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F7IAE A Ee] lom HAZE 84H| 2 90~92%°] Hl&& #FA] gtk (Robinson et

al.,, 1997). webA W A9 F3t A8 Avshsd 3o ¥4 HAE o] &3
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A WRloln E2 AFgTtel o8 o] WHe ol &3t AW A Aol o]FolA
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1. Seed AE9 1]

Crystal growth® $I3F seed®X T4 ¥E HAE o] g3ttt HA dEY (Sigma—

Aldrich Co., St Louis., MO, U.S.A., ®x3 502.31)°] 3% FHFFE

off

al
G721 7] Micro 12, Hanil, Korea) & ©o|&3}o] 33 o] Hk&E Az A|s)stiT)

o1 °F 244

)
off

ot =4 HAZx7](freeze dryer, llshin lab co., Korea) & ©]&3}¢]

N

=4 AFx F o] EZ4S seed material® AFE3FI T

_1

7} Stock &% ZA
(1) 30% 84r(Lactic acid) &89 (Sigma—Aldrich Co., St. Louis., MO, U.S.A.,

}o] ©]Z stock fHoF

o

A 90.08) o2 HE 1Mo §ds XA
AHg-sFoA Tt

(2) 93z 2435 (CaCly.2H,0) 2 (Sigma—Aldrich Co., St. Louis., MO,
USA., #24% 147.0D % FH 0.1M &945 A3t o]& stock §HOE
AHg-3Fod Tt

(3) QA& (KH,PO,) % (Sigma—Aldrich Co., St. Louis., MO, U.S.A., X}

136.09) 2 FE 0.1M £9S ZA 3] o]= stock FN0 7 AL

-5-



(4) E3IJEF (NaF) 22 (Sigma—Aldrich Co., St. Louis., MO, U.S.A., ¥}

41.99)%2 FEH 100ppm(5.26mM) &dS At ©o]F stock &HOZE

HE 8N FAEIAH(KOH) Z+&89(Sigma—Aldrich Co., St.

Louis., MO, U.S.A) % #HEx&#Ql A A]ek(Sigma—Aldrich Co., St. Louis., MO,

o

U.S.A)<= ol&3ato] AAstla, Asbds Y AAZAE stock &2 §949 2 4
1Ak o] FEZE jon chromatography (790 Personal IC, Metrohm, Herisau,
Switzerland) & 3 AZF FAste] st w3k =31 YEHF £ fluoride
combination electrode (model. 9609, Thermo scientific, Waltham, MA, U.S.A) &

o] g-3to] elsheint.

. A &9 ZA

Seeded crystal growths 9%t AibdsE st 88 A xsH7] sk FHlsH
7} stock GO EPEH ALME FubE FHshol AR, 72 &del= WRA|ZA
3.08mM2] o}x =3 YEF(NaN;) 2 (Sigma—Aldrich Co., St. Louis., MO,
U.S.A)S H7sg T v 2o 2 pH meter Model 920A, Orion Research Inc.,
Beverly, U.S.A) A5 stell FAtstds §95 H7bstol A3 ol weh pHitol
4.3% 7.00] HEH Zdsv. w4 X 7 pH #vttt 0, 1, 2, 4ppm %
Hels Fo] T 879 AHE §d& AT BE 1o A &9 xIE
(degree of saturation, DS)+= dAst=s AAEAC. o]gdA] A A3 GHN2

o

9] stock X} FE HHOR 7} o]R9] FEE

-6 -



Table 1. Initial composition of experimental solutions

Concentration
Composition
Group 1 Group 2 Group 3 Group 4
Lactic acid (mM) 10 10 10 10
Calcium (mM) 29.5 30.2 29.8 30.1
Phosphate (mM) 9.6 10.2 10.1 9.6
Sodium azide (mM) 3.08 3.08 3.08 3.08
pH 4.3 4.3 4.3 4.3
Fluoride (ppm) 0 1 2 4
Group 5 Group 6 Group 7 Group 8
Lactic acid (mM) 0 0 0 0
Calcium (mM) 0.30 0.30 0.30 0.30
Phosphate (mM) 0.10 0.10 0.10 0.10
Sodium azide (mM) 3.08 3.08 3.08 3.08
pH 7.0 7.0 7.0 7.0
Fluoride (ppm) 0 1 2 4




3. Seeded crystal growth 23 23

A8 B¥EL Mura—GalelliZ} 7|3t A3 FUs (Mura—Galelli, 1992), Fig.

