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ABSTRACT

THE DYNAMIC CHANGE OF ARTIFICIALLY DEMINERALIZED ENAMEL
BY DEGREE OF SATURATION OF REMINERALIZATION SOLUTION AT pH 4.3

Ji-Sook Yi, Bung-Duk Roh, Su-Jung Shin, Yoon Lee, Hyung-Kyu Gong, Chan-Young Lee
Department of Conservative Dentistry, College of dentistry, Yonsei University

The purpose of this study is to observe and compare the dynamic change of artificially demineralized
enamel by remineralization solutions of different degrees of saturation at pH 4.3.

In this study, 30 enamel specimens were demineralized artificially by lactic acid buffered solution. Each of
10 specimens was immersed in pH 4.3 remineralization solution of three different degrees of saturation
(0.22, 0.30, 0.35) for 10 days. After demineralization and remineralization, images were taken by a polar-
izing microscope (X 100). The density of lesion were determined from images taken after demineralization
and remineralization.

During remineralization process, mineral deposition and mineral loss occurred at the same time. After
remineralization, total mineral amount and width of surface lesion increased in all groups. The higher
degree of saturation was, the more mineral deposition occurred in surface lesion and the amount of mineral

deposition was not much in subsurface lesion. Total demineralized depth increased in all groups. [J Kor
Acad Cons Dent 34(1):20-29, 2009)

Key words: Enamel, Demineralization, Remineralization, pH, Degree of saturation, Mineral density
- Received 2008.9.10., revised 2008.10.23., accepted 2008.11.20-

[.M B 2 o] ¥za woz Yo simple diffusion model¥

T8 = Magolis §7l 23t $2]o]d {74k

Aop ¥4 77 A% F M & WHES Yehe &l FEZY e} Aol FAlo Dok FHAAL

Agho|t}, o]g X|o} 94L& AT, SAE, Ele] FEg FAEHE {714 W2 Fitso] shf- y@do] §ax

o2 tto] FAH A2 37t dojue HH oz 4 i, o] §eAtEo] thA| HFitelo] BEFF FEAY A
o 7)-el = oel7tx] 7 Ee] St A dogle BRg dXolea 71«sigitt.

Featherstone & 1€ ¥ 71702 f7]4ko] H] ofg] s o3 27] WFE £ A3} 7hsst

ol 23lel FEIE HFA MFS Tl Fatslo] Ul ¥ = Z°] S A=t Head 579 <3 2H-4d WEde

FHS A7 &3 E FEY] A Hlo|23ld e B3t ool H22 Eud o, Anderson”°l in vivo

AN HZE 27 o] AR S YFFoEN TR

*Corresponding Author: Chan-Young Lee A0 ulebd 237 FuEAY AFsE S LS vy

College of Dentistry, Yonsei University ] oA} Hu2t B s bod
= 122 Backer-Dirks?7) 84] obgol|A|
134 Shinchon-Dong, Seodaemun-Ku, Seoul, 120-752, Korea 19 v F8A) orgelA u

=157 Ho 33 o o/ A=l AlalzlL-
Tel: 82-2-2228-8700  Fax: 82-2-313-7575 4 wido] B} AR 19  50% F=k A E
E-mail: chanyoungl@yuhs.ac T3l “reversals of diagnosis’ & 31t} ten Cate

20



o Aoleta 3t a, olF o] 27 2 ZA A
Alzs o} A3t ‘*ﬁoi Z18 3 st Ao 437 gt
1 A3 Moreno 572 solubility diagrams 23}
of B4 dicalcium phosphate dehydrate (DCPD)
o) &3 vehll 2 o] Eo] T A4S singular pointz}
3 3}04 o] oA Wakdo] DCPDE upywA HFA

ol JAETha Basigitt
]Ei gk x|ote] &3o} AFste FAl Lolue o)

