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Fluorine—releasing of Dental Restoration Materials in which the Fluorine is Contained
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Abstract

Restoration materials used to investigate effects of fluorine such as enamel strengthening and
anti—caries effects in several types of dental restoration materials were five kinds including
Tonoseal(VOCO GmbH, Cuxhaven, Germany), Fuji Filling LC(GC Co. Tokyo, Japan), Quadrant
Umversal LC(CAVEX Holland BV, Netherlands), PermaCem® (DMG, Hamburg, Germany) and
Dyracﬁ AP(Dentsply GmbH, Germany), and the amount of fluorine-releasing was measured
with ICS-5000 Reagent— FreeTM Ton Chromatography(RFICTVM, Dionex, U.S.A.). The results of this
study are as follows.

1. In all types of restoration materials, the amount of fluoride-releasing was reduced with time
passage and it was declined sharply to show 51gn1f1cance in four weeks. Fuji Filling LC(12.445PM)
or resin-reinforced glass ionomer and PermaCem" ©(16.121M) or compomer were found to release
fluorine for a long term(P<.001).

2. Ionoseal(0.887M) or glass ionomer and Quadrant Universal LC(0.957M) or composite resin
released a few fluorine of 1M or less than 1M after one week, and Dyract™ AP or compomer
released fluorine of 8.631M in one week and its amount of releasing decreased dramatically in
two and four week by recording 0.175MM and 0.116PM respectively. Therefore, the effect of
releasing fluorine in four weeks was observed to be poor (P<.001).

3. Fuji Filling LC or resin-reinforced glass ionomer and PermaCem® or compomer released
fluorine of 33.372 and 1.902Pl, respectively in one week and their amount of releasing increased
to be 36.371 and 18.223M, respectively in two weeks. So, their amount of fluorine-releasing
recorded the highest levels in two weeks(P<.001).
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Fig. 1. Various cement materials and equipments that
was used in the experiment
a. Gl b. GIR c. CR d-1. CP1 d-2. CP2
e. Various equipments
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Fig. 2. Casting mold(a) and diagram(b) of specimens
preparation
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Table 1. Manufacture methods and quantity of various
restoration material

Species of ) Curing Quantity
Materials
cement method wol 2w | 3w
Gl lonosel L.C/20s 1 1 1
GIR Fuiji Filling LC | L.C/20s 1 1 1
Quadrant 1 1 1
RC Universal LC L.C/20s
CP1 PermaCem Self curing | 1 1
CP2 Dyract AP L.C/20s 1 1 1

Fig 3. Equipment and instrument that is used in
examination
a. Glass tube that is used in an experiment
b. Constant—temperature bath for experiment
c. ICS-5000 reagent—free™ lon chromatog ra
phy(RFIC™, Dionex, U.S.A.)

Aol AJ8E [CS-5000 Reagent-Free™ Ion Chrom
atography(RFICTM Dionex, US.A)E F, Cl, NO,
1, SO ¢ grol 23t Li', Na', K, Mg”, Ca”, NH" ¢]
‘”‘019-0 frel & 4 A, A4 Als T 208 59 54

7453k Aulo]tHFig. 3-cl.

EF8(standard solution)= F 71 1, 5, 10 1]
3 20 ppmO. =2 A|Fste] ARG, BE AR 4
Jo| A =& A A (coefficient of determination)”}
U=t Table 2], o] E&899 7‘7‘4 |
A EAol] A7lo] AlgAo] =tk Aotk 479

A2 [Table 3]3} 2o] TF3Fellal, w5
2g AES [Fig. 49 2th

Table 2. Coefficient of determination of standard
solution for an experiment

; Ret.. e Cal Points | Coeff. Det.(%)| Slope
time(min) | name type
4.18 F Lin 4 99.987 | 0.481

