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One of the principal problems in the composition of fluorine- 
containing dentifrices is the limited compatibility of fluorine 
compounds, on the one hand, and abrasives and other common 
dentifrice constituents, on the other. In a previous publication by 
the present author (Ericsson 1961 b)  data obtained with the use 
of radioactive fluorine were presented, which threw some light 
on these problems. The present article reports investigations car- 
ried out with the same technique on the compatibility of fluorides 
with some compounds of aluminium. Several aluminium com- 
pounds appear suitable as abrasives in dentifrices owing to their 
moderate degree of hardness and their consistency when incor- 
porated in pastes. Manly & Bibby (1949) reported that alu- 
minium ions 'had a solubility-reducing effect on dental enamel, 
which in their tests was only slightly inferior to that of fluoride 
ions. Torell (1954) found that enamel surfaces treated with 
fluoride and aluminium ions in acid buffers acquired great re- 
sistance against acid dissolution. Finally, Burnett (1957) re- 
ported that mixtures of aluminium hydroxide and aluminium 
oxide do not react appreciably with fluoride ions. 

MATERIAL AND METHODS 

The fluorides employed in the tests to be presented are sodium 
fluoride, NaF, stannous fluoride, SnF2, zirconium fluoride, ZrF4, 
and sodium monofluorophosphate, Na2P03F. The reasons for the 
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selection of sodium fluoride, stannous fluoride, and sodium 
iiionofluorophosphate are  given in :I previous publication (Erics- 
son 1961 b ) .  Zircoriiuiii fluoride was chosen for the following 
reasons. The zirconium ion may be thought to depress the soh-  
bility of dental enaiiiel to :I siiiiilar extent a s  tin (Manly & Bibby 
1949) without 1i:iving the disadwntage of occasionally forming 
brown or black sulfides in the enaiiiel surface. Preliminary tests, 
in uitro as well :is clinical, have also indicated the usefulness of 
zirconiuiii fluoride for topical applicution to tooth surfaces (Ro-  
senlimn: & Torell 1959, Tore11 & d. 1960). il later investigation 
by Tore11 i 1960; published at  the time of the present investiga- 
tion ) has, however, giyen negative result for ZrF4 as well as FeF3. 

The aluminium coiiipounds selected for the experiments were 
aluiiiiniuiii hydroxide Al (OH ) 3 ,  and aluininiuni oxide AlgO;j, both 
substances :inalytically pure; further precipitated aluiiiiniuiii 
silicate (priruni quality of British Drug House; foriiiula npproxi- 
iiiately Al&iOj . 2HgO) and kaolin (Deyolite brand;  about 83.11 % 
clay, 14.8 % felspar, 0.85 % Fe203, 0.21 YC MgO, 0.19 7; CaO; 
particle size: 99.95 

The production of F I E  and the labelling of the different fluorine 
compounds have been described in previous publications (pro- 
duction and purification of FIR:  Ericsson 1958; labelling of 
Na2P03F: Ericsson 1961 a ;  labelling of NaF and SnF;?, counting 
and calculation: Ericsson 1961 b ) .  FWabelling of zirconiuin 
fluoride solutions w a s  performed in the saiiie way as with sodium 
fluoride and stannous fluoride, i . e .  siiiiyly by mixing a zirco- 
nium fluoride solution with a solution containing carrier-free 
F18 as  fluoride ions, together with a iiiiniiiiuiii of other ions. 

Counting and recalculation were done as in our previous work 
on FIB-labelled dentifrices (Ericsson 1961 b) .  The counting error 
w a s  below 1 per cent except in one test with NaF-Al-silicate 
and enaiiiel powder, in which it reached 3-4 per cent. 

below 44 p, 48 % below 10 , p ) .  

SOLUBILITY OF THE .lI,IJJIISIUJI COMPOUSDS 

Since some of the combinations of fluorides and aluiiiiniuni 
coiiipounds were to be tested at  pH values about 5 ,  the solu- 
bilities of the oluniiniuni compounds and the resulting pH values 
were tested under the conditions intended for the main experi- 
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inents. 2-grain portions of the abrasives were shaken for 30 min. 
with 6 ml 0.1-M acetate buffer pH 5.0. The resulting pH values 
were determined, the solids were centrifuged down and aliquots 
of the supernatants evaporated. The evaporation residue of a 
like aliquot of the pure buffer was determined and subtracted, 
and the percentage of the abrasive dissolved was calculated. The 
results appear in Table 1. 

Aluminium oxide 7.40 
Aluminium oxide*) I 7.25 
Aluminium trisilicate 4.90 

0.57 
0.525 
0.00 

*)heated at 900' for 1 hour. 

