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Color Stability of Dental Composites after Immersion in
Beverages and Performed Whitening Procedures

Stabilnost boje dentalnih kompozita nakon uranjanja u napitke
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Abstract
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Objectives: The study aimed to compare the color stability of two different light-cured composites
after immersion in three liquids and the effectiveness of 16% carbamide peroxide (CP) in removing
the discoloration. Material and methods: Color stability of a microhybrid (Z250, 3M ESPE) and nano-
composite (Z550, 3M ESPE) was evaluated after immersion in instant coffee, tea, Coca-Cola, and de-
ionized water as a control group (n=>5). Samples were kept in liquids for four hours daily at 37°C for
30 days. Furthermore, 16% CP was applied for the following 14 days, simulating night whitening. A
digital spectrophotometer was used for color measurement based on the CIEL*a*b* color coordi-
nates. The color changes (AE) were measured at baseline, after immersion in the beverages, and al-
so after the teeth whitening procedure. Mixed and factorial ANOVA followed by Bonferroni’s post-hoc
test were used for statistical evaluation (p<0.05). Results: Tested resin composites showed a color
change over the acceptability threshold (AE*> 3.48) after immersion in coffee and tea. Nanocompos-
ite reported a significant increase in discoloration in coffee after 30 days (p <0.05). The color of both
materials significantly changed (p<0.05) along all three L*a*b* axes in coffee and tea to darker, yel-
low, and red. Whitening with 16% CP was effective in removing external discoloration in both exam-
ined composite materials. Conclusion: Coffee and tea induced clinically detectable color changes in
dental composites tested, with cumulative effects. Whitening represents an efficient method for the
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removal of surface discoloration in composite restorations.

Introduction

Growing concerns regarding dental amalgam toxicity,
patient requirements for aesthetic fillings, and a minimal-
ly invasive treatment approach resulted in the dominance
of composite materials in terms of direct restorative dental
treatment. Contemporary researchers focus on improving the
physical characteristics and clinical longevity as well as esthet-
ic appearance of existing composite materials, along with the
introduction of new technologies. Although the quality of
composite fillings has improved in recent years, discoloration
after exposure to the oral medium continues to be a challenge
for composite materials (1). Prolonged exposure of compos-
ites to the oral cavity conditions leads to restoration discolor-
ation and a consequent color discrepancy between tooth and
restoration. Discoloration causes patient dissatisfaction and
the additional cost for the filling replacement (2).

Methods for removing external dental composite discol-
oration to achieve esthetics restoration include air polishing,

Bleaching
Author keywords: Color; Teeth
Bleaching; Beverages; Staining

Uvod

Sve veca zabrinutost zbog toksi¢nosti dentalnoga amalga-
ma i zahtjeva pacijenata za estetske ispune te minimalno in-
vazivne pristupe lijecenju, rezultirali su dominacijom kom-
pozitnih materijala kad je rije¢ o izravnome restaurativnom
dentalnom tretmanu. Suvremeni istrazivali usredotocuju se,
uz uvodenje novih tehnologija, na poboljsanje fizickih obi-
ljezja i klinicke dugovje¢nosti te estetskoga izgleda postojecih
kompozitnih materijala. lako se kvaliteta kompozitnih ispu-
na posljednjih godina poboljsala, promjena boje nakon izla-
ganja oralnome mediju i dalje je izazov kada se radi o kom-
pozitnim materijalima (1). Dugotrajno izlaganje kompozita
uvjetima u usnoj Supljini rezultira promjenom boje restaura-
cije i posljedi¢nom razlikom u boji izmedu zuba i restauraci-
je. Promjena boje poti¢e nezadovoljstvo pacijenta i dodatni
trosak za zamjenu ispuna (2).

Metode uklanjanja vanjske promjene boje dentalno-
ga kompozita radi estetskoga izgleda restauracije obuhvaca-
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bleaching or whitening, conventional repolishing, or even re-
placement of existing highly stained composite. Air polishing
may produce roughness on the composite surface, even when
using mild glycine-based powder (3). Composite color can be
restored by repolishing, although this procedure partially re-
moves material from the restoration surface. However, in the
case of deep pigment penetration, it is not possible to com-
pletely restore the color of the material to its initial shade by
polishing. Therefore, bleaching remains a minimally invasive
approach for stain removal from direct resin-based compos-
ite restorations. The bleaching effect may be obtained either
by using a bleaching agent in different concentrations, or var-
ious lamps to speed up the process (4). When used proper-
ly under the supervision of a dentist, peroxide-based tooth
bleaching products are considered safe and effective (5).

With advancements in nanotechnology in recent years,
dental composites with nanoparticles were introduced. Mi-
crohybrid composites and nanocomposites are the most
commonly used materials for direct dental restorations with
microscale/nanoscale, individual/clustered nanoscale glass
fillers, respectively (6). As claimed, a high surface/volume ra-
tio in nanocomposites results in improved mechanical, ther-
mal, and optical properties (7). To achieve a longer esthetic
appearance of the dental filling, it is important to identify a
composite material less susceptible to discoloration. The ob-
jective of this study was to assess the color stability of two dif-
ferent composite resins in three frequently used solutions -
coffee, tea, and Coca-Cola - and determine if bleaching with
16% carbamide peroxide (CP) gel can remove derived discol-
oration. The first hypothesis of this study was that beverages
affect the discoloration susceptibility of the tested composite
materials, and the second hypothesis was that bleaching with
16% CP gel would be effective in the color recovery of test-
ed composites.

Material and methods

Resin dental composites used in this study include mi-
crohybrid composite (Filtek Z250 (3M ESPE, St. Paul, MN,
USA) and nanohybrid composite (Filtek 2550, 3M ESPE,

St. Paul, MN, USA) in shades A2. The characteristics of the
composites used in this study are listed in Table 1.

Kompozitna diskoloracija i izbjeljivanje

ju zracno poliranje, izbjeljivanje, uobic¢ajeno ponovno poli-
ranje ili ¢ak zamjenu postojeceg kompozita s jakim mrljama.
Pjeskarenje moze potaknuti hrapavost na povrsini kompozita
¢ak i kada se upotrebljava blagi prah na bazi glicina (3). Bo-
ja kompozita moze se obnoviti ponovnim poliranjem, iako
se tim postupkom djelomi¢no uklanja materijal s povrsine
restauracije. No u slucaju dubokoga prodora pigmenta po-
liranjem nije moguée potpuno vratiti boju materijala u po-
¢etnu nijansu. Zato izbjeljivanje ostaje minimalno invazivni
pristup u uklanjanju mrlja s izravnih kompozitnih restauraci-
ja na bazi smole. U¢inak se moze posti¢i koristenjem sredstva
za izbjeljivanje u razli¢itim koncentracijama ili raznim svje-
tilikama za ubrzavanje procesa (4). Kada se pravilno koriste
pod nadzorom stomatologa, proizvodi za izbjeljivanje zuba
na bazi peroksida smatraju se sigurnima i u¢inkovitima (5).
S napretkom u nanotehnologiji posljednjih godina pro-
izvedeni su dentalni kompoziti s nanocesticama. Mikrohi-
bridni kompoziti i nanokompoziti najcesée su koristeni ma-
terijali za izravne dentalne nadoknade s mikro/nanomjernim,
pojedina¢nim/grupiranim staklenim punilima na nanomje-
ri (6). Kako se tvrdi, visok omjer povrsina/volumen u nano-
kompozitima rezultira pobolj$anim mehanickim, toplinskim
i optickim svojstvima (7). Za postizanje duljega estetskoga
izgleda ispuna zuba vazno je identificirati kompozitni mate-
rijal manje osjetljiv na promjenu boje. Cilj ove studije bio je
procijeniti stabilnost boje dviju razlicitih kompozitnih smo-
la u trima najéesce koritenim otopinama — kavi, ¢aju i Co-
ca-Coli — i ustanoviti moze li izbjeljivanje 16-postotnim kar-
bamid-peroksidnim (CP) gelom ukloniti nastalu promjenu
boje. Prva hipoteza ove studije glasila je da napitci utje¢u na
osjetljivost testiranih kompozitnih materijala na promjenu
boje, a druga da bi izbjeljivanje 16-postotnim CP gelom bilo

ucinkovito u obnavljanju boje testiranih kompozita.

