “bleach”
shades of some resin materials, are activated by absorption
of light in UV part of the spectra (380-430 nm). Most of
them are based on variations of the irradiance during curing
period in order to minimize negative effects of polymeriza-
tion contraction, which is strongly associated with a high de-
gree of composite polymerization (13-15). Also, some of the
most important variables governing the degree of conversion
of composite resin materials are the light energy density (16-
18) and the duration of light exposure (19).

Irradiance is the radiometry term for the power per unit
area of electromagnetic radiation at a surface, also known as
“light intensity”. Various curing modes are available in dif-
ferent LCUs. There has been an inconsistency in literature
regarding the minimal operational irradiance of LCUs. A
number of studies use 233 mW/cm? as minimum, according
to the recommendation of Rueggeberg et al. (20). However,
the authors point out that routine exposure time periods of
60 seconds are recommended using light-source intensities
of at least 400 mW/cm?, providing that incremental layer
thickness does not exceed 2 mm. These findings are support-
ed by the results of Yap and Seneviratne, who claim that 500
mW/cm? is enough for optimal cure after 30 seconds of ir-
radiation (21). The International Organization for Standard-
ization (ISO) suggests the minimum intensity of 300 mW/
cm” in the 400-515 nm wavelength bandwidths at the light
curing tip (22).

The intensity of LCU can be measured directly, using so
called radiometers (RM), devices for measurement of radiant
flux of electromagnetic radiation. Apart from some precise
physical instruments used to measure light intensity, there
are also dental radiometers, which can be hand-held or in-
tegrated in the curing unit. Their reliability has been repeat-
edly compromised (23, 24). Indirect test of the efficiency of
LCUs is the establishment of the quality of the materials af-
ter polymerization, such as the determination of the degree
of vinyl conversion of composite materials using spectro-
scopic methods (25, 26), scrape test (27), microhardness test
(28) and others (9).
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Svrha ovog istrazivanja bila je ustanoviti zadovoljava li ja-
kost svjetla polimerizacijskih uredaja u ordinacijama dental-
ne medicine u Zagrebu minimalne operativne zahtjeve, ot-
kriti distribuciju vrsta polimerizacijskih uredaja u privatnim
i drzavnim ordinacijama te promjenu intenziteta svjetla na
pocetku i kraju polimerizacije. Zadatak istrazivanja bio je ta-
koder usporediti rezultate sadasnjeg istrazivanja intenziteta
svjetlosti polimerizacijskih uredaja s onim obavljenim u Za-

grebu prije 11 godina.

Materijali i postupci

U ovom istrazivanju bio je izmjeren intenzitet 111 SPU-a
u 22 drzavne i privatne ordinacije na podru¢ju grada Zagre-
ba. § lije¢nicima u ordinacijama dentalne medicine najpri-
je se telefonski razgovaralo te su zamoljeni da dopuste dola-
zak ispitivatima. Svima je najprije bio obja$njen postupak i
svrha ispitivanja, a zatim se obavilo testiranje polimerizacij-
skih uredaja.

Sva mjerenja obavio je jedan ispitiva¢. Za svaku polimeri-
zacijsku svjetiljku u ovom istrazivanju zabiljezeni su podaci o
vrsti (halogena, plazma ili LED), proizvodacu, starosti, uce-
stalosti uporabe te ima li ugraden radiometar. Vrijednosti in-
tenziteta emitiranog svjetla dobivene su uzimanjem prosjeka
nakon tri uzastopna mjerenja na pocetku polimerizacijskog
razdoblja i tri u razdoblju od 35 do 40 sekundi nakon pocet-
ka iluminacije. S obzirom na to da mnoge polimerizacijske
svjetiljke mogu raditi na viSe nacina, a da je svrha istrazivanja
bila dobiti uvid u maksimume intenziteta polimerizacijskih
uredaja na podrudju grada Zagreba, jakost svjetlosti uvijek se
mjerila u najja¢em rezimu rada. Ako polimerizacijski uredaj
nije imao kao opciju trajanje polimerizacije od 40 sekundi,
birao se rezim rada koji je, uz najja¢i mogudi intenzitet svje-
tla, imao i najdulje razdoblje polimerizacije.

Jakost se mjerila metrom Bluephase” (Ivoclar Vivadent,
Schaan, Liechtenstein). Povrsina fiber-optickog vrha fotopo-
limerizacijskog uredaja i snaga svjetla odreduju se senzorom
na radiometru. Intenzitet svjetla izratunava se integriranim
mikroprocesorom dijeljenjem snage svjetlosti i povrsine tu-
busa polimerizacijskog tijela. Raspon valnih duzina koje je
moguce ocitati jest od 380 do 520 nm, a raspon intenziteta
svjetla od 300 do 2500 mW/cm®. Mjerenja su obavljena pri-
slanjanjem tubusa na senzor radiometra i zatim su se vrijed-
nosti intenziteta svjetlosti o¢itavale sa zaslona na pocetku ilu-
minacije te 35 i 40 sekundi nakon njezina pocetka.

