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Abstract

Objective: The aim of this study was to compare the light transmission of monowave and polywave-
curing devices by a bulk-fill composite containing only camphorquinone as a photoinitiator. Ma-
terials and methods: Three light-curing devices were used to cure bulk-fill composite QuiXfil: one
monowave (Translux® Wave) and two polywave (VALO Cordless and Bluephase® PowerCure). The
NIST-calibrated spectrometer (MARC Resin Calibrator, BlueLight Analytics Inc.) was used to measure
the incident and transmitted light through a 2-mm composite specimen over 20 s. Light transmit-
tance was calculated from the ratio of the amount of transmitted and incident light. For data analysis
(ANOVA, a = 0.05), total irradiation of the entire spectrum, irradiation with wavelengths of 360-420
nm for the violet spectrum, and 420-540 nm for the blue spectrum were selected. Results: Monowave
curing unit Translux® Wave had the lowest light transmission (13.78 + 0.5%), similar to the vio-
let light transmission of polywave devices (12.02 + 0.94% and 13.81 + 1.72% for Valo Cordless and
Bluephase PowerCure, respectively). Blue light transmittance (32.15-23.70%) was more than twofold
higher than for the wavelengths in the violet region of the spectrum (13.81-12.02%) for the two poly-
wave devices. VALO Cordless showed the highest total and blue light transmission (p<0.001). There
was no significant difference in the transmission of the violet part of the spectrum between VALO
Cordless and Bluephase® PowerCure (p = 0.465). Conclusion: Within the limitations of this study, we
could conclude that polywave curing devices can be used for the polymerization of the bulk-fill com-
posite with camphorquinone as the sole photoinitiator.
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Introduction

Although resin composite materials have been used in
dentistry for many years, their composition is constantly be-
ing modified and the light-curing units (LCU) improved to
achieve the best possible clinical results while speeding up the
restorative process (1).

One of the most important changes in composite mate-
rials concerns the photoinitiator system. Camphorquinone
with a light absorption maximum at 468 nm wavelength is
still the most common photoinitiator in composite materi-
als (2). As a Norrish type II photoinitiator, camphorquinone
requires a hydrogen donor, usually from the amine group,
in order to be activated and form free radical species. The
radical species subsequently initiate the polymerization reac-
tion (3, 4). However, due to the intense yellow coloration,

Uvod

lako se smolasti kompozitni materijali koriste u stoma-
tologiji ve¢ niz godina, njihov sastav stalno se modificira, a
fotopolimerizacijski uredaji (FPU) poboljsavaju kako bi se
postigli najbolji mogudi klinicki rezultati uz ubrzavanje resta-
urativnoga procesa (1).

Jedna od najvaznijih promjena u kompozitnim materija-
lima odnosi se na sustav fotoinicijatora. Najées¢i u kompo-
zitnim materijalima i dalje je kamforkinon s maksimumom
apsorpcije svjetlosti na valnoj duljini od 468 nm (2). Kao
Norrish tip II fotoinicijator, kamforkinon zahtijeva donora
vodika, obi¢no iz amino skupine, da bi se aktivirao i formi-
rao slobodne radikale. Radikalne vrste tada pocinju reakci-
jom polimerizacije (3, 4). Medutim, zbog intenzivnog Zutog
obojenja kamforkinon je djelomi¢no zamijenjen ili dopunjen
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camphorquinone has been partially replaced or supplement-
ed by alternative photoinitiators to achieve lighter composite
shades (5). The alternative photoinitiators such as the mono-
acylphosphine oxide, Lucirin-TPO or derivatives of dibenzo-
ylgermanium (Ivocerin) belong to Norrish Type I photoini-
tiators and have the absorption maxima in the violet part of
the spectrum (6, 7). Norrish Type I photoinitiators cleave af-
ter light irradiation and form two radicals that usually remain
incorporated into the polymer network, therefore showing an
increased quantum yield. As highly reactive photoinitiators,
they are often used in bulk-fill composite materials to boost
their depth of cure. For this reason, LCUs that deliver light at
two or more different wavelengths, colloquially named poly-
wave, are becoming increasingly prevalent on the market to
allow adequate activation of type I photoinitiators at short-
er wavelengths as well as camphorquinone (7), with the aim
of achieving the highest possible degree of conversion. In ad-
dition, recently launched curing devices increase the radiant
exitance over 3000 mW/cm” to polymerize the latest genera-
tion of fast curing bulk-fill composite material that polymer-
ize in 3 s at 3000 mW/cm? (1, 4, 8).

However, the curing light is attenuated with the distance
to the surface of the composite material (5). According to the
Beer-Lambert law, the light attenuation is even higher when
the light penetrates through the composite material and in-
creases with the thickness of the composite layer (9). Due to
the lower light transmission in the deepest areas of the com-
posite layer and the lower activation of the photoinitiators,
the degree of conversion is uneven, being highest at the sur-
face of the material and decreasing in the deeper areas (10-
12).

The light from the violet-blue region of the spectrum de-
livered to the surface of the composite material is attenuated
by the reflection, absorption and scattering of the light ener-
gy that penetrates the material, thus causing the light inten-
sity to decrease exponentially with the thickness of the mate-
rial. The transmission of light through the material is partly
diffuse and partly straight (6, 13). The absorption of light de-
pends on the absorption coefficient of the photoinitiators,
pigments and opaquers. At the same time, the scattering de-
pends on the size and load of the filler particles and the wave-
length of the emitted light. The refractive index of filler par-
ticles and the resin and the difference between their indices
have a major influence on the transmission. A close match
between the refractive indices of the filler and the matrix im-
proves light transmission (14).

