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Sazetak

Svrha: Zeljela se ispitati u¢inkovitost atmosferskoga plazmenog mlaza (APM) kao izvora svjetlosti
Ciji u¢inak moze brze razlagati vodikov peroksid u gelovima za izbjeljivanje i tako potaknuti brze
i bolje izbjeljivanje. Materijali i metode: U zeleni ¢aj je osam sati bilo uronjeno 25 pastila hidrok-
silapatita. Nakon toga su osusene i podijeljene u pet skupina s po pet pastila. Uzorci su posebno
tretirani gelovima za izbjeljivanje s 30-postotnim i 40-postotnim vodikovim peroksidom te u kom-
binaciji s atmosferskom plazmom. Tijekom procesa izbjeljivanja analizirana je opticka emisijska
spektroskopija i temperatura s pomocu pirometra. Boja pastila bila je odredena RGB kolorime-
trom. Za mjerenje pH vrijednosti koristeno je prije i poslije tretmana dodatnih 10 pastila kojima je
pH izmjeren kontaktnim pH-metrom. Rezultati: Analizom promjene boja na pastilama prije i po-
slije tretmana, pokazano je da APM u kombinaciji s gelovima za izbjeljivanje poboljsava izbjeljiva-
nje 32, odnosno 15 posto. Postupak izbjeljivanja s pomocu APM-a imao je bolji u¢inak u sest pu-
ta kracem vremenu u odnosu prema tretmanu koji je predlozio proizvodac. Optickom emisijskom
spektroskopijom dokazana je kemijska aktivnost plazme. Nakon tretmana APM-om, pH vrijedno-
sti gela za izbjeljivanje pale su na 50 do 75 posto pocetnih vrijednosti, a temperatura na povrsini
tretiranog uzorka porasla je s 8 na 10°C u odnosu prema pocetnim vrijednostima. Zakljuéak: Upo-
raba atmosferskoga plazmenog mlaza u kombinaciji s gelovima za izbjeljivanje daje bolje rezulta-
te u kracem vremenu i ne povecava temperaturu koja moze ostetiti okolno tkivo.
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Uvod

Tehnologija bazirana na plazmi sve je ¢es¢e dio nase sva-
kodnevnice. Elektri¢nim, temperaturnim, kemijskim i fizi¢-
kim svojstvima plazme koristimo se u raznim podru¢jima
suvremene industrije, ukljuc¢ujuéi mikrodipiranje, informa-
ticku, energetsku i avioindustriju te zastitu okoli$a. Nedav-
no je plazma potaknula veliko zanimanje i u biomedicini.
Atmosferska plazma kemijski je aktivan, potpuno ili djelo-
micno ionizirani plin, a nastaje djelovanjem energije na reak-
tivni plin, pri ¢emu pocinje reorganizacija elektronske struk-
ture u atomima i molekulama te se stvaraju pobudene Cestice
i ioni. Plazme se mogu podijeliti na osnovi termodinamicke
ravnoteze. Stanje plazme u kojoj postoji lokalna ravnoteza
naziva se visokotemperaturnom ili vruéom plazmom jer tem-
perature mogu dosegnuti i nekoliko desetaka tisu¢a kelvina
(K), a plazma u kojoj nema jednakosti temperature razlicitih

Introduction

Plasma technology is becoming more and more part of
our daily lives. Electrical, thermal, chemical and physical
properties of plasma have been widely used in various fields
including electronics, manufacturing, energy, aerospace and
environmental industry. Recently, plasma has attracted in-
creased attention in the biomedical field. Plasma is a partially
ionized gas containing a large amount of highly reactive spe-
cies including ions, electrons, free radicals and electronically
excited neutrals. Plasmas can be classified according to ther-
modynamic equilibrium. Temperatures in the so called ther-
mal plasma, which is in thermodynamic equilibrium, can
reach as high as several 10,000 K. In non-thermal plasma,
plasma which is not in thermodynamic equilibrium, temper-
atures can be as low as 300 K (1). Non-thermal plasmas can
be divided according to pressure into the atmospheric pres-
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Cestica naziva se niskotemperaturnom ili hladnom plazmom
kod koje temperature mogu biti niske i do 300 K (1).

Niskotemperaturne plazme mogu se podijeliti prema tla-
ku na atmosferske i niskotla¢ne. Za aktivaciju niskotla¢nih
potrebne su vakuumska crpka i vakuumska komora, no one
mogu biti poprili¢no skupe i komplicirane (2).

Razli¢iti izvori plazme koristeni su za njihovo generiranje
pri atmosferskom tlaku. Jedan od njih je atmosferski plaz-
meni mlaz (APM) koji se moze podijeliti prema obliku elek-
trode na dielektri¢ne bezelektrodne mlazove (DBM), izbojne
mlazove s dielektricnom barijerom (IMDB), IMDB-u sli¢ne
mlazove i plazmene mlazove s jednom elektrodom.

APM kao reaktivni plin, osim elektrona, pozitivno i ne-
gativno nabijenih iona te fotona u ultraljubicastom dije-
lu spektra, sadrzava i aktivne radikale tzv. reaktivne kisiko-
ve radikale (RKR) O, OH, HO,, Oz) HO,, H,0, i reaktivne
dusikove radikale (RNR) NO,N,,NO, koji mogu reagirati s
bioloskim materijalima na sobnim temperaturama. APM se
moze aplicirati na to¢no odredeno mjesto u otvorenom pro-
storu bez bojazni od temperaturnog $oka, pa se moze primje-
njivati u podru¢ju biomedicine. Zbog svojih kemijskih svoj-
stava ima velik potencijal u inaktivaciji bakterija, sterilizaciji,
koagulaciji krvnih zila, cijeljenju rana, tretmanu kanceroge-
nih stanica i raznih infekcija (4 — 8). Plazmatska tehnologi-
ja takoder ima velike mogué¢nosti u podrudju dentalne me-
dicine (9).

Jedan od popularnijih estetskih zahvata u dentalnoj me-
dicini jest izbjeljivanje zuba. Svaki dan sve vise pacijena-
ta trazi moguénost za estetsku korekciju osmijeha s pomo-
¢u neinvazivnih i sigurnih metoda. Izbjeljivanje zuba moze
se obavljati na dva nacina — kao izbjeljivanje kod kuce kada se
dva do tri tjedna pacijent koristi individualnim udlagama te
niskom koncentracijom karbamid-peroksidnog gela za izbje-
ljivanje i izbjeljivanje u ordinaciji gdje lijecnik dentalne me-
dicine, gelovima za izbjeljivanje baziranima na vodikovu pe-
roksidu i karbamid peroksid gelovima u koncentracijama od
15 do 45 i od 30 do 37 posto, postize zeljeni ucinak za 30 do
60 minuta po jednom posjetu (10 — 12). Mehanizam izbje-
ljivanja temelji se na aktivaciji gela koji se po¢inje razlagati na
radikale koji napadaju i oksidiraju organske molekule u zubu
i tako ga izbjeljuju (13). Za povecanje ucinkovitosti gela pri-
mjenjuju se razni oblici svjetlosti: halogena, infracrvena svje-
tle¢a dioda (LED), laser i plazmatski luk (14,15). No upora-
ba izvora svjetlosti, kako bi se pobolj$ao u¢inak izbjeljivanja,
i dalje je upitna. Neki autori isti¢u da izvori svjetlosti ne po-
boljsavaju izbjeljivanje (16), neki pak tvrde da poboljsavaju
(17). No uspjesnost postupka izbjeljivanja zuba temelji se na
koncentraciji gela i trajanju postupka (18). Produzeno vri-
jeme izbjeljivanja mozZe rezultirati nezeljenim posljedicama,
kao $to su promjene na povrsini cakline, demineralizacija i
smanjenje tvrdoce (19, 20).