Materijali i metode

Dentalni kompoziti od smole koristeni u ovoj studiji bili
su mikrohibridni kompozit (Filtek Z250 (3M ESPE, St. Pa-
ul, MN, SAD) i nanohibridni kompozit (Filtek Z550, 3M
ESPE, St. Paul, MN, SAD) u nijansama A2. Karakeeristike

kompozita koristenih u ovoj studiji navedene su u tablici 1.

Table1  Properties of the materials used in this study
Tablica 1. Svojstva materijala koristenih u ovoj studiji
Product Manufacturer Shade #Batch Matrix Filler Partlcle size Fllle: weight in jane
number in pm % (wt)
Bis-GMA,
UDMA, 20 nm silica, 1-10
Filtek Z550 3M ESPE, St.Paul, A2 N502352 Bis-EMA, pm zirconia/silica 82% Nanohybrid
MN, USA .
TEGMA, particles
PEGDMA
Bis-GMA, 0.01-3.5 pm
Filtek Z250 3M ESPE, St.Paul, A2 N535897 UDMA, zirconia/silica 82% Microhybrid
MN, USA . .
Bis-EMA particles

Bis-GMA- Bisphenol A-glycidyl methacrylate; UDMA- Urethane dimethacrylate; Bis-EMA- Ethoxylatedbisphenol-A-dimethacrylate; TEGDMA-
Triethylene glycol dimethacrylate; PEGDMA - polyethylene glycol dimethacrylate

Bis-GMA-bisfenol A-glicidil metakrila; UDMA- uretan dimetakrilat; Bis-EMA-etoksiliranibisfenol-A-dimetakrilat; TEGDMA- Trietilen glikol
dimetakrilat; PEGDMA - polietilen glikol dimetakrilat
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Preparation of Samples

Composite disc samples were prepared using microscop-
ic glass plates covered with Mylar strips and Teflon mold (10
mm in diameter and 2 mm in height). The resin was pressed
by a plate to flatten, and it was photopolymerized through
the glass and transparent strip from both sides for 20 sec-
onds using a wireless light source with an irradiance of 1200
mW/cm? (Elipar™ FreeLight 2 LED Curing Light, 3M ES-
PE, St. Paul, MN, USA). The light intensity of the curing
lamp was regularly monitored using a radiometer Bluephase
Meter (Ivoclar Vivadent, Schaan, Liechtenstein). A total of
40 discs were prepared.

All samples were consequently processed with fine and
superfine extra thin (dark orange to yellow) aluminum oxide-
impregnated paper discs (Sof-Lex™, 3M ESPE, St. Paul, MN,
USA), with average particle size of 24pm, and 8um respec-
tively, embedded in a low-speed handpiece. The abrasive discs
were used with reduced speed under dry conditions and light
pressure for 10 seconds to standardize the surface and mim-
ic clinical conditions. The polishing disks were discarded af-
ter every specimen. After polishing, the samples were initially
stored in distilled water at 37°C to complete the polymeriza-
tion process.

After 24 hours, the samples were randomly divided into
three experimental subgroups and the control group (n=5).
Three different beverages used in this experiment were in-
stant coffee, green tea, and Coca-Cola. The samples were im-
mersed in these freshly prepared beverages for four hours
during the day to simulate high intakes, then rinsed with dis-
tilled water, while in the remaining hours they were stored in
deionized water. The samples were kept in experimental lig-
uids at 37°C + 1°C. The procedures were repeated during
30 days. Considering that 24-hour immersion simulates near
one month of coffee consumption (8), the performed inter-
mittent staining protocol mimics clinical exposure to these
beverages over six months.

Five samples of both composites were kept in deionized
water in the incubator at 37°C for 30 days (control group).
Distilled or deionized water was previously used as a control
group due to minimal color change reported (9, 10, 11).

Preparation of Beverages

The contents of the bag (17.5 g) of instant coffee Ne-
scafe 3inl Classic (Nestle, Hungary, Kft. Szerenczi Gyara)
were poured using 150 ml of boiling water. The solution was
stirred and allowed to cool for 10minutes. Tea solution was
prepared by immersing prefabricated tea bag (30 gr) Lipton
green tea Nature (Unilever, Belgium) into 200 ml of boiling
water. After ten minutes of stirring, the bag was removed.
A factory-sealed 0.5-liter Coca-Cola package (Coca-Cola
HBC, Sarajevo, B&H) at room temperature was used for the
third subgroup.

The pH value of every beverage and pH of bleaching gel
was determined at room temperature using a digital pHmeter
PHYWE 13702.93 (Gottingen, Germany). Two-point cal-
ibration of pHmeter’s electrode was performed using stan-
dard buffers at pH=4.0 and 7.0. The electrode was immersed
in freshly prepared test beverages. A stable pH reading was

Composite Discoloration and Whitening .

Priprema uzoraka

Uzorci kompozitnih diskova pripremljeni su s pomocu
mikroskopskih staklenih ploca prekrivenih vrpcama Mylar u
teflonskom kalupu (10 mm u promjeru i 2 mm u visini).
Smola je pritisnuta ploom da se izravna i fotopolimerizira-
na kroz staklo i prozirnu vrpcu s obje strane 20 sekunda iz
bezi¢noga izvora svjetlosti sa zracenjem od 1200 mW/cm®
(Elipar™ FreeLight 2 LED Curing Light, 3M ESPE, St. Pa-
ul, MN, SAD). Intenzitet svjetla zarulje za polimerizaciju re-
dovito se pratio radiometrom Bluephase Meter (Ivoclar Vi-
vadent, Schaan, Lihtenstajn). Ukupno je pripremljeno 40
diskova.

Svi uzorci obradeni su finim i superfinim ekstra tankim
(tamnonarancastim do zutim) papirnatim diskovima impre-
gniranima aluminijskim oksidom (Sof-Lex™, 3 M ESPE, St.
Paul, MN, SAD), prosjecne velic¢ine cestica od 24 pm i 8 pm,
umetnut u nasasdnik male brzine. Abrazivni diskovi koristeni
su pri smanjenoj brzini u suhim uvjetima i lagano ih se priti-
skalo 10 sekunda da bi se standardizirala povrina i oponasa-
li klinicki uvjeti. Diskovi za poliranje ba¢eni su nakon svako-
ga ispoliranoga uzorka. Nakon poliranja uzorci su uronjeni u
destiliranu vodu na temperaturi od 37 °C kako bi se zavrsio
proces polimerizacije.

