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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, Buck Hur*, Chan-Young Lee
Department of Conservative Dentistry, College of Dentistry, Yonser University,
Department of Conservative Dentistry, Gollege of Dentistry, Pusan National University*

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 dem-
ineralization process is also known to be different. In this study, by using a partially saturated buffer solu-
tion, 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, 0.390, 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), huydroxyapatite crystals of normal, demineralized, and reminer-
alized 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.

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, rem-
ineralization r=0.44, p{0.05).

4. Demineralized hydroxyapatite crystals showed central and peripheral dissolving and widening of inter-
crystal 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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Fig. 1. Preparation of tooth section with thickness of 100~ 150um.

ob-dak AAR P dmmrt =E2HEE nH st AE
diamond saw(ISOMET™, Buehler, U. S. A.)& o|£8}
of Ao} A% HEPaHA T4 0.8~1.0mm7t HEE A
sttt o] NS vf g3 22 HlZ flol A XopFEel £
o7 Adad o #800AtEE o] &3t 100~150um
AR Avtdtn 259 Y F AZAF

dAotd 40719 AAE A AR A (SZ-PT 40,

Olympus, Japan)stilA] ZAr}ete] Hagddzn) Aolde §-
Aoy &R e Fo] 714 ¥ FES 9 3 o474
Z 2~3mm® windowE BAI}ER, o ¥FHE AT

x

L
U R] 9% nail varnish® =314t} dnls Aol
AFEA Sdtnie] HEL AT 5 UEF A7 oA
bonding resin(Scotchbond MP®, 3M Dental Product,
USA)E T2 o Aarts shA 142 353 ¢
Ak, o] Al ¥l 24 grid(SPI grid #2040G, Au
3mm 400 mesh, West Chester. U.S.A)ZE 4583}
windowH#19] Xo}EHAAM 1mm FE Eold Az
bonding resin® °|&sta] nAdn 23 FFE Ak
(Fig. 1).

2. M% %] Hx

1) Stock &< A=

30% lactic acid(Sigma Co., ¥A¥ 90.08, 2%
1.080)E o]&3tdd 1M9] lactic acidg A2 oh& d=
=22 (Sigma Co.)AA % 8N +4+3tz-& (KOH,
potassium hydroxide, Sigma Co.) EFEH0 2 #HHs}
o g9 57} 0.976MY S EA3AT.

daldaE2(Sigma Co., ¥AE 147.0)2 o3l
0.3M9] &d& Axsta ©]F 100W 4T F AFEAY
71(747 Automatic analyzer, Hitachi, Japan)}& ©| &3]
o A 23 gd FE7t0.276MY < EelstRh,

A ZE R L (Sigma Co., BAH 136.1)% ol &84

9]
=)
n

-

0.9M9] &4& Ax F o2 6008 Aot AFFEH
71(747 Automatic analyzer, Hitachi, Japan)2 #43}
o o] £d9] xx} 0.852M% & &It

2) €3 g8 Az

Stock &9& ¢]g3t] ZF 15mM, ¢ 9.5mM, NaNs
3.08mM, Lactic acid 100mM$ #&#3ta ¥3% 0.155
7t HEE 23 89S A 23 ¥ 8N KOH EF4HE o
43l pH meter(pH meter MP220, Mettler-Toledo,
Switzerland) A&t pH 4.30} =2 A 9
9 gNE 2AFEM7 (747 Automatic analyzer,
Hitachi, Japan)2 ¥4 AzE 2o s57t 4w
15.1mM, 9 9.6mMYe Fdstx AW g3l gdez
AL&-315 T (Table 1).

3) A%l gFedel Az

5% 100ppme |3t84 EFEN(100ppm NaF
Standard solution, Orion Research Inc., U.S.A)< ©]
23l B4 5% 2ppmel WI7HA OhE TeE Tl E &
HL AzE7] sl stock SAE <[ 43t Table 2¢]
Z7ACR AZ3a o & AFEA7|Z BH BT U A
23} goloz ol felth

Table 1. Initial composition of demineralization solu-

tion
Composition Concentration
Lactic acid (mM) 100
Calcium (mM) 15.1
Phosphate (mM) 9.6
Sodium azide {mM) 3.08
pH 4.3
Degree of saturation 0.155
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Table 2. Initial composition of remineralization solu-
tion

Group

C iti
omposition I - - v

Lactic acid (mM) 10 10 10 10
Calcium (mM) 202 284 312 374
Phosphate (mM) 10.0 100 120 15.0
Sodium azide (mM) 3.08 3.08 3.08 3.08
Fluoride (ppm) 2 2 2 2

pH 43 43 43 43
Degree of Saturation 0.268 0.309 0.339 0.380
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40 with Polarizing filter, Olympus, Japan)3tils &5
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Microradiograph® d017 afellA] 80d]2 HashdA
CCD camera (Panasonic, Japan)®} capture board
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6. AFM{atomic force microscope) 2+t
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(a)

Fig. 2. Microradiographic image of enamel.

