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Table 1. Initial composition of experimental solutions

Concentration
group pH
Ca (mM) P (mM) F (ppm) Lactic acid (mM)
1 52.7 20.1 0 10
2 52.7 20.4 1 10
4.3
3 52.1 20.0 2 10
4 51.2 20.0 4 10
5 3.0 1.0 0 10
6 3.0 1.0 1 10
7.0
7 3.0 1.0 2 10
8 3.0 1.0 4 10

Degree of saturation of all experimental solutions were adjusted as 5.0



3. Seeded crystal growth A8 23

7h AR AR S F AY 899 ol w&9 ¥}
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e HEZE Holxol st AFow I kel ALl A dEF

Flow rate : 2-3 ml/hr

HA
Crystal

Reaction

Peristaltic

pump column

Rubber
stopper
Filter paper
Vessel A
: experimental solution Vessel B

: solution after reaction

Fig. 1. Schematic illustration of experimental set—up.
HA: hydroxyapatite
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= ﬁ*@\\"‘s 3
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4.0 mg 4.0 + . mg o mg

A B B-A

Fig. 2. Schematic illustrations of calculating the amounts of crystal growth

A : Amounts of seed crystals originally placed in the reaction column
B : Weighed amounts of solid sample recovered at the end of experiment

B-A : Difference between B and A, amounts of crystal growth
(This illustration is cited from Shin(Shin et al., 2012).)

4, TA &4

AddE Sl

Ay

49 A3 AFE SPSS Statistics 18.0 (PASW  Statistics,
Hongkong, China) ZZIHE& o]&sto] A8t 2 3k Aeol& A4 s
e ol W A (Two—way ANOVA) 2 AFE3It & W4 3F wszgo)
e Aeols ddHZRA (One—way ANOVA) o2 Aok 7+ AolE5 nlw ki)
T A BAA AMFE HACRE Tukey test®: AAEYow JME AFE %

FoE2 0.05% 3kt
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473 AA ng 5, ABEA 7 o) 2o gae Skl BAS ANE Table

Table 2. Changes in compositions of the experimental solution after
experiments (Mean = S.D.) (n=10)

group pH F Changes in experimental solution, (inlet—outlet)
(ppm) 4Ca (mM) 4P (mM) AF (ppm)

1 0 0.06 = .00 0.05 £ .00 NM
2 1 0.40 = .00 0.13 £ .01 0.16 = .01
3 s 2 0.90 £ .02 0.17 £ .01 1.15 = 11
4 4 1.00 = .04 0.34 = .02 251 £ .18

5 0 0.04 £ .00 0.02 £ .00 NM
6 1 0.05 £ .01 0.03 £ .00 0.15 £ .01
7 i 2 0.08 = .01 0.04 = .00 0.15 £ .01
8 4 0.11 £ .02 0.05 £ .01 0.15 £ .01

NM : Not measurable, no fluoride was added to the experimental solutions.
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7 AR AR dhs 3 2 ol FR9 W3l
Two—way ANOVA £ o]&3to Z&F ol L9 #Aih"ES w43 4y
AgFoA pH 9 B4 % F W5 Aol wmzrgo] 3iglth (p<0.001). o

one—way ANOVA & o] &3}o] zt ++ ko] zpolE H]w skl T,

7.0 4 A AT BE B4 sEAA FYsHA o B2 ZE ol R4

g pH 7F 7.0 o2 xdd AddgdelX=, 49 57 0 ppm, 1 ppm 2l
5 w3 6 wolAME B4 sRAte] wE AT FAA7 vk vk 2 ppm, 4
ppm 0% FE7F SUFEER GOk A ZAE ol v HAaTe] FUbeY

(p<0.05).

1.20

1.00

i
(S
0.80
0.60
d
0.40
£ 0.20 +—¢ I , - . e
0.00 | | | i i_
1 2 3 4 5 6 8

7

decrease (mM)

i0on

Group

Fig. 3. Calcium ion consumption after crystal growth

Different letters denote statistically different (p<0.05).
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U4 273 47 dke § Q4 ol =9 W

Two—way ANOVA & o|&3lo] QAb o] w%9] Zradks A3 47 AddT

oA pH 9 BA FE Alolo] wdAEo] AAtt (p<0.001). o]°] one—way

ANOVA & o] gsto] 7} & 319 Apol& Hlustict.

A% FAHd Wbg % pH7F 4.3 A7 & 173 pH 7.0 oA 8 1 Abolel &

A s gl 3ol FoAE /IS ol AlflR vE

o~
wW
o
ruz

g dlo] pH 7} 7.0 ¢ Ad gdnr; nE B =

< wolAs pH 7h

EolA FolahA B

ik o] ¥R FaFE HATH(p<0.05). FEEF pH 7} 4.3 Q1 AP G el A,

L A%E

3 pH 7} 7.0 o2 A% A gdojr= B4 5571 0 ppm, 1 ppm ¢ 53
6 T B4 FAte] wE A foxrF il oYt 2 ppm, 4 ppm O &
FEF BT GO QA QA o] FE0] Fago] F7HT (p<0.05)