Nakon 24 sata uzorci su nasumi¢no podijeljeni u tri ek-
sperimentalne podskupine i kontrolnu skupinu (n = 5). Tri
razli¢ita pica koristena su u ovom eksperimentu — instant-ka-
va, zeleni ¢aj i Coca-Cola. Uzorci su bili uronjeni u te svjeze
pripremljene napitke Cetiri sata danju da bi se simulirali vi-
soki unosi, zatim su isprani destiliranom vodom, a preostale
sate bili su pohranjeni u deioniziranoj vodi. Cuvani su u ek-
sperimentalnim teku¢inama na 37 °C + 1 °C. Postupci su se
ponavljali 30 dana. S obzirom na to da 24-satno uranjanje si-
mulira gotovo jednomjese¢nu konzumaciju kave (8), prove-
deni protokol povremenoga bojenja oponasa $estomjese¢nu
klini¢ku izlozenost tim napitcima.

Pet uzoraka obaju kompozita bilo je u deioniziranoj vodi
u inkubatoru na temperaturi od 37 °C tijekom 30 dana (kon-
trolna skupina). Destilirana ili deionizirana voda prethodno
je koristena kao kontrolna skupina zbog minimalne promje-

ne boje (9, 10, 11).

Priprema napitaka

Sadrzaj vredice (17,5 g) instant kave Nescafe 3ul Classic
(Nestle, Madarska, Kft. Szerenczi Gyara) preliven je sa 150
mL kipuée vode. Otopina se mijesala i zatim hladila 10 mi-
nuta. Otopina ¢aja pripremljena je uranjanjem vrecice zele-
noga ¢aja (30 gr) Lipton Nature (Unilever, Belgija) u 200 mL
kipuce vode. Nakon deset minuta mijesanja vreica je izvade-
na. Za tre¢u podgrupu koristeno je tvornicki zatvoreno paki-
ranje Coca-Cole od 0,5 litara sobne temperature (Coca-Cola
HBC, Sarajevo, BiH).

pH vrijednost svakog napitka i pH gela za izbjeljivanje
odredivani su na sobnoj temperaturi digitalnim pH-metrom
PHYWE 13702.93 (Gottingen, Njemacka). Kalibracija pH-
metarske elektrode u dvjema tockama provedena je koriste-
njem standardnih pufera pri pH = 4,01 7,0. Elektroda je uro-
njena u tek pripremljene ispitne napitke. Stabilno ocitanje
pH postignuto je nakon 1 do 2 minute poslije uranjanja i za-
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Table2  Main characteristics of the beverages
Tablica 2. Glavna obiljezja pica
Beverage Main ingredients pH
Nescafe 3 in 1 Classic Coffee powder 6.45
Lipton green tea Nature 100% natural, green tea leaves. 6.48
Coca-Cola® Carbonated water, sugar, caramel color, phosphoric acid, caffeine, natural flavors. 296
Glycerin 25-50%, Aqua 10-25%, Urea (Carbamide) Peroxide 16%, Carbomer 5 — 10, Potassium Nitrate
16% carbamide peroxide 1-5, Sodium Hydroxide 1-5, Aroma 0.1-1.0, EDTA 0.1-1.0, Sodium Saccharin 0.1-1.0 7,00
VivaStyle® '

achieved after 1-2 minutes of immersion, recorded as the pH
of the sample. The composition of the immersion solutions
(manufacturer’s data) and their pH are presented in Table 2.

Composite Samples Bleaching Process

The samples were bleached using 16% carbamide perox-
ide gel Vivasyle (Ivoclar Vivadent AG, Bendererstrass, Liech-
tenstein) for seven hours a day over 14-days, mimicking the
at-home-night technique. The bleaching agent was careful-
ly removed using a cellulose cloth, rinsed with tap water for
one minute, and distilled water consecutively. During the re-
maining 17 hours, the samples were stored in deionized wa-

ter at 37°C (12).

Color Evaluation

A Vita Easyshade Compact digital spectrophotometer
(Vita Zahnfabrik, Bad Sickingen, Germany) was used for
color spectrophotometric determination, previously calibrat-
ed with an integrated standard white plate. Color measure-
ments were performed 24 hours after polymerization — on
the 7th, 14th, and 30th day of immersion and after whiten-
ing. At each measurement, the samples were extracted from
deionized water, dried with cellulose wadding, and L*a*b*
color parameters were evaluated according to the CIEL*a*b*
color scale, using white backing. Measurements were repeat-
ed three times and the mean L*, a*, and b* values were re-
corded. The L* vertical parameter refers to the lightness,
while a* and b* color coordinates are chromatic axes in the
red-green and yellow-blue direction, respectively. Based on
the spectrophotometric determination of L*a*b* color val-
ues, the total difference between the two shades (AE) was cal-
culated. The color shift (AE* ) was calculated using equation
AE* | = [(AL*)*+ (Aa*)*+ (Ab*)’]"”. When the AE was high-
er than the acceptability threshold (AE*> 3.48), it was con-
sidered clinically visible, while a value of 1.74 was accepted
as the perceptibility threshold (13). The results were statisti-
cally analyzed using Statistical Package for the Social Scienc-
es (SPSS) v.20 program package. The values of color changes
were analyzed by mixed and factorial ANOVA test (p<0.05).
Subsequently, Bonferroni-corrected t-tests for independent
samples were used for comparison (post-hoc analysis).

Results

The color of composite materials tested in this study
changed in coffee and tea beyond the acceptability threshold
(AE>3.48) as ecarly as seven days after immersion. After 30

biljezeno je kao pH uzorka. Sastav otopina za uranjanje (po-
datci proizvodaca) i njihov pH nalaze se u tablici 2.

Proces izbjeljivanja kompozitnih uzoraka

Uzorci su izbjeljivani koriStenjem 16-postotnoga karba-
mid-peroksidnoga gela Vivasyle (Ivoclar Vivadent AG, Ben-
dererstrass, Lihtenstajn) sedam sati na dan tijekom 14 dana,
oponasajuéi tehniku nocu kod kuce. Sredstvo za izbjeljivanje
pailjivo je uklonjeno celuloznom krpom, isprano jednu mi-
nutu vodom iz slavine i destiliranom vodom uzastopno. Tije-
kom preostalih 17 sati bili su pohranjeni u deioniziranoj vodi
na temperaturi od 37 °C (12).

