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In a n  earlier investigation it was found that dog teeth react in 
the same way as  human teeth to various agents (1). The present 
study was undertaken in order to obtain inforination regarding 
the suitability of dog teeth for testing the inhibiting effect of 
topically applied fluorides in laboratory experiments. 

MA'THRIAL AND METHODS 

A series of 80 laboratory experiinents was performed with dog 
teeth, using a inethod previously described (2 ) .  The buccal surface 
of each tooth was covered with wax except for a circular area 
which was left uncovered. A vertical groove was cut in  the un- 
covered area with a diaiiiond disc, thus dividing it into two 
halves. One half was covered with a different type of wax and 
served as a control, while the fluoride solution in  question was 
applied to the other half for 10 minutes. After rinsing with tap 
water, the wax on the control half was removed, and both halves 
were allowed to "maturate" in neutral saliva for one hour. Then 
the experimental area was exposed to the agents used for the 
production of lesions in  the enamel surface. The exposure time 
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The agents used were, 
( 1 ) Sugar-s:tlivu mixtures, the pH of which gtxdually dropped 

f r o i n  neutral to 4.0-4.5 during the time of exposure, (60 e\- 
perinients). 

( 2  ) 0.5 iiiolnr 1act:ite buffer, pH 2.9, (5 experiiuents) . 
( 3 )  0.5 inolor 1:ict:ite buffer, pH 5.44, ( 5  experiment\ ) .  

( 4 )  0.001 molar EIITA in  distilled water (saturated) ,  pH 3.03, 

( 5  ) 0.07 ~no la r  NadED’I‘A, pH 11.0, (*5 experiments). 
Topical applications were made with, 
( A ) SnCIl + NaF, ratio 1 : 3, 0.14 mol:ir F, pH 1.55 (St;iunic 

( H )  SnCIJ + NaF, ratio 1 : 3, 0.14 molar  F, pH 2.1 (Stannic 

( C )  A iuisture of ( 1 3 )  and leucine hydrofluoride (2x3 )::::- ) ,  

0.2 <;:, pH 2.65. 
The inhihiting effect of the  fluoride solution in question w:i\ 

e\:rluatcd by coiiipiring the test half with the control half of t he  
eaperirnent;rl areit. This w a s  first done in:icroscoi)icnllg. ‘l’hen 
ground sections were p r e p r e d  and exniuinetl with a polarizing 
iiiicroscoi)e. ~~icror:itliogr:ipIis of  some represeentative sections 
were also iiiade. 

The defects Tvere divided in to three groups according to the 
\cueritp of attack. Each group mas assigned a certain nuiinber of 
points a s  follows: 

( 5  experiment\). 

fluoride:; 1. 

fl iioride“ ) . 

Jltrcroscopir 

1nt:ict surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 points 
Sh in y su r face, h o i l 1  og en eo u s or ii on-horn og en e ou s 

white spot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ” 

1)ull surface, homogeneous white spot . . . . . . . . . .  2 ” 

:>) Suhsrqulnt analgscs of the solutinns employed have disclosccl t h a t  ilic 
t i n  a n d  fluorine m a y  be p r e s e n t  i i i  other forms tlian Si1F.t. 

;%::.) Tlic leucine hydrofluoride (283) w a s  kindly submitted l ty I’r(tfcsstrr 
H. H .  ivliihlemann, Zurich. 
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Jlirroscopic 
Intact surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 points 

Inner spot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ” 

Outer spot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 ” 

The niicroscopic evaluation WBS based on it scheine previously 

The difference between test and control areas was called p s i -  
tiue when the test area showed less attack than did the control 
area. A difference of 2 points was designated a s  being ”marked”, 
while 1 point of difference was % h e n  the designation ”slight”. 

described ( 2  1. 

RESULTS 

The results obtained in the experiments with sugar-saliva inix- 
tures are given in Tables 1 :ind 2, and in Figs. 1 and 2. Repre- 
sentative photoii1icrogr:ryhs from this inaterial are  shown in  Fig. 
3, A-E. 