0.40
S 0.35 f
E 0.30
o 0.25
)]
S 0.20 o
3} d
8 0.15
g 0.10 c . c
= 0.05 j a a i:
0.00 - . H [l
1 2 3 4 5 6 7 8
Group

Fig. 4. Phosphate ion consumption after crystal growth

Different letters denote statistically different (p<0.05).
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o 2% 4% ke ¥ B4 o2 329 W3

Two—way ANOVA £ 9|83l &4 o] F&9 #A4axws 43 23
AgFoA pH 9 B4 % F W5 Aol wmzrgo] 3iglth (p<0.001). o
one—way ANOVA & ©]&-3tof 7} o gte] Apol 5 wuskalnt

27 239 x] 4o 1 #3572 A g 6 Y ALY EA ol
TR A4S vuwsHY. pH 4.3 < AFFAoA 1 ppm ©] HI/E 2 I+
A e B oA HFrrE B2 X @AYol fosHA u Be EiA ol
o AT HATH(p<0.05).

st pH 7F 7.0 1 A3 A= EA w5 Zold wE BEAho|29 Tawh
FJgt zFol 7t SISl

3.00

’é 2.50

a,

E2.00

()]

S 150

8 b

S 1.00

o

o

S 0.50 S
NM M2 2 .
1 2 3 4 5 6 7 8

Group

Fig. 5. Fluoride ion consumption after crystal growth

Different letters denote statistically different (p<0.05)

NM : Not measurable, no fluoride was added to the experimental solutions.
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Table 3. Weight increment of the seeded hydroxyapatite (HA) after crystal
growth (Mean = S.D.) (n=10)

(ppm) Before After Aweight (%)
1 0 4.00 4.39 0.39 = .01 9.75
2 1 4.00 4.60 1.60 £ .13 40.00
4.3
3 2 4.00 7.59 3.59 £ .10 89.75
4 4 4.00 9.35 5.35 £ .24 133.75
5 0 4.00 4.15 0.15 £ .02 3.75
6 1 4.00 4.24 0.24 = 01 6.00
7.0
7 2 4.00 4.37 0.37 £ .02 9.25
8 4 4.00 4.45 0.45 £ .01 11.25
6.00 f
“ob
\E/ 5.00
8 4.00 e
©
e
3 3.00
8
— 2.00 d
=
2 1.00
§ . C a ab C
0.00 __. - [ | ._
1 2 3 4 5 6 8
Group

Fig. 6. Weight increment of the HA seed after crystal growth
Different letters denote statistically different (p<0.05).
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333 AGol AMEEE AY H7E W o2 X-—ray diffraction study (Aoba et al.,
1978), A& v 7 (Haikel et al., 1983), A|#H uAHd % =74 "W (Featherstone
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Abstract

Effect of Fluoride Concentration on the crystal growth of
hydroxyapatite in pH 4.3 and pH 7.0 Supersaturated

Solutions

Sungjoo Moon
Department of Dentistry

The Graduate School, Yonsei University

(Directed by Chan—Young Lee, D.D.S., M.S.D., D.D.Sc.)

The present study was undertaken to investigate the crystal growth onto
synthetic hydroxyapatite (HA) seeds in pH 4.3 and pH 7.0 supersaturated
solutions with different fluoride concentrations.

8 groups of pH 4.3 and 7.0 calcium phosphate supersaturated solutions were
prepared with different fluoride concentration (0, 1, 2 and 4ppm) and the all of
solutions were set to have same degree of saturation (5.0). Each solution was
introduced into the reactive column containing seeded HA by the use of a
peristaltic pump. Calcium phosphate precipitate yield crystal growth onto the
seeded HA surface while solutions flow the reactive column. For evaluating of
crystallizing process, the changes of calcium, phosphate and fluoride ion
concentrations of the inlet and outlet solutions were determined. The recovered

solid samples were weighed to assess the amount of minerals precipitated
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during the experimental period. As results, there were significantly more
concentration decrease of calcium, phosphate and fluoride ions in pH 4.3 and
weight increment of seeded HA (p<0.05). As fluoride concentration increased in
pH 7.0 experimental solutions, consumption of calcium and phosphate ion, and
weight increment were significantly increased (p<0.05, except some groups.),
but consumption of fluoride ion did not (p>0.05). Comparing the amount of ion
consumption and weight increase to pH 4.3 experimental solutions, the amount

of increment was much lower.

Conclusion of the study is as follows.

1. During the seeded crystal growth, there were significantly more
concentration decrease of calcium, phosphate and fluoride ions in pH 4.3

experimental solutions than 7.0.

2. As fluoride concentration increased in pH 4.3 experimental solution,

crystal of seeded HA was increased.

3. As fluoride concentration increased in pH 7.0 experimental solution,
crystal of seeded HA were increased. But, comparing the amount of
crystal growth to pH 4.3 experimental solutions, the amount was much

lower.
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In conclusion, in supersaturated solutions with same DS, more ion consumption
and seeded crystal growth were observed in pH 4.3 solutions than pH 7.0. Also,

fluoride ion had more positive effect on crystal growth in pH 4.3 than pH 7.0.

Key words: seeded crystal growth, hydroxyapatite, fluoride concentration, pH,

Degree of saturation (DS)
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