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ABSTRACT

THE CHANGE OF THE CONFIGURATION OF HYDROXYAPATITE CRYSTALS IN ENAMEL BY
CHANGES OF PH AND DEGREE OF SATURATION OF LACTIC ACID BUFFER SOLUTION

Young-Eui Chon, Il-Young Jung, Bung-Duk Roh, Chan-Young Lee*
Department of Conservative Dentistry, College of Dentistry, Yonsei University

Since it was reported that incipient enamel caries can be recovered, previous studies have quanti-
tatively evaluated that enamel artificial caries have been remineralized with fluoride, showing simul-
taneously the increase of width of surface layer and the decrease of width of the body of legion.
There is, however, little report which showed that remineralization could occur without fluoride. In
addition, the observations on the change of hydroxyapatite crystals also have been scarcely seen.

In this study, enamel caries in intact premolars or molars was induced by using lactic acidulated
buffering solutions over 2 days. Then decalcified specimens were remineralized by seven groups of
solutions using different degree of saturation (0.212, 0.239, 0.301, 0.355) and different pH (5.0,
5.5, 6.0) over 10 days. A qualitative comparison to changes of hydroxyapatite crystals after fractur-
ing teeth was made under SEM (scanning electron microscopy) and AFM (atomic force microscopy).

The results were as follows :

1. The size of hydroxyapatite crystals in demineralized area was smaller than the normal ones.
While the space among crystals was expanded, it was observed that crystals are arranged irreg-
ularly.

2. In remineralized enamel area, the enlarged crystals with various shape were observed when the
crystals were fused and new small crystals in intercrystalline spaces were deposited.

3. Group 3 and 4 with higher degree of saturation at same pH showed the formation of large clus-
ters by aggregation of small crystals from the surface layer to the lesion body than group 1 and 2
with relatively low degree of saturation at same pH did. Especially group 4 showed complete rem-
ineralization to the body of lesions. Group 5 and 6 with lower pH at similar degree of saturation
showed remineralization to the body of lesions while group 7 didn t show it. Unlike in Group 3
and 4, Group 5 and 6 showed that each particle was densely distributed with clear appearance
rather than crystals form clusters together. (J Kor Acad Cons Dent 32(6):498-513, 2007)
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Table 1. Initial composition of the demineralization solution
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Metrohm, Switzerland)E& |83l thA] A& FA 3}
o|Z AlH9] &3] &40 AT} (Table 1).
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&35t (Table 2).
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Composition Concentration
Lactic acid (M) 0.1

Ca™ (M) 0.0142
POs” (M) 0.0092
NaN3 (M) 0.00308
pH 4.3
Degree of saturation 0.150
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Table 2. Initial composition of the remineralization solution

! 3 WElof mE GAE U tUsols B FEo| Hat

Composition Loy
1 2 3 4 5 6 7
Lactic acid (M) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Ca™ (M) 0.0275 0.0295 0.0395 0.0473 0.0093 0.0033 0.001
PO4* (M) 0.0093 0.0120 0.0166 0.0199 0.0036 0.0017 0.0008
NaN3s (M) 0.00308 0.00308 0.00308 0.00308 0.00308 0.00308 0.00308
pH 4.3 4.3 4.3 4.3 5.0 5.5 6.0
D.S* 0.212 0.239 0.301 0.355 0.288 0.304 0.289
* . Degree of saturation
indentation® & ¥ osteotome¥} mallets ©]-&3te] I} Mo 2% B 548 o3 $48 S a9l
AT 2709] 9 AlHCA shue FARIARRE o} (Figure 1).
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Figure 1. SEM micrograph of normal enamel.
A and B are shown at 10 ¢m and 30 un area from the surface layer, respectively (X 100,000).

Figure 2. SEM micrograph of demineralized enamel.
A and B are shown at 10 um and 30 un area from the surface layer, respectively (X 100,000).
The white arrow indicates intercrystalline spaces dissolved by demineralization process.

Figure 3. SEM micrograph of remineralized enamel of group 1.
A and B are shown at 10 um and 30 un area from the surface layer, respectively (X 100,000).
The white arrow indicates the combined crystals.
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Figure 4. SEM micrograph of remineralized enamel of group 2.
A and B are shown at 10 um and 30 un area from the surface layer, respectively (X 100,000).
The white arrow indicates crystals with central defects.

Figure 5. SEM micrograph of remineralized enamel of group 3.
A and B are shown at 10 um and 30 un area from the surface layer, respectively (X 100,000).
The white arrow indicates a large cluster built as a result of the growth of newly formed crystals.
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Figure 6. SEM micrograph of remineralized enamel of group 4.
A and B are shown 10 um and 30 un area from the surface layer respectively (X 100,000).

Figure 7. SEM micrograph of remineralized enamel of group 5.
A and B are shown at 10 um and 30 un area from the surface layer, respectively (X 100,000).

Figure 8. SEM micrograph of remineralized enamel of group 6.
A and B are shown 10 um and 30 un area from the surface layer, respectively (X 100,000).
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Figure 9. SEM micrograph of remineralized enamel of group 7.
A and B are shown 10 um and 30 un area from the surface layer, respectively (X 100,000).

Figure 10. AFM image of hydroxyapatite crystals of Figure 11. AFM image of hydroxyapatite crystals of
normal enamel (1.0 um X 1.0 um). demineralized enamel (1.0 gm X 1.0 um).
® 7+ ko]l A<l glal YAkEol AUetA E& o] Fr wiEH A
FHZANE YAEel 2o 3, 477 B8 cluster Yzb Abolel AA= Wit 2o RS 497
£ dAs oy O A=E A%er clusterst cluster AF T EAYE e 4799 EFoE #AAHUG
ol ¥l FZF glo] Mg A WAEA A= 50 un A (Figure 10).
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ol FASRRIS|A AR KTt 27|17} Agkom A% Atelo] &
2. AXtHHo|y ohEk o] F7kshe FFom WAt A o] Rk A
Hlslo] 52 Zs zte 4% 9 g43e da o

1) A (Figure 11).
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718 £l e A& GRI=HAT (Figure 14).
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7

ettt (Figure 15).

Figure 12. AFM image of hydroxyapatite crystals of
the remineralized enamel of group 1 at 30 um area from
the surface layer (1.0 um X 1.0 um). The black arrow
indicates a large crystal formed as a result of the
growth of pre-existing or newly formed crystals. The
white arrow indicates newly formed small crystals.

Figure 13. AFM image of hydroxyapatite crystals of
remineralized enamel of group 2 at 30 un area from the
surface layer (0.5um X 0.5 um).
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Figure 14. AFM image of hydroxyapatite crystals of
remineralized enamel of group 4 at 30 um area from the
surface layer (1.0 ym X 1.0 um).
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