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Fluoridation and Bone Disease 
in Renal Patients 

William J. Johnson, Donald R. Taves and  Jenifer Jowsey 

The ques t ion  of whether f l u o r i d a t i o n  c o n t r i b u t e s  t o  bone 
d i s e a s e  i n  p a t i e n t s  wi th  r e n a l  d i s e a s e  i s  an impor tan t  one 
t h a t  deserves  a t t e n t i o n  and f u r t h e r  s tudy.  I t  i s  l o g i c a l  to  
be concerned a b o G t  t h i s  p o s s i b i l i t y  because of  the important  
r o l e  of  t h e  kidney i n  the  e l imina t ion  o f  f l u o r i d e .  However, 
t h e  subject i s  extremely complicated f o r  s e v e r a l  reasons.  
Ever s i n c e  the  i n i t i a l  d e s c r i p t i o n  of bony changes induced by 
f l u o r i d e  i n  persons wi th  normal r e n a l  f u n c t i o n ,  t h e r e  has 
been cont inuing controversy regarding whether t h e s e  e f f e c t s  
are harmful or b e n e f i c i a l  (Johnson, 1965; Hodge and Smith, 
1968; Jowsey, Riggs, and Kel ly ,  1978).  Renal d i s e a s e  i n  
i t s e l f  produces a d d i t i o n a l  complexi t ies  because of the 
e f f e c t s  o f  r e t a i n e d  phosphate,  depressed ion ized  calcium, 
excessive para thyro id  hormone i n  t h e  c i r c u l a t i o n ,  impaired 
formation of 1 ,254ihydroxy D3 by t h e  d iseased  kidney, and 
impaired co l lagen  s y n t h e s i s ,  a l l  of  which adversely a f f e c t  
the  i n t e g r i t y  of the  ske le ton .  
f l u o r i d e  i n  t h i s  s e t t i n g  has  been d i f f i c u l t  to i n t e r p r e t  
(Fa0 and Friedman, 1975) .  

The added s i g n i f i c a n c e  of 

I n  t h e  United States, t h e r e  have been no r e p o r t e d  cases  
of  s k e l e t a l  f l u o r o s i s  i n  persons  who dr ink  water containing 
only one part p e r  mi l l ion  (ppm) of  f l u o r i d e .  However, s ince  
no sys temat ic  s t u d i e s  have been carried out  i n  p a t i e n t s  with 
r e n a l  i n s u f f i c i e n c y ,  t h i s  p o s s i b i l i t y  cannot be excluded wi th  
c e r t a i n t y .  
occurred when t h e  t o t a l  i n t a k e  of f l u o r i d e  by p a t i e n t s  with 
r e n a l  d i s e a s e  i s  higher  than would be obtained by dr inking  
f l u o r i d a t e d  water  with 1 ppm of f l u o r i d e ,  then  one could 
assume t h a t  no adverse e f f e c t  w a s  occurr ing i n  the population. 

I f  it could be shown t h a t  no adverse e f f e c t  

There a re  two obvious s e t t i n g s  i n  which p a t i e n t s  with 

One of these 
r e n a l  d i s e a s e  w i l l  r ece ive  more f l u o r i d e  than would occur i n  
normal s u b j e c t s  who dr ink  f l u o r i d a t e d  water.  
s i t u a t i o n s  occurs  when p a t i e n t s  with r e n a l  d i s e a s e  dr ink  
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serum l e v e l s  t h a t  remain approximately t h e  same as when they 
e n t e r e d  long-term d i a l y s i s  therapy (Table  1). The bone con- 
t e n t  of f l u o r i d e  is  also g r e a t e r  i n  p a t i e n t s  exposed t o  
f l u o r i d a t e d  d i a l y s a t e  than  i n  those  exposed t o  f l u o r i d e - f r e e  
d i a l y s a t e  (Jowsey e t  a l . ,  1972; Cordy e t  a l . ,  1974) .  Whereas 
t h e s e  f i n d i n g s  a r e  g e n e r a l l y  accepted,  t h e  s p e c i f i c  e f f e c t  of 
r e t a i n e d  s k e l e t a l  f l u o r i d e  has  been d i f f i c u l t  t o  determine. 
Before proceeding wi th  a d e s c r i p t i o n  of p a t i e n t s  with r e n a l  
f a i l u r e  who were exposed t o  h igh  concent ra t ions  of  f l u o r i d e ,  
it i s  appropria ' te  t o  b r i e f l y  d e s c r i b e  t h e  bone d i s e a s e  seen 
i n  p a t i e n t s  wi th  l o w  f l u o r i d e  l e v e l s .  