Tocnost radiometra Bluephase provjerena je paralelnim
mjerenjima na 14 polimerizacijskih svjetiljki s integriraju-
¢om kuglom - Ulbrichtovom kuglom (Gigahertz Optik Gm-
bH, Puchheim, Njemacka), preciznim fizikalnim uredajem
koji mjeri apsolutnu snagu svjetlosti izrazenu u vatima (W).
Kako bi se dobile vrijednosti intenziteta polimerizacijske
svjetiljke izmjerene integriraju¢om kuglom, apsolutna sna-
ga bila je podijeljena s povsinom izvora svjetlosti. Uzorak je
¢inilo 14 polimerizacijskih uredaja (Kavo Polylux II, Astra-
lis 7, Bluephase, ESPE Elipar II, ESPE Elipar Trilight i ES-
PE Elipar Highlight).

Light curing units in Zagreb

The purpose of this study was to examine whether the
light intensity of curing units used in dental offices in Za-
greb satisfies minimum operational requirements and to in-
vestigate the distribution of the types of light curing units in
private and public dental offices as well as the change of light
intensity at the start and the end of curing period. Also, the
aim of this study was to compare the results of the survey on
the efficiency of light curing units in Zagreb conducted 11
years ago with the present study.

Materials and methods

In this study, the intensity of 111 different LCUs in 22
public and private dental offices in the area of Zagreb, Croa-
tia was measured. The dental offices were contacted by phone
and the dentists were asked for the permission to visit their
offices. The procedure and the purpose of the investigation
were first explained in each office and the testing of the LCUs
followed.

One examiner performed all the measurements. The da-
ta about the type of LCU (QTH, plasma-arc or LED), the
manufacturer, age, frequency of use and the existence of inte-
grated radiometer were recorded for each LCU. The values of
the intensity of emitted light were median values from three
consecutive measurements at the beginning of polymeriza-
tion and three at the period from 35 to 40 sec after the start
of irradiation. Considering that many LCUs have more po-
lymerization modes, and that the aim of this study was to get
insight in the maximum light intensity of the LCUs in the
area of Zagreb, the light intensity was always measured in the
strongest mode of operation. If the LCU did not have as op-
tion duration of irradiation period of 40 seconds, the regime
of work with the longest period of illumination, along with
the strongest light intensity was measured.

Bluephase’ meter (Ivoclar Vivadent, Schaan, Liechten-
stein) was used for measurement of LCU’s light intensity.
The sensor in the radiometer determines the surface of the
fiber optic tip on the polymerization unit as well as its light
power. The irradiance is calculated by dividing the light pow-
er and the surface of the light guide tip by means of an in-
tegrated microprocessor. It is possible to detect the range
of wavelengths from 380 to 520 nm and the light intensity
from 300 do 2500 mW/cm?* with it. The measurements were
performed by pressing the light guide directly onto the sen-
sor and reading the irradiance values from the screen at the
start and at the 35-40 second period of the illumination.

The credibility of the Bluephase” meter was validated by
comparative measurements of 14 LCUs using an integrat-
ing sphere (Ulbricht’s sphere; Gigahertz Optik GmbH, Pu-
chheim, Germany), an accurate device used in physics which
measures the total light power, expressed in watts (W). In or-
der to calculate the irradiance of LCU measured with inte-
grating sphere, it was necessary to divide the value of total
light power with the surface of the output tip of each light
source. The sample consisted of 14 LCUs (Kavo Polylux II,
Astralis 7, Bluephase, ESPE Elipar II, ESPE Elipar Trilight
and ESPE Elipar Highlight).
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Statisticka analiza

Usporedba radiometra Bluephase i integrirajuce sfere

Za testiranje normalnosti razdiobe podataka bio je ra-
bljen Shapiro-Wilkov test, a za testiranje homogenosti vari-
janci Leveneov test. Za usporedbu rezultata mjerenja izme-
du radiometra (RM-a) i integrirajuce sfere (IS-a) te izmedu
pocetka i nakon 40 sekundi, upotrijebljen je t-test za zavisne
uzorke. Za izratun pouzdanosti mjerenja odabran je intrakla-
sni korelacijski koeficijent. Pogreska mijerenja izra¢unata je
kao drugi korijen reziduala iz tablice ANOVA, prema prepo-
ruci Blanda i Altmana (29, 30). Koeficijent varijabilnosti ko-
riten je za usporedbu varijabiliteta pojedinih mjerenja. Svi
testovi radeni su uz razinu znacajnosti p<0,05 pomocu stati-

stickog softvera SPSS 10,0 (SPSS Inc., Chicago, IL, SAD).