A better understanding of the light transmission of com-
posites has led to the development of bulk-fill composites,
thanks to which an adequate polymerization can be achieved
in layers thicker than 2 mm (15). Some manufacturers point
to the possibility of applying the material in a thickness of
4-5 mm (14). The first dental bulk-fill composite material
was QuiXFil (Dentsply Sirona, North Carolina, USA). It was
developed in 2003 for placement in 4-mm increments with
a curing time of 20 s at 500-800 mW/cm?*, and 10 s with a
curing time of more than 800 mW/cm?. The 20-year clinical
follow-up showed that QuiXfil was as effective as the conven-
tional nano-hybrid composite in Class I and Class II restora-
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alternativnim fotoinicijatorima za postizanje svjetlijih kom-
pozitnih nijansi (5). Alternativni fotoinicijatori, kao $to su
monoacilfosfin oksid, Lucirin-TPO ili derivati dibenzoilger-
manija (Ivocerin), pripadaju Norrish tipu I fotoinicijatora i
imaju maksimume apsorpcije u ljubicastom dijelu spektra
(6, 7). Norrish tip I fotoinicijatori cijepaju se poslije svje-
tlosnog zratenja i formiraju dva radikala koji obi¢no osta-
ju ugradeni u polimernu mrezu, pokazujuci stoga povecani
kvantni prinos. Kao visokoreaktivni fotoinicijatori, ¢esto se
koriste u bulk-fill kompozitnim materijalima kako bi se po-
vecala njihova debljina polimerizacije. Zbog toga na trzistu
sve vise prevladavaju FPU-i koji isporucuju svjetlost na dvije
ili vise razlicitih valnih duljina, kolokvijalno nazvani viseval-
ni, kako bi se omoguéila odgovarajuca aktivacija fotoinicija-
tora tipa I na kra¢im valnim duljinama, kao i kamforkinona
(7), sa svthom postizanja najveéega moguceg stupnja konver-
zije. Osim toga, nedavno lansirani uredaji za polimerizaciju
povecavaju izlazni intenzitet zradenja preko 3000 mW/cm®
kako bi polimerizirali najnoviju generaciju brzo stvrdnjava-
jucih kompozitnih materijala koji polimeriziraju u 3 sekunde
na 3000 mW/cm? (1, 4, 8).

Medutim, polimerizacijsko svjetlo slabi s udaljenoséu
od povrsine kompozitnog materijala (5). Prema Beer-Lam-
bertovu zakonu, slabljenje svjetlosti jos je veée kada svjetlost
prodire kroz kompozitni materijal i povecava se s debljinom
kompozitnog sloja (9). Zbog manje transmisije svjetlosti u
najdubljim podru¢jima kompozitnog sloja i slabije aktivaci-
je fotoinicijatora, stupanj konverzije je neujednacen — najve-
¢i je na povrsini materijala, a smanjuje se u dubljim podru¢-
jima (10 - 12).

Svjetlost iz ljubicasto-plavog podrugja spektra koja se is-
poru¢uje na povisinu kompozitnog materijala prigusena je
refleksijom, apsorpcijom i rasprsenjem svjetlosne energije ko-
ja prodire kroz materijal i uzrokuje eksponencijalno smanje-
nje intenziteta svjetlosti s debljinom materijala. Transmisija
svjetlosti kroz materijal dijelom je difuzna, a dijelom ravno-
mjerna (6, 13). Apsorpcija svjetlosti ovisi o koeficijentu ap-
sorpcije fotoinicijatora, pigmenata i opakera. Istodobno, ras-
prsenje ovisi o veli¢ini i optereéenju Cestica punila te valnoj
duljini emitirane svjetlosti. Indeks loma svjetlosti pri prola-
sku kroz ¢estice punila i smole te razlika izmedu njihovih in-
deksa ima velik utjecaj na transmisiju. Blisko podudaranje
izmedu indeksa loma punila i matrice poboljSava prijenos
svjetlosti (14).

Bolje razumijevanje transmisije svjetlosti kod kompo-
zitnih materijala rezultiralo je razvojem bulk-fill kompozita,
zahvaljujudi kojima se moze posti¢i odgovaraju¢a polimeri-
zacija u slojevima debljima od 2 mm (15). Neki proizvoda-
¢i navode mogucnost nanosenja materijala u debljini od 4
do 5 mm (14). Prvi dentalni bulk-fill kompozitni materijal
QuiXFil (Dentsply Sirona, Sjeverna Karolina, SAD), razvijen
je 2003. za postavljanje u slojevima od 4 mm s vremenom
polimerizacije od 20 sekunda pri 500 do 800 mW/cm?* i 10
sekunda kada se polimerizira na vi$e od 800 mW/cm?. De-
setogodi$nje klinicko pracenje pokazalo je da je QuiXfl bio
jednako ucinkovit kao i konvencionalni nanohibridni kom-
pozit u restauracijama klase I i klase II (16). To je razmjerno
dobro proucen kompozitni materijal na bazi uretan-dimeta-
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tions (16). This is a relatively well-studied urethane dimethac-
rylate (UDMA)-based composite that uses camphorquinone
as a photoinitiator.

Polywave LCUs are considered necessary for the light-
curing of composites containing alternative photoinitiators,
but they are not necessary for composites based only on cam-
phorquinone. However, it is not economical to have multi-
ple LCUs for different materials in a dental practice. Since
the polywave LCUs have a broader spectrum, it is practical to
have one LCU for all purposes. With polywave LCUs, one of
the blue LEDs is usually replaced by the violet LED, which
reduces the radiant output in the blue part of the spectrum
compared to exclusively blue light LCUs. In addition, the
positioning of the violet and blue LEDs can lead to an in-
homogeneous spectral output over the irradiated area (5, 17,
18). Since the violet LEDs generally have a lower irradiance,
insufficient homogenization of the light output may result
in insufficient curing of the parts of the composite restora-
tion illuminated by the predominantly violet light (19, 20).
This fact could have a negative effect on the light transmis-
sion and ultimately on the degree of conversion of compos-
ites without alternative photoinitiators. The aim of this study
was, therefore, to investigate the influence of polywave LCUs
on the light transmission of the composite containing only
camphorquinone as a photoinitiator. The null hypothesis was
that there would be no difference in the light transmission
of monowave and polywave LCUs in the composite material
without the alternative photoinitiators.

