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Abstract

Objectives: The objective of this study was to investigate the efficacy of tooth whitening and the
effects on satisfaction with whitening treatment and esthetic self-perception of over-the-counter
tooth whitening products. Materials and methods: Fifty-six participants were randomly allocated to
three groups based on the whitening product they used (toothpaste, pencil, or a combination of
both). In this prospective study, alterations in tooth color were assessed using a spectrophotometer
at three distinct time intervals (initial measurement, seven days, and 14 days after commencing the
use of the whitening product). Simultaneously, the respondents were given the PIDAQ questionnaire
to complete. Patient satisfaction with treatment characteristics (5-point Likert scale), and perception
of side effects were assessed at the end of the study. Results: Participants who used the whitening
pen either alone or in combination with whitening toothpaste showed significant improvements
in tooth color and whiteness index at seven and 14 days compared to those who used whitening
toothpaste alone (p<0.001). No significant differences were found between products in overall
satisfaction with treatment, perception of final tooth color, and treatment comfort. Furthermore, with
the exception of the psychological influence factor after 14 days (p<0.001), there were no significant
differences in the PIDAQ questionnaire scores between the whitening products at the different
time points. However, many respondents (16.6%) reported oral mucosal sensitivity and a higher
percentage (27.8%) reported tooth sensitivity during whitening pen application. Conclusion: The
combination of whitening toothpaste and whitening pen, as well as the whitening pen alone, showed
effective objective color change results, but home whitening procedures did not significantly affect
participants’ self-perceived satisfaction or psychosocial outcomes depending on the product used.
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Introduction

High esthetic expectations of patients and the desire for
white teeth have led to an increasing number of teeth whit-
ening procedures being performed in dental offices. In addi-
tion to in-office whitening techniques supervised by dentists,
there is a growing market for teeth whitening products that
promise quick and convenient whitening at home. Various
products are available for home whitening, including tooth-
pastes, rinses, flosses, toothbrushes, gums, trays, strips, and

Uvod

Sve veca estetska oc¢ekivanja pacijenata i zelja za bjeljim
zubima rezultirali su sve ¢e$¢éim tretmanima izbjeljivanja u
stomatoloskim ordinacijama. Osim tretmana koje obavljaju
stomatolozi, na trziStu je sve vise proizvoda za kuéno izbjelji-
vanje koji obecavaju brze i prakti¢ne rezultate. Takvi proizvo-
di obuhvacaju razli¢ite opcije kao $to su paste za zube, sred-
stva za ispiranje, zubni konac, ¢etkice za zube, zvakace gume,
trake i gelovi (1 — 7). Zubne paste za izbjeljivanje medu naj-
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gels (1-7). Toothpaste is the most commonly used commer-
cial product which can contain either various active ingre-
dients such as abrasives, adsorbent particles, peroxides, en-
zymes, or optical agents. The primary whitening agents in
toothpaste are usually abrasives such as CaCOS, SiO,, and
ALO,. Dental floss contains the abrasive silica as a whiten-
ing agent and is used to remove pigmentation from between
teeth. Rinses usually contain low concentrations of hydrogen
peroxide (1.5%). Chewing gums with bleaching effect con-
tain abrasives, and their bleaching effect is attributed to the
removal of surface discoloration. However, long-term use of
such chewing gums may cause damage to the tooth surface.
Another method available on the market is bleaching with
universal trays, where the gel is applied in the tray which is
worn for few hours a day. Some packages come with a small
light (LED) that helps activate the gel. Bleaching strips con-
tain low concentrations of hydrogen peroxide (5-14%).
Bleaching gels, on the other hand, contain hydrogen perox-
ide or urea peroxide as bleaching agents and are often avail-
able in the form of a pen that is applied to the tooth surface
with a small brush (1, 7, 8).

However, the actual efficacy of these over-the-counter
tooth whitening agents remains questionable and contro-
versial. Numerous studies have demonstrated the efficacy of
whitening toothpastes and pens containing whitening agents
compared to conventional toothpastes (1,9). However, there
is a lack of comparative studies showing which preparations,
or their combination, are most effective in achieving the de-
sired results (2-6).

Improper use of tooth whitening agents is associated with
the occurrence of undesirable effects and sensations, such as
excessive wear of dental tissues, irritation of periodontal and
soft tissues, tooth sensitivity, cervical root resorption, crown
fractures, effects on restorative materials (10). The extent of
damage is influenced by factors such as the quality and con-
centration of the bleaching agent, the duration of applica-
tion, the individual’s response to the procedure, the bleaching
technique used, and the presence of pre-existing conditions
such as dentin hypersensitivity, abrasion/erosion, cervical car-
ies, and existing dental restorations (10-13).

Quantitative analysis of tooth color changes and stabili-
ty are essential for assessing the efficacy and effectiveness of
the whitening technique (14, 15). Traditional color-measure-
ment instruments such as spectrophotometers and colorime-
ters, as well as newer digital cameras, are utilized for objective
assessment of color changes. These tools enable precise mea-
surement and evaluation of color alterations. In dentistry, the
most commonly used formulas for assessing the difference in
color and whitening effect are as follows: CIELAB (AEab),
CIEDE2000 (AE00) and Whiteness Index (WID). By em-
ploying these formulas, dentists and researchers can objec-
tively measure and compare color changes in dental treat-
ments, particularly teeth whitening procedures, thus ensuring
a standardized approach to color evaluation (16-18). Howev-
er, self-reported outcomes, such as satisfaction with dental es-
thetics and the impact on self-esteem and social behavior, are
also crucial factors to consider. Combining both quantitative
and self-reported data provides a comprehensive understand-
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¢esce su koristenim komercijalnim proizvodima, a njihovi sa-
stojci mogu biti abrazivi, ¢estice adsorbensa, peroksidi, en-
zimi i opticki agensi. Glavni sastojci za izbjeljivanje u tim
pastama obi¢no su abrazivi poput kalcijeva karbonata (Ca-
CO,), silicijeva dioksida (SiO,) i aluminijeva oksida (ALO,).
U koncu za izbjeljivanje takoder je abrazivni silicijev dioksid
i koristi se za uklanjanje pigmentacija izmedu zuba. Sredstva
za ispiranje obi¢no sadrzavaju nisku koncentraciju vodikova
peroksida (1,5 %). Zvakace gume za izbjeljivanje sadrfavaju
abrazive, a njihov u¢inak povezan je s uklanjanjem povrsin-
skih promjena boje. Vazno je napomenuti da njihova dugo-
trajna uporaba moze ostetiti povrsinu zuba. Jos jedna dostup-
na metoda jest izbjeljivanje putem prilagodenih udlaga i u
tom se slucaju gel nanosi u udlage koje se nose nekoliko sati
na dan. Neki od tih setova proizvode se s malom svjetiljkom
(LED) koje pomaze aktivirati gel. Trake za izbjeljivanje sadr-
zavaju nisku koncentraciju vodikova peroksida (5 — 14 %).
Gelovi za izbjeljivanje, pak, sadrzavaju ili vodikov peroksid ili
urea-peroksid kao aktivne sastojke i ¢esto se prodaju u obliku
olovaka koje se koriste za nanosenje na povr$inu zuba malim
etkicama (1, 7, 8).

Unato¢ dostupnosti proizvoda za kuéno izbjeljivanje zu-
ba, njihova stvarna ucinkovitost i dalje je pitanje otvoreno za
raspravu. IstraZivanja su pokazala da proizvodi poput pasta
za zube i olovaka sa sredstvima za izbjeljivanje mogu vidljivo
promijeniti boju zuba u usporedbi s tradicionalnim pastama
za zube (1, 9). No nedostaje usporedba koja bi pokazala ko-
jim se pripravcima ili njihovim kombinacijama postizu naj-
bolji rezultati (2 — 6).

Treba takoder napomenuti da nepravilna uporaba tih
sredstava za izbjeljivanje zuba moze prouzroditi nezeljene
ucinke i senzacije, ukljucujuéi prekomjerno trosenje zubnih
tkiva, iritaciju gingive i mekih tkiva, osjetljivost zuba, resor-
pciju korijena, pucanje krune zuba i o$tecenje restaurativnih
materijala (10). Koliko se ¢esto pojavljuju ti problemi ovisi o
¢imbenicima kao $to su kvaliteta i koncentracija sredstva za
izbjeljivanje, trajanje primjene, osjetljivost pojedinca na tre-
tman, koriStena tehnika izbjeljivanja te postojece stanje kao
$to su preosjetljivost dentina, abrazija/erozija, karijes u po-
drucju zubnog vrata i zubne restauracije (10 — 13).

Vazno je istaknuti da je kvantitativna analiza promjena
i stabilnosti boje zuba klju¢na za procjenu ucinkovitosti tre-
tmana izbjeljivanja (14, 15). Tradicionalni instrumenti za
mjerenje boje poput spektrofotometra i kolorimetra te novi-
ji digitalni fotoaparati, koriste se za objektivnu analizu pro-
mjena boje. Ti alati omogucuju precizno mjerenje i procjenu
promjena boje. U stomatologiji se ¢esto koriste razlicite for-
mule za procjenu razlike u boji i u¢inka izbjeljivanja, uklju-
¢ujuci CIELAB (AEab), CIEDE2000 (AE00) i indeks bjeline
(WID). Koristeéi ove formule, stomatolozi i istrazivaci mo-
gu objektivno izmjeriti i usporediti promjene boje tijekom
tretmana, osobito postupaka izbjeljivanja zubi, ¢ime se osi-
gurava standardizirani pristup procjeni boje (16-18). Kom-
binacija kvantitativnih podataka s podatcima o samoprocje-
ni omogucuje sveobuhvatno razumijevanje uspjeha postupka
izbjeljivanja i njegova ukupnog utjecaja na pacijenta (14, 19).
Dosad su provedena razli¢ita istrazivanja iji su autori ispiti-
vali psihosocijalne efekte izbjeljivanja zuba, ali i dalje nije ja-
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ing of the success of the whitening procedure and its over-
all influence on the patient’s well-being (14, 19). So far, few
studies have examined the psychosocial effect of bleaching,
and it remains unclear whether bleaching can affect patients’
psychology or social relationships (15, 19, 20-22).
Therefore, the primary objective of this study was to eval-
uate the efficacy of different home whitening products and
their impact on patients psychosocial well-being, as mea-
sured by the Psychosocial Impact of Dental Aesthetics Ques-
tionnaire (PIDAQ). The second objective of the study was to
assess patients’ self-perceptions of satisfaction with treatment
and all side effects associated with the use of over-the-coun-
ter tooth whitening products. The null hypothesis was that
home tooth whitening would have no effect on patients’ psy-
chosocial well-being or their self-perception of treatment sat-
isfaction and that there would be no whitening effect and no
differences in whitening efficacy between the products tested.

