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There is aiiiple evidence that a considerable part of the caries- 
preventive effect of fluorine is exerted through a n  uptake of 
fluoride ions in the enamel surface. A logical consequence of this 
concept is the direct locnl application of fluorides to the tooth 
surfaces, and it has eren been questioned if systeiiiic administra- 
tion on the whole would be necessary to  obtain the caries-pre- 
ventive effect. It is well known that topical application of especi- 
ally sodiuin and stannous fluorides ha5 led to  substantial caries 
reduction, although this effect seeins to be rather liinited in time. 

Incorporation of fluorides in dentifrices has consequently been 
a lure to inany workers in the field of fluorine and caries preven- 
tion. Theoretically, this form of adininistration would provide an  

of fluorine. However, the clinical results haye so far been dis- 
appointing with the exception of those obtained with a stannous 
fluoride-calciuin pyrophosphate foriiiula, and eren the latter re- 
sults haye been soniewhat inconsistent. 

There has  been speculation as to the cause of the negative re- 
sults with dentifrices containing sodiuin fluoride. The fact that 
topical application of fluoride solutions has been most effective 
when performed after c1e:tning :tnd drying the tooth surfaces 
might point to some hampering factor in  the saliva. However, 
there are iiiang proofs that fluoride is taken up  by the enamel 
in  salivary environment also (Bmdeuo ld  1956, Yoon & d. 1958, 
Ericsson 1958 b )  and that this uptake may consider:ibly increase 
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the resistance to caries (B ibby  82 al. 1955, Hoycs & trl.  1 9 3 7 ,  
Btrckcr-Dirks 1960, and others). 

There are  thus many indications that  the daily use of fluorine 
in dentifrices would furnish a n  important protection of the 
eiiaiiiel towards caries, provided that the fluorine is in a reactive 
forin and the other ingredients compatible with the fluorine coin- 
pound. The last-mentioned factors may have been the weak point 
of niany dentifrice coinpositions which have been tested so far :  
it is well known that fluoride ions are  taken up by calcium yhos- 
1) hate :i n d calciu ni c n r bon a t e, the ni o s t coin nioii 1 y u sed a br a si ve s 
of t oo t hpas t es. 

In the investigation to be reported on, the radioactive fluorine 
isotope F1H hiis been utilized for studies i n  nitro of the coinpati- 
hility of some fluorine coinpounds with different components of 
tctothpastes, and the fluorine uptake by enainel surfaces and 
powdered enamel froiii water solutions of these fluorine coni- 
pounds and froin experimental pastes of promising composition. 

Tests have also been carried out i n  vivo with fluoride-contain- 
ing toothpastes labelled with Fls, in order to throw light on the 
fluoride retention following ordinary toothbrushing procedures. 
The tracer technique niakes possible rapid and exact determina- 
tion of the fluorine distribution on n micro-scale, which would 
only with difficulty or not a t  all be iiieasurable by ordinary che- 
111 i c a 1 R na 1 y si s . 

This investigation has  been carried out partly :IS a screening 
for subsequent clinical tests. 

SotJ iom fluoride was tested a s  representing free fluoride ions 
\\ it hou t :in y specif ica 11 y act i v e cation. 

Sttrrinoits ffuoride, S n F r ,  W;IS tested for the following re:*soiis. 
Previous investigations have deiuonstrated :I great uptake of 
fluoride in the enaiiiel and :I strong reduction of the solubility 
o f  the enaiiiel on exposure to solutions of this coinpound irr uitro. 
A considerable caries reduction has further heen reported froiii 
w ve r a  1 i n \ e 5 t i g:i t io n s u sin g either topic :i 1 appl i c:i t i on of \ t :I 11 11 o u s 
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fluoride solutions or incorporation of SnF2 in a dentifrice with :i 
calcium pyrophosphate abrasive. Our tests have been made espe- 
cially with this abrasive. 

The testing of stannous fluoride was somewhat less extensive 
than that of the other fluorine compounds owing to the great 
number of previous investigations which have been carried out 
with this substance (Muhler 1955, 1958 a, b, Harris & Hester 
1959, and others). 

Sodium monofluorophosphate, NazPOsF, was tested mainly on 
the following grounds. Fluorine has been reported to be taken 
up hy the enamel froin solutions of this compound (Santesson 
1957). NaZP03F has given caries reduction in animal experiments 
(Shourie, Hein & IZodge 1950, Zipkin & McCIure 1951) and with 
topical application in children (Hawes, Sonnes & Brudeuold 
1954). The PO3F ion is stable in solution at  physiological pH 
values. CaP03F is much more soluble than CaFz and precipita- 
tion as calcium salt is thus not so imminent for solutions of 
inonofluorophosphate as for alkali fluoride solutions. The toxicity 
of Na2PO3F is much lower than that of NaF, when compared on 
the basis of the fluorine content. Finally, there are indications 
from preliminary clinical tests that fluorine is taken up by ex- 
posed cementum or dentine surfaces from solutions of NazPOyF, 
with a desensibilizing effect on these surfaces. 

The dentifrice ingredients tested in this investigation were 
selected mainly among those currently used in coniinercial pre- 
parations. 

RADIOLOGIC METHODS 

The production and purification of FIE has been described 
elsewhere (Ericsson 1958 a). FIB is distilled as SiFG, which is 
taken up in weak alkali or aniiiionia where practically complete 
hydrolysis to fluoride ions occurs. NaF and SnF2 are labelled 
simply by mixing solutions of these salts with the distillate. The 
labelling of Na2P03F with F l S  has been described by Ericsson (in 
press). In principle, i t  consists of labelling an NaF solution with 
FIE distillate taken up in ammonia, addition of a stoichionietric 
quantity of NaP03, evaporation, and fusing the two salts to 
NazPOjF at 700"-800". 



Counting was dolie in a well type scintillation detector with 
the samples in  plastic tubes fitting into the well. Liquid s:imples 
were diluted to 2 in1 in these tubes before counting. 

All  countings were timed on the minute and no counting ex- 
ceeded 5 minutes. Recalcu1:ition of the counts to standard t h e  
was done using decay lines on semilog paper, drawn to fit the 
F I E  half-life of 1 1 0  niin. The Illid-time of each counting period 7;v:is 

used :is point of departure for recalculation. 
The counting error was below 1 per cent except in soiue cases 

of especially low uptake in tooth surfaces where it reac.hed a 
inaxiinuiii of 2.8 per cent. 

THE FLUORINE UPTAKE H I  ISSOLUBLE ABRASIVES FROM SOLUTIONS 
OF ’THE FLUORINE COMPOUNDS 

The following tests were carried out with abrasives that have 
been employed either in dentifrices or in  polishing pastes used 
in dental practice. 

In  plastic centrifuge tubes were weighed up  in duplo: 

1 .  2 Srains of calciuni carbonate C.P. 
2. 2 ” ” tricalciuiii phosphate C.P. 
3. 2 ” ” tricalciuni phosphate C.P., heated11 
4. 2 ” ” calcium pyrophosphate C.P. 
3 .  2 ” ” calcium pyrophosphate C.P., heated’) 
(i. 2 ” ” sodium iiietaphosphate, insoluble?) 
7 .  2 ” ” pumice powder 
8. 2 ” ” silica powder (SiOe) 
9. 2 ” ” silica gel (powder of precipitated H2Si03) 

6 in1 FIE-labelled 20-1nM sodium fluoride solution was pipetted 
illto one of each pair of tubes and in one eiiipty plastic tube 
(control). 

In the same way, 6 nil FWabel led 20-mM sodium monofluoro- 
phosphate solution was pipetted in the duplicate tubes. 

1) Hcating was performed at about 900’ for ?h hour. 

2 )  This salt mas prepared by heating sodium dihydrogen orthophosphatc 
a t  315’ f o r  two hours. 
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The tubes were stoppered and shaken for 30 inin. After brief 
centrifugation the supernatants were paper filtered and 0.1 in1 
aliquots of the filtrates analysed in the scintillation detector. 