Materials and methods

Characterization of the light curing units

Three LCUs were selected for this study:

(I) VALO™ Cordless (Ultradent, South Jordan, USA; VC)
as a representative of the three-peak LCU

(II) Bluephase” PowerCure (Ivoclar Vivadent, Schaan, Liech-
tenstein; BPC) as a representative of the two-peak LCU

(IIT) Translux Wave (Kulzer GmbH, Hanau, Germany; TW)
as a representative of the one-peak LCU.

The LCUs were used in standard modes with a nomi-
nal irradiance in the range 1000-1200 mW/cm? High pow-
er mode for BPC, Standard mode for VC and TW had a sin-
gle curing mode.

The LCUs were characterized using a National Institute
of Standards and Technology (NIST)-referenced and cali-
brated spectrometer MARC™ System (Bluelight Analytics
Inc., Halifax, NS, Canada). Radiant exitance of LCUs was
measured at an empty compartment in triplicate.

Light transmission

Light transmission was measured in real time through
the bulk-fill composite QuiXFil. According to the manufac-
turer QuiXFil contains 86% wt%/66% vol% filler load with
the resin consisting of UDMA, triethylene glycol dimethac-
rylate, di- and trimethacrylate resins, carboxylic acid-mod-
ified dimethacrylate resin and butylated hydroxytoluene. It
also contains a UV stabilizer as well as camphorquinone and
ethyl 4(dimethylamino) benzoate as a photoinitiator system.

Monowave vs. Polywave Light Transmittance .

krilata (UDMA) koji se koristi kamforkinonom kao fotoini-
cijatorom.

Visevalni FPU-i smatraju se nuznima za svjetlosnu poli-
merizaciju kompozita koji sadrze alternativne fotoinicijatore,
ali nisu nuzni za kompozite temeljene samo na kamforkino-
nu. Medutim, nije ekonomi¢no imati vise FPU-a za razli¢i-
te materijale u stomatoloskoj ordinaciji. Budu¢i da visevalni
FPU-i imaju $iri spektar, razborito je imati jedan FPU za sve
namjene. Kod viSevalnih FPU-a, jedna od plavih LED dioda
obi¢no se zamjenjuje ljubi¢astom LED diodom, $to smanjuje
izlazno zradenje u plavom dijelu spektra u usporedbi s FPU-
ima s isklju¢ivo plavim svjetlom. Osim toga, pozicioniranje
ljubicaste i plave LED diode moze dovesti do nechomogeno-
ga spektralnog snopa (5, 17, 18). Bududi da ljubi¢aste LED
diode opéenito imaju manji intenzitet zracenja svjetlosti, ne-
dovoljna homogenizacija svjetlosnoga snopa moze rezultira-
ti nedovoljnom polimerizacijom dijelova kompozitne restau-
racije osvijetljenih pretezno ljubicastim svjetlom (19, 20). Ta
bi ¢injenica mogla negativno utjecati na transmisiju svjetlo-
sti i u konacnici na stupanj konverzije kompozita bez alter-
nativnih fotoinicijatora. Stoga je cilj ove studije bio istraziti
utjecaj visevalnih FPU-a na prijenos svjetlosti kompozita ko-
ji sadrzi samo kamforkinon kao fotoinicijator. Nulta hipote-
za bila je da nema razlike u prijenosu svjetlosti jednovalnih i
visevalnih FPU-a u kompozitnom materijalu bez alternativ-
nih fotoinicijatora.

Materijali i metode

Karakterizacija fotopolimerizacijskih uredaja
Za ovu studiju odabrana su tri FPU-a:

(I) VALO™ Cordless (Ultradent, Juzni Jordan, SAD; VC)
kao predstavnik FPU-a s tri vrha

(II) Bluephase” PowerCure (Ivoclar Vivadent, Schaan, Lihten-
stajn; BPC) kao predstavnik FPU-a s dva vrha

(II) Translux Wave (Kulzer GmbH, Hanau, Njemacka;

TW) kao predstavnik FPU-a s jednim vrhom.

FPU-i su koridteni u standardnom nacdinu rada s nomi-
nalnim zra¢enjem u rasponu od 1000 do 1200 mW/cm* u
nacinu rada visokog intenziteta za BPC, standardni nacin ra-
daza VC i TW koji je imao jedan nacin stvrdnjavanja.

FPU-i su okarakterizirani koristenjem sustava MARC™
spektrometra koji je referiran i kalibriran u Nacionalnom in-
stitutu za standarde i tehnologiju (NIST) (Bluelight Analytics
Inc., Halifax, NS, Kanada). Izlazno zratenje FPU-a izmjere-
no je u praznom odjeljku u tri ponavljanja.

Transmisija svjetlosti
Transmisija svjetlosti mjerena je u stvarnom vremenu kroz

bulk fill kompozit QuiXFil. Prema proizvodacu, QuiXFil sa-
drzi 86 % mas %/66 % vol % punila sa smolom koja se sasto-
ji od UDMA-e, trietilen glikol dimetakrilata, dimetakrilatnih
i trimetakrilatnih smola, dimetakrilatne smole modificirane
karboksilnom kiselinom i butiliranog hidroksitoluena. Tako-
der sadrzi UV stabilizator te kamforkinon i etil 4 (dimetila-
mino) benzoat kao fotoinicijatorski sustav.
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Cylindrical Delrin® molds (h = 2 mm, d = 6 mm) were
filled with uncured material. The upper and lower openings
were covered with polyethylene terephthalate (PET) film and
then pressed with a glass slide until the mold was in contact
to remove the excess material. The glass slide was removed
and the Delrin® mold with the uncured resin and PET sheets
on both sides was placed on the sensor of the NIST calibrat-
ed spectrometer MARC™ Resin Calibrator (BlueLight Ana-
lytics Inc., Halifax, Canada). The composite samples (n = 6)
were cured for 20 seconds with the tip of the LCU perpendic-
ular and in direct contact with the top PET film on the un-
cured material. The position of the LCUs was controlled and
fixed using the MARC™ Accessory bench (BlueLight Ana-
lytics Inc., Halifax, Canada). The data were recorded with the
MARC™ software (BlueLight Analytics Inc., Halifax, Cana-
da) on the MARC™ laptop (BlueLight Analytics Inc., Hali-
fax, Canada).