Table 1. Serum f l u o r i d e  concent ra t ions .  
Concentrat ion 

P a t i e n t  s t a t u s  w / m l  I-IM 
0.02 1.0 Normal ( a d u l t s )  

Chronic  r e n a l  f a i l u r e  
(S iddiqui  e t  a l . ,  1970) 

0.05 2.6 
0.09 4.7 

Serum c r e a t i n i n e  <3  mg/dl 
Serum c r e a t i n i n e  > 3  mg/dl 

Without f l u o r i d e  (Jowsey e t  a l . ,  

With f l u o r i d e  0.24 12 .3  t o  13.5 

Hemodialysis (1 y r  o r  more) 

1972; Cordy e t  a l . ,  1974) 0.06 2.0 t o  3.4 

Bone Disease i n  P a t i e n t s  
With Low Fluor ide  Levels 
- ~ -  
-- 

The changes i n  bone seen i n  p a t i e n t s  wi th  chronic  r e n a l  
i n s u f f i c i e n c y  are complex i n  t h a t  t h e r e  i s  a spectrum of  
f ind ings .  
which shows a p a t t e r n  of excess ive  bone r e s o r p t i o n .  
seen h i s t o l o g i c a l l y  as excess ive  numbers of o s t e o c l a s t i c  
lacunae and reabsorp t ion  of  bone by o s t e o c y t e s .  Roentgeno- 
g r a p h i c a l l y ,  t h e  bone has  a moth-eaten appearance along 
s u b p e r i o s t e a l  s u r f a c e s .  These changes a r e  most e a s i l y  seen 
i n  roentgenograms of t h e  hands and of t h e  d i s t a l  p o r t i o n  of 
the c l a v i c l e .  

A t  one extreme i s  pure o s t e o t i s  f i b r o s i s ,  
T h i s  i s  

A t  t h e  o t h e r  extreme i s  osteomalacic  bone d i s e a s e  t h a t  
i s  due t o  a d e f i c i e n c y  of t h e  a c t i v e  v i tamin  D m e t a b o l i t e s  
normally produced by t h e  kidneys.  
h i s t o l o g i c a l l y  by excess ive  amounts of o s t e o i d  ( t h a t  i s ,  
unmineral ized bone matr ix)  
the  s u r f a c e  of bone t h a t  i s  forming bone mat r ix .  
g r a p h i c a l l y ,  t h e  most e a s i l y  recognized changes are narrow 
l i n e s  conta in ing  very l i t t l e  mineral  (Looser zones) .  These 
l i n e s  probably r e p r e s e n t  a c t u a l  f r a c t u r e s  because they a r e  
f r e q u e n t l y  followed by c a l l u s  formation similar t o  t h a t  seen 
i n  t y p i c a l  f r a c t u r e s .  

Osteomalacia i s  recognized 

and an i n c r e a s e  i n  t h e  f r a c t i o n  of 
Roentgeno- 

These two types of bone d i s e a s e  a r e ,  
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of course ,  a l s o  seen i n  p a t i e n t s  without  r e n a l  d i s e a s e .  
P a t i e n t s  with chronic  r e n a l  d i s e a s e  o f t e n  have a l i t t l e  of 
b o t h  types.  
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I n  a d d i t i o n ,  t h e  p a t i e n t s  o c c a s i o n a l l y  have s c l e r o s i s .  E 
I 