In a separate series 10-mM freshly prepared, Fls-labelled 
stannous fluoride in 0.1-M acetate buffer pH 5.0 was shaken in 
the same way with numbers 4, 5, 6 and 8 of the abovementioned 
abrasives. The resulting pH values were between 4.75 and 5.05, 
or  in the range stated by Muhler to be ideal for a stannous 
fluoride dentifrice from the combined points of view of stability 
and solubility-decreasing effect on the enamel. 

Results 

The results are given in  Table 1. 

Table 1. 
Activities remaining in solution after shaking 20-mM solutions of NuF and 

NasPOtF or 10-mM solution of SnFz, all FIE-labelled, w i th  different 
ubrasives for  30 min.  

I Figures denote per cent of control. 
I 

I 
I 

91.3 95.7 14.2 

88.0 ______ 

NaF 

1 StlE', 

From sodium fluoride solution the loss of fluoride was very 
great to silica gel and quite substantial to the calcium salts, 
although heating of the calcium phosphates made these much 
less reactive. No fluoride was lost to sodium metaphosphate and 
very little to anhydrous silica powder. Stannous fluoride lost 
much more of its activity to unheated calcium pyrophosphate 
than did sodium fluoride, otherwise about the same. 

From sodium nionofluorophosphate the loss of fluorine to cal- 
cium pyrophosphate and silica gel was less than from sodium 
fluoride solution. 

The most striking result was the complete non-reactivity of 
sodium monofluorophophate with solid calcium carbonate. 
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This was confirmed in repeated experiments, in some of which 
the concentration of sodiuin nionofluorophosphate was increased 
up to 1-M. Repeated tests with 20-111M or 10-niM solutions, re- 
spectively, also gave essentially unchanged results for the other 
coinbinations of fluorine compounds and abrasives. This was 
also the case with widely varying grades of courseness of an- 
hydrous silica powder. However, when stannous fluoride solu- 
tions were shaken with different commercial preparations of 
calcium pyrophosphate - with or without previous heating of  
the abrasive -- considerable variations were encountered, indicat- 
ing a strong influence of the purity and crystal structure 011 thc 
fluoride uptake. 

THE FLVORINE UPTAKE BY ENAMEL POWDER AND INTACT ENAMI?L 
SURFACES FIIOM SOLUTIONS O F  D I F F E R E N T  FLUORIDES 

Of fundamental importance seeins to be the fluorine uptake 
by the enamel from water solutions of the fluorine coinpounds 
that may be considered for use in dentifrices. This was tested 
with FWabelled solutions of sodium fluoride, sodium mono- 
fluorophosphate and stannous fluoride; the F1S uptake of both 
powdered and intact enamel was studied. 

Comparison of sodium fluoride and sodium monofluorophosphate 

First series 

The solutions used had the following coinpositions. 

j 20-111M Fls-labelled sodium fluoride 
A 1 10-mM sodium chloride 

20-n1M Fls-labelled sodiuiii nionofluorophosphate 
10-mM sodiuin chloride I 

The pH value of both solutions was adjusted precisely to 7.0 
with hydrochloric acid or sodium hydroxide. 

I. Powdered tooth enamel was prepared according to Manly  dt- 
Hodge (1939). The fraction passing sieve No. 24 but not No. 40 
was selected (mesh widths 0.25 and 0.15 mm, respectively). Du- 
plicate 100 mg portions were shaken for 30 min in roundbot- 
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toined plastic tubes with 2 in1 aliquots of solution A and B, re- 
spectively. The tubes were kept standing in order to avoid loss 
of enamel powder when reinoving the stoppers. 

The tubes were centrifuged, the supernatant suctioned off and 
the residue centrifuge washed with 3x4 ml distilled water. The 
activities of the enamel powders were then analyzed. 

11. Homologous intact premolar teeth, extracted for orthodontic 
reasons and stored in thymol-saturated saline, were cleaned with 
soft brush and water, dried and washed with acetone. The roots 
and a 1 min wide strip of the cervical enamel were covered with 
wax, which was carefully melted on to the enamel to seal along 
the cervical border. 

The crowns of each tooth pair were exposed for one hour, with- 
out shaking or stirring, to 0.5 in1 of solution A and B, respectively. 
Ten tooth pairs were thus exposed to the two solutions. 

After the exposure the teeth were rinsed in running tap water 
for 1 minute, the wax was removed and the tooth crowns were 
separated from the roots with fissure burs. The crowns were 
then placed in standard position in plastic tubes for counting in 
the well type scintillator. Aliquots of solutions A and B, which 
had different F1* activities, were also counted and a factor was 
calculated to be applied to the analyzed F l S  uptake ratios of tooth 
pairs and enamel samples in order to give the true ratios, (uptake 
from Na2P03F) : (uptake from NaF). 

FLUORIDES IN Dk:NTIFRICES 

Uptake ratio 

NaF 

Hesu Its 

I 
Factor ~ Uptake ratio 1 

NaF Na, PO,F -- x factor 1 
Na,PO,F 1 NaF 

I 

The fluorine uptake by enamel powder and intact enamel sur- 
faces is given in Tables 2 and 3, respectively. 

Table 2. 
C'ptuke of labelled fluorine b y  powdered enumel f r o m  solutions of sodium 

fluoride und sodium monofluorophosphate. 

~ 

I I 
0.46 

I ~ 

429,000 1 66,100 0.157 2.92 I 

361,000 ~ 58,000 
I 

I - ~~ 

I - Aclu odont. cnnd .  1-01. 19 
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Table 3. 

l 'pl ( tke of ltrbvlled fliioririe b y  intrrrl enrrnirl srirf(rres from solutions of 

sodirriri flrcoride (inti  sodiiim moilof~l lorophosphtrle .  

I , 1 Activities of tooth C ~ O W I I S  

~ 'loot11 
pairs Uptake from 

Ila F 

1 1 
2 
3 
4 
5 
6 
i 
H 
9 

10 

22,500 
8 ,890  

11 ,450  
24,900 
16,400 
16,000 
13.500 
19,000 
25.200 
16.500 

2,410 
1,155 
1,880 
2.160 
1,850 
3,390 
1,660 
3 , 2 1 0  
3.640 
3,900 

L:ptake ratio 

Na,PO,F 

NaF 

0 107 
0.130 
0.164 
0.087 
0.113 
0.074 
0.123 
0.169 
0.141 
0.236 

I'ptalte ratio ' 
N a 2 P 0  F ___ -- 

NaF 
x factor I (58 

0.1 8ti 
0.21N 
0.276 
0 I?(< 
0 190 
0.121 
0.207 
0.281 
0.212 
0.390 

'The fluoriiie uptake by the enniiiel powder used in the experi- 
ment was thus  not quite half :is great from {lie sodiuiii inono- 
fluoropliosphate solution :IS froin the ecpiiiiolar sodiuiii fluoride 
solution. The uptake by intact en:cineI surfares from sodiuiii 
i i ~ o n o f l u o r o ~ ~ h o s ~ ~ l i ~ ~ t e  was on the avt'rage iiot quite one t p i r t c r  
of  the uptake by the homologous surfaces from sodiuiii fluoride, 
without too large variation between toolh pairs. 

Second series 

'I'he difference betmeen sodiuiii fluoride : ind sodiuiii iiiono- 
f1uorophosph:ite w:is further tested in the  following experiment. 
1-in1 volumes of 20-1iihI solutions of sodium fluoride :inti wtliuiil 

tnunofluoropliosl,hate, respectively, both 1:ibelled with :rnd 
kept :it different pH values wit11 0.2-hf acetate 11uffe1.5, \wre 
s1i:ilten with I00 iiig portions of  enainel pomdcr i5icw 2 1  -sieve 
40 ) for 3 0  inin. The radioactiw solutions v e r e  then reiiio\ etl :ind 
the enaiiiel powder w\:ishcd :I\ deccribetl above, and the activity 
t:>lie11 LII)  bjr Lhe ~/i:riiacl powder was tletei~iiiined 11 it11 tile sciii- 

t i I  I:ition crystnl. 
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Hesctlts 

The results appear in Fig. 1 .  

25 . 

4 

*.' pH 

.VatPOaF, respec t ive ly  ( p e r  cent  of solution tcctiuity). 