71 W&o Hote] 4] FTF WEA T dY 2AE
(pH, E4 ¥, T3k F)o] A%}l AN E Lo] 1
2= ojof g},

Margolis 592 HFd &3] &o] ¥3l5o osle] 24
"rx 39t} Calcium phosphated] WaF e+ cal-
cium phosphate®] thermodynamic solubility product
constant®] ™3 ionic activity product rate® oAt
I etiom olegt ¥3lE= At ¥ 7] pH, ZEd
9] F% B g3 Y weria 3t Moreno £
= X|ofe] $-2o] ol uf FgL v & AR pH ]9
of a4 ¥3tert o3 24y Arkw i), o}
7b @R AR o] Axs} Aeld wf XojofA] £
o] WU7L &gzt dojuA Hlu whA gt Sole) A4
2l o]&o] DCPDY |2 HHFA FHo Ao] doju}
s a“ﬁhib— '3}“‘4 o' of Aol M T W
§] ﬁ.oﬂ_,] i§]_1:_. 2 o}—O:]
93 e 3':7%% -’F 913 = It e ¥ e
ofshd Hgdelx GAe] x5t FI1ESE APl
Fol Tkeke A UL, TIETL MY w2 welA
t #7129 HAFo] RF FaHE AFS B
Okazaki 57 #& Z3E2 8] 33t oA &
Fol AR Ao @A77} AA 2 AH Atole] kg a7t
Fado] YRR 5714 A% Adkdtia skt

ojel B A o)X= pH 4.39 AF3} ghg-doa E3
E bﬂﬂ"ﬂ E}E Hed O]J‘ 2 WA A FE o
Al

l:LlJ

1o, qf

rf

[¢] >
mlneral density ~§‘r_1_) Lﬁ}% At 7714 Wste
€ 5l T 23 I Fys : &3

gt

QL

1. AlEZ

SAo] gl &3] e AT AAZ AFAE A
slo] e F2E A7 24 & periodontal curette
o Z AAF L B2} T3} A @ dulz EE Anl

oS 253 AH7Z 1087 ARsta SRR AH,

pH 430j4] HBSH Sebe] TTo| HE 1T S KPS SHE H

==

HzEe)

10 ml & A -AE o] &3] THE &) 1 em, A7 1 em
9] tubedl] X|#& o}AE HAE o] &3] A F-qt uf
2319tk 43t & A4 diamond wheel saw (Minitom,
Struers, Denmark) & o] &3] X|o} A3 HasA &
A4 WEko g2 0.2 - 0.3 mmé] AHE TE v #800,
#1200 AFES o] &3k 0.15 - 0.20 mmFA = A8l
o} dnl & 230 -7 1087 AR e F iHT of
WA S bonding agent (Scotchbond MP, 3M, U.S.A.)
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Se ek 29 5 2F 2 - 3 mmA T windowE A¢
3kl A\ o] YHd nail varnish® =Xt} & % 10

7He] Ale]

TE 30709 AlA-E sk o (Figure 1).
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1) Stock £42] A=

30% At €9 (Sigma Co., St. Louis., U.S.A. ¥A&
90.09, ¥% 1.080)< o]&3t 0.995 M lactic acid, &
sty 2% (Sigma Co., St. Louis., U.S.A. &=
147.0)% o] &3l 0.287 M9 calcium, 3HEE #o
(Sigma Co., St. Louis., U.S.A. ¥4 136.1)& o] &3}
o 0.969 M9 phosphate® &
O3 AT

°o]Z stock solution

2) &3] g8 Az

Table 1°1 94+ lactic acid, calcium, phosphated] &
L7t H5E stock solutionC2EE AE oFS Haln,
3.08 mM NaN3E 3718 v+, 8 N st 58
do 2 pH meter (Model 920A, Orion Research Inc.,
U.S.A)AS 3o pH 4.3¢] H=5 ZAsiglch o &9
< lon chromatography (790 Personal Ton Chro
matography, Metrohm, Switzerland) 2 & 243}
Al &3] g o2 AHRoe]
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Table 1. Initial composition of demineralization solution

Lactic acid (mM) 100
Calcium (mM) 15.5
Phosphate (mM) 8.5
Sodium azide (mM) 3.08
pH 4.3

3) A33 4FgAe A=

Stock solutions ©]-&-3}]
i 3.08 mM NaN3Z #rhsta, 8 N 4teldE 154
9% pH 4.3°] HES 3 E3=r} g2 Aag9 A
33 gas wEY O]E TIon chromatography (790
Personal Ion Chromatography, Metrohm,
Switzerland) 2 B % #A3l] AlHe AF3} gHog A}
4313t} (Table 2).

