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ABSTRACT

THE REMINERALIZATION ASPECT OF ENAMEL ACCORDING TO CHANGE OF THE DEGREE
OF SATURATION OF THE ORGANIC ACID BUFFERING SOLUTION IN pH 5.5

Jin-Sung Park, Sung-Ho Park, Jeong-Won Park, Chan-Young Lee*
Department of Dentistry, the Graduate School, Yonsei University, Seoul, Korea

The purpose of this study is to observe and compare the remineralization tendencies of artificial enamel
caries lesion by remineralization solutions of different degree of saturations at pH 5.5, using a polarizing
microscope and computer programs (Photoshop, Image pro plus, Scion Image, Excel).

For this study, 48 sound permanent teeth with no signs of demineralization, cracks, or dental restora-
tions were used. The specimens were immersed in lactic acid demineralization solution for 2 days in order
to produce artificial dental caries that consist of surface and subsurface lesions. Each of 9 or 10 specimens
was immersed in pH 5.5 lactic acid buffering remineralization solution of four different degrees of satura-
tion (0.507, 0.394, 0.301, and 0.251) for 12 days. After the demineralization and remineralization, images
were taken by a polarizing microscope (X100). The results were obtained by observing images of the speci-
mens, and using computer programs, the density of caries lesions were estimated.

While the group with the lowest degree of saturation (0.251) showed total remineralization feature from
the surface to the subsurface of the lesion, the group with the highest degree of saturation (0.507) showed
demineralization mainly on the surface of the lesion at the constant organic acid concentration 0.01
M and pH 5.5. (J Kor Acad Cons Dent 35(2):96-105, 2010]
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AA, Az85h 10 ml AlRAE o] &ate] T o] 1
cm, A7 1 em9 tubed] |4 o}ad #z1& o] g3l
¢ Foe =237 X2 F9ut wjEeiivt. of=d
g 7o] Aste = A< diamond wheel saw (Minitom,
Struers, Denmark) & ©]-&-3te] x|o} X}’Oﬂ eyt @
AZ02 0.2-0.3 mme] EHLZ THE o #800 ALEE
olg3ste] 0.15 mm FAH=Z dAvketditt. 10}"] A& Anfst
T 229 AFV2 1080 AT SiH oldHE
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3M/ESPE. St Paul. MN. U.S.A) & A&7}~ dtol] 33
e, AW 2o £y wdol gle F9 F F 12
mm FE9] windowE Al ¢lsta A|He] AH| nail var-
nish® =¥},

2. Al U M=

2.1 Stock &9¢] A2

30% +4H89(Sigma Co., St. Louis., U.S.A EA}&F
90.09, B% 1.080)= °l-&3t 1.017 M lactic acid &
Ag dsbdgi T (Sigma Co., St. Louis., U.S. A&
147.0)& o]&3t 0.321 M9 Calcium €92, 121
o AAE T (Sigma Co., St. Louis., U.S. &8
136.1)<= O]%;}Oﬂ 0.976 M2] Phosphate £95 RHE0]
o] & stock &40 2 ARSI T

2.2 93] &% 899 A%

Stock &llA &3]-8dS A 23}l ion chromatogra-
phy (790 Personal Ion Chromatography, Metrohm,
Switzerland) 7} o] 9] FEZ A FF X510 o]
E Al 23] g4 07 ARSIt Table 1).

2.3 Agst &5 LA A=

Stock 9L o] &3to] 4FF<] AFs & 3.08
mM Sodium azideZ H7}etaL, 8§ N FALAE HF89
o2 pH 5.57F H=% St} ¢ €95 jon chromatog-
raphy® A% #43 o3 AFst §9oz o] &3lith
(Table 2).

Table 1. Initial composition of demineralization solution

Composition Concentration
Lactic acid (mM) 100
Calcium (mM) 18.0
Phosphate (mM) 6.5
Sodium azide (mM) 3.08
pH 4.3
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Table 2. Initial composition of remineralization solution

Concentration
Composition Group ~ Group ~ Group  Group
1 2 3 =
Lactic acid 10 10 10 10
(mM)
Calcium 25 2 15 1.2
(mM)
Phosphate 13 09 0.74
(mM)
Sodium azide 308 308 3.08 3.08
(mM)
pH 55 5.5 5.5 5.5
Degree of 0507  0.394  0.301  0.251
Saturation
3. HEE o5 Aol Wd A oE

