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Table 1. Experimental crystal growth solutions.

s1 10 0.1 1.39
512 10 0.2 1.82
S13 10 0.3 054
S14 10 05 0.29
S15 10 10 0.23
S21 20 01 1.35
S22 20 0.2 0.81
523 20 03 0.55
S24 20 05 0.28
S25 20 10 0.10
531 30 01 1.34
532 30 02 0.71
533 30 03 0.49
S34 30 05 0.24
535 30 1.0 0.0
541 40 0.1 133
542 40 0.2 039
543 40 0.3 0.48
S44 40 05 0.22
545 40 10 0.0

A} 200 Kv 8ol A AR TR (S-2300, Hita-
chi Co., Japan) &2 ¥&3Ar}.
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Table 2. Degree of crystal coverage on the enamel surface for the experimental crystal growth solutions grouped

in the same concentration of polyacrylic acid.

19 (1-20) 70

s12 02 730 448
s13 0 03 2190 3% 18 (12 - 30) 210 287 - 22.92
sl4 05 201 468 21 (9 - 30 2.0 2081 - 2322
si5 10 243 539 2 (10 - 30) 25 2104 - 2382
52 02 1591 580 23 (2- %) 180 1442 - 1741
3 03 B2 342 10 (20 - 30) %0 238 - 26.15
s24 & 05 702 341 11 (19 - 30 285 %13 - 27.89
$%5 10 217 54 2 (10 - 30) 210 2075 - 2357
S32 02 1787 351 16 (9 - 2) 190 1696 - 1877
S33 0 03 541 361 10 (20 - 30) 25.0 2453 - 2639
s34 05 BN 136 5 (25 - 30) 290 2856 - 2027
% 10 7B/ 3T 2 (8- 30 280 %32 - 2824
s42 02 1610 470 21 (4 -2 170 1488 - 1731
43 03 %58 373 12 (18 - 30) %5 2462 - 2645
su | ¢ 05 035 138 8 (22 - 30) 300 2899 - 2970
45 10 2828 338 14 (16 - 30) 300 2741 - 2016

* Difference of degree of crystal coverage in a group of same concentration of polyacrylic acid are tested by Mann-Whitney

test at the significant level of p<0.01.

Difference in the 10 % polyacrylic acid group: S12 < S13 =

SH4 = S15

Difference in the 20 % polyacrylic acid group: S22 < $23 < 525 < S24
Difference in the 30 % polyacrylic acid group: S32 < S33 < S35 < S34
Difference in the 40 % polyacrylic acid group: S42 < S43 < $45 =

2 4ol 1, fAR e} wid e 7H ARRLE o}
o} Zo] £F33, FLT I EQ V=g HUe
Het 2Y e YA L spheruliticd g 7 73
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E9 gejol we}l Brkeksith
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38 : 743 ugd g3 AT 23
48 : 73 gy g1 35T 2F
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Fig. 1. Histogram of the mean crystal coverage on
the enamel surface for the same concen-
tration of polyacrylic acid.
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Fig. 2. SEM photographs of etching effect of 10%
(A), 20%(B), 30%(C) and 40%(D) poly-

acrylic acid solutions on the enamel surface.
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Fig. 3, SEM photographs of the crystal coverage for
the experimental crystal growth solutions
(812, 813, 814, S15) of 10% polyacrylic acid
solution  containing  0.2M(A),  0.3M(B),
0.5M(C), and 1.0 M(D) sulfate

Fig. 4. SEM photographs of the crystal coverage for
the experimental crystal growth solutions
(822, 823, 324, 525) of 20% polyacrylic acid
solution containing 0.2 M(A), 0.3 M(B),
0.5M(C), 1.0 M(D) sulfate ion.

e 438 2FF48AL 2% JHERI H20)
AL, 20% ~ 40%9) FotadLY == 2FHYE
Eo A 9FE AR FF A2 uUsEt

ol’del 2%E FE3IY, 24 JE=E 2HIA
A& Fiol e Fk, FPolad T ¥ o]
o m5zgo oste] FFgS Terh AP F
8 9L " e A= I &S Gl
€ Fkold, EFoladyt &9 FEE 2% -
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Fig. 5. SEM photographs of the crystal coverage for
the experimental crystal growth solutions
(832, 833, 834, S35) of 30% polyacrylic acid
solution  containing  0.2M(A),  0.3M(B),
0.5M(C), 1.0M(D) sulfate ion.