Table 1 shows that a positive difference hetween test and con- 
trol areas was more frequently observed with the stannic fluoride 

‘Table 1. 1)ifference in points bctwecii test areas and cont 1.01 :11’eas. 
Sugar-saliw mixtures. 

.- .- 

Staniiic fluoride, 
0.14 ?,I F, pH 1.55 

Staiinic fluoride, 
0.14 A1 F, pH 2.4 

S t a 11 nic fluoride, 
+ leucine hydro- 
fluoride, 0.2 % F, 
pH 2.65 . . . . . . . . .  

. -. ~ 

47- 

- 

Number 

of exp. 
- - 

20 

20 

20 3 11 5 

Negative ’ 1 diff., slight 1 
8 

7 

9 
~ 



2.0 r 

1.5 

1.0 

0.5 

0 -  

- 

- 

- 

T C T C  T C T C  T C T C  
Macro Micro Macro M i c r o  Macro M i c r o  

Sn F4 pH 1.55 Sn F4 pH 2.4 Sn F4 i 283 

Fig .  1 .  0rtlin:ite: Alcan o f  scvcrily of attack o n  t es t  areas :rnd control :i~.ear 
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1.0 

0.5 

0 -  

T T 
i = St.E o f  mean := 3 x St.E of  d i f f .  1 = Diff. o f  means 
& 

- 

- 

*I 1.5 

Macro M i c r o  Macro M i c r o  
Fig. 2. Comparison of the  iiihibiting effect of the  fluoride solutions employed 

Ordinate: Mean of severity of attack ('ti tcst areas and control areas. 

Fig. 1 shows that a statistically significant inhibiting effect 
was obtained with all the three fluoride solutions eiiiployed. Both 
the macroscopic and the microscopic evaluation show that the 
inhibiting effect of the stannic fluoride solution of pH 1.55 was 
a little less than that obtained with the other two solutions. How- 
ever, froin Fig. 2 it is seen that no statistically significant differ- 
ence existed between the different fluoride solutions used. On 
comparing macroscopic and niicroscopic evaluations, no stn- 
tistically significant difference can be found between the two 
methods. 

In Fig. 3 are shown some photomicrographs of representative 
ground sections. The differences between test areas and control 
areas in these cases are obvious both in polarized light and with 
microradiography . 

The results obtained in the preliminary experiments with lac- 
tate buffers and solutions of EDTA and EDTA-tetrasodium salt 
showed that the fluoride solutions eiiiployed increased the sur- 
face resistance of dog enamel ,?gainst all these buffers. 



A 

I). E. 
Fig. 3. .-I, Dog tooth exposed t o  sugar-saliva mixture for 24 hours. ‘feht arva  
t ixBi i t c t i  w i t h  SiiFd, p H  2.4. is intact. Control iirca shows inner  spot. 13 aiid (:, 
Highci- mngiiific:rtioii of  the arcas sliown i n  A .  I), Microradiograph f r o m  :III 

i l i l n c t  test  :IIY;I. E, Microradioa~-: ipl~ from :I control arcsa showing in11c.1. spot, 
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DISCUSSION 

The finding that the fluorides used increased sigiiificantly the 
resistance of dog enaiiiel surface against the attack of sugar- 
saliva mixtures is in accordance with the results obtained earlier 
when the same fluoride solutions were tested both in  uitro (3)  and 
in  uioo (4)  on huinan teeth. This indicates that dog enamel reacts 
to fluoride solutions in the same way as does human enauiel. It 
may, therefore, be concluded that dog teeth can be used :is :I 

substitute for human teeth in experiments of this kind. 

The results of macroscopic and iiiicroscopic evaluation indicate 
that both methods are of the saiiie value. The results with acid 
lactate buffers and acid solution of EDTA are in accordance with 
those described above using sugar-saliva mixtures. This was to 
be expected, :is all these agents probably cause an acid dissolu- 
tion of the enamel. The results with the EDTA-tetrasodiuni salt 
solution of pH 11.0 are of a special interest, as the fluoride solu- 
tions seein to increase the resistance of enamel against chelating 
agents. Further experiments with alkaline EDTA-sodium salt 
solutions iii:ry give information about the niechanisiii underlying 
the inhibiting effect of topically applied fluoride solutions. 