Lo =23 sigick. A9 E9e dde A &A% T vessel A, AEEAE
AAe F&ow TEER I F= A% I (peristaltic pump, Masterflex® 7524,

Cole—Parmer, IL, U.S.A.), HA seed’} B% Wrs-==(reaction column), 181

iz
olo
N

5 9 Ay &5 XY A% vessel BE FAEH Utk 7479

HBol= Tygon tube(R—3603, Saint—Gobain, OH, U.S.A)E dAdsRow z+
AAF-= F7F 9IEF HEZE "Holxel ety d5o = s A4dshdt.
HESF lecc 43]8 FAMO A-bYE Adste] AEsigith vk Add

Sl=7t ofefi® et wiebe] FHow uAE AT AF &AL As HZo s
A FE5ET 2.5ml/hr) 02 f1FelN FH] vbeFE Fdeta A9y d=E

Z3 wAYZHA gk 9k ngRY o= AES] (Advantec, Toyo, Japan) &

HA
Crystal

Peristaltic Reaction

pump column

Rubber
stopper
Filter paper
Vessel A
: experimental solution Vessel B

: solution after reaction

Fig. 1. Schematic illustration of experimental set—up
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AAAA L fR AAol FAEHES S, AEFIE LFAIY] Skl =717t

o

U= ®HE ARSI 9SS F dlells seed®EA FH|E HA IS A

ullf

Fol

Ao Z4ste] 247 4mgol HAZF seed AHE¥ gtk

o] A3¥ w3 o]f3t seeded crystal growth AL 7] o] A-2oA]

APE R Foles WEFE A8t 29 &M (vessel B o A, Ak 4
&

B B

4.0 + amg o mg
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



w3k dojx AW ZTES A% 5mgd 700ule] 3N perchloric acid (HCIOy) &Y

(Sigma—Aldrich Co., St. Louis., MO, U.S.A.)9 H&Z £3AxAH ©]|= ion

b

chromatography & &3] 248t 274 HE Zg, 2Aib =4 &9 FAHE

=

i, ol % Fal Ao 54 olsstaut s

4, TA FA

A8S Z8 SAF A3 AEE SPSS Statistics 18.0 (PASW  Statistics)

m2aAe olgslel BASAT. 22 wwsh pH @ F ow@sel bg ¥ 7

-

zpo) = AAsH7] Yol o] YdHEIFEA (Two—way ANOVA) S AFE3sIgch & WHE 7
N3 Fgo] QS Ao dYUHFEA (One—way ANOVA)OZ FHu 7+ Afol&

wstelh fe 4 WA AFE AYOE Tukey testd AAFHOH S AFS

g% Fol4Ee 0.05% a3t

-10 -



A% 2R e F AReNe) 7t o]ee] 2RHE 25 BT AHE Table

20l HF-sklth

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

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

1 0 1.27 £ .50 1.83 * .28 NM
2 1 2.26 £ .61 3.56 £ .35 0.73 = .07
3 o 2 3.91 £ .48 3.31 £ .40 1.43 £ .09
4 4 4.09 £ .32 4.00 £ 41 3.35 £ .09
4Ca (10~*mM) 4P (107°m\) AF (ppm)

5 0 1.42 £ 55 572 = 45 NM
6 1 6.50 £ .41 7.12 £ 52 0.23 £ .07
7 " 2 7.89 £ .37 7.12 £ .58 0.19 £ .09
8 4 8.55 £ .23 7.96 £ .26 0.02 = .07

NM : Not measurable, no fluoride was added to the experimental solutions.

