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Fig. 1. Preparation of tooth section with thickness of 100~150.m.
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stoll pH 430¢] L= 2AEstgrh. 9 §d2 AeR2A7](747 Automatic
analyzer, Hitachi, Japan)z ¥-23le] AlzH §do Fxr} Z4 151mM, <l
9.6mMele sHolsh Al e 0w ALl ThTable 1).

Table 1. Initial composition of demineralization solution

Composition Concentration
Lactic acid (mM) 100
Calcium (mM) 15.1
Phosphate (mM) 9.6
Sodium azide (mM) 3.08
pH 43
Degree of saturation 0.155




FE 100ppme] HA3FEA FE N (100ppm NaF Standard solution, Orion
Research Inc., U. S. A)2- o]&3lo] B4 Tk 2ppmQl U7X t& ¥3leE 7}
A= BAS Axdt7] 913k, stock 8-S ©]8-3te] Table 29| o ® Ax3}
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Table 2. Initial composition of remineralization solution

Group
Composition
I I I v

Lactic acid (mM) 10 10 10 10
Calcium (mM) 20.2 284 31.2 374
Phosphate (mM) 10.0 10.0 12.0 15.0
Sodium azide (mM) 3.08 3.08 3.08 3.08
Fluoride (ppm) 2 2 2 2
pH 4.3 43 43 4.3
Degree of Saturation 0.268 0.309 0.339 0.390
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Japan)$} capture board(Miro Studio 200, Pinnacle, Germany)E ©]-8-3lo] F155¥ ol
A2 AFstATE o] 42 Scion image analyzer(Scion Corporation, Maryland, U.
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6. AFM(atomic force microscope) 32
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(@) (b) ©
Fig. 2. Microradiographic image of enamel.
(a) Before demineralization (b) After demineralization

(c) After remineralization.



(@) (b) (©) (d)

Fig. 3. Microradiographic image of dentin.

(a) Before treatment (b) After demineralization

(c) After 1 day remineralization (d) After 7 days remineralization.

Table 3. Quantitative mineral volume change (%) of enamel during de- and

remineralization and peak depth (%) of mineral deposition from the surface

Condition Enamel Enamel Peak Enamel
Demineralization Remineralization Remineralization
Group (%) (%) Depth (%)

Mean *+ S.D. Mean = S.D. Mean *+ S.D.

1 15.0£10.7 35.8+18.0 554*64

2 84+22 50.7£26.3 54.4+13.0

3 19.6+13.8 5581315 57.7+4.0

4 94+41 68.4+37.4 41.7+12.7




Fig. 4. Quantitative mineral volume change (%) of enamel during de- and

remineralization and peak depth (%) of mineral deposition from the surface.

(@) Demineralization (b) Remineralization

(c) Peak enamel remineralization depth from surface.
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Algiel Aobdold &3] 5 AFsE &N Al ¥ Frldde) wske 435t
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Table 4. Quantitative mineral volume change (%) of dentin during de- and

remineralization and peak depth (%) of mineral deposition from the surface

Condition Dentin Dentin Peak Dentin
Demineralization Remineralization Remineralization
Group (%) (%) Depth (%)

Mean *+ S.D. Mean = S.D. Mean *+ S.D.

1 782+123 33.4+20.1 541*18.1

2 783+t4.6 293+14.0 62.0+8.8

3 78.0+129 20.3+99 644+78

4 7392129 345+t127 53.7+13.1

2 253.7+102.3mPar olde] ALol=

=
Al HEA BT oF 66.2um B e A7A] €37 Aol

2 VEgtHE3 A r=044, AB3A] r=044, p<0.05). = HFAo| A =37}

-
= 5
Aot Al o] A9 AoldeAE &3]7t o] dojue AdHAdAE Ztar Ao
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Group

(©)
Fig. 5. Quantitative mineral volume change (%) of dentin during de- and

remineralization and peak depth (%) of mineral deposition from the surface.

(a) Demineralization (b) Remineralization

(c) Peak dentin remineralization depth from surface.
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Fig. 6. The relationship of mineral change of enamel and dentin.
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114.7 nm

Digital Instruments Hanoscope

Scan size S1E.4 nm
Scan rate 0.9766 Hz
Huwber of samiles 256
Twage Data Height
Data scale 114.7 nm

Fig. 7. AFM image of hydroxyapatite crystals of normal enamel.

