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Nonthermal atmospheric pressure plasma has attracted
great interest for biomedical applications. The plasma
consists of charged particles, radicals, and a strong electric
field as the fourth state of matter. This study evaluated the
change in the surface roughness after tooth bleaching by
plasma in combination with a low concentration (15%) of
carbamide peroxide, specifically whether the application of
plasma produced detriments, such as demineralization and
structural change, with the goal of efficient and safe tooth
bleaching. After being combined with plasma and 15%
cartbamide peroxide, the hydroxyapatite
significantly smoother with a low roughness average value.
Tooth bleaching with 15% carbamide peroxide alone
produced an irregular surface and increased the surface
roughness with high roughness average value. Tooth
bleaching with plasma resulted in no significant variations in

surface was
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hydroxyapatite in terms of change in surface roughness and
surface topography. The application of tooth bleaching with
plasma is not deleterious to dental hard tissue, implicating it
as a safe tooth bleaching technique.
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Fig. 1. A schematic drawing of the experimental process using
nonthermal atmospheric pressure plasma.
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Fig. 2. The topographical images of the hydroxyapatite (HAP)
surface (A) with no experiment (B) 15% CP and plasma (C)
15% CP alone.

Table 1. The Mean Ra+SD values (um) by Statistical Analysis
One-Way ANOVA test.

Group N Mean Ra + SD ?—NVSIXQ
Control 10 232.54+38.79"
15% CP + Plasma 10 117.64+4.45° 0.000
15% CP 10 435.68+30.67°

CP: carbamide peroxide, Ra: roughness average, SD: standard
deviation.

a, b, c: Different letters indicate statistically significant
differences among the groups by one-way ANOVA and
Tukey’s test (p<0.05).

Fig. 3. Representative SEM photomicrographs of adhered S.
mutans on the hydroxyapatite (HAP) surface (A) with no
experiment (B) 15% CP and plasma (C) 15% CP alone.



190 Seoul Hee Nam, Hae June Lee, Jin Woo Hong, and Gyoo Cheon Kim

ato] 1.879 <7ksk3it

S. mutans %

S. mutans T2 F2 FS SEMOE At Ay
A ti7Ish Eekzvkel AeEel 15% CcPe A8
HAP disc W2 S, mutans 7] 72 F-2r=|2] ¢kgro
w, 15% CP W=o=nt A83k HAP disc XW S
mutans 9] ¥ FEES K THFig. 3).

nE

=g Aopu|H AAELL- Wb wE gas g
Aol Al Awetr] 8 B =8s 71Eola lvh4]
ojggt SWeA o s 95 AL UAdoR
AL 7y Eehzvbe shdA 2 welrlE Egst
v F NS TH o] 24Tl FHe EAE
UH23) E=5 AR di7is STk A9k fAREE &
E2 37 Fol WAL He W] Fukee] e
Gt o 7EAR Asrbsetti19-22]. ol e SEk=
nke] 54& st & w X|of wHS gkl S
ofA Fepzmke] AL {Ed AnA|eEt g Af
F- 7]m0] F Zlojtk o= Au7HAY dTE wiRe

2 Zgl=znlo] Ago o} ujule] Qo] FAE A W
stg HojFo® gis 5siti19-22].

HAPE Q1Al9] B2 9 Ajoke] #7143 851
okt FEA FAYE 7P7] uiel] wgh Aok o
gt Ll A9 3 5 Sl A9 A Azl
241, B HAPE 4% Hole] W 242 o)

74 o7 7<L olp}]xﬁ' 011;]_25 [q.g]./\i 2]0},/] @alzl _Ltﬂ

o] tJ3t HPY H¥AA 3= ;qo} AZA md 2Ez0]
HAPOIA 71ESlth2e). & dA7e Eekzvts o] &3¢
AzAY AAT AHeES 40?01 HAPS] #831o]
T ALY Wse) velelol A o Rg FHalsh)
213 B7k stolek EHe] A= AFM 01 v#] Bl Ra
GO olaf AT WSS AFIHGL wpelel 23
= q]g_x%o] x| o}g-2 2] AJAR S, mutans s JES
Fato] Felsigick
01/6]— /\Lzﬂr ]/\1 x| o}e] tgaxl ZTHe 93] m|w
o) g

- o F Xo}
EE fum ol 4 o Aol 2

& = 7t
A ok B @ vk QIuh27,28]. tgo], e oA
oA B4 w 3shy EAe J¥s vE F Qe
Ao} mjule] Kak-gof tjste] Bttt ol et W)