Svrha istrazivanja bila je ispitati u¢inak APM-a na po-
stupak izbjeljivanja i moze li se APM-om bolje i brze po-
sti¢i efeke izbjeljivanja, a da se ne poveéa temperatura koja
bi mogla ostetiti potporni aparat zuba ili zubnu pulpu. Za
ovo istrazivanje koristene su pastile pripremljene od praha
hidroksilapatita (zbog uniformnosti). Radne hipoteze bile su:
(H1) APM ne poboljsava efekt izbjeljivanja; (H2) nema pro-
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sure plasmas (APP) and low pressure plasmas. For generating
low pressure plasmas, vacuum chamber and vacuum pumps
are required which can be very expensive and complicated
(2). Various types of plasma sources have been developed to
generate plasmas at atmospheric pressure. One of them is
the non-thermal APP jet, which can be further subdivided
according to their electrode design: dielectric-free electrode
(DFE) jets, dielectric barrier discharge (DBD) jets, DBD-
like jets and single electrode (SE) plasma jet (3).

The APP jet contains all reactive species as mentioned
above including active radicals such as: Reactive Oxygen
Species (ROS) O, OH, HO,, 0, HO,, H 0, and Reactive
Nitrogen Species (RNS) NO, N, NO.,. Both ROS and RNS
have the potential to react with biological materials while
their temperature remains near room temperature. Because
the APP jet can be applied to desired sites in open space
without damaging the surrounding tissues, it has recently at-
tracted much interest in biomedicine due to its potential ap-
plications in bacteria inactivation, tissue sterilization, blood
coagulation, wound healing, suppressing the melanoma can-
cer cell and treatment of corneal infections (4-8). Also, in
dentistry the plasma technology has shown great potential
9).

One of the most popular esthetic procedures in dentist-
ry is tooth bleaching and every day more and more patients
are secking to improve their smiles with an effective and safe
method. Tooth bleaching can be generally divided into two
types: “in home bleaching” in which the patient uses a tray
containing a low concentration of carbamide peroxide (CP)
gel for two or three weeks and “in office bleaching” in which
dental practitioners use a higher concentration of hydrogen
peroxide (HP) gels 15-45% and higher concentrations 30-
37% of CP gels, which is directly applied to the teeth for a
total period of 30-60 minutes (10-12). The mechanism of
bleaching is based on the HP or CP gel’s ability to pene-
trate tooth structure and produce free radicals that oxidize
organic stains within the tooth (13). For better results in of-
fice, tooth bleaching products available on the market can be
combined with a supplementary light source (i.e. laser, LED,
OLED, halogen lamp or plasma arc) (14, 15). However, in-
formation on the effectiveness of these light sources in the
literature is conflicting. Some authors claim that use of the
light sources increases the efficiency of tooth bleaching (16)
while others reported it had no clinically significant effect on
tooth bleaching (17). The success of tooth bleaching depends
on the concentration of the gel and total treatment duration
(18). The time needed for tooth bleaching is of great impor-
tance, longer time produces better bleaching results. How-
ever, increased application time may cause enamel surface
alterations, such as loss of mineral content and microhard-
ness (19, 20).

The aim of this study was to evaluate if APP jet as acti-
vator can accelerate the degradation of hydrogen peroxide
and provide more effective results in a shorter period of time
without a significant temperature increase which may cause
damage of the tooth and surrounding tissue. For this purpose
pastilles were used because they provide more uniformly col-

ored test sample than teeth. Research hypotheses: (H1) The
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mjene u pH vrijednostima gelova aktiviranih APM-om tije-
kom procesa izbjeljivanja; (H3) aktivacija APM-a povecéava
temperaturu na povrsini tretiranog uzorka.

Materijali i metode

Eksperimentalni postav

Eksperimentalni postupak za tretiranje gela na pastilama
graficki je prikazan na slici 1.

APM kori$ten za ovo istrazivanje sastojao se od bakrene
elektrode (Zica promjera 100 pm) ulozene u staklenu cjevdi-
cu (vanjski promjer 1,5 mm i duzina 5 cm) i spojene na izvor
napona od 25 kHz i 2,5 kV (21). Kao radni plin koristen je
helij (¢isto¢a 4,6) pri protoku od 2 I/min. Uzorci (pastile) su
se nalazili 13 mm od vrha elektrode.

Tijekom tretmana mjerena je temperatura na povrsini
tretiranog uzorka i opticka emisijska spektroskopija (OES).
Za spektroskopiju koristen je opticki spektrometar Avantes
AvaSpec 3648 (Avantes Inc., Apeldoorn, Nizozemska) no-
minalne rezolucije 0,8 nm u rasponu od 200 do 1100 nm s
optickim vlaknom na ¢ijem se kraju nalazila le¢a postavljena
okomito u odnosu na APM (slika 1.). Integracijsko vrijeme
izmedu mjerenja bilo je prilagodeno na 250 ms. Minijatur-
ni infracrveni senzor (MI, Cole-Parmer, Vernon Hills, Illino-
is, SAD), pirometar s omjerom udaljenosti 10 : 1 od objekta,
bio je postavljen 10 cm od uzorka pod kutom od 45°. Zbog
nepoznavanja emisivnosti gela, za njezino odredivanje kori-
sten je K-tip termoclanka. Uzorci (pastila i pastila s gelom za
izbjeljivanje) zagrijavani su u pecnici i temperatura se isto-
dobno mjerila pirometrom i termoclankom. Nakon mjere-
nja pirometar je kalibriran.