Fig. 3.

(®) (c)

(a) Before demineralization (b) After demineralization

(¢} After remineralization.

(a) (b)

Microradiographic image of dentin.

(a) Before treatment  (b) After demineralization
(¢) 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

Demineraliz= - Remineraliz—  Remineraliz-

Group ation(%) ation(%)  ation Depth(%)
Mean = 3.D. Mean £ SD. Mean £ S.D.

1 15.0£10.7 35.8+18.0 b5.416.4

2 84+2.2 50.7+26.3 54.4+13.0

3 19.6£13.8 55.8131.5 B7.7+4.0

4 94441 68.4+374 4171127
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120

100

Fig. 4. Quantitative mineral volume change (%) of enamel during de- and remineralization and peak depth (%) of
mineral deposition from the surface.

(a) Demineralization

(c) Peak enamel remineralization depth from surface.

Table 4. Quantitative mineral volume change (%) of
dentin during de-and remineralization and peak

(b) Remineralization

depth (%) of mineral deposition from the surface

Condition  Dentin Dentin ~  Peak Dentin

* Demineraliz-  Remineraliz-  Remineraliz-
Group ation(%) ~ation(%) - ation Depth(%)

Mean+S.D.  Mean®S.D. Mean+S.D.

1 78.2+12.3 33.4+20.1 54.1+18.1

2 78.3£4.6 29.3+14.0 62.0+8.8

3 78.0+12.9 20.3£9.9 644178

4 73.9£12.9 3454127 53.7+13.1
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Fig. 5. Quantitative mineral volume change (%) of dentin during de-and remineralization and peak depth (%) of min-

eral deposition from the surface.

(a) Demineralization

(b) Remineralization

(c) Peak dentin remineralization depth from surface.

Enamel-Dentin Demineralization

Dentin demineralization %
(9,1
(=]

0 5 10 15 20

B A
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()
Fig. 6.

(a) Demineralization (r=0.44, p{0.05)
{(b) Remineralization (r=0.44, p<0.05).

The relationship of mineral change of enamel and dentin.

(b)
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Fig. 7. AFM image of hydroxyapatite crystals of normal Fig. 8. AFM image of hydroxyapatite crystals of dem-

ename]. ineralized enamel.

KD @ om

Fig. 9. AFM image of hydroxyapatite crystals of normal dentin.
(a) Normal size hydroxyapatite crystal
(b) Large size hydroxyapatite crystal.

SR G ae

Rigital Incivemnts Boescape
Soam size

disital lostruments Banoscore 2.0
Scan size $10.0 X o
Soam rate LIRS R
Scan rate 8§72 iy et of
Sowher of samples
Iware Rata eyt
Inage Bata Reight Bata scale E -y
Bata scale GO0 om

Fig. 10. AFM image of hydroxyapatite crystals of demineralized dentin.
(a) Demineralized hydroxyapatite crystal
(b) Space between the cluster of hydroxyapatite crystal.
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Fig. 11. AFM image of hydroxyapatite crystals of rem-
ineralized dentin.

2. AFM 2
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o g3 FIcE FFHoR 28 o),
Extercate £9¢ Wado) 239 A#3+2 single-sec-

tion model& ©}183}3 microradiograph® #4313 Az}
o] ¥ ‘iﬁ"] Ao 774 24 JE 8 Hrished Adsit
e AL 843, A9 2 AT = microradi-
ographs &dste FAAM =&AZte] 1AZT 30&0)2
0% 71 A7le] 28822 Z7td sampled] 30l
Ueht} Ao AR ert gojzl Aol 9ledl, Bowes §°7
& ol @ BAE ) Asr) st AFE o] 83 cassette
2 A FAsto] A|Ho] AF SoA nAHY FHZ WA #
AL 3l ol 0xE ZFole WYL g EF
2 A8 o2 A9 microradiograph 45 £AT
g TAg 299 Holq Fr1de wsE £3E 4+ 3
£ gold grid® #AT o] & IEeE W B
gAdstal EA o AFAAS wolua T
Microradiograph®l BA4& 98l £ d7oxe dn7
Oﬂ CCD camera® F3ld A& #AFE AL ol A
< image analyzerZ °]43led 29 density® £
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AT F g EoA Yehde WA S Al 23 2 A
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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
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