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Fig. 10. Enamel surface image by SEM (X10,000)
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Abstract

Anti—demineralization effect of Silver Diamine

Fluoride(SDF) by time progression

Yoon Young-Mi, D.D.S
Advisor : Prof. Lee Nan-Young, D.D.S., Ph.D.
Department of Dentistry

Graduate School of Chosun University

This study was conducted to compare the demineralization resistance of
silver diamine fluoride (SDF) and fluoride varnish after application to
sound teeth. 105 specimens composed of incisors of healthy cow were
classified as control, fluoride varnish, and SDF groups. Each group was
demineralized in seven sections: 24 hours, 72 hours, 7 days, 14 days and
21 days. Subsequently, micro CT analysis was performed to measure the
density change of the enamel surface. The density change was measured
at three depths by 20um units to analyze the differences in depth. In
order to evaluate the total demineralization, the volume of demineralized
zone was measured using a 3D image obtained by micro CT. The
morphology of the enamel surface was observed using a scanning electron
microscope (SEM).

In the control group and the fluoride varnish group, the surface density
of enamel decreased continuously as the time of demineralization

increased. In the SDF group, the density was increased until the 7th day

_Vi_
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of demineralization and decreased thereafter. However, the decrease was
less in the SDF group than in the other groups (p<0.05). In the
volumetric change measurement, the volume increase of the demineralized
enamel was the highest in the control group, followed by fluoride varnish
group and SDF group. The morphology of the enamel surface was the
most rough and irregular in the control group, followed by fluoride

varnish group and SDF group.
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oMo} Aol Qe AAT xo AAE hAo® MI Varnish™GC Corp,
Japan)9} Advantage Arrest(Elevate Oral Care, USA)S] 921 o g32 w7}

stk z- A Al gk AFSS Table 1¢] e

Table 1. Materials used in this study

Material Brand name (Manufacturer) Composition
Control (saline) Daihan Pharm Co.Ltd, Korea Sodium Chloride
MI Varnish™ GC Corp, Japan 5% Sodium Fluoride

38% Silver Diamine

Advantage Arrest™ Elevate Oral Care, USA
Fluoride

D AE A= 22

2o} X2 Ad @ Aol gy AAI A9 AHAE AL A=y
6mm x Smm x bmm (Zo]xZAolxyn))aAr|2 Ausle] AlHS A =#eivy. Aot

3k Al A HEa gHS A9 ol nail varnishE® =X38}a o8 F3of nj

_3_
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Inc., Korea / SiC sand paper (400,1200,2400,4000))2 o]-&3tith ¢dn} & 274

Smm 98 A7]e] HFA S A9s Wl nail varnish Z3x3A 0 A2t

10570 AHS ok 7708 E el tH(Table 2).

Table 2. Classification of groups according to materials and time progression

Group Materials Time progression N
1 1 day 7
2 3 days 7
3 Control (saline) 7 days 7
4 14 days 7
5 21 days 7
6 1 day 7
7 3 days 7
8 MI Varnish™ 7 days 7
9 14 days 7
10 21 days 7
11 1 day 7
12 3 days 7
13 Advantage Arrest™ 7 days 7
14 14 days 7
15 21 days 7
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2) AlAle] A8 %2 PH cycling

l

g

7t AA S A=A A Aol wel =Xt AAZE 489 5 RS 30
dF AxXIAFE 7R F W FAS Akl S8 ATEHH(L5mM CaCly, 0.9mM
NaH:POy, 0.15M KCl, pH 7.0)ol Aste] 37C 3271 Hastsirt.