Uzorci i eksperimentalni postupak

Od praha hidroksilapatita (Hydroxylapatite for analysis,
ACROS Organics Co., Fair Lawn, NJ, SAD) bilo je pripre-
mljeno 35 pastila promjera 12,5 mm i debljine 2,5 mm. Sva-
ka je sadrzavala 400 mg hidroksilapatita izmjerenog na va-
gi (Mettler PM200, Greifensee, Svicarska) i zatim presanog
pod tlakom od 20 bara (Universal GP1, BanjaLuka, BiH).
Kako bi pastile dobile na ¢vrstodi, susene su dva sata na tem-
peraturi od 150 °C u suhom sterilizatoru (Instrumentarija,
ST-01/02, Zagreb, Hrvatska) (22). Otopina za bojenje bi-
la je pripremljena od 2 g zelenoga ¢aja (Fanning’s, Cedevita
d.o.0., Zagreb, Hrvatska) uronjenog pet minuta u 100 mL
vruce vode. Nakon $to se otopina ohladila na sobnu tempe-
raturu, u nju su osam sati bile uronjene pastile kako bi do-
bile boju (18).

U ovom istrazivanju koristili smo se dvama razlicitim
gelovima za izbjeljivanje: DASH (Discus Dental, LLC, Los

Izbjeljivanje zuba plazmenim mlazom

optical effect of bleaching is not affected by APP jet activa-
tion (H2) There is no change in pH values of bleaching gels
activated by APP jet during bleaching (H3) Additional APP
jet activation can lead to surface temperature increase.

Materials and Methods

Experimental setup

Experimental setup for treating gel-pastille samples is
presented in Figure 1. Atmospheric pressure plasma (APP)
jet used in this investigation was a single electrode jet also
known as plasma needle. Copper electrode (wire 100 mi-
crons in diameter) inserted in a glass tube (outer diameter
1.5 mm, length 5 cm) was connected to a 25 kHz and 2.5
kV power supply (21). Normally, around 1 W of power is
transferred to the sample. Helium (4.6 purity), at flow rate 2
1/min, was used as a working gas. Samples (pastille, bleaching
gel) were placed on a non-conductive holder approximately
13 mm from the tip of the electrode to the gel surface.

During the treatment, surface temperature of the sam-
ple and the optical emission spectroscopy (OES) of the APP
jet were measured. Fiber optic spectrometer Avantes AvaSpec
3648 (Avantes Inc., Apeldoorn, The Netherlands) with a 0.8
nm spectral resolution in the range from 200 to 1100 nm
was used. Collimating lens at the end of the optical fiber was
placed at the beginning of the jet, perpendicular to the jet ax-
is as seen in Figure 1. The integration time was set to 250 ms.
Miniature Infrared Sensor (MI, Cole-Parmer, Vernon Hills,
Illinois, USA) pyrometer with 10:1 distance-to-target ratio
was mounted approximately 10 cm from the sample at an
angle of about 45°. A pyrometer was used because it provides
non-contact measurement and is not affected by plasma as
thermocouples. Because the emissivity of the used samples
is not known, a calibration using K-type thermocouple was
performed. Samples (pastille and pastille with bleaching gel
applied) were heated in an oven and then the temperature
was measured simultaneously with pyrometer and thermo-
couple while the samples were cooling down. From these
measurements, pyrometer calibration curves for our samples
were determined.

Samples and experimental procedure

35 pastilles were made out of 400 mg hydroxylapa-
tite powder (Hydroxylapatite for analysis, ACROS Organ-
ics Co., Fair Lawn, NJ, USA). Pastilles 12.5 mm in diam-
eter and 2.5 mm thick were compressed under the pressure
of 20 bar (Universal GP1, Banja Luka, Bosnia and Herze-
govina) out of hydroxylapatite powder weighted with scale
(Mettler PM200, Greifensee, Switzerland). In order to ob-
tain strength, the pastilles were then dried for 2 hours at the
temperature of 150°C in a dry sterilizer (Instrumentaria, ST-
01/02, Zagreb, Croatia) (22). Solution was made from 2 g of
green tea (Fanning’s, Cedevita d.o.0., Zagreb, Croatia) boiled
in 100mL of distilled water for 5 minutes and after that the
tea was cooled to room temperature. The pastilles were then
immersed into the tea for 8 hours in order to gain color (18).

In this study, we used two different bleaching gels:
DASH (Discus Dental, LLC, Los Angeles, California, USA),
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Angeles, California, SAD) koji sadrzava 30-postotni vodikov
peroksid i BOOST (Ultradent Products, Inc., South Jordan,
Utah, SAD) koji sadrzava 40-postotni vodikov peroksid. Za
potrebe mjerenja uzorci su bili podijeljeni u dvije skupine (n
= 10), ovisno o koristenom gelu (DASH ili BOOST). Sva-
ka skupina zatim je podijeljena u dvije podskupine: G1 kon-
trolna podskupina bila je tretirana samo gelom za izbjeljiva-
nje bez APM-a, a G2 podskupina bila je tretirana gelom za
izbjeljivanje u kombinaciji s APM-om. Dodatna skupina od
pet pastila bila je tretirana samo APM-om bez gela za izbjelji-
vanje. Za potrebe mjerenja pH vrijednosti izdvojene su dvije
skupine po pet pastila i svaka je tretirana gelom za izbjeljiva-
nje u kombinaciji s APM-om. Prva skupina pastila tretira-
na je postupkom izbjeljivanja prema preporuci proizvodaca.

Gel se nanosio aplikatorom na povrdinu pastile deblji-
ne 1,5 mm i ostavio 15 do 20 minuta (DASH/BOOST), a
zatim se uklonio plasticnom $patulom. Odmah nakon to-
ga mjerila se vrijednost crveno zeleno plavo (red green blue,
RGB) indeksa na pastili. Postupak se ponavljao tri puta. U
drugoj skupini na povr$inu pastila bio je nanesen gel deblji-
ne 1,5 mm i tretirana je APM-om devet minuta. Nakon to-
ga se plazmom uklonio gel s povrsine pastila i izmjerio RGB
indeks. U tre¢oj skupini pastile su tretirane samo APM-om
bez gela.

Prosudba ucinkovitosti izbjeljivanja, pH mjerenje i
statisticka analiza

Za mijerenje boje zuba koristeni su uredaji poput spektro-
fotometra i kolorimetra (23, 24).

Odmah nakon tretmana, RGB vrijednosti bile su iz-
mjerene kolorimetrom (PCE-RGB 2, PCE Instruments,
Southampton, Ujedinjeno Kraljevstvo). Za svaku pastilu iz-
mjerene su pet puta prije tretmana i pet puta nakon tretma-
na, kako bi se smanjila statisticka pogreska. Zato $to osim
izbjeljivanja nije bilo drugih parametara koji bi mogli utjeca-
ti na ishod izbjeljivanja, koristen je RGB model boja. RGB
model boja temelji se na mijeSanju crvene, zelene i plave s ra-
zlicitim intenzitetima oblikujuéi pritom kona¢nu boju spek-
tra. Boja u RGB modelu prostora stoga je prikazana kao
RGB triplet. Svaka od tri boje ima svoje numericke vrijed-
nosti od nule do maksimuma (u naSem primjeru 1023). Cr-
na boja oznacava vrijednosti prikazane kao 0,0,0, a bijela je
maksimalna vrijednost pojedine boje (1023, 1023, 1023) ili
tzv. bijela tocka. Zato se Euklidova udaljenost izmedu izmje-
renih RGB vrijednosti i bijele tocke moze definirati kao bi-
jela linija u prostoru RGB modela boja. Dakle, moze se re¢i
da je razlika u boji ARGB definirana kao razlika udaljeno-
sti izmedu bijele linije pastila prije tretmana i bijele linije
istih duzina nakon tretmana. Aritmeticka srednja vrijednost
za ARGB i njihove standardne devijacije izra¢unata je nakon
pet uzastopnih mjerenja obavljenih na pet pastila tretiranih
u jednakim uvjetima.