Fig. 6. SEM photographs of the crystal coverage of
the experimental crystal growth solutions
(S42, 843, S44, S4b) of 40% polyacrylic acid
solutions containing 0.2M(A), 0.3M (B).
0.5M(C), 1.0M(D) sulfate ion.

40%0°1R 2R @A) A9 9T VAR gE AL
2 YyeEuit

ARL AFPJgd0| BE 2Y 9ERS 57
7+ <9 23 L 3989 Tukey's studentized
range (honest significance difference) test® <4 -
Z 5%9A] AJ3l3E A3tE Table 400 AAISIATE 2
A AEET M 2 A48 2FEAH §9L 544,
S34 ¢ Sa501H, FAA Foite gley 1t A
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Table 3. Degres of crystal coverage on the enamel surface for the experimental crystal growth solutions grouped
in the same concentration of sulfate ion.

10 730 443 9(1-20 7.0 6.14 - 845
S22 20 15691 580 23(2-25 180 1442 - 1741
532 0 30 1787 351 16 (9 - 25) 19.0 1696 - 1877
542 40 16.10 470 21 (4-25 170 1483 - 17.31
S13 10 2190 3% 18 (12 - 30) 21.0 2087 - 2292
523 03 20 2627 343 10 (20 - 30) 250 2438 - 2615
533 30 2547 361 10 (20 - 30 250 2453 - 26.39
543 40 2558 373 12 (18 - 30) 255 2462 - 2645
S14 10 2201 468 21 (9 - 30 220 2081 - 2322
S24 05 20 2102 341 11 (19 - 30) 285 2613 - 27.89
534 30 2892 136 5(25 - 30) 29.0 2856 - 29.27
S44 40 2035 138 8 (22 - 30) 300 2899 - 2970
S15 10 2243 539 20 (10 - 30) 225 21.04 - 2382
525 L0 20 2217 545 20 (10 - 30) 21.0 20.75 - 2357
535 30 2187 374 22 (8 - 30) 280 2632 - 2824
S45 40 2828 339 14 (16 - 30) 30.0 2741 - 29.16

* Comparison of the degree of crystal coverage in a group of the same concentration of sulfate ion are performed by Mann-
Whitney test at the significant level of p<0.01.
Difference in the 0.2 M sulfate ion group: S12 < S22 ~ S32 =~ S42
Difference in the 0.3M sulfate ion group: S13 < S23 = S33 =~ S$43
Difference in the 0.5M sulfate ion group: S14 < S24 ~ S34 =~ S#4
Difference in the 1.0M sulfate ion group: S15 = S25 < S35 =~ S45

0T Table 4. Result of Tukey's honestiy significant differ-
% 2% ence test for the degree of crystal coverage
§ i of the experimental crystal growth solutions.
“af 210%
2 T20%
E’s - mo A S44 S3, S5, S, S5
3’0 ] B S35, S25, S43, 833, S23
8 C S15, S25, S14, S13

D S32, S42, S22
0 § T s M 545 E _Sﬁ
Sulfate ion 0.2M } ’ 1.0M * Alphabetic letters mean the rank of degree of crystal co-

verage in the descending order. Crystal growth solutions

Fig. 7. Histogram of mean crystal coverage on the grouped in the same letter are not different at the signifi-

enamel surface for the same concentration .
of sulfate ion cant level of p<0.05 in the degree of crystal coverage.
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Table 5. Mean position of crystal length for the experimental crystal growth solutions grouped in the same
concentration of polyacrylic acid.