Procjena boja

Za spektrofotometrijsko odredivanje boja koristen je di-
gitalni spektrofotometar Vita Easyshade Compact (Vita Za-
hnfabrik, Bad Sickingen, Njemacka) koji je prije toga kali-
briran integriranom standardnom bijelom plo¢om. Mjerenja
boje obavljena su 24 sata nakon polimerizacije — sedmoga,
Cetrnaestoga i tridesetoga dana od uranjanja i poslije izbje-
ljivanja. Pri svakom mijerenju uzorci su ekstrahirani iz dei-
onizirane vode i suseni celuloznom vatom, a parametri boje
L*a*b* ocjenjivani su prema ljestvici boja CIEL*a*b* kori-
steci se bijelom podlogom. Mjerenja su ponovljena tri puta i
zabiljezene su srednje vrijednosti L*, a* i b*. Vertikalni para-
metar L* odnosi se na svjetlinu, a koordinate boja a* i b* kro-
matske su osi u crveno-zelenom i zuto-plavom smjeru. Na te-
melju spektrofotometrijskoga odredivanja L*a*b* vrijednosti
boja izracunata je ukupna razlika izmedu dviju nijansi (AE).
Pomak boje (AE*ab) izra¢unat je s pomocu jednadzbe AE*ab
= [(AL*)? + (Aa*)? + (Ab*)?]"2. Kada je AE bio veéi od pra-
ga prihvatljivosti (AE* > 3,48), smatrao se klinicki vidljivim,
a vrijednost od 1,74 prihva¢ena je kao prag perceptibilnosti
(13). Rezultati su statisticki analizirani u programskom pake-
tu Statistical Package for the Social Sciences (SPSS) v.20. Vri-
jednosti promjena boje analizirane su mjeSovitim i faktorijal-
nim ANOVA testom (p < 0,05). Nakon toga su za usporedbu
(post-hoc analiza) koristeni Bonferronijevi ispravljeni t-testo-
vi za nezavisne uzorke.

Rezultati

Boja kompozitnih materijala testiranih u ovoj studiji pro-
mijenila se u kavi i ¢aju iznad praga prihvatljivosti (AE >
3,48) ve¢ sedam dana nakon uranjanja. Nakon 30-dnevno-
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days of immersion, the smallest value of AE, was detected for
the Z250 composite samples immersed in Coca-Cola, where-
as the highest AE, value was detected for nanocomposite
samples immersed in coffee (AE =13.23+2.11). During wa-
ter immersion (AE;=0.94+0.17) and Coca-Cola immersion
(AE,=0.71+0.61), no significant changes were detected in AE
values of resin composites of both materials. The values of col-
or difference (AE) after immersion in different solutions dur-
ing the time are shown in Table 3. To determine which of the
materials had a higher sensitivity to pigmentation caused by
tested solutions, the post-hoc test of AE, value differences be-
tween two tested materials for each of the three solutions was
performed by t-test for independent samples with Bonferroni
corrected p-value (p = 0.05/3 = 0.017). After 30 days of im-
mersion, statistically significant differences in color alterations
were caused only by coffee (p=0.01). Although a visible color
change was found in samples of both materials immersed in
tea, the change was not statistically significant (p=0.19).

The values of AL*, Aa*, and Ab* for tested materials im-
mersed in tested solutions are given in Table 4. For each col-
or dimension (L*, a*, and b*) of both materials (microhy-
brid and nanocomposite), mixed ANOVA with Time (day
one, day 30) as a repeated measure and Beverage (tea, coffee,
Coca-Cola) between-groups was computed. Time x Bever-

Composite Discoloration and Whitening .

ga uranjanja najmanja vrijednost AE, otkrivena je za uzorke
kompozita Z250 uronjene u Coca-Colu, a najveca vrijednost
AE, zabiljezena je za uzorke nanokompozita uronjene u kavu
(AE3 =13,23 + 2,11). Tijekom uranjanja u vodu (AE3 =0,94
+ 0,17) i uranjanja u Coca-Colu (AE3 = 0,71 + 0,61) nisu
otkrivene znacajne promjene u vrijednostima AE kompozita
smole oba materijala. Vrijednosti razlike u boji (AE) nakon
uranjanja u razlicite otopine tijekom vremena prikazane su
u tablici 3. Kako bi se ustanovilo koji je od materijala osjet-
post-hoc test razlika vrijednosti AE, izmedu dvaju testiranih
materijala za svaku od triju otopina proveden je t-testom za
nezavisne uzorke s Bonferronijevom korigiranom p-vrijedno-
$¢u (p =0,05/3 = 0,017). Nakon 30-dnevnoga uranjanja, sta-
tisticki znacajne razlike u promjenama boje prouzrocene su
samo kavom (p = 0,01). lako je vidljiva promjena boje pro-
nadena u uzorcima obaju materijala uronjena u ¢aj, promje-
na nije bila statisticki znacajna (p = 0,19).

Vrijednosti AL*, Aa* i Ab* za ispitane materijale uronje-
ne u ispitane otopine dane su u tablici 4. Za svaku dimenziju
boje (L*, a* i b*) oba materijala (mikrohibridni i nanokom-
pozitni) izraCunata je mjesovita ANOVA s vremenom (prvi
dan, 30. dan) kao ponovljenom mjerom i napitkom (¢aj, ka-
va, Coca-Cola) izmedu grupa. Interakcija vrijeme x napitak

Table3  The values of color difference (AE) with standard deviations, according to material, solution, and time of measurement

Tablica 3. Vrijednosti razlike u boji (AE) sa standardnim odstupanjima prema materijalu, otopini i vi.emenu mjerenja
Material 7250 7550
Evalu'ation Water Tea Coffee Coca-Cola Water Tea Coffee Coca-Cola

period

" -A7Eéay) 449 (+120) | 455 (+1.26) | 1.79 (:0.64) 450 (+1.04) | 7.61 (+1.64) | 1.25 (:0.46)
s ) 699 (+1.04) | 620 (+1.42) | 1.46 (+138) 5.65 (+1.66) | 1042 (+2.46) | 1.22(+0.83)
(1 _;‘jf;@ ) 0.94 (+0.17) | 10.23 (+2.23) | 9.36*(+1.39) | 0.71 (+0.61) | 0.91(+0.30) | 8.46(+1.59) |13.23*(+2.11)| 1.80(+0.81)
AE, (after 237(+039) | 159 (+0.45) | 2.48 (+0.34) 273 (:023) | 1.92(:055) | 3.12 (x0.90)
bleaching) AT ' ’ T ’ ’ e ) )

*Statistically significant differences (p = 0.01) in a color difference between two tested materials at a specific time
*Statisticki znacajne razlike (p = 0,01) u razlici u boji izmedu dvaju testiranih materijala u odredeno vrijeme

Table 4
in three different solutions

Means and standard deviations of color change in L*, a*, and b* axis (color change 1st-30th day) of microhybrid and nanocomposite

Tablica 4. Srednje vrijednosti i standardne devijacije promjene boje na osi L*, a* i b* (promjena boje 1. do 30. dana) mikrohibridnog i

nanokompozita u trima razlicitim napitcima

Material Solution Aa Ab
Tea 7.73+1.56* -2.09+0.458 -6.35+1.65¢
Coffee 8.15+1.40% -1.57+0.578 -4.24+0.77¢

Filtek Z2 = =
el 2250 Coca-Cola 20.38+0.36 0.11£0.28 0.260.36
Distilled water -0.45+0,20 0.67+0.25 0.05+0.47
Tea 5.83+1.274 -1.71+0.378 -5.87+1.06¢
T 27+1.944 . 588 . .99¢

Filkek 7550 Coffee 9.27+ 3.36+0.58 8.80+0.99

Coca-Cola -1,50+0.79 -0.09+0.19 -0.81+0.63
Distilled water -0.32+0.87 -0.10+0.11 0.01+0.46