PH vrijednosti izmjerene su pH metrom ExStik EC 500
s kontaktnom elektrodom (Flir Commercial Systems, Inc.,
Nashua, New Hampshire, SAD), a bio je kalibriran pufer-
skim otopinama pH 4, 7 i 10 (Hanna instruments, Ann Ar-
bor, Michigan, SAD). Kalibracija se ponavljala poslije sva-
kog mjerenja. Pocetne pH vrijednosti gelova za izbjeljivanje
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which is a 30% HP gel and BOOST (Ultradent Products,
Inc., South Jordan, Utah, USA), which is a 40% HP gel. For
measuring the bleaching effect of each gel, specimens were
divided into two groups (n=10) depending on used bleach-
ing gel (DASH or BOOST). Each group was then divided
into two subgroups: (G1) control - bleaching gel without
APP jet activation and (G2) bleaching gel + APP jet activa-
tion. One separate group (n=5) was formed for treatment
with only APP jet without bleaching gel. As for the pH mea-
surement, two groups were formed (n=5); each for different
gel in combination with APP jet.

Whitening procedure, using only bleaching gels, was
performed according to the manufacturer’s instructions. 1.5
mm thick layer was applied on the pastille, left for 15/20
minutes (DASH/BOOST) and then removed using a plas-
tic spatula. Immediately after the gel was removed, RGB of
the pastille was measured. Three such cycles were performed
on the same pastille. In the second procedure, firsta 1.5 mm
layer of bleaching gel was applied on the pastille and then
treated with APP jet for 9 minutes. After the treatment, the
gel was removed and RGB of the pastille was measured. In
the third whitening procedure, the pastilles were treated for
9 minutes only with APP jet. RGB was measured immedi-
ately after that.

Bleaching evaluation, pH measurements and
statistical analysis

Instruments such as spectrophotometers and colorime-
ters are used to measure the colors of different materials as
well as tooth color (23, 24). Immediately after the treatment,
RGB (red, green, blue) values of pastilles were measured with
colorimeter (PCE-RGB 2, PCE Instruments, Southampton,
United Kingdom). RGB values of each pastille were mea-
sured 5 consecutive times before the treatment and 5 con-
secutive times after the treatment in order to minimize the
measurement error. Because only the differences between
bleaching efliciency of different procedures were evaluated,
RGB color space could be used. The RGB color model is
based on mixing red, green and blue with different intensi-
ties thus forming the final color. In RGB space the color is
therefore presented as an RGB triplet. Each of the three col-
ors can vary from zero to maximum value (in our case 1023),
where black is represented as point (0, 0, 0) and white is at a
point (1023, 1023, 1023). Euclidian distance between mea-
sured RGB and white point can be defined as white distance.
The color change DRGB can therefore be defined as a differ-
ence between the white distance of pastille before the treat-
ment and the white distance of the same pastille after the
treatment. Arithmetic mean value of DRGB and its standard
deviation were evaluated over 5 consecutive measurements of
5 different pastilles treated under the same conditions.

The pH was measured using ExStik EC 500 pH meter
with contact pH electrode (Flir Commercial Systems, Inc.,
Nashua, New Hampshire, USA). The pH meter was stan-
dardized by Hanna instruments buffer solutions of pH 4, 7
and 10 (Hanna instruments, Ann Arbor, Michigan, USA)
and was re-calibrated after each measurement. Initial pH val-
ue of both bleaching gels was measured on a glass plate prior
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izmjerene su na staklenoj plocici prije tretmana. Za mjerenje
pH vrijednosti nakon tretmana APM-om koristeno je po pet
pastila za svaku vrstu gela — ukupno njih 10. Gel za izbjelji-
vanje nanosio se na povrsinu pastile i, nakon tretmana APM-
om, pH elektroda je bila u kontaktu s gelom 10 minuta pri
sobnoj temperaturi od 21°C i vlaznosti zraka od 56 posto.
pH vrijednosti mjerene su svaku minutu te je ukupno za sva-
ki gel zabiljezeno 10 vrijednosti. Izmedu svake serije mjere-
nja pH elektroda je bila isprana mlazom vode iz slavine kako
bi se uklonile naslage. Nakon toga isprana je deioniziranom
vodom i osusena sterilnom gazom (Lola Ribar d.d., Zagreb,
Hrvatska). Nakon kalibriranja isti je postupak bio primije-
njen za sljede¢u pastilu.

Za statisticku analizu koristen je Origin Pro 8,5 (Origin-
Lab Corporation, North Hampton, MA, SAD).

Rezultati

Opticka emisijska spektroskopija tijekom tretmana
APM-a na pastilama i APM-a u kombinaciji s BOOST-om
na pastilama, prikazana je na slici 2. Najizrazenija linija spek-
tra pripada atomu helija i molekuli dusika. Osim tih dviju li-
nija uoceni su OH, N*, O i H ioni. Intenzitet linija spektra
izrazeniji je u kombinaciji APM+BOOST, u odnosu na sa-
mo APM. Sli¢ne linije spektra vidljive su i kod drugog gela za
izbjeljivanje — DASH-a. Naslici 3. su rezultati promjene bo-
je ARGB-om nakon tretmana. Promjena boje ARGB-om za
BOOST pokazuje bolje rezultate u odnosu na DASH. Naj-
bolji rezultati postignuti su kombinacijom gelova za izbjelji-
vanje DASH/BOOST s APM-om, s time da su nesto bolji
rezultati dobiveni kombinacijom APM+BOOST u odno-
su prema kombinaciji APM+DASH. APM u kombinaciji s
BOOST-om izbjeljivao je 20 posto bolje u odnosu prema
tretmanu samo s BOOST-om u $est puta kraem vremenu,
a APM u kombinaciji s DASH-om pokazao je ¢ak 32 posto
bolje izbjeljivanje od primjene samo gela.