230 (1-24) 75

12 .2 8. 666 - 981
S13 10 0.3 1315 190 (4-23) 130 1183 - 1447
S14 : 05 2563 150 (18 - 33) 260 2460 - 26.67
S15 10 3498 150 (25 - 40) 3PS5 M0 - BT
522 0.2 12.69 300 (1-3D 11.0 1072 - 1466
523 % 0.3 1551 280 (2-30) 155 13.38 - 17.64
S24 05 20.22 345 (2 -365) 220 17.38 - 23.05
525 10 3358 240 (16 - 40) BTN 32.07 - 3509
532 02 1078 220 (1-23) 110 905 - 1251
533 03 11.30 210 (2 -23) 100 971 - 1289
534 ¥ 05 2692 300 (9 -39 260 2493 - 2890
S35 10 32.95 180 (22 - 40) 330 31.85 - 3405
542 02 1131 230 (3 - 26) 100 983 - 1279
543 0 0.3 1571 BO(1-3) 1725 1316 - 1825
S44 ‘ 0.5 22.96 375 (1 -385) 255 200 - 2592
545 10 3186 25(175- 40) 320 30.35 - 3337

* All crystal lengths are significant different in a group of same

Wallis test(Chi-square approximation).
* The smallest number indicates the longest crystal length.
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2 543, 833 # 823010 en, 2 tFo g @e 72
S15, 825, S14 B S13°1 1, 7P e AL S42,
S32, S22, S12 ©|At.

24 SEE7t 7P B8 S44, S34, S45, S35, S5
AN 273 8= A 7P Fe A& S349]
e, I thgo] S44elR L, S45, 535 B S26% H
A & HoleH, A wEgo] & 2% J&
=& vehd A S349 S4 oAk

384
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4. 238 2019 &t
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¥ 79 X (mean position)E 27 3t3L, Kruskal-Wallis
test® 439 Aol & AR 3T 2Hdole FHEHA
A Egoladide =7t 10%Q F(S12, S13,
S14, S15), 20%%) (S22, S23, S24, S25), 30%%1
(S32, S33, S34, S35) Z 40%) T(S42, S43, S44,
S4h) o2 o] YT TR EEotadst &9
oA ol st ARl HAE 9IS F
7Vetglen 1 A3E Table 59} Fig. 8ol AAI31S
o} 2H Zole &9 2F & /A 0 A& 1He =
I BE AL e slgerng £l 3
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Fig 8. Plots of mean position of the crystal length.

A for the crystal solutions of $12, S13, S14 and S15,

B for the crystal solutions of S22, 5§23, S24 and S25,

C for the crystal solutions of 832, S33, 834 and S35,

D for the crystal solutions of S42, 843, S44 and S45.

*The smallest number indicates the longest crystal
length.

5 A% dole Z2H, At S8 75 4% 2
ol ol E AL 9njdich
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ARZ1E Fig el AAlsttt. 23888l 484 7t
JME ZEoladigde Tt BUT A& @
TOoE 23 #ilo| 2% ko W) old nAe 9
&H(Table 63} Fig. 10)& 37} t5ieH, &+ Fuief ¥l
EFE B BARLE foa) ol Aoz Ug
3ok (p<0.001).

10% Zgjolag st £d& 71 A48 8 2F P&
AT(S12, S13, S14, S15)9A S12& 1383} 28 9] ¥l

HRREROM B2/013BARY SR BHOIZ 550
Z = 3

Table 6. consistency of crystal morphology for the
experimental crystal growth solutions grou-
ped in the same concentration of polyacr-
ylic acid.

