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Inc reas ing  numbers of r epo r t s  suggest  t h a t  f l u o r i d e  may 
be of value in the prevent ion  and t rea tment  of some 
demine ra l i z ing  bone d i so rde r s  (Briancon and Heunier 
1980; Melton 1990). F luor ide  inges t ion  during tooth  
formation subsequent ly  r e s u l t s  in the formation of 
denta l  enamel t h a t  b e t t e r  r e s i s t s  c a r i e s .  However, the 
major undesired s ide  e f f e c t  a s s o c i a t e d  v i t h  the 
excess ive  inges t ion  of f l u o r i d e  by ch i l d r en  v i t h  
developing t e e th  is  denta l  f l u o r o s i s  (Fejerskov e t  a l .  
1977). 

In animal exper iments ,  exposure to excess f l u o r i d e  
during tooth  development a l t e r s  tooth  morphology 
(Adkins and Kruger 1966; Kruger 1966), thereby causing 
c y t o l o g i c a l  modi f i ca t ion  of ameloblas t  s t r u c t u r e  
(Kruger 1968, 1970; Walton and Eisenmann 1974; Hornstad 
and Hammarstrom 1978), d imin ishes  the t h i cknes s  of 
enamel and dent ine  (Adkins and Kruger 1966; Kruger 
1966), and induces m i n e r a l i z a t i o n  d i s tu rbances  
(Fejerskov e t  a l .  1979). 

Hovever , the e f f e c t  of smal le r  dosages of f l u o r i d e  on 
deciduous tooth r e s o r p t i o n  remains unclear  (Chen and 
Huang 1994). In t h i s  study the dose response of f l uo -  
r ide  t h a t  a f f e c t s  deciduous tooth  r e s o r p t i o n  in vivo is  
e s t a b l i s h e d .  
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MATERIALS AND METHODS 

16 young, 7 - d a y - o l d  Hew Zealand whi te  r a b b i t s  
(Oryc to lagus  c u n i c u l u s )  which were in u t e r o  fo r  32 days 
were used.  All r oo t  r e s o r p t i o n  examina t ion  in t h i s  work 
o c c u r r e d  du r ing  the  a c t i v e  s t a g e  of the  r a b b i t s  (Ar i t a  
1984). 

The an imals  were d i v i d e d  in to  four  g r o u p s .  The e x p e r i -  
mental group (H=12) was d i v i d e d  in to  t h r e e  subgroups 
which were a d m i n i s t e r e d  i n t r a p e r i t o n e a l  i n j e c t i o n s  of 
sodium f l u o r i d e  (Merck, Germany) in dosages  of 0.1 mg 
F/kg body mass, 1.0 mg F/kg body mass or lOmg F/kg body 
mass in a s o l u t i o n  of sodium f l u o r i d e  twice  d a i l y  a t  
8:00 a.m. and 1:00 p .m. ,  r e s p e c t i v e l y .  The c o n t r o l  
group was i n j e c t e d  with normal s a l i n e  s o l u t i o n  
(0.01 ml/g body mass).  

All an imals  were s a c r i f i c e d  with e t h e r  i n h a l a t i o n  a t  
the  11th day four  hours  a f t e r  the  f i n a l  i n j e c t i o n .  
Immedia te ly  a f t e r  d e c a p i t a t i o n  , the  sk in  and s o f t  
t i s s u e  were removed. The max i l l a  of each animal was 
s e p a r a t e d  through the  p a l a t a l  s u t u r e ;  in a d d i t i o n  both 
maxillary incisors with the surrounding tissues were 
fixed in neutral formalin (10%) for 48 h followed by 
decalcif ication in Plank-Rychlo's solution for one week. 
The specimens were embedded in paraffin wax. Further- 
more, block sections of the sites were made and 
treated in accordance with standard histologic proce- 
dures. Sections of thickness 7 um were cut, mounted 
and stained with hematoxylin and eosin. The specimens 
were then observed under a l ight microscope. 