AL - (brightness) values ¢ (svjetlina) vrijednosti; Aa - (change along red-green axis) values ® (promjena duz crveno-zelene osi) vrijednosti; Ab - (change

along yellow-blue axis) values ® (promjena duz zuto-plave osi) vrijednosti
A

- statistically significant decrease in the value of L* parameters ® statisticki znacajno smanjenje vrijednosti L* parametara

B - statistically significant increase in the value of a* parameters * statisticki znacajno povecanje vrijednosti a* parametara
€ - statistically significant increase in the value of b* parameters * statisticki znacajno povecanje vrijednosti b* parametara
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age interaction was significant for all three color dimensions
of both materials (all ps<.001). Post hoc comparisons were
performed using t-tests with Bonferroni correction of p-val-
ue (p = 0.05/3 = 0.017). On day 30, the color shifts at both
tested materials were significant along all three L*, a*, and b*
axes in coffee and tea (p<0.05). A statistically significant de-
crease in L* values (microhybrid: ps<0.001 for both tea and
coffee; nanocomposite: p=0.001 for tea, and p<0.001 for cof-
fee) pointed to a brightness shift along the white-black ax-
is toward darker. A statistically significant increase in a* val-
ues (microhybrid: p<0.001 for tea, and p=0.004 for coffee;
nanocomposite: ps<0.001 for both tea and coffee) along the
red-green axis indicates that samples immersed in coffee and
tea became redder, whereas a significant increase in b* val-
ues (microhybrid: p=0.001 for tea, and p<0.001 for coffee;
nanocomposite: ps < 0.001 for both tea and coffee) for tested
materials along the yellow-blue axis indicated a shift towards
yellow. An increase in L*, a*, and b* for samples immersed
in Coca-Cola has not pointed to any statistical differences in
both tested materials (all ps 20.05).

The efficiency of bleaching in reducing external discol-
oration from the composite surface (AE,), showed the dif-
ference between baseline AE values (before discoloration by
standing in beverages) and the values after application of
16% CP (Table 3.). After bleaching treatment, AE, values
decreased within acceptable values (AE,<3.48) in both test-
ed materials. Factorial ANOVA with Material (microhybrid
and nanocomposite) and Beverage (tea, coffee, Coca-Cola) as
between groups factors revealed significant differences in AE,
values between materials (p=0.03), with bigger color chang-
es with the nanomaterial Z550 than the microhybrid Z250
after application of 16% CP. A more considerable improve-
ment in color change was observed in the nanocomposite.

Discussion

Aesthetic composite restorations are ordinarily exposed to
food and drink effects in the oral environment, resulting in
external discoloration. This research was conducted to inves-
tigate the selective effect of three heavily consumed beverages
worldwide on the color of two different composite materials:
coffee, tea, and carbonated drink (Coca-Cola).

Discoloration can be quantified subjectively by visual
comparison of color differences or an objective measurement
using an instrument. This study used a portable, wireless dig-
ital spectrophotometer, with the white-colored plate for the
background to determine CIEL*a*b color coordinates. There
are several color systems in use, however, the CIEL*a*b* col-
or system has been extensively used in dental research (1, 11,
12). This color-difference formula provided data on overall
color change, values of the change across the color coordi-
nates, and also enabled comparisons with previous studies.

In this study, immersion in coffee and tea resulted in un-
acceptable color alteration of both composite materials. Test-
ed composites showed clinically unacceptable color change
after immersion in tea and coffee already after being im-
mersed for seven days (Table 3.). Over time, discoloration
progressively increased reaching the highest values at day 30,

Kompozitna diskoloracija i izbjeljivanje

bila je znacajna za sve tri dimenzije boja obaju materijala (svi
ps < .001). Post hoc usporedbe provedene su 30. dana s po-
mocu t-testova s Bonferronijevom korekcijom p-vrijednosti
(p=0,05/3=0,017) te su promjene boje na oba testirana ma-
terijala bile su znacajne duz sve tri L*, a* i b* osi u kavi i ¢aju
(p < 0,05). Statisticki znacajno smanjenje vrijednosti L* (mi-
krohibrid: ps < 0,001 i za ¢aj i za kavu; nanokompozit: p =
0,001 za ¢aj i p < 0,001 za kavu) upucuje na pomak svjetline
duz bijelo-crne osi prema tamnijoj. Statisticki znacajno pove-
¢anje vrijednosti a* (mikrohibrid: p < 0,001 za ¢aj i p = 0,004
za kavu; nanokompozit: ps < 0,001 i za ¢aj i za kavu) duz cr-
veno-zelene osi pokazuje da su uzorci uronjeni u kavu i ¢aj
postali crveniji, a znacajno povecanje vrijednosti b* (mikrohi-
brid: p = 0,001 za ¢aj i p < 0,001 za kavu; nanokompozit: ps
< 0,001 iza ¢aj i za kavu) za testirane materijale duz zuto-pla-
ve osi upucuje na pomak prema zutoj boji. Povecanje L*, a* i
b* za uzorke uronjene u Coca-Colu nije pokazivalo nikakvu
statisticku razliku u oba testirana materijala (svi ps > 0,05).

Utinkovitost izbjeljivanja u smanjenju vanjske promjene
boje s povisine kompozita (AE,), pokazala je razliku izme-
du osnovnih vrijednosti AE (prije promjene boje stajanjem u
napitcima) i vrijednosti nakon primjene 16-postotnoga CP-
a (tablica 3.). Poslije tretmana izbjeljivanja vrijednosti AE4
smanjile su na prihvatljivije vrijednosti (AE, < 3,48) u oba
ispitana materijala. Faktorijalna ANOVA s materijalom (mi-
krohibrid i nanokompozit) i pi¢em (aj, kava, Coca-Cola)
medu skupinama otkrila je znacajne razlike u vrijednostima
AE, izmedu materijala (p = 0,03), s ve¢im promjenama bo-
je kod nanomaterijala Z550 nego kod mikrohibrida Z250
nakon primjene 16-postotnoga CP-a. Znacajnije poboljsanje
promjene boje uoceno je u nanokompozitu.

Rasprava

Estetski kompozitni nadomjestci obi¢no su u oralnom
okruzju izlozeni djelovanju hrane i pica, $to rezultira vanj-
skom diskoloracijom. Ovo istrazivanje provedeno je da bi se
istrazio selektivni uc¢inak triju napitaka koji se uvelike kon-
zumiraju diljem svijeta na boju dvaju razlicitih kompozitnih
materijala: kave, ¢aja i gaziranoga pica (Coca-Cola).

Promjena boje moze se kvantificirati subjektivno vizual-
nom usporedbom razlika u boji ili objektivnim mjerenjem
instrumentima. U ovoj studiji koristen je prijenosni, bezi¢ni
digitalni spektrofotometar s bijelom plo¢om kao pozadinom
za odredivanje CIEL*a*b koordinata boje. U upotrebi je ne-
koliko sustava boja, no CIEL*a*b* sustav boja najcesée se ko-
risti u stomatoloskim istrazivanjima (1, 11, 12). Ova formu-
la za razliku u boji dala je podatke o ukupnoj promjeni boje i
vrijednosti promjene u koordinatama boja, a takoder je omo-
gudila usporedbe s ve¢ objavljenim studijama.