6A1ZF A3¥E = PH cyclings AlZstth. PH cyclingS 12A1319] &3] -8
(2.2mM Ca(NO3),, 2.2mM KH,PO,, 50mM acetic acid, pH 4.5) 2 #]<} 124719

SlFELY AR Ao R o]FojH o PH cycling 7|7+e 1Y, 39, 15, 25, 3F

Control (saline)

e/

---------

— N

5mm MI Varnish™ - -
i (N=35)
I A & o, PH
......... 2 cycling
- = B
Demineralization Remineralization
~——— pH 4.5, 12h pH 7.0, 12h

Advantage Arrest™

For 24hours (N=7)
72hours (N=7)

7days (N=7)
14days (N=7)

\ / 21days (N=7)

Fig.1. Schematic illustration of study design
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3) " AleZ=29 (Micro-CT) % 24

Sk 7] 298 A A - A E o] A Quantum GX uCT imaging
system(PerkinElmer, Hopkinton, MA, USA)& o]&3] nAdZ=2A9S A 335ttt
7zt WZ o 3l voxel sizeE 20 umdtil 4%9] scanning timelZ #FG S A s}
Atk olE T Ao o]wA = Quantum GX2 7| LT EJOIE o] &3 A7t
3ttt 1 & Analyze software 12.0(AnalyzeDirect, Overland Park, KS, USA)
& AH&3te] image segmentations AAISHATH 1Elal tha 37HA @ Eel dhe

24 ARse,

Aol Av Fol QolAl oMAEL o gsl WHA Ee] WEAeZ B

t}. o]= Quantum GX¢9| Simple viewer (PerkinElmer, Hopkinton, MA, USA)

K

295 Abgstlen AY A3 5o wAldSHG onAEdA LT X, Y

N

= A4S =3 %9 Hounsfield unit value(HUV) HFghe] zpo]S BA&to] o

Hehd H®gE ofy gl e wstel] dis] Hrkskr] fs 37FA 2 o] (0-20um,
20-40pm, 40-60pm)oll A U% WeE H7Est k. e A3 o uAaTHEG o
nAES olgdl 7 ZololA 5 el el dlg Hounsfield unit

el Aolg o3l YIS BrhsrHFig 2)

EY

value(HUV) 3

of
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Fig 2. The mineral density of each specimen at three different depths was

evaluated

33} threshold®t 23]% g Yo &I 3= threshold A7
S Al 329 oA E 53 AH(fig. 34). 1 F T

A A Fo FL3 thresoldEs A A sho]
galgode vy watE Prbehglvh
Demineralized Enamel

PH cycling

e

Sound Enamel Sound Enamel

Fig.3. Micro CT image of sound enamel and demineralized enamel after PH

cycling
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Demineralized Enamel

Surface rendering

Fig. 4. The 3D image of demineralized enamel was formed by surface

rendering.
6) FAAA AV Z(SEM)E ol &3 W wel A

HEgd gl vAFx2 4S5 98] FAPAAE 1] 4 (S-4800, Hitachi, Japan)S
A

o} Azx" MZES lon sputter (E-1030, Hitachi, Japan)

>

ol 80x 7 Wu ;Y-S Al 2 FAAAER G o2 10,000
)

ATt

A weel ges 91 9 298

tlo

Agl Ay o WxE @ J3 Aolo] {oAs Hrhstr] fs] SPSS(version
18.0.0, SPSS, Chicago IL)E ©]&3% FAEAS Al 7k 31 o] & W]
wal7] 913 Kruskal-Wallis testE ©]-8&3t3 3 AFSH A2 Mann-Whitney U test

with Bonferroni correctiong ©]-&3}1t}.
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L. a4+ 2%

1. Micro-CTE o] &3 d% ¥ Hu FX

=
=3
=)
1o
e
H
rE
a
ot
=)
Rl

el A3 Fo] Hi AHounsfield unit value(HUV)E Table 3¢ e A x
2o iz MI VarnishTMit2 AlEH oz dUx 747 25 on
i zo]l u ZA YelTh Advantage Arrest™it e 193 39712 1 W R

7 &

o

o PH cycling 7]3te] S7bE45 U vt ddyglen o
Hrge e aEdd HlEl A2A FUtH(Table 3). 3L7kA= dlzxzad MI
Varnish"<t 9] frojido]l o=« @gkon o1 oj9jel RE E3toll FoA o]

&= A (Table 4).