E271 2 ppm FEHA &

Table 2 |nitial composition of remineralization solution

Lactic acid (mM) 1000 1000  10.00

Calcium (mM) 19.98 27.56 33.17

Phosphate (mM) 7.94 10.25  12.52

Sodium azide (mM) 3.08 3.08 3.08

Fluoride (ppm) 2.00 2.00 2.00

pH 4.30 430 430

Degree of saturation 0.22 0.30 0.35
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(1) Group 19 #A#3t 24 (Figure 3)

A3 Kol whe) 23] Al vlE) A HZo] &
Bl A) 1 Al o] SR, A4 23] Zol7t 713
Ark. 22 AHI A= £33 Hael isotropic zone©]
FAEQT, WA U] Aoz ABsr) Agd e oF
& HEE F 3

(2) Group 29| A%} 24 (Figure b)
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(3) Group 39 A%s} &7 (Figure 7)

A Aol whe} A ol B FRAAL, 1,
Zkhe ¥ ugn A

2 ") A FFo Lo

Figure 2. Polarizing microscopic
observation of demineralized enamel

(Groupl, x 100) (Groupl, X 100)

Figure 3. Polarizing microscopic

observation of remineralized enamel

OH 430 XZah 2Hol Fslzof L2 ol Ers|H HEtEol Se{atH Hisf

A ws 2ol 94 ke &
Bt o A9 B8 vl

(4) 33} AJolofl W Group 1, 2, 3 7H] ¥ (Table 3)

AT BFA AEs £ AA 23 ZT 17} S7Vetls
), L3leel 2 A 23] o] Mzked 1¥2 1151+
11.4%, 272 112.6+7.9%, 37& 111.416.5%% 1,
2, 3u7te BAE oA Atk A #3539 £ |
& (Fig. 8)& 1394 103.9£7.9%, 21X E 114.6
+2.9%, 37X 135.2+13.4%% 133 379 @ﬂrﬂ
EAA R §927} 9= Ao vt} (P (.05).
o] gh& 173} 3549 7S Holw 1, 3379 %741*—1
Foate At Zoherh g AL 12 e st &
do| gl MutAoR Holz WM, Zert &
2, 3ME AR B23 F33 B4 M A%
i}%k*m PR, FF3 WA FF TN g3t
2

Figure 4. Polarizing microscopic
observation of demineralized enamel
(Group 2, % 100)

Figure 5. Polarizing microscopic

observation of remineralized enamel

{Group 2, x 100) (Group 3, x 100)

Figure 6. Polarizing microscopic
observation of demineralized enamel

Figure 7. Polarizing microscopic
observation of remineralized enamel
(Group 3, X 100)
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Raie of change
of surface losion wil th( %)

1 2 k|
Group

Figure 8. Rate of change of surface lesion width at Group 1,
2, 3 ({width of surface lesion after remineralization / width
of surface lesion before remineralization) X 100(%)).
Horizontal bars represent no statistically significant
differences (P ) .05).

Table 3. Rate of change of quantitative value during
I

demineralization & remineralization at

1 1151+114%  189%79% — 1008+38%

2 126 +79% 1146 +29% :l* 1019+22%

3 114+£65%  1362+134%— 1027+£47%
*P< .05

2. Image programe 0|3t &4
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(1) Group 19 A%3} 27 (Figure 9)
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density THZE FH A, €3 274 via] B3t
F AW £33 B33 i AWA R o] o] AztE o]
mineral density 7} Eo}7 A& #28 & g1t}
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(2) Group 2, 3 9 %3t 27 (Figure 10, 11)
©3]A| mineral density Z22{Z9} 33} F mineral
density aHzE S A, 23 LA viE ABst
A4 %29 mineral density 7} ZolAA o]2¢] Azt
°] a‘°1‘& g & & AT FF8 Ha9 S FAME
238 93)7} A8=o] mineral density 7} RFobR oM,
£33} HAad sFHFAME o] 29 o] dojut miner-
al density 7} Z718}%i .

(3) ®3}%9] Aolo] W group 1, 2, 3 7+2] mineral
density ®3}& H]Z (Table 3)

Figure 9, 10, 11 oA &3|A] 2=} AFs} & 13
o] At)A WA E mineral density ¥3EZ 45l
Adg A7, QB3 F 2 9] mineral density H3-&2
172 109.8+3.8 %, 272 101.9+2.2 %, 372 102.7
+4.7 %2 A7 254 mineral density 718 B34
tH1, 2, 337 A fAE il
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Figure 9. Comparison of mineral density in enamel before
and after remineralization (Group 1)

5 s
“~Reminer sization
E — T3arm i eralizgti

Depth ()

Figure 10. Comparison of mineral density in enamel before

and after remineralization (Group 2)
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Figure 11. Comparison of mineral density in enamel before
and after remineralization (Group 3)
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