Glavno istrazivanje

Uzorak se sastojao od 72 uredaja. Pocetni uzorak ¢inilo
je 111 SPU-a, no kako je 38 imalo intenzitet svjetlosti ma-
nji od 300 mW/cm?, apsolutne vrijednosti njihovih intenzi-
teta svjetlosti nisu se mogle utvrditi radiometrom Bluephase,
tako da je otpalo 35 posto uzoraka. Testiranje normalnosti
razdiobe podataka obavljeno je Shapiro-Wilkovim testom,
a ispitivanje homogenosti varijanci Leveneovim testom. In-
tenziteti svjetlosti bili su normalno distribuirani i za njiho-
vu analizu rabljene su metode parametarske statistike (t-test
i visefaktorska analiza varijance - ANOVA) dok starost svje-
tiljki nije bila normalno distribuirana te je za njezinu anali-
zu rabljen neparametarski Mann—Whitneyjev U test. Za is-
pitivanje moguceg utjecaja starosti svjetiljke kao kovarijance
na razlike u intenzitetu svjetla izmedu LED i QTH-svjetiljki,
a uzimajudi u obzir vrstu ordinacije, postoji li radiometar u
uredaju te koristi li se svakodnevno, rabljena je analiza kova-
rijance (ANCOVA). Logistickom regresijom Zeljela se usta-
noviti korelacija izmedu vrste ordinacije, vrste svjetla, postoji
li radiometar u uredaju, njegove starosti, svakodnevnog ko-
riftenja te intenziteta svjetla na pocetku i nakon 35 sekun-
di. Za procjenu statisticke znacajnosti regresijskih koeficije-
nata u modelu rabljen je test Likelihood ratio, a prediktorske
varijable za multipli logisticki regresijski model izabrane su
metodom ,backward“. Omjeri rizika s 95-postotnim inter-
valima pouzdanosti koristeni su za izrazavanje povezanosti
izmedu pojedinih varijabli. Za ispitivanje korelacija izmedu
pojedinih normalno distribuiranih varijabli rabljena je Pear-
sonova korelacija, a za one koje nisu bile normalno distribu-
irane Spearmanova. Procedure trofaktorske analize varijance
za ponovljena mjerenja opéeg linearnog modela sa Sidako-
vom korekcijom koristene su za ispitivanje razlika izmedu
ponovljenih mjerenja intenziteta svjetlosti na pocetku i na-
kon 35 sekundi, uzimajuéi u obzir u¢inke termina mjerenja,
vrste svjetla i vrste ordinacija. Sfericitet podataka parova vari-
jabli provjeren je Mauchlyjevim testom. Za slucajeve s naru-
$enim sfericitetom koristene su Greenhouse—Geisserove ko-
rekcije stupnjeva slobode povezane s F-vrijednosti. Svi testovi
radeni su uz razinu znacajnosti p<0,05, pomocu statistickog

softvera SPSS 10,0 (SPSS Inc., Chicago, IL, SAD).

Polimerizacijski uredaji u Zagrebu

Statistical analysis

Comparison of Bluephase® meter and integrating sphere

Shapiro-Wilk test was used for testing of the regularity of
data distribution, and for the testing of homogeneity of vari-
ance Levenes test. The paired-samples t-test was used eor the
comparison of the results of measurements made with radi-
ometer (RM) and integrating sphere (IS) and between start
and 40 second values, and for the calculation of reliability
of measurements, interclass correlation coefficient was used.
Measurement error was calculated as square root of the resid-
ual mean square from ANOVA table, according to the rec-
ommendation of Bland and Altman (29, 30). The variabili-
ty of all measurements was compared using the coefficient of
variability. All the tests were performed with the significance
level of p<0.05 using the statistical software SPSS 10.0 (SPSS
Inc., Chicago, IL, USA).

Mean research

The sample consisted of 72 LCUs. The initial sample
had 111 LCUs, but since 38 of them had irradiance low-
er than 300 mW/cm?, their absolute irradiance values could
not be detected with Bluephase” meter, so the drop-out rate
was 35%. For testing of the regularity of data distribution
Shapiro-Wilk test was used, and for the testing of homoge-
neity of variance the Levene test was used. The irradiance
values had normal distribution and for their analysis, meth-
ods of parametric statistics (t-test and multifactorial anayl-
sis of variance - ANOVA) were used, while the age of LCUs,
which was not normally distributed, was analyzed by non-
parametric Mann-Whitney U test. For testing the possible
influence of LCUs’ age as a covariance on the differences in
irradiance of LED and QTH curing units, taking the type
of dental office, the existence of built-in radiometer and the
everyday use of LCU into the consideration, the data were
tested with analysis of covariance (ANCOVA). The correla-
tion between the type of dental office, LCU type, integration
of radiometer, everyday usage and the irradiance at the start
and after 35 seconds of irradiation was established by logis-
tic regression. Likelihood ratio test estimated the statistical
significance of regression coefficients in the model and pre-
dictor variables for multiple logistic regression models were
chosen by backward method. Risk ratio with 95% confiden-
tiality intervals was used to express the connection between
variables. Pearson’s correlation was used for testing the cor-
relation between normal distributed variables, and for the
ones which were not normally distributed - Spearman’s cor-
relation. Procedures of three-factor variance analysis for re-
peated measurements of general linear model with Sidak’s
correction were used for testing the differences between re-
peated measurements of irradiance at the beginning and af-
ter 35 seconds, considering the timing of the measurement,
the type of light source and the office. All the tests were per-
formed with the significance level of p<0.05 using SPSS 10.0
statistical software (SPSS Inc., Chicago, IL, USA).
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Rezultati

Usporedba intenziteta svjetlosti dobivenih
radiometrom Bluephase® i integrirajucom sferom

Intraklasni korelacijski koeficijenti pokazali su da je svaki
od postupaka mjerenja pouzdan (ICC=0,92-0,98; p<0,001),
a pogreska u mjerenju (ME=19,40-38,74) uvijek je bila ma-
nja od standardne devijacije (SD=129,39-159,55), odnosno
manja od rasprsenja podataka za tri mjerenja kod oba mjerna
instrumenta i oba vremena ocitanja (Tablica 1.). Koeficijent
varijabilnosti upucuje na to da najmanje variraju vrijednosti
svjetla za lightmeter nakon 40 sekundi (CV=2,84%), a naj-
vise Ulbrichtova kugla na pocetku (CV=5,45%).