Materials and methods

This prospective study was conducted among the patients
of the Department for Restorative Dental Medicine and
Endodontics, Study of Dental Medicine, University of Split,
Croatia, between January and April 2020. The study was car-
ried out in full accordance with ethical principles, including
the World Medical Association Declaration of Helsinki (ver-
sion 2008). It was approved by the Ethical Committee of
the University of Split School Of Medicine, Split, Croatia.
The study was performed following the Consolidated Stan-
dards of Reporting Trials guidelines (CONSORT). Participa-
tion was voluntary, anonymous, and without compensation,
and all participants were informed about the background and
the aim of the study. Prior to inclusion in the investigation,
all participants provided their informed consent in writing.

Participants and materials

This study comprised a total of 56 patients, including 18
(32.1%) men and 38 (67.8%) women, with an age range of
20 to 41 years old (mean age: 24.49 + 5.60). The inclusion
criteria were as follows: intact upper anterior sextant teeth
(teeth 13, 12, 11, 21, 22, 23), good general and oral health,
absence of caries, periodontal disease, or dentinal hypersen-
sitivity.

The study excluded individuals with damage to the oral
mucosa, those allergic to specific ingredients of toothpastes
and whitening agents, pregnant women, nursing mothers,
and minors. Subjects with stained tetracycline teeth, dental
fluorosis, and intrinsic causes of tooth discoloration, as well
as those with developmental and acquired defects on their
teeth, fixed prosthetic works, or orthodontic braces were al-
so excluded. Furthermore, the study did not include subjects
who had previously undergone teeth whitening procedures.
Comprehensive medical and dental histories were obtained
from each participant. Additionally, a structured question-
naire specifically designed for this study was administered,
wherein all participants provided responses related to various
factors: demographic factors (age and gender), lifestyle hab-
its (smoking habit) and eating habits (consumption of cof-
fee and tea).

Assessment of Color Change over the Whitening Products .

sno kako izbjeljivanje moze utjecati na psiholosko stanje pa-
cijenata ili njihove socijalne interakeije (15, 19, 20 - 22).

S obzirom na navedeno, glavna svrha ovog istrazivanja bi-
la je ocijeniti u¢inkovitost razlicitih komercijalnih proizvoda
za izbjeljivanje zuba i njihov utjecaj na psihosocijalno blago-
stanje pacijenata, $to je mjereno upitnikom psihosocijalnog
utjecaja dentalne estetike (PIDAQ). Uz to, kao sekundarni
cilj, procjenjivalo se pacijentovo zadovoljstvo tretmanom te
biljezile eventualne nuspojave povezane s upotrebom pro-
izvoda za izbjeljivanje zuba. Nulta hipoteza ovog istraziva-
nja bila je da komercijalna sredstva za izbjeljivanje zuba ne-
¢e znatno utjecati na psihosocijalno blagostanje pacijenata, ni
na njihovo zadovoljstvo tretmanom. Takoder nismo ocekivali
znacajne razlike u uc¢inkovitosti izbjeljivanja izmedu razli¢itih
testiranih proizvoda.

Materijal i metode

Ova prospektivna studija provedena je medu pacijentima
Katedre za restaurativou dentalnu medicinu i endodonciju
Studija dentalne medicine Sveucilista u Splitu (Hrvatska) iz-
medu sijecnja i travnja 2020. Tijekom istrazivanja u cijelosti
su se postovala eticka nacela, ukljucujuci Helsinsku deklara-
ciju (verzija 2008.). Odobrilo ju je Eticko povjerenstvo Me-
dicinskog fakulteta Sveucilista u Splitu. Studija je provedena
prema smjernicama Konsolidiranih standarda izvjei¢ivanja o
klini¢kim ispitivanjima (CONSORT). Sudjelovanje je bilo
dobrovoljno, anonimno i bez naknade, a svi sudionici bili su
obavijesteni o cilju istrazivanja. Prije uklju¢ivanja u istraziva-
nje svi su potpisali informirani pristanak.

Ispitanici i materijali

Ovo istrazivanje provedeno je na ukupno 56 pacijenata
— 18 (32,1 %) muskaraca i 38 (67,8 %) Zena u dobi od 20
do 41 godine (srednja dob 24,49 + 5,60). Kriteriji za uklju-
¢ivanje bili su sljedeci: intaktni gornji prednji sekstanti (zubi
13, 12, 11, 21, 22, 23), dobro opée i oralno zdravlje te zubi
bez karijesa, parodontne bolesti ili dentinske preosjetljivosti.

U studiju nisu bili ukljuceni ispitanici s o$te¢enjem oral-
ne sluznice, alergi¢ni na specifi¢ne sastojke pasta za zube i
sredstava za izbjeljivanje, trudnice, dojilje i maloljetne osobe.
Nisu mogli sudjelovati ni oni sa zubima obojenima tetracikli-
nom, zubnom fluorozom i intrinzi¢nim uzrocima obojenja
zuba te s razvojnim i steCenim defektima na zubima, fiksnim
protetickim radovima ili ortodontskim aparatima. Nadalje,
nisu obuhvaceni ispitanici koji su ve¢ bili podvrgnuti zahvati-
ma izbjeljivanja zuba. Od svakog sudionika dobivena je iscr-
pna medicinska i stomatoloska anamneza. Dodatno je primi-
jenjen strukturirani upitnik posebno izraden za ovu studiju
koji je ukljucivao pitanja vezana za demografske ¢imbenike
(dob i spol) te Zivotne navike (pusenje) i prehranu (konzu-
macija kave i ¢aja).

Analizom snage ovisnoga t-testa (razlika u svjetlini zu-
ba — L* prije i poslije nanosenja kombinacije zubne paste i
olovke) s pomocu sljedec¢ih parametara: razina znacajnosti o
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By analyzing the power of the dependent t-test (differ-
ence in tooth brightness - L* before and after applying the
combination of toothpaste and pencil) using the following
parameters: significance level o = 0.05, equal number of sub-
jects in all groups, and effect size Cohen’s d = 1.19 (based on
the obtained results), it was determined that at least 10 sub-
jects per group were required to achieve an 80% power of the
test. The sample size was increased to 20 subjects in order to
avoid their potential loss during the duration of the study.

Subjects were randomly divided into three groups de-
pending on the tooth whitening agent used following a block
randomization procedure using computer software. The first
group (n =19) used toothpaste with whitening effect Mira-
dent Mirawhite Whitening Toothpaste Gel (Hager & Werken
GmbH & Co. KG, Duisburg, Germany). The second group
(n=18) used Miradent Mirawhite Shine Gel — tooth whit-
ening pen (Hager & Werken GmbH & Co. KG, Duisburg,
Germany) and a commercial toothpaste without whitening
effect Colgate Cavity Protection (Colgate-Palmolive, New
York, USA). While the third group (n = 19) used toothpaste
and whitening pen at the same time, Miradent Mirawhite
Whitening Toothpaste Gel and Miradent Mirawhite Shine
Gel (Hager & Werken GmbH & Co. KG, Duisburg, Germa-
ny). All subjects used the same toothbrush during the study —
Colgate SlimSoft (Colgate-Palmolive, New York, USA). The
composition of the preparations used is shown in Table 1.

Each participant received detailed instructions on oral hy-
giene and how to use the assigned whitening products. They
were instructed to use the designated whitening agent and
toothbrush for duration of 14 days. The toothpaste was to be
used twice daily, in the morning and evening, for three min-
utes using the Bass method of brushing. The recommended
amount of toothpaste was approximately 1 g (=2 c¢m). Re-
garding the whitening pen, participants were instructed to
apply it twice daily to a dry tooth surface, in the morning
and evening, for 60 seconds. Subsequently, they were ad-
vised to rinse the gel off with water. Following the use of the
pen, it was strongly advised not to eat or drink anything for
the following 30 minutes. Throughout the study, the partic-
ipants were explicitly instructed not to use any other means
of maintaining oral hygiene and whitening agent apart from
those products assigned to them for the whitening procedure.
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= 0,05, jednak broj ispitanika u svim skupinama i u¢inak ve-
licina Cohen’s d = 1,19 (temeljem dobivenih rezultata), utvr-
deno je da je za postizanje 80 % snage testa potrebno najma-
nje 10 ispitanika u skupini. Veli¢ina uzorka povec¢ana je na
20 ispitanika da bi se izbjegao njihov potencijalni odlazak ti-
jekom trajanja studije.

Ispitanici su nasumic¢no podijeljeni u tri skupine, ovisno
o sredstvu koristenom za izbjeljivanje zuba nakon postupka
slucajnog odabira s pomoc¢u racunalnog softvera. Prva skupi-
na (n = 19) koristila se pastom za zube s u¢inkom izbjeljiva-
nja Miradent Mirawhite Whitening Toothpaste Gel (Hager
& Werken GmbH & Co. KG, Duisburg, Njemacka). Druga
skupina (n = 18) upotrebljavala je Miradent Mirawhite Shine
Gel - olovku za izbjeljivanje zuba (Hager & Werken GmbH
& Co. KG, Duisburg, Njemacka) i komercijalnu pastu za zu-
be bez u¢inka izbjeljivanja Colgate Cavity Protection (Colga-
te-Palmolive, New York, SAD). Tre¢a se skupina (n = 19) ko-
ristila istodobno zubnom pastom za izbjeljivanje i olovkom
za izbjeljivanje Miradent Mirawhite Whitening Toothpa-
ste Gel i Miradent Mirawhite Shine Gel (Hager & Werken
GmbH & Co. KG, Duisburg, Njemacka). Svi su se ispitani-
ci tijekom istrazivanja koristili jednakom ¢etkicom za zube —
Colgate SlimSoft (Colgate-Palmolive, New York, SAD). Sa-
stav ispitivanih pripravaka prikazan je u tablici 1.

Svaki sudionik dobio je jasne upute o oralnoj higijeni i
koristenju dodijeljenih proizvoda za izbjeljivanje. Re¢eno im
je da se koriste ispitivanim sredstvom za izbjeljivanje i etki-
com za zube 14 dana. Zubnu pastu trebalo je upotrebljavati
dva puta na dan — ujutro i navecer po tri minute koristenjem
Bassove metode cetkanja. Preporucena koli¢ina paste bila je
priblizno 1 g (= 2 cm). Kad je rije¢ o olovki za izbjeljivanje,
sudionici su dobili upute da je nanose dva puta na dan na su-
hu povrsinu zuba — ujutro i navecer tijekom 60 sekunda. Na-
kon toga im je savjetovano da gel isperu vodom. Poslije upo-
trebe olovke strogo se trazilo da sljede¢ih 30 minuta nista ne
jedu i ne piju. Tijekom istrazivanja sudionici su bili izricito
upozoreni da se ne koriste nikakvim drugim sredstvima za
odrzavanje oralne higijene i izbjeljivanje, osim onih proizvo-
da koji su im dodijeljeni za postupak izbjeljivanja.