Average 99.648 0.267

Table 3. Conditions for a standard solution experiment

Std 1 P, std 5 P, std 10|  Injection
Sample name 300.0
. I, std 20 P volume:
Vialnumber 12-15 Channel cd_1
Sample type Standard Wavelength N.a.
Control Anion Bandwidth | N.a.
program
Quantif. I Dilution
method Anion—test tactor 1.000
Recording | 5411-04-25 16:56 | 2T | 1.000
time weight
Run lt|me 20.00 Sample 1.000
(min) amount
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Fig. 4. Chart that show anion-releasing by various
concentration in standard solution

1. lonoseal(G)2| =4 R Hxn EM

¢] lonoseal®] &4 #2 %
Ao A AAAFE ol =2 4l
A Table 4], 1, 2 21831 45 & f2l9 249 & U

H|, A4 2 {272 [Table 5l[Fig. 5]3} 2t}

Fu-g FehmotolQer]

Table 4. Coefficient of determination of lon oseal's

experiment
Ret. Peak Cal. Points Coeff. Slone
time(min) name | type det.(%) P
414 F Lin 4 99.954 0.440
Average 99.972 0.318

Table 5. Amount of fluorine ion that is released from
lonoseal after 1 week, 2 weeks and 4 weeks

Tem Height | Area Rel. Amount
©S) | (uS*min)| area(%) ()
F | 2.370| 0.427 | 34.920 | 0.856+0.0071
After
1week | Total | 5 gg5 | 4 253 | 100,000 2.153
anion
F |1.237] 0.149 | 8.300 | 0.341+0.003
After
2weeks| TOtal 1 g 8171 1 799 | 5650 4.240
anion
F 1.088 | 0.121 7.900 0.022+0.000
After ol
4weeks | 'ota
anion | 8012 | 1.688 | 100.000 3.968

Table 6. ANOVA analysis of fluorine ion that is
released from lonoseal after 1 week, 2
weeks and 4 weeks

Amount(PH) "
Term F P Critical Value
M=SD
After | 856+0.007
1week
After 1 341+0.003 | 218.490 | 2.36E-08* | 4.2565
2weeks
After 1 022+0.000
4weeks
*P(001

Fefl2zobo] ©1em =A< Tonoseal = A AT} 5
9] F-%k 218497} F-#-32] 5%2] 741%} 42680} =
2% Jonoseal(GDE 43 3 1, 2 1831 45 Fo] BA
FHHe B Aot = RS & F °‘°ir4{Tab1e 6l.
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Fig. 5. Chart that show amount of fluorineion that is
released from lonoseal after 1 week, 2 weeks
and 4 weeks
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Table 7. Coefficient of determination of Fuji Filling
LC's experiment

’ | Peak Cal. ’ Coeff.
Ret. time(min) e | Points deL0) Slope
4.18 F Lin 4 99.987 0.481

Average 99.585 0.283

Table 8. Amount of fluorine ion that is released from
Fuji Filling LC after 1 week, 2 weeks and 4

weeks
: Area Amount
Term Heigh . |Rel. areal%
e eight(uiS) usmin) | area(%) )
F |101.930| 16.063 | 4520 | 33.372
After
Tweek | Total |25 g5 | 35539 | 100.000 | 78.571
anion
F | 57.364 | 16.018 | 56.630 | 36.371
After
2Weeks | Total | g5 515 | 8987 | 100,000 | 48.644
anion
F | 20.047 | 15246 | 38140 | 12.445
After
dweeks | Total | 5 57, | 30201 | 100,000 | 29.008
anion
1 201125881 %2 GIR 4/19 cD_1
e
B804
B0~
407 2-Cl--5927
) z2-dfp7 ‘ArlNﬁzsﬁriiﬁE?ﬂ}SE'=11$G151‘571D(15DEE
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25.04
1-225?7 S 7 - S04Z- - 10820
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Fig. 6. Chart that show amount of fluorine ion that is
released from Fuji Filling LC after 1 week, 2
weeks and 4 weeks
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Table 9. ANOVA analysis of fluorine ion that is
released from Fuji Filling LC after 1 week, 2
weeks and 4 weeks

Amount

co_1

200 iE;TZﬁEIBJ 4 Guad 419

38010

6.25-

5.00

Term F P Critical value
M£SD
3754

After

1week |33:372%5.751 250
e |36.3701.154| 361.887 | 1.88E-11° | 3.885 12

weeks

After 1

+ roin

4weeks 12.44520.137 wuuu 25 50 75 10.0 125 150 175 200
.