H i s t o l o g i c a l l y ,  the  s c l e r o s e d  bone e .xhib i t s  an i n c r e a s e  i n  
t h e  th ickness  of t h e  t r a b e c u l a e ,  and roentgenographica l ly ,  
t h e r e  is a coarsening of t h e  t r a b e c u l a r  p a t t e r n  wi th  
increased  o p a c i t y  of t h e  minera l ized  t i s s u e s .  S c l e r o s i s  and 
i n c r e a s e d  amounts of o s t e o i d  a r e  a l s o  f e a t u r e s  of f l u o r o s i s .  
Therefore ,  Kaye and co-workers (1960) considered t h e  poss i -  
b i l i t y  t h a t  t h e s e  changes i n  p a t i e n t s  wi th  r e n a l  d i s e a s e  were 
due t o  f l u o r i d e  exposure. They concluded, however, t h a t  t h i s  
w a s  no t  so because t h e  bone f l u o r i d e  concent ra t ion  i n  t h e i r  
c a s e s  w a s  considerably lower than  t h a t  i n  repor ted  cases  of 
f l u o r o s i s .  I f  t h i s  f i n d i n g  i s  c o r r e c t  and n o t  j u s t  t h e  
r e s u l t  of f a i l u r e  t o  sample r e c e n t l y  formed bone, then r e n a l  
d i s e a s e  and f l u o r i d e  cause s i m i l a r  changes. This over lap  
makes it very d i f f i c u l t  t o  a s s e s s  t h e  e f f e c t  of f l u o r i d e  p e r  
se i n  t h e s e  p a t i e n t s .  Very l a r g e  amounts of new p e r i o s t e a l  
bone and c a l c i f i c a t i o n  of t h e  i n t e r o s s e o u s  l igaments  a r e  t h e  
only  known f e a t u r e s  d i s t i n c t i v e  of f l u o r i d e ,  and t h e s e  have 
n o t  been noted i n  p a t i e n t s  on hemodialysis  (Johnson, 1965; 
J o l l y ,  Singh, and Mathur, 1969) .  

! 

i 

Case Reports From High Fluor ide  Areas -_____- 

E f f e c t s  P r i o r  t o  D i a l y s i s  --- 
One case of symptomatic s k e l e t a l  f l u o r o s i s  (radiculomye- 

lopa thy)  has been r e p o r t e d  from an a r e a  i n  T e x a s w i t h n a t u r a l  
f l u o r i d e  a t  2.3-3.5 ppm i n  t h e  water (Sauerbrunn e t  a1.,1965). 
There have been two c a s e s  of suspected s k e l e t a l  f l u o r o s i s  
(based on  X-ray evidence)  i n  t h e  United S t a t e s  w i t h  f l u o r i d e  
a t  2-3 ppm i n  t h e  dr inking  w a t e r  (Juncos and Donadio, 1972).  
The Department of Nephrology a t  t h e  Mayo C l i n i c  examines 
approximately 100 new p a t i e n t s  with end-stage r e n a l  d i sease  
each year .  
n a t u r a l l y  occurr ing f l u o r i d e  concent ra t ion  i n  tap  water 
exceeds 1 ppm. During t h e  course of s e v e r a l  y e a r s ,  s i x  
p a t i e n t s  have been seen  i n  whom f l u o r i d e  may have been t h e  
cause of  d e t e c t a b l e  c l i n i c a l  and roentgenographic e f f e c t s .  
Two of t h e s e  c a s e s  have been repor ted  previous ly  from our 
i n s t i t u t i o n  (Juncos and Donadio, 1972) .  One p a t i e n t  had 
chronic  g lomerulonephr i t i s ,  and t h e  o t h e r s  had congeni ta l  
r e n a l  d i s e a s e  of more than 1 5  y e a r s '  d u r a t i o n  before  s k e l e t a l  
symptoms developed (Table  2 ) .  Most of  t h e  p a t i e n t s  had high 
u r i n e  volumes ( > 3  p e r  d a y ) ,  t h e  f l u i d  being replaced by 
copious i n t a k e  of water o r  i n  one i n s t a n c e ,  t e a .  

Some of t h e s e  p a t i e n t s  r e s i d e  i n  a reas  where t h e  
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Table 2. causes  of  r e n a l  f a i l u r e  i n  s i x  p a t i e n t s  
exposed t o  h igh  f l u o r i d e  be fo re  d i a l y s i s .  

