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Nonthermal atmospheric plasma has been studied for its
many biomedical effects, such as tooth bleaching, wound
healing, and coagulation. In this study, the effects of dentinal
tubules occlusion were investigated using fluoride-carboxymethyl
cellulose (F-CMC) gel, nano-sized hydroxyapatite (n-HA),
and nonthermal atmospheric plasma.

Human dentin specimens were divided to 5 groups (group
C, HA, HAF, HAP, and HAFP). Group HA was treated with
n-HA, group HAF was treated with n-HA after a F-CMC gel
application, group HAP was treated with n-HA after a plasma
treatment and group HAFP was treated with n-HA after a
plasma and F-CMC gel treatment. The occlusion of dentinal
tubules was investigated using scanning electron microscopy
(SEM) and energy dispersive x-ray spectroscopy (EDS),
which shows Ca/P ratio.
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In the EDS results, a higher Ca/P ratio was shown in the
groups including n-HA than in the control group. The
specimens of group HAP and HAFP had a higher Ca/P ratio in
retentivity. In the SEM results, there was not a significant
difference in the amount of times applied.

Therefore, this study suggests F-CMC gel and n-HA
treatment using nonthermal atmospheric plasma will be a new
treatment method for decreasing hypersensitivity.

Key words: Fluorides, Dentin Sensitivity, Cold Plasma,
Hydroxyapatites, Carboxymethyl Cellulose
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(nano-hydroxyapatite; n-HA)> AJx|x1shd 2 A g/ o]
et =AR ofstat A ofgolA AREEH I SIHH3].
n-HAT FEjer2] 27} 2loke] Mgl el A4 3} fAks
L s S T QlojA MR e A fle 24
2 AT E I QITh4] g B2 ArellA Aot )
el lo] FAkERIS| A o] aart wom, FakEls] A
YA7E Ao} floll F2tE o] Aopdl EHol| Zg-QlSS
g7dsto] ZdobMl Fxgo] Ads] Erhar shlth4, 5.

Bat Xol-AS iz 7] 29 Ag3ts $6
2198t ofel A 7HE de] AREH I e B E WP
FHoA Aofe] FARRl FAMSIRIS A} Ajtsto] &
sRRIs|M o7 HgtomN G35 JAsta AFsts &
HAZITH6). A HeA] T2 ARESHE 24 AAleds &
SP}E H(sodium fluoride; NaF) 8-, acidulated phosphate
fluoride(APF) 4, 23}4)(SnF,) 5°] lom FHZol= 5%
NaFell HAA#xle 35t =4 vhH7) wol o] g5 a1
Utk BIFUEFS Faolesirt 407wl A
ofe} x]2ef zp=o] §lal ks o] rt & Hi=
540l QUH7]. APF= U0 R 123%°] EAEEE
ARE-3HH pH 3.5 FEolth e Ao, APF Ao] F
/8] NaFxth Hgde] digt B4 F&go] o st
B3E v QLO8, 9], APF Ae] AMde iAo AR
715 S7171H(10], FEEs JANE 7 9
e 7 Sl A A8 Afols 71 sttt
[11]. E3H]E 8% NS T2 AREshH 7bst avts
ERAIRE Eobg kol 229 WAlolg A=E ek
o] HIws] =)A€t}

=28 e A7|Eel| A ek Eekznke 7] Al 7
& oUAE FEeiA ihEod AlEe FHe dHE
sty AR AloA] REEo1xl Eek=rk= M. Faraday©ll
ato] 183597 AFo® wheojlon =9 Eejshat
Sir. William Crookerst= 1879\l e]¥ 7]A& o]/ 7]
Ao WMHS A dethe ol Al 49 A
2 Ao k. Eet=rkebe §o1E AS AR
AR =] =2l ehAl B o) (Langmuin = 4714 W
o7 QlE) A7 dske ¥ ol AxEe] HE
Zehznketa g ojstsich12). EekAvks gAES] 44
BIYHE SAE 1 Eek=nke)l AL EezntE
He g glom, Ak FoellA 1 o® de] AREHS]
<o, AL 7y Sek=n) sidd & A et &
ofof| A thoFalAl ATE Al QITH13-15].

