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— Abstract

energy dispersive X-Ray spectroscopy (EDS).

The purpose of this study was to compare the remineralization effect of 38% silver diamine fluoride (SDF) and 5%
sodium fluoride (NaF) varnish on artificially induced enamel caries.

The present study standardized the physiochemical characteristics of the tooth structure using bovine teeth, realized
the wash-off action of agents using a saliva, reproduced an environment similar to mouth through pH-cycling, and
comparatively assessed the remineralization effect of 38% SDF and 5% NaF varnish in a non-destructive method using
micro-CT. And the remineralized enamel surface structure was analyzed by scanning electron microscopy (SEM) and

In both SDF and NaF varnish, mineral density (AHounsfield unit value) and the volume of enamel restored to normal
mineral density through remineralization gradually increased with time. And the SDF showed a much higher level of
increase in mineral density at all depths and remineralized volume than NaF varnish.

According to SEM analysis, the surface roughness decreased in the order of artificial saliva, NaF varnish and SDF. In
addition, EDS analysis showed that silver ion was precipitated on the enamel surface in SDF group.

In conclusion, SDF had a greater remineralization effect than NaF varnish on demineralized enamel.
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@ 7|(Micro-CT), FAHHRF&A0|

SEM), 22|12 Of|LfX| Z4H
0|83

[12]% AlSIAI ™

4 (Scanning electron microscopy,
2&&47(energy dispersive X-Ray
spectroscopy, EDS)E tof HEd F712 2ro Hat 8
2#H OMFx 242 Sdf & HH<Ql HEe 20t Hlw, B2t

SPLLAt SFRLCY.

20

Table 1. Remineralization agents used in this study
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Ao Of=3t = 400, 800, 2400, 4000 grit silicon carbamide
paper (RB 204 METPOL-1, R&B Inc, Korea)S 0| 83t0{ EHS
e CIORSHRICE. HEE AlEHE D|A1|71£7r 250 - 300 Knoop
hardness number (KHN) AtO[9 }04051 MEHE|

<
QO
3
wv
>
|.|-|
H
Ot
kel
um
ot
0
12
mjo
=1
N
ot 0
OF M
:Q
n
>
&
> Tlo
N
i
&
Hu

AYLE RY| ol 282 TOF =

SQACE S &4 250 mLoil 0.13 g2 Ca(NO,),E €1 3027 X

O1Af 83§AIZ! CFZ 2.2 mM KH,PO, 250 mLE H7tetct. 017
SETER

Ol 50 mM acetic acid 250 mLE Z¢tst0 CHA|

Material Manufacturer Composition
Artificial saliva Prepared at a laboratory 1.5 mM CaCl,, 0.9 mM NaH,PO,, 0.15M KCI (pH 7.0)
Advantage Arrest™ Elevate Oral Care, FL, USA 38% Silver diamine fluoride
MI Varnish™ GC Corp, Japan 5% Sodium fluoride, 2% CPP-ACP
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ZF A7SEUCE CT imaging2 Quantum GX LHO| EfZ{El 7]
AT EQO0Q 3D Viewer™E Sl AlZztstUCt A4
, QaE S (image segmentation)2 Analyze software 12.0™
(AnalyzeDirect, Overland Park, KS, USA)S 0|83t 20 0|0]
A =0|= Zt2ot SXHAMM CIH 2 S EESH| ?I6) Sd Al
=& 'Spatial filter' 2&& AF&5t0| 5.0 x 5.0 x 5.0 median filter
Z HEZSIRALE 0|Q Z0[ ¥O{Tl O[B[X|Z2 Quantum GX p

22 HHE A CT imaging system™ LjQ| 7|2 AZEQO{Ql Simple viewer™

0 - 40 um, 40 - 80 um, 80 - 120
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QISELH (15 um ZO|AM B7|E U Zr(Hounsfield unit value, HUV)S &
, pH 7.0)0 EEA|A oAt 2 oMo s Folof 571 FoMel Bt
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Table 2. Grouping of specimens according to the remineralizing agents nd the time

Group Time Sample No. Application method
24 hours 10
72 hours 10
Artificial saliva (Control) 7 days 10 No treatment, specimens were just kept in artificial saliva
14 days 10
21 days 10
24 hours 10
72 hours 10 A thin layer of agent was applied with a microsponge brush
o in a gentle tapping manner.
38% SDF 7 days 10 A gentle flow of compressed air was applied, and the agent was
14 days 10 kept dry for 3 min.
21 days 10
24 hours 10
72 hours 10 ) . . . . . .
59% NaF varnish A thin, uniform layer of varnish was applied with a disposable brush in