Tablica 1. Parametri pouzdanosti mjerenja

Light curing units in Zagreb

Results

The comparison of the irradiance values obtained by
Bluephase® meter and integrating sphere

Intraclass correlation coefficients (Table 1) show that both
measurement methods are reliable ICC=0.92-0.98; p<0.001)
and that the measurement error (ME=19.40-38.74) is always
lower than the standard deviation (SD=129.39-159.55),
namely lower than data dispersion in both measurement in-
struments and timings (Table 1). The coefficient of variabil-
ity shows that the values of irradiance for radiometer after 40
seconds are the least variable (CV=2.84%), whereas the mea-
surements with Ulbricht’s sphere at the start of the measure-
ment are the most variable (CV=5.45%).

Table1  The parameters of the reliability of measurements.
yJerenje o IcC 95% CI p ME CV (%)
RM start 14 0.92 0.8-0.97 <0.001 35.38 5.11
RM 40s 14 0.98 0.94-0.99 <0.001 19.40 2.84
IS start 14 0.92 0.8-0.97 <0.001 38.74 5.45
IS40's 14 0.94 0.86-0.98 <0.001 35.48 5.17
Legenda * Legend:

RM - radiometar ® radiometer, IS — integrirajuca sfera ® integrating sphere, ICC — intraklasni korelacijski koeficijent ® intra-class correlation coefficient,
CI - interval pouzdanosti ® confidence interval, ME — pogreska mjerenja ¢ measurement error, CV — koeficijent varijabilnosti ¢ coefficient of variability

Rezultati mjerenja intenziteta svjetlosti- glavno istrazivanje

Pocetni uzorak ¢inilo je 111 SPU-a na podruéju Zagreba
i medu njima su bila 44 razli¢ita modela. Od toga je 49,55
posto bilo LED-uredaja, a 50,45 posto halogenih. U drzav-
nim ustanovama (Stomatoloski fakultet, Perkovceva, Dom
zdravlja Zeljezni¢ar, Dom zdravlja Centar) ispitano je 48,65
posto svjetiljki, a u privatnim ordinacijama 51,35 posto. Pro-
sjecna starost bila je 5,55 godina. U svakodnevnoj uporabi je
87,38 posto SPU-a. Ugradeni uredaj za mjerenje intenziteta
ima 42,34 posto svjetiljki.

Intenzitet manji od 300 mW/cm? imalo je 34 posto (38)
svih SPU-a (Slika 1.), pa su izbadeni iz uzorka koji se stati-
sticki analizirao (Tablica 2.). Vrijednosti jakosti svjetlosti bile
su normalno distribuirane te smo se koristili parametarskom
statistikom, a starost uredaja nije pa je za razlike u starosti
upotrijebljena neparametarska statistika.

40

Irradiance data — main research

The initial sample consisted of 111 LCUs in the area of
Zagreb, which comprised 44 different models. Out of that
number, 49.55% were LED and 50.45% were QTH. In
public institutions (School of Dental Medicine Zagreb, Den-
tal Polyclinic Zagreb, Medical Centre Zeljezniéar, Medical
Centre Downtown) 48.65% were measured, and in private
dental practices 51.35%. The average age of curing units was
5.55 years. 87.38% are used daily. 42.34% of LCUs had in-
tegrated radiometers.

34% of all LCUs had irradiance lower than 300mW/cm?
(Figure 1), so they had to be taken out of the sample which
was statistically analyzed (Table 2). Irradiance values were
normally distributed, so the parametric statistics was used,
but for the age of LCUs, non-parametric statistics was used,
since it was not normally distributed.
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Slika 1. Distribucija polimerizacijskih uredaja prema

izmjerenom intenzitetu svjetla —vertikalne crte
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predstavljaju minimalne operativne intenzitete

number of curing units/ broj
polimerizacijskih uredaja

<300 300-499 500-699 700-899

irradiance / intenzitet svjetla
[mW/cm?)

900-1100

20 1 prema razli¢itim autorima: puna crta — 300 mW/
15 - 19 cm?, ISO standard (22); isprekidana crta — 400
10 - S mW/cm?, prema autorima Yapu i Seneviratnu
i L (21).
0 [ Figure 1 The distribution of curing units according to the

measured irradiance. Vertical lines determine

minimum operational requirements according
to different authors: full line - 300 mW/cm?, an
ISO standard (22); dashed line - 400 mW/cm?,
according to Yap and Seneviratne (21).
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Polimerizacijski uredaji u Zagrebu

Tablica 2. Prosjecna starost i intenzitet SPU-a s obzirom na vrstu ambulante i vrstu uredaja

Table2  Average age and irradiance of LCUs, with respect to the dental office and LCU type.
Intenzitet start ® Intenzitet 40s ©
Starost ® Age . . .

Tip ordinacije ® Vista svjetla N Start intensity Intensity 40s

Dental office type Light type
Prosjek+SD ® Mean+SD | Prosjek+SD ® Mean+SD | Prosjek+SD ¢ Mean+SD

QTH 11 6.142.6 631.2+198.7 658.5+205.6

Privatna ® Private LED 24 2.2+1.8 657.1£214.8 637.6+210.5

Total 35 3.4£2.7 649.0£207.3 644.2+206.2

QTH 26 9.4+4.5 690.4£252.2 668.9£240.4

Drustvena ® Public LED 11 0.8+0.7 777.9+181.0 774.2+185.2

Total 37 6.8+5.5 716.4+234.3 700.2+228.2

QTH 37 8.414.3 672.84236.4 665.8+227.8

Total LED 35 1.8+1.6 695.0£210.0 680.6+210.3

Total 72 5.2+4.7 683.6+222.7 673.0+218.1

QTH LED Slika 2. Usporedba intenziteta svjetla s obzirom na

tip SPU-a, mjerno vrijeme i vrsta ambulante.

