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Abstract

Remineralization effect of Silver Diamine Fluoride(SDF)

on Initial enamel caries by time progression

Kim, So-Young, D.D.S
Advisor : Prof. Lee, Nan-Young, D.D.S., Ph.D.
Department of Dentistry

Graduate School of Chosun University

The purpose of this study was to compare the remineralization effect of
Silver Diamine Fluoride (SDF) on demineralized enamel over time with
those of fluoride varnish. The specimens were prepared from the extracted
bovine teeth with no fractures and sound enamel surface. Artificial early
enamel caries were formed by using demineralization solution and divided
into 3 groups of 75 each; Group 1(control): artificial saliva, Group 2: MI
Varnish™ (5% NaF), Group 3: Advantage Arrest™ (38% SDF). They were
stored in artificial saliva for remineralization for 1 day, 3 days, 7 days, 14
days, and 21 days. Then, remineralization effect was compared using
Micro-CT, scanning electron microscope (SEM) and Energy-Dispersive
X-ray Spectroscopy (EDS).

The changes in volume and mineral density at the remineralization sites
were significantly higher in the MI Varnish" treated group than in the
control group. The changes in volume and mineral density at the

remineralization sites in the Advantage Arrest™ treated group were
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significantly higher than in the control and MI Varnish™ treated groups.
The longer the remineralization time in artificial saliva was, the more the
remineralization degree increased. The increase rate of remineralization
degree was significantly higher in the Advantage Arrest™ treated group.
The remineralization rate was high until the first 3 days and gradually
decreased thereafter.

According to SEM analysis, the surface roughness decreased in the order
of Group 1: Control group, Group 2: MI Varnish™ and Group 3: Advantage
Arrest™ In addition, Energy-Dispersive X-ray Spectroscopy(EDS) analysis
showed that Ag’ ion was contained in the enamel surface of the
Advantage Arrest™ group. SDF is a simple, rapid and safe way to prevent
new carles and to stop existing caries progression. These results suggest
that SDF 1s useful for patients with young age and systemic diseases

who have difficulty in dental treatment.
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BoAFgAE AlFst AAZ MI Varnish™(GC Corp, Japan)®} Advantage
Arrest"(Elevate Oral Care, USA)E AM&3tglom A ZALe] A Ao wrat zF A A

2 A g3tk Table 1] AT Azl B3k AT W2 7 Eahsinh

Table 1. Remineralization materials used in this study

Material Manufacturer Composition
MI Varnish™ GC Corp, Japan 5% Sodium Fluoride
Advantage Arrest™ Elevate Oral Care, USA 38% Silver Diamine Fluoride
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METPOL-1, R&B Inc., Korea / SiC sand paper (400,1200,2400,4000)). $iv} 3 2]
7 bmm ¥y A7 WHHEHA THE ALk WHol nail varnish =335t &3 9Y
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Amsterdam, Netherlands)E ©| &3l @M E=hv|x] AF gt& SHst 7] A

!

o925 WI(AF, -25 ~ -15)° aIst= F 225709 AlHE dEste] g 2
ol 7} wtt} 7570 ek ok (Fig. 1).

- 1+ 1 (control, artificial saliva)

- 1% 2 (5% sodium fluoride, MI Varnish™, GC Corp, Japan)

- 1% 3 (38% silver diamine fluoride, Advantage Arrest", Elevate Oral Care,

USA)
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MA, USA)E& A&t Fd=HA T X-H A2 FOV(field of view)E 10 mm=
sFal 90 kV % 838 mA o= A3 (voxel size, 20 pm; scanning time, 4
min). CT image® Quantum GX W¢ 7|2 A Eg o]l 3D Viewers E3) Azt
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(Fig. 3).
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Surface rendering Demineralized area
by specifying VOI l
using threshold

Enamel density area

Fig. 2. The 3D image was formed by surface rendering through the thresold
setting corresponding to enamel and demineralization lesion, which is the ROI to

measure the volume of the tomographic images obtained using pCT.