150.0 e

T50 e

0.0 nm

Digital Instrusments Hanoscope

Scan size 500.0 nn
Zoan rate 1.8938 Hz
Husker of samples 256
lmage Data Height
Data soale 150.0 me

Fig. 8. AFM image of hydroxyapatite crystals of demineralized enamel.

14



100.0 nm

50.0 nm

0.0 nm

Digital Instruments Nanoscope

Scan size 900.0 nm
Scan rate 1.672 Hz
Number of samples 256
Image Data Height
Data scale 100.00 nmM

nM

(a)
500 400.0 nmM

200.0 nmM

0.0 nM

Digital Instruments Nanoscope

Scan size 503.2 nm
Secan rate 1.565 Hz
Number of samples 256
Image Data Height
Data scale 400.0 nm

Fig. 9. AFM image of hydroxyapatite crystals of normal dentin.
(@) Normal size hydroxyapatite crystal

(b) Large size hydroxyapatite crystal.
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100.0 nm

50.0 nm

0.0 nm

Digital Instruments Nanoscope

Scan size 500.0 nmM

Scan rate 1.672 Hz

Number of samples 256

Image Data Height

Data scale 100.0 nM
500.0 nm

250.0 nm

0.0 nm

Digyital Instruments Nanoscope

Scan size 2.000 pm
Scan rate 1.565 Hz
Number of samples 256
Image Data Height
Data scale 500.0 nm

(b)
Fig. 10. AFM image of hydroxyapatite crystals of demineralized dentin.

(@) Demineralized hydroxyapatite crystal

(b) Space between the cluster of hydroxyapatite crystal.
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500 100.0 dey

50.0 dey

0.0 dey

Digital Instruments Nanoscope

Scan size 503.1 nm
Scan rate 1.565 Hz
Number of samples 256
Image Data Phase
Data scale 100.00 dey
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Fig. 12. The image of demineralized dentin following the degree of polarizing light.
(a) Microscopic image of demineralized dentin under non-90 degree polarizing light.

(b) Microscopic image of demineralized dentin under 90 degree polarizing light.
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Abstract

The effects of the degree of saturation of acidulated buffer
solutions in enamel and dentin remineralization

and AFM observation of hydroxyapatite crystals

Jeong-Won Park, D.D.S., M.S.D.
Department of Dentistry, The Graduate School, Yonsei University
(Directed by Professor Chan Young Lee, D.D.S., M.S.D., Ph.D.)

Dental caries is the most common disease in the maxillofacial area. There
are many factors contributing to its development, but complete understanding
and prevention is not fully known.

Since the structure of the coronal and root portion of the tooth is different,
the remineralization and demineralization process is also known to be different.
In this study, by using a partially saturated buffer solution, we created artificial
enamel and dentin caries and evaluated mineral loss. A remineralization solution
with four different degrees of saturation (degree of saturation ; group 1, 0.268,
group 2, 0.309, group 3, 0.339, group 4, 0390, PH 4.3, F 2ppm) was used on a
demineralized specimen. The mineral precipitating quantity and depth was
evaluated by using microradiography.

Using an atomic force microscope(AFM), hydroxyapatite crystals of normal,

demineralized, and remineralized enamel and dentin were evaluated.

The results were as follows:

1. As the degree of saturation of the remineralizing solution increased, the
mineral precipitation in the enamel was increased. In group 4, mineral

precipitation was limited near the surface.
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2. As the degree of saturation of the remineralizing solution increased, the
mineral precipitation in the dentin was decreased and it occurred in a
deeper portion. In group 4, however, mineral precipitation occurred on

the surface and its quantity increased.

3. There was a statistically significant interaction between enamel and dentin
mineral content changes on specimens treated with remineralization and
demineralization solution (demineralization r=0.44, remineralization r=0.44,

p<0.05).

4. Demineralized hydroxyapatite crystals showed central and peripheral

dissolving and widening of intercrystal spaces under the AFM.

5. In dentin remineralization small crystal precipitation occurred between the

large crystals.

We conclude that by adjusting acidulated buffer solution’s degree of
saturation, we can control enamel and dentin remineralization. In addition, the
AFM is highly useful in evaluating changes in remineralized and demineralized

hydroxyapatite crystals.

Key words : dental caries, root caries, demineralization, remineralization, degree of

saturation, AFM(atomic force microscope), hydroxyapatite
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