S12 | 02 |88 17 0 0 |10
s13 03 | 650 267 067 017 | 10
st V05 |am 20 20 1 |
S5 10 | 067 33 48 167 | 10

Sum 017 967 717 30 | 40
52 02 195 05 0B 0 |10
B 03 | 8T 18 0 0 |10
st P[5 |17 60 18 10 |10
% 0 |0 40 317 28 |10

Sum 1938 18 50 38 | 4
52 2 |75 28 o7 0 |
B 03 | 53 417 03 017 | 10
su| P 05 |3 ser 10 0 |
% 10 | 03 3B 467 167 | 10

Sum 165 155 617 18 | 40
S42 02 917 o8 0 0 |10
3 3 | 717 28 0 0 |10
su| P [05 los 0 35 om0
St5 0 |0 05 65 30 |10

Sum 168 93 100 38 | 40

* G1: spherulitic arrangement- long crystal,
G2: spherulitic arrangement-medium crystal,
G3: random arrangement-short sharp crystal,
G4 random arrangement-short blunt crystal

* Comparisons were performed in a group of the same
concentration of polyacrylic acid by Chi-square test at the
significant level of p<0.001.
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Fig. 9, SEM photographs of the morphology of crystal
growth (G1,G2.G3,G4).

A, group 1(G1)-spherulitic arrangement and long crystal:

B. group 2(G2)-sphrulitic arrangement and medium crystal:

C. group 3(G3)-random arrangement and short sharp crystal:

D, group 4(G4)-random arrangement and short blunt crystal.
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Fig 10. Histograms of consistency of crystal mor-
phology.

A for the crystal solution of S12, S13, S14 and $15,

B for the crystal solution of S22, 523, 524 and S25,

C for the crystal solution of §32, S33, S34 and S35,

D for the crystal solution of 342, S43, S44 and $45.
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Fig. 11. SEM photograph showing slight etching of
the enamel between crystal nucleations.
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~ABSTRACT-

Effect of Concentration of Polyacrylic Acid and Sulfate ion
on the Cystal growth - A Topographic Study

Joo-Hyung Kim, Ki~Soo Lee

Department of Orthodontics, Division of Dentistry, Graduate School, Kyung Hee University

This study was designed to observe the effects of various concentration of polyacrylic acid containing different
concentration of sulfate ion on the crystal formation on the enamel surface.

Experimental crystal growth solutions were made of 10%, 20%, 30%, and 40% polyacrylic acid(molecular weight, 5,000)
solutions which containing 0.1M, 0.2M, 0.3M, 0.5M, and 1.0M sulfate ion respectively. The extracted human first bicuspid
enamel surface was contacted for 60 seconds with these solutions, washed for 15 seconds, dried, and then the crystal
topography on the enamel surface was observed under the scanning electron microscope. The crystal topography were
evaluated on the SEM photographs by degree of crystal coverage, crystal length, and consistency of crystal morphology,
and conclusions were as the follows,

1. Polyacrylic acid solution etched slightly the enamel surface, and the difference of etching effect by its concentration
was not observed.

2. The effect of concentration of polyacrylic acid on the crystal formation was less, especially that of 20% ~ 40%
polyacrylic acid was almost not different.

3. Concentration of the sulfate jon was a determinant factor in precipitating crystals on the enamel. The experimental
crystal growth solutions containing 0.1 M sulfate ion did not make crystal formation but those containing over 0.2
M sulfate ion did.

4. The degree of crystal coverage showed a tendency to increase and then decrease according to the concentration of
sulfate ion in the 20% - 40% polyacrylic acid. The experimental solutions containing 05 M sulfate ion showed the
peak of degree of crystal coverage.

5. The crystal length showed a tendency to decrease by increment of sulfate ion in the polyacrylic acid solution.

6. There was a tendency to increase the frequency of random arragement of short crystals when increasing the
concentration of sulfate ion in the polyacrylic acid solution. The lower concentration of sulfate jon in the polyacrylic
acid solutions tended to make spherulitic arrangement of crystals, the higher concentration of sulfate ion, the more
random arrangement of crystals. The experimental solutions containing 0.5M sulfate ion showed more spherulitic
arrangement than random arrangement of crystals.

7. The best one of these experimental crystal growth solutions was 30% polyacrylic acid solution containing 0.5M sulfate
ion.
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