Surface rendering Remained demineralized area
by specifying VOI
using threshold

Remineralized area

Fig. 3. The difference of volume was measured by superimposing the 3D

1mages obtained before and after remineralization.
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Table 2. Mean and standard deviation of A Hounsfield unit

enamel surface by time progression

value(HUV) of

lday 3days 7days 14days 2ldays

Control 22.70+3.49" 46.20+4.08" 19.88+453 57.50+3.03° 62.89+8.61°
MI

Com 3830:708"  6457:971" 7277410907 8262:926°  8551:804%C
Varnish
Advantage

Arrast™ 06.46+6.46°  15573+1496°  16441+1280°  16802+1085°  170.98+13.72°

t-test (Different superscript numbers indicate significant difference between the

groups, p < 0.05)
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BEoaAA 25 w2 AFs §3= RE =A A dloA] Advantage Arrest
7} MI Varnish™ell wls} AHUV7ZE €587 A Jdepdoz2x (p < 005 o 2
QB3 T3S Bt MI Varnish 9A tizFe vla] AHUV7ZE 59 8tA =24
Uebst o (Fig. 4, p < 0.05).

180 C C
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160 m Ml Varnish™

m Advantage Arrest™
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b T T
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a ]
b a
| "mm
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4o o fo.e]
o < <

Mean change of mineral density (A HUV)
3

o

Fig. 4. Comparison of AHounsfield unit value(HUV) of enamel surface between

groups at each time.
ANOVA test with Student-Newman-Keulsp post hoc analysis (The different

superscript letters indicate statistically significant difference between the groups,

p < 0.05)
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Baseline

7 days

21 days

Fig. 5. Comparison of internal mineral density. The remineralization zone
recovered to nomal mineral density (purple) of the Advantage Arrest™ group
was larger than that of MI Varnish™ group. Underlying dentin layer was also
mineralized resulting in enhanced mineral density (blue) in the Advantage

Arrest™ group.
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Table 3. Mean and standard deviation of volume change of remineralized area
by time progression

(unit : mm°)

lday 3days 7days l4days 2ldays
Control 1.27 £ 0.80 137 £ 145 1.87 £ 0.72 244 + 0.58 2.66 = 0.54
MI
..oy 190 £ 1.23 157 £ 1.19 3.26 £ 1.95 3.85 = 0.86 434 + 0.77
Varnish
Advantage
- 6.39 = 4.87 691 + 3.61 11.28 + 4.47 13.45 + 2.36 13.70 = 2.29
Arrest
18
DControI

16 oM Varnish™

" m Advantage Arrest™

* omll A ﬁmﬂﬂ' Wﬂm' W[HW“'

1day 3days 7days i4days 21days

E-Y oy oo

Mean change of remineralized volume (mm?)
[a%]

Fig. 6. Comparison of volume change of remineralized area between groups at
each time.

ANOVA test with Student-Newman-Keulsp post hoc analysis (The different
superscript letters indicate statistically significant difference between the groups,

p < 0.05)

_13_

Collection @ chosun



)
ilin

Fig. 7% %t}

T
-

)

st

=z

g Wy

=
hED

1

s+l

) 2o A+ interrod 3 7HS

A3

B

4

wr} okt MI Varnish™, Advantage Arrest’ & A

474 9]

g E9leH

278 o]

o)

o Lo E e

a9

s

. M ™
Varnish ', Advantage Arrest & %4 -&

SEM¥ EDS

T
) .

ol A

. ™
w3} Advantage Arrest = % &

F A H(Fig. 8).

=

Lo] s

2=
~l
o
gt

Nl

_14_

Collection @ chosun



| g
5.00um

Fig. 7. The SEM images of the enamel surfaces. (A) Demineralized enamel
surface with loss of smoothness showing porosities. (B) Enamel surface of
control group (artificial saliva) at one week showing less porosities. (C) Enamel
surface treated with MI Varnish' showing the evidence of mineral deposition.
(D) Enamel surface treated with Advantage Arrest™ showing highly

remieralized surface similar to normal enamel surface.
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o D 1 2 3 4 5
— Full Scale 954 cts Cursor: 0.000
100um Electron Image 1

Fig. 8. SEM-EDS analysis of enamel surfaces treated with Advantage Arrest™

(A) Silver phosphates (AgsPos) were deposited on the enamel surface

(arrow).