Fohzvke] 7Pt 3Rl 542 vkt
4 F(active species)y= 5 ] &4
7](hydroxyl radical: OH), ©]<&, &}, @A}, o] 23} 7}
o} 27Fe] 22 sol WEHETHI2) Eehkrtell= thek

A Gk, GAE, A7 T 7L oA AR
T 7k} Eepet B BE el wet ohekeiAl A
S7Fsslth g SAJo] glar Ao} Ao S
A8IA ool FA ARETFsStti16]. FZoll o2 d A2
71k Sekz=rbE Al X GFe] AAFcE A
T Qlem AE] AFE QS o] &5t oF A=, A
o 9 IRAR, AHA, AD, Aopuw 5] thekdt
aE Hola QIrH12]. 13y Aobd A ZtalS A
£ Slsto] ZEk=ntE 88 A9t oA A9 gle
goltt.

uebs o] A= AL 7| EekEnkE o] &5k
n-HA 2} F-CMC(fluoride-carboxymethyl cellulose)® ¥} %o}
A #AH a3E Ao EA A Zhnleksl 2 x] oA
AL 715t Sek=vke] 28 BdAds AR = 542

2 AEE T

o

> il

M=
1. Fgk=m} )

Aol ARE Egkzrt AHlE A Abole] /4
A7} = AP A 774 A8 (dielectric barrier discharge;
DBD) 29| Zefz=nt Aujoln, FAAZ frejdo] A
S5 chFig. 1). A8 A1 A 35 AR 2 AHSl
F 10 kHz9| FIFE 5 kv 13HE Q7fete] Eetzrte
A oW, FEFZEAMECE AHEstY] 2~3 slm
(standard liter per minutes)®] V=% AF 7|AE el
roz FSIAFTh Fef=rt A1) 4ol 5~10 mm 4
Lolm o] dol= QI7kd At dF 7IA2 gl w

2 W s}y,

I HI-EJ

o

4

Plasma Source

Fig. 1. Schematic diagram of plasma device.
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| n-HA treatment with or without plasma and fluoride for 3 min I
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Fig. 2. Schematic diagram of the study protocol. The specimens were immersed in artificial saliva during the experiment.

2. otAl & w4 & A3 A A

2-1. A3

W2 A OFAE k] 1S AokeAls
wol 7HA e AR ti A 170705 A8 SHATHIRB:
PNUDH-2014-025). *|o}5-2 A glof| ARE-57] A7kA] 1]
A5 S A A)7]17] Yall 0.4% sodium azide &Y
o] BA% A} water-cooled diamond saws ©|-£35F0] X
TN Ao} e FAYFe R et oF 3 mm T
o] 9 Aok Al 17071E REEQITE B Aot Al
W2 oAl ==& $dll 18% EDTA(pH 7.4)(Sigma
aldrich, USA)ell 30% &<t vortexing ¢ 5= 3 Al
L=,

2-2. n-HA Az

o] Aol AHEE n-HAS YAF= 20 nm®]tH(MKnano,
Canada). n-HA powderE “Jol2l AJHe| E3x317] 98t
slurry S THE2UTE n-HA slurry= CMCS} ksl 3145
STt Aol HETE AREE B4 5% =3UE
¥ F-CMC A= TRl =3 HEH(Samcheon, Korea)?h
CMC(Sigma aldrich, USA)E 4]0} 7H&S1th

10708] Al o2 F3laL, 160702 Zdobd Al
A2 F 4709 A3(HA, HAP, HAF, HAFP)©. = U+ %)
ot HAT Zgobd Al 9ol n-HA slurryE 1 mm 71
% EXE] T HAPT Zdobd Alde) Zef=nts 3
%ok 243k & nHA slurys =¥ TE HAFTES
dobd Al EAE 3 AEF § 7=E o] gate] 1t
o] 245 A|ATA n-HA sluryES T¥E31Th HAFPT

Zdobd Al Eefzntsl EAE ) 3 3t A8
t 5 A=E o]gsto] o] BAE A ASHAL n-HA slurry

_ s o
= 383 EXSIth nHA R Foll SR A&

7] 98 5 A0 R % 43714 n-HA shurryoll 2§
RaL, =X I {1 Ga9E 1) 98 7t 3 4 3

A FEFHo FHFAKFig. 2).

