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ABSTRACT

In this research non-thermal atmospheric pressuasmpa jet, NAPP system has been build for the mamd teeth
bleaching. Extract teeth and dealt outside the mowtre used for the teeth bleaching process. Ttesth were
classified before and after plasma treatment fdifedeént time (3, 5, 10, and15minwith gas flow r&teand
2.5¢/min)by shade guide. For enhance teeth bleachinggss by NAPP jet, water and different concentratiof
H,O.,were used. The effect of NAPPjet on the mechapicgderties and teeth suffuse structure were stehbie
Vickers hardness tester and SEM. The teeth temperatas measured during bleaching processes bygiati
infra-red thermometer. NAPP jet is working on whéss of the teeth in all circumstances and the besilt
obtained with the30% ¥D,concentration where the teeth whiteness transitiom 4D to 2E in the shad guide.
While theteeth whiteness transition from 1D to hAhe shad guide by using water at the seam camdiffThe
NAPP treatment did not increase the temperaturtheftooth surface above 35°C.The results showttigaplasma
has no effect on the mechanical properties andctire of the teeth.it can be conclude that the NABR be a
useful tooth bleaching device. And it has the gbtlh replace the conventional light sources thaté limitations,
such as high temperatures.
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INTRODUCTION

Plasma is defined as a gas in which part of thégbes are present in ionized form. This is achiebg heating a
gas which leads to the dissociation of the molechtands and subsequently ionization of the freenatoThus,
plasma consists of positively and negatively chargms and negatively charged electrons as weladgals,
neutral and excited atoms and molecules[1,2]. Tlaeeetwo types of plasma: thermal and non-thermatabd
atmospheric plasma. Thermal plasma has electrahdheavy particles (neutral and ions) at the sammpéeature.
Cold Atmospheric Plasma (CAP) is said to be nomrtia¢ because it has electron at a hotter temperaiam the
heavy particles that are at room temperature. Gtitbspheric Plasma is a specific type of plasmaithkess than
40°c at the point of application [3].tooth bleaahis one of the most commonly applied of discolgpetpless teeth
was described in [5], variety of agents such deritte, sodium hypochlorite, and hydrogenperoxi@webeen
used, either alone or in combination with heatedasdiation, or UV light [6,7]. In recent yearsMgemperature
(“cold”) plasmas at atmospheric pressure in airifoother gases and gas mixtures) have been shownotide
distinct advantages for tooth bleaching [8], paittidy when used in conjunction with hydrogen pédex(9, 10].
Tooth bleaching has become popular and millionsewiple have received the treatment during theastlecades,
the mechanisms of tooth bleaching remain yet tdublg understood [11,12]. The generally accepteccinagmism
involved in tooth bleaching is similar to that axtile and paper bleaching: free radicals, produmet,O,, interact
with pigment molecules to produce a whitening dfféicis hypothesized that J, produces free radicals while
diffusing through enamel and dentine, breaking dmmuionds of pigment molecules and changing the eigm
molecule configuration and/or size. Such changésr dhe optical properties of tooth structure, tingpthe
perception of a whiter tooth color. in this workoan thermal, atmospheric pressure, Argon plasmiAdtP device
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assisted by varying concentrations of hydrogen yjdeoand water were used for teeth bleaching, thaching it
had achieve on extracted human teeth.

EXPERIMENTAL WORK

Plasma device

Figure (1) illustrates the process for externahbléng using the bleaching using non-thermal atimesp pressure
plasma jet NAPP jet. The hand held NAPP jet isariby a low frequency 33 kHz high voltage sourcakge-
peak 9.6 kV. Argon gas was with a flow rate of 2.8min for a safe and stable operation of theNAPP jet

Teeth bleaching by plasma

Non thermal plasma jet system was used to trefgrdiit sample of human teeth that extracted fromam The
teeth were classified according to shade guidéhawrs in Figure (2a). The plasma treatment processes taken
with different HO, concentrations (25% and 30%),120every 1min with plasma power 15Wat different expes
time and different gas flow rate (2.5 arifin). The teeth were set on artificial clay aswghadn the Figure (2b),
and then compare the teeth before and after tresithyeshade guide teeth compare classificatiorhtbefore and
after plasma bleaching for the purpose of detemmgitihe outcome of a bleaching.
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Figure (1):The process of tooth bleaching using non-ther mal atmospheric pressure plasma jet (A)Schematic of the plasma device and (B)
photograph of the tooth bleaching experiment
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Figure (2):(a) Shade guidefor teeth classification before and after bleaching,(b) teeth bleaching process

Teeth temper ature measur ement

The teeth temperature were measured during bleggitocesses by a digital infra-red thermometer ghoti -
8866, during the temperature measurement the distbatween teeth and the plasma tube end fixedcat 2he
teeth exposed to plasma jet for different time5(3,0 and 15min)with gas flow rate 2.5 af6iBin.
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Micro hardness measur ement

To understand the influence of plasma jet on thehamical properties of human teeth, the teeth temsinvere
measured before and after plasma jet exposuremainlbith gas flow rate&min. The hardness was measured by
digital micro Vickers hardness tester TH714.