Ta0.004

a00.00+4-

Stupci prikazuju prosjecne vrijednosti, a
brkovi 95 % interval pouzdanosti. Ista slova
oznacavaju skupine medu kojima postoje
statisticki znacajne razlike. Horizontalne
crte predstavljaju minimalne operativne
intenzitete prema razli¢itim autorima: puna
crta—300 mW/cm?, ISO standard (22);

F- isprekidana crta — 400 mW/cm?, prema
autorima Yapu i Seneviratnu (21).
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Figure 2 Comparison of irradiance data considering
the LCU type, the time of the measurement
and dental office type. Columns represent
average values and whiskers 95%

irradiance / intenzitet svjetla (mWcm®)

R start average  RM 40 sec average

measurement / mjerenje

ambulance type
I Private £ privatna
[ social / drudtvena

Usporedba rezultata intenziteta svjetlosti, ovisno o mo-
delu SPU-a, vremenu mjerenja i vrsti ambulante, prikaza-
na je na Slici 2.

Spearmanova korelacija pokazala je blagu linearnu kore-
laciju izmedu intenziteta svjetlosti i starosti uredaja.

Trofaktorska ANOVA (Tablica 3.) za ponovljena mjere-
nja opéeg linearnog modela upucuje na to da postoje razli-
ke u kombinaciji vremena mjerenja, vrste SPU-a i vrste ordi-
nacije (p=0,029). Analiza kovarijance (ANCOVA) pokazuje
da je znatan utjecaj starosti svjetiljke na prosjecne vrijedno-
sti intenziteta svjetla (prosjek vrijednosti na pocetku i 35 do
40 sekundi od starta) (p<0,001). Starost utjece na razliku u
vrsti SPU-a (p=0,042) te izmedu privatnih i drzavnih am-

RM start average  RM 40 sec averange

measurement / mjerenje

confidence interval. The same letters
indicate groups with statistically significant
difference among them. Horizontal

lines determine minimum operational
requirements according to different authors:
full line - 300 mW/cm?, an ISO standard (22);
dashed line - 400 mW/cm?, according to Yap
and Seneviratne (21).

Comparison of irradiance data considering the LCU
type, the time of the measurement and dental office type is
shown in Figure 2.

Spearman’s correlation showed a weak linear correlation
between irradiance and the age of LCU.

Three-factor ANOVA (Table 3) for repeated measure-
ments of General linear model showed the differences in the
combination of the time of measurement, type of LCU and
dental office type (p=0.029). The analysis of covariance (AN-
COVA) points to the significant influence of the average val-
ue of irradiance (average of the data from the measurements
at the start and at the 35-40 second period), (p<0.001). The
age of LCU had influence on the difference between the
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Tablica 3. Rezultati t-testova za razlike u intenzitetu svjetla s obzirom na vrstu svjetla i je li ugraden radiometar

Table3  The results of t-tests for differences in irradiance considering the type of curing unit and the existence of integrated radiometer.

Start average* 40 sec average* Start/40s*

QTH privatna / drustvena p=0.485 p=0.790

LED privatna / drustvena p=0.092 p=0.078

private / privatna QTH/LED p=0.930 p=0.612

public / drustvena QTH /LED p=0.441 p=0.349
QTH Start/40s p=0.548
LED Start/40s p=0.002
QTH private/QTH privatna Start/40s p=0.518
QTH public/QTH drustvena Start/40s p<0.001
LED private/LED privatna Start/40s p=0.003
LED public/LED drustvena Start/40s p=0.399

* t-test za neovisne uzorke ® independent samples t-test, * t-test za ovisne uzorke ® paired samples t-test

bulanti (p=0,032), ali ne i na kombinaciju vrsta svjetla i vr-
sta ambulanti.

Prvi model logisticke regresije pokazao je da se drzav-
ne ambulante razlikuju od privatnih samo po starosti ure-
daja i prosje¢nom intenzitetu njihova svjetla na startu. Dr-
zavne ambulante imaju 1,3 puta veu moguénost da u svojoj
opremi imaju stariju svjetiljku (95% CI 1,1-1,5; p<0,001)
te je njihov startni intenzitet svjetla nesto veéi od privatnih
(p=0,010), no omjer moguénosti za ove druge vrlo je mali i
jedva prelazi 1. Model logisticke regresije opisuje tek 21 po-
sto varijabiliteta (Cox i Snell pseudo *=0,214)

Drugi model logisticke regresije pokazao je da QTH-
SPU-i imaju sedam puta ve¢u moguénost da budu stariji od
LED-uredaja. Mogu¢nost da ¢e se QTH-svjetiljka pronaéi u
drzavnim ambulantama veca je 41 puta nego da ¢e se prona-
¢i u privatnim ordinacijama (95% ClI=1,8-931,6; p=0,020).
Taj model opisuje gotovo 65 posto varijabiliteta (Cox i Sne-

Il pseudo r*=0,645).

