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Objectives: 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. Materials and Methods: 8 groups of pH 4.3
and 7.0 calcium phosphate supersaturated solutions were prepared with different
fluoride concentrations (0, 1, 2 and 4 ppm). Calcium phosphate precipitates yield
crystal growth onto the HA seed surface while solutions flow. For evaluation of
crystallizing process, the changes of Ca”*, PO,”, F concentrations of the inlet and
outlet solutions were determined. The recovered solid samples were weighed to assess
the amount of minerals precipitated, and finally determined their composition to
deduce characteristics of crystals. Results: During the seeded crystal growth, there
were significantly more consumption of Ca®, PO,”, F in pH 4.3 solutions than pH
7.0 (p < 0.05). As fluoride concentration increased in pH 4.3 solution, Ca*, PO,>, F
consumption in experimental solutions, weight increment of HA seed, and fluoride
ratio in crystallized samples were increased. There were significant differences among
the groups (p < 0.05). But in pH 7.0 solution, these phenomena were not significant.
In pH 7.0 solutions, analyses of crystallized samples showed higher Ca/P ratio in
higher fluoride concentration. There were significant differences among the groups
(p < 0.05). But in pH 4.3 solution, there were not significant differences in Ca/P
ratio. Conclusions: Crystal growth in pH 4.3 solutions was superior to that in pH 7.0
solutions. In pH 4.3 solutions, crystal growth increased with showed in higher fluoride
concentration up to 4 ppm. (Restor Dent Endod 2012;37(1):16-23)
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(Sigma-Aldrich Co., St Louis, MO, USA, A2 502.31)0f| 32t SF4

€ 410 HAMZ2|7|(Micro 12, Hanil, Incheon, Korea)E 0|&35t0{ 33
I’é* g M2 AJESHACE. OIS OF 24A17F SO SZ 2 7|(freeze

dryer Ilshin lab co., Seoul, Korea)E 0|&5t0] 52 7212 = 0| 2%

£ seed material2 AF23EILC.

Al
=2

oat

goo| 2

Stock 29| 24|
30% FAH(Lactic acid) & (Sigma-Aldrich Co., &4t 90.08)
OZ2EH 1 MO BUZ, A3LE 243+=(CaCl,.2H,0) 22 (Sigma-
Aldrich Co., 22} 147.01)2}, QIAZE(KH,PO,) 22 (Sigma-Aldrich
Co., 22t2f 136.09)2 2Ef 22} 0.1 M 2HS ZA|5tUCt £t £}
LIE & (NaF) 22¥(Sigma-Aldrich Co., =AZF 41.99)2 £E 100 ppm
(5.26 mM) 2US ZA|5SICH.
QA stock 2US 8 N $ASIZHE(KOH) H2K M (Sigma-Aldrich
Co.) U M= IZERQI 2| A|2(Sigma-Aldrich Co.)S 02310 25t
D, Fotzs L QLS stock BU2 BAHO| Zts U Ql4t 02
9] =& & ion chromatography (790 Personal IC, Metrohm, Herisau,
Switzerland)E Sdll ¥ 2M5I0 &QISIUCE. Eot 25t LUESE &
o2 fluoride combination electrode (model 9609, Thermo scientific,
Waltham, MA, USA)S 0|23510] E0I5H2ICY.

Peristaltic pump
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%( igma-Aldrich Co.)2 H7}5t2C}. OIA|AS 2 pH meter (Model
920A, Orion Research Inc., Bevery, USA) AZ ot £ASIEE 8
WS H7toto] A =of 2t pHEto| 4.32t 7.00] EIE% Z4sA
SEE 2}
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S RA5IYUCtH BE 29| Al 20| EQ}E(degme of
saturation, DS)= YHSE2 HAT|QUCE O|ZA ZAot Mgl gue

919 stock S A2 YHOR 24 0]20] SEE ChA| Y 2443t
0 Table 12 22 555 A1 0| seeded crystal growthS 9|st
HYEHO= AESRAC
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Seeded crystal growth A% 2

Al Eéﬁ% Mura-Galelli7t 7HEHSH Zi0t SUSHH, Figure 10| &

Y 22 29 dE 8US H2 vessel A, HEE

E%j@ RECE S2LE off &= AT HI(peristaltic pump,

Masterflex 7524, Cole-Parmer, IL, USA), HA seed?} 7! t.'_*g—?-(reac-
tion column), 12|10

el Yot7| 2t
vessel B2 1AL|0 QICH Zkz2tol & tube (R-3603, Saint-

HIS3S SWE 4 gUS B

==

2= Tygon

——> Flow rate : 2-3 mL/hr

»