The ability of fluoride solutions lo increase the resistance of 
dog enamel was investigated in 80 laboratory experiments, using a 
modification of the window technique. Stannic fluoride solutions 
of pH 1.55 and 2.4, as  well a s  w mixture of stannic fluoride and 
leucine hydrofluoride, pH 2.65, were employed. The protective 
action of the fluorides was tested with sugar-saliva mixtures, 
lactate buffers, EDTA solution, and a solution of Na4EDTA. 

A statistically significant increase of the resistance against 
sugar-saliva mixtures was found for all the fluoride solutions 
employed. The best results were obtained with the mixture of 
stannic fluoride and leucine hydrofluoride. A little less effect 
was noted for the pH 2.4 stannic fluoride solution, while the least 
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effrct  w;is found for the pH 1.55 stannic fluoride solution. €IOU- 
(’\ er,  the differences between the fluoride solutions used \verc not 
\t:itisticully significant. 

It t\ws :tlso observed that the fluoride solutions eiriployed in- 
c‘re;i\ed the resistance of dog enainel :igain\t :dl the different 
:i ge i i  t s ti se (I. 

It iiiay be concluded t1i:it dog teeth c:rn be used a s  :I substitute 
to r  huiii:rn teeth in experiliients of this kind. 

1tBsr~arli 

ES‘IIMA‘TION DE L’ACTION INHIBITKICE DE DIFFl?,KENTS FLUORU RF:S 
SUR L‘eMAI1, UU CHIEN IN VZTKO 

80 espCriences de I:ibor:itoire suivant uue inodificalion de 1:1 
”technique de la fenEtre” on1 6tC effectukes dans le but d’Ctudier 
le ~ O L I V O ~ ~  d’augiiienter 1:t rCsistance de 1’6111aiI du chien quc 1)rd- 
sentent les solutions de fluorures. Des solutions de fluorure stnn- 
nique de pH 1,55 et 2,4, el un inkhnge de fluorure stannique e l  
ci’hydrofluorur~ de leucine d’un pH t ie  2,fG ont C.tC uti1iui.s. L’N- 
lion protectrice des fluorides a Ptk 6prouvCe n \ e c  des iii6l:inges 
s 11 c‘ r e-sa I ive , de s t :I 111 po n s :i LI 1 : ~ c  I ate, u n e solu t io n d ’ ED l’ A e t u 11 e 
solution de Na4EDl‘A. 

ITne nugment:ition significative du p i n t  de vue st:itistique d c  
la rCsisl:ince :lux niPl:mges sucre-salivs a 6ti. mise en Pvidencc 
pour toutes les solutions de f 1 ~ 0 r ~ i t - e ~  utilistes. Les r6sultats le\ 
inrilleurs ont k t6  obtenus avec le iukhnge de fluorure s tmniqur  
et d’hytlrofluorure de leucine. Un effet un peu moins bon :I i.tP 
not6 pour les solutions de fluorure stiinnique de pH 2,4, e l  I’effet 
le iiioins grand :I kt6 trouvi. pour la solution de fluorure staiini- 
(pie de pH 1,55. Cependant, les differences entre les solutions de 
fluorures einploydes n’Ctaient p s  significatives d u  point de \ ue 
s t :I ti s tiq ue . 

On a nussi observk que les solutions de fluorures eiiiploy6es 
:rugnientnient la r6sistance des dents de chien B tous les diffbrents 
agents utilisks. 

On p u t  conclure que les dents de chien peuvent servir A l x  
pl:tce des dents huinaines pour les expkriences de ce genre. 