S Aope] Fad mAAE W okstE Xof xR
EHEATH29]. Ao, Ea|Age )y % HAPOA] -
7180 WstE dojdtin wEAT27). XofE
FEHWS = F71d ATz 2l 1011 e} e
o)A g 2] =717 BAl ©UH16,30]. Jiang S{311S 30%
HP7} 3E¥el A7bst Wes yepdinkal Bausigith =
SR nWAlE= o} FAxZd A1 wE H3E
L FHT ATl E 2 AR Aok
| TS nx= Aow BEEHAT32). 7
o] Ao} mje] HX= xA AR WSE oAl
Ko} -z Hlﬂ‘—’%ﬁ‘ﬂ E4s dofina dERt
[33]. Fu o[34] ] x]o} U]Hﬂoﬂ 46}— tga‘rxl 41344
afolaE 9 e ﬁéﬂu W3S Hash v Qlvh oS
o], olgfgt ¥ A7 W3y} x|o} we] v o}
F2s S7AA Ad Al 345 38 & o
[35]. °li= HAPS| Arltx Atole] Fo| Aol uwheh
Aolg-2F o7 ZeYo] F= Ao|uh Tk ol g W3}
= Ao} Mo Wizl 3k x|o} o] 7kA W Rl
S7keh 22 R[S 7Tk mea] 3H A=Y W
sk Qg vhegote] F-ake- Aof njH A oA FQ
3 W) B2 HHEA] e wojofsit)

B Atof|A] 15% CP W50 % =3+ HAP disc
S7h W AFVE FEskl ol FHEHE
ZHs= Aoz YERtE 15% CP WA o
AGA A AR AHLE Aok ?**o% ToAER!
HAP?| 3o} A=l o= WA 23] g of
718k} e ARl FHO 40T S mutans®] =

W

of
F

- rE =
L0

(i rlo

O

B85S B o]gst Ay HolgAFTor o]dh
g2 5 9le 7}-:—@01 == AS AJAReit) shA, HAP
discoll #-2 Zule}l 15% CPS Z83 A3}

o} mwof FQ3t ks 3}
radical)©] Eef=np WAy A<
Hell 7714 @ﬁoﬂ FFe TA

web] A Ysleh Sehzute] Age Hule] 9
o} Z2 falld & vIAA a9 vdE FF
&7 Xolg-AZFoR o|Fgo] HomE 2o} wws

18
o g % e adeeln A gelold, 1
AL t71gh SehEn1E ol et Ao} wlw A& Ao}
o e muEiel AzAe] ] HPAe e



a2 Qs AR Aopn|uigu|7E d Hlojr

Alteration of Hydroxyapatite Surface after Tooth Bleaching with Nonthermal Atmospheric Pressure Plasma 191

ol Aot mmow FA7} ¥ o

(e}
HE

o] =L At et AfaHA STl ol

Conflict of interest

The authors declare that they have no competing interest.

References

10.

11.

. Zonghan X, Michael S, Paul M, Hoffman M. On the

critical parameters that regulate the deformation behavior
of tooth enamel. Biomaterials. 2002;9:2697-2703.

. Poggio C, Lombardini M, Colombo M, Bianchi S. Impact

of two toothpastes on repairing enamel erosion produced
by a soft drink: An AFM in vitro study. J Dent.
2010;38:868-874.

. Sun L, Liang S, Sa Y, Wang Z, Ma X, Jiang T, Wang Y.

Surface alteration of human tooth enamel subjected to
acidic and neutral 30% hydrogen peroxide. J Dent.
2011;39:686-692.

. Gallagher A, Maggio B, Bowman J, Borden L, Mason S,

Felix H. Clinical study to compare two in-office
(chairside) whitening systems. J Clin Dent. 2002;
13:219-224.

. Sulieman MA. An overview of tooth-bleaching techniques:

chemistry, safety and 2000.

2008;48:148-169.

efficacy. Periodontol

. Haywood VB, Heymann HO. Nightguard vital bleaching.

Quint Int. 1989;20:173-176.

. Kugel G, Kastali S. Tooth whitening efficacy and safety: a

randomized and controlled clinical trial. Compend Contin
Educ Dent. 2000;29:516-521.

. Kwon YH, Huo MS, Kim KH, Kim SK, Kim YJ. Effects

of hydrogen peroxide on the light reflectance and
morphology of bovine enamel. J Oral Rehabil.
2002;29:473-477.

. Justino LM. Tames DR, Demarco FF. In situ and in vitro

effects of bleaching with carbamide peroxide on human
enamel. Oper Dent. 2004;29:219-225.

Hairul BR, Lim CT, Chng HK, Yap AU. Nanoindentation
study of human premolars subjected to bleaching agent. J
Biomech. 2005;38:2204-2211.

Titley K, Torneck CD, Smith D. The effect of concentrated
hydrogen peroxide solutions on the surface morphology of
human tooth enamel. J Endod. 1988;14:69-74.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Shannon H, Spencer P, Gross K, Tira D. Characterization
of enamel exposed to 10% carbamide peroxide bleaching
agents. Quintessence Int. 1993;24:39-44.,

Wiater A, Choma A, Szczodrak J. Insoluble glucans
synthesized by cariogenic streptococci: a structural study. J
Basic Microbiol. 1999;39:265-273.