(B) Percentage range of the elements showing silver (La), calcium (Ka, La)

and phosphate (Ka) peaks.

_16_

Collection @ chosun



Az

—_

_ZD

<
Ny

o

5

A 9

71, 4

=

8

&
=

32 9

3= &

A=]]
=

ol 27 4 ©A

sgows ve}
7 o],

o] =
AT

=

(e}

i 71

I3

o]

il o5 o

el
.

ﬂ

i
—_

T

s

Apopadel A%

12 1ejal 23] HEgd 2

%

T

-

&}

S

1

0.
H

 (silver

T

ol &2 1A
23}

=]

S
T

<+ "= FDA
ol ¢t 7

[e)

T

FH =
Z o
A

s lo.r

Al
2)
Ha St

o] =
H o
x| o} -
FAE
silver diamine fluoride(SDF)
ol fF= HAA+= E32Ht} SDF7}

A
RS !

[e)

T

[e)

T

g
SERE
3}

=

=]

s Abgol

la
1]
- ‘|7 -

|

s
-

o

°©

=
T
374

=]
A, ol g 2

s}

o owlg Ao e Qo

o

=

-
=

Fo] AN =gkt

- B

-

H

vl

%
WA dxx7t

o
g

i o
jr,}x

[e}
Diamine-Silver ion

tH?. whelx] SDF

_(H
e
24 AAZ ALEH AT,

|

o
R

=
=

=

i=]
o]_‘Q:

1

fluoride)¥} silver diamine fluoride(SDF)7}
Z_|

T AbEE o oY ma

40%

2 o]

Collection @ chosun



ia
i)

SDFel

w9

o
"

i

F

SD

al

| wFe o degdt” e

o)

A

q

s

Al O
= =2

<)

e
_Z,rl
i

FE Ak, ol SDF7F %o &4

=

e gol @

B

o)
o

)

To

B

i

T

_Z,rl

_Eﬂ

¥ obe thE ]

—Z
i

=8

)

oA SDF

&

A

thoolE &

iz

R

Qg0 e

ﬂ

o

o

K]

cariogenic biofilmel tj

I3 DNA 214}

s

=] O
igsy

4

DNA ¢}

ol
=

7] (sulfhydryl group)

A (unwinding), A3

ik

A

At} mepa e

= 1

} 32 bacterial killing®ll <3 3k

)

SE

H] o] SDF7}

L
‘JJ\}]\C‘

A w7E e

3 o
T

9
a5 A

m
Ef

| o} @Ae] Aol

o] 3§

=

of Alg¥ QutP P wal SpF

= o =
st A S

%

s olm wl S Fe)