Table 3. Mean and standard deviation of AHounsfield unit value(HUV) of

enamel surface according to materials

Control MI Varnish™ Advantage Arrest™
1 day -53.980 + 20.800 ~40.874 + 9.832 12534 + 11.331
3 days  -105.388 + 18074 ~88.800 + 21.848 13.130 + 2.441
7 days ~ -149.798 + 18.966 -102.284 + 9.999 4696 + 1506
14 days 175902 = 24.960 94,636 + 9.050 -35.678 + 11.073
21 days = -229.452 + 17.225 ~99.706 + 4.099 35678 + 11.073
_g.-

Collection @ chosun



Table 4. The comparison of the AHounsfield unit value(HHUV) of Enamel

surface (1/3/7/14/21days)

. e Advantage
Materials Control MI Varnish
Arrest™
Control
MI Varnish™ — /= /%% /%
Advantage
Arrest™
Mann-Whitney Test with bonferroni correction(*: p<0.017)
50
0 = e — =
iday Fdays Fdays Z21days
-50 .\ &
\\ == rontrol
100 -8 =l M| varnish

== Advantage Arrest

= \
150

. ey

-250

Fig.5 Comparison of AHounsfield unit value(HUV) of enamel surface according

to materials

_‘IO_
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ol o] #Hi AHounsfield unit value(HUV)S W wwe 2

Advantage Arrest'itS Zulo] Wx el Z717 #FEQ o PH cycling 7] 7Fo]
T7/HE TS U A dFHEJe O AR HE wE vlE 2A EUgrt

(Table 57,9). 4% 20umol A= 34714 23 MI Varnish™# 7Fe] §2914 9]

L

HEE A Fokont I olgfel= BE i el ool #EHEY. ada $Y

Aol #EE A THTable 6,8,10).

Table 5. Mean and standard deviation of AHounsfield unit value(HUV) at a

depth of 0-20pm

Control MI Varnish™ Advantage Arrest™
1 day ~61.484 + 5856 ~57.224 + 7.070 11.668 + 15623
3 days ~108.892 + 9.829 ~88.796 + 21.846 13.130 + 2.114
7 day ~149.798 + 18.966 ~102.280 + 9.993 469 + 1506

14 day -175.902

I+

24.960 -94.636

I+

9.050 -35.678 + 11.073

R
R

21 day —229.454 + 17.223 -99.706 + 4.099 -41.342 +3 155

_11_
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Table 6. statistical analysis at a depth of 0-20um (1/3/7/14/21days)

e Advantage
Therapeutic agent Control MI Varnish
Arrest™
Control
MI Varnish™ e
Advantage
Arrest™

Mann-Whitney Test with bonferroni correction(*: p<0.017)

50

-50
\ == control
-100 — e —— i - == M| varnish
\ == Advantage Arrest
e \
-200

-250

Fig.6. Comparison of AHounsfield unit value(HUV) at a depth of 0-20um

according to materials

_12_
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Table 7. Mean and standard deviation of AHounsfield unit value(HUV) at a

depth of 20-40pm

Control MI Varnish™ Advantage Arrest™

1 day 54,374 + 7.008 -50.228 + 15.445 8338 + 7.166

3 days 96,662 + 8.420 -68.856 + 13.090 11.232 + 5.869

7 days ~ -149.282 = 15681 -88.064 + 6272 2.994 + 1696

14 days 176304 + 28169 ~90.236 + 10379 -36.436 + 4.327
21 days  —229.332 * 22719 -89.432 + 11.39 ~41544 + 9.066
50