Reaction Rubber stopper

column

Filter paper
Vessel A
: experimental solution Vesssel B
: Solution after reaction
Figure 1. Schematic illustration of experimental set-up.
Table 1. Initial composition of experimental solutions
Composition Concentration
iti
P Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
Lactic acid (mM) 10.00 10.00 10.00 10.00 0.00 0.00 0.00 0.00
Calcium (mM) 29.50 30.20 29.80 30.10 0.30 0.30 0.30 0.30
Phosphate (mM) 9.60 10.20 10.10 9.60 0.10 0.10 0.10 0.10
Sodium azide (mM) 3.08 3.08 3.08 3.08 3.08 3.08 3.08 3.08
pH 4.30 4.30 4.30 4.30 7.00 7.00 7.00 7.00
Fluoride (ppm) 0.00 1.00 2.00 4.00 0.00 1.00 2.00 4.00
18 www.rde.ac http://dx.doi.org/10.5395/rde.2012.37.1.16
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A5
BL2E 1 cc Y& FAP(Q| MEEE HTSH0] AHZSIAACE. Bt
S A0 5=t ol 2 et E HIE0| 222 DYSHICY.
2 £ Moo ols YA R&(HT 2.5 mL/hr) 22 9JZ0f
ST Sifotll M2 o|EE Saff WHEALEZ A EICt.
39| HIEE |0l = HEZ0|(Advantec, Toyo, Tokyo, Japan)E &
O] AHE=E 511, HEZOIE 1LYA7|7] &
18 S MBS g2 Wolls seed2H &
HIE HA 222 2EZ0] 2lof Y2|A[ZiCt. 0|2 A2 (microbalance,
MC-5, Sartorius, Goettingen, Germany)2 O|25t0] A2k2 245t0]
22t 4 mgQ| HAZt seed2 A E|RACE
0] A8 P& 0|23t seeded crystal growth A& C§7]2 512
20lM 48417 Ok 2| &51R 20 s HEE Sot 4

H

rE rQ

Al 8-IB_OHO| E
2T =2 o oo 11— T
U K42 2- 3mi/hr Al0] ZHOZ AW RAISICE 22 M
ot 2 10212 BH=510] A|SHRUCH
A3ig 0p2 B0l P22E SSHD EYE S%(vessel B)O| 2
#, Ol 9 24 0|20 5E2 2Ho0l £ Mol MY 00| 2t
BlusA O7|M SYE FY H 29| 0|2 s=9 g2k 5, 0
2 222S ALt 222 2{0|S B WSHUCt. ot Y Y g
S % 01 2Y B2S CA| S2 222 5 UYS 25101 4
Y5t 2Y| RIS ALSHRACHFigure 2). D22 A0ojd 2 B
HA seed Seeded crystal growth
UAS \ 1
// T = ST /‘%4\\<
& 1 1
4.0 mg 4.0+ amg a mg
(@) (b) (b) - (a)

Figure 2. Schematic illustrations of calculating the
amounts of crystal growth. (a) Amounts of seed
crystals oriinally placed in the reaction column; (b)

Effect of fluoride on the crystal growth

22 A 5 mgY 700 uLe| 3 N perchloric acid(HCLO,) &%4(Sigma-
Aldrich Co.)9| HIEZ &3{A|A O|Z ion chromatographyS Eoff 2t
A9 258 Y22 O|R0|FCE HEN 22 AHO| Ty
HAS tFAaMol| E3iAIA o7[0IM SYE Q19| E5=E 7|81
2 o10] 2 29| 422 YS LIEHUCE. E5H 2 H20i|A Ca/P b

23 ALSH0] 0] 243 HRISHAULY.

S dYst7| 2ot Ol =4 (Two-way ANOVA)

= ARl F B 7 Do AEO0| QIS FP0s LHHIEN
7

—

A 80| 2% 0)2 223

Two-way ANOVAZ OIE310] 24 0/ 29 2023 A3t 23t 413
R01M pHet 24 & § H4 A0[o] BEZZO| UACHp < 0.001)

0[01| one-way ANOVAZ 0|235104 2t 3 29| 2{0|Z H| R 5}YC}.
pH7E 4.301 HHEHOIA pHIL 7.0 HYBHEC 2E 24 S
OlA RoltH o 2 Za 0129 A2Es EUCHp < 0.05). oHH,

of ATZ0|| Rt 2407} ARUACH. 2Lt pHI} 4.321 AF
EA0 57t 2 ppmQl 32 249 St 4 ppmQl 47 ALOIE A|

Weighed amounts of solid sampe recovered at the end QI5t ROI5HH EA =7t =01Zl0)| [}2} Bt 2% 0|2 AR2S
of experiment; (b)-(a) Difference between (b) and (a), ECHp < 0.05).
amounts of crystal growth.
Table 2. Changes in compositions of the experimental solution after experiments (Mean + SD, n = 10)
Changes in experimental solution (inlet-outlet)
PH F (ppm) Group ACa (mM) AP (mM) AF (ppm)
4.3 0 1 1.27 + 0.50° 1.83 +0.28° NM
1 2 2.26 +0.61° 3.56 + 0.35° 0.73 + 0.07°
2 3 3.91 + 0.48° 3.31+0.40 1.43 £ 0.09°
4 4 4.09 + 0.32° 4.00 + 0.41° 3.35 + 0.09°
7.0 0 5 0.01 + 0.01° 0.06 + 0.00° NM
1 6 0.07 + 0.00° 0.07 + 0.01° 0.23 + 0.07"
2 7 0.08 + 0.00° 0.07 + 0.01° 0.19 + 0.09%
4 8 0.09 + 0.00° 0.08 + 0.00° 0.02 + 0.07°
SD, standard deviation; NM, not measurable, no fluoride was added to the experimental solutions.
Different letters denote statistically different (p < 0.05).
http://dx.doi.org/10.5395/rde.2012.37.1.16 www.rde.ac 19
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A ool Qlh 0|2 223