The real-time irradiance at the bottom of the specimen at
a distance of 2 mm was measured by the MARC™ Resin Cal-
ibrator over an illumination period of 20 s.

[rradiance and radiant exposure were recorded individu-
ally at a wavelength of 360-540 nm at a rate of 16 record-
ings/sec. The sensor was triggered at 50 mW. The radiant ex-
posure was calculated by integrating the irradiance with the
wavelength at the exposure time used (20 s). For data analy-
sis, the total irradiance of the entire spectrum, the irradiance
with wavelengths of 360-420 nm for the violet spectrum and
420-540 nm for the blue spectrum were selected.

Statistical analysis

Statistical analysis was performed using SPSS version
25.0 (IBM, Armonk, NY, USA). Despite slight deviations
from normality as indicated by normal Q-Q plots, the para-
metric statistical analysis was used due to balanced size of
experimental groups. Light transmittance values were com-
pared among the curing units for the whole measured spec-
trum, and additionally for the blue and violet parts of the
spectrum using one-way ANOVA using the Tukey post-hoc
test for multiple comparisons. The overall level of significance
was o = 0.05.

Results

Characterization of curing units

One LCU, TW, exhibited a single peak in the blue spec-
tral region and served as a monowave control, whereas BPC
and VC exhibited an additional peak in the violet spectral re-
gion and were labeled as polywave. In addition, VC exhib-
ited two peaks in the blue region, with maxima at 447 and
462 nm (Figure 1). In the above-mentioned standard curing
modes used in this study for the three LCUs tested, TW ex-
hibited the highest radiant exitance, followed by BPC and
VC (Figure 2). The measured spectral and radiant proper-
ties of the curing units used in this study are listed in Table 2.

Light transmission

A 2 mm thick composite layer reduced the total light
transmission in the 360-540 nm range to 13.78 + 0.5%%

Monovalna vs. polivalna transmisija svjetlosti

Cilindri¢ni Delrin’ kalupi (h = 2 mm, d = 6 mm) punje-
ni su nepolimeriziranim materijalom. Gornji i donji otvori
prekriveni su polietilen-tereftalatnom (PET) folijom i zatim
pritisnuti predmetnim stakalcem do kontakta s kalupom da
bi se uklonio visak materijala. Stakalce je uklonjeno i Delrin®
kalup s nepolimeriziranom kompozitnom smolom i PET fo-

lijama s obje strane postavljen je na senzor NIST kalibrira-
nog spektrometra MARC™ Resin Calibratora (BlueLight
Analytics Inc., Halifax, Kanada). Kompozitni uzorci (n = 6)
polimerizirani su 20 sekunda s vchom FPU-a okomito na i
u izravnom kontaktu s gornjom PET folijom na nepolime-
riziranom materijalu. Polozaj FPU-a kontroliran je i fiksiran
s pomo¢u MARC™ Accessory bencha (BlueLight Analytics
Inc., Halifax, Kanada). Podatci su registrirani s pomocu sof-
tvera MARC™ (BlueLight Analytics Inc., Halifax, Kana-
da) na MARC™ prijenosnom racunalu (BlueLight Analytics
Inc., Halifax, Kanada).

Zracenje u stvarnom vremenu na dnu uzorka na udalje-
nosti od 2 mm izmjereno je MARC™ Resin Calibratorom ti-
jekom razdoblja osvjetljenja od 20 sekunda.

Vrijednosti intenziteta svjetlosti i izloZenosti zracenju za-
biljezene su pojedina¢no na valnoj duljini od 360 do 540 nm
brzinom od 16 snimaka/sckundi. Senzor je bio aktiviran na
50 mW. Izlozenost zracenju izracunata je integracijom inten-
ziteta s valnom duljinom u upotrjebljenom vremenu izlaga-
nja (20 s). Za analizu podataka odabrano je ukupno zracenje
cijelog spektra, zratenje valnih duljina od 360 do 420 nm za
ljubicasti spektar i od 420 do 540 nm za plavi spekar.

Statisti¢ka analiza

Statisticka analiza provedena je u SPSS verziji 25.0 (IBM,
Armonk, NY, SAD). Unato¢ neznatnim odstupanjima od
normalnosti kako pokazuju normalni Q-Q dijagrami, kori-
Stena je parametarska statisticka analiza zbog uravnotezeno-
sti veli¢ine eksperimentalnih skupina. Vrijednosti transmisije
svjetla usporedene su medu FPU-ima za cijeli mjereni spek-
tar, te dodatno za plave i ljubicaste dijelove spektra koriste-
njem jednosmjerne ANOVA-e s Tukeyjevim post-hoc testom
za viSestruke usporedbe. Ukupna razina znacajnosti bila je o

=0,05.

Rezultati

Karakterizacija polimerizacijskih uredaja

Jedan FPU, TW, pokazao je jedan vrh u plavom podru¢-
ju spektra i posluzio je kao jednovalna kontrola, a BPC i VC
pokazali su vrh u ljubi¢astom podru¢ju spektra i oznaceni
su kao visevalni. Uz to, VC je pokazao dva vrha u plavom
podrudju spektra, s maksimumima na 447 i 462 nm (slika
1.). U gore spomenutim standardnim nac¢inima polimeriza-
cije koji su rabljeni u ovoj studiji za tri testirana FPU-a, TW
je pokazao najvecu izlaznu vrijednost emitiranog zracenja, a
slijede ga BPC i VC (slika 2.). Izmjerena spektralna svojstva
i svojstva zracenja polimerizacijskih uredaja koristenih u ovoj
studiji navedena su u tablici 2.

Transmisija svjetlosti

Kompozitni sloj debljine 2 mm smanjio je ukupnu tran-
smisiju svjetlosti u rasponu od 360 do 540 nm na 13,78 +
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0l Figure 2 Radiant exitance as a function of time

for the tested light-curing units. Translux

sl Wave is characterized by the slow

Bluephase® PowerCure - 0 mm ascending irradiance during the first 3
seconds after activation.