Josey AL, Meyers LA, Romaniuk K, Symons AL. The
effect of a vital bleaching technique on enamel surface
morphology and the bonding of composite to enamel. J
Oral Rehabil. 1996;23:244-250.

Watari F. Compositional and morphological imaging of
CO; laser irradiated human teeth by low vacuum SEM,
confocal laser scanning microscopy and atomic force
microscopy. J Mater Sci Mater Med. 2001;12:189-194.
Basting RT, Rodrigues Jr AL, Serra MC. The effect of 10%
carbamide peroxide bleaching material on microhardness
of sound and demineralized enamel and dentin in situ.
Oper Dent. 2003;26:531-539.

Fawzy AS, El-Askary FS, Amer MA. Effect of surface
treatments on the tensile bond strength of repaired
water-aged anterior restorative micro-fine hybrid resin
composite. J Dent. 2008;36:969-976.

Pinto CF, Oliveira R, Cavalli V, Giannini M. Peroxide
bleaching agent effects on enamel surface microhardness,
roughness and morphology. Braz Oral Res. 2004;18:
306-311.

Lee HW, Kim GJ, Kim JM, Park JK, Lee JK, Kim GC.
Tooth bleaching with nonthermal atmospheric pressure
plasma. J Endod. 2009;35:587-591.

Lee HW, Nam SH, Mohamed AAH, Kim GC, Lee JK.
Atmospheric pressure plasma jet composed of three
electrodes: application to tooth bleaching. Plasma Process
Polym. 2010;7:274-280.

Park JK, Nam SH, Kwon HC, Mohamed AAH, Lee JK,
Kim GC. Feasibility of nonthermal atmospheric pressure
plasma for intracoronal bleaching. Int Endod J.
2011;44:170-175.

Nam SH, Lee HW, Cho SH, Lee JK, Jeon YJ, Gyoo, Kim
GC. High-efficiency tooth bleaching using non-thermal
atmospheric pressure plasma with low concentration of
hydrogen peroxide. J Appl Oral Sci. 2013;21:265-270.

Iza F, Kim GJ, Lee SM, Lee JK, Walsh JL, Zhang YT,
Kong MG. Microplasmas: sources, particle kinetics and
biomedical applications, Plasma Process Polym.
2008;5:322-344.

Kim HJ, Son MK, Lee KK, Lee BA, Kim YIJ. Surface
characteristics and biocompatibility of titanium coated
with dentin-derived hydroxyapatite. Int J Oral Biol.
2012;37:9-16.

Sydney-Zax M, Mayer I, Deutsch D. Carbonate content in
developing human and bovine enamel. J Dent Res.
1991;70:913-916.

Tanizawa Y. Reaction characteristics of a tooth-bleaching
agent containing H,O, and NaF: in vitro study of crystal
structure change in treated hydoxyapatite and chemical
states of incorporated fluorine. Int J Cosm Sci.
2005;56:121-134.



192 Seoul Hee Nam, Hae June Lee, Jin Woo Hong, and Gyoo Cheon Kim

27. Al-Salehi SK, Wood DJ, Hatton PV. The effect of 24h
non-stop hydrogen peroxide concentration on bovine
enamel and dentin mineral content and microhardness. J
Dent. 2007;35:845-850.

28. Markovic L, Jordan RA, Lakota N, Gaengler P.
Micromorphology of enamel surface after vital tooth
bleaching. J Endod. 2007;33:607-610.

29. Oltu 1, Gilirgan S. Effect of three concentrations of
carbamide peroxide on the structure of enamel. J Oral
Rehabil. 2000;27:332-340.

30. Lopes GC, Bonissoni L, Baratieri LN, Vieira LC, Monteiro
Jr S. Effect of bleaching agents on the hardness and
morphology of enamel. J Esthet Restor Dent. 2002;
14:24-30.

3L

32.

33.

34.

35.

Jiang T, Ma X, Wang Z, Tong H, Hu J, Wang Y. Beneficial
effects of hydroxyapatite on enamel subjected to 30%
hydrogen peroxide. J Dent. 2008;36:907-914.

de A Silva MF, Davies RM, Stewart B, DeVizio W,
Tonholo J, da Silva Jinior JG, Pretty IA. Effect of
whitening gels on the surface roughness of restorative
materials in situ. Dent Mater. 2006;22:919-924.

Joiner A. Review of the effects of peroxide on enamel and
dentine properties. J Dent. 2007;35:889-896.

Fu B, Hoth-Hannig W, Hannig M. Effects of dental
bleaching on micro- and nanomorphological alterations of
the enamel surface. Am J Dent. 2007;20:35-40.

Hosoya N, Honda K, Lino F, Arai T. Changes in enamel
surface roughness and adhesion of Streptococcus mutans
to enamel after vital bleaching. J Dent. 2003;31:543-548.