= 8

A3 A7w i’ o]x ¥ SDF

_18_

Collection @ chosun



— 0
N o o
= n
1m_| o} ‘HOI ‘UI ,m EE R .
mg B = N R =
T T = BT IS
= K T . 7 N
ﬂmo @ ® = mf wK T M o N R
s el w D e B o N M o £ W AR
B o N o e R ° ¢ -
) — fise) ~ < ~ —_
A 3 G ° T < 502 8 o ° R T
o) s —_ T ﬂ 0
x ° X 14@0 %geﬂ1 wg_wam mgzﬂg
S . ﬁLlH R
IS i o m.m = X 5 B2 7S T W ° WA C
i o F i N > 5 & o 1 . o
N2 R oo =N BoA = & X T 3 H = zmw A Mﬁ
B Noo LN X omoE = Wk 7o _@410
9| B s WD —_— = B e _— R oy ~ <
Y o| o P 3 B poH = 5 & do o = 7 T iy oo
<0 0 o ‘UI —_ ) = AN ~ B I= B 3 XO
S % = w o o @ ¥ KT S o =
50 o % mj o 0 gl A ~3 T % .l o e H ~
) )| i o <] oo X 0SS =z = %0 il s T D iy KO v
f o < — - AT_ ~ —_— Of A& Y _L — o B N !
gy Na gt X N o o dr = o —_ _— - 0 o
£y = = o e = hdl I Ao W F il T o
. 4 = I s ow o = W ° — % A a o K LG
o N = = HoM o @ 11 > o K 2 N - o N
_ '~ —_ — N f o )
2w 8 sxmﬂgﬂkw_wwﬂﬁuﬂwg aowﬁwomo
e —_— — __ o ) S 0 S . —
S E 5:1] }mq
H T N < NERN' i mo 0 o o H_L. b = e Murr N Hur T X
B o o - % > oz d T - BN oH T o
fi;fq:u quilzmﬁo;;%
o S T W T XX = ) = = T ow o
G+ w g 3 = 7 ok oo X re o g o0 T = T RO e
=~ = : ~ < A= o o X ok my e 0 K = o Nr B!
wmo o0 free o o r T B Y o) o=~ N = iia i
2 T S >~ T | ) nr N ) A o T o
ST e e 2 - _ - 7 X 2 W o poT © ¥
W = < o a2 5 l w B R 10 W @
= K o T Mo IR MO .9 T o o 9o E]a o | o =
) o X = ™ N ] nwm MM w < o Y = o uﬂ X
A — o oR | sl —
oo o o X o W w K o L. - < X ® = W
W@ ° X 2 = T s N7 T
s o o o o M = T X -y ol
| ° 9| Nlo E g ™ Ho ™ _ gl a3
W 2 == N
T < M & 7 I TS ™
SN noT 2R s
U - ﬁr M o 0 E] o ToH
# <F AL —_— —
T = oo =T
G 5 N B R
0 e !
o oo
o

- 19 -

C :
ollection @



oz geA g’ gy AobE 100 m FEe] 9k AlHo g Aztsjof s

olgl&ol da AFAe] sk ddo] Y

ubeba AFst A Fo Frld HEtE £ o ga AdAd A A4S 7 e
S % Quantitative light-induced fluorescence(QLF), &% do]# FA} dn|

73, MAlGEE Y Micro-CT)el HEdEe] %24 ¥AE Briet=d Bol ARSHL

AT o] F o AEFZ G (Micro-CT)2 AlAe] A2 glo] Wae dugs o

H a3 Aol 7hestar Al A d3 $¢ W JHE #d3 2304

AT+ dvhe 2 AL AT Yo B AFdA ABs &HE Frtat)
=2
H

rr

2 Ao A ALgH wAEEE G (Micro-CT)9] threshold tecchnique =] 2] 8}of

A AdESHES} Add FEAGA Ho] ALEEHE W oR ZAH3S thresholds A

&
o
il
ol
o,
o
ot
2
Mo
_{>~
o
N
_,i
O
ol
ol
=
)
N
)
@
g
Mo
i
ol
ol
=
>
ol
ol
rlr
o
12
=
<
c
8
)

of interest; VOD<= WA %27] $2 WA st Hgdz g1 o o] s

&t threshold A4S T8 A3t 3 5o AFH WasS 3oz 46
Fek. mEbAd 2 ATl M= vAEGSTE G Micro-CT)S ©]§3] BHaxo=

H
t o Mo 54996 Y P s BAY fEe Mud 27 $4
g

o dASA SAE AP sl 23S vds dAste °§ B o] A

HE gidoz g F75Q A7 9o Zlog reldh

Collection @ chosun



7}s}

=

(e}

3} AlZko]l A5 AFE FET)