Slika 2. Izlazno zracenje kao funkcija viemena za
testirane fotopolimerizacijske uredaje;
Translux Wave obiljezava sporo uzlazno
zracenje tijekom prve 3 sekunde nakon
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Slika 3. Ukupna transmisija svjetlosti u
spektralnom podrucju 360 — 540 nm

0l razli¢itih fotopolimerizacijskih uredaja

Transiux® Wave - 0 mm izmjerena na 2 mm debljine kompozitnih
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Figure 4 Incident (0 mm) and transmitted radiant
flux through 2 mm composite specimen
of: A— VALO Cordless; B — Bluephase
PowerCure and C- Translux Wave.
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Figure 5 Incident (0 mm) and transmitted power through 2 mm composite specimen of: A — VALO Cordless; B — Bluephase PowerCure and C-

Translux Wave.

Slika 5. Upadna (0 mm) i propustena snaga zracenja kroz kompozitni uzorak od 2 mm: A—VALO Cordless; B — Bluephase PowerCure i C—

Translux Wave

Figure 6 Light transmittance divided on the blue (A) blue (420-540 nm) and (B) violet spectral area (360-420 nm) of different curing units
measured at a 2 mm depth of composite specimens. Identical letters denote statistically similar groups within each panel.

Slika 6. Transmisija svjetlosti podijeljena na (A) plavi (420 — 540 nm) i (B) ljubicasti dio spektra (360 — 420 nm) razlicitih fotopolimerizacijskih
uredaja izmjerenih na 2 mm debljine kompozitnih uzoraka (identicna slova oznacavaju statisticki slicne skupine unutar svakog

panela)

Table1  Spectral and radiant characteristics of the curing units used in this study as measured by the spectrometer MARCTM Resin
Calibrator
Tablica1 Spektralne karakteristike i karakteristike zracenja fotopolimerizacijskih uredaja koristenih u ovom istrazivanju
Type of curin Peaks © Vrhovi Mean irradiance at ~ Total energy from 360-
. . ype i 0 mm (mW/cm?) ¢ 540 nm (J/cm?) ¢
Name (abbreviation) ¢ unit ® Vrsta . ... ..
. . . . violet ¢ blueI blueII ¢ Srednja vrijednost Ukupna emitirana
Naziv (skraéenica) fotopolimerizacijskog Ao . . . . . . . 4
. ljubicasti plavi I plavi IT intenziteta zracenjana  energija 360-540 nm
0 mm (mW/cm?) (J/cm?)
T™M
X?CI;)O Cordless polywave ® viSevalni 401 nm 447 nm 462 nm 824 12.44
](BII;Il)e(l:))hase PowerCure polywave ¢ visevalni 409 nm 449 nm / 958 19.15
'(I’{‘a.vl;/s)lux Wave monowave * jednovalni / 453 nm / 1372 27.15
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for TW, 20.31 + 0.79% for BPC and 28.03 + 3.14% for VC
of the original light emission of the respective curing units
(Figures 3, 4 and 5). The values for total light transmittance
were statistically different for each LCU (p < 0.001). The blue
light transmittance was also lowest for the monowave LCU
TW, followed by BPC and VC with the highest values (p <
0.001). When comparing the two polywave LCUs, the vio-
let light transmission was reduced by a 2 mm thick layer to
12.02 + 0.94% and 13.81 + 1.71% for VC and BPC, respec-
tively (Figure 6), with no statistical difference between them
(p=0,481 and p = 1.0 for BPC and VC, respectively).

Discussion

This study investigated the influence of polywave LCUs
on the light transmission through a composite material con-
taining camphorquinone as the sole photoinitiator and thus
theoretically not requiring the violet part of the spectrum for
adequate polymerization. The results showed that the light
transmittance was improved for polywave LCUs compared
to the control monowave LCU which had the lowest total
light transmittance (in the range 360-540 nm) and the lowest
blue light transmittance (420-540 nm). Therefore, the null
hypothesis was rejected. We can deduct that there is no detri-
mental effect of the polywave curing units on light transmis-
sion through a 2-mm layer. As expected, the light transmit-
tance is lower at violet wavelengths than at blue wavelengths.

The reduction in light transmission can be attributed at
least in part to absorption of photons by the photoinitiator.
In this study, the transmission of blue light was likely reduced
due to consumption of the photons by the camphorquinone.
Unfortunately, the relative contribution of absorption by
the photoinitiator to the overall reduction in light transmis-
sion in commercially available composites is small (21), and
is mainly determined by the material composition and the
wavelength of the incident light.

The average reduction in radiant flux in the violet region
(7.37 and 8.47 times lower for VC and BPC, respectively)
was more pronounced than in the blue region (3.09 and 4.64
times lower for VC and BPC, respectively). A similar result
was obtained in the study by Harlow et al. (7). This is a well-
known property of shorter wavelengths, which show stron-
ger scattering compared to longer wavelengths described by
the Rayleigh scattering equations (22). Based on the suffi-
ciently known composition of the QuiXfil we can exclude
the absorption of violet light by the alternative photoinitia-
tors, hence the reduction of the radiant flux can be attribut-
ed to the scattering at the surface of the filler particles. Slight
differences in the wavelengths of violet light of two polywave
LCUs (409 nm for BPC and 401 nm for VC) did not result
in a significant difference in violet light transmission. The
scattering in the dental composites is highest when the size of
the filler particles is half the wavelength of the incident light.
This means that a filler size of 200-230 nm is unfavorable for
light transmission, while larger or smaller sizes enable bet-
ter light transmission. QuiXfl as a bulk fill composite has a
higher translucency than conventional materials (23), which
is most likely due to the large filler particle size of ~10 pm.

Monowave vs. Polywave Light Transmittance .

0,5%% za TW, 20,31 + 0,79 % za BPC i 28,03 + 3,14 %
za VC od izvorne vrijednosti emisije svjetlosti odgovaraju¢ih
polimerizacijskih uredaja (slike 3., 4. i 5.). Vrijednosti uku-
pne transmisije svjetla bile su statisticki razli¢ite za svaki FPU
(p < 0,001). Transmisija plave svjetlosti takoder je bila naj-
niza za jednovalni FPU TW;, a slijede ga BPC i VC s najvi-
sim vrijednostima (p < 0,001). Pri usporedbi dvaju visevalnih
FPU-a, transmisija ljubicastog svjetla smanjena je za sloj de-
bljine 2 mm na 12,02 + 0,94 %, odnosno 13,81 + 1,71 % za
VC i BPC (slika 6.), bez statisticke razlike medu njima (p =
0,481 i p = 1,0 za BPC odnosno VC).