Aluminium oxide was thus the only compound that showed 
any appreciable solubility and change of the pH level. 

COMPATIBILITY OF FLUORINE COhfPOIJND SOLUTIONS AND 
ALUMINIUM COitfPOIJND ARiRASIVES 

Experiments were performed according to the following me- 
thods: 2-grain portions of the abrasives were shaken for 30 min. 
in plastic tubes with 3 ml of the Fls-labelled fluoride solutions 
and 3 ml of a 0.2-M acetate buffer of a pH value chosen to give 
the desired final reaction. The fluoride solutions were 40-mM 
NaF, 40-niM Na2P03F, 20-mM SnFB or 10-mM ZrFa, thus con- 
taining equivalent concentrations of fluorine. In some of the tests 
0.2-M sodium chloride, with or without small pH-adjusting quan- 
tities of hydrochloric acid or ammonia, replaced the acetate buf- 
fers. 

After shaking, the solids were centrifuged down and the super- 
natants removed by suction. The radioactivities and the pH 
values were determined. Two 1-nil portions of each supernatant 
were then shaken for 30 inin. with 100-ing portions of powdered 
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enaniel. The enniiiel powder had been prepared according to 
Jfrrnl!l & Hotlge ( 1939), and the fraction passing sieve No. 24 but 
not No. 40 \\:IS selected for the tests (mesh widths of these sieves 
were 0.25 and 0.13 iiini, respectively ) .  

Shaking with the enamel powder m ;IS performed in siiiall 
plastic tubes fitting into the well o f  the scintillation crystal used 
for tfeterniination of the r:tdioacti\ ities. The tubes were kept 
standing during the shalting period in order to avoid losses of 
enaniel particles adhering to the stoppers. After it had been 
found that the ennniel particles sediniented coiiipletely without 
centrifug:ition, this step x i s  oiiiitted following the shaking, and 
the supernatant and three successive washings with 4 nil each 
of distilled water were removed directly by suction. 

The ;icti\ity o f  the enaiiiel powder w a s  then determined. 

Hesults 

The result4 o f  the experimental series appear in Table 2. 
It appears froiii Table 2 that the fluoride solutions :is a rule 

lost iiiost o f  their activity on sh:il<ing with :iluininium oxide or 
aluininium silicate. The subsequent uptake by the enaniel powder 
w a s  very low. Tests witti mother  precipitated :iluminiuni silicate 
(Xlercli 1 p v e  about the same results :is those listed in the table. 
The\e :ibr:isiyes :ire thus clearly unsuitable for fluoride-contain- 
ing toothpstec;. 

?‘he fixation o f  fluoride or inonofluoroplios1,17ate ions to alu- 
niiniuiii hydroxide and ltaolin shows considerable variation and 
is clearly pH-dependent in the case of sodiuni fluoride, the 
fluoride-hinding decreasing with increasing p H .  Stannous flu- 
oride, zircuniuni fluoride, and sodiuiii monofluorophosphate gave 
soniewh:it inconsistent results in this respect. pH values a t  or 
above neutrality are  apparently necessary to prevent binding of 
:I substantial fraction o f  the fluoride ions of NaF, while the tin 
mid zirconiuni ions wem to prevent most o f  the loss of  fluoride 
even in the pH range about 5 .  The loss of 1718 froin labelled 
NajI’O:3F appe:irs little dependent on the p H  values. 

The Fl8 uptalte from sodium fluoride by the powdered enaiiiel 
was clearly pH-dependent, which :ilso seenis to be the case for 
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zirconium fluoride. Stannous fluoride, which was only tested at  
pH values about 5, showed great variation after shaking with alu- 
minium hydroxide. 

TESTS IYITH SIMPLIFIED TOOTHPASTES CONT.IINING DIFFERENT 
FLI'ORIDES .IND .lLL'MINIUll HYDROXIDE OR KAOLIN 

Since aluminiuin hydroxide and kaolin were found to be satis- 
factorily coinpatible with fluoride and monofluorophosphate ions 
these abrasives were also tested together with the four fluorine 
compounds in simplified toothpastes containing in addition so- 
dium lauryl sulfate, carboxymethgl cellulose (CMC) and sorbitol, 
and buffered :It different pH levels in the same way as the solu- 
tions described in the previous section. The composition of these 
pastes appears from the following example : 

5.5 g kaolin 
0.2 g sodium lauryl sulfate 
1 g sorbitol 

5 ml 0.2-M acetate buffer pH 5.0 
5 nil 0.125-M solution of sodium fluoride, labelled with FIE. 