U ovoj je studiji uranjanje u kavu i ¢aj rezultiralo nepri-
hvatljivom promjenom boje obaju kompozitnih materijala.
Ispitani kompoziti pokazali su klini¢ki neprihvatljivu pro-
mjenu boje nakon uranjanja u ¢aj i kavu ve¢ poslije sedam
dana (tablica 3.). Tijekom vremena se promjena boje progre-
sivno povecavala te je postigla najvise vrijednosti tridesetoga
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as demonstrated previously (11, 14). Lower color stability in
coffee and tea groups is consistent with previous studies (1,
15, 16, 17). Filtek Z250 showed a higher stainability in tea
(AE =10.23+) and coffee (AE =9.364), while the least color
change (AE =0.71) was observed in Coca-Cola. After immer-
sion, nanohybrid composite Z550 displayed color changes
of AE =8.46 + (tea), 13.23 + (coffee) and 1.80 + (Coca-Co-
la). Thus, the first part of the study hypothesis was partially
confirmed as Coca-Cola color change values were found to
be visually undetectable, while coffee and tea produced color
changes beyond the acceptability threshold for both materi-
als tested. Some previous studies have demonstrated greater
composite discoloration in coffee compared to tea (16, 18),
while others showed the opposite (1, 14). The difference in
results can be attributed to different immersion protocols and
materials tested.

Discoloration of samples immersed in coffee and tea is
considered to be primarily superficial as a result of surface
adsorption of colorants (14) or can be attributed to water
absorption with pigments in the resin matrix (1) due to su-
perficial degradation (8). According to Ferracane, the absorp-
tion of solvents begins immediately and peaks in one or two
months when the polymer network is completely saturated
(19). A rapid excretion of unreacted monomers from com-
posite takes place in an aqueous environment. Water mole-
cules enter the composite while unreacted matrix monomers
and ions from the filler and activator emerge. Consequently,
the superficial resin matrix is softened and discoloration resis-
tance is ultimately reduced (9).

Discoloration assessment in this study was performed
after seven, 14, and 30 days. This measurement schedule
proved to be rational because the greatest color change oc-
curred in the first seven days of immersion (Table 3.). Based
on the assumption that a vast majority of unreacted mono-
mers elute from composite during this period, a residual free
space is occupied by water.

During this process of water sorption into the compos-
ite resin, the liquid is the carrier of the colorant through the
diffusion process (20). Coffee has a strong discoloration ef-
fect on teeth and dental composites (10, 14). During cof-
fee roasting, brown-colored high-molecular-weight nitroge-
nous compounds named melanoidins are produced and they
are compounds primarily responsible for this discoloration
(17). Other colorants such as tannin or caffeine contribute to
staining as they deeply penetrate the composite matrix (14,
21). Furthermore, tea contributes to composite discoloration
due to the sorption of tannins (17).

Considering the type of composite material, a signifi-
cantly higher nanocomposite discoloration was found only
in samples immersed in coffee after 30 days (p<0.05). High-
er absorption of pigmented beverages in the nanocompos-
ite is consistent with previous studies (9, 22). The difference
in discoloration between two composites can be explained
by the chemical composition of these materials. This refers
to the composition of the organic part and amount of res-
in matrix since inorganic filler does not absorb water. Ac-
cording to manufacturer’s information, Z250 and Z550 have
similar matrices in their composition, containing Bis-GMA,
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dana, kao $to je ve¢ pokazano (11, 14). Niza stabilnost boje u
skupinama kave i ¢aja u skladu je s dosadasnjim studijama (1,
15, 16, 17). Filtek Z250 pokazao je ve¢u postojanost u ¢aju
(AE, = 10,23 +) i kavi (AE, = 9,36 +), a najmanja promjena
boje (AE, = 0,71) uocena je u Coca-Coli. Nakon uranjanja je
nanohibridni kompozit Z550 pokazao promjene boje AE, =
8,46 + (¢aj), 13,23 + (kava) i 1,80 + (Coca-Cola). Dakle, pr-
vi dio hipoteze djelomi¢no je potvrden jer je ustanovljeno da
se vrijednosti u promjeni boje koka-kole vizualno ne mogu
detektirati, a da su kava i ¢aj proizveli promjenu boje iznad
praga prihvatljivosti za oba ispitana materijala. U prijasnjim
istrazivanjima zabiljeZena je ve¢a kompozitna diskoloracija u
kavi u usporedbi s ¢ajem (16, 18), a druga su, pak, pokaza-
la suprotno (1, 14). Razlika u rezultatima moze se pripisa-
ti razli¢itim protokolima uranjanja i testiranim materijalima.

Promjena boje uzoraka uronjenih u kavu i ¢aj smatra se
prvenstveno kao rezultat povisinske adsorpcije bojila (14)
ili se moze pripisati apsorpciji vode s pigmentima u matri-
ci smole (1) zbog povrsinske degradacije (8). Prema Ferraca-
neu, apsorpcija otapala pocinje odmah i dostize vrhunac za
jedan ili dva mjeseca kada je polimerna mreza potpuno zasi-
¢ena (19). Brzo izluc¢ivanje nereagiranih monomera iz kom-
pozita dogada se u vodenom okruzju. Molekule vode ulaze
u kompozit dok iz punila i aktivatora izlaze nereagirani ma-
tri¢ni monomeri i ioni. Posljedi¢no, povrsinska smolna ma-
trica omeksana je i otpornost na promjenu boje u konacnici
je smanjena (9).

Procjena promjene boje u ovoj studiji provedena je posli-
je 7, 141 30 dana. Takav raspored mjerenja pokazao se racio-
nalnim jer se najve¢a promjena boje dogodila u prvih sedam
dana poslije uranjanja (tablica 3.). Na temelju pretpostavke
da velika ve¢ina nereagiranih monomera eluira iz kompozi-
ta tijekom toga razdoblja, preostali slobodni prostor zauzi-
ma voda.

Tijekom toga procesa sorpcije vode u kompozitnu smo-
lu, tekuéina je nositelj bojila u procesu difuzije (20). Kava
snazno utjece na promjenu boje zuba i dentalnih kompozita
(10, 14). Naime, tijekom njezina przenja nastaju smede obo-
jeni visokomolekularni dusikovi spojevi pod nazivom mela-
noidini i oni su uglavnom odgovorni za tu promjenu boje
(17). Druge boje, kao $to su tanin ili kofein tomu pridono-
se jer prodiru duboko u kompozitni matriks (14, 21). Nada-
lje, ¢aj pridonosi kompozitnoj diskoloraciji zbog sorpcije ta-
nina (17).