Table1  Whitening products used in research
Tablica 1. Sredstva za izbjeljivanje koristena u radu
Whnteln:: :g;‘zduct : Man;& ct:lt:rer ’ Type © Vista Ingredients ® Sastav
Water, Sorbitol, Hydrated Silica, Propylene Glycol, Xylitol, Penta Sodium
Hager & Werk Triphosphate, Disodium Pyrophosphate, Tetracodium Pyrophosphate, Sodium
Miradent Mirawhite Gaglsi-l & Ce ;?G Toothpaste * Cl14 -16 Olefin Sulfonate, Aroma, Fluidine, Ksinija, CI 42090, CI 77891 * Voda,
Whitening Toothpaste D“T b GO' - ZO?) pas et sorbitol, hidratizirani silicijev dioksid, propilen-glikol, ksilitol, pentanatrijev
Gel N}ursn l{ﬁ ermany ubna pasta trifosfat, dinatrijev pirofosfat, tetrakalijev pirofosfat, natrij C14 -16 olefin- sulfona,
Jemac aroma, ksantanska guma, natrijev fluorid, natrijev saharin, tinjac, CI 42090, CI
77891
Hacer & Werken Wiater, Glycerin, Silica, Sodium gluconate, Sodium citrate, Sodium chloride,
Miradent Mira Whic G?I%EH & Ce ;(G Phthalimido peroxy caproic acid (PAP), Xanthan gum, Sodium methylparaben,
Shi & E | a ¢ Duish GO' ’ , |Pene Olovka Cellulose gum, Aroma ® Voda, glicerin, silika, natrijev glukonat, natrijev citrat,
tne e N}u[sn uvrkg, crmany natrijev klorid, ftalimidoperoksikaproinska kiselina (PAP), ksantanska guma,
Jemacka natrijev metilparaben, celulozna guma, aroma
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Tooth color measurements

A Vita Easyshade digital spectrophotometer (VITA Easys-
hade V, Vita Zahnfabrik, Bad Sackingen, Germany) was used
to determine tooth color. Color assessment was performed in
three time points: (T0) baseline — before the use of the tested
teeth whitening agents, (T1) seven and (T2) 14 days after the
commencement of using tested whitening. Using the average
measurement method, three measurements were performed
for each subject and each sampling time on the central and lat-
eral incisors and canines of the upper jaw (13, 12, 11, 21, 22,
23; n = 6) on the middle third of the labial surface of the tooth.
The average of these three values was used as a measured val-
ue for statistical analysis. Between each measurement, the sen-
sor tip was removed from the tooth surface, calibrated, and re-
positioned. The color was determined using the CIELab color
space (L *,a*, b * values). The color reading was performed in
the middle third of the tooth’s labial surface, in the same envi-
ronment and with the same lighting conditions.

The color change between measurements in each group
was estimated using the following values:

AE" [(AL*) (Aa*)* + (Ab*)?]"2, AE = [(AL/K.S))* +
AC /KCS + (AH/K,S,)*+ RT(AC/S *S ) (AH’/S *S )]
iWID =0, 511L -2 324a - 1,1b* [22, 23, 17, 18].

Long-term use and monitoring of tooth color change as
assessment of tooth color stability after the use of the tested
agents could not be performed due to the epidemic of CO-
VID-19 disease.

Assessment of participants’ satisfaction with the
treatment, esthetic self-perceptions and undesirable
and adverse effects

At the end of the study (14 days after starting the use of
the whitening agent), the participants completed a question-
naire to assess their satisfaction with the treatment. They rat-
ed tooth color, treatment duration, treatment comfort, and
overall satisfaction using a Likert scale ranging from 1 to 5 (1
- not satisfied at all, 5 - I am completely satisfied).

Additionally, at the end of the study, the participants pro-
vided feedback on the sensations they experienced during the
treatment. They were asked about sensations such as burning,
irritation, tooth sensitivity, taste, texture, dry mouth, pres-
ence of ulcerations (peeling, burning of the mucous mem-
branes), and the perceived whitening effect. The responses
to these sensations were categorical (yes, no, I dont know).
The questionnaire also included questions about the partici-
pants’ intentions regarding repeating the treatment and rec-
ommending it to their relatives and friends, which were an-
swered categorically (yes, no, I don’t know).

Questionnaires on treatment satisfaction and the sensa-
tions experienced during the use of whitening agents were
adapted from similar research conducted on the topic of
teeth whitening and the use of different types of toothpaste
(4, 24-20).

To evaluate the psychosocial aspect of the respondents’, a
questionnaire on the psychosocial impact of dental esthetics
(PIDAQ) was used (19, 21). The PIDAQ questionnaire com-
prised a total of 23 questions, which were divided into four

Assessment of Color Change over the Whitening Products .

Mijerenje boje zuba

Za odredivanje boje zuba koristen je digitalni spektro-
fotometar Vita Easyshade (VITA Easyshade V, Vita Zahn-
fabrik, Bad Sackingen, Njemacka). Procjena je provedena u
trima vremenskim tockama: (T0) pocetna vrijednost — pri-
je upotrebe testiranih sredstava za izbjeljivanje zuba, (T1)
sedam i (T2) 14 dana poslije pocetka koristenja testiranog
komercijalnog pripravka. Metodom prosjenog mjerenja
provedena su tri mjerenja za svakog ispitanika i svako vrijeme
uzorkovanja na sredi$njim i bo¢nim sjekuti¢ima i o¢njacima
gornje Celjusti (13, 12, 11, 21, 22, 23; n = 6) u srednjoj tre-
¢ini labijalne povrsine zuba. Prosjek tih triju vrijednosti kori-
sten je kao izmjerena vrijednost za statisticku analizu. Izme-
du svakog mjerenja vrh senzora uklonjen je s povrsine zuba,
kalibriran i ponovno postavljen. Boja je odredena s pomocu
prostora boja CIELab. L*, a*, b * vrijednosti. Ocitavanje bo-
je obavljeno je na srednjoj tre¢ini labijalne povrsine zuba, u
istom okruzenju i pri jednakim uvjetima osvjetljenja.

Promjena boje izmedu mjerenja u svakoj skupini procije-
njena je koriStenjem vrijednosti:
AE*, [(AL*) (Aa*)* + (Ab*)?]"2, AE = [(AL/K.S))” +
(AC /KCS +(AH'/K S, )*+ RT(AC'/S *S )(AH’/SC*SH)]”2
iWID =0, 511L - 2,324a* - 1,1b* [22 23,17, 18].

Dulje koritenje i pracenje promjena boje zuba te procje-
na njezine postojanosti poslije primjene ispitivanih sredstava

nije bilo moguée provesti zbog epidemije bolesti COVID-19.

Procjena zadovoljstva sudionika tretmanom, estetskim
samopoimanjem te nepoZeljnim nuspojavama

Na kraju istrazivanja (14 dana poslije pocetka koristenja
sredstva za 1zb)eljlvanje) sudionici su ispunili upitnik kako bi
procijenili svoje zadovoljstvo tretmanom. Ogjenjivali su boju
zuba, trajanje i udobnost tretmana te sveukupno zadovoljstvo
s pomocu Likertove ljestvice u rasponu od 1 do 5 (1 — uopée
nisam zadovoljan, 5 — potpuno sam zadovoljan).

Uz to, na kraju studije sudionici su dali povratne infor-
macije o senzacijama koje su dozivjeli tijekom tretmana. Pi-
tanja su bila o pojavama kao $to su peckanje, iritacija, osjet-
ljivost zuba, promjena okusa i teksture, suha usta, ulceracije
(ljustenje, pecenje sluznice) i percipirani u¢inak izbjeljivanja.
Odgovori su bili kategori¢ni (da, ne, ne znam). Upitnik je sa-
drzavao i pitanja o namjerama sudionika da ponove tretman i
preporuce ga rodbini i prijateljima, a odgovori su takoder bili
kategori¢ni (da, ne, ne znam).

Upitnici o zadovoljstvu tretmanom i senzacijama tijekom
koriStenja sredstava za izbjeljivanje prilagodeni su prema sli¢-
nim istrazivanjima o izbjeljivanja zuba i koristenju razlicitih
vrsta zubnih pasti (4, 24 - 26).

Za procjenu psihosocijalnog aspekta ispitanika koristen
je upitnik o psihosocijalnom utjecaju dentalne estetike (PI-
DAQ) (19, 21). Sastojao se od ukupno 23 pitanja podijeljena
u Cetiri kategorije: estetski problemi, drustveni utjecaj, psiho-
loski utjecaj i dentalno samopouzdanje. Svaka stavka u upit-
niku ocijenjena je koriStenjem Likertove ljestvice u rasponu
od 0 do 4, pri ¢emu 0 oznacava ,nema nikakva utjecaja’, a
4 znadi ,maksimalni utjecaj”. Tvrdnje vezane za dentalno sa-
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categories: esthetic concerns, social impact, psychological im-
pact, and dental self-confidence. Each item in the PIDAQ
questionnaire was rated using the Likert scale, ranging from
0 to 4, with 0 indicating “no impact at all” and 4 indicating
“maximum impact.” Claims related to dental self-confidence
were affirmative, while others were negative. The question-
naires were administered at three time points: at the begin-
ning of the study, after seven days, and after 14 days after the
commencement of using the whitening agent.

Statistical data processing

The collected data were entered into a pre-existing Mi-
crosoft Excel 2007 table (Microsoft Corporation, Redmond,
Washington, USA) and coded for further analysis using the
statistical package for social sciences (SPSS, version 26, IBM
Corp, Armonk, New York, USA). The initial analysis of the
results involved using descriptive statistics. Continuous vari-
ables were presented as either the mean and standard devi-
ation or the median and interquartile range, while categor-
ical variables were expressed as numbers and percentages.
The Shapiro-Wilks test was used to assess the normality of
the distribution of quantitative variables. Differences be-
tween groups and within the group were compared using the
Kruskal-Wallis one-way analysis of variance (ANOVA) and
Friedman two-way ANOVA. Differences between categori-
cal variables were evaluated using the 2 test and Fisher test
as appropriate. Furthermore, a linear regression analysis was
performed to examine the relationship between respondents’
satisfaction with the treatment and whitening effect and their
demographic characteristics, tooth color measures, and aes-
thetic concerns, social and psychological impact, and dental
confidence. All statistical analyses were performed with a sig-
nificance level set at p<0.05.

Results

The flow diagram of the study with parallel randomized
three groups (that is, enrollment, intervention allocation, fol-
low-up, and data analysis) is presented in Figure 1.

The study involved 56 subjects divided into three groups
depending on the agent used. No statistically significant dif-
ference in gender (p=0.836) and age (p=0.116) was observed
among different groups of respondents (Table 2).

Table 3 shows the median values of total shade change
(AEab and AE00) and whiteness index (AWID) for each eval-

Table 2

Procjena promjene boje proizvoda za izbjeljivanje

mopouzdanje bile su afirmativne, a druge su bile negativne.
Upitnici su primjenjivani u trima vremenskim tockama: na
pocetku istrazivanja, 7 dana poslije i 14 dana poslije pocetka
koristenja sredstva za izbjeljivanje.