5.0 6.0 7.0 

Fig. 1 .  Fl* icptake by entcmel p o w d e r  f rom solut ions  of label led NaF and 

It is seen that the enaiiiel uptake of fluorine from sodium 
fluoride decreases sharply in the pH range 4.5-6.0, while the 
corresponding uptake from the iiionofluorophosphate shows only 
sinall variation in the same range. This points to sonie funda- 
1nent:il difference in the mode of reaction with the enainel of 
the two fluorine compounds. It also indicates that the uptake 
ratio Na#O3F : NaF of enamel surfaces niight have been still 
lower than that given in Table 3, if the coinparison had been 
made at  :I lower pH value. 

Comparison of sodium fluoride and stannous fluoride 

First series  

Tests were :ilso carried out to coinpare the fluoride uptake by 
the enniiiel froiii solutions of sodium fluoride and stannous fluo- 
ride, respectively. The first experimental series was performed 
with hoiiiologous tooth pairs only and not with enamel powder. 
It w a s  thought that the precipitate forming in  the stannous fluo- 
ride solution would contain an  appreciable part of the Fie activity, 
which would be centrifuged down with the enaiiiel powder and 
introduce :I considerable error. 
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The sodium fluoride solution was the above-mentioned solu- 
tion A. The stannous fluoride solution, called C ,  had the follow- 
ing composition. 

10-niM FWabelled stannous fluoride 
10-niM acetate buffer pH 4.5 

The fluorine content was thus the saiiie as in solutions A and 
B, and the ionic strength about the same. The pH value was ad- 
justed to 4.5 because this was thought to  be about the lowest pH 
that was practical for a toothpaste, and farourable for the fluo- 
ride uptake of the enamel. 

Tests with six pairs of extracted honiologous premolars were 
perfornied as described above with the exception that the roots 
were not separated froiii the tooth crowns before counting: i t  had 
been found that the wax covering effectively excluded any up- 
take of radioactive fluorine by the roots. 

Solutions A and C had the same original activity. The preci- 
pitate forming in  C was centrifuged down in a special portion 
after half the tiipe of the tooth crown exposure, and the activity 
of the supernatant was determined in order to calculate a factor 
to correct for the difference between the two fluoride solutions. 

Results  

The correction factor (Soln. A ) :  (Soln. C) was found to he 
1.034, probably involving a s  much pipetting error as  loss of ac- 
tivity of the SnFe solution to the precipitate (see below). The 
formation of the precipitate gave rise to the usual pH decrease 
of the stannous fluoride solution, in this case to 4.1 during the 
experiment. 

The uptake of labelled fluoride by the enamel surfaces is given 
in Table 4. 

The average ratio 1.07 does not deviate significantly froiii unity, 
implying about the same fluoride uptake from the acid rtnnnou.; 
fluoride solution a s  froni neutral sodium fluoride. 

However, the distribution of the individual values was rather 
scattered, which might be thought to be due to sonie slight es- 
traction daiiiage found on sonie of the teeth on closer exnniina- 
tion. 
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Table 4. 

sodium fluoride ( A )  and stannous fluoride (C). First series. 
Uptake of labelled fluoride by  intact enamel surfaces f rom solutions of 

Tooth pair 

1 
2 
3 

ictivities of tooth crowns 

Jptake from 
NaF 

29,000 
14.200 
11,100 
21,000 
28,600 
33,000 

Jptake from 
SnF, 

18,800 
19,900 
19,900 
24,990 
18,600 
17.900 

Jptake ratic 
Sn F, 
NaF 
- 

0.629 
1.401 
1.793 
1.190 
0.650 
0.542 

Uptake ratio 

SnF, 
NaF 

x faetor 1.034 

- 

0.650 
1.419 
1.854 
1.230 
0.672 
0.560 

M = 1.07 

Second series 

A new test series was therefore performed with five pairs of 
homologous teeth, carefully selected to be free from caries and 
mechanical damage. Since it was found in subsequent tests that 
little F18 activity, or none at all, was lost with the precipitate 
(which largely consists of tin hydroxide) it was decided also to 
run tests with powdered enamel. The solutions of stannous and 
sodium fluoride and the technique employed were the same as 
described above. 

Results 

The results appear from Tables 5 and 6. 

Table 5 

Upiake of labelled fluorine from solutions of sodium fluoride 
and stannous fluoride. 

Uptalte ratio ___ 
SnF, 1 NaF 

I 
133,000 240,000 

1.96 i 126,000 I 267,000 I 
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Table 6 .  
lrplnke of Inbelled f luorine by irtttrcl eniiinel surftires f r o m  solrititrns of 

sodium f luor ide  f ind stcciiriowi f luor ide .  Second series .  

I lJptake ratio 1 Activitie? of tooth crowns 
~~ 

I 
~ Tooth Pairs 1 I’ptnlie from Uptake from SIlE’, - 
1 Na F j SIIF, NaF 

I i- 

I 1 7.210 19,500 1 2 7 0  

y i  8,700 ’ 13,4CO , 1.54 

~ 1.72 5 

I 2 14,500 24,700 , 1 .G4 

9,950 1 22,700 2.28 I 

~ 18,517 26,700 
I 4  

I 

M = 1.98 
~ 

. .  

A second test with powdered enamel, performed in  the same 
way with labelled solutions of SnF:, and NaF, gave as thcs result 
an  uptake froin SnFr that was 1.59 tinies the uptake from NaF. 

It thus  appears froin the niajority of the tests that the fluorine 
uptake by the enamel is greater from weakly acid solutions of 
stannous fluoride than from neutral solutions of sodium fluoride 
having the same fluorine concentr, ‘1 t’ ion. 

Influence of soluble dentifrice ingredients on fluorine uptake by enamel 
powder and intact enamel surfaces 

First  series  

Soluble dentifrice ingredients may be thought to influence the 
fluoride uptake of the enamel surfaces by changing the viscosity, 
the wetting capacity, the pH value or other qualities of thc denti- 
frices. To test this supposition, 300-niM neutral solutions were 
prepared of Fi*-labelled sodium fluoride and sodiuiii monofluoro- 
phosphate, respectively, and mixed with solutions of coni~i io~i  
dentifrice ingredients to the following final concentr a t‘ Ions. 

1 a. 100-mM NaF, water (control) 
2 a. 
3 a. 
4 a. 
5 a. ” , a?<; % sodium lauryl sulphate 
6 a. 

” 

” 

” 

, 0.1 % carboxymethyl cellulose 
, 50 vol. ‘j% glycerol 
, azL; % soap (Sapo albus) 

3 ,  

2,  

9 ,  

9 ,  

” , ?&-saturation of sodium bicarbonate (about 7, 

9.2 %>. 
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A corresponding series 1 b-6 b contained similar concentra- 
tion of Na2P03F, with otherwise the saiiie components. 

Duplicate 3 in1 portions of each solution were pipetted into 
round-bottomed plastic tubes, each containing 100 ing standard- 
ized enamel powder (sieve 24-sieve 40) .  The tubes containing 
the enamel powder and the solutions were treated as  dscribed in 
the preceding section. 

The uptake by inacroscopically intact enamel surfaces was 
studied in the following way. 

Homologous, intact extracted premolars were prepared and 
exposed as described above. During the preparative work the 
enamel surface was protected with a piece of rubber tubing. Three 
pairs of teeth were thus exposed to each pair of solutions, con- 
taining NaF and Na2P03F, respectively. 

After the exposure the teeth were rinsed and freed froin the 
wax as described and the activities were determined with the 
scintillation detector. 