P(.001 After 1 week

3. Quadrant(CR)2| 24 RelE HH
TE8 AEXAE H7Q Quadrant?] 4
ol ARAFE o}F & A1#4(99.9865%) 2
9 3[Table 10], 1, 2 183 4F & Fa| Bio
un], - 2 232 [Table 11][Fig. 713 249

o

O
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Table 10. Coefficient of determination of Quadrant for
an experiment

Ret. Peak . Coeff.
time(min) | name GEL s el det.(%) Slope
4.18 F Lin 4 99.9865 | 0.4813
Average 99.6495 | 0.3600

Table 11. Amount of fluorine ion that is released from
Quadrant after 1 week, 2 weeks and 4 weeks

Height | Area Amount
Term " | Rel.area(%
WS | Smin I
F | 3539 | 0461 | 15330 | 0.957
After
tweek | Total | 43347 | 3007 | 100,000 | 2.238
anion
F | 1616 | 0296 | 8420 | 0672
After
2weeks | Total 145 008 | 3513 | 100.000 | 4.410
anion
F 0.290
After
4weeks | Total
anion

53 #7542 Quadrant= 443 #5329
F-%k 25.047} F-#X9] 5%2] dA% 3_89gc1r anz
Quadrant® S43 3 15, X, 47 $9] B4 FElH
< B Aot v AE %MD}[Table 12].

p

20112728-1#3 Quad 4/19 CD_
T

-Cl--6.110

6.25-
5.00 35,000
275

2.50

2| £ - 4b50
125 6-11.757
/{jaﬁ'm“” 7-18383

T
0.0 25 50 75 10.0 125 15.0 17.5 200

min

After 2 weeks

Fig. 7. Chart that show amount of fluorine ion that is
released from quadrant after 1 week, 2 weeks
and 4 weeks

Table 12. ANOVA analysis of fluorine ion that is
released from Quadrant after 1 we
ek, 2 weeks and 4 weeks.(unit: M)

Amount »
Term F P Critical value
M=SD
After | 9572+0.027
1week
e |0.6718+0.039| 25.036 | 5.22E-05*|  3.885
weeks
After
e | 0.26840.006
*P(.001

4. Dyract™(Compomer2)2| £4 Sa|2F M

54 F3E7Ql Dyracte] B4 frEld A4 4
AAGE o} =2 2134(99.9865%)& 2931 Table
131, 1, 2 233 45 ¥ frEd 240 & yh) AlF
2§92 [Table 14][Fig. 813 2t}
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Table 13. Coefficient of determination of Dyract® for
an experiment

; : Peak ; Coeff.
Ret. time(min) name Cal. type| Points deL ) Slope
413 F Lin 4 99.987 | 0.4813
Average 99.650 | 0.3600

450201125681 #3 Oyract 4119 cD_1

4. anze
20,0

20,0

100

248305903
4-s042-- 11.027

After 1 week

201127281 #2 Oyract 4125 cD_1
s

10.04

7.5

5.0

25

7-16.280

After 2 weeks

Fig. 8. Chart that show amount of fluorine ion that is
released from Dyract“after 1 week, 2 weeks
and 4 weeks

Table 14. Amount of fluorine ion that is released from
Dyract ‘after 1 week, 2 weeks and 4 weeks

) Area Rel.
) (W
Term Height(uS) (uSHmin) | areal®) Amount(P)
F | 31.727 | 4.155 |45.400| 8.631
After
tweek | Total | 57803 | g 151 |100.00]  4g793
anion : ' 0 ’
F 0.731 | 0.077 | 1.710 0.175
After
2weeks | Ol | g 886 | 4505 | 2690 | 5755
anion
F 0.116
After
4weeks | Total
anion
F3x0 FEAQ Dyracts B4 43} #3X9 F-3t

49.04387F F-2¥9] 5% dAIF 3.80KT 2=
Dyract= 4% 3 157 5, 25 & 183 45 F9 &
& frEEe] B2 Aot v AS ¢ A

[Table 15].