Two-way ANOVAZ O|-835t0] QI4H 0|29 2RSS FAISH 2t A
TO|M pHY E4 S& & B4 ALO[0] X2 2HE0| UACHp < 0.
0]0j| one-way ANOVAZ 0|235t0§ 2t 7 79| 2{0|E H| W&t %LCt.

pH7} 4.301 MMM pHIL 7.0Q1 MY BUEL BE E4 55
oA ReotH o 2 P O|22 AZ2S HACHp <
7t 7.091 A BHO|M= B4 & 210|0f THE Q14 O]
of el 2017} AT 2Lt pHIt 4.3Q1 AT Ao
S7t1 ppmQl 23210} 2 ppm@l 32 ALO| 5
St 24 =7t =00 T2t B2 It 0|22 AREt
(p< 0.05).
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Two-way ANOVAZ O30} B4 0/29] 20243 A3t 23} A3
20IM pHet £4 S & H4 Aojo] D52BO| USATHp <0
0]0j| one-way ANOVAZ 0|235t0§ 2t & 79| 2{0|E H| W &t%LCt.

SAF S| R 123t 5 S AT T2 6719 HE ol &
A 0|2 AD2FS H|WSIGCE pHIt 4.301 AISI20H0j|A pH7t 7.0 &
Ch A7HE 84 s20i| 24 §o] RelstA O 22 4 0|29 A2
S HUCHp < 0.05). SHH, pHIt 7.0Q) MY UM 24 02
O AZY2 E4 &7t 1 ppm?!l 622t 4 ppmQ! 87 ALO[0]| 2 RO
27t ZA3tH 0 (p < 0.05), 670A O B AP Boict J2{Lt
pH7t 4.301 A& EUOIM= 1, 2, 4 ppmlE =4 &7t =010
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Two-way ANOVAZ 0|835t0] AT S7tdS ZAE 21t pHeYt =
L sk & #Ha Afojof 2 0
ANOVAS 0|85t0f 2} = 2t9| 2{0|S B|WStRiCt.
Zzfo] dedgUs Safl 29 Y
| = pHIt 4.32t pH 7.0 ZH0H| Fofet
2l 3R0= pH7t 4.3¢
S7HEE 2T

2 249 5=7102t 1 ppm
20|17t ACE 2Lt =Tt

=]
<0.05). pH7t 4.321 HHZUO M= 24 27t ST L2t seed
02 ZojM= 24 S=7H0

Table 3. Weight increments of the HA seed after crystal growth (Mean + SD, n = 10)

Amounts of solid(mg)

pH F (ppm) Group Before After Aweight Increase rate (%)
4.3 0 1 4.00 4.34 0.34 + 0.32° 8.50
1 2 4.01 5.89 1.88 + 0.82° 46.88
2 3 4.00 7.81 3.81+ 1.29° 95.25
4 4 4.00 9.97 5.97 + 0.82° 149.25
7.0 0 5 3.99 4.35 0.36 + 0.30° 9.02
1 6 4.00 5.15 1.15 + 0.54% 28.75
2 7 4.00 5.21 1.21 +0.27% 30.25
4 8 4.01 5.50 1.49 £ 0.41° 37.16
SD, standard deviation.
Different letters denote statistically different (p < 0.05).
Table 4. Molecular ratio in crystallized samples (Mean + SD, n=10)
Molecular ratio in crystallized samples
pH F (ppm) Group Ca p F Ca/P
4.3 0 1 1.57 £ 0.13 0.96 £ 0.01 0.01 £ 0.01° 1.64 + 0.14°
1 2 1.66 + 0.09 1.00 + 0.01 0.25 + 0.09° 1.66 + 0.10°
2 3 1.71 + 0.08 1.00 + 0.01 0.38 + 0.09° 1.71 + 0.08°
4 4 1.68 + 0.07 1.02 + 0.01 0.50 + 0.08" 1.65 + 0.07°
7.0 0 5 1.36 £ 0.05 0.95 £ 0.01 0.00 + 0.01° 1.44 £ 0.05
1 6* 1.38 + 0.06 0.96 + 0.00 0.12 + 0.02° 1.45 £ 0.07°
2 7 1.63 £ 0.10 0.98 £ 0.01 0.14 + 0.02° 1.67 + 0.11°
4 8* 1.80 £ 0.12 0.97 £ 0.01 0.17 + 0.03° 1.86 + 0.12°

SD, standard deviation.
* 1 sample is missed in two groups (groups 6 and 8, n = 9).
Different letters denote statistically different (p < 0.05).
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