Second series 

After it was learnt that sorbitol is graLJally replacing glycerol 
as a binding substance in toothpaste manufacturing, an experi- 
ment was made in order to compare the effect of these two sub- 
stances. About 47 % w/w sorbitol solution was used, the vis- 
cosity of which is very close to that of the 50 % v/v glycerol solu- 
tion. The experiment was performed with powdered enamel and 
intact enaniel surfaces according to the technique described above 
with the following exception: 

Three pairs of homologous tooth crowns were exposed to the 
NaF-glycerol and NaF-sorbitol solutions, respectively. Three pairs 
were exposed to NaePO3F-glycerol and NaeP03F-sorbito1, respec- 
tively. Finally, three pairs were exposed to NaF-water and 
NaePO3F-water, respectively. Closest comparison could thus be 
made between the effects of the two binding substances in this 
series. 
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Hesults 

First series 

The results of the enaiiiel powder experiments are given in Fig. 
2. The duplicate tests agreed within 10 % with the exception of 
the NaF-soap test (22 % difference). The ratio, ( %  uptake froin 
NazP03F) : ( %  uptake from NaF) was 0.21 for the water con- 
trols, 0.55 for the soap solutions, and 0.32--0.36 for the other 
solutions. 

The uptake by the tooth surfaces is given in Fig. 3. The ratio, 
( 5% uptake from NapP03F) : ( % uptake from NaF) varied between 
0.19 and 0.69 for the indvidual tooth pairs, and the variations 
within each group of three tooth pairs exposed to corresponding 

A C T I V I T Y  OF lOOmg E N A M E L  POWDER, 
%OF ACTIVITY OF O.lm1 SOLUTION.  

50  

20 

10 

COMC BLYCEROL SOAP L A U R Y L  NaHCO, 

Fig. 2. F1s uptake by  powdered enamel from labelled solutions of iVnF (open 
columns) und MarPOtF (striated columns) containing different 

solii ble ingredien ts.  

COhIC = carboxymethyl cellulose. 

S U  LPH AT E 
"*O 
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15. 
1 4 .  
13. 
12. 
1 1 .  
10. 

55 

ACTIVITY OF 3 TOOTH CROWNS, 
%OF ACTIVITY OF O . l r n l  SOLUTION 

8 "I 

COMC. GLYCEROL SOAP LAURYL NaHCO, 
S U LP HATE 

H P  

Fig. 3. Fly uptake by  homologous tooth pairs f rom labelled solutions of NaF 
(open columns) and .\'a&'O3F (striated columns) containing different 

soluble ingredients. 

Each pair of columns gives the results obtained with three pairs of 
homologous teeth. COMC = carboxymethyl cellulose. 

solutions was also considerable. However, the general trend of 
the influence of the tested soluble substances is seen to be the 
same for the intact enamel as for the enamel powder. 

Second series 

The results of the enamel powder experiments are given in 
Fig. 4. In this series, too, the duplicate tests agreed within 10 % 
with the exception of the NaF-glycerol test (20 5% difference). 
The ratio, ( %  uptake from Na2P03F) : ( %  uptake from NaF) was 
0.54-0.59 for all three solutions. 

The uptake by the tooth surfaces is given in Fig. 5. The ratios, 
( %  uptake from NaF-sorbitol solution) : ( %  uptake from NaF- 
glycerol solution) were 0.47, 0.78, 0.80 for the indvidual tooth 
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20 

10 m 

"20 GLYC. SORB. 
Fig. 1. FIR u p f d i e  b y  powdered  enumel  f r o m  iobelted solut ions of sodium 
f luoride ( o p e n  c o ~ u m n s j  and s o d i u m  monof luorophosphnte  ( s t r ia ted  co lumns  1 

containing glycerol  or sorbitol. 
Ordinate graduated a!, in Fig. 2. 

a 
6 6 

4 4 

2 2 

GL.  SO. G L . S O .  W A T E R  

Na F Na,PO,F 
Fig. 5. a )  crpfuke b y  homologous tooth pairs  from lribelled so lut ions  o f  

sodium f l u o r i d e  ond s o d i u m  monoflrtorophosphtcfe rontuining ei ther  
glycerol  ( G f . . j  or sorbi tol  (SO.). 

b)  Fla uptulie by honiologous too th  pnirs  f r o m  solut ions used in ( u j ,  
ruithoixt rcddition of glycerol  or sorbi to l .  

Each pair (Jf columns gives tlic results o1,tained with three pairs of 
homologous teeth. Ordinate graduated as in Fig. 2. 
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pairs. The corresponding ratios, ( 9; uptake froni NaePOsF- 
sorbitol) : ( %  upt:ike froin Na&'OsF-glycerol) were 0.75, 1.02, 
1.08. 

It is evident that glycerol reduces the fluorine uptake froin 
both NaF and Na;?P03F solutions, which is not, or not so much, 
the case with carboxyniethyl cellulose. Sorbitol has an even iiiore 
reducing effect on the enamel fluoride uptake than glycerol. Soap 
reduces the uptake, which is not, or not appreciably, the case with 
sodium lauryl sulphate. Sodiuni bicarbonate, finglly, reduces the 
fluorine uptake, especially froiii sodium fluoride solution. 

I I 

THE UPTAKE OF LABELLED FLUORINE BY INTACT ENAMEL SURFACES 
AND POWDERED ENAMEL FROM TOOTHPASTE COMPOSITIONS 

CONTAINING NaF, SnFe OR NanPOsF 

NaF, 5 ml NaHCO,, 

SnF,, 5 m l  ' Ca,P,O, 

In order to test the effect of the three fluorine coinpounds un- 
der conditions inore closely resembling those occurring in ordi- 
nary toothpastes the following tests were carried out. Simplified 
diluted pastes coinposed according to Table 7 were shaken in 
plastic tubes for 30 niin ininiediately after mixing. They were 
then centrifuged and the decanted supernatant centrifuged a 
second time. 

Carboxyme- Na-lauryl- 1 Water 5 nil 
thy1 cellu- I sulphate 
lose 0 15 g 0 2  g 

n Acetate buffer 

Table 7. 
Composifion of tesf pas tes .  

62.5-mM*) 1 5.5 g**) 

Na,PO,F, CaCO,, 5.5 g 
5 ml  

I 

I 

I I I 

5 m l  0.2-M*) 

Water, 5 ml 
I 

I 

I I ' Abrasive I Binder i Detergent Additional fluid I 
fluoride 
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The activities of the supernatants were deteriiiined and coiii- 
pared with the activities of the labelled solutions of fluorine com- 
pounds, which foriiied a part of the corresponding pastes. A 
measure of the possible loss of labelled fluorine to the insoluble 
ingredients was thus obtained. 

The uptake of labelled fluorine by intact tooth surfaces froni 
the three supernatants was measured in  the following way. Homo- 
logous preiiiolar pairs were prepared and exposed as described 
above. Three pairs of intact teeth were thus exposed to NaF nnd 
SnF,; three pairs were exposed to NaF and Na#OaF; and three 
pairs to SnFz and NaZPO:#’, respectively. This arrangeiiierit was 
of course due to the fact that  triplicate homologous teeth do not 
exist. 

After exposure the teeth were treated and their F1*-activities 

For tests on the uptake of labelled fluorine by enaiiiel powder 
the supernatants of the test toothpastes were diluted with equal 
parts of distilled water. Duplicate 1 1111 aliquots of each diluted 
supernatant were pipetted into round-bottomed plastic tubes, each 
of which coiilained 100 ~ i i g  enaiiiel powder (sieve No. 24--sieve 
No. 40, see above). The tubes were shaken in an upright position 
f o r  30 niin, followed by centrifugation, decantation and centri- 
fuge-washing with 3x4 nil distilled water. The activities of the 
enaiiiel powder batches were then analyzed i n  the scintillator 
where the plastic tubes fitted into the well. 

analyzed as described above. 

Results 

The supernatants of the NaF and N ~ z P O S F  pastes retained the 
total FIR activity of the liquid phase of the pastes. The super- 
natants of the SnF2 pastes adjusted to pH 4.5 and 5.5 contained 
10.0 and 22.8 per cent, respectively, of the original activity of the 
liquid phase. 

The Fl* uptake by powdered enaiiiel and homologous teeth 
appears from the diagrams Figs. 6 and 7. 

The following main conclusions iiiay be derived from the re- 
sults. 
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NaF SnF, Na2P03F NaF SnF, Na2P03F 

Fig. 6. FIB iiptake b y  powdered enamel f rom toothpastes containing 
Iubelled fluorides. 