Rasprava

Cilj ove studije bio je istraziti utjecaj visevalnih FPU-a
na transmisiju svjetlosti kroz kompozitni materijal koji sa-
drzi kamforkinon kao jedini fotoinicijator i zato teoretski ne
zahtijeva ljubicasti dio spektra za odgovaraju¢u polimeriza-
ciju. Rezultati su pokazali da je transmisija svjetla poboljsa-
na za visevalne FPU-e u usporedbi s kontrolnim jednovalnim
FPU-om koji je imao najnizu ukupnu transmisiju svjetlosti
(u rasponu 360 — 540 nm) i najnizu transmisiju plave svje-
tlosti (420 — 540 nm). Zato je nulta hipoteza odbacena. Mo-
zemo zakljuditi da nema Stetnog ucinka visevalnih polimeri-
zacijskih uredaja na transmisiju svjetlosti kroz sloj od 2 mm.
Kao $to se i ocekivalo, transmisija svjetlosti niza je na ljubica-
stim valnim duljinama nego na plavima.

Smanjenje transmisije svjetlosti moze se barem djelomi¢-
no pripisati apsorpciji fotona fotoinicijatorima. U ovoj stu-
diji je transmisija plave svjetlosti vjerojatno smanjena zbog
potrosnje fotona kamforkinonom. Nazalost, relativni dopri-
nos apsorpcije fotoinicijatora ukupnom smanjenju transmi-
sije svjetlosti u komercijalno dostupnim kompozitima malen
je (20) i uglavnom je odreden sastavom materijala i valnom
duljinom upadne svjetlosti.

Prosje¢no smanjenje toka zracenja u ljubicastom dijelu
spektra (7,37, odnosno 8,47 puta nize za VC i BPC) bilo je
izrazenije nego u plavom dijelu spektra (3,09, odnosno 4,64
puta nize za VC i BPC). Sli¢an rezultat dobiven je u studi-
ji Harlowa i suradnika (6). To je dobro poznato svojstvo kra-
¢ih valnih duljina koje pokazuju jace rasprsenje u usporedbi
s duzim valnim duljinama opisanima Rayleighovim jednadz-
bama rasprsenja (21). Na temelju dovoljno poznatoga sasta-
va QuiXfil-a mozemo iskljuciti apsorpciju ljubicaste svjetlosti
alternativnih fotoinicijatora, tako da se smanjenje toka zrace-
nja motze pripisati rasprsenju na povrsini ¢estica punila. Male
razlike u valnim duljinama ljubicastog svjetla dvaju visevalnih
FPU-a (409 nm za BPCi401 nm za VC) nisu rezultirale zna-
¢ajnom razlikom u transmisiji ljubicastog svjetla. Rasprsenje
u dentalnim kompozitima najvece je kada je veli¢ina Cesti-
ca punila upola manja od valne duljine upadne svjetlosti. To
znadi da je veli¢ina punila od 200 do 230 nm nepovoljna za
transmisiju svjetla, a ve¢e ili manje veli¢ine omogucuju bolju
transmisiju svjetla. QuiXfl kao bulk-fill kompozit ima vecu
translucenciju od konvencionalnih materijala (22), najvjero-
jatnije zbog velike veli¢ine ¢estica punila od ~10 pm.

Teorijom rasprsenja ovisnog o valnoj duljini, prema ko-
joj se vece prigusenje postize na kra¢im valnim duljinama, a
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The wavelength-dependent scattering theory, according to
which higher attenuation is achieved at shorter wavelengths
and lower attenuation at longer wavelengths, is used by Par
et al. (21) to describe the fourfold higher light transmission
of a polywave LED LCU compared to the monowave LCU,
which differs by only 9 nm (21). The same explanation could
be valid for the VC light transmittance values in the present
study. The VC, the spectrum of which mostly extended to-
wards longer wavelengths, achieved the highest light trans-
mittance. The VC polywave LCU has four LED chips, two
blue LEDs at 460 nm arranged diagonally to each other, one
blue LED emitting at 440 nm, and one violet LED emit-
ting at 400 nm (5). Therefore, the VC emission spectrum has
three peaks, two of which are in the blue range, at 447 and
462 nm. The result is a very wide bandwidth of the VC emis-
sion spectrum, which most likely ensures the best light trans-
mittance of this LCU in the current study. However, this ex-
planation cannot account for the lowest light transmittance
of the TW, monowave LCU, which has a peak emission at
453 nm, more than the BPC, which peaks at 449 nm in the
blue region. If we look at the power as a function of time for
TW, we can see that it increases in the first 3 seconds and
then levels off to the maximum value. The optical curing time
measured with the MARC was 0.5 s shorter than the 20 s se-
lected with the LCU handpiece. Another possibility is that
broad spectral coverage, such as in BPC and VC, was more
favorable for blue and total light transmission than for the
narrow-spectrum TW.

An increase in temperature during polymerization in the
composite specimen can also improve light transmittance
(24). The increase in temperature comes from the exother-
mic polymerization reaction, but some of the heat from the
LCU is also transferred to the specimen (17). Third-genera-
tion LCUs with a high radiant exitance, such as those used
in this study, can produce a significant heat radiation (5).
Similarly, a high degree of conversion generates heat, but al-
so changes the refractive index of the polymer network, thus
resulting in various dynamic changes in the optical proper-
ties of the composite material, which can lead to an increase
or decrease in light transmittance depending on the material
composition (25).

This pilot study raises questions that require clarification
of the results obtained. Follow-up studies on the influence of
different curing units on the range of properties such as tem-
perature rise and polymerization kinetics as a function of ma-
terial depth and curing time are currently being carried out
by the authors.