The number of o d o n t o c l a s t s  were counted  a c c o r d i n g  to 
S a f f a r  and Baron (1977) in each s e c t i o n  a t  i n t e r v a l s  of 
f i v e  s e c t i o n s  fo r  each an imal ;  hence,  the  f i r s t ,  
s i x t h ,  e l e v e n t h ,  and s i x t e e n t h  s e c t i o n s  were examined 
( a t  35 um i n t e r v a l s  ) .  Thus, no a t t empt  was made to 
f o l l o w  the  same o d o n t o c l a s t ;  however,  our h i s t o l o g i c a l  
c r i t e r i a  fo r  o d o n t o c l a s t s  were m u l t i n u c l e a r  and 
e o s i n o p h y l l i c  c e l l s  on the  roo t  s u r f a c e  as i n d i c a t e d  
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Figure  1. Op t i ca l  photomicrograph of a deciduous too th  
s u r f a c e ,  showing a t y p i c a l  o d o n t o c l a s t  (arrow) with 
m u l t i n u c l e a r  and e o s i n o p h y l l i c  c e l l s  r e s i d i n g  bes ide  
the  Howship 's  lacunae (hematoxyl in  and eos in  s t a i n  
x 200). 

in F igure  1. S t u d e n t ' s  
l eve l  of s i g n i f i c a n c e  of 
mental  and c o n t r o l  groups .  

t - test  was 
difference 

used to t e s t  the  
between e x p e r i -  

RESULTS AND DISCUSSION 

In t h i s  work in which New Zealand y o u n g  r a b b i t s  were 
used as the  animal model, the  roo t  r e s o r p t i o n  of the  
r a b b i t s  resembles  t h a t  of a human being a t  both the  
g ross  anatomic and u l t r a s t r u c t u r a l  l e v e l s  (Ar i t a  1984). 
All expe r imen ta l  an imals  s u r v ived  the  f l u o r i d e  admini -  
s t r a t i o n  and t o l e r a t e d  the  exper iment  a d e q u a t e l y  with 
no appa ren t  d i s c o m f o r t .  

Administration of a heavy dose of sodium fluoride (lOmg 
F/kg body mass) markedly inhibited the appearance of 
odontoclasts (P<O.O01). Diminished but distinct altera- 
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tions of odontoclasts were produced by the middle level 
of fluoride (1.O mg F/kg body mass) on the l l th  day 
after the injection (P<O.OI). At the lowest level of 
f l u o r i d e  
l i t t l e  or 
Meanwhile, 
of NaF), 
dec reased .  

used in t h i s  s tudy (0.1 mg F/kg body mass), 
no e f f e c t  on o d o n t o c l a s t s  was apparen t .  

a t  high and mild l e v e l s  (10 and 1.0 mg /kg 
the  number of o d o n t o c l a s t s  was s i g n i f i c a n t l y  

Differences in the mean number of odontoclasts in the 
control group versus the three experimental groups 
are listed in Table I. This table reveals that the 
odontoclasts were significantly decreased by the 
administration of fluoride. 

Table 1. Comparison of o d o n t o c l a s t s  which a P p e a r  on 
roo t  s u r f a c e  of dec iduous  t e e t h .  

Mean N.D.  

Control  g r o u p  

E-1 (0.1 mg F/kg) 

g-2 (1.0 mg F/kg) 

I 54.5 q 5.2 I 
N.S. 

-,," 51 . 5 "  5.5 -,-" 
, t t  , t ,  

I ~  37.0 3.6 ":: 

g-3 (10 mg F/kg) 7.2 2.5 J 

. . . . . .  : P < O . O I ,  " ........ : P <0 001 

N . S . :  n o t  s i g n i f i c a n t  

Because roo t  r e s o r p t i o n  is  a p h y s i o l o g i c a l  phenomenon, 
the  use of s a l i n e  s o l u t i o n  in the  c o n t r o l  g r o u p  se rved  
to exc lude  any f l u o r i d e - r e l a t e d  e f f e c t .  A d m i n i s t r a t i o n  
of sodium f l u o r i d e  i n d i c a t e d  a d o s e - r e l a t e d  i n h i b i t o r y  
e f f e c t  on the  appearance of o d o n t o c l a s t s .  