Rasprava

Ispravno funkcioniranje i prikladan intenzitet svjetlosti
fotopolimerizacijskih uredaja nuzni su za dugotrajnost i bio-
kompatibilnost kompozitnih ispuna. Postupno opadanje ja-
kosti svjetlosti SPU-a tijekom godina moze rezultirati sla-
bom polimerizacijom (31). Zato $to se povrsina materijala
odmah nakon polimerizacije ¢ini tvrda, klinicki nije mogu-
¢e utvrditi jesu li dublji slojevi ostali nepolimerizirani, pa je
potrebno redovito kontrolirati intenzitet svjetlosti uredaja. U
ovom radu izmjereni su intenziteti svjetlosti SPU-a u stoma-
toloskim ordinacijama u Zagrebu te zabiljezeni podaci o vr-
sti uredaja i stomatoloske ordinacije te starosti uredaja i je li
u njega ugraden radiometar.

Rezultati ovog istrazivanja pokazuju da je 34 posto SPU-
a imalo intenzitet svjetlosti nizi od 300 mW/cm?, $to je mi-
nimalna vrijednost koju preporucuje ISO za ispravnu po-
limerizaciju kompozitnih smolastih materijala. Kao $to je
poznato, za stvrdnjavanje gornje plohe kompozitnog sloja
dovoljno je samo 20 sekundi polimerizacije s intenzitetom
od 200 mW/cm?. S druge strane, za isti stupanj polimeriza-
cije dva milimetra ispod povtsine, potrebno je 120 sekundi
iluminacije s intenzitetom od 300 mW/cm?®. Isto istraZivanje
sugerira da se ucinkovita polimerizacija na dnu kaviteta kroz

LCU type (p=0.042) and the dental office type (p=0.032),
but did not influence the combination of the LCU type and
the type of dental office.

The first model of logistic regression shows that public
dental practices are different from private practices only by
the age and the average irradiance of LCUs. Public dental
practices have 1.3 times higher chance to have an older LCU
(95% CI 1.1-1.5; p<0.001), which also have higher start ir-
radiance than LCUs in private practices, but odds ratio is
very small and hardly exceeds 1. The logistic regression mod-
el describes only 21% of the variability (Cox & Snell pseu-
do r*=0.214).

The second model of logistic regression shows that QTH
LCU have seven times higher chance to be older than LEDs.
The chance to find a QTH LCU in public dental practices
is 41 times higher than in private practices (95% Cl=1.8-
931.6; p=0.020). That model describes almost 65% of vari-
ability (Cox & Snell pseudo r*=0.645).

Discussion

Proper functioning and an adequate light intensity of
photopolymerization units are necessary for the longevity
and biocompatibility of composite fillings. The intensity of
light curing units gradually decreases over time and can lead
to poor polymerization (31). Immediate clinical detection of
inadequate curing is not possible because the material surface
seems hardened, so it is necessary to regularly monitor the ir-
radiance of LCUs. We measured the irradiances of the LCUs
in dental offices in Zagreb and recorded general data on the
type of curing unit, dental office, age and the presence of the
integrated radiometer.

The results of this study showed that 34% of LCU had
the light intensity below 300 mW/cm?, which is the mini-
mum irradiance recommended by the ISO for proper po-
lymerization of composite resin materials. It is known that
for the hardening of the upper side of the composite resin,
only 20 seconds of polymerization with a device of 200 mW/
cm? intensity is sufficient. On the other hand, for the same
degree of cure 2 mm under the surface 120 seconds of cur-
ing with 300 m\W/cm? irradiance is needed. The same study
indicates that effective cure at the bottom of the 2 mm layer
is achieved after 40 seconds with 400 mW/cm?, 30 seconds
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sloj materijala od dva milimetra postize tek nakon 40 sekun-
di s 400 mW/cm?, nakon 30 sekundi s 500 mW/cm? ili 20
sekundi sa 600 mW/cm? (21). Te ¢injenice potrebno je im-
plementirati i u klini¢cku uporabu. Dakle, ¢ak ako SPU ima
nizak intenzitet svjetla (ali nikako nizi od 300 mW/cm?), te-
oretski je moguce osigurati optimalnu polimerizaciju kroz ci-
jelu debljinu sloja ako se dovoljno dugo iluminira. No, u vezi
s razumnim vremenom polimerizacije svakoga kompozitnog
sloja, mogli bismo zakljuciti da 400 mW/cm? treba uzeti kao
minimum. Kada bismo tu vrijednost uzeli kao grani¢nu, ta-
da bi u nasem uzorku 43 posto fotopolimerizacijskih uredaja
bilo preslabo za ucinkovitu polimerizaciju.

Prije jedanaest godina u Zagrebu je bilo provedeno sli¢no
istrazivanje u kojem su se takoder ispitivali intenziteti svjetlo-
sti SPU-a. Tada je zaklju¢eno da 44 posto polimerizacijskih
uredaja ima intenzitet manji od 233 mW/cm®. Svi SPU-i u
uzorku bili su QTH, te je uoceno da jakost svjetlosti nekih
uredaja opada na vrijednosti nize od 233 mW/cm? (32). Ako
uzmemo u obzir danasnje spoznaje, jasno je da bi broj neu-
¢inkovitih SPU-a bio ¢ak i veci. Kada ga usporedimo s ovim
istrazivanjem, jasno je da se na podru¢ju Zagreba proteklih
11 godina poboljsala kvaliteta fotopolimerizacijskih ureda-
ja. Kada se obavljalo ovo istrazivanje, 38 posto SPU-a imalo
je intenzitet svjetlosti manji od 300 mW/cm?, $to je manje
od 44 posto neucinkovitih SPU-a prije 11 godina, s pra-
gom od 233 mW/cm®. Ovo istrazivanje na podupire rezulta-
te tada$nje studije da se intenzitet svjetlosti smanjuje prema
kraju polimerizacijskog razdoblja od 40 sekundi. Distribu-
cija modela SPU-a takoder se znatno promijenila. U sadas-
njem istrazivanju zabiljezen je gotovo jednak postotak QTH
i LED-uredaja, a prije su sve svjetiljke bile halogene.