Cause N o .  
Congeni ta l  d e f e c t s  of  b l adde r ,  u r e t e r s  3 
Fanconi syndrome 1 
B i l a t e r a l  p o l y c y s t i c  kidneys 1 
Chronic  g lomeru lonephr i t i s  1 

~~~~~~ ~ ~ ~ _ _ _ _ ~ ~ ~ ~ ~ ~ ~  ~~~~~~~~ ~ 

The m o s t  d i s t i n c t i v e  f e a t u r e s  suggest ing f l u o r o s i s  w e r e  
t h e  roentgenographic  appearance of  t h e  s k e l e t o n  and t h e  se- 
v e r i t y  o f  d e n t a l  m o t t l i n g  (Table 3 ) .  The m o s t  c h a r a c t e r i s t i c  
roentgenographic  f i n d i n g  w a s  a d i f f u s e  i n c r e a s e  i n  bone 
d e n s i t y  which, i n  younger p a t i e n t s ,  assumed a ground-glass 
appearance;  whereas i n  o l d e r  p a t i e n t s ,  it showed a coarse 
t r a b e c u l a r  p a t t e r n  t h a t  became m o r e  obvious as the s k e l e t o n  
became m o r e  demineral ized over t h e  yea r s  and w i t h  p rogres s ion  
o f  r e n a l  f a i l u r e .  I n  a d d i t i o n  t o  t h e  i n c r e a s e  i n  bone densi-  
t y  and t h e  a l t e r a t i o n  of  t r a b e c u l a r  p a t t e r n ,  t h e r e  w a s  promi- 
nent new s u b p e r i o s t e a l  bone format ion ,  e s p e c i a l l y  i n  t h e  long 
bones of t h e  upper and lower e x t r e m i t i e s ,  and c a l c i f i c a t i o n  
of  t h e  i n t e r o s s e o u s  l igaments  between t i b i a  and f i b u l a  and 
between r a d i u s  and u l n a ,  as w e l l  as o f  t h e  sac ro tube rous  l i g -  
aments o f  t h e  p e l v i s  and t h e  l o n g i t u d i n a l  l igaments  o f  t h e  
s p i n a l  column i n  s o m e  o f  t h e  p a t i e n t s .  I n  a d d i t i o n ,  t h r e e  pa- 
t i e n t s  had pseudof rac tu res ,  a common f e a t u r e  of  osteomalacia. 

Tab le  3. Roentgenographic f ind ings  i n  s i x  p a t i e n t s  
w i t h  r e n a l  f a i l u r e  who w e r e  exposed t o  high f l u o r i d e *  
before d i a l y s i s .  

I n c r e a s e d  bone d e n s i t y  6 
Finding P a t i e n t s  

Den ta l  m o t t l i n g  2 
C a l c i f i e d  i n t e r o s s e u s  l igaments  2 
S u b p e r i o s t e a l  bone 2 
S u b p e r i o s t e a l  r e s o r p t i o n  0 
F r a c t u r e s  3 
Pseudof rac tu res  3 
*1.7 t o  2'.0 p p m .  

Despite having seve re  symptomatic bone d i s e a s e ,  none of  
t h e  p a t i e n t s  showed s t r i k i n g  f e a t u r e s  of hyperparathyroidism,  
such as s u b p e r i o s t e a l  r e s o r p t i o n  or bone c y s t s ,  which, i n  t h e  
United S t a t e s ,  are t h e  more common man i fe s t a t ions  of r e n a l  
osteodystrophy.  Plasma p a r a t h y r o i d  hormone concen t r a t ions ,  
a l though e l e v a t e d  i n  a l l  o f  t h e  p a t i e n t s ,  w e r e  r e l a t i v e l y  l o w  
cons ide r ing  t h e  s e v e r i t y  of  t h e  bone d i s e a s e .  

I n  a d d i t i o n ,  t h e s e  p a t i e n t s  developed seve re  s k e l e t a l  
changes or bone pa in  e a r l y  i n  t h e  course  o f  r e n a l  f a i l u r e  
when c r e a t i n i n e  va lues  w e r e  approximately 3 mg/dL. Symptoms 
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r e f e r a b l e  t o  t h e  ske le ton  va r i ed .  Two of s i x  p a t i e n t s  were 
asymptomatic; fou r  complained of  a r t h r a l g i a ,  e s p e c i a l l y  of 
t h e  knees ,  and of bone p a i n  on weight-bearing involv ing  t h e  
l o w e r  e x t r e m i t i e s ;  t h r e e  of t h e  p a t i e n t s  had spontaneous 
f r a c t u r e s  of m e t a t a r s a l s ,  r i b s ,  and h ip .  

Bone biopsy specimens a v a i l a b l e  from four  p a t i e n t s  
showed a marked inc rease  i n  t h e  r a t i o  of  f l u o r i d e  t o  calcium 
(Table  4 ) .  Biopsy specimens s t u d i e d  by q u a n t i t a t i v e  micro- 
r ad iog raph ic  techniques showed a l a r g e  percentage of bone 