Table 15. ANOVA analysis of quorlne ion that is
released from Dyract "after 1 week, 2
weeks and 4 weeks (Etg|: M)

Amount it
Term = P critical
MSD value
After |4 9000+0.229
1week
ZA“er 18.223041.530 | 499.044 | 2.81E-12*| 3.885
weeks
After
e | 16.0078+0.5970
*P(0.001
5. PermaCem”(Compomer1)2| £A Qa2
a4

-8 2309l PermaCem”™e] 2 2% 23]
A ARAGE oFF E2 AEAP(P9865%) S HAL
[Table 16], 1, 2 18] 31 45 & §8]¥ B4 Z 1),
A=A g f2 32 [Table 171[Fig. 913} 2t}

Table 16. Coefficient of determination of PermaCem”
for an experiment

: : Peak : Coeff.
Ret. time(min) name Cal. type| Points det o Slope
4.08 F Lin 4 99.986 | 0.481
Average 99.726 | 0.3060

Table 17. Amount of fluorine ion that is released from
PermaCem" after 1 week, 2 weeks and 4

weeks
Taim Height | Area Rel. Amount
®S) | (wS*min)| area(%) (PPy)
F | 6392 | 0915 | 7.890 1.901
After
tweek | Total | 22 335 | 11 505 | 100,000 | 31.632
anion
F | 553748026 | 59730 | 18.223
After
2weeks | TOt@l | g 501 | 13.440| 100,000 | 30.970
anion
F 16.008
After
4weeks | Total
anion
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230 FEA) PermaCem®™= 2427} B33
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Fig. 9. Chart that show amount of fluorine ion that is
released from PermaCem” after 1 week, 2
weeks and 4 weeks

Table 18. ANOVA analysis of fluorine ion that is
released from PermaCem"” after 1 week, 2
weeks and 4 weeks(unit: M)

Amount it
. . p Critical
M+SD value
Alter | 631420.123
Tweek
e |0.174820.003| 2834.185 | 8.89E-17" | 3.885
weeks
After
e 0.11560.001
*P(.001
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F 2% 4F A o8 B2 f2lEko] 0887, 0.339,
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283 12445 Molw, 25247} 71 wol ¥tk
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Table 19. ANOVA analysis of fluorine ion that is
released from various dental rest oration
material after 1 week(unit:M)

Materials  [specimen| M+SD [® P Gzl
value
lonoseal 5 0.887
(Gl +0.100
Fujifilling 5 33.372
(GIR) +2.398
Quadrant 0.957 ok
(CR) 5 +0.164 788.661| 1,08E-21* | 2.866
Perma cem 5 1.901
(CP1) +0.479
Dyract 5 8.631
(CP2) +0.351
*P¢.001
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Table 20. ANOVA analysis of fluorine ion that is
released from various dental re st oration
material after 2 weeks

(unit: M)
Materials | specimen| M£SD F P Criical
value
lonoseal 5 0.340
(G +0.044
Fuji filling 5 36.370
(GIR) +1.074
Quadrant 0.672 ok
(CR) 5 +£0.197 2367.875|1.89E-26%| 2.8661
Permacem 5 18.223
(CP1) +1.237
Dyract 5 0.175
(CP2) +0.051
*P{.001

Table 21. ANOVA analysis of fluorine ion that is
released from various dental re storation
material after 4 weeks.

(unit:P)
Materials | specimen | M=SD F P izl
value
lonoseal 5 0.021
(GI) +0.006
Fuji filling 5 12.446
(GIR) +0.370
Quadrant 0.268 opk
(CR) 5 £0.077 2063.221| 7.48E-26™ | 2.866
Permacem 5 16.008
(CP1) +0.773
Dyract 5 0.116
(CP2) +0.035
*P¢.001
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