Za gelove DASH i BOOST izmjerene su pH vrijedno-
sti prije tretmana i nakon tretiranja APM-om (tablica 1.).
Nakon tretmana APM-om, pH vrijednosti za DASH bi-
le su gotovo dva puta nize u odnosu na pocetne vrijedno-
sti, a za BOOST je pH vrijednost pala na 75 posto pocetne
vrijednosti. Temperaturne vrijednosti izmjerene na povrsini
pastila, odnosno gela, pokazale su da tretman APM-om po-
vecava temperaturu. Kod pastila tretiranih APM-om tem-
peratura doseze 30 °C. Pri tretiranju pastila kombinacijom
APM+DASH, temperatura doseze maksimalnih 32 °C, u
odnosu na APM+BOOST od 30,5 °C.

Izbjeljivanje zuba plazmenim mlazom

to the treatment. In order to measure pH value of bleaching
gels after the APP jet treatment, 5 pastilles were used for each
type in total of 10 pastilles. The bleaching gel was placed on
pastille and after the APP jet treatment the pH electrode was
placed in contact with the gel for a period of 10 minutes at
room temperature 21°C and humidity 56%. Each minute the
pH value was recorded for total of 10 measurements for each
sample. The electrode was washed between samples measure-
ments under a stream of water to remove gel debris. The elec-
trode was then rinsed using deionized water and dried with
sterile gaze (Lola Ribar d.d., Zagreb, Croatia). After re-cali-
bration, the procedure was repeated for the next pastille.

Data analysis and graphical presentation of the results
was performed with Origin Pro 8.5 (OriginLab Corpora-
tion, North Hampton, MA, USA).

Results

Typical optical emission spectra for APP helium jet with-
out a sample and for jet during the treatment of BOOST gel
on pastilles are presented in Figure 2. The strongest emis-
sion lines in the presented OES spectra belong to helium
atom and nitrogen molecule. Apart from these two sets of
lines, OH, N, O and H emission lines are also visible. It
can be observed that intensities of the emission lines of the
APP+BOOST spectrum are slightly higher than the ones of
the free APP spectrum. Similar OES results can be observed
for APP jet during the DASH gel treatment. In Figure 3, the
results of color change DRGB immediately after the treat-
ments are shown. The DRGB color change for BOOST gel
showed better results than for DASH. The best results were
obtained when APP jet was in conjunction with bleaching
gels. Slightly better results were obtained when APP jet was
in conjunction with BOOST than with DASH.

The pH values of DASH and BOOST gel were measured
before the treatment and after the treatment with APP (Ta-
ble 1). After the APP treatment, the pH value of DASH gel
was approximately 2 times lower than before the treatment,
while in the case of BOOST gel, the pH value dropped to
about 75% of its initial value. The pH was also measured
each minute for another 10 minutes after the treatment with
APP jet. These values did not change dramatically and no
trend was observed.

The non-contact temperature measurements of the pas-
tille or gel surface show that the treatment with APP rises the
surface temperature of the samples. In the case of the pas-
tille to about 30°C, the surface temperature of DASH and
BOOST gel rises to a slightly higher temperature of about
32°C and 30.5°C, respectively (Figure 4).

Tablica 1. pH vrijednosti gelova DASH i BOOST prije 9-minutnog tretmana APM-om i nakon njega

Table1 pH measurements of the DASH and BOOST gel before and after the 9 minute treatment with APP.
pH pH
mean value standard deviation
DASH prije tretmana * DASH before the treatment 4.64 0.08
DASH nakon tretmana ® DASH after the treatment 2.05 0.15
BOOST prije tretmana * BOOST before the treatment 7.25 0.01
BOOST nakon tretmana ® BOOST after the treatment 5.34 0.08
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Slika 1. Eksperimentalni postav
Figure 1 Experimental setup.

Treatment time (min)

Slika 2. Opticka emisijska spektroskopija za atmosferski plazmeni mlaz i za atmosferski plazmeni mlaz u kombinaciji s BOOST-om

(40-postotni vodikov peroksid)

Figure 2 Optical emission spectra for free atmospheric plasma jet and for plasma jet during the treatment (at 1 min) of pastille with BOOST

gel.

Slika 3. Aritmeticka srednja vrijednost promjene boje (DRGB) za pastile tretirane samo gelom za izbjeljivanje (DASH, BOOST), APM-om u

kombinaciji s gelovima za izbjeljivanje i samo APM-om

Figure 3 Arithmetic mean value of color change (DRGB) for pastilles treated only with bleaching gels (DASH, BOOST), with APP in conjunction

with bleaching gels and only with APP.

Slika 4. Temperaturni porast na povrsini uzoraka tijekom tretmana samo APM-om i u kombinaciji s gelovima DASH i BOOST
Figure 4 Time evolution of the sample surface temperature during the treatment with only APP and with APP in conjunction with DASH or

BOOST gel.

Rasprava

Opticka emisijska spektroskopija pokazuje porast inten-
ziteta za APM u kombinaciji s gelovima za izbjeljivanje u od-
nosu na samo APM (slika 2.). Gelovi koristeni u ovoj studiji
sadrzavali su vodikov peroksid u razlicitim koncentracijama.
Najveca promjena uocena je za OH liniju spektra (308 nm).
lako je radni plin helij, zbog difuzije okolnoga zraka u plaz-
mu, raste koli¢ina dusika u samom spekeru (25). Kada okol-
ni zrak promijeni sastav zbog kemijski aktivne uloge plazme,
neke molekule ispare iz gela pa se spektar mijenja. To je ra-
zlog za promjenu OH linije spektra vidljivog 10 mm iznad
tretiranoga uzorka gela i kada je opticko vlakno postavlje-
no okomito na gel. Osim toga, kada bi OES bio mjeren uz
plazmeni mlaz ili bi kut izmedu mlaza i opti¢koga vlakna bio
drukdiji, promijenili bi se omjeri izmedu spektralnih linija.
Zato bi, ako bi se le¢a OES-a usmjerila nize prema uzorku,
porastao intenzitet OH linije u odnosu na liniju dusika. Ka-
ko bismo procijenili u¢inak izbjeljivanja u razlic¢itim postup-
cima, RGB promjena boje na pastilama izmjerena je prije i
poslije tretmana. Pri izbjeljivanju samo gelovima vodikova
peroksida (ARGB) rezultati su prikazani nakon prvoga, dru-