50 ml ZehxE Bo &3] 4% &9 30 ml& A% Al
o] 7|5 AA7 &AM 25% gzl 293t WA
Ao AlEE HF v (1221, B9HE, =) 3ol
STl AEAA wE 1008191 ZeiolA HAE 72t
(Coolpix 950 Nikon corporation, Japan)® €3 #, &
3] &1, 294 ARl Zgaisitt.
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sl

o
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100091 ehel A B2 2 st
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7dol 2" tA4d 7 et #dstitt. Photoshop pro-
gram (Adobe)= °]&3te] 23|t A3} F9 Y 59
S THAAL 2 F AA 23] 2el9] WsE Hrleb] 9
3l Image Analyzer program (Image pro plus, Media-
cybernetics, USA)E ©]-&sto] A @3t A5 dejo] 77]
O A - A ol F91E dgste] RN FE 5=
A 27 4 Aol SAskslvh. ARt Mol 4 Ao
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Z7%38la Spread sheet program$! Excel (MS Office
2007, Microsoft, U.S.A)Z graph® 2|3+ ¥ graph?|
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Figure 1. Polarizing microscopic observation of demineralized Figure 2. Polarizing microscopic observation of remineralized
enamel (Group 1, X 100). enamel (Group 1, X 100).

Figure 3. Polarizing microscopic observation of demineralized Figure 4. Polarizing microscopic observation of remineralized
enamel (Group 2, X 100). enamel (Group 2, X 100).

Figure 5. Polarizing microscopic observation of demineralized Figure 6. Polarizing microscopic observation of remineralized
enamel (Group 3, X 100). enamel (Group 3, X 100).
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Figure 7. Polarizing microscopic observation of demineralized
enamel (Group 4, X 100).
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Figure 9. Change ratio of demineralized depth
(demineralized depth after remineralization / demineralized
depth before remineralization) X 100 (%).
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Figure 8. Polarizing microscopic observation of remineralized
enamel (Group 4, X 100).
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Figure 10. Change rate of surface lesion width
(surface lesion width after remineralization / surface lesion
width before remineralization) X 100 (%).
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Table 3. One-way ANOVA on the remineralizing
features of pH 5.5 solutions of different degree of
saturations on artificially demineralized enamel

Variable SS df MS F

Demineralized ) 7000 3 49004  0.913
depth

Surface lesion 16010 441 3 3014.163 30.705°
width

Remineralization  oa09 61 3 795564 2422
amount

*p<.05

Table 5. Surface lesion width (mm) and value change
(%) during de-and remineralization
Variable
Before
Remineralization 0.087  0.100 0.102  0.112
(mm)
After
Remineralization 0.153  0.166  0.148  0.126
(mm)
Demineralization 179.746 167.273 144.430 112.88
width (%) (12.765) (16.983) (8.608) (9.056)
Standard Deviation (SD) is in the parentheses.

Group 1 Group 2 Group 3 Group 4

PH 550A1 7|4 2EEUS] E31 Halol WE HEEo| HEs 24

P4k 4 ERFolN 2 defgton] 2ol
1 Riek A9 4874 ABE7} ol
£} 3, 4T E $4 EWF

gk oy gl v kst vt AR7RA] A g8t dojwint .
V. =2 4 ot

B Ao e HEgd 94 HAE d9Feg YAl
2 A3t AdS APSATE Ten cateo <Jshd 774
Ul SEelA ABstE AP A HEd 2Ho] 771 &
Az FEAoz Zeie] wegdd 4 Qe AW o] A,
o] F g o 7ol o] 29 Bt &7t ‘—34 Ag3}7} A gts]
, HEd Qg|Mo] Az g2 249 dgHoz A
o] Ca/PR|7} th&Fata, EfY whaild  Xef Azt 22 3

1=,
A wal Ax7E EAe7] wTel o Ao AgsiEot
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Table 4. Demineralization depth (mm) and value change
(%) during de- and remineralization
Variable

Before

Group 1 Group 2 Group 3 Group4

Remineralization — 0.413  0.569 0.377 0.509

(mm)
After
Remineralization ~ 0.432 0.592 0.398  0.56
(mm)
Demineralization 106.292 105.399107.179 111.951
Depth (%) (6.657) (5.347) (8.375) (8.582)

Standard Deviation(SD) is in the parentheses.

m?®) and value
change (%) during de-and remineralization
Variable
Before
Remineralization 19315.8 18038.3 19209.5 19217.5
(mm?)
After
Remineralization 99229 13328.7 17721.7 17848.3
(mm?)
Demineralization 132.500 133.513 116.796 109.206
depth (%) (25.378) (21.020) (7.445) (9.347)
Standard Deviation (SD) is in the parentheses.

Table 6. Remineralization amount (m

Group 1 Group 2 Group 3 Group 4
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Figure 11. Comparison of density in enamel area before and

after remineralization (Group 1).
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Figure 13. Comparison of density in enamel area before and

after remineralization (Group 3).
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Figure 12. Comparison of density in enamel area before and

after remineralization (Group 2).
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Figure 14. Comparison of density in enamel area before and

after remineralization (Group 4).

Figure 15. Change rate of remineralizalized amount before and
after remineralization ((demineralized area before
remineralization-demineralized area after remineralization/
demineralized area before remineralization) x 100 + 100 (%)).
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