-11 -



7} AY 99 2% ol

rfo
2

Two—way ANOVAE ©o]g3lo] Za o] ARFHS FAst A3 A3 oA
pHS} B4 H% F W Alolo] w3 zREo] 9t (p<0.001). ©]o] one—way
ANOVAE o]gste] 7} i+ 18] #fol& vlwstgltt (Fig. 3).

pH7} 4.391 A& gdo]x pH7} 7.091 AP gAntt BE B4 Frola §2 8t

i)

W T o] ARFES KBl (p<0.05).

rlr

4, pH7E 7.002 xdE AE EddMe B4 & Aol wE ZE ol

AR fFeg Aolzh gllvh. 2y pHZE 4.3%1 AY AL 249 FEVF

A}
o}
o

8
o
w
~
B
(GhA

[
1o
off
bt
N
I
o}
o}
8
ro
N
M
>
o
i
2
o
=)
=
Jo
10,
_O,L‘
X
e
B>
off
bt

N

5
C C
S 4 |
E
8 3 b
F
2 2 a
[
(@]
(@]
51
O“ T T T
1 2 3 4 5 6 7 8

Group

Fig. 3. Calcium ion consumption in experimental solution after crystal
growth

Different letters denote statistically different (p<0.05).
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i}, AY g9 A o] £E

Two—way ANOVAE ©o]g3lo] QIAF o] ARFS FAst A3 A3 oA
pHS} B4 H% F W Alolo] w3 zREo] 9t (p<0.001). ©]o] one—way
ANOVAE o]gste] 7} i+ 18] #fol& vlustgltt (Fig. 4).

pH7}F 4.391 A& g pH7F 7.0¢1 ALK RE B4 FoM F235H

U] W& P o]l ArES Attt (p<0.05).

St pH7F 7.09 AE fdoMs B4 TR Aolo wE Qi o] L9 LR ake
Folst Aot gl ey pHYE 4.3¢1 AE g E= EA%E7F 1ppm¢l

23 2ppmQl 3% AfolE Aetn WE F o] frelahA Ba Es} ool

5
C

. b b
24
E
&3
£
7 ’
:2
o
(&)
81

O“ T T T

1 2 3 4 5 6 7 3

Group

Fig. 4. Phosphate ion consumption in experimental solution after crystal
growth

Different letters denote statistically different (p<0.05).
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o 4E g9 Bi ol AR

Two—way ANOVAE o]&3sto] B4 o] ARFES FA4% A AT oA
pHS} B4 % F W Alolo wsago] %t (p<0.001). ©lel one—way
ANOVAE o] g3t 7} i+ 18] #fol& vlwstgitt (Fig. 5).

47 2FEA g2 179 578 AYgd tE 6719 AT EBEA ol

2RSS B skt pHZF 4.390 A EAA pHZF 7.0 Buf HU7tE B4 55

=

o)

A glo] fFeletAl o Be w4 o] ARRE BT (p<0.05).

S, pH7ZE 7.090 AE fdoMe B4 o] AERHS EA FE7F 1ppm<l
6% 4ppm<Ql 83 Apolelwt FoArE EASFUL  (p<0.05), 67l ¥ HS
ARFE Btk ey pHZF 4.3%0 A oA = 1, 2, dppmlE =4 FETL

sobdel mhel 4 o] 29 &Rl sl okt (p<0.05).

4
C
£
8 3
o
8
s 2
g b
2]
g
15} a
S 1
- NM . NM ‘ ae €
O T T T T T i T i_V__-L_\
1 2 3 4 5 6 7 8

Group

Fig. 5. Fluoride ion consumption in experimental solution after crystal
growth

Different letters denote statistically different (p<0.05).

NM : Not measurable, no fluoride was added to the experimental solutions.

- 14 -



54

2. Seed®] AF F7HF 574
274 Fd e 5 T Wl 229 A AEESE SAE] fa AEs
AxAN 5 v Aes ol &dto] vAl A SAsT o] fheld Ad d9
seed AF& WA seed?] AF 7S ST T7MFe £ 8 23E Table
3 4 Fig. 69 HHF-3}% ),
Two—way ANOVAZE o|&ste] A% F7HS w48 A3, pHY 4 58 F
A Alolo]] WS Ago] QI (p<0.001). ©]° one—way ANOVAE o] g3slo] 2t
T Zke] zpolE mlaakglth
Zkzkol AR ENE Fal AW A WE Al F seedd] AYF TUHESE 249
F%7F 0% 1ppm¥ wi= pH7F 4.3% pH 7.0 el #9238 o7k ¢ldch. 12y
7} 2ppm¥} 4ppm<l Aol pH7F 4.390 oA pHIZF 7.090 FET F25HA
o e A S Bt (p<0.05)
pH 7} 4.3%0 APEReM = =4 571 T7Hol weh seedd HAFFol oA
7kt od pH7F 7.0 el =4 F27F 09 57 4ppmdl 8
Askdtt (p<0.05)

A =
Abol ol vl & x}7k

- 15 -



Table 3. Weight increments of the HA seed after crystal growth (Mean = S.D.)