2-3. FAMAAR A

ZobAle] HH AEE HY] Sl FARAARA
(scanning electron microscopy, SEM; S3500N, HITACHI,
Japan) &S sIlvh FARAALARA B9 fI8) A4
55 2.5% glutaraldehyde(Sigma aldrich, USA)Z 30%-7F %]
21Tk 71 - 1% osmium tetroxide(Sigma aldrich, USA)E
30%-7F Aelslar o €-2(Sigma aldrich, USA)Z A5 5ol
A AEER BEAFATHTI0%, 80%, 90%, 100%). ©]%-
hexamethyldisilazane(HMDS; Sigma aldrich, USA)= AF-8-3}
of AZAIZTE B AR dFulE 3 9o g AIA
gold-sputters ©]-§-3ll & AelolA] ZREAZATE AR
Akl n] 7 7FESASH 15 kvelx] ZEE Itk BE olv]
A= 2,00000 2k 5,00000 ) Wl E F2R9 R AdEEo] &
sttt

2-4. Energy dispersive X-ray spectroscopy (EDS)

A

Zobd Al flell AlEA F4E AYS s
#1381 EDS(Suprad0 vp, Carl zeiss, Germany) =272 A3
Ul EDSE &8 line scan A+t 41> 15 kvellx] 40ul
H2 AT} Aot Al ES ek R Uro] £
= 3719 lines A3 A3 lines wet Z(Ca)2}
AP)e] ol AU S4H 2 Q1o s &
8l ZH45/20 H]E(Ca/P ratio)s T-3Th

2-5. EAIEA

Adojzl AL SPSS ZRIHS ARgSte] FAA
g stlth AT 2] Aol Blile student
t-testE ©]-2-3F3 3, AT 7Ee] H] W= one-way ANOVA
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9} Bonferroni/Dunn post-hoc tests ©]-8-3to] T4ttt
0.05% aF3ich

o 2~2Z 0
Tr-g]—r\—':t

gotAlde] ALl g
ol HA 290] ot A
 HAFPZ:9] Aol g
> o]o% ouq Al—o]./q]t]- él\_oﬂ

I QAT (Fig. 3). A2 Sl
M #3 zfoli= A HERA

o,

EDTAZ 23] & QlFeftdont & thZ79] Ca/P ratio
23] SAlelE 087, JIFERAC 15, 27, 37, 451
Zofli= Z}7} 0.89, 1.02, 1.04, 1.05%1t}

Ao 18] B3 2F Ca/P ratios w48 Ay}

HATS 1.07, HAFS 1.06, HAP-2 1.06, HAFP-2
L10o]3ity iz Blwskels W) HA, HAF, HAP,

HAFP9] Az o8k =9k thp<0.05). £t HAFP
T A3ES HA, HAF, HAP-2] A3}gky} vlwslo]

Hrl rlr

*
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Fig. 3. The scanning electron microscope photographs of
dentinal tubule after the treatment was done once.
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Fig. 4. The Ca/P ratio through line scan of EDS until 4 weeks when the treatment was done once. (A) The Ca/P ratio immediately
after the treatment was done once. (B) The Ca/P ratio in 1 week after treatment was done once. (C) The Ca/P ratio in 2 weeks after
treatment was done once. (D) The Ca/P ratio in 3 weeks after treatment was done once. (E) The Ca/P ratio in 4 weeks after treatment

was done once.
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Fig. 5. The Ca/P ratio through line scan of EDS until 4 weeks when the treatment was done twice. (A) The Ca/P ratio immediately
after the treatment was done twice. (B) The Ca/P ratio in 1 week after treatment was done twice. (C) The Ca/P ratio in 2 weeks after
treatment was done twice. (D) The Ca/P ratio in 3 weeks after treatment was done twice. (E) The Ca/P ratio in 4 weeks after

treatment was done twice.

Ol =UTHP<0.05) (Fig. 4A). 28] ©=3F 250 HAT
& 1.05, HAFT-2 1.09, HAP-2 1.08, HAFP-2 1.08°]
AUtz vl wek3is Wl HA, HAF, HAP, HAFP- €]
AgEe 528k =UtHp<0.05) (Fig. 5A). 33] =% 2
%o HAT-S 1.02, HAF7-2 1.07, HAP-& 1.07, HAFPT*
& 1.10°]131tk. thZ+3} vl wake] HA, HAF, HAP, HAFP
o A ol H3 O (p<0.05) HAF, HAP,
HAFP A5k HATS Adgkat vlwste] #2]sH)
= tHp<0.05) (Fig. 6A). 43] £ 3o HATS 1.03,
HAFT-S 1.1, HAPS 1.1, HAFPT-S 1.0991t}h o=+
7} ¥w3aldS W HA, HAF, HAP, HAFP#9] A3}z
& =90 (p<0.05) HAF, HAP, HAFP*2] A¥}3k
& HATS Az} vlwste] o8t =% thp<0.05)
(Fig. 7A).