Statisticka obrada podataka

Prikupljeni podatci uneseni su u ve¢ postojecu tablicu
Microsoft Excel 2007 (Microsoft Corporation, Redmond,
Washington, SAD) i kodirani za daljnju analizu koristenjem
statistiCkog paketa za drustvene znanosti (SPSS, verzija 26,
IBM Corp, Armonk, New York, SAD). Pocetna analiza re-
zultata ukljucivala je koristenje deskriptivne statistike. Kon-
tinuirane varijable prikazane su ili kao srednja vrijednost i
standardna devijacija ili kao medijan i interkvartilni raspon,
a kategoricke varijable izrazene su kao brojevi i postotci. Za
procjenu normalnosti distribucije kvantitativnih varijabli
koristen je Shapiro-Wilksov test. Razlike izmedu skupina i
unutar skupine usporedene su koristenjem Kruskal-Walliso-
ve jednosmjerne analize varijance (ANOVA) i Friedmanove
dvosmjerne ANOVA-e. Razlike izmedu kategorickih varija-
bli procijenjene su, prema potrebi, 32 testom i Fisherovim te-
stom. Nadalje, provedena je linearna regresijska analiza da bi
se ispitao odnos izmedu zadovoljstva ispitanika tretmanom
i u¢inkom izbjeljivanja i njihovih demografskih karakeeristi-
ka, mjera boje zuba i estetskih problema, drustvenog i psiho-
loskog utjecaja i dentalnog povjerenja. Sve statisticke analize
obavljene su s razinom znacajnosti postavljenom na p < 0,05.

Rezultati

Dijagram tijeka studije s trima paralelnim randomizira-
nim skupinama (prikupljanje pacijenata, raspodjela interven-
cija, pracenje i analiza podataka) nalazi se na slici 1.

U istrazivanju je sudjelovalo 56 ispitanika podijeljenih u
tri skupine, ovisno o koristenom sredstvu. Nije uocena stati-
sticki znacajna razlika u spolu (p = 0,836) i dobi (p = 0,116)
medu razli¢itim skupinama ispitanika (tablica 2.).

Tablica 3. prikazuje srednje vrijednosti ukupne promjene
boje (AE,, i AE ) i indeksa bjeline (AWID) za svako razdo-

Descriptive statistics of life habits and demographic data of respondents

Tablica 2. Deskriptivna statistika navika i demografskih podataka za razli¢ite grupe ispitanika ovisno o koristenom sredstvu s uc¢inkom

izbjeljivanja
Characteristic ® Whitening product ® Proizvod za izbjeljivanje
Karakteristika WT WP WT + WP Total
Number of subjects * Broj ispitanika 19 (33.9%) 18 (32.1%) 19 (33.9%) 56 (100%)
Age (years) * Dob 25.83:3.50 24.56£3.16 24215382 24.49+5.60
(godine)
Male » Muskarac 6 (31.5 %) 5(27.7 %) 7 (36.9 %) 18 (32.1%)
Gender ® Spol v
Female ¢ Zena 13 (68.4 %) 13 (68.4 %) 12 (63.1 %) 38 (67.8%)

Values are shown as number and percentage ore mean and standard deviation ¢ Vrijednosti su prikazane kao srednja vrijednost i standardna devijacija,
medijan (min/maks.) ili kao cijeli broj i postotak. . Abbreviations ® Skraéenice: WT — whitening toothpaste, WP — whitening pen, WT + WP —
whitening toothpaste and pen. ® WT — zubna pasta, WP — olovka, WT + WP — zubna pasta i olovka
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Figure 1 Flowchart of participant’s
recruitment and follow-up
Dijagram ukljuc¢ivanja
sudionika i pracenja

Multiple regression analysis
results - the influence of
sociodemographic factors,
color changes, and PIDAQ
variables on satisfaction with
treatment and achieved tooth
color

Rezultati visestruke
regresijske analize — utjecaj
socijalno-demografskih
¢imbenika, promjena

boje i PIDAQ varijabli na
zadovoljstvo tretmanom i
postignutu boju zuba

ma CONSORT
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Assessed for eligibility (n=75)

CONSORT 2010 Flow Diagram  Slika 1.

Figure 2

Excluded (n=13)

+ Not meeting inclusion criteria
(n=11)

+ Declined to participate (n=2)

+ Other reasons (n=0)

Slika 2.

Randomized (n=62)

Allocation l

Allocated to intervention whitening

toothpaste (n=21)

+ Received allocated intervention (n=19)

+ Did not receive allocated intervention
(tooth hypersensitivity) (n= 2)

Allocated to intervention whitening pen to
(n=21) 20)
+ Received allocated intervention (n=18) + Received allocated intervention (n=19)
+ Did not receive allocated intervention + Did not receive allocated intervention
(tooth hypersensitivity, orthodontic (pregnancy) (n=1)
appliance) (n=2)

1 l |

pen + (n=

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

Analysed (n=19)

+ Excluded from analysis (n=0)

Analysed (n=18)
+ Excluded from analysis (n=0)

Analysed (n=19)
+ Excluded from analysis (n=0)

Final tooth color satisfaction

Overall satisfaction with treatment

Esthetic Concern 1,355 P=0.05 Esthetic Concern jmmmm 0.751 | P=0.05
Psychological Impact 0.627 Psychological Impact 0.986
Social impact 6.763 Social impact 0.235
Dental Self-Confidence s 0.830 Dental Self-Confidence 2.044
AWID m 0.270 AWID 0.255
AE00 704 AE00 0.273
AE*ab |— 1.837 AE*ab | 0.552
Age 2137 Age 7.690
Gender | 0.037 Gender 2.779
negative ’ ' ’ |-Va3|ue (forocofﬁci:nts; AbEsquie \;alue) ’ ’ * negative ’ ' ’ t- V:Iue (forACofflciesnts; A:solute \:alue} ’ ’ *
o positive ® positive
Table3  Changes of color by AE0O, AE*ab, and AWID by the group in different periods
Tablica 3. Promjena boje AE , AE* i AWI po grupama za razlicita ispitivana vremena
Color measures ® Whitening product ® Proizvod za izbjeljivanje p-value *
Parametri boje WwWT WP WT+WP p-vrijednost
AEab(T]m 1.76 (1.00-3.13)*>* 3.73 (2.23-6.00)*4¢ 3.78 (2.57-5.64)4¢ <0.001*
AE | o) 1.97 (1.26-3.15)*>48 4.55 (2.49-6.94)**® 4.27 (2.86-6.19)>A® <0.001*
AEab(Tm) 1.42 (0.81-2.25)® 1.58 (0.91-2.53)8¢ 1.64 (0.98-2.56)b¢ 0.358
p-value ® p-vrijednost <0.001* <0.001* <0.001*
AEOO(TLTO) 1.10 (0.63-1.99)*>* 2.38 (1.33-4.00)*A¢ 2.55 (1.61-3.88)>AC <0.001*
AEOO(TZ—TO) 1.22 (0.81-2.11)*48 2.88 (1.58-4.41)*"B 2.80 (1.94-3.99)>* <0.001*
AEOU(TZ-TI) 1.07 (0.57-1.73)® 1.26 (0.70-1.93)B¢ 1.28 (0.80-2.12)A¢ 0.230
p-value ® p-vrijednost <0.001* <0.001* <0.001*
A\WID(TI_TO) 0.25 (-0.62-1.39)*>4 2.80 (1.29-4.80)*A¢ 2.85(0.93-4.11)A¢ <0.001*
AWID('I‘Z—'I‘O) 1.17 (-0.12-2.02)*bAB 3.16 (1.64-4.77)~AB 3.16 (1.61-4.75)>A8 <0.001*
A\WD(TZ_TU 0.44 (-0.26-1.76)" 0.37 (-0.65-1.08)3¢ 0.32 (-0.62-1.53)8¢ 0.362
p-value ¢ p-vrijednost <0.001* <0.001* <0.001*

Values are shown as median and interquartile range. The same lowercase letter in a row indicates statistical significance between different teeth whitening
agents and same capital letters indicate a significant difference among the evaluation periods (p < 0.05) ¢ Vrijednosti su prikazane kao medijan i
interkvartilni raspon. Isto malo slovo u redu oznacava statisticku znacajnost unutar pojedine grupe u razli¢itim vremenima uzorkovanja, a isto veliko
slovo u koloni oznacava statisticku znacajnost izmedu razlicitih sredstava za izbjeljivanje zuba (p < 0,05). Abbreviations ¢ Skraéenice: TO - before
treatment; T1 - 7 days after the commencement of use; T2 -14 days after the commencement of use; WT — whitening toothpaste, WP — whitening pen,
WT + WP — whitening toothpaste and pen ® TO — prije tretmana; T1 — 7 dana od pocetka koriStenja; T2 -14 dana od pocetka koristenja, WT — zubna
pasta, WP — olovka, WT + WP — zubna pasta i olovka.
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uation period and the bleaching agents tested. The resulting
change in tooth color (AE*ab, AE00) and change in white-
ness index (AWID) showed a clinically significant change
in tooth color compared to baseline values (p<0.001) for all
bleaching agents tested at the time points evaluated (T1 and
T2). A statistically significant increase in overall shade change
(AE*ab and AE00) and whiteness index (AWID) for each
evaluation time point (T'1 and T2) compared to baseline val-
ues was confirmed in subjects using a bleaching pen and a
combination of bleaching pen and toothpaste compared to
those using bleaching toothpaste (p<0.001).

The median and interquartile ranges of respondents’ sat-
isfaction with the whitening procedure are shown in Table
4. The only statistically significant difference was found be-
tween the whitening pen and whitening toothpaste groups in
length of treatment (p=0.027).

Table 5 shows the side effects experienced by the respon-
dents when using the different teeth whitening products.
Tooth sensitivity was noted by 27.8% of the respondents
who used the whitening pen and by 21.1% of the respon-
dents who used the combination of whitening toothpaste

Table 4

Procjena promjene boje proizvoda za izbjeljivanje

blje ocjenjivanja i testirana sredstva za izbjeljivanje. Rezultati
dobiveni promjenama boje zuba (AE*a b, AE00) i promjena
indeksa bjeline (AWID) pokazali su klinicki znacajnu pro-
mjenu boje zuba u usporedbi s osnovnim vrijednostima (p
< 0,001) za sva sredstva za izbjeljivanje testirana u procije-
njenim vremenskim tockama (T1 i T2). Statisticki znacaj-
no poveéanje ukupne promjene boje (AE*ab i AE00) i in-
deksa bjeline (AWI,) za svaku vremensku tocku ispitivanja
(T11T2), u usporedbi s osnovnim vrijednostima, potvrdeno
je kod ispitanika koji su se koristili olovkom za izbjeljivanje
i kombinacijom olovke za izbjeljivanje i zubne paste u uspo-
redbi s onima koji su upotrebljavali samo pastu za izbjeljiva-
nje (p < 0,001).