(n=10)
group pH F Amounts of solid (mg) Increase rate
(ppm)| Before After Aweight (%)
1 0 4.00 4.34 0.34 = 0.32 8.50
2 1 4.01 5.89 1.88 £ 0.82 46.88
4.3
3 2 4.00 7.81 3.81 £ 1.29 95.25
4 4 4.00 9.97 5.97 £ 0.82 149.25
5 0 3.99 4.35 0.36 £ 0.30 9.02
6 1 4.00 5.15 1.15 £ 0.54 28.75
7.0
7 2 4.00 5.21 1.21 £ 0.27 30.25
8 4 4.01 5.50 1.49 £ 0.41 37.16
7 d
. b
0 c
E :
b
§ 4
g 3 b
%0 9 T ab ab b
‘D
O _j T T T T ﬁ T T T
1 2 3 4 5 6 7 8
Group

Fig. 6. Weight increments of the HA seed after crystal growth

Different letters denote statistically different (p<0.05).
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Table 4°]

el kel galAA o 7oA

el wgk 7t

FTHEA Ca/P HES

AAkstel o] ke Eelsklth

Table 4. Molecular ratio in crystallized samples (Mean = S.D.) (n=10)

group pH F Molecular ratio in crystallized samples
(ppm) Ca P F Ca/P

1 0 1.57% .13 0.96%+ .01 0.01%+ .01 1.64* .14
2 1 1.66% .09 1.00£ .01 0.25+ .09 1.66* .10
3 4.3 2 1.71+ .08 1.00£ .01 0.38%+ .09 1.71+ .08
4 4 1.68+ .07 1.02+ .01 0.50% .08 1.65% .07
5 0 1.36% .05 0.95+ .01 0.00%= .01 1.44* .05
6 1 1.38% .06 0.96+ .00 0.12+ .02 1.45% .07
7 " 2 1.63* .10 0.98+ .01 0.14%+ .02 1.67% .11
8* 4 1.80% .12 0.97+ .01 0.17+ .03 1.86+ .12

group* : 1 sample is missed in two groups (group 6, 8) (n=9)
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Different letters denote statistically different (p<0.05).
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Abstract

Crystal Growth of Hydroxyapatite :
Effect of Fluoride Concentration

in pH 4.3 and pH 7.0 Supersaturated Solutions

Haneol Shin
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). Each solution
was introduced into the reactive column containing HA seed by the use of a
peristaltic pump. Calcium phosphate precipitate yield crystal growth onto the HA
seed 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, and finally determined their composition to
deduce characteristics of crystals.

Results of the study are as follows.

1. During the seeded crystal growth, there were significantly more consumption
of calcium, phosphate and fluoride ions in pH 4.3 experimental solutions
than 7.0 (p<0.05).

2. As fluoride concentration increased in pH 4.3 experimental solution, 1)
Calcium, phosphate and fluoride ion consumption in experimental solutions,
2) weight increment of HA seed, and 3) fluoride ratio in crystallized
samples were increased. There were significant differences among the
groups (p<0.05) (except between group 3 and 4 in calcium ion consumption,
and between group 2 and 3 in phosphate ion consumption). But in pH 7.0
solution, these phenomena were not significant.

3. In pH 7.0 experimental solutions, analysis of crystallized samples showed
higher Ca/P ratio in higher fluoride concentration. There were significant
difference among the groups (p<0.05). But in pH 4.3 experimental solution,
there were not significant differences in Ca/P ratio.

In conclusion, in supersaturated solutions with same DS, more seeded crystal

growth were observed in pH 4.3 solutions than pH 7.0. In pH 4.3 solutions, more

seeded crystal growth showed in higher fluoride concentration until 4ppm.

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