13] £ % 457F9] Ca/P ratioS #4138 A3}, 15319
HATZ 097, HAFT#S 0.99, HAPT- 0.98, HAFPT-&
0.970]tKFig. 4B). 2FAto|A] HATS 1.02, HAFT-2
1.00, HAPT- 1.04, HAFP2 1.01°] 3 thFig. 4C). 35
2o A HAT-S 1.04, HAF-2 1.00, HAP-2 1.04, HAFP
T2 1.019]3THFig. 4D). 45724l HAT 1.04, HAF

o 1%

Fl

T2 1.04, HAPT-S 1.02, HAFP-S 1.049) I tKFig. 4E).
47218 vlaelA ZF i fog Afol= Gl

23] =¥ T 4579 Ca/P ratios #4135 A3 15:4]0
HAT-2 1.08, HAF-2 1.05, HAP-2 1.11, HAFP<-
1.06°]21t}h. HA, HAF, HAP, HAFP-2] A#}zhe
o] Ay} vlwa| A F-28HA =3k thp<0.05) (Fig. SB).
25724 HAT 2 1.08, HAF-2 1.08, HAPT <2 1.09,
HAFPT- 1.10°]21th. HAF, HAP, HAFP-2] Au}gke
277 vl walA F-o5HAl =% thp<0.05) (Fig. 5C). 3
FAFo A HAT-S 1.03, HAF* 1.03, HAPT-2 1.13, HAFP
S 1.100]9lty. HAP, HAFP-¢ ZA#ghe thzx 3}
HA, HAF 3} Bl asto] 2] 3th(p<0.05) (Fig. 5D). 474}
oA HAT-S 1.05, HAF-2 1.07, HAPT-S 1.06, HAFP*
< 106019 em 7 8 f-o8t Afol= §lSITKFig. SE).

33] X F 457F) Ca/P ratios 43 A3, 15319
HATS 099, HAF-2 1.10, HAPS 1.08, HAFPT-&
1.06°]2Itk. HA, HAF, HAP, HAFPT-2] A3k thz++
¥ vlwste] foskAl 9O (p<0.05) HAF, HAP,
HAFPT2] A7k HATZ} vlwste] FJshAl =9kth
(p<0.05) (Fig. 6B). 2F2tollA] HAT-2 1.08, HAF7-
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Fig. 6. The Ca/P ratio through line scan of EDS until 4 weeks when the treatment was done three times. (A) The Ca/P ratio
immediately after the treatment was done three times. (B) The Ca/P ratio in 1 week after treatment was done three times. (C) The
Ca/P ratio in 2 weeks after treatment was done three times. (D) The Ca/P ratio in 3 weeks after treatment was done three times. (E)
The Ca/P ratio in 4 weeks after treatment was done three times.

A ———— (B) ©
1.15 T T 1.15 145 *
113 110 1.13 113
1.11 - 1.09 1.11 1.11
1.09 1.09 1.09
1.07 1.07 1.07 1.05 1.05
1.05 1.03 1.05 1.05 1.02 1.03
o 1.03 o 103 o 103
T 101 T 101 T 101
o 099 a 099 a 099
< < <
o 097 o 097 O 097
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0.93 093 0.93
091 091 0.91
0.89 0.87 0.89 0.89
0.87 0.87 087
0.85 . 0.85 0.85
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113 113
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1.09 1.08 107 1.09
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% 0.99 % 0.99
o 097 o 097
0.95 0.95
0.93 0.93
0.91 0.91
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Fig. 7. The Ca/P ratio through line scan of EDS until 4 weeks when the treatment was done four times. (A) The Ca/P ratio
immediately after the treatment was done four times. (B) The Ca/P ratio in 1 week after treatment was done four times. (C) The Ca/P
ratio in 2 weeks after treatment was done four times. (D) The Ca/P ratio in 3 weeks after treatment was done four times. (E) The
Ca/P ratio in 4 weeks after treatment was done four times.



Dentinal tubules occlusion using cold plasma 89

1.07, HAPT-2 1.10, HAFP-2 1.07°]%1t}. HA, HAF,
HAP, HAFP9] A7k tx=7 2} nlwsto] {-23H
=9 tH(p<0.05) (Fig. 6C). 352tol|A] HAT- 1.07, HAF*
& 1.03, HAP-2 1.04, HAFP-2 1.099] 21T} HAFP- 9]
A2 tFT7F HAF, HAP 9] A5k} vlwste]
OEHAl =UTh (p<0.05) (Fig. 6D). 4F2to|lA HATS
1.03, HAFT"2 1.07, HAPT'2 1.04, HAFPT< 1.120]%)
U} HAFP-9] A3z x93} HA, HAPTS A3zt
I} vlarsto] {F-2)8HA 3=k Th(p<0.05) (Fig. 6E).