Medijan i interkvartilni raspon zadovoljstva ispitanika
postupkom izbjeljivanja prikazani su u tablici 4. Jedina stati-
sticki znacajna razlika i to u duljini tretmana (p = 0,027) pro-
nadena je izmedu skupine koja se koristila olovkom za izbje-
ljivanje i pastom za izbjeljivanje.

U tablici 5. su nuspojave koje su ispitanici istaknuli pri
koriStenju razlicitih proizvoda za izbjeljivanje zuba. Osjetlji-
vost zuba navelo je 27,8 % ispitanika koji su upotrebljavali

Respondents’ satisfaction with different characteristics of whitening agent and procedure

Tablica 4. Zadovoljstvo ispitanika razli¢itim karakteristikama sredstava za izbjeljivanje i tretmanom

Whitening product ® Sredstvo za izbjeljivanje

Characteristics * Karakteristika WT WP WT + WP I;::ﬁ;::i o
Final tooth color ¢ Zavrina boja zuba 4.00 (3.00-4.00) 4.00 (3.00-4.25) 4.00 (3.00-4.00) 0.632
Length of treatment ¢ Trajanje tretmana 4.00 (3.00-4.00) 5.00 (3.75-5.00) 4.00 (3.00-5.00) 0.027*
Comfort during treatment * Udobnost tijekom tretmana 5.00 (4.00-5.00) 5.00 (4.00-5.00) 5.00 (3.00-5.00) 0.541
Overall satisfaction with treatment ® Ukupno zadovoljstvo tretmanom | 4.00 (3.00-5.00) 4.50 (4.00-5.00) 4.00 (3.00-5.00) 0.103

Values are shown as median and interquartile range. The same lowercase letter in a row indicates statistical significance between different teeth whitening
agents (p<0.05) * Vrijednosti su prikazane kao medijan i interkvartilni raspon. Isto malo slovo u redu oznacava statisticku znacajnost unutar pojedine
grupe u razli¢itim vremenima uzorkovanja (p < 0,05). Abbreviations ® Skraéenice: T0 - before treatment; T1 - 7 days after the commencement of use; T2
-14 days after the commencement of use; WT — whitening toothpaste, WP — whitening pen, WT + WP — whitening toothpaste and pen, WT — zubna

olovka, WT + WP — zubna pasta i olovka

pasta, WP —

Table 5
Tablica 5. Stetne i nepoZeljne nuspojave koje su prijavili ispitanici

Side effects ® Nuspojave

Adverse and undesirable side effects experienced by the respondents

Whitening product ® Sredstvo za izbjeljivanje

WT wP WT + WP p-value

Burn © Pecenje 1(5.2%) 1(5.8 %) 2 (10.5 %) 0.780
Irritation © Iritacija 2 (10.5 %) 0 (0%) 2 (10.5 %) 0.316
Oral mucosa sensitivity ® Osjetljivost oralne sluznice 2 (10.5 %) 3 (16.6 %) 3 (15.7 %) 0.810
Tooth sensitivity ¢ Osjetljivost zuba 1(5.2 %) 5 (27.8%) 4 (21.1%) 0.183
Unpleasant taste * Neugodan okus 0 (0%) 0 (0%) 2 (10.5 %) 0.133
Ut.lpleasiant texture (san.(.iy, rough, sticky) ® Neugodna tekstura 1(5.2 %) 0 (0%) 0 (0%) 0.371
(pjeskovita, gruba, ljepljiva)

Eeelving,. roughness of the oral mucosa (cheelf, tongue, lips, gums) ® 1(5.2 %) 0 (0%) 2(10.5 %) 0.361

justenje, hrapavost oralne sluznice (obraz, jezik, usne, zubno meso)

Dry mouth, thirst * Suhoéa usta. zed 3 (15.7 %) 1(5.8 %) 1(5.2%) 0.435
Ulcers on the oral cavity / wounds ® Ulceracije /ranice 0 (0 %) 2 (11.1 %) 0 (0 %) 0.112
Itching (cheek, tongue or lips) ® SvrbeZ (obraz, jezik ili usne) 0 (0%) 0 (0 %) 0 (0 %) n.a.
Tingling (cheek, tongue or lips) * Trnci (obraz, jezik ili usne) 2 (10.5 %) 0 (0 %) 1(5.2%) 0.364
Mouth taste change ® Promjena okusa 1(5.2%) 3 (16.6 %) 0 (0 %) 0.134

Values are shown as number and percentage. * Chi-square test or Fisher’s test, df=2; p<0.05 ¢ Vrijednosti su prikazane kao cijeli broj i postotak. *Hi-
kvadrat test ili i Fisherov test, df = 2; p < 0,05. Abbreviations ® Skracenice: n.a. — non acceptable; WT — whitening toothpaste, WP — whitening pen, WT

+ WP — whitening toothpaste and pen ® :

WT - zubna pasta, WP — olovka, WT + WP — zubna pasta i olovka.
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and pen. A change in taste was noted by 16.6% and oral ul-
cers by 11.1% of respondents who used whitening pen. The
majority of respondents liked the whitening product used
and would be happy to recommend it to others and use it
again (84.2% - WT, 89.4% - WT +WP and 94.7% - WP;
84.2% - WT, 89.4% - WT +WP and 94.7% - WP). All sub-
jects who used a whitening pen noticed the whitening effect
on their teeth (100%), as well as 94.7% of subjects who used
a combination of whitening toothpaste and a pen, while on-
ly 63.1% of subjects who used whitening toothpaste noticed
the whitening effect.

All tested whitening products showed a statistically sig-
nificant improvement in the psychological impact factor ac-
cording to the PIDAQ scale after 14 days of usage (p<0.001).
Additionally, for the whitening pen and the combination of
whitening pen and toothpaste, the significance persisted even
after seven days of use (p<0.001). However, no differences
were found in the other PIDAQ dimensions when compar-
ing the different times of use for the tested whitening prod-
ucts (Table 6).

The dependence of satisfaction with the whitening agent
(final tooth color, overall satisfaction with the treatment) was
determined using the linear regression model and presented
in the form of Pareto diagrams (Figure 2). The effects of all
observed demographic and lifestyle variables, as well as the
PIDAQ variables that appeared as predictor variables, were
observed for age (8=-0.089, SE=0.012, p<0.001), gender-fe-
male ($=0.373, SE=0.174, p=0.006), and dental self-confi-
dence (f=-0.024, SE=0.012, p=0.042) on overall satisfaction
with treatment. On tooth color satisfaction, age ($=0.109,
SE=0.016, p=0.033) and social influence of PIDAQ (B=-
0.089, SE=0.012, p<0.001) have a significant influence.

Table 6  PIDAQ results at different time points
Tablica 6. PIDAQ rezultati za razli¢ita ispitivana vremena
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olovku za izbjeljivanje i 21,1 % ispitanika koji su se koristili
kombinacijom paste za izbjeljivanje zuba i olovke. Promjenu
okusa prijavilo je 16,6 %, sudionika, a oralne ulceracije slu-
znice 11,1 % koji su se koristili olovkom za izbjeljivanje zuba.
Vedini se svidio koristeni proizvod za izbjeljivanje i rado bi ga
preporucili drugima i ponovno upotrijebili (84,2 % — WT,
89,4 % — WT +WP i 94,7 % — WP; 84,2 % — WT, 89,4 %
- WT + WP 94,7 % — WP). Svi ispitanici koji su se koristili
olovkom za izbjeljivanje uocili su u¢inak izbjeljivanja na svo-
jim zubima (100 %), zatim 94,7 % onih koji su upotreblja-
vali kombinaciju paste za izbjeljivanje i olovke te samo 63,1
% ispitanika koji su se koristili pastom za izbjeljivanje zuba.

Svi testirani proizvodi za izbjeljivanje pokazali su statistic-
ki znacajno poboljanje ¢cimbenika psiholoskog utjecaja prema
ljestvici PIDAQ poslije 14 dana koristenja (p < 0,001). Osim
toga, za olovku za izbjeljivanje i kombinaciju olovke za izbje-
ljivanje i paste za zube, znacajnost je ostala ¢ak i poslije 7 da-
na koristenja (p < 0,001). Medutim, nisu pronadene razlike u
drugim dimenzijama PIDAQ-a pri usporedbi razlicitih vre-
mena uporabe testiranih proizvoda za izbjeljivanje (tablica 6.).

Ovisnost o zadovoljstvu sredstvom za izbjeljivanje (ko-
nac¢na boja zuba, ukupno zadovoljstvo tretmanom) odredena
je linearnim regresijskim modelom i prikazana u obliku Pa-
retova dijagrama (slika 2.). Socijalno-demografske i PIDAQ
varijable postavljene su kao prediktori. Na ukupno zadovolj-
stvu tretmanom, kao znacajna varijabla, potvrdena je dob (B
=-0,089, SE = 0,012, p <,001), spol — Zenski (p = 0,373, SE
= 0,174, p = 0,0006) i dentalno samopouzdanje (B = -0,024,
SE = 0,012, p = 0,042). Na zadovoljstvo bojom zuba tako-
der je znatno utjecala dob (B = 0,109, SE = 0,016, p = 0,033)
te drustveni utjecaj PIDAQ (B = -0,089, SE = 0,012, p <
0,001).

Whitening Time points ® Vrijeme testiranja
Sl::(:sl:(:;a Wtk stion - L s Baseline - T0 7 days-T1e 14 days -T2 ¢ p-value ®
izbjeljivanje Pocetno — TO 7 dana - T1 14 dana -T2 p-vrijednost
Dental Self-Confidence * Dentalno 15.00 (8.00-18.00) | 15.00 (9.00-18.00) | 16.00 (10.00-21.00) 0.081
samopouzdanje
WT Social impact * Socijalni utjecaj 0.00 (0.00-5.00) 0.00 (0.00-3.00) 1.00 (0.00-6.00) 0.081
Psychological Impact © Psiholoski utjecaj 5.00 (3.00-9.00)° 5.00 (4.00-8.00) 4.00 (3.00-8.00) <0.001*
Esthetic Concern ¢ Zabrinutost zbog estetike 0.00 (0.00-1.00) 0.00 (0.00-2.00) 0.00 (0.00-3.00) 0.693
Denaal Self-Confidence * Dentalno 12.00 (9.00-18.00) | 13.00 (10.00-18.00) | 12.00 (10.00-20.00) |  0.339
samopouzdanje
WT + WP | Social impact ® Socijalni utjecaj 1.00 (0.00-5.00) 1.00 (0.00-5.00) 1.00 (0.00-3.00) 0.985
Psychological Impact ® Psiholoski utjecaj 5.00 (3.00-8.00) 4.00 (2.00-7.00)" 4.00 (2.00-6.00)** <0.001*
Esthetic Concern ¢ Zabrinutost zbog estetike 2.00 (0.00-4.00) 2.00 (0.00-3.00) 2.00 (0.00-3.00) 0.479
Dental Self Confidence * Dentalno 15.00 (13.00-19.00) | 14.00 (12.00-18.00) | 17.00 (12.00-19.00) |  0.094
samopouzdanje
WP Social impact ® Socijalni utjecaj 2.50 (0.00-4.00) 2.50 (0.00-6.00) 2.50 (0.0-7.00) 0.451
Psychological Impact ¢ Psiholoski utjecaj 8.00 (3.00-11.75)® 6.50 (3.00-9.00)¢ 4.00 (2.75-6.75)* <0.001*
Esthetic Concern  Zabrinutost zbog estetike 0.50 (00-4.75) 1.50 (0.00-3.00) 1.00 (0.00-3.75) 0.784