The effects of administration of fluoride on mineraliz- 
ing tissue, e. g. bone, enamel and dentine have been 
extensively studied (Adkins and Kruger 1966 ; Melton 
1990; Kruger 1966, 1968, 1970; Walton and Eisenmann 
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1974; Hornstad and Hammarstrom 1978). F l u o r i d e  in take  
in l a rge  dosages is  a well  documented cause of 
d i s t u r b e d  enamel fo rmat ion  dur ing  b r i e f  expe r imen ta l  
pe r iod  (Kruger 1968, 1070; Walton and Eisenmann 1974; 
Hornstad and Hammarstrom 1078). Thus, p rev ious  know- 
ledge of the  minimal e f f e c t i v e  dose of f l u o r i d e  dur ing  
s h o r t - t e r m  exposure  is  e s s e n t i a l .  

In t h i s  work, o d o n t o c l a s t s  were of primary concern .  The 
o d o n t o c l a s t s  are  normal ly  found in p h y s i o l o g i c a l  roo t  
r e s o r p t i o n ,  which is  the  p r i n c i p a l  c e l l u l a r  media tor  of 
roo t  r e s o r p t i o n  in dec iduous  t e e t h  (Ten Care 1986, 
Sasaki e t  a l .  1988). T r a n s i t o r y  t r e a t m e n t  with i n t r a -  
p e r i t o n e a l  i n j e c t i o n  of f l u o r i d e  a p p a r e n t l y  d i m i n i s h e s  
o d o n t o c l a s t i c  a c t i v i t y .  The r e s o r p t i o n  of roo t  su r f ace  
was r e t a r d e d  when the  o d o n t o c l a s t  number dec reased  
(Chen and Huang 1994). A l t e r a t i o n s  to t h i s  odonto-  
c l a s t i c  a c t i v i t y  and roo t  r e s o r p t i o n  were produced 
in graded s e r i e s  and the  s e v e r i t y  of the  a l t e r a t i o n s  
a p p a r e n t l y  depended on the  dose of f l u o r i d e .  

Although serum F l e v e l s  were not measured in our rab-  
b i t s ,  a dosage l eve l  of 1.0 mg F/kg, two t imes  per days 
co r r e spond ing  to the  dose used in humans would most 
l i k e l y  lead to serum F c o n c e n t r a t i o n s  s i m i l a r  to  those  
r eco rded  in t r e a t e d  o s t e o p o r o t i c  p a t i e n t s  (Briancon and 
Meunier 1980). In v ivo ,  t h e r a p e u t i c  dosages of sodium 
f l u o r i d e  are expec ted  to ac t  not  only to s u p p r e s s  

o d o n t o c l a s t i c  a c t i v i t y  but a l so  to i n h i b i t  roo t  
r e s o r p t i o n .  

The dose of 1.0 mg F/kg body mass used in t h i s  work is  
a t  the  b o r d e r l i n e  l eve l  of minimal t o x i c i t y  fo r  the  
p roduc t i on  of s u p p r e s s i n g  o d o n t o c l a s t  a c t i v i t y .  Over 
the  1.0 mg F/kg of body mass dose used in t h i s  s tudy ,  
t h e r e  was a dec reased  a l t e r a t i o n  of the  o d o n t o c l a s t s  in 
a graded s e r i e s .  Exper imenta l  r e s u l t s  i n d i c a t e d  t h a t  
1.0 mg F/kg of body mass would be a dose response  
c o n d i t i o n  such t h a t  i t  c r e a t e s  i n t ake  dur ing  the  
c r i t i c a l  pe r iod  of roo t  r e s o r p t i o n  and would r e s u l t  in 
f u r t h e r  r e t a r d a t i o n .  
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As to the mode of action of fluoride in inhibiting 
odontoclast activity, we recommend, for children, the 
use of a small  concentration of fluoride in the 
prevention of bone diseases in order to reduce the 
toxic effect of fluoride to a minimum. Th i s  work may 
provide useful information to those who have been 
evaluating the causes of idiopathic root resorption. 
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