43] T3 F 45719 Ca/P ratioS 413 A3}, 157419
HAT-2 1.01, HAF-2 1.05, HAP-2 1.06, HAFP-<-
104010t} AT A ARk dixzte] Ak
Hlwste] oAl =9k thp<0.05) (Fig. 7B). 252l A]
HAT-2 1.03, HAF-2 1.05, HAP-2 1.05, HAFP<-
1.09°]3iTh. HAFPTS] ZA¥ghk> thxa"¥ HA, HAF,
HAP9] Azt vlaste] FeJsHl =3 th(p<0.05)
(Fig. 7C). 3572}l A HAT-S 1.08, HAF-2 1.07, HAPT
< 1.10, HAFP-> 1.090]%lth. B& Arre] daghe
=3 vlaste] felatAl E3%T (p<0.05) (Fig. 7D). 4
T4 HAT-S- 113, HAF> 1.12, HAP-2 1.13,
HAFP- 1.120]91t}h B8 A8 gt tixT9
Apgra} vlaste] {28k 3%k THp<0.05) (Fig. 7E).

o 2p=o] Ao ofgloofl A ARg-slr] £ A
7% Mg 23RS Ao Frh EY, B EFS 89
AA 2R ARgSlE - T AR AT o R Ao}
AFaIE =7l flete] waol2EUNE ARSalol
s adpFolEhal delA JlH17]. SR Eaol2 %
2 Al ok AR SEE7] 919 dulrh F7F
= Agsta Efols YPAEE 7 el f1A1A17]
E vl desuE gxurt 4] o2 ofoldA 4
Soplol= @AZE 9lom E40 MRS FF oy

olgld IAE FHL EIhEFS Aotel T4
o2 Ags] flel ALE Zlo] wa wiHelth Ea
A= 5% E3hEFl AUl 3 =4 AR
= AU Hges AR Adel BEEo] 22
fFelsl Ak ol AgelMe =aAdE SER
& ARgskglem 24 vl e nsd A A8 avs

3l carboxymethyl cellulose(CMC)E A1t

Carboxymethyl cellulose(CMC)= =FFI] 2t
FA o FA|ek Agret FHEAHE TS AER A
SEAo]tH18]. CMCE= Ao =1, FsAdoln, del=7]
= do7x] ok FAO|tH19]. & Ao gl <k
oy =2 HAS B8l ExE AEste WES &
49 B4 AAE 7] H8l eMcs) EIUE
S 419 5% F-CMC A& wHEo] ARSIt
ZoAnlE o] f3F B EXL Alold X zkapnE A
o &t A= A flov, Eehvks vk 94
okl A AFtE 3 Qi kv AE A <
¥ A S EFYSIATOZHA AEAEAE FES
ZefAupes A, Wi el P B
o}, o i opuet A A, Hof a1, Iy
u)§- & ThFsh ofollAl A7t Han Qlrk x| 28t ol
ANz F=nprt BAakeleas olgst OHVE U
o7 NhEoEA ot mjMS g 0w ST B
IE I TH21).

dotd A ANFE Aty Hst Wl A=
7vsto] Aabdobd FAE fEsAY BET FAolut
OFAARE- O F AJotA| S Fl s W Tl Atk Aot
A #HAE 8l B2 AAZE AREHT el Eas
Hebd o] Az} Fxo] B34S A
Az FAHe ol AobMlaS w=tH22, 23]. Bioactive
glass= QAFEH A AFEE AR s E4o]
ANE FHE A el A = w9l Aobd Ato] o] A wiiE
of o] &H il QtH24]. FAFSRISIAS A|olE s
3E2Ql Aoz HZA o] 96-97%, dold 2] 70% P&
£ o]F1 glom W oA tox AolAld FHfo glo]
bioactive glassk.UF &2/} =rhal 3FItH4, 5).

£3] Aold A7 NISS Hols A AobAl o] 2
AL 09 mz LHA QO P R[5, o]EH o7 FyAS]
JobAl e HHE e o] AAK 2 4719
AFslRISIA & AFgSh= Zlo] F sttt T v 7]+
ulgkg 7|20 nlo)a g F7]9 FAakglE A unt v
3718] FAEERISIA S nlAst YA} A5 A HE
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ojt}. et bl BHAS Edl v B O T <l
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3EE S CMCE ©]&-3 slurys WHE3IT

2 AFol|lA = EDSE 428t FE-SEMS ©]-8-519] line
S AAsto] Zg-Ql HjES FITE 23] & QFERH
BFE OERTe] 24l vlgo] Algte] A g SUtehE
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