S obzirom na vrstu kompozitnoga materijala, znacajno
veca promjena boje nanokompozita ustanovljena je nakon 30
dana samo u uzorcima uronjenima u kavu (p < 0,05). Veca
apsorpcija pigmentiranih pi¢a u nanokompozitu u skladu je
s ve¢ objavljenim studijama (9, 22). Razlika u promjeni boje
izmedu dvaju kompozita moze se objasniti kemijskim sasta-
vom tih materijala. To se odnosi na sastav organskoga dijela i
koli¢inu matriksa smole jer anorgansko punilo ne upija vodu.
Prema podatcima proizvodaca, 2250 i Z550 imaju sli¢ne ma-
trice u svojem sastavu koje sadrzavaju monomere Bis-GMA,
UDMA i Bis-EMA, uz dodatak nanokompozita PEGDMA
i TEGDMA. Teku¢a kromatografija visoke ucinkovitosti
(HPLC) potvrdila je da Z250 u svojem sastavu ima koli¢inu
hidrofobnoga monomera UDMA u usporedbi s Bis-GMA-
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UDMA, and Bis-EMA monomers, with the addition of
PEGDMA and TEGDMA to the nanocomposite. High-Per-
formance Liquid Chromatography (HPLC) confirmed that
2250 contains a larger amount of hydrophobic monomer
UDMA compared to Bis-GMA and Bis-EMA in its compo-
sition (23). Thus, Z250 may be less susceptible to discolor-
ation by the percentage of hydrophobic monomer UDMA
in the structure of material. UDMA increases the hydric sta-
bility of the composite (15) and demonstrates a lower wa-
ter sorption and higher resistance to discoloration compared
to hydrophilic Bis-GMA (21). Water sorption was attributed
to monomers Bis-GMA (21) and TEGDMA in an organic
matrix (21, 24). Small hydrophilic molecules of TEGDMA
have higher mobility in an aqueous environment; wash out
faster than larger, more massive molecules such as Bis-GMA
(23). The emptied places of this molecule were occupied by
small molecules of water, carrying a pigment. For this rea-
son, any composite must always be adequately polymerized,
since higher conversion means less unreacted mobile mono-
mer, less water sorption, and greater color stability (1). Irre-
spective of the composite resin used, insufficient light-cur-
ing of the composite restoration, continued to be a challenge
(25). For this reason, the samples in this study were polymer-
ized with a lamp with optimal light intensity confirmed by a
radiometer. Several reports have shown that small nanoparti-
cles contribute to a smoother surface and lower discoloration
over time due to minimal surface alteration (26). Previously,
discoloration of nanomaterials was attributed to the porosi-
ty of the glass filler particles (9). The obtained results showed
similar color susceptibility of nanocomposite after immersion
in beverages compared to conventional microhybrid compos-
ite. These results corroborate the findings of a meta-analysis
which did not confirm the advantage of nanocomposites in
lower staining susceptibility (26).

Previous studies stated that the discoloration of compos-
ites might be a consequence of the low pH of beverage (22)
causing surface erosion effect and roughening (10). The acid-
ic environment may induce loss of structural ions, which
then enable pigments from the solution to penetrate the soft-
ened surface. Composite materials tested in this study were
immersed in acid solutions of pH values ranging from 2.26
for Coca-Cola to 6.48 for tea (Table 2.). This study showed
imperceptible staining for microhybrid composite in Co-
ca-Cola, while nanocomposite in this beverage demonstrat-
ed color change beyond the perceptibility threshold (1.74).
Minor discoloration in Coca-Cola compared to samples im-
mersed in coffee and tea is in line with the results of previous
studies (17, 21). Although this beverage has a highly acidic
pH suitable for surface dissolution and polymer softening,
low-level discoloration in Coca-Cola solution is attributed
to sulfite ammonia caramel (17). Nevertheless, less extensive
discoloration may be due to the lack of yellow colorant in
this solution (21). The color alteration of tested composites
after exposure to deionized water was clinically non-percep-
tible (AE<1), which is also seen in previous studies (9, 10).
The minimal color shift (Table 3) may be due to the water
sorption in the organic matrix, as deionized water is color-

less (21).
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om i Bis-EMA-om (23). Zato Z250 moze biti manje osjet-
ljiv na promjenu boje zbog postotka hidrofobnoga monome-
ra UDMA u strukturi materijala. UDMA povecava hidri¢nu
stabilnost kompozita (15) i pokazuje nizu sorpciju vode i ve-
¢u otpornost na promjenu boje u usporedbi s hidrofilnim
Bis-GMA-om (21). Sorpcija vode pripisana je monomeri-
ma Bis-GMA (21) i TEGDMA u organskoj matrici (21, 24).
Male hidrofilne molekule TEGDMA pokeretljivije su u vode-
nom okruzju i ispiru se brze od veéih, masivnijih molekula
kao $to je Bis-GMA (23). Ispraznjena mjesta te molekule za-
uzele su male molekule vode koje su nosile pigment. Iz tog
razloga svaki kompozit uvijek mora biti adekvatno polimeri-
ziran jer ve¢a konverzija zna¢i manje nereagiranoga mobilno-
ga monomera, manju sorpciju vode i ve¢u stabilnost boje (1).
Bez obzira na koriStenu kompozitnu smolu, nedovoljna poli-
merizacija i dalje je izazov za kompozitne nadomjestke (25).
Zbog toga su uzorci u ovom istrazivanju polimerizirani svje-
tiljkom optimalnoga intenziteta potvrdenog radiometrom. U
nekoliko izvje$¢a pokazano je da male nanocestice pridonose
minimalne promjene povrsine (26). Prije su se promjene boje
nanomaterijala pripisivale poroznosti Cestica staklenoga pu-
nila (9). Dobiveni rezultati pokazali su sliénu osjetljivost na
boju nanokompozita nakon uranjanja u napitke u uspored-
bi s konvencionalnim mikrohibridnim kompozitima. Ti re-
zultati potvrduju nalaze metaanalize u kojoj nije potvrdena
prednost nanokompozita u nizoj osjetljivosti na bojenje (206).
U dosadasnjim studijama navedeno je da bi promjena bo-
je kompozita mogla biti posljedica niskoga pH napitka (22),
sto uzrokuje efekt povrsinske erozije i hrapavost (10). Kise-
la okolina moze izazvati gubitak strukturnih iona koji tada
omogucuju pigmentima iz otopine da prodru u omeksanu
povrsinu. Kompozitni materijali ispitani u ovoj studiji bili su
uronjeni u kisele otopine pH vrijednosti u rasponu od 2,26
za Coca-Colu do 6,48 za ¢aj (tablica 2.). Ova studija pokazala
je neprimjetno bojenje mikrohibridnoga kompozita u koka-
koli, dok je nanokompozit u ovom napitku pokazao promje-
nu boje iznad praga perceptibilnosti (1,74). Manja promjena
boje u Coca-Coli, u usporedbi s uzorcima uronjenima u kavu
i ¢aj, u skladu je s rezultatima u dosadasnjim studijama (17,
21). lako taj napitak ima visok kiseli pH prikladan za povr-
Sinsko otapanje i omeksavanje polimera, niska promjena bo-
je u otopini Coca-Cole pripisuje se sulfitno-amonija¢noj ka-
rameli (17). Ipak, manje opsezna promjena boje moze biti i
posljedica nedostatka Zute boje u otopini (21). Promjena bo-
je ispitanih kompozita nakon izlaganja deioniziranoj vodi bi-
la je klinicki neprimjetna (AE < 1), $to je takoder istaknuto
u ve¢ objavljenim studijama (9, 10). Minimalni pomak bo-
je (tablica 3.) moze biti posljedica sorpcije vode u organskom
matriksu zato $to je deionizirana voda bezbojna (21).
Znacajna promjena boje kompozita uronjenih u kavu i
¢aj prikazana je u trima prostornim koordinatama — L*, a*,
b* (p < 0,05). Za oba ispitana materijala glavni pomak pri-
kazan je u vrijednostima AL* prema crnoj boji, a koordina-
te a* 1 b* pokazale su znacajan otklon na pozitivniju vrijed-
nost (tablica 4.). Posljedi¢no, boja obaju ispitanih materijala
u kavi i ¢aju postala je crvenija, Zuca i tamnija. Pozitivne vri-
jednosti AL* nanokompozita u Coca-Coli upuéuju na to da




Korac et al.