SEM measur ement

The effect of plasma jet exposure on the structfréeeth was taken by using scanning electron ragopy
measurement of the teeth before and after plasnexp@sure at 15min with gas flow rat&in, to understand the
influence of plasma jet on the structure of teeth.

RESULTSAND DISCUSSION

Teeth bleaching

Figure (3)shows the influence of plasma jet onhteghitening exposed for 15mint where the plasmastess by
30% H0O.andthe argon gas flow raté/Bin, in addition to teeth classification. Tablg €hows teeth classification
before and after treatment by plasma and the cistamses of different treatment. From the tabie itlear that
teeth bleaching by plasma jet assisted by hydrpgeoxide or by water leads to an increase in thigewbss of the
teeth and the degree of whiteness increases wjibsexe time. Also it can note that the bleachingplasma jet
assisted by hydrogen peroxide, better than thattedsby water under the same circumstances. fate (1)it can
see that the argon gas flow rate effect slightlyttenbleaching processes, in both cases, enhayoedtbr and that
enhanced by peroxide .also the tooth bleachirigeef§f remained essentially independent of th@Honcentration
from 25% to 30%.In plasma teeth bleaching the OI4 the key reactive species in tooth bleaching. @dicals
were generated during the plasma treatment. Ouereéison of an increase in the concentration ofrbyd
radicals with increasing 40, concentration while the tooth bleaching efficaeynained essentially independent of
the HO, concentration from 25% to 30% suggests that, whyldroxyl radicals are important, they may not e t
only radicals that cause tooth bleaching. In lamaentration it was speculate that other speciek as atomic
oxygen (O), the superoxide anion,(Oand singlet molecular oxygenQ,) must also play a role in the tooth
bleaching process.
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Finger (3):Teeth classification (a) before treatment, (b) after treatment byplasma assisted by H,O, (30%), for 15min, and gasflow rat 5 (¢
/min)

Table (1): Teeth classification before and after treatment by plasma and cir cumstances of different treatment

Classification before Classification after Assisted by30% H,0, or Processing Gasflow rate
treatment treatment H,0 time(min) (e/min)
4D 2E Assisted by 30% 4, 15 5
3A 1C Assisted by 30% 4@, 10 5
3A 1E Assisted by D 5 5
5B 1D Assisted by 30% 4@, 5 5
1D 1A Assisted by kD 10 5
2B 1A Assisted by 30% D, 5 25
2B 2A Assisted by kD 5 25
2A 01 Assisted by 30% 4@, 3 5
2A 1A Assisted by KD 3 5
2A 2C Assisted by 25% 4@, 10 5
231
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Tooth Surface Temperature

Figure (4) shows the relation between temperatack teeatment time for teeth treated by plasm jetdeferent
time, the tooth surface temperature increased 8@ and stabilized near 35 after 25 minutes treated time. The
temperatures of the tooth specimens should be Ik@pduring plasma bleaching because excessivergeatn
damage pulp, during plasma bleaching the surfaogpdeatures of the teeth did not exceedCG4@uring the
bleaching treatment, the NAPP treatment did noteimse the temperature of the tooth surface abo9€, 35
indicating that the NAPP does not cause any thedaatlage to the tooth, Therefore, the NAPP can bseéul
tooth bleaching device. As such, it could replacaventional light sources that have limitationschsihigh
temperatures. This result is obtained becauseedNPP micro plasma and has low temperature.
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Figure (4): Relation between temperature and treatment time for teeth treated by NAPP

2\% mag O WD | spot| det | pressure 5pm
30.00 kV|20 690 x |10.6 mm 4.0 ETD|3.40e-2 Pa Inspect S50

Figure (5): SEM photograph (a) before treatment, (b) after plasma treatment

Microhardness

The extracted human teeth test by digital microk¥is hardness tester (TH-714),before and aftenmaaseatment
for 20 mints the microhardness of the enamel sarfaas no significant difference was found in tharge in
microhardness ,thus, it can be conclude that tlaagd in the microhardness was not significantlgctéfd by the
use of30%hydrogen peroxide,® concentrations in conjunction with a plasma treatt The micro Vickers
hardness values before treatment were HV 233.1 Kd/fand after treatment were HV 210.8 Kg/Aifihis result is
fully compatible with the mechanism of plasma bleag where plasma working to change the opticaperties of
the pigments deposited on the tooth without affecthe enamel layer.

SEM Analyses

Figure (5a and b) SEM photograph shows the enaunfslce morphology of the tooth before and afteated of 15
min it can be clearly see that enamel surface bashange, this result confirms that the plasma do¢sffect the
structure of the tooth surface. This is consistetit the result of micro hardness test.
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CONCLUSION

NAPP good tool for tooth bleaching specially whessisted by KO, .NAPP treatment did not increase the
temperature of the tooth surface above 35°C, itidgdhat the NAPP does not cause any thermal dartaghe
tooth, . The morphological results of tooth bleaghivith plasma did not affect mineral compositiorder scanning
electron microscopy (SEM) observations, and nocefts hardness of the tooth. Therefore, the NARR lze a
useful tooth bleaching device that provides a Hifgaching effect with hydrogen peroxide, As sudhc¢auld
replace conventional light sources that have lititites such as bleaching efficacy and high tempesatu
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