0.15 g CMC 

Since these pastes contained more water than ordinary tooth- 
pastes, the liquid phase could be separated by centrifugation and 
further tested by shaking with enamel powder. The adopted 
procedure was as follows: 

After mixing, the toothpastes were shaken for 30 min. and 
then centrifuged. The supernatants were removed by suction and 
their activities and pH d u e s  analyzed. Duplicate 1-nil volumes 
of each supernatant were shaken for 30 min. with 100-ing por- 
tions of powdered enamel, the procedure being the same as that 
described in the preceding section. The F18 uptake of the enamel 
powder was then determined. 

Results 

The results appear in Table 3 .  
In this series there was also a greater fixation a t  lower pH 

values of Fl8 from NaF both to the abrasives and to the enamel 
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Fluorine 

compound 
Solid phase Ena- 

Table 3 
F L 8  uptake by solid phase of toothpasles, and b y  enamel from liquid phase. 
I n  the table the uptake by the enamel powder is expressed as average of the 
duplicate tests and percentage of the activity of 0.1 ml of the original liquid 

phase. 

I 
- __ - .- 

I AI(OH),-paste I I Kaolin-paste - _ _ ~  

SnF, 

Solid phase Ena- 
uptake, mel 

65.3 
22.0 

4.85 24.F 4.90 0.0 1 4.90 I 27.3 1 :: I 5.05 1 11.6 
~ ~ _ _ _ _  

4.85 23.0 4.85 6.7 
~ 5.45 I 19.8 ~ ii ~ 8.55 ~ 29.5 

ZrF, 

I I I I I 
5.45 0.0 29 5.70 13.9 

10.3 1 18 ~ 7.35 ~ 

Na,PO,F 
~ 6.75 ~ 2.3 

~ 

17 
22 

40 
42 

__ 

40 
25 

9.0 

~~ 

powder. The results with zirconium fluoride were again some- 
what inconsistent. 

The F l S  uptake from Na2P03F by abrasives and enamel powder 
showed a rather small variation with pH in both previous test 
series, in contrast to the corresponding uptake from NaF. 

DISCUSSION 

The first result of these investigations is the elimination of 
aluminium oxide and synthetic aluminium silicate as  fluoride- 
incompatible abrasives. The report by Burnett (1957) on the 
fluoride compatibility of A1 ( OH)3-A1203 mixtures may be due 
either to a low A1203 content of his material or to some mistake. 

The compatibility of aluminium hydroxide and kaolin with 
the tested fluorides is fairly good, with the exception of NaF at 
the lower pH values. The much better results obtained with 
stannous fluoride in combination with kaolin than with stannous 
fluoride - calcium pyrophosphate, as reported in a previous 
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article (Ericsson 1961 b) ,  appears especially interesting because 
the latter combination has repeatedly been stated to have a not- 
able cariostatic effect. 

The FIR uptake by enamel powder w a s  greater throughout in 
these experiments with aluminium hydroxide and kaolin than in 
the investigation nientioned above, where other abrasives were 
tested. Even if the greater part of the fluoride content of sodiuiii 
fluoride was often lost to the aluiiiiniuin hydroxide or kaolin a t  
the lower pH values, the subsequent uptake by the enamel 
powder w a s  notably high. Greater still was the fluoride uptake 
by the enaiiiel from zirconium fluoride in the lower pH range. 

The competitive action of phosphate ions and of several or- 
ganic anions on the fluoride binding by aluiiiiniuiii compounds, 
which has been reported by, inter nl.,  Sivenson, Cole & Sieling 
(l959), should be tested for its influence on the compatibility 
of the fluoride-abrasive coiiibinations. Preliminary tests with the 
combinations NaF + Al(OH)3 or kaolin + phosphate or citrate, 
and SnFt + Al(OH)3 or kaolin + citrate resulted in a somewhat 
reduced fluoride binding to the ubrnsires and increased uptake 
by the enaiiiel powder. 

With the exception of the inconsistencies of the results ob- 
tained with stannous fluoride (well-known from previous lite- 
rature 1 the relative fluorine uptake by enamel powder from SnFz, 
NaF, and SazI-’03F agreed on the whole with the results obtained 
in the author’s previous investigations (Ericsson 1961 b ) .  Stan- 
nous fluoride thus  gave :] greater uptake a t  pH about 5 than 
sodiuiii fluoride at about neutrality, and both fluorides gave a 
greater uptake in the enamel than sodium iiionofluorophosyhate 
at any tested pH value. 