Studije u kojima se proucavao intenzitet svjetla polimeri-
zacijskih uredaja provedene su takoder u Kanadi (10), Izraelu
(4), Japanu (33), Australiji (34) i Njemackoj (35). Kanadska
studija iz 2005. pokazala je da 30 posto uredaja ima inten-
zitet nizi od 400 mW/cm? (10), a u Australiji je 1998. godi-
ne 52 posto SPU-a bilo neucinkovito u istim uvjetima (34).
Pilo i suradnici uzeli su 1999. kao limit od 200 mW/cm” te
objavili da je 33 posto SPU-a u Tel Avivu imalo o¢itanje nize
od navedene vrijednosti (4). Miyazaki i kolege su 1998. uze-
li najvisi prag — 42 posto uredaja imalo je intenzitet svjetlo-
sti nizi od 500 mW/cm? (33). Za razliku od ovoga, sva druga
navedena istrazivanja imala su uzorak koji se sastojao samo
od QTH-uredaja. Studije provedene u drugim zemljama uzi-
male su razlicite vrijednosti za minimalni operativni intenzi-
tet svjetlosti. Prema tome tesko je usporedivati rezultate, ia-
ko se tijekom godina moze vidjeti opéeniti napredak. Osim
ovog istrazivanja, njemacka studija iz 2006. bila je jedina ko-
ja je testirala i LED-uredaje, iako su ¢inili manji dio uzorka.
Intenzitet manji od 400 mW/cm? imalo je 26 posto uredaja i
to je najbolji rezultat medu navedenim istrazivanjima (35).

Kako je to¢nost radiometara u proslosti bila dovedena u
pitanje (23), preciznost radiometra Bluephase” usporedena je
s integriraju¢om sferom te je utvrdeno da su oba postupka
pouzdana. Prednost koristenog mjeraca intenziteta svjetlosti
jest u tome $to moze mjeriti polimerizacijske uredaje s razli-
¢itim promjerima svjetlosnih izvoda. Ipak, to $to se ne mogu
ocitati vrijednosti manje od 300 mW/cm?® mote stvarati po-

Polimerizacijski uredaji u Zagrebu

with 500 mW/cm? or 20 seconds with 600 mW/cm? (21).
Therefore, it is necessary to apply these facts in clinical use.
Even if the LCU has low irradiance (but not lower than 300
mW/cm?), it is theoretically possible to ensure the optimal
cure of the composite resin material throughout its depth
if sufficient irradiation time is invested. In terms of reason-
able time used for polymerization of each composite incre-
ment, we might conclude that 400 mW/cm? should be tak-
en as a minimum. With this new value set as threshold, 43%
of the photopolymerization units in the sample are not able
to cure effectively.

Eleven years ago, similar survey was also conducted in
Zagreb in order to determine the effectiveness of LCUs in
dental practices. It was concluded that 44% of curing devices
had the irradiance lower than 233 mW/cm?. All tested LCUs
were QTH and it was observed that the irradiance of some
LCUs decreased after 40 seconds to the values below 233
mW/cm? (32). With current knowledge, we might presume
that the number of inefficient LCUs at that time would have
been even higher. When compared to the present study, it is
evident that the quality of curing units in the area of Zagreb
has improved over 11 years period. At the time of conduct-
ing the current study, 38% of LCUs had the irradiance lower
than 300 mW/cm?, which is lower than 44% of inadequate
curing units 11 years ago, although with the lower threshold
of 233 mW/cm?. This study does not support the findings of
the previous study that the light intensity of LCUs decreas-
es towards the end of polymerization period of 40 seconds.
Also, the distribution of the type of LCUs has significant-
ly changed. Almost equal numbers of QTH and LED units
were recorded in this study, while in the previous study all
the LCUs were halogen.

The measurement of light intensity of curing units in
dental offices was conducted in Canada (10), Israel (4), Ja-
pan (33), Australia (34) and Germany (35). The 2005 Cana-
dian study reported 30% of units with intensities lower than
400 mW/cm? (10), while in an 1998 Australian study, 52%
of LCUs were ineffective under the same conditions (34). In
1999, Pilo et al. chose a limit of 200 mW/cm?* and reported
that 33% of LCUs in Tel Aviv had a reading below that value
(4). Miyazaki et al. (1998) took the highest threshold; 42%
of units had irradiance lower than 500 mW/cm? (33). In
contrast to the present study, the sample of all of them con-
sisted only of QTH units. These studies conducted in other
countries also chose different standards as a minimum opera-
tional irradiance. Hence, it is very difficult to compare the re-
sults, but an overall improvement over the time can be seen.
Apart from the present investigation, a German study from
2006 was the only one which also tested the LED LCUs, al-
though they took a smaller part of the sample. The amount
of LCU below 400 mW/cm?was 26%, which is the best re-
sult among these studies (35).

Since the credibility of the radiometers has been brought
into question in the past (23), the accuracy of the Bluephase
meter has been compared with the integrating sphere and
it was shown that both devices were reliable. The advantage
of used radiometer was that it allowed the measurements of
curing units with various tube diameters. However, the lack
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teskoce u znanstvenim istrazivanjima, iako u klinickom radu
moze biti od velike pomodi.