Values are shown as median and interquartile range. The same lowercase letter in a row indicates statistical significance between different time points
(p<0.05) ® Vrijednosti su prikazane kao medijan i interkvartilni raspon. Isto malo slovo u redu oznacava statisticku znacajnost u razlicitim vremenima
uzorkovanja (p < 0,05). Abbreviations ® Skraéenice: TO - before treatment; T1 - 7 days after the commencement of use; T2 -14 days after the
commencement of use; WT — whitening toothpaste, WP — whitening pen, WT + WP — whitening toothpaste and pen. ® TO — prije tretmana; T1 -7
dana od pocetka koristenja; T2 -14 dana od pocetka koristenja, WT — zubna pasta, WP — olovka, WT + WP — zubna pasta i olovka
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Discussion

The use of commercially available whitening products
for home use, such as toothpaste, gel, pen, tape, and rinsing
liquid, can serve as an alternative for correcting mild tooth
stains (1). This study aimed to evaluate and compare the ef-
fectiveness of different commercially available teeth whiten-
ing over-the -counter agents (toothpaste, pen, and their com-
bination) and to assess the satisfaction of respondents with
the treatment and the achieved effect. The subjects who used
the pen and a combination of toothpaste and pen experi-
enced a significant color change (AE) after seven and 14 days
of usage compared to those who used only whitening tooth-
paste. Based on the results obtained, we can conclude that
the initial hypotheses were not confirmed, and the means
used proved to be effective with significant differences be-
tween them.

Over-the counter whitening products typically contain
lower levels of the whitening agent and are applied to the
tooth with a brush, tape, or toothbrush, usually requiring ap-
plication twice a day for up to two weeks. External stains on
the tooth surface can be removed with some abrasive agents
found in toothpaste, while internal stains can be eliminat-
ed through oxidation. The whitening toothpaste used in this
study contains abrasive and chemical agents such as pyro-
phosphate and hydrated silicon. Pyrophosphates have a
strong binding affinity and effectively remove components
causing tooth color staining (18). Hydrated silicon possess-
es cleaning abilities and is more effective in removing stains
from enamel and dentin compared to other abrasives (1). The
pen used in this study contains peroxycaproic acid (PAP),
which has a high oxidation potential and is crucial for the
whitening process as it neutralizes the double organic bonds
responsible for tooth discoloration (27). Additionally, the
pen contains the active ingredient sodium chlorite which re-
leases a small amount of chlorine dioxide in the presence of
acids (28). Compared to hydrogen peroxide, PAP gel exhibits
a similar whitening effect while being less harmful to enamel
and oral mucosa (29).

The use of whitening agents resulted in a noticeable
change in tooth color (AE) after seven and 14 days of use.
However, the subjects who used a pen and a combination of
pen and toothpaste experienced a higher color change com-
pared to those who used toothpaste alone. Clinically signif-
icant tooth color change, as defined by AE* > 1, 2, AWI

>0.72, and/or AE > 0.8, can be visibly noticed by human
eyes and is essential in evaluating the effectiveness of whiten-
ing agents (30). Therefore, after seven days of using all test-
ed whitening products, the changes were visible to the na-
ked eye. However, after 14 days of use, all whitening agents
showed a greater color change than that observed after sev-
en days, with significant differences between them. Greater
color changes were observed in subjects who used the whit-
ening pen and a combination of products after seven and 14
days of use, compared to those who used whitening tooth-
paste alone.

The evaluation of the effect of whitening toothpastes
and other home whitening agents can be conducted through

Procjena promjene boje proizvoda za izbjeljivanje

Rasprava

Upotreba komercijalno dostupnih proizvoda za izbjeljiva-
nje za kuénu upotrebu, kao $to su zubne paste, olovke, trake
i tekudine za ispiranje, moze posluziti kao alternativa za ko-
rekcije blagih obojenja na zubima (1). Ovo istrazivanje imalo
je za cilj procijeniti i usporediti u¢inkovitost razli¢itih komer-
cijalno dostupnih sredstava za izbjeljivanje zuba (zubna pa-
sta, olovka i njihova kombinacija) te procijeniti zadovoljstvo
ispitanika tretmanom i postignutim uc¢inkom. Ispitanici ko-
ji su se koristili olovkom i kombinacijom zubne paste i olov-
ke postigli su znatnu promjenu boje (AE) 7 i 14 dana poslije
koriStenja, u usporedbi s onima koji su upotrebljavali samo
zubnu pastu za izbjeljivanje. Na temelju dobivenih rezultata
mozemo zakljuciti da pocetne hipoteze nisu potvrdene jer su
se koriStena sredstva pokazala u¢inkovitima uz znatne razli-
ke medu njima.

Proizvodi za izbjeljivanje koji se slobodno prodaju obic-
no sadrzavaju nizu razinu sredstva za izbjeljivanje i nanose se
na zub aplikatorom, trakom ili ¢etkicom za zube, $to obi¢-
no zahtijeva nanofenje dva puta na dan tijekom dva tjedna.
Vanjske mrlje na povrsini zuba mogu se ukloniti nekim abra-
zivnim sredstvima koja se nalaze u zubnoj pasti, a unutar-
nje oksidacijom. Zubna pasta za izbjeljivanje koristena u ovoj
studiji sadrzava abrazivna i kemijska sredstva poput pirofosfa-
ta i hidratiziranog silicija. Pirofosfati imaju snazan afinitet ve-
zanja i u¢inkovito uklanjaju komponente koje uzrokuju bo-
jenje zuba (18). Hidratizirani silicij ima svojstvo ¢iS¢enja i
ucinkovitiji je u uklanjanju mirlja s cakline i dentina u uspo-
redbi s drugim abrazivima (1). Olovka koriStena u ovoj stu-
diji sadrzava peroksikaproinsku kiselinu (PAP) koja ima vi-
sok oksidacijski potencijal i klju¢na je za proces izbjeljivanja
zato $to neutralizira dvostruke organske veze odgovorne za
promjenu boje zuba (27). Dodatno, olovka sadrzava i aktiv-
ni sastojak — to je natrijev klorit koji oslobada malu kolici-
nu klorova dioksida u prisutnosti kiselina (28). U uspored-
bi s vodikovim peroksidom, PAP gel pokazuje slican uc¢inak
izbjeljivanja, a manje osteuje caklinu i oralnu sluznicu (29).

KoriStenje sredstava za izbjeljivanje u ovom istrazivanju
rezultiralo je primjetnom promjenom boje zuba (AE) 7 i 14
dana poslije koristenja. No ispitanici koji su se koristili olov-
kom i kombinacijom olovke i zubne paste s u¢inkom izbjelji-
vanja postigli su ve¢u promjenu boje u usporedbi s onima ko-
ji su upotrebljavali samo zubnu pastu s u¢inkom izbjeljivanja.
Klinicki znacajna promjena boje zuba, definirana s pomocu
AE* > 1,2, AWI > 0,72 i/ili AE > 0,8, moze se jasno pri-
mijetiti o¢ima i kljucna je u procjeni uc¢inkovitosti sredstava
za izbjeljivanje [30]. Zato su 7 dana poslije koristenja svih te-
stiranih proizvoda za izbjeljivanje promjene bile vidljive go-
lim okom. No poslije 14 dana sva sredstva za izbjeljivanje po-
kazala su promjenu boje ve¢u od one uocene nakon 7 dana,
sa znatnim razlikama medu njima. Veée promjene boje uoce-
ne su kod ispitanika koji su se koristili olovkom za izbjeljiva-
nje i kombinacijom proizvoda poslije 7 i 14 dana primjene,
u usporedbi s onima koji su upotrebljavali samo zubnu pa-
stu za izbjeljivanje.

Procjena ucinka pasta za zube za izbjeljivanje i drugih
sredstava za izbjeljivanje za ku¢nu upotrebu moze se obaviti
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in vitro studies using extracted teeth or through iz vive clin-
ical trials. However, the available literature presents contra-
dictory efficacy results from 77 vitro studies. For instance, one
study (31) confirmed the whitening effect of several com-
mercially available whitening toothpastes in India after four
weeks of use. Similarly, Vaz et al. (32) demonstrated that
all whitening toothpastes achieved effective tooth whiten-
ing compared to toothpaste without additional whitening
agents. According to their findings, the best bleaching effect
was achieved with microbeads, followed by hydrogen perox-
ide and blue covarine. They have also emphasized that con-
tinuous use of these products is necessary to achieve a more
pronounced and better whitening effect.

It is important to note that while iz vitro studies pro-
vide valuable insights into the potential effects of whitening
agents on extracted teeth, the outcomes might not perfectly
mirror real-world situations and clinical effectiveness. Thus,
the findings of in vitro studies should be considered in con-
junction with results of in vivo clinical trials to obtain a com-
prehensive understanding of the actual impact of whitening
agents on tooth color in practical usage scenarios (33). There
have been several clinical studies examining the clinical ef-
fect of whitening toothpastes [34-38] and whitening pens
(29). Horn et al. (37) observed the whitening effect of four
toothpastes after 15 days of use. However, they did not ob-
serve that the use of any whitening toothpastes led to a visi-
ble change in tooth color. Similarly, Pintado-Palomino et al.
(38) found no difference in color change after four weeks of
using two toothpastes with a whitening effect compared to
conventional toothpaste without any effect. In contrast, oth-
er studies in the literature have confirmed the effectiveness of
various whitening toothpastes (39, 40). Bizhang et al. (41)
evaluated the effect of a gel preparation containing peroxyca-
proic acid and found a significant effect after only one use. In
this study all subjects who used a pen noticed the whitening
effect on their teeth (100%), likewise 94.7% of subjects who
used a combination of toothpaste and pen. Respondents were
more satisfied with the results obtained after using the pen
and the combination of pen and toothpaste than with tooth-
paste alone (p<0.001).