’ 7 days 10 a light painting motion. The varnish was kept undisturbed for 4 min.
14 days 10
21 days 10
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Q) SMKNE +xo2 Mf&ste &0 Bt 7) SAEH 24

EME2 28l Analyse| 'Oblique Sections' 7|58 AH&3}H0] MY A= SPSS(version 18.0.0, SPSS, Chicago IL, USA)E 0|
HOIH MEE 522 THiX|st0] X|ofe] BE ZHAH, Al4 23810] EAEMEIAC Kruskal-Wallis testE Sdff 37§ 22t
M EHES AASSIQICE AM =& ¥ A4EH 74 a4 712 ot YESFELR SE A 200 et Xto|E
et S AHESH0] X|ote| FHO| 2t S2f0|A0A AlE A St H| St SO, Bonferroni correctiont Mann-Whitney U test2
ULt RO|E ZHSIDX e EHAE L (region of interest, ROI) AMSHEES AlAsHALY.
of siyste HEE 12|10 2l &2 FAo| it GX

HE 8¢l 3% O[0|X|E dHet 2 SHGH o XEH + m o A4

6) SEM/EDSE O| 8¢t B BHO| O|M7x 2E 3 &

=4 1) R71E Yz HMatol Hin
SEM (S-4800, Hitachi, Japan)2 O| &3 B2& HHO| OJAF B2l HE EHO| 38% SDFt 5% NaF HiL|$E =E$h
Z ZHESI EDS (SIS 310, Oxford instrument, UK)S 0|83t 3} 2 1Y, 3¢9, 7€, 144, 212 & F7[& Yz o] HZHAHUVY)
SN Y22 2MOIAUCE TS QAAOIHE 0|83t A|HES £ 38% SDF2| B2 96, 156, 164, 168, 1710|204 LIEFLE
29| ZZAIZ! TS lon sputter (E-1030, Hitachi, Japan)E Ol O 5% NaF HfL|$| & 38, 66, 73, 83, 8622 A|7F ZA1tof o}
8ot0] W3 [ES 80X 7k A|ASIRUCE CHEFAIEAIEDIZE 2 2t 2718 eIt 75t AL E LIEHHCHp < 0.05, p < 0.05
2 10,0006 2 2ESIF N EHO| o}5H Y2 246U each). EAMHME HESHA| 41 QSEIAH0| EH10f & X

Surface rendering Demineralized area
by specifying ROI ‘
using threshold

Enamel density area

Superimposition

Remained Demineralized area

Remineralized area

Fig. 1. The 3D image was formed by surface rendering through the threshold setting corresponding to normal enamel and
demineralized area. The difference of remineralized volume was reconstructed and measured by superimposing the 2D sliced
images obtained before and after remineralization.
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= GA| AlZH Bt rrrar AHuv7r 57}E|°*Er(o < 0.05). 38%
SDFZ2 M&3t £ 1Y, 3Y, 7Y, 14Y, 2129 Z} =H A|H0f
M 5% NaF HfL| 4|0 HIoH AHuv7r o 3A LIEHRCHFig. 2,
p = 0.001).

A LJE2| 0 - 40 pm, 40 - 80 um, 80 - 120 pm Z 0| 0f| A
38% SDFT1t NaF HiL|4|a 25 A|ZH0] ZutEol mat AHUV
7t 3745t CHp <0.05, p < 0.05 each).
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79,93, 102, 1042 2} &7 A|EOIM 8% SDFTO0| 5% NaF HtL|
220l 58 & Z{CHp = 0.01). 40 - 80 um Z 0|0 A= 8% SDF
=2 67, 118, 154, 157, 1682 LIEFLY 40, 56, 62, 68, 732 £ 2
5% NaF HtL|#{zZ0f H|S§ & ZICHp = 0.01). 80 - 120 ym 0|
Al 2 5 A0 A 38% SDFTO| 5% NaF BFL|4|z0f H|3f

AHUVZt H ZiCHFig. 2, p = 0.001).
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2) 3 +ELZ NEste HE £0] #gt Bl

Zt AlHol B O[0jX| 52 XMz Y=ol EHalE
27t MM E B2ot0] Bl H R712 2R £E22 1)
detE ROl SR

38% SDFE2 Mast £ 19, 39, 79, 142, 212 W 4
2Ho 27|H U £F 0 2|HE £I= 64 mm’, 7.0 mm’,

11.3 mm®, 13.5 mm’, 13.7 mm’ 20 5% NaF HiL|$| & X 8¢t
T2 19 mm’, 29 mm?, 3.7 mm®, 39 mm’, 43 mm’Z §F & &2
T AlZto] Aatgtol et S745HRACHy <0.05, p < 0.05 each).
OZETE 13,14, 19. 24, 272 AlZH Ztof wap 7k 5718}
= A2 =2 LIEHGCHp <0.05).