The vari:itions of the results obtained with stannous fluoride 
might he explained by the lability of this substance: iiiinor 
changes in the experimental conditions will cause notable varia- 
tions in the degree of oxidation and tin hydroxide precipitation. 
It should also be kept in mind that the pH d u e s  given in the 
tables are the final values, kvhich were reached from different 
sides during the tests. 

The relative insensitiveness of the sodium iiionofluorophos- 
phate to pH changes and the probable difference in the mode of 
reaction of this salt with the en:iniel, as coinpared with the simple 
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fluoride ions, may possibly be utilized to obtain a combined effect 
of the two ions. 

According to the results obtained in this investigation the fol- 
lowing fluoride-abrasive combinations appear to be worthy of 
clinical testing in the first rank: 

(1) NaF-A1(OH)3 and NaF-kaolin in the pH range 5-7. 
(2)  SnFe-A1(OH)3 and SnFe-kaolin at pH about 5. 
(3) ZrF4-A1(OH)3 and ZrF4-kaolin at pH 5-6. 
(4) Na2P03F-Al(OH)3 and NaePO3F-kaolin at  pH about and 

above 7. 
Clinical testing should, however, preferably also be preceded 

by investigations on the solubility-decreasing effect of these 
fluoride-abrasive combinations on standardized or randomized 
tooth surfaces. 

SUMMARY 

The compatibility of the fluorine compounds NaF, SnF2, ZrF4, 
and Na2P03F with some aluminium compounds, which might be 
employed as abrasives in toothpastes and dental polishing pastes, 
was tested using F’s as a label. Aluminium oxide and synthetic 
aluminium silicate were found to be incompatible with all the 
tested fluoride compounds while aluminium hydroxide and kaolin 
could be used in different pH ranges with the different com- 
pounds. The Fl* uptake by powdered dental enamel from the 
labelled fluorides was greater than previously found by the 
author when testing the same fluorides in combination with 
other abrasives. 

The results are discussed and the indications for clinical test- 
ing summarized. 

n B s m B  

COMPOSES D’ALUMINIUM DANS DES PLTES DENTIFRICES ICT P ~ T E S  A 

On a examink, en utilisant l’isotope de fluor radioactif Fl*, la 
compatibilitk des composCs NaF, SnFz, ZrF4 et Na2P03F avec 
quelques poudres de compostis d’aluminium, qui pourraiant etre 
utilisCs comme abrasifs dans des p5tes dentifrices et des piites 

POLIR FLUORISfiES 
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polir dentaires. On a trouve que l’oxyde d’aluiiiiniuni et le sili- 
cate d’aluniiniuiii synthktique sont incoiiipatibles aves tous les 
coii1posti.s de fluor exaininCs, tandis que I’hydroxyde d’aluininium 
et le kaolin s’accordent & des pH de niveaux diff6rents avec les 
diffCrents coniposCs. L’absorptinn par 1’Ciiiail dentaire pulvkris6 
de F18 provenant des solutions de fluorures iiiarqukes Ctait plus 
grande que celle prkalablement trouvCe par l’auteur dans des 
etudes sur les mi.iiies fluorures avec d’autres abrasifs. 

Les resultzits sont discutits, et les indications en ce qui con- 
cerne les essnis cliniques sont resuiiiees. 

Z t‘ S ?. ,If 11 EN FA S S I‘ NG 

ALUMIN I UMVERBINDUNGEN IN FLUORIDHALTIGEN ZAHNPASTEN UND 
ZA4HNARZTLICHEN POLIERPASTEN 

Die Iioiiipatibilitat der Fluorverbindungen NaF, SnFe, ZrF4 
und Na2P03F iiiit einigen rtluiiiiniuiiiverbindungen, die als 
Schleifiiiittel in Zahnpasten und zahnarztlichen Polierpasten ver- 
wendbar erscheinen, wurde niit Hilfe von FIR-Markierung unter- 
sucht. Es stellte sich heraus, dass Aluiiiiniunioxyd und synthe- 
tisches Aluiiiiniumsililrat iiiit allen gepriiften Fluorverbindungen 
unvereinbar waren, wahrend AluiiiiniiiiiihZidroxSrd und Kaolin 
zusaniiiien init diesen Fluoriden in verschiedenen pH-Gebieten 
verwendbar waren. Die Fls-Auf nahiiie von pulverisierteiii Zahn- 
schiiielz aus Liisungen von geiiierkten Fluoriden war grosser als 
fruher voin j’erfasser gefunden wurde, wenn dieselben Fluoride 
zusaniiiieii mit anderen Schleifiiiitteln untersucht wurden. 

Die Ergebnisse und die Indikationen fur die klinische Priifung 
werden diskutiert. 
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