Conclusions

Within the limits of the current pilot study, we can
conclude that the polywave LCUs can safely replace the
monowave LCUs for the polymerization of composites ac-
tivated exclusively with camphorquinone. Both tested poly-
wave LCUs showed an improved light transmission com-
pared to the monowave LCU used as control.

Monovalna vs. polivalna transmisija svjetlosti

manje na duljim valnim duljinama, koriste se Par i suradnici
(20) za opisivanje ¢etverostruko veéeg prijenosa svjetlosti vi-
sevalnog LED FPU-a u usporedbi s jednovalnim FPU-ima,
koji se razlikuje za samo 9 nm (20). Isto objasnjenje moglo bi
vrijediti za vrijednosti transmisije svjetla kod VC-a nadene u
ovom istrazivanju. Najvecu transmisiju svjetlosti postigao je
VC ¢iji je spektar uglavnom dosezao veée valne duljine. VC
viSevalni FPU ima ¢etiri LED ¢ipa, dvije plave LED diode na
460 nm rasporedene dijagonalno jedna prema drugoj, jednu
plavu LED diodu koja emitira na 440 nm i jednu ljubicastu
LED diodu na 400 nm (4). Stoga VC emisijski spektar ima
tri vrha, od kojih su dva u plavom dijelu spektra na 447 i 462
nm. Rezultat je vrlo $iroki emisijski VC spektar, $to najvjero-
jatnije osigurava najbolju transmisiju svjetlosti toga FPU-a u
ovom istrazivanju. Medutim, istim obja$njenjem ne moze se
protumaciti najniza transmisija TW svjetlosti, jednovalnoga
FPU-a, koji ima vrh emisije na 453 nm, $to je vise nego BPC
koji ima vrh vrijednosti na 449 nm u plavom dijelu spektra.
Ako promatramo snagu kao funkciju vremena za TW, mo-
zemo vidjeti da ona raste u prve 3 sekunde, a zatim se ujed-
nacuje do maksimalne vrijednosti. Vrijeme opticke polimeri-
zacije izmjereno MARC-om bilo je za 0,5 sekunda kraée od
20 sekunda koje je odabrano vrijeme na kudistu polimeriza-
cijskog uredaja. Druga je mogu¢nost da je Siroka spektralna
pokrivenost, kao $to je kod BPC-a i VC-a, bila povoljnija za
plavu i potpunu transmisiju svjetlosti od uskoga TW spektra.

Povecanje temperature tijekom polimerizacije u kompo-
zitnom uzorku takoder moze poboljsati transmisiju svjetlosti
(23). Povecanje temperature nastaje zbog egzotermne reakci-
je polimerizacije, ali se dio topline iz FPU-a takoder prenosi
na uzorak (16). Tree generacije FPU-a s visokom emisijom
zratenja, poput uredaja koristenih u ovom istrazivanju, mo-
gu proizvesti znacajno toplinsko zracenje (4). Sli¢no tomu,
visok stupanj polimerizacije stvara toplinu, ali takoder mi-
jenja indeks loma polimerne mreze te rezultira razlicitim di-
namickim promjenama u optickim svojstvima kompozitnog
materijala, $to moze povecati ili smanjiti transmisiju svjetlo-
sti, ovisno o sastavu materijala (24).

Ovo pilot-istrazivanje potaknulo je dodatna pitanja koja
zahtijevaju objasnjenje dobivenih rezultata. Autori trenuta¢-
no provode daljnja istrazivanja o utjecaju razlicitih polimeri-
zacijskih uredaja na niz svojstava kao $to su porast tempera-
ture i kinetika polimerizacije kao funkcija debljine materijala
i vremena polimerizacije.

Zakljuéci

Unutar ogranicenja ove pilot-studije mozemo zaklju-
¢iti da visevalni FPU-i mogu sigurno zamijeniti jednoval-
ne FPU-e za polimerizaciju kompozita aktiviranih iskljuci-
vo kamforkinonom. Oba testirana viSevalna FPU-a pokazala
su pobolj$anu transmisiju svjetlosti u usporedbi s kontrolnim
jednovalnim FPU-em.
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skih uredaja s pomocu bulk-fill kompozitnih materijala koji sadrzavaju samo kamforkinon kao fotoi-

nicijator. Materijali i metode: Tri fotopolimerizacijska uredaja koristena su za polimeriziranje bulk-fill
kompozita QuiXfil: jedan jednovalni (Translux® Wave) i dva videvalna (VALO Cordless i Bluephase®
PowerCure). NIST-kalibrirani spektrometar (MARC Resin Calibrator, BlueLight Analytics Inc.) rabljen
je za mjerenje emitirane i propustene svjetlosti kroz kompozitni uzorak od 2 mm tijekom 20 sekunda.
Transmisija svjetlosti izracunata je iz omjera koli¢ine propustene i emitirane svjetlosti. Za analizu po-
dataka (ANOVA, a = 0,05), odabrano je ukupno zracenje cijelog spektra, zracenje valnim duljinama
od 360 do 420 nm za ljubicasti spektar i od 420 do 540 nm za plavi spektar. Rezultati: Jednovalni fo-
topolimerizacijski uredaj Translux® Wave imao je najmanju transmisiju svjetla (13,78 + 0,5 %), slic-
no prijenosu ljubicastog svjetla videvalnih uredaja (12,02 + 0,94 % i 13,81 + 1,72 % za Valo Cordless
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i Bluephase PowerCure, respektivno). Transmisija plavog svjetla (32,15 — 23,70 %) bila je vide nego

dvostruko veca nego za valne duljine u ljubi¢astom podrucju spektra (13,81 — 12,02 %) za dva vise-
valna uredaja. VALO Cordless pokazao je najvecu propusnost ukupnoga i plavoga svjetla (p < 0,001).
Nije bilo znacajne razlike u prijenosu ljubicastog dijela spektra izmedu VALO Cordless i Bluephase®
PowerCure (p = 0,465). Zaklju¢ak: Unutar ogranicenja ove studije, moZemo zakljuciti da se viseval-
ni uredaji za polimerizaciju mogu koristiti za polimerizaciju bulk-fill kompozita s kamforkinonom kao

jedinim fotoinicijatorom.