Discussion

OES spectra of the APP jet during the treatment of
bleaching gels on a pastille shows the intensive increase of
emission lines compared to APP jet without the sample
(Figure 2). However, the ratio between intensities of APP
jet without the sample and with the sample is not the same
for all spectral features. While gels used in this study con-
sist of hydrogen peroxide, one of the biggest relative increas-
es can be observed for OH emission lines (308 nm). Even
though the working gas is helium, because of the diffusion
of the ambient air into the plasma, there is a lot of nitrogen
in the OES spectra (25). When the surrounding air chang-
es its composition, because of the chemically active role of
plasma on the gel, some molecules evaporate from the sam-
ple and the OES spectra of the light emitted by the plasma
also changes. This is why the change in OH emission lines
is also observed about 10 mm above the treated gels, while
as previously mentioned, the OES spectra were measured at
the beginning of the jet and the optical fiber was positioned
perpendicular to the jet. Moreover, if OES would be mea-
sured lower along the jet or if the angle between jet and the
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gog i tre¢eg ciklusa mjerenja. Kao $to je ve¢ spomenuto, je-
dan ciklus traje 15 minuta za DASH i 20 minuta za BOOST.
Izbjeljivanje na pastilama nakon tre¢eg ciklusa, za DASH ni-
je bilo znatno bolje u odnosu na dva ciklusa od po 15 minu-
ta. No dva ciklusa od po 15 minuta za 20 posto su bila bo-
lja u odnosu na samo jedan ciklus. Gel DASH u kombinaciji
s APM-om u trajanju od devet minuta postigao je 32 posto
bolje rezultate od tretmana samo DASH-om (3 x 15 min).
Pri uporabi gela BOOST, izbjeljivanje je bilo za 8 posto bo-
lie u odnosu na svaki sljede¢i ciklus. No BOOST u kombi-
naciji s APM-om u trajanju od devet minuta, pokazao je 20
posto bolje rezultate od tretmana samo BOOST-om (3 x 20
min). Treba istaknuti da kod uporabe BOOST-a, nakon pro-
duljenog djelovanja s APM-om, nastaje kompletna deforma-
cija gela, $to nije imalo utjecaja na efeke izbjeljivanja. Izbje-
ljivanje se takoder moze posti¢i samo uporabom APM-a, ali
su rezultati otprilike tri puta losiji u odnosu na kombinaciju
APM-a i gela. Sli¢ni rezultati objavljeni su u studiji Choe i
suradnika (26) — oni su se koristili APM-om s razli¢itim re-
aktivnim plinovima. U studiji Nama i suradnika (27) kori-
Stena su tri razlicita izvora (APM, plazmatski luk i diodni
laser) za aktivaciju karbamid-peroksidnog gela i APM je po-
kazao najbolje rezultate.

Prema podatcima proizvodaca, gelovi za izbjeljivanje
imaju razmjerno neutralni pH kako bi se smanjila eventu-
alna ostecenja tvrdih zubnih tkiva zbog kiseloga, odnosno
luznatoga medija. No za ve¢inu gelova koristenih pri izbje-
ljivanju zuba pronadeno je da su kiseli, a osobito oni pri-
mjenjivani u ordinacijama, sadrzavaju ve¢u koncentraci-
ju vodikova peroksida, odnosno karbamid peroksida (28).
Tvrda zubna tkiva u jako kiselom mediju ili jako bazi¢cnom
mediju mogu se ostetiti zbog produzenog djelovanja ili ce-
stoga koristenja. Zubne paste za izbjeljivanje koje se rabe
svaki dan, trebale bi imati neutralni pH, no istrazivanje je
pokazalo da neke imaju vrlo nizak pH — 3,67 + 0,06 (29).
Kiseli ili neutralni gelovi za izbjeljivanje imaju isti u¢inak
izbjeljivanja in situ i in vitro (30). U ovoj studiji bila je iz-
mjerena pH vrijednost za DASH od 4,64 + 0,08 a za BO-
OST je pH bio blizu neutralnoga — 7,25 + 0,01. Izmjerena
pH vrijednost za DASH bila je ispod dopustene granic¢-
ne vrijednosti za caklinu u iznosu od pH = 4,5-5,5 i stoga
moze demineralizirati tvrda zubna tkiva. Prema literaturi,
niska pH vrijednost pripisuje se niskim koncentracijama
kalcija i fosfatnih iona te visokim koncentracijama natri-
jevih i kloridnih iona u gelovima za izbjeljivanje (31). Na-
kon tretmana APM-om u kombinaciji s gelovima za izbje-
ljivanje, pale su pH vrijednosti za obje vrste gela (tablica
1.). To se povezuje s kemijskom aktivno$¢u plazme. Aktiv-
ni radikali koji se nalaze u plazmi — RKR i RDR mogu re-
agirati s gelovima za izbjeljivanje i tako smanjiti pH vri-
jednosti gela, no to ne mora nuzno utjecati na promjenu u
kemijskoj strukturi cakline. Daljnja istrazivanja potrebna
su kako bi se utvrdila kemijska interakcija koja moze sni-
ziti pH vrijednosti gelova za izbjeljivanje nakon tretma-
na APM-om. Dulje izlaganje zuba i oralnoga tkiva niskim
koncentracijama pH moze rezultirati nezeljenim posljedi-
cama, kao $to su demineralizacija (32) i resorpcija korije-
na (33). Stoga, smanjenjem vremena interakcije s pomo-
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fiber was different, the ratios between spectral features would
change (25). Therefore, if the collimating lens of the OES
spectrometer was pointed down toward the sample, the in-
tensity of the OH emission lines compared to e.g. nitrogen
emission lines would probably increase.

In order to evaluate the bleaching effect of different pro-
cedures, RGB color change of the pastilles before and after
the treatment was determined. In case of treatment with on-
ly bleaching gels, DRGB results are presented after the first,
second and third cycle. As mentioned before, one cycle is 15
and 20 minute long treatment with DASH and BOOST,
respectively. The whitening of the pastilles after the third
DASH treatment is not considerably better than with on-
ly two consecutive 15 minute treatments. However, two 15
minutes DASH treatments are almost 20% better than on-
ly one. When using APP in combination with DASH gel for
9 minutes there were 32% better results in comparison with
only DASH gel (3 x 15 minutes). In the case of BOOST
gel, whitening is approximately 8% better with each addi-
tional cycle. When BOOST is treated for 9 minutes with
APP jet the DRGB is about 15% higher than with three 20
minute BOOST treatment cycles. Here it should be men-
tioned that after prolonged plasma treatment, the bleaching
gel deformed and changed viscosity. However, this did not
reduce the bleaching effect. The bleaching effect can also be
achieved with APP treatment only, but it is almost 3 times
lower than plasma in conjunction with bleaching gels. Simi-
lar whitening effects were also reported in the study by Choi
et al. (26) where they used APP with different gases. In the
study by Nam et al. (27), three different sources (APD, plas-
ma arc lamp and diode laser) for activation of carbamide per-
oxide were used, and APP obtained the best bleaching re-
sults.