The most common unfavorable side effects of the use of
teeth whitening products are dentinal hypersensitivity and
gingival irritation. Fiorillo et al. (42) have stated that teeth
whitening procedures should be avoided in patients who al-
ready suffer from dental hypersensitivity. Unfortunately, the
effect on the hard tissues of the teeth can contribute to the
development of hypersensitivity. However, they have also
emphasized that the esthetic effect of teeth whitening is al-
ways present, whether it is performed at home or by pro-
fessional treatments. They believe that improving a smile, in
this case by teeth whitening, also enhances the quality of life
for patients. In this study, 27.8% of respondents who used
the pen complained of tooth sensitivity during use. Likewise,
21.1% of respondents who used a combination of toothpaste
and pen complained of tooth sensitivity. Only 5.2% of re-
spondents who used toothpaste alone complained of tooth
sensitivity. Burning, irritation, and tenderness within the oral
cavity were experienced by less than 10% of the subjects, re-
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na temelju studije 77 vitro na izvadenim zubima ili klinickih
ispitivanja iz vivo. No u dostupnoj literaturi kontradiktorni su
rezultati o ucinkovitosti studija 77 vitro. Na primjer, u jednoj
je studiji (31) potvrden ucinak izbjeljivanja nekoliko komer-
cijalno dostupnih pasta za izbjeljivanje zuba u Indiji poslije 4
tjedna koristenja. Vaz i suradnici (32) pokazali su sli¢no, nai-
me, da se sa svim zubnim pastama za izbjeljivanje moze posti-
¢i u¢inkovito izbjeljivanje zuba u usporedbi s pastama za zube
bez dodatnih sredstava za izbjeljivanje. Prema njihovim na-
lazima najbolji u¢inak izbjeljivanja postignut je mikrozrnci-
ma, zatim vodikovim peroksidom i plavim kovarinom. Tako-
der isticu da je kontinuirana uporaba tih proizvoda nuzna za
postizanje izrazenijeg i boljeg ucinka izbjeljivanja.

Vazno je napomenuti da, iako studije iz vitro omogucuju
vazan uvid u potencijalne u¢inke sredstava za izbjeljivanje na
izvadene zube, rezultati mozda neée savrseno odrazavati situ-
acije iz stvarnog zivota i klini¢ku u¢inkovitost. Zato bi se na-
lazi iz studija i vitro trebali razmotriti zajedno s rezultatima
klinickih ispitivanja iz vivo kako bi se dobilo sveobuhvatno
razumijevanje stvarnog utjecaja sredstava za izbjeljivanje na
boju zuba u prakti¢noj uporabi (33). Provedeno je nekoliko
klinickih studija u kojima su autori ispitivali klinicki uc¢inak
zubnih pasta za izbjeljivanje (34 — 38) i olovaka za izbjeljiva-
nje (29). Horn i suradnici (37) promatrali su ucinak izbjelji-
vanja Cetiriju pasta za zube poslije 15 dana koristenja i nisu
otkrili da i jedna od njih vidljivo mijenja boju zuba. Ni Pinta-
do-Palomino i suradnici (38) nisu pronasli razliku u promje-
ni boje poslije 4 tjedna koristenja dviju pasta za zube s u¢in-
kom izbjeljivanja u usporedbi s konvencionalnom zubnom
pastom bez ikakva u¢inka. Nasuprot tomu, u drugim studija-
ma u literaturi potvrdena je uc¢inkovitost razlicitih zubnih pa-
sta za izbjeljivanje (39, 40). Bizhang i suradnici (41) procije-
nili su u¢inak pripravka gela koji sadrzava peroksikaproinsku
kiselinu i pokazali znatan u¢inak poslije samo jedne uporabe.
U ovom istrazivanju svi ispitanici koji su se koristili olovkom
uoili su ucinak izbjeljivanja zuba (100 %), a 94,7 % ispitani-
ka koji su upotrebljavali kombinaciju paste za zube i olovke.
Ispitanici su bili zadovoljniji rezultatima postignutima poslije
koristenja olovke i kombinacije olovke i zubne paste s u¢in-
kom izbjeljivanja, nego samo zubnom pastom za izbjeljiva-
nje (p < 0,001).

Najées¢e neugodne nuspojave pri koritenju proizvoda za
izbjeljivanje zuba jesu preosjetljivost dentina i iritacija gin-
give. Fiorillo i suradnici (42) navode da je izbjeljivanje zu-
ba postupak koji bi trebali izbjegavati pacijenti koji ve¢ pate
od dentalne preosjetljivosti. Nazalost, djelovanje na tvrda tki-
va zuba moze pridonijeti pojavi preosjetljivosti. No, isticu i
da je estetski ucinak izbjeljivanja zuba uvijek prisutan, bilo u
kuénim, bilo u profesionalnim tretmanima. Autori vjeruju da
poboljsanje estetike osmijeha, u ovom slucaju izbjeljivanjem
zuba, poboljsava i kvalitetu Zivota pacijenata. U ovom istrazi-
vanju 27,8 % ispitanika koji su se koristili olovkom zalilo se
na osjetljivost zuba tijekom koristenja, to je ucinilo i 21,1 %
onih koji su upotrebljavali kombinaciju zubne paste s u¢in-
kom izbjeljivanja i olovke te 5,2 % ispitanika koji su se kori-
stili samo zubnom pastom za izbjeljivanje. Pecenje, iritaciju i
osjetljivost u usnoj Supljini osjetilo je manje od 10 % ispita-
nika, bez obzira na koristene materijale. Prijavljena prevalen-
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gardless of the materials used. The reported prevalence/inci-
dence of increased tooth hypersensitivity varies between stud-
ies, ranging from 0% to 100% [42], although most studies
reported a prevalence of 15% to 80% (43). In most cases,
tooth hypersensitivity is transient and tends to subside within
a few days after completing the whitening treatment (44-46).

The PIDAQ questionnaire was originally developed for
use in patients undergoing orthodontic therapy (47). How-
ever, the measured dimensions can also be applied to subjects
using tooth whitening agents (20,21). Our research showed
that the values of the PIDAQ questionnaire for the most of
examined dimensions between means for each examined time
did not show significant results. The first factor, “dental self-
confidence,” showed a positive whitening effect for all tested
agents between baseline values and those obtained after seven
days of use but it was not statistically significant. Dental self-
confidence is a positive dimension of the PIDAQ question-
naire that measures the impact of dental aesthetics on an in-
dividual’s self-confidence. The appearance of the mouth and
smile play a significant role in assessing the attractiveness of
the face, contributing to improved self-confidence. PIDAQ
measures three additional negative values of the psychosocial
impact dimension: social impact, psychological impact, and
esthetic concern. Social impact assesses potential problems
that an individual may face in social situations due to a subjec-
tively unfavorable tooth appearance. Psychological influence
assesses feelings of inferiority or dissatisfaction an individual
may experience compared to others. Esthetic concern implies
the concern or disapproval that arises when an individual fac-
es a mirror or views photographs and/or videos (21). In this
research, a significant reduction in the whitening effect on the
psychological impact was observed after 14 days of use for all
tested products. However, for the whitening pen and the com-
bination of products, a favorable effect was noticed even after
just seven days of use (p<0.001). This indicates that these spe-
cific whitening agents had a quicker and more positive impact
on the psychological aspect compared to other tested prod-
ucts, which required longer usage to show similar effects. Ber-
sezio et al. (19) also stated in their study that the total value
of the PIDAQ questionnaire did not show significant differ-
ences for each time examined. However, their results showed
that one week after bleaching, there was a statistically signifi-
cant difference in all measurement parameters (p<0.03), while
after one month, all parameters were statistically significant-
ly higher except social impact (p<0.001). In contrast study,
Angel et al. (21), by comparing the efficacy of 6% H,0, gel
and 37.5% H,0, gel, found significant changes in the val-
ue of the PIDAQ questionnaire after whitening compared to
baseline. Dental self-confidence significantly improved after
one week, one month, and three months compared to base-
line (p<0.001). Social impact, psychological impact, and es-
thetic concerns were significantly reduced (p<0.09; p<0.001;
p=0.001). Also, Fernandez et al. (20), who had compared the
effect of 6% and 35% H,0, gel, obtained statistically signifi-
cant results for all teste the values of the PIDAQ questionnaire
for each study time (p<0.001).

In this study, it was undeniably confirmed that the effec-
tiveness of teeth whitening is not necessarily a good indica-
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cija/incidencija povecane preosjetljivosti zuba varira izmedu
studija u rasponu od 0 do 100 % (42), iako ve¢ina njihovih
autora izvje$¢uje o prevalenciji od 15 do 80 % (43). U veci-
ni slucajeva preosjetljivost zuba je prolazna i povlaci se neko-
liko dana poslije zavrsetka tretmana izbjeljivanja (44 — 46).

Upitnik PIDAQ izvorno je nastao za upotrebu kod paci-
jenata koji su podvrgnuti ortodontskoj terapiji (47). Medu-
tim, izmjerene dimenzije mogu se primijeniti i na ispitanike
koji se koriste sredstvima za izbjeljivanje zuba (20, 21). Na-
Se istrazivanje pokazalo je da vrijednosti upitnika PIDAQ-a
za vedinu ispitivanih dimenzija izmedu srednjih vrijednosti
za svako ispitivano vrijeme nisu pokazale znacajne rezultate.
Prvi ¢cimbenik, ,dentalno samopouzdanje”, pokazao je pozi-
tivan ucinak za sva testirana sredstva za izbjeljivanje zuba iz-
medu pocetnih vrijednosti i onih dobivenih poslije 7 dana
koristenja, ali nije bio statisticki znac¢ajan. Dentalno samo-
pouzdanje pozitivna je dimenzija upitnika PIDAQ-a kojim
se mjeri utjecaj dentalne estetike na samopouzdanje poje-
dinca. Izgled usta i osmijeh vaini su u procjeni privlacno-
sti lica i pridonose pove¢anju samopouzdanja. PIDAQ-om
se mjere tri dodatne negativne vrijednosti dimenzije psiho-
socijalnog utjecaja: drustveni utjecaj, psiholoski utjecaj i za-
brinutost zbog estetike. Drustveni utjecaj procjenjuje mogu-
¢e probleme s kojima se pojedinac moze suociti u drustvenim
situacijama zbog subjektivno nepovoljnog izgleda zuba. Psi-
holoski utjecaj procjenjuje osjecaje manje vrijednosti ili neza-
dovoljstva koje pojedinac moze dozivjeti u usporedbi s dru-
gima. Zabrinutost zbog estetike podrazumijeva zabrinutost
ili neodobravanje koje se pojavljuje kada se pojedinac suoci
sa zrcalom ili gleda fotografije i/ili videozapise (21). U ovom
istrazivanju uoceno je znatno smanjenje na psiholoski ucinak
ispitivanih sredstava poslijel4 dana koristenja. No za olov-
ku za izbjeljivanje i kombinaciju proizvoda zabiljezen je po-
voljan ucinak ve¢ samo poslije 7 dana koristenja (p < 0,001).
To pokazuje da su ta specifi¢na sredstva za izbjeljivanje brie
i pozitivnije utjecala na psiholoski aspekt u usporedbi s dru-
gim testiranim proizvodima koji su zahtijevali dulju upotre-
bu da bi postigli sli¢ne u¢inke. Bersezio i suradnici (19) tako-
der su u svojoj studiji naveli da ukupna vrijednost upitnika
PIDAQ-a nije pokazala znacajne razlike za svako ispitano vri-
jeme. No njihovi rezultati pokazali su da tjedan dana poslije
izbjeljivanja postoji statisti¢ki znacajna razlika u svim mjer-
nim parametrima (p < 0,03), a poslije mjesec dana svi su pa-
rametri bili statisticki znatno visi, osim drustvenog utjecaja
(p < 0,001). Za razliku od studije Angela i suradnika (21),
usporedujuéi u¢inkovitost 6 % HO, gela i 37,5 % H.O,
gela, pronasli su znatne promjene u vrijednosti upitnika PI-
DAQ-a poslije izbjeljivanja u usporedbi s osnovnom vrijed-
nos¢u. Dentalno samopouzdanje znatno se poboljsalo poslije
jednog tjedna, jednog mjeseca i tri mjeseca u usporedbi s po-
¢etnom vrijedno$c¢u (p < 0,001). Drustveni i psiholoski utje-
caj te estetski problemi znatno su smanjeni (p < 0,090; p <
0,001; p = 0,001). Takoder, Fernandez i suradnici (20) koji
su usporedivali u¢inak 6 % i 35 % HO, gela, dobili su stati-
sticki znacajne rezultate za sve testne vrijednosti PIDAQ-a za
svako vrijeme istrazivanja (p < 0,001).