Significant discoloration of composites immersed in cof-
fee and tea was demonstrated in three spatial coordinates,
L*, a*, b* (p<0.05). For both tested materials, the main shift
demonstrated in AL*values towards black, while a* and b*
coordinates showed significant deflection to a more positive
value (Table 4.). Consequently, the color of both tested mate-
rials in coffee and tea became redder, more yellow, and dark.
Positive AL*values of nanocomposites in Coca-Cola indicate
that the samples became lighter, which is consistent with the
previously reported results (14).

Tooth bleaching has gained popularity in recent years as
a non-invasive and affordable method for smile attractiveness
enhancement. Previous research reported that every fourth
young adult used this method (5). In addition, this study
evaluated the suitability of the at-home whitening method
in removing discoloration from composite after exposure
to stained beverages. Bleaching regained AE values within a
clinically acceptable threshold (AE <3.48), which is consis-
tent with previous studies (9, 12). Removal of external dis-
coloration from the composite surface using 16% CP proved
to be effective on both tested composite materials. Therefore,
the second part of the study hypothesis was accepted. Carb-
amide peroxide decomposes into oxidizing agent hydrogen
peroxide that produces very reactive free radicals. These un-
stable radicals engage in chemical interactions with organ-
ic chromophores and oxidize stain molecules. Furthermore,
these oxygen species convert the chains within stain into less
complex molecules; modify their optical properties resulting
in degradation products with lower molecular weights (27).
The color has been achieved more efficiently on microhybrid
material, likewise in the previous research papers (12). One
explanation for this may be the composition, as Z250 con-
tains less resin matrix than nanocomposite. Regarding nano-
composite, it contains a larger amount of resin on the surface;
consequently, it is more difficult to remove discoloration by
bleaching (12).

It is important to note that this study has certain limita-
tions. Only one shade of composites was evaluated. More-
over, considering a clinical variable, dental restorations are
subjected to the effect of the brushing and mastication, sali-
va components, thermal stress, fluid dynamics, and the adhe-
sion of the biofilm that could also have a role in the process of
discoloration. Since this was an 7 vitro study that is unable to
simulate complex interactions in the oral cavity, future long-
term in vivo studies are also needed to assess the color stabil-
ity of the composites.

Conclusions

In conclusion, this i vitro study showed that coffee and
green tea caused visually perceptible color changes on the
composite resins that continue over time. The resulting color
change of the composites presented is due to the chromatic-
ity shift towards yellow, black, and red. Filtek Z250 showed
less discoloration, dominantly for samples immersed in cof-
fee. The patients should be informed about the effect of cof-
fee and tea on composite discoloration, and about the cumu-
lative effects on the change of the restoration color.
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su uzorci postali svjetliji, $to je u skladu s ve¢ objavljenim re-
zultatima (14).

Izbjeljivanje zuba posljednjih je godina postalo popular-
no kao neinvazivna i pristupa¢na metoda za povecanje atrak-
tivnosti osmijeha. Prethodno istrazivanje pokazalo je da se
svaka cetvrta mlada odrasla osoba koristila tom metodom (5).
Uz to, u ovoj se studiji procjenjivala i prikladnost metode
izbjeljivanja kod kuce za uklanjanje diskoloracije s kompo-
zita poslije izlaganja obojenim pi¢ima. Izbjeljivanje je vrati-
lo vrijednosti AE unutar klinicki prihvatljivoga praga (AE <
3,48), sto je u skladu s dosadasnjim studijama (9, 12). Ukla-
njanje vanjske promjene boje s kompozitne povrsine primje-
nom 16-postotnoga CP-a pokazalo se u¢inkovitim pri upora-
bi obaju ispitanih kompozitnih materijala. Zato je prihvacen
drugi dio hipoteze. Karbamid-peroksid razgraduje se u vodi-
kov peroksid koji stvara vrlo reaktivne slobodne radikale. Ti
nestabilni radikali sudjeluju u kemijskim interakcijama s or-
ganskim kromoforima i oksidiraju molekule mrlja. Nadalje,
te vrste kisika pretvaraju lance unutar mrlje u manje slozene
molekule, a modificiraju i njihova opticka svojstva, $to rezul-
tira proizvodima razgradnje s nizom molekularnom tezinom
(27). Boja je u¢inkovitije postignuta na mikrohibridnom ma-
terijalu, kao $to se istice i u ve¢ objavljenim istrazivackim ra-
dovima (12). Jedno od obja$njenja za to moze biti sastav jer
7250 sadrzava manje matrice smole od nanokompozita. Kad
je rije¢ 0 nanokompozitu, on sadrzava ve¢u koli¢inu smole na
povrsini, pa je posljedi¢no teze ukloniti diskoloraciju izbjelji-
vanjem (12).

Vazno je istaknuti da ova studija ima odredena ogranice-
nja. Ocjenjivana je samo jedna nijansa kompozita. Stovise, s
obzirom na klini¢ku varijablu, dentalne nadoknade podvr-
gnute su ucinku cetkanja i Zvakanja, komponenti sline, to-
plinskome stresu, dinamici tekuéine i adheziji biofilma ko-
ji bi takoder mogao utjecati na proces diskoloracije. Kako se
radilo o studiji iz vitro koja ne moze simulirati sloZene inte-
rakcije u usnoj $upljini, u buduc¢nosti su potrebne dugorocne
studije in vivo za procjenu stabilnosti boje kompozita.

Zakljuéci

Zaklju¢no, ova studija iz vitro pokazala je da kava i zeleni
¢aj uzrokuju vizualno uodljive promjene boje na kompozit-
nim smolama koje se nastavljaju tijekom vremena. Promjena
boje prikazanih kompozita posljedica je pomaka kromati¢no-
sti prema Zutoj, crnoj i crvenoj. Filtek Z 250 pokazao je ma-
nje promjene u boji, dominantno za uzorke uronjene u kavu.
Pacijente je potrebno obavijestiti o u¢inku kave i ¢aja na pro-
mjenu boje kompozita te 0 kumulativnim uéincima na pro-
mjenu boje restauracije.
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Additionally, the bleaching procedure using 16 % CP
showed clinically acceptable results as a method for remov-
ing external discolorations from the restoration surface. Fur-
ther research is needed to investigate into the tooth discolor-
ation in vivo.
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Sazetak
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noga CP-a pokazao je klinicki prihvatljive rezultate kao me-
toda za uklanjanje vanjskih diskoloracija s povrine resta-
uracije. Potrebna su daljnja istrazivanja kako bi se istrazila
promjena boje zuba 7 vive.
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