U ovom istrazivanju nije pronadena statisticki znacajna
razlika izmedu vrijednosti intenziteta svjetlosti u privatnim i
dr7avnim ordinacijama, ni izmedu LED i QTH-uredaja. Sto
se tice starosti SPU-a, drzavne ordinacije imale su u nasem
uzorku opéenito starije uredaje nego privatne. To¢nije, stari-
je QTH-svjetiljke bile su dominantne u drzavnim ordinacija-
ma, ali takoder i noviji LED-SPU-i. Privatne ordinacije ima-
le su razmjerno malo novijih QTH-uredaja, a LED-SPU-i
bili su stariji nego u drzavnima. Mozemo pretpostaviti da je
razlog teznja stomatologa u privatnim ordinacijama da slije-
de trenuta¢ni tehnoloski napredak, tako da su oni prvi kupo-
vali LED-uredaje ¢im su se pojavili na trzistu.

Statisticki znacajan pad u vrijednostima intenziteta svje-
tlosti na kraju cesto koristenog vremena iluminacije od 40
sekundi, uocen je kod uporabe LED- fotopolimerizacijskih
uredaja. Daljnja analiza podataka pokazala je da se pad od-
nosi na LED-uredaje u privatnim ordinacijama i na QTH u
drzavnima. Moguée objasnjenje za to moglo bi biti u ¢injeni-
ci da su LED-uredaji u drzavnim i QTH-uredaji u privatnim
ordinacijama noviji, pa zato i bolje funkcioniraju. Tu bi pret-
postavku u budu¢im studijama trebalo detaljnije istraziti.

Zakljuéci

U uvjetima provedenog istrazivanja:

34 posto pregledanih fotopolimerizacijskih uredaja imalo
je intenzitet svjetlosti nizi od 300 mW/cm? i 44 posto nizi od
400 mW/cm?, $to je u skladu sa sli¢nim istrazivanjima obavlje-
nima u drugim zemljama; Usporeduju¢i podatke s rezultatima
studije provedene prije 11 godina u Zagrebu, manji je posto-
tak fotopolimerizacijskih uredaja neprikladnih za ucinkovitu
polimerizaciju; Gotovo jednak broj LED i halogenih uredaja
upucuje na to da je tehnoloski napredak u podruéju svjetlosne
polimerizacije stigao i u stomatoloske ordinacije; Doktorima
dentalne medicine preporucuje se da redovito provjeravaju in-
tenzitet svjetlosti svojih fotopolimerizacijskih uredaja.
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of precise readings for irradiation values below 300 mW/cm?
causes difficulties in scientific work although it may be a very
useful tool in dental offices.

In this study, no statistical difference was observed be-
tween the irradiance values of LCUs in private and public
dental offices, nor between LED and QTH LCUs. Regard-
ing the age of LCUs, public practices generally had older de-
vices than private practices. Older QTH devices are predom-
inant in public practices, but the newest LED units as well.
Private practices have relatively newer QTH units and the
LED:s are older than in public practices. We might presume
that the reason is the effort of the dentists in private practic-
es to keep up with current advances in technology and that
is why they were the first to purchase LED LCUs when they
appeared on the market.

The statistically significant drop in the irradiance values
at the end of the usual irradiation period, 40 seconds, is ob-
served in LED curing units in the sample. More specifical-
ly, the drop was observed in LED devices in private practices
and in QTH units in public practices. One possible explana-
tion of this phenomenon might be the fact that LED units in
public dental offices and the QTH units in private practices
are newer. However, this presumption should be further in-
vestigated in future studies.

Conclusions

Under the conditions of the current study:

34% of examined curing units had the light intensi-
ty lower than 300 mW/cm? and 44% of them lower than
400 mW/cm?, which is in range with the studies conduct-
ed in other countries; When compared to the previous study
conducted 11 years ago in Zagreb, Croatia, the percentage
of curing units inadequate for effective polymerization has
decreased; Almost equal numbers of LED and QTH units
suggest that the technological advances in the field of light
polymerization have arrived in dental practices; It is recom-
mended that dentists should regularly monitor the light in-
tensity of photopolymerizaction devices.
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Abstract

Objective: Photopolymerization unit is an essential part of every dental office. The intensity of
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light curing units gradually decreases with time and can lead to poor polymerization, which can-

not be detected clinically immediately after illumination. The purpose of this study was to exam-
ine whether the intensity of light curing units in dental offices in Zagreb satisfies minimum opera-
tional requirements. Materials and methods: The light intensity of 111 curing units was measured
using radiometer (Bluephase® meter, lvoclar Vivadent, Schaan, Liechtenstein). Six measurements
were taken for each unit, three at the beginning of illumination and the other three at 35-40 sec-
onds from the beginning. Data were also collected about the type of curing unit, manufacturer,
age, frequency of use and the existence of integrated radiometer. Results: Light intensity lower
than 300 mW/cm? had 34% of curing units and 44% lower than 400 mW/cm?. The average light
intensity of the remaining curing units was 675.3 mW/cm?. This study included photopolymeriza-
tion units used in Zagreb which were five years old on average. Conclusion: Though the average
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light intensity of curing units in Zagreb fulfill the general requirements for efficient polymeriza-

tion of composite resin materials, the fact that more than one third of curing units are ineffective

should alert dentists to regularly monitor their appliances.
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