S -
o 7o 7
SRS A
iz Hﬂl e
gy . 2 =
= T ow T
AG - S = B
~ o s 3 =
o _,N w m
0

T
a T oA

= m
(=) 5 Ry
g s B
) N oG
- N 8 4
e = N
3r [ -

=

n

N

=

=y

g
o A Wz, MI Varnish™, Advantage Arrest” i +2o2 §9

o

~

<

T

i

g

K | )

i E
MT_- | W A
il
= o) o J:.@

I G
o Noo = o
o oy o  Th
it o B
| 53 o <
gt T m

T
) (S
el T

diamine
A3 A=

T
-

silver

 SDF+ 7hekstar

o

=

Aol A
At wekA SDF

o]t}

Al

A

T Hx
1438 gxoll Al 78
- 2‘| -

A
QI

]

S
Ll

ol
=

E 2o}

]

=

X-ray Spectroscopy(EDS) ¥4 A3} Advantage Arrest’ 9]
kel

fluoride(SDF)<¢] #1343} &3}

7

Collection @ chosun



References

1. Featherstone JD : The continuum of dental caries——evidence for a dynamic
disease process. J Dent Res, 83 Spec No C:C39-42, 2004.

2. Lenzi TL, Montagner AF, Soares FZ, de Oliveira Rocha R : Are topical fluorides
effective for treating incipient carious lesions?: A systematic review and
meta—analysis. J Am Dent Assoc, 147:84-91, 2016.

3. Autio—Gold J : Recommendations for fluoride varnish use in caries management.
Dent Today, 27:64-67, 2008.

4. Mei ML, Lo EC, Chu CH : Clinical Use of Silver Diamine Fluoride in Dental
Treatment. Compend Contin Educ Dent, 37:93-98, 2016.

5. Contreras V, Toro M], Elias-Boneta AR, Encarnacién-Burgos A : Effectiveness
of silver diamine fluoride in caries prevention and arrest: a systematic literature
review. Gen Dent, 65:22-29, 2017.

6. Zhao IS, Gao SS, Hiraishi N, Burrow MF, Duangthip D, Mei ML, Lo EC, Chu CH
. Mechanisms of silver diamine fluoride on arresting caries: a literature review.
Int Dent J, 68:67-76, 2018.

7. Chu CH, Mei L, Seneviratne CJ et al. : Effects of silver diamine fluoride on
dentine carious lesions induced by Streptococcus mutans and Actinomyces
naeslundii biofilms. Int J Paediatr Dent, 22:2-10, 2012.

8. Chu CH, Lo EC : Microhardness of dentine in primary teeth after topical fluoride
applications. J Dent, 36:387-391, 2008.

9. Mei ML, Ito L, Cao Y et al. : An ex vivo study of arrested primary teeth caries
with silver diamine fluoride therapy. J Dent, 42:395-402, 2014.

10. Tyas M]J, Anusavice K]J, Frencken JE, Mount GJ : Minimal intervention

dentistry-a review. FDI Commission Project 1-97. Int Dent J, 50:1-12, 2000.

11. Chu CH, Mei ML, Lo EC : Use of fluorides in dental caries management. Gen
Dent, 58:37-43, 2010.

12. Chu CH, Lo EC : Promoting caries arrest in children with silver diamine

fluoride: a review. Oral Health Prev Dent, 6:315-321, 2008.

_22_

Collection @ chosun



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Knight GM, McIntyre JM, Craig GG, et al. : An in vitro model to measure the
effect of a silver fluoride and potassium iodide treatment on the permeability of
demineralized dentine to Streptococcus mutans. Aust Dent J, 50:242-245, 2005.
Rosenblatt A, Stamford TC, Niederman R : Silver diamine fluoride : a caries
“silver—fluoride bullet”. J Dent Res, 83:116-125, 2009.

Gotjamanos T : Pulp response in primary teeth with deep residual caries treated
with silver fluoride and glass ionomer cement (’atraumatic’ technique). Aust
Dent J, 41:328-334, 1996.

Mei ML, Chu CH, Lo EC, Samaranayake LP : Fluoride and silver concentrations
of silver diammine fluoride solutions for dental use. Int J Paediatr Dent,
23:279-285, 2013.