Left diagram: pH of SnFz paste = 4.5. Right diagram: pH of SnFt 
paste 1 5 . 5 .  

Ordinates denote uptake as promille of original activities of 0.1 ml liquid 
phase of the pastes. 

1 .  

2. 

3 . 

4. 

There was no loss of fluorine froin the liquid phase of the 
pastes containing NaF and NagPOsF. 

Most of the fluorine of the liquid phase of the paste contain- 
ing SnFe was rapidly lost, especially a t  the lower pH value. 

When calculated a s  a fraction of the total fluorine content 
of the pastes the uptake by enamel powder was of about the 
same order from SnFe and NaF, and about three tinies greater 
than the uptake froiii NazPOsF. 

When calculated as  a fraction of the fluorine remaining in  
the supernatant the uptake by enamel powder was far greater 
from SnF2 than froin NaF, and about three times greater from 
NaF than from NaZPO3F. The difference between SnFz and 
the two other compounds was especially striking at  the lower 
pH value. 



NaF SnF, NaF Na2P03F S n c  Na2P03F 

2 0  

NaF SnFz NaF Nn2P03F SnF, Na2P03F 

Fig. 7. F r '  n p l t r k e  h!l h o ~ n o l o g o z ~ s  tooill ptt irs  front foothprcsfes  conltrining 
ltcbe / l e d  f luor ides .  

J x f t  d iagram:  pH of SnFZ paste = 1.5. Iiight diagram: pH of StiI:? 
paste = 5.5. 

Oldinntcs  denote  average uptake 1)s tooth crowiis as pwti i i l lc  o f  01  i g inn l  
act i \ . i t ies  of' 0 . 1  In1 l iqu id  phase o f  the pastes. Each pair o f  colurntis gives  

tlie results ol)tainetl  \\it11 three pairs of' homologous tt'clh. 

-5 . 'Hie tl if f e r ence s he1 wee 11 h om 01 og o u s t ee th  re g i r d  i 11% up t a I< e 
of I:ibelled fluorine 2ener:illy went in  tlie saiiie tlireclion a s  
l'ound with powdered enaiiiel. However, the differences lw- 
tween Nn#O# and the other two coinpounds were iuuch less 
1) r o 11 o 11 n c e d t h a 11 f o 11 11 d wit h the en :I i i 1 e 1 1) ow d e r . 
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phosphate is also inferior as regards protection of the enamel 
against carious dissolution. Froiii previous investigations with 
stannous fluoride and sodium fluoride it is evident that the crystal 
and niolecular changes brought about in the enamel surface are  
of great importance for this protection. 

Analysis of the liberation of calciuiii and phosphate ions from 
the enaiiiel through the action of the fluorine compounds seemed 
to be a convenient iiiethod of obtaining soiiie inforination on this 
action. The following experiments were designed to test the disso- 
lution of calcium phosphate from the enamel through the action 
of the different fluorides. 

1. Dissolution of calcium and magnesium 

100 nig portions of powdered enamel (sieve 24---sieve 40) were 
shaken for 30 min. in  stoppered centrifuge tubes with 5 1111 volu- 
mes of 0.1-M NazP03F and 0.1-M NaF, respectively, each in duplo. 
The tubes were centrifuged and the supernatants removed by 
careful suction. 2 in1 aliquots were titrated for Ca+Mg using an 
EDTA method. 

The results appear in Table 8. It is seen that the dissolution 
of calcium and magnesiunl was about 25 % higher in sodiuiii 
fluoride than in  sodiuiii iiionofluoroyhosphate solution. 

Table 8 .  
Calc inm and mugnesiuni itissoloed f r o m  enrimel p o w d e r  by solul ions of 

No.#03F mid S n F ,  respect iuely .  

I Ca+Mg i n  solution, 
Solution 

nihlil 

2. Dissolution of phosphate 

A.  Il issolut ion of P31 from Plr-trcccted enamel  p o w d e r  

100 iiig portions of enninel powder (sieve 24--sieve 40) were 
shaken in 4 round-bottolned plastic centrifuge tubes with 0.5 ml 
voluines of 1’~z-l:tbelled 0.005-M phosphate buffer pH 7.0 for 1 



G3 YNQVE El<ICSSON 

hour. After shaking, 5 in1 distilled water was added to each tube, 
which was then centrifuged, decanted and centrifuge-washed with 
3x5 in1 water. 

The tubes were dried a t  95" C, after which the activities taken 
up by the enamel powder were determined. 

5 1111 0.1-M NaZP03F was pipetted into two of the tubes and 5 
nil 0.1-M NaF into the other two. The tubes were stoppered, 
shaken for 30 niin. and centrifuged. 2.1 nil portions of the super- 
natants were analyzed in the scintillation detector. 

The results appear in Table 9. It is seen that considerably more 
of the labelled phosphate was liberated froin the enamel powder 
by the sodium fluoride than by the sodiuin nionofluorophosphate 
solution. 

Table 9. 

P32 dissolried from enamel powder by solutions of NaePOIF tind R'aF, 
respeciiuely. 

I Activity of 1 Activityof2.1 ml 1 ~ 

S olu t i  oil 1 enamel powder i superna tan t  S I P  

1 S I 1' 

I I 
I 

Na,PO,F 

Na F 

1 309,244 

~ 272,713 I 
249.152 i 1 276,368 

6,109 

5,084 

9,095 

8,903 

0.020 

0.019 

0.037 

0 032 

, 

B. Dissolution of active utoms, mctinlg PFz, from neutron uctiutited 
enamel powder 

Enamel powder of the same particle size as in  the previous 
experiment was neutron activated at about 5.5X 1011 n . c11ir2. 

sec-1 for 4 days. The decay curves as obtained with the scintilla- 
tion crystal with 1 nini Cu filter (breinsstrahlung) approached 
the P32 slope after about 6 days. The following esperiment was 
performed after this time: -- 

Exactly 100 ing activated enaiiiel powder was weighed into each 
of 5 ordinary centrifuge tubes. Into the tubes were pipetled: 
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1) 5 in1 0.1-M NazP03F 
2) 5 in1 0.1-M NaF 
3) 5 in1 0.05-M SnF2 (freshly prepared) 
4) 5 ml 0.1-M NasSO4 
5) 5 nil dist. water 
The fluorine compounds were thus compared at equal fiuorine 

concentrations; sodium sulphate was included in the series owing 
to its close chemical similarity to the monofluorophosphate. 

After shaking for 30 iiiin the tubes were centrifuged and 1 nil 
volumes of the supernatants were analyzed in the scintillator. 

The results are given in Table 10. It is seen that the solutions 
liberated activated ions from the enamel powder in the following 
order: NaF > NazP03F > NazSOp > H 2 0  > SnF2. 

Table 10. 
Liberuiion of active a toms (main ly  PJt )  f rom neutron activated enamel 

powder b y  different solutions. 

Solution 

Na,PO,F 

NaF 

SnF, 

Na,SO, 

H.20 

Activity of 1 ml 
solution, c/min. 

4,275 

5,248 

1,061 

3,617 

2,400 

To sum up, the dissolution of calcium + magnesium ions and 
phosphate ions from the enamel powder was consistently greater 
on treatment with a sodium fluoride solution than on treatment 
with an equiinolar sodium monofluorophosphate solution. 

The liberation of phosphate ions from the enamel on treatment 
with stannous fluoride was remarkably low. The most probable 
explanation of this finding is the low solubility of tin phosphate. 

THE IIETENTION OF FLUORIDE FOLLOWING TOOTHBRUSHING WITH 
FLUORIDE-CONTAINING DENTIFRICES 

For a safe dosage of fluorine compounds in dentifrices it is 
necessary to have sufficient knowledge of the quantity of fluorine 
that is retained when the dentifrices are used in the ordinary 

5 - A d a  odont. scanti 1'02. 19 
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way. Tests were therefore carried out with fluorine-cont:~inii15 
toothpastes, the fluorine conlpounds of which were labelled with 
Fls. The composition of the toothpastes is given in Table 11. 
I ~ b e l l i n g  was performed as  described under Radiologic Methods. 