The manufacturer suggested that the products have rel-
atively neutral pH to minimize the potential damage which
could be caused by highly acidic or highly basic solutions.
However, most of the bleaching gels were found to be acid-
ic, especially in-office bleaching products (28). The effects
of acidic or basic solutions depend on the exposure time
and how often the product is used. Whitening toothpastes,
which are used every day, should also have a neutral pH; it
is reported that some toothpastes had a highly acidic pH as
low as 3.67+0.06 (29). Acidic and neutral in-office bleaching
agents have the same whitening efficiency in sizu and in vitro
(30). In this study DASH gel had pH values of 4.64 + 0.08
while BOOST gel was close to neutral with pH 7.25 + 0.01.
The acid pH measured for 30% HP (DASH) was below the
critical level for enamel which is in between 4.5-5.5 and can
cause hard tissue demineralization. According to the litera-
ture, this can be attributed to the low concentrations of cal-
cium and phosphate ions and high concentrations of sodium
and chloride ions in bleaching gels which can cause under-
saturation with respect to hydroxyapatite (31). After the APP
jet treatment in conjunction with bleaching gels, the pH val-
ues dropped for both types of gels (Table 1). This drop is re-
lated to chemical activity of APP jet. Active radicals such as
Reactive Oxygen Species (ROS) and Reactive Nitrogen Spe-
cies (RNS) are present in plasma and can react with bleach-
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¢u APM-a prezentiranog u ovoj studiji, moze se smanjiti
vrijeme izlaganja zuba niskom pH i ublaziti nezeljene po-
sljedice.

Prema dostupnoj literaturi uporaba izvora svjetlosti u
kombinaciji s gelovima za izbjeljivanje pove¢ava temperatu-
ru u pulpnoj komori (34 — 36). U ovoj studiji temperatura
generirana APM-om, mjerena na povrsini tretiranih uzora-
ka, nije presla granicu od 33 °C. Maksimalni temperatur-
ni porast zabiljezen je nakon upotrebe APM-a u kombinaciji
s BOOST-om od 8 °C, odnosno 10 °C za DASH. U slu¢a-
ju BOOST-a, nakon nekoliko minuta od pocetka tretmana
APM-om, temperatura je od sobne dosegnula granicu malo
iznad 30 °C i ostala je konstantna tijekom tretmana, a kod
DASH-a je nakon tri minute dosegnuta temperatura od 30
°C | rasla je tijekom cijelog tretmana do kona¢nih 32 °C. Ra-
zni izvori svjetlosti koji sluze za ubrzavanje procesa izbjelji-
vanja povecavaju temperaturu na povrsini zuba i u pulpnoj
komori (18). Zach i Cohen otkrili su na modelima majmu-
na da povecanje temperature u pulpnoj komori od 5,5 °C re-
zultira ireverzibilnim o$te¢enjima u pulpi (37). No kako je
dentalno tkivo slabo termalno vodljivo, povrsinsko zagrijava-
nje zuba ne mora znacajno zagrijavati pulpu (38). U studiji
Eldeniza i suradnika (39) diodni laser je, medu svjetlima za
izbjeljivanje, najvise povecao temperaturu (11,7 °C), a infra-
crvena svjetleca dioda (LED) pokazala je najmanje povecanje
temperature. U studiji Luka i njegovih kolega (16) opisana
je aplikacija infracrvenog lasera, CO, lasera, halogene svjetilj-
ke i argonskog lasera u kombinaciji s 35-postotnim vodiko-
vim peroksidom i 10-postotnim karbamid-peroksidnim ge-
lom kod kojega se povecava temperatura u pulpnoj komori
i na povrsini zuba. Klari¢ i suradnici (34) zakljucili su da je
izvor svjetlosti za izbjeljivanje ZOOM 2 potaknuo najvedi
porast temperature u pulpnoj komori i na povrsini zuba od
21,1 °C, odnosno 22,8 °C nakon femtosekundnog lasera za
koji su izmjerene vrijednosti bile 15,7 °C i 16,8 °C. I u¢inak
netaknute cirkulacije pulpe ili simulirani protok krvi moze
disperzirati odredenu koli¢inu topline prije oSte¢enja stani-
ca pulpe (40,41). Nas in vitro model nije mogao ponoviti sve
navedeno te je mogude da je povecanje temperature od 10°
C na povrsini tretiranog uzorka zapravo mnogo nize i ispod
praga koji bi ostetio pulpu.

Nedostatak ove studije jest to $to nije mogla biti provede-
na in vive. Pri koriStenju izvora svjetlosti za ubrzavanje pro-
cesa izbjeljivanja temperatura na povrsini i unutar pulpne
komore ovisi o vrsti svjetla i trajanju tretmana. Obi¢no du-
lja uporaba svjetla povecava temperaturu jer se vise svjetlosne
energije pretvara u toplinsku (42). Klinicki ishod je Sirenje
tekuéine unutar dentinskih tubula i pulpe, $to potencijal-
no zavrsava hiperemijom i postoperativnom preosjetljivoséu
(43). Vrijeme aplikacije za APM iznosi devet minuta, $to je
oko Sest puta kra¢e u odnosu na vrijeme koje je predlozio
proizvodac gela za izbjeljivanje. Pri koristenju APM-a tempe-
ratura uzoraka ispod je tjelesne temperature, §to znaci da pa-
cijent nece osjetiti bol u slu¢aju topline niti ée susjedno tkivo
biti o$te¢eno zbog temperaturnog Soka (27). Zato smatramo
da je APM primjenjiv u terapijama koje zahtijevaju kemij-
sku aktivaciju bez povecanja temperature, kao $to je izbjelji-
vanje zuba.

Plasma Jet and Tooth Bleaching

ing gel thus lowering pH value of the gel which can lead to
potentially less harmful effect on the tooth surface without
alterations of the enamel structure. Further research is need-
ed to investigate the main chemical interaction which can
lower pH value of bleaching gels. Subjecting the teeth and
oral tissues to a low or high pH for an extended period of
time may cause adverse side effects such as enamel deminer-
alization (32) and root resorption (33). Therefore the reduc-
tion of bleaching time with APP jet treatment, as presented
in this study, and consequently shortening the exposure of
teeth to low pH can decrease the side effects described above.

According to the available literature, the use of the light
activation in conjunction with bleaching gels generates high-
er intrapulpal temperatures (34-36). In the present study,
during the bleaching procedure, the heat generated by APP
jet was measured on the surface of the treated samples and
in all cases it did not pass 33°C. The maximum temperature
increase was 8°C and 10°C above baseline for BOOST and
DASH gel, respectively. In the case of BOOST gel, in a few
minutes of treatment the temperature increased from room
temperature to slightly above 30°C and remained constant
throughout the treatment, while in the case of DASH gel
the surface temperature increased to 30°C in about 3 min-
utes and continued to rise slowly to about 32°C in 9 min-
ute treatment. The effects of various lights used to accelerate
the bleaching process on surface and pulp chamber tempera-
ture increases have been investigated (18). Zach and Cohen
found in a monkey model that a 5.5°C temperature rise was
likely to cause irreversible pulpal damage (37). Since dental
tissue has a low thermal conductivity, superficial heating of a
tooth does not significantly heat the pulp (38). It was found
that the increase in the pulp chamber temperature with most
bleaching lights was above this critical threshold. In the
study by Eldeniz et al. (39), the diode laser induced signif-
icantly higher temperature increases than any other curing
unit (11.7°C) while the light emitting diode unit produced
the lowest temperature change (6.0°C). In a study by Luk et
al. (16) the application of infrared laser, CO2 laser, halogen
lamp and argon laser in combination with 35% hydrogen
peroxide gel and 10% carbamide peroxide gel caused signif-
icant temperature increase inside the pulp chamber and on
the tooth surface. Klaric et al. (34) found that the ZOOM?2
light source led to the largest increase in mean pulpal and
tooth surface temperatures of 21.1 and 22.8 °C, followed by
focused femtosecond laser which increased the pulpal and
surface temperatures by up to 15.7 and 16.8 °C. Also, the ef-
fect of an intact pulpal circulation or simulated blood flow is
able to dissipate some of the applied heat before pulpal cells
are damaged (40, 41). Our in vitro model was not able to
replicate this, so it is possible that the 10°C surface tempera-
ture rise is in reality lower and therefore below the threshold
for possible pulp damage.