38% SDFT2 5% NaF HtL|#|E H&% Z0f Hlof 242 =
g AEM SeeEo 2 MEotE MEES RO7F 4 3A
LIEHGCH(Fig. 3, p = 0.001). 5% NaF HfL|$| Al 12E H Qe
dEE AN D=0 H3) SM+FE22 3|5E HER

4HUV at 0-40pym depth
200
180 T
T /—l—’—+‘”+
160 -
J_ L
140 A
120
100 %
80 T
60 T z A;
40 %W
20 i
0 *
1 day 8 days* 7 days 14 days 21 days
—+Control  -m-NaF varnish  -+-SDF
4HUV at 80-120pm depth
140
120 M
100 J i
80
60 I/
40
20 — * = =
0
1 day 3days* 7 days * 14 days * 21 days *

—+—Control -m-NaF varnish -+-SDF

Fig. 2. Comparison of the AHounsfield unit value (AHUV) of specimens between groups according to the time at each
depth. SDF group showed much higher AHUV than NaF varnish group at all depths, indicating greater remineralization ef-
fect. NaF varnish group also showed higher AHUV than the control group.

Kruskal-Wallis test (* : p < 0.05).
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— Remineralized volume 0|7t ¢ ZiCHe = 0.012).
18 38% SDFE ME%t w2l Y& A|HOM= HE-HO0HE ZAHF
16 2 SR E2t7h O] F0fX|= A 40| AL ACkHFig. 4).
14 &
12 2. SEM1} EDSE 0| 8%t H&H 5Ho| O[M+x X M2
10 - * 24
8 T
6 SEME 0|23dl0] Et3|=l HEZE 12|10 38% SDFR 5% NaF
4 HiL|$HE =250l X &atEl 2o HEE EHo| ONFXE &
2. At ACE EZOME interrod S7H0] AHE|QD HEME A
o , , , ol T AKX A/UACEH WA} MM E HESH AdE2 EH
0| &

1 day 3 days 7 days 14 days 21 days o| H XlA‘lO TJEAELO]
E-H' [e)
= Control = NaF varnish =SDF ol - | = |-

Fig. 3. Comparison of the remineralized volume recovered

to normal enamel density. = =

Kruskal Wallis test followed by Mann-Whitney U test with =77t B #2514 O 222 £#HS 20 XF 9| 2|=50|

Bonferroni correction. 0 28X0oZ 0|0 20| B LRI CHFig. 5)

# . SDF > NaF varnish (p = 0.001), SDF > Control (o = SEMS O0|23}0] 38% SDFE X3 70| Hatxd rHS 2t

0.001), * : SDF > NaF varnish > Control (p < 0.05) ZIt 2 3520l AE0| SOl EDS SA0ME A
HES0M 2 0|20 AZE[AULHFig. 6).

Control 5% NaF varnish 38%SDF

(Artificial saliva) (MI Varnish™) (Advantage Arrest™)

Demineralized area

Before
Reminerlization

7 days

21 days

Fig. 4. Tomographic views of the remineralized area obtained from micro-CT. The remineralized zone that recovered to the
enamel density (purple) in the SDF group was larger than that in NaF varnish group. The underlying dentin layer in the SDF
group showed enhanced mineral density (blue).
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5.00unii A

Fig. 5. The microstructure of enamel surface observed by SEM (x10,000) before and after remineralization with pH-cycling
for 21 days. (A) Deminerlized enamel surface. (B) Control group (Artificial saliva), irregular interrod space and enamel crystals

was identified. (C) NaF varnish group, surface irregularities decreased compared to control group. (D) SDF group showed
higher crystal density than NaF varnish group.

+Spectrum 12

Spectrum 12

D 1 2 3 < 5 6
To00m 1 P —— Full Scale 954 cts Cursor: 0.000 KeV

Fig. 6. SEM-EDS analysis of enamel surface composition treated with SDF. (A) SEM image showed the silver complex (arrows)
precipitated on enamel surface which was released from SDF. (B) EDS spectrum 12 showed the concentrations of elements
present in the zone of SDF application. Ag peak (*) was observed.

V. = gl % DS MES T, SEW 121 HEEH NS £
XS HRERS WHBTH-11)

%2 0)2 FDAQ S92 o M HAHo= F2g wa Ot GITO|AE Ol 20| M= g, AITE|7| AJRISH SDF

QLE 38% SDFE X AIME|D Qs 2AHME 18 2 2 o J|Z0| A83) o1 YUt HEHQ 24 HA Ol NaF b4
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