Table 11. 
Composition of toothpustes used in retention tests. Aoernye qntrntities 

used for toothbrushing. 

I Fluoride-abrasive combination ~- ~ _ _ _ _ _ _  . 
NaF-NaHCO, 1 SnF,-Ca,P,O, lNa,I-’O, F -- CaCO, 

I I 
I 

I ~ l u o r i n e  compound 1 

‘ (ilycerol ! ’ Sodium laiiryl sulphate 
I I Car1)oxyrnethyl celliilose 

Abrasive 

0.2 

50 

10  

1.7 

0.8 

40 

10 

2 0  

1.4 

1.45 1 1 5  

1 ad 100 ad 100 , 1.45 I Flavouring agents I 
Water  

I 
0.696 g I 0.484 g 0.617 g 

. 
I Average quantity used 1 

After thorough mixing of the ingredients the pastes were filled 
into ordinary toothpaste tubes which were lacquered inside. 
Weighed samples for analysis of the paste activities were taken 
froin the tubes before and after the portions used by the subjects. 

The pastes were tested on different days. 10 subjects brushed 
their teeth according to their custoiiiary technique with about 
2 cin portions of each paste ejected from the tube. These portions 
were weighed with the brushes, which had been weighed in ad- 
vance. The average weight of the portions used is given in Table 
1 1 .  Every subject collected the rinsings in a beaker into which 
the rinsings of the brush were also emptied. The rinsings were 
thoroughly homogenized, their voluine was Iiieasured and dupli- 
cate 2 in1 saniples were taken for radiometric analysis. 

From some of the subjects the urine produced up to 4 hours 
after the toothbrushing was collected, the voiuiiie was deter- 
mined and duplicate samples analysed for in the same way ;as 
the rinsings. 

The percentages of FlS applied in the toothpaste portions that 
were recovered in the rinsings or  the urine were calculatetl. 
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Results 

Table 12 gives the average and maximuin figures for the 
quantities retained. The differences between the three tooth- 
pastes were not statistically significant. The urine counts were 
all below 20 per cent of the background; the highest count, still 
with a large error, corresponded to a 4-hour excretion of about 
4.3 % of the FIB content of the toothpaste portion used. 

Table 12. 
Retention of FIR from toofhpastes contuining labelled fluorides. 

Fluoride-abrasive combination I- I NaF-NaHCO, I SnF,-Ca,P,O, /Na,PO,F-CaCO, 

i 
~ 

5.7 

19.6 

8.1 

33.7 35.4 
~ ___- I Per cent retention, Y of 10 

subjects 

1 max. 

The quantity of these toothpastes to give a retention of 1 mg 
of fluorine per day would be 8.5-16.4 grams or 17-26 ordinary 
portions when calculated on the basis of average retention, 2.9- 
4.8 grams or 4-8 portions when calculated on the basis of the 
inaximuiii retention found. 

DISCUSSION 

The experiments have demonstrated wide variations among 
the different insoluble abrasives tested as regards absorption of 
fluorine froin solutions containing fluoride ions or nionofluoro- 
phosphate ions. The great variability of the fluorine uptake by 
calcium pyrophosphate from solutions of stannous fluoride de- 
serves special attention. 

A notable finding is also the coitiplete compatibility of calcium 
carbonate with fluorine as iiionofluorophosphate; the explana- 
tion may be the inadaptability of the ~nonofluorophosphate ion 
to the crystal lattice of the carbonate. 

However, factors other than the reactivity with fluorine also 
influence the choice of abrasives. Silica and pumice may for 
example have an unsuitable degree of hardness. Sodiuiii meta- 
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phosphate is reported to be mechanically very suitable (\'ctn Hzrg-  
sen & Boyd 1952) but has  been little used in dentifrices, appar-  
ently in  part owing to the risk of transforination into soluble 
Illetaphosphate with its well-known cRlcium-sequesteri~ig pro- 
perty. Calcium carbonate, finally, is one of the best established 
insoluble abrasives, generally in the form of natural or preci- 
pitated chalk. 

Much work has  been spent by Muhler and collaborators i n  the 
search for suitable abrasives for a dentifrice containing stannous 
fluoride. From our tests i t  is evident that even calciuiii pyroplios- 
phate, regarded by the Muhler group as  the most suitable abrasive 
for  a stannous fluoride toothpaste, may rapidly bind the greater 
part of the fluorine in  stannous fluoride if the  pyrophospliate i\ 
not of the ideal quality. 

Soluble abrasives have often been advocated on the assuinption 
that insoluble toothpaste ingredients would have an  irritating 
effect in the gingival pocket. No scientific support seems to exist 
for this assumption, but froin the point of view of non-reactivity 
with fluoride ions a soluble abrasive as  for example sodium bi- 
carbonate would be suitable. However, our tests showed n reduced 
uptake of fluoride, or fluorine froin iiionofluorophosphate, by 
dental enamel froin solutions that were saturated with sodium 
bicarbonate. 

The experiments reported have further shown that soap, gly- 
cerol and sorbitol all reduce the uptake of fluorine froin sodiuiii 
fluoride and sodium iiionofluorophosphate. This finding inag help 
to explain some of the negative results in previous clinical test\ 
with fluorine-containing dentifrices. There was little or no reduc- 
tion of the fluoride uptake with sodium lauryl sulphate and 
carboxyinethyl cellulose. 

Froin our tests it appears that the uptake of fluorine hy pow- 
dered enamel and intact enamel surfaces is considerably lower 
froni solutions of sodium iiionofluorophosphate than froin coin- 
parable solutions of sodium fluoride, especially a t  pH value5 
below 6. A notable exception is the uptake from the liquid phase 
of the dentifrices by honiologous tooth surfaces, which was about 
the same froin both compounds. 

The quantities of calcium and phosphorus that were liberated 
froin the enamel on treatment with NanPOjF were less than with 



FLUORlDES I N  DENTIFRICES 67 

NaF. This may be due either to a lower reaction rate with the 
P03F ion or a special inode of reaction of this ion with the enamel 
phosphate. It may be mentioned in this connection that treat- 
ment of powdered enamel or enamel surfaces with NaZP03F re- 
sults in an uptake of phosphorus siinultaneously with fluorine 
although to a less extent; this was found in experiments with 
P32, FIE-labelled NazP03F (technique: Ericsson, in press). This, 
however, still does not answer the question of the mode of action 
of the P03F-ion. 

Previous findings on the solubility-decreasing effect of inono- 
fluorophosphate are also of interest in this connection. Haydon 
& al. (1951) found a reduction of the solubility of hydroxy apa- 
tite by 20-320 ppin NazP03F, which was lower than the reduc- 
tion obtained with NaF at the lower levels of fluoride but higher 
at the higher fluoride levels, in spite of the fact that the fluoride 
uptake was always less from NazPOaF. B u m e t t  (1955) found a 
solubility decreasing effect on dentine by 2 % KzP03F which as 
a rule was somewhat less than that obtained with NaF. Hein & at.  
(1951) found a similar caries reduction in animal experiments 
from NazP03F as froin NaF, and Hawes  & al. (1954) obtained a 
20-30 % reduction of human dental caries by topical applica- 
tion of NazP03F. 

From all these data it seems reasonable to draw the tentative 
conclusion that sodium monofluorophosphate should give caries 
reduction when incorporated in a reactive form in a toothpaste. 
The magnitude of this effect can only be assessed in clinical tests. 
The present investigation also indicates that several toothpaste 
components may influence the clinical effect. 

Our tests with equivalent solutions of sodium fluoride and 
stannous fluoride gave as a rule greater uptake by the enamel 
of labelled fluoride from stannous fluoride than from sodium 
fluoride. This is in agreement with the findings of Hatton & al. 
(1955) but in apparent contradiction of the findings reported by 
Brudeuold & al. (1956) and Cooley & al. (1958). Differences in 
the experimental conditions may perhaps explain the inconsistent 
results (Table 13).  

In spite of the great loss of fluorine from stannous fluoride to 
the abrasive used in our toothpaste tests the fluoride uptake by 
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Table 13. 