Rosas SGP, Tellez MAA, Espinozall EV : In vitro efficiency of
fluoride-containing compounds on remineralization of carious enamel lesions
under cyclic pH conditions. Fevista Odontol ogica Mexicana, 18:96-104, 2014.
Li Y, Qu X, Li J et al. : Effect of a silver ammonia fluoride solution on the
prevention and inhibition of caries. Zhonghua Kou Qiang Ke Za Zhi, 19:97-100,
1984.

Lou Y, Botelho M, Darvell B : Reaction of silver diamine fluoride with
hydroxyapatite and protein. J Dent, 39:612-618, 2011.

Mei ML, Chu CH, Lo EC, Samaranayake LP : Preventing root -caries
development under oral biofilm challenge in an artificial mouth. Med Oral Patol
Oral Cir Bucal, 18:e557-e563, 2013.

Oppermann RV, Johansen JR : Effect of fluoride and non-fluoride salts of
copper, silver and tin on the acidogenicity of dental plaque in vivo. Scand J
Dent Res, 88:476-480, 1980.

Mei ML, Quan-1i Li, Chun-Hung Chu, Edward Chin-Man Lo, Lakshman Perera
Samaranayake : Antibacterial effects of silver diamine fluoride on multi-species
cariogenic biofilm on caries. Ann Clin Microbiol Antimicrob, 12:4, 2013.
Yamaga R, Yokomizo I : Arrestment of caries of deciduous teeth with diamine
silver fluoride. Dent Outlook, 33:1007-1013, 1969.

Tan H, Lo E, Dyson J et al. : A randomized trial on root caries prevention in

elders. J Dent Res, 89:1086-1090, 2010.

_23_

Collection @ chosun



20.

26.

21.

28.

29.

30.

31.

32.

Nishino M, Ono S, Kita Y et al. : Caries prevention in pits and fissures with
diammine silver fluoride solution and fissure sealant. J Osaka Univ Dent Sch,
14:1-7, 1974.

Llodra JC, Rodriguez A, Ferrer B, et al. : Efficacy of silver diamine fluoride for
caries reduction in primary teeth and first permanent molars of schoolchildren:
36-month clinical trial. J Dent Res, 84:721-724, 2005.

Clasen AB, Ogaard B : Experimental intra-oral caries models in fluoride
research. Acta Odontol Scand, 57:334-341, 1999.

Cochrane NJ, Walker GD, Manton DJ, Reynolds EC : Comparison of quantitative
light-induced fluorescence, digital photography and transverse microradiography
for quantification of enamel remineralization. Aust Dent J, 57:271-276, 2012.
de Carvalho FG, de Fucio SB, Sinhoreti MA, Correr-Sobrinho L, Puppin—-Rontani
RM : Confocal laser scanning microscopic analysis of the depth of dentin
caries—like lesions in primary and permanent teeth. Braz Dent J, 19:139-144,
2008.

Cheng L, ten Cate JM : Effect of Galla chinensis on the in vitro remineralization
of advanced enamel lesions. Int J Oral Sci, 2:15-20, 2010.

Bernhardt R, Kuhlisch E, Schulz MC, Eckelt U, Stadlinger B : Comparison of
bone-implant contact and bone-implant volume between Z2D-histological sections
and 3D-SRuCT slices. Eur Cell Mater, 23:237-248, 2012.

Park YS, Yi KY, Lee IS, Jung YC : Correlation between microtomography and
histomorphometry for assessment of implant osseointegration. Clin Oral

Implants Res, 16: 156-160, 2005.

_24_

Collection @ chosun



	Ⅰ. 서론
	Ⅱ. 연구 재료 및 방법
	Ⅲ. 연구 결과
	Ⅳ. 총괄 및 고찰
	Ⅴ. 결론
	참고문헌


<startpage>11
Ⅰ. 서론 1
Ⅱ. 연구 재료 및 방법 3
Ⅲ. 연구 결과 9
Ⅳ. 총괄 및 고찰 17
Ⅴ. 결론 21
참고문헌 22
</body>