Another shortage in interpretation of the results in this
study is that, apart from the surface experiment, this type
of study could not yet be conducted 7z vivo. Where light is
used to accelerate bleaching, the intrapulpal and surface tem-
peratures also depend on the light application period and
type of light used. Usually, a longer light irradiation pro-
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Ova studija ima nekoliko ogranicenja. Istrazivanje je pro-
vedeno na pastilama hidroksilapatita koje se razlikuju od pra-
vih zuba prema kemijskom sastavu, povrsini, boji i fizickim
obiljezjima. Pastile su koristene radi veée objektivnosti kao
cksperimentalna metoda u ispitivanju potencijalnog ucinka
APM-a na izbjeljivanje i sluzile su kao eksperimentalni i je-
dinstveni model jednakog sastava, velicine i boje. To je razlog
zasto su prikladan izbor za usporedbu ucinka pri razli¢itim
tretmanima izbjeljivanja. S druge strane, ljudski ili govedi
zubi razliciti su po kemijskim, fizickim i optickim svojstvi-
ma te bi se tesko ustanovio pravi u¢inak APM-a. Osim toga,
pastile imaju ravnu povrsinu, $to je vazno tijekom mjerenja
promjene boje RGB kolorimetrom. Temperaturne vrijedno-
sti izmjerene u ovoj studiji ne mogu se izravno primijeniti na
temperaturne promjene iz vivo. Daljnje studije s razli¢itim
gelovima za izbjeljivanje u kombinaciji s APM-om ili drugim
tipovima plazme na prirodnim zubima nuzne su radi pre-
ciznog odredivanja porasta temperature na povrsini uzorka.

Zakljucak

Istrazivanje je dokazalo da se APM moze koristiti kao ke-
mijski akeivator jer ubrzava degradaciju vodikova peroksida i
tako ubrzava proces izbjeljivanja u kra¢em vremenu od ono-
ga navedenog u preporukama proizvodaca. Mjerenje povr-
sinske temperature tijekom tretmana APM-om pokazuje da
je ova vrsta tretmana ucinkovitija od konvencionalnih izvo-
ra svjetlosti. Tretman APM-om u kombinaciji s gelovima za
izbjeljivanje (30-postotni vodikov peroksid i 40-postotni vo-
dikov peroksid) mogao bi jednog dana biti postupak izbora

pri izbjeljivanju zuba.
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duces a higher temperature rise because more light energy
is converted into heat (42). The application time for APP jet
was 9 minutes which is considerably shorter than the time
proposed by the manufacturer of bleaching gels used in the
study. Clinical outcome of this heat generation is expansion
of the liquids inside the dentinal tubules and the pulp which
in combination with dehydration of the bleached hard den-
tal tissues result in hyperemia and post-operative sensitivity
(43). As the temperature of the sample surface with APP jet
treatment is under the body temperature, which means that
a patient could not feel a sense of pain from cold or heat and
the tooth pulp or tooth surrounding tissue will not be ther-
mally damaged (27). For this reason, APP jet is applicable to
therapies that require chemical activation without tempera-
ture increase such as tooth bleaching.

This study has a few limitations. The research was con-
ducted on pastilles of hydroxylapatite, which are different
from human teeth in their chemical composition, surface
color or physical characteristics. The pastilles were used as
an experimental model to investigate the potential bleach-
ing effect of APP jet. They served as experimental and uni-
form models and were equal in their composition, size and
color. That is why the pastilles serve as a good and suitable
choice for comparison of the effects of different bleaching
treatments. On the other hand, human or bovine teeth are
all different in their chemical, physical and optical charac-
teristics and the true effect of the APP jet cannot be reliably
determined. Pastilles also have a flat surface, which is im-
portant for color measurement when using the RGB color-
imeter. Also, the temperature values measured in this study
cannot be directly applied to temperature changes in vivo.
Further studies with different concentrations of bleaching
agent in conduction with APP jet or other types of plasma
using human teeth are necessary to characterize the precise
surface temperature rise.

Conclusion

In this study it was proved that APP jet can be used as a
chemical activator which can accelerate the degradation of
hydrogen peroxide. This provides more effective results of
tooth bleaching in a shorter period of time than the pro-
cedures proposed by the manufacturers. The measurements
of surface temperature during the APP treatment suggest
that this kind of treatment has a greater capability than con-
ventional light sources. APP jet treatment combined with
bleaching gels (30 and 40% HP) could therefore become a
procedure that could be safely used for in office tooth bleach-
ing without a significant temperature increase.
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Abstract

Objective: To study the effect of atmospheric pressure plasma (APP) jet as a potential accelerator
of the degradation of hydrogen peroxide in bleaching gels which could lead to better and faster
bleaching. Material and Methods: 25 pastilles of hydroxylapatite were colored in green tea for 8
hours and were randomly divided into five groups (n = 5). The bleaching process was performed
with 30% and 40% hydrogen peroxide (HP) gel alone and in conjunction with helium APP jet. Dur-
ing the bleaching treatment, optical emission spectroscopy and non-contact surface temperature
measurement using pyrometer were performed. Color of the pastilles was determined by a red—
green—blue (RGB) colorimeter. PH values of bleaching gels were measured before and after the
plasma treatment on additional 10 pastilles using a pH meter with contact pH electrode. Results:
The color measurements of pastilles before and after the treatment showed that treatment with
APP jet improved the bleaching effect by 32% and 15% in the case of 30 % and 40% HP gel. Bet-
ter results were obtained approximately six times faster than with a procedure suggested by the
bleaching gel manufacturer. Optical emission spectroscopy proved that plasma has a chemically
active role on the gel. After the APP treatment, pH values of bleaching gels dropped to about 50—
75% of their initial value while the surface temperature increased by 8—10°C above baseline. Con-
clusion: The use of plasma jet provides more effective bleaching results in a shorter period of time
without a significant temperature increase which may cause damage of the surrounding tissue.
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