Fluoride i iptnke b y  deiittcl enamel  f rom solutions of .?‘ti17 rind S n F t ,  
respec t i ve l y .  

Comparisoi i  of experimental methods  a n d  results. 

Authors 
--- 
Malton & a1 

Rrudevold Le- a1 

Cooleg di. al 

Present a uthor 

Tissue 

preparat ion 

I’ond. ena-  
mel 

Intact  ena-  
mel 

Chips of 
enamel  

Intact  ena-  
mel. I’owd. 
enamel 

NaF solution 1 SnF, solutioii 
. -~ 

conc. 

2-50,ug 
F/ml 

0.01 % F 

0.2-M 

20-mM 

7.8--6.4 

6.0 

natural  

I 
same as ~5.0--3.1 
NaF 

0.01% F ~ 3.7 
i 

i 
I 

0.1-M I natural  

I 

t’pt:llie , 
I 
I 
I 

Greater  from 
S n F  

Slightly gre‘i- 
t e r  from NaF,  

Greater from ~ 

I 
NaI’ 

Greater  f rom~ 
SnF, 

I 

the enamel was notably high from this compound. Still more 
remarkable was the low liberation of phosphorus from the enainel 
by treatment with SnFz, probably owing to the low solubility of 
tin phosphate; tin is known to be taken up at  the same time a \  
fluoride (Brudeuold & al. 1956, Cooley 1960). 

A s  regards the indications for clinical testing obtained from 
these studies the following inay be concluded : 

Sodium fluoride deserves to be tested in toothpastes containing 
abrasives that do not conibine with fluoride. The selection of 
abrasives is a technical problem that nierits further study. 

Sodium monofluorophosphate should be tested in a toothpslc 
containing calcium carbonate as abrasive. The addition of this 
fluorine compound to chalk pastes for polishing fillings and 
rough tooth surfaces also appears strongly indicated. Such polish- 
ing involves the reinoval of a microscopic part of the surface 
layer of the tooth. Since the surface layer of the enamel is less 
soluble than the subsequent layers (Brudeuold & Little 1951, 
Isaac & al. 1958), polishing is liable to expose less protected 
eriaiiiel lagers to caries attack, often in pronouncedly caries- 
prone areas. A corresponding effect niay be visualized for denuded 
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cenientuni and dentine surfaces. This should be counteracted by 
the incorporation in polishing pastes of substances known to 
reduce the solubility of the tooth’s mineral salts. Sodium mono- 
fluorophosphate appears ideal for this purpose since it can be 
combined at a high concentration with chalk, a well established 
polishing agent. 

Stannous fluoride with its remarkable protective action on the 
enamel appears worthy of use as a n  ingredient of toothpastes. 
The discoloration of tooth areas showing incipient dissolution, 
which has been reported in some clinical cases (Shapiro I2 Hood 
1956, Muhler 1957, u.  Ehrenheinz 19591, appears to be a minor 
problem limited to cases of unsatisfactory oral hygiene. This 
possible side effect should, however, be closely watched. In addi- 
tion to calcium pyrophosphate other abrasives seem to deserve 
testing in combination with stannous fluoride, such as silica 
(Segreto I2 al. 1959). 

Sodium lauryl sulphate can be used as a detergent in fluorine- 
containing toothpastes, and the desired viscosity can be attained 
with advantage by carboxyniethyl cellulose while the glycerol or 
sorbitol content should be as low as possible; some glycerol or 
sorbitol apparently has to be added to most toothpastes to pre- 
serve their consistency and prevent them from drying up i f  the 
tubes are left open. 

Some previous authors have studied the retention of fluoride 
and/or the urinary excretion following the use of fluoride-con- 
taining dentifrices or mouthwashes. Their data are suininarized 
in Table 14 together with our own results. 

While the urinary fluoride excretion was below or on the bor- 
derline of detection according to all the tests, there is consider- 
able variation of the figures for total retention. Differences re- 
garding age of the subjects, preparations used and modes of 
application may account for at least part of this variation. 

With any of the retention figures the continuous daily use of 
dentifrices containing about 1 ing fluorine per gram may be re- 
garded as safe. As regards the acute toxicity, even if a small child 
could eat a whole tube of dentifrice (50--75 g) its life would 
not be in danger. Such consumption, however unlikely to occur, 
should still be prevented. 
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SUMMARY 

FWabelled sodium fluoride, sodiuin nionofluorophosphate and 
stannous fluoride were utilized for in vitro studies of the uptake 
of fluorine by dental enaiiiel from solutions of these compounds, 
and the influence of toothpaste abrasives and soluble toothpaste 
ingredients on this uptake. The experiments were carried out 
with powdered enamel and intact enamel surfaces of honiologous 
extracted teeth. The fluoride retention following toothbrushing 
was also studied using toothpastes containing FWabelled fluo- 
rides. 

Considerably less fluorine was taken up by the enamel from 
Na2P03F than from NaF (neutral solutions), and generally more 
from SnF2 (solution pH 4.1-4.5) than from neutral NaF solu- 
tion. With decreasing pH value the fluorine uptake by enamel 
powder from NaF was greatly increased, from NaePO3F only very 
inoderately . 

From NaF and Na2P03F solutions no fluorine was lost to the 
abrasive sodium metaphosphate, and very little to silica powder 
(SOB) and pumice powder. The loss of fluorine from both coiii- 
pounds to tricalciuni phosphate and calciuni pyrophosphate was 
substantial, although reduced when these abrasives had been 
heated. 

NaF lost about as niuch fluorine to calcium carbonate as to 
calciuin orthophosphate, while Na2P03F, even in 1-M eoncentra- 
tion, lost no fluorine to calciuni carbonate. 

SnF2 solutions lost small ainounts of fluorine on shaking with 
sodium metaphosphate and anhydrous silica. The loss to calcium 
pyrophosphate showed great variations and was minimized by 
using a pure preparation of pyrophosphate that had been heated 
to 900"--1,000" c. 

Glycerol, sorbitol, soap and sodium bicarbonate all reduced the 
fluorine uptake by dental enamel, both from NaF and NarPOsF, 
while carboxyinethyl cellulose and sodiuin lauryl sulphate caused 
no such reduction. 

Tests were perforined with simplified toothpaste coinpositions 
containing carboxymethyl cellulose, sodium lauryl sulphate and 
one of the fluoride-abrasive combinations, NaF - NaHC08, SnF2 
- Ca2P2O7 or Na2P03F - CaC03. The fluorine uptake by dental 
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enninel was of the same order frorn SnF:! a s  froiii N n F  in spite o f  
the loss of  the greater part of the fluorine of SnFp to the calciuiii 
pyrophosphate used; the uptake from NazPOyF was clearly lower. 

In  the treatment of enamel powder with solutions of these 
fluorine coinpounds, more calcium, magnesium and phosphorus 
was dissolved by NaF than by Na2POsF, and much less phosphorus 
was dissolved by SnFg than by the two other compounds. 

Clinical tests with three specially couiposed toothpastes con- 
taining NaF, SnFe or NapPOsF gave an average retention in the 
body of about 6--12 per cent of the fluoride content, the iliaxi- 
muin retention being about 35 per cent. It can be calculated from 
these results that a toothpaste containing 0.1 per cent fluorine 
can be used several times daily with a total retention of lew than 
1 rng F/day. 

The discussion deals with the indications obtained from these 
studies for clinical testing of fluoride toothpastes. 
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FLUOR EN P ~ T E S  DENTIFRICES 

INVESTIGATIONS AVEC LE FLUOR RADIOACTIF FIR 

Les fluorures de sodium et d’ktain (11) et le inonofluorophos- 
phate de sodium, tous iuarquCs de F1*, ont C t C  utilishs pour des 
citudes in vitro sur  l’incorporation du fluor de solutions de ces 
combinaisons dans 1’CmaiI dentaire et sur  l’influence sur  cette 
incorporation d’abrasifs et de substances solubles de dentifrices. 
Les expkriences ont Ctk exkcutkes avec de l’kmail pulvCris6 et des 
surfaces intactes d’Cmail de dents honiologues extraites. La re- 
tention de fluor au brossage des dents a 6th CtudiCe avec des 
pBtes dentifrices contenant des fluorures niarquhs de F1*. 