° 1day I 3days I ?da:,rs I 14days I 21days

-50
== control
—i —1
-100 \ == MI varnish

Advantage Arrest
10 \
= \

Fig.7. Comparison of AHounsfield unit value(HUV) at a depth of 20-40pm

-250

according to materials

_13_
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Table 8. statistical analysis at a depth of 20-40um (1/3/7/14/21days)

o Advantage
Therapeutic agent Control MI Varnish
Arrest™
Control
MI Varnish™ 5
Advantage
Arrest™

Mann-Whitney Test with bonferroni correction(*: p<0.017)

Table 9. Mean and standard deviation of AHounsfield unit value(HUV) at a

depth of 40-60pm

Control MI VarnishIM  Advantage Arrest™
1 day -53.096 + 14.834 33686 + 7.534 9.170 + 9.832
3 days 82746 + 18518 35778 + 2.706 7760 + 5.089
1 week 140966 + 5693 -64.384 + 2.089 2414 + 0.256
2 weeks  ~170.016 + 33814 -87.360 + 11.585 33072 + 6.789
3 weeks 228406 * 39.752 -87.030 + 11.233 -39.310 + 10.056
14 -
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50

-50 —

\\ \..\.__. e caritrol

-100 == MI varnish
\ Advantage Arrest

e \

-200

-250

Fig.8. Comparison of AHounsfield unit value(HUV) at a depth of 40-60pm

according to materials

Table 10. statistical analysis at a depth 40-60um (1/3/7/14/21days)

. Advantage
Therapeutic agent Control MI Varnish
Arrest™
Control
MI Varnish™ x5
Advantage

®/% /% /% % /%)% /% /%

Arrest™

Mann-Whitney Test with bonferroni correction(*: p<0.017)

_15_
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PH cycling 7|3tell w& A5 &34 Hed Fu F7tgFS Table 113 2t}
Hala 3= Advantage Arrest, MI Varnish™, o)z

Fo7 AA yelutth PH cyclinge 19 A333F 9o+ thZ+3¥ MI varnish

<

Ph 912om PH cycling® 3% o1 AR 4% RE E ol fI%

2
)
-1 :{O
1o

2w vk (Table 12).

Table 11. Mean and standard deviation of volume change of demineralized area

by time progression according to materials

Control MI Varnish™ Advantage Arrest™
(mm®) (mm?®) (mm®)
1 day 2940 + 0.520 1.992 + 0564 0588 + 0.245
3 days 4394 + 0735 2710 + 0.635 1.020 + 0.291
7 days 7234 + 2193 4684 + 0946 2404 + 0.467
14 days 14554 + 1.650 6.258 + 1.340 3432 + 0.996
21 days 17504 + 0.869 8672 + 1572 4008 + 1.377
- ’]6 -
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20

18

. /
14 /
12
/ =4 control
10

/ =fll= M| varnish
/'.

8 /I / === Advantage Arrest
3

T T T
1day Fdays Fdays lddays Zidays

Fig.9. Comparison of volume change of demineralized area between materials

Table 12. Comparison analysis of volume change of demineralized area between

materials (1/3/7/14/21days)

. Advantage
Therapeutic agent Control MI Varnish
Arrest™
Control
MI Varnish™ — e
Advantage
Arrest™

Mann-Whitney Test with bonferroni correction(*: p<0.017)

_17_
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e
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2o AAE AL AFols 3 agte] mA Fre] 2 Aol BAEA
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o1 35 PH cycling ¥ ®d2d W 7} #3F Aoldk dejr} ¥

M= o] 3o Ja¥

5t YA ¥ (focal hole) So] H

M o)M= g2 o Bs Fdo)

MI Varnish™ (5% NaF) Advantage Arrest™ (38% SDF)

1 day

3 weeks

Fig. 10. Enamel surface image by SEM(x10,000)

: On the lday and 2ldays after demineraliazation, enamel surface of control

group showing more porosities and MI varnish group showing less porosities

Advantage Arrest groups showing most smooth surface.
- 18 -
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gk SDF o 214 utelglotol] gt gyl HEdn ol wivzd 4
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