U ovoj studiji doista je potvrdeno da u¢inkovitost izbjelji-
vanja zuba nije nuzno dobar pokazatelj zadovoljstva pacijena-
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tor of patient satisfaction. While teeth whitening products
may produce visible changes in tooth color, patient satisfac-
tion with the treatment can be influenced by various factors
beyond the whitening effect alone. Sociodemographic char-
acteristics and life style habits can play significant roles in
determining how satisfied patients are with the overall out-
come of the teeth whitening procedure (9, 48). In this study,
a positive association of satisfaction with the whitening treat-
ment was observed in female gender ($=0.373, SE=0.174,
p=0.006). On the other hand, a negative association with
age was observed for both examined variables: total satisfac-
tion (B=-0.089, SE=0.012, p<0.001) and color satisfaction
(B=0.109, SE=0.016, p=0.033). Additionally, there was no
correlation found between the change in tooth color and sat-
isfaction with the treatment or the achieved tooth color. Sim-
ilar to our research, Heinisch et al. (49) also did not find a
positive correlation between the whitening effect and patient
satisfaction. The degree of satisfaction is difficult to predict
due to individual preferences and expectations that may not
always align with reality. Patients often express satisfaction
with the final treatment result in ways that therapists may
not expect (50).

This study has several limitations. First, the study was
conducted on a relatively small number of subjects, which
may limit the generalizability of the results to a larger popu-
lation. To improve the strength of the study, future research
should consider increasing the sample size to obtain more
representative results. Second, the study included only a lim-
ited number of commercially available bleaching products.
To obtain a more comprehensive picture of the effectiveness
of different bleaching agents, further studies should include
a wider range of commercially available products. In addi-
tion, the study observation period was relatively short, and
no long-term follow-up was conducted to assess color sta-
bility over time. The original plan was to assess tooth color
and subject satisfaction one month after discontinuation of
bleach use to investigate color stability. However, the study
was discontinued due to the pandemic caused by the Covid
19 virus, thus further highlighting the importance of consid-
ering some external factors that may impact research time-
lines and study outcomes.

Conclusions

With the limitations of this in vivo study, it can be con-
cluded that the use of all tested whitening products result in a
change in tooth color after 14 days of use. Subjects who used
the whitening pen and the combination of whitening tooth-
paste and pen experienced a significant increase in tooth col-
or compared to those who used toothpaste alone. Howev-
er, none of the tested products and their combinations had a
significant positive impact on participants’ satisfaction with
the whitening procedure, tooth color, or esthetic percep-
tion. It was observed that patients who used the whitening
pen reported the greatest number of side effects, thus point-
ing out the need to adhere to the manufacturer’s instructions
and limit its use accordingly. In conclusion, over-the-coun-
ter products for home use can help maintain the bright col-
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ta. Dok proizvodi za izbjeljivanje zuba mogu izazvati vidljive
promjene u boji zuba, na zadovoljstvo pacijenata tretmanom
mogu utjecati razni ¢imbenici izvan samog ucinka izbjeljiva-
nja. Socijalno-demografske karakteristike i navike mogu biti
vazne u odredivanju toga koliko su pacijenti zadovoljni uku-
pnim ishodom postupka izbjeljivanja (9, 48). U ovoj studi-
ji zabiljezena je pozitivna povezanost zadovoljstva tretmanom
izbjeljivanja sa Zenskim spolom (B = 0,373, SE = 0,174, p =
0,000). S druge strane, uoc¢ena je negativna povezanost s dobi
za obje ispitivane varijable: ukupno zadovoljstvo ( = -0,089,
SE = 0,012, p < 0,001) i zadovoljstvo bojom (B = 0,109,
SE = 0,016, p = 0,033). Dodatno, nije pronadena korelaci-
ja izmedu promjene boje zuba i zadovoljstva tretmanom ili
postignutom bojom zuba. Sliéno kao u nasem istrazivanju,
Heinisch i suradnici (49) takoder nisu pronasli pozitivnu ko-
relaciju izmedu uc¢inka izbjeljivanja i zadovoljstva pacijenata.
Stupanj zadovoljstva tesko je predvidjeti zbog individualnih
preferencija i o¢ekivanja koja mozda nisu uvijek u skladu sa
stvarno$cu. Pacijenti Cesto izrazavaju zadovoljstvo kona¢nim
rezultatom lije¢enja na nacine koje terapeuti mozda ne oce-
kuju (50).

Ova studija ima nekoliko ogranicenja. Prvo, provedena
je na razmjerno malom broju ispitanika, $to moze ogranici-
ti mogu¢nost generalizacije rezultata na ve¢u populaciju. Ka-
ko bi se poboljsala snaga studije, u budu¢im bi istrazivanjima
trebalo razmotriti povecanje veli¢ine uzorka kako bi se dobili
reprezentativniji rezultati. Drugo, studija je uklju¢ivala samo
ogranicen broj komercijalno dostupnih proizvoda za izbjelji-
vanje. Kako bi se dobila sveobuhvatnija slika o u¢inkovitosti
razli¢itih sredstava za izbjeljivanje, u budu¢im studijama tre-
balo bi obuhvatiti $iri raspon komercijalno dostupnih proi-
zvoda. Uz to i razdoblje promatranja bilo je razmjerno kratko
i nije provedeno dugotrajno pracenje za procjenu stabilno-
sti boje tijekom vremena. Izvorni plan bio je procijeniti boju
zuba i zadovoljstvo ispitanika mjesec dana poslije prestanka
upotrebe sredstava za izbjeljivanje kako bi se ispitala stabil-
nost boje. No zbog pandemije koronavirusom studija je pre-
kinuta, $to dodatno isti¢e vaznost razmatranja vanjskih ¢im-
benika koji mogu utjecati na vremenske okvire istrazivanja i
ishode istrazivanja.

Zakljuc¢ak

Uz ogranicenja ove studije in vivo, moze se zakljuciti da
svi ispitani proizvodi za izbjeljivanje uzrokuju promjenu bo-
je zuba poslije 14 dana koristenja. Ispitanici koji su se kori-
stili olovkom za izbjeljivanje i kombinacijom zubne paste za
izbjeljivanje i olovke uspjeli su znatno posvijetliti boju zu-
ba u usporedbi s onima koji su upotrebljavali samo zubnu
pastu za izbjeljivanje. No ni jedan od testiranih proizvoda i
njihovih kombinacija nije znatno pozitivno utjecao na zado-
voljstvo sudionika postupkom izbjeljivanja, bojom zuba ili na
estetsku percepciju. Uoceno je da su pacijenti koji su se ko-
ristili olovkom za izbjeljivanje prijavili najviSe nuspojava, $to
upozorava na to da je potrebno postovati upute proizvodaca i
ograniciti njezinu uporabu u skladu s tim. Zaklju¢no, komer-
cijalni proizvodi za kuénu upotrebu mogu pomodi u odrza-
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or of teeth, but their impact on satisfaction and esthetics may
vary among individuals. Further research and considerations
of individual factors are needed to optimize teeth whitening
procedures and outcomes.
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Sazetak

Svrha: Zeljela se ispitati ucinkovitost komercijalno dostupnih proizvoda za izbjeljivanje zuba te utje-
caj tih tretmana na zadovoljstvo ispitanika i njihovu estetsku samopercepciju. Materijali i metode:
Ukupno 56 sudionika bilo je nasumicno rasporedeno u tri skupine prema vrsti proizvoda za izbjelji-
vanje (zubna pasta, olovka ili kombinacija obaju proizvoda). U ovoj prospektivnoj studiji promjene
u boji zuba mjerene su spektrofotometrom u trima razli¢itim vremenskim tockama (pocetno mjere-
nje, 7 dana i 14 dana poslije pocetka koristenja proizvoda za izbjeljivanje). Tijekom tog razdoblja is-
pitanicima je podijeljen upitnik PIDAQ. Na kraju istrazivanja procijenjeno je zadovoljstvo sudionika
rezultatima izbjeljivanja (ocjenjivano na Likertovoj ljestvici od pet stupnjeva) i njihova percepcija nu-
spojava. Rezultati: Sudionici koji su se koristili samo olovkom za izbjeljivanje zuba ili u kombinaci-
ji s pastom za izbjeljivanje istaknuli su znatna poboljsanja u boji zuba i indeksu bjeline poslije 7 i 14
dana u usporedbi s onima koji su upotrebljavali samo pastu za izbjeljivanje (p < 0,001). No nisu pro-
nadene znatne razlike izmedu proizvoda kad je rije¢ o ukupnom zadovoljstvu tretmanom, percepciji
konacne boje zuba i udobnosti tretmana. Osim psiholoskog utjecaja, poslije 14 dana (p < 0,001) ni-
su uoc¢ene znacajne razlike u rezultatima upitnika PIDAQ-a izmedu razlicitih proizvoda za izbjeljivanje
zuba u razli¢itim vremenskim to¢kama. Vazno je napomenuti da je 16,6 % ispitanika prijavilo osjet-
liivost oralne sluznice, a veci postotak, odnosno 27,8 %, istaknuo je osjetljivost zuba tijekom primje-
ne olovke za izbjeljivanje. Zaklju¢ak: Kombinacija paste za izbjeljivanje zuba i olovke za izbjeljivanje,
te samostalna uporaba olovke za izbjeljivanje, pokazala je objektivno ucinkovite rezultate u promje-
ni boje zuba. No primjena komercijalno dostupnih preparata za izbjeljivanje zuba nije znatno utjeca-
la na samopercipirano zadovoljstvo sudionika, ni na njihove psihosocijalne ishode, bez obzira na vr-
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