L’kmail a incorpore notainment moins de fluor venant de 
Na21’03F que de NaF (tous les deux en solution neutre). En 
gdnhi l ,  I’itmail a :tbsorbk plus de SnFZ (pH de solution 4,l--4,5) 
que de NaF en solution neutre. Avec un pH diminuant l’absorp- 
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tion de fluor du NaF par 1’Cmail pulvCrisC a fortenient augmente, 
celle du Na2P03F ne inontrant qu’une augmentation liniitke. 

Rien du fluor des NaF et NanP03F ne fut perdu a l’abrasif 
inetaphosphate de sodium et trks peu aux poudres de d i c e  (SiOn) 
et de pierre ponce. La perte de fluor des deux conibinaisons aux 
ortho- et pyrophosphate de calcium Ptait notable iiiCnie si UR 
cliauffage prealable la reduisait. 

NaF a perdu nutant de fluor au carbonate de calciuin qu’a 
l’orthophosphate de calcium, tandis que Na2P03F, iii&nie a con- 
centration molaire, n’a perdu aucun fluor au carbonate. 

Les solutions de SnF2 ont perdu de petites quantitks de fluor 
par agitation avec du inktaphosphate de sodiuni ou avec de l’an- 
liydride de silice. La perte de fluor au pyrophosphate de calciuni 
a beaucoup variC et a 6tC rkduite au miniinuin par l’emploi d‘une 
preparation pure de pyrophosphate chauffC B 900”--1.000” C. 

La glycerine, le sorbitol, le savon et le bicarbonate de sodium 
ont tous rCduit l’ineorporation du fluor des NaF et Na2POaF dans 
]’&mail, tandis que la carboxymCthylecellulose et le laurylsul- 
phate de sodium n’ont pas causC de rkduction. 

Des Cpreuves ont CtC faites avec des dentifrices simples conte- 
nant de la carboxyni6thylecellulose, du laurylsulphate de sodiuin 
et un des co~nhinaisons fluorure - abrasif suivantes: NaF - 
NaHC03, SnFz - Ca2P207, Na2P03F - CaC03. L‘incorporation du 
fluor de SnF2 dans I’Cinail dentaire Ctait du m6me ordre que celle 
de NaF en dPlpit de la perte de la plus grande partie du fluor de 
SnF2 a l’abrasif employ(.; l’incorporation de fluor du Na2P03F 
Ctait nettement plus basse. 

En traitant l’@mail pulvkris6 avec des solutions des trois ~ 0 1 1 1 -  

binaisons de fluor, une plus grande quantitC du calciunl, du mag- 
nesium et du phosphore de l’irinail fut dissoute par NaF que par 
NaZPOsF. Beaucoup inoins de phosphore fut dissous par SnF2 
que par les deux autres combinaisons. 

Des Cpreuves cliniques avec trois p5tes dentifrices spCcialenient 
composCes et contenant NaF, SnF2 ou Na2P03F ont amen6 une 
retention moyenne dans le corps d’environ 6-12 p. c. du fluor et 
d’environ 35 p. c. au maximuin. Partant de ces rCsultats on peut 
calculer qu’une pAte dentifrice contenant 0.1 p. c. de fluor peut 
Ctre utilisCe plusieurs fois par jour avec une retention totale in- 
fkrieure A 1 111s F par jour. 
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La discussion traite, entre autres choses, des indications obte- 
nues de ces Ctudes pour des Cpreuves cliniques de dentifrices 
fluorCs. 

ZUSAMMENFASSUNG 

FLUOR IN ZAHNPASTEN 

I'NTEIISUCHCNGEN M I T  HILFE DES RADIOAKTIVEN FLUORISOTOPS FIX 

Natriunifluorid, Natriuninionofluorophosphat und Stannofluo- 
rid, alle FIR-niarkiert, wurden fur Studien in vitro benutzt, uiii 

die Fluoranfnahni% des Zahnschnielzes und deren Beeinflussung 
durch Schleifmittel und losliche Bestandteile von Zahnpasten zu 
heleuchten. Die Versuche wurden niit pulverisierteni Schiiielz 
und iiiit intakten Schnielzflachen extrahierter honiologer Zahne 
uusgefiihrt. Die Fluorretention beini Zahnebursten wurde init 
Zahnpasten studiert, die Fls-markierte Fluoride enthielten. 

Aus NazPOaF-Lijsung wurde bedeutend weniger Fluor voin 
Schiiielz aufgenoninien als aus NaF-Losung (beide von neutraler 
Reaktion) . Ails SnFz-Lijsung wurde bei pH 4,l-4,5 ini allgeniei- 
nen mehr Fluor aufgenoniinen als aus neutraler NaF-Losung. 
iMit sinkendeni pH-Wert wurde die Fluoraufnahme des pulveri- 
sierten Schnielzes aus NaF stark, aus NaePOaF nur niassig erhoht. 

NnF-  und NaCPOSF-Losungen verloren kein Fluor Zuni Schleif- 
iiiittel Natriuiiiiiietaphosphat und sehr wenig zu Kieselsaureanhy- 
drid und Binisstein. Die Fluorverluste zu Trikalziuniphosphat 
und Kalziunipyrophosphat waren aus beiden Losungen bedeu- 
tend, wenn auch durch Heizung der Schleifniittel reduziert. 

NaF verlor etwa gleichviel Fluor zuiii Kalziunikarbonat wie 
Zuni Kalziuinorthophosphat, wahrend Na2POaF auch in 1-M Kon- 
zenlration kein Fluor zuni Kalziunikarbo~iat verlor. 

Losungen von SnF2 verloren kleine Fluorinengen beim Schiit- 
teln iiiit Natriuniinetaphosphat oder Kieselsaureanhydrid. Die 
Verluste zuin Kalziumpyrophosphat schwankten erheblich und 
wurden durch Anwendung reiner, bis auf 900°-l.0000 C er- 
hitzter Praparate stark reduziert. 

Glycerin, Sorbitol, Seife und Natriuinbikarbonat reduzierten 
alle die Fluoraufnahnie des Zahnschinelzes sowohl aus KaF als 
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aus NazPOsF, wahrend Carboxyniethylzellulose und Natriuni- 
laurylsulphat keine Reduktion bewirkten. 

Teste wurden iiiit vereinfachten Zahnpasten durchgefuhrt, die 
ausser Carboxyniethylzellulose und Natriuiiilaurylsulphat eine 
der folgenden Fluorid-Schleifniittelkon~binationen enthielten: 
NaF -- NaHC03, SnF2 Ca2P207, Na2P03F - CaCO3. Die Fluor- 
aufnahnie des Schiiielzes aus SnF2 war der gleichen Grossenord- 
nung wie die aus NaF, obgleich der grossere Teil des Fluorinhal- 
tes des SnF2 an  das benutzte Pyrophosphat verloren ging. Die 
Aufnahnie aus NaePO3F war bedeutend niedriger. 

Bei der Behandlung des Schnielzpulvers niit NaF- und Na2P03F- 
Losungen wurde niehr Kalziuni, Magnesium und Phosphor durch 
NaF als durch NazPOsF voiii Schmelz ausgelost. Vie1 weniger 
Phosphor wurde durch SnFz als durch die anderen Verbindungen 
ausgelost. 

Klinische Versuche niit drei besonders koiiiponierten Zahnpas- 
ten, die NaF, SnF2 oder NaZP03F enthielten, ergaben eine durch- 
schnittliche Retention in1 Korper von etwa 6-12 % des Fluorin- 
halts; die inaxiinale Retention war etwa 35 %. Aus diesen Resul- 
taten kann berechnet werden, dass eine Zahnpaste, die 0,l  % 
Fluor enthalt, inehriiials taglich benutzt werden kann, ohne dass 
die totale Retention 1 iiig F/Tag erreicht. 

Die Diskussion erortert u.a. die Anhaltspunkte, die diese Stu- 
dien fu r  die klinische Priifung von Fluoridzahnpasten gegeben 
haben. 
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