ZUSABIMENFASSUNG 

UNTERSUCHUNGEN OBER DIE WIRKUNG VON VERSCHIEDENEN 
FLUORIDEN AUF DEN HUNDESCHMELZ IN VITRO 

Unter Kenutzung einer modifizierten Fenstertechnili wurde in 
80 Laboratoriuinsversuchen die Fahigkeit der Fluorliisungen un- 
tersucht, die \47iderstandsfahiglieit des Zahnschinelzes beiiii Hund 
zu steigern. Zinnfluoridldsungen init eineiii pH voii 1,55 und 2,4 
sowie eine Mischung von Zinnfluorid und Leuzinhydrofluorid, 
pH 2,65, kaiiien zur Anwendung. Die Schutzwirkung der Fluoride 
wurde iiiit Zucker-Speichelniischungen, Lactatpuffern, EDTA- 
Losung und einer Na4EDTA-Liisung gepruft. 

Eine statistisch-signifikant hiihere ~l'iderstandsflhiglieit gegeii 
Zucker-Speicheliiiischungen wurde fur  alle verwendeten Fluorid- 
liisungen gefunden. Die besten Ergebnisse wurden iiiit der Zinn- 
fluorid-1,euzinhydrofluorid-Mischung erzielt. Ein uin etwas ge- 
ringerer Effelit wurde fur  die Zinnfluoridliisung mit den1 pH 2,4 
gefunden, wahrend die Zinnfluoridliisung iiiit pH 1,55 den ge- 
ringsten Effekt hatle. Dennoch maren die Unterschiede zwisclien 
den einzelnen zur Anwendung gebrachten Fluoridliisungen nicht 
statistisch signifiliant. 

Weiterhin wurde beobachtet, dass die verwendeten Fluorid- 
liisungen die Widerstandsfahiglieit gegeniiher den verschiedenen 
ausprobierten Medien erhohten. 

Es darf angenommen werden, dass Hundezaline aiistelle yon 
Menschenzahnen fur Yersuche dieser Art geeignet sind. 

ltES"hII.:N 

EVALUACION DE LA ACCION INHIBIDORA DE LOS DISTINTOS 
FLUORUROS SOBRE EL ESMALTE DE PERRO IN VITRO 

Se investig6 la propiedad de 1:ts soluciones de fluoruros tie 
aunientar €a resistencia del esmalte en dientes de perro, en 80 
experiinentos de laboratorio, usando una modific:rci6n de la 
tkcnica de la ventana. 

Se eiiiplearon soluciones de fluoruro esthnico, de pH 1.55 y 2.4, 
asi como taiiibiCn una iiiezch de fluoruro esthnico y fluorhidrato 
de leuciiin, de pH 2 . G .  La acci6n protectora de 10s fluoruros fui. 
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proh:itla con iuezclas de sa l iv:~  y :micar, huffers de hctatos ,  solu- 
ci6n d e  E0TA y im:i solucitin de Na4 EDTA. 

Se not0 un  auiiiento estndistic:iinente iinportante de I:r rc- 
4i\lenci:i :rnte las ~nezclas  de saliva y :iz~Vicar, con tod:i4 la\  w l t i -  

cione4 de fluoruros eniple:idas. IAS inejores resultados se ohtu- 
bieron con la iiiezc1;i de fluoruro e s t h i c o  y fluorhidrato tle 
Icucina. Se  not6 u n  efecto algo menor con In so l i ic ih  de fluoriiro 
e\ltinico de pH 2.1, inientras (pie el efecto iiieiior fui. el ohtenitlo 
con I:I wluci6n de f luoruro cstdnico de pH 1.55. Sin e i i h i r g o ,  I:r 
diterencia entre  1:rs soluciones de f luoruro elup1e:idns no f u C  
c s t :I tl i s t i c :I 111 en t e i 111 po r l a  n t e . Asi 111 i 5 in o se p ti do oh s e n  :ir (1 ii e 1 :I 4 

sol ucioncs tle fluoruro utilizudns :iuiuentnron 1:i resistencia de 104 

dicntes tlc perro, ante los distintos ageiites u s a d o s .  

l'ucdc concluirse qiie 104 dientes de perro pueden eiiip1e:irse 
en reeinp1:izo de dierites 1iiiiu;inos. en experiencias de este ti1)o. 