References

1.

10.

11.

12.

13.

Marovic D, Par M, Crnadak A, Sekelja A, Negovetic Mandic V,
Gamulin O, et al. Rapid 3 s Curing: What Happens in Deep Layers
of New Bulk-Fill Composites? Materials (Basel). 2021;14(3).
Negovetic Mandic V, Par M, Marovic D, Raki¢ M, Tarle Z, Klari¢
Sever E. Blue Laser for Polymerization of Bulk-Fill Composites: In-
fluence on Polymerization Kinetics. Nanomaterials. 2023;13(2).
Ilie N. Resin-Based Bulk-Fill Composites: Tried and Tested, New
Trends, and Evaluation Compared to Human Dentin. Materials
(Basel). 2022 Nov 15;15(22):8095.

Klari¢ N, Macan M, Par M, Tarle Z, Marovi¢ D. Effect of Rapid Po-
lymerization on Water Sorption and Solubility of Bulk-fill Com-
posites. Acta Stomatol Croat. 2022 Sep;56(3):235-245.
Rueggeberg FA, Giannini M, Arrais CAG, Price RBT. Light curing in
dentistry and clinical implications: a literature review. Braz Oral
Res. 2017;31(suppl 1):e61.

Ogunyinka A, Palin WM, Shortall AC, Marquis PM. Photoinitiation
chemistry affects light transmission and degree of conversion of
curing experimental dental resin composites. Dent Mater. 2007
Jul;23(7):807-13.

Harlow JE, Rueggeberg FA, Labrie D, Sullivan B, Price RB. Trans-
mission of violet and blue light through conventional (layered)
and bulk cured resin-based composites. | Dent. 2016;53:44-50.
Marovic D, Par M, Macan M, Klaric N, Plazonic |, Tarle Z. Aging-De-
pendent Changes in Mechanical Properties of the New Generation
of Bulk-Fill Composites. Materials (Basel). 2022 Jan 25;15(3):902.
Emami N, Sjodahl M, Soderholm KJ. How filler properties, fill-
er fraction, sample thickness and light source affect light at-
tenuation in particulate filled resin composites. Dent Mater.
2005;21(8):721-30.

Guiraldo RD, Consani S, Consani RL, Berger SB, Mendes WB, Sinho-
reti MA. Light energy transmission through composite influenced
by material shades. Bull Tokyo Dent Coll. 2009;50(4):183-90.
Macan M, Marogevic A, Spiljak B, Simunovi¢ L, Par M, Marovic D,
et al. Proposition of New Testing Procedure for the Mechanical
Properties of Bulk-Fill Materials. Materials (Basel). 2023;16(13).
Par M, Lapas-Barisic M, Gamulin O, Panduric V, Spanovic N, Tarle
Z.Long term degree of conversion of two bulk-fill composites. Ac-
ta Stomatol Croat. 2016 Dec;50(4):292-300.

dos Santos GB, Alto RV, Filho HR, da Silva EM, Fellows CE.
Light transmission on dental resin composites. Dent Mater.
2008;24(5):571-6.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

MeSH pojmovi: kompozitne smole;
stomatolosko polimerizirajuce svjetlo;
stomatoloski fotoinicijator

Autorske kljucne rijeci: fotopolimeri-
zacijski uredaji; jednovalni; visevalni;
transmisija svjetlosti; fotoinicijator

Fronza BM, Ayres A, Pacheco RR, Rueggeberg FA, Dias C, Giannini
M. Characterization of Inorganic Filler Content, Mechanical Prop-
erties, and Light Transmission of Bulk-fill Resin Composites. Oper
Dent. 2017 Jul/Aug;42(4):445-455.

Haugen HJ, Marovic D, Par M, Thieu MKL, Reseland JE, Johnsen
GF. Bulk Fill Composites Have Similar Performance to Convention-
al Dental Composites. Int ] Mol Sci. 2020;21(14).

Heck K, Manhart J, Hickel R, Diegritz C. Clinical evaluation of the
bulk fill composite QuiXfil in molar class | and Il cavities: 10-year
results of a RCT. Dent Mater. 2018;34(6):e138-e47.

Price RB, Ferracane JL, Shortall AC. Light-Curing Units: A Review
of What We Need to Know. ) Dent Res. 2015;94(9):1179-86.
Rocha MG, Oliveira D, Felix C, Roulet JF, Sinhoreti MAC, Correr AB.
Beam Profiling of Dental Light Curing Units Using Different Cam-
era-Based Systems. Eur ) Dent. 2022;16(1):64-79.

Soto-Montero J, Nima G, Rueggeberg FA, Dias C, Giannini M. Influ-
ence of Multiple Peak Light-emitting-diode Curing Unit Beam Ho-
mogenization Tips on Microhardness of Resin Composites. Oper
Dent. 2020 May/Jun;45(3):327-338.

Price RB, Labrie D, Rueggeberg FA, Sullivan B, Kostylev |, Fahey .
Correlation between the beam profile from a curing light and the
microhardness of four resins. Dent Mater. 2014;30(12):1345-57.
Par M, Repusic I, Skenderovic H, Tarle Z. Wavelength-dependent
light transmittance in resin composites: practical implications for
curing units with different emission spectra. Clin Oral Investig.
2019 Dec;23(12):4399-4409.

Arikawa H, Fujii K, Kanie T, Inoue K. Light transmittance char-
acteristics of light-cured composite resins. Dent Mater.
1998;14(6):405-11.

Bucuta S, Ilie N. Light transmittance and micro-mechanical prop-
erties of bulk fill vs. conventional resin based composites. Clin
Oral Investig. 2014 Nov;18(8):1991-2000.

Howard B, Wilson ND, Newman SM, Pfeifer CS, Stansbury JW. Re-
lationships between conversion, temperature and optical prop-
erties during composite photopolymerization. Acta Biomater.
2010;6(6):2053-9.

Ilie N. Impact of light transmittance mode on polymerisation ki-
netics in bulk-fill resin-based composites. ) Dent. 2017;63:51-9.



