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EFFECTS OF FLUORIDE CONCENTRATION AND
SEED MATERIAL ON SEEDED CRYSTAL GROWTH

Seung-Yeon Oh, ll-Young Jung, Kee-Yeon Kum, Chan-Young Lee
Department of Conservative Dentistry, College of Dentistry, Yonsei University

The present study was undertaken to investigate the crystal growth onto human enamel
mineral and synthetic hydroxyapatite(HA) seeds in media resembling the enamel fluid
composition. Effects of fluoride at high concentrations on the precipitation were also exami-
ned in a bench-top crystal growth model adopting a miniaturized reaction column. The
Ca, P and F concentrations and pH values of the inlet and outlet solutions were determined.
The recovered solid samples were weighed to assess the amount of minerals precipitated
during the experimental period, and finally viewed under a scanning electron microscope.

Remarkable findings were that 1) both biological and synthetic seeds with the same
total surface areas yielded similar amounts of crystal growth, 2) the amount of crystal
growth was accelerated in a manner depending on fluoride concentrations in the media,
3) SEM observations disclosed that without the addition of fluoride, precipitation of thin,
plate-like OCP crystals became prominent, but by increasing the fluoride concentration(bey-
ond 1ppm F), rod-like crystals having a pointed edge were most frequently observed, without
any evidence for precipitation of the plate-like crystals. Furthermore, the dimension of
rod-like crystals was increased in proportion to fluoride concentrations, 4) there was no
difference in the morphological feature of precipitated mineral phase upon seeding between
human enamel seed and synthetic HA seed. The overall results- support the view that
the seeded crystal growth model is of value to gain insight into the mechanism of enamel
crystal growth under fluoride regimens.
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Fig.1. Schematic illustration of experimental set-up seed crystals
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A3
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Astell A H7tE B4 FEIF EL4E W
4% Ca P, FY 5% #2%o] ART o}gy
ARA S BAAFE F718IQ) ol 7t ol

o] FAWSA T o] o]LIANLL u]
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ppmol A TA] Th FAE Fx ¥HIE By
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A7k oS (5, 2mg¥ W ot dmgd o)
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gatgln AdE dFAY 4FF(mgE 4
At (Fig. 2~4). Fig. 55 B4%% 1ppm3}
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W3S v w3 =H o]t} EN seed 9} HA seed &
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Table 1. Typical results of precipitation reactions taking place in the crystal growth model

Seed F Ionic composition in inlet/outlet solutions Amounts of solid in ‘mg

(mg) (ppm) ]Cal(mM) [P](mM) &Ca/8P pH [F1(x10°M) (a) (b) (b-a)
HA(2) 0 0.92/0.86  3.01/298 150 7.22/7.20 Al 203 214 011
HA(2) 1 0.91/061  3.00/2.82 166 7.21/720 3.3/1.0 201 3.01 100
HA(2) 2 . 097/060 3.02/282 185 7.20/7.16 6.4/4.9 202 312 110
HA(2) 4  098/058 3.03/276 148  7.21/7.19 14.1/104 2.06 3.37 131
HA(4) 0 0.92/0.77  3.01/292 166  7.22/7.18 Apk 406 420 1.98
HA(4) 1 0.91/052  3.00/275 156 7.21/7.15 3.2/0.8 403 638 235
HA(4) 2 0.92/044  3.02/270 150 7.20/7.13 6.1/1.9 406 784 3.78
HA(4) 4 0.92/029  3.02/259 146  7.20/7.10 10.7/5.7 402 989 587
EN(2) 1 0.94/0.89  2.99/295 125 .7.20/7.10  1.8/16 204 223 019
EN(18) 1 0.94/0.62  299/279 160 - 7.20/7.11 1.8/0.8  18.02 20.03 201

[#](3) s Amounts of seed crystals originally placed in the reaction column.
(b) 5 Weighed amounts of solid sample recovered at the end of experimental period.

(b-a) ; Difference between (b) and (a)

% % % 5 No fluoride was added to the experimental solutions.
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Fig. 2. Relationship between consumed Ca and various F concentrations in solution.
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Fig. 3. Relationship between consumed P.and various F 'édn'céritratibns in solution
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Fig. 6~12% ¥F3-49] original seed crys-
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Pe)7F =Y (Fig. 8), 1ppmel’de] &
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Fig. 4. Relationship between amount of crystal growth and various F concentrations.
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Fig. 5. Effects of seed material type and its total surface area.
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seed®} synthetic crystal seed Ztolle A&
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(Fig.5) SEM 270 2% 598 B4¥E9(1
ppm) AFEHA EN seed(Fig. 12)9+ HA
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tal®] Z7] € Fejoll YL & F Yo 2
1% Fearhead ¥ Nylen $9| 9Z3= At
), 23l8] WP §71A Aol FAHY
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ystal growthe] ¥H&-714& Hrisled 4431
O AYZEs EF seed?) typed] wWet 2
EolguE, g, HAETo] 2 84
HE o] 3ye W AFAFH vA= &
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Scanning electron microscopic view of original enamel seed. Amorphous
and platy crystals were observed.(x60,000)

Scanning electron microscopic view of original hydroxyapatite seed. It
showed rod-like crystal appearance.(x60,000)

Scanning electron microscopic view of crystals precipitated on HA seed
material in solution containing Oppm F. Note that large, plate-like crystals
were observed.(x170,000)

Scanning electron microscopic view of crystals precipitated on HA seed
material in solution containing 1lppm F. Rod-like crystals were most
frequently observed without evidence of precipitation of plate-like
crystals.(x60,000)

Scanning electron microscopic view of crystals precipitated on HA seed
material in solution containing 2ppm F. The crystal appearance was the
same as Fig.9, but the crystal size was larger than Fig.9.(x60,000)

Scanning electron microscopic view of crystals precipitated on HA seed
material in solution containing 4ppm F. The crystal size was larger than
Fig. 9 and 10. It was the evidence for growing-up of crystals as a role of
fluoride (x60,000)

Scanning electron microscopic view of crystals precipitated on EN seed
material in solution containing lppm F. Note that rod-like crystals were

precipitated which was the same as crystals of HA seed.(x60,000)
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