s u r f a c e  covered by o s t e o i d  as w e l l  as t h i c k  o s t e o i d  seams 
w i t h  v a r i a b l e  degrees  of  bone r e s o r p t i o n  and l a r g e  areas of 
new bone formation. 

Table 4. P a t i e n t s  exposed t o  f l u o r i d e  prior t o  d i a l y s i s .  
F luo r ide  Osteoid on bone biopsy 

Water Serum Bone* Surf ace Width 

1 1.9  14.1 5.9 65.3 42 f 2.9 
28.8 f 3.8 2 2 .0  10 .1  5.4 46.7 

3 1.7 5.0 3.5 45.2 21.9 f 0.8 
4 1 . 7  12.0 3 . 0 .  19.4 22.4 f 2.6 

Mean 1.83 10.3 4.4 44.2 ? 9 . 1  28.8 t 4.6 
Normal 1 . 0  1 . 7  2 0 . 1  1.0 2.6 f 0.6 14.3 f 1.0 
*Fluoride is expressed as molar pe rcen t  r e l a t i v e  t o  calcium. 
1'Mean ? SE. 

Case (ppm) ( u M )  F/Ca ( % )  ( U M )  t 

Therapeut ic  measures included t h e  e l imina t ion  of f luo-  
r i d e  from t h e  d r ink ing  w a t e r ,  normalizat ion o f  plasma calcium 
and phosphate concen t r a t ions ,  and t h e  use  of vi tamin D 
ana logs .  Symptoms were l e s sened  with t h e s e  measures, bu t  
several  p a t i e n t s  continued t o  have f r a c t u r e s .  Four p a t i e n t s  
have been f r e e  of symptoms or f r a c t u r e s  s i n c e  en te r ing  t h e  
d i a l y s i s  program us ing  f l u o r i d e - f r e e  d i a l y s a t e  and cont inuing 
e f f o r t s  t o  maintain normal calcium and phosphate l e v e l s .  

-- Case of Seve res t  Disease. A 69-year-old man experienced 
excess ive  f r e q u e n t  urge t o  u r i n a t e  a s s o c i a t e d  with pyur i a  i n  
1958. S igns  of i n f e c t i o n  c l e a r e d  a f t e r  sulfonamide therapy ,  
b u t  u r i n a r y  frequency, n o c t u r i a ,  and p o l y u r i a  p e r s i s t e d .  The 
u r i n e  w a s  of f i x e d  s p e c i f i c  g r a v i t y  and showed a trace of 
p r o t e i n .  Mild azotemia appeared i n  1960, followed by bone 
p a i n ,  a r t h r a l g i a  of  t h e  knees and f e e t ,  and spontaneous 
"march f r a c t u r e s "  of both feet--a t o t a l  of 13  by 1963. 

Examination of t h e  u r i n e  revealed no i n f e c t i o n ,  bu t  a 
24-hour specimen showed an inc reased  con ten t  of glucose and 
amino a c i d  n i t rogen .  The u r i n e  w a s  a l k a l i n e ,  while  t h e  blood 
showed s o m e  evidence of systemic a c i d o s i s .  Blood sugar  
l e v e l s  w e r e  normal, azotemia w a s  mi ld ,  and a l k a l i n e  
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Fig.  1. A ,  I w l t i p l e  hea l ing  f r a c t u r e s  of m e t a t a r s a l s .  
N o t e  i n c r e a s e d b o n e  d e n s i t y  and coarse  t r a b e c u l a r  p a t t e r n .  
B ,  Increased  d e n s i t y  of p e l v i s ,  w i t h  coarse  t r a b e c u l a r  
p a t t e r n  and c a l c i f i c a t i o n  of sacrotuberous l igaments .  C, 
C a l c i f i c a t i o n  of i n t e r o s s e u s  l igament  between r a d i u s  and 
u lna .  E, Coarse t r a b e c u l a r  p a t t e r n  and s u b p e r i o s t e a l  new 
bone formation of d i s t a l  femur and proximal t i b i a .  
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phosphatase a c t i v i t y  was e l e v a t e d ,  b u t  va lues  f o r  serum 
calcium, phosphate ,  and t o t a l  p r o t e i n  were normal. An 
excre tory  urogram showed small kidneys.  S k e l e t a l  roentgeno- 
grams showed hea l ing  f r a c t u r e s  of t h e  m e t a t a r s a l s  and 
pha langea l  bones of both f e e t ,  a r e a s  of increased  bone 
d e n s i t y  wi th  a coarse  t r a b e c u l a r  p a t t e r n  involv ing  predomi- 
n a t e l y  t h e  axial s k e l e t o n  and c a l c i f i c a t i o n  of in te rosseous  
l igaments,  and new s u b p e r i o s t e a l  bone formation (Fig.  1). 

Bone biopsy of t h e  i l i a c  c r e s t  showed an i n c r e a s e  of 
u n c a l c i f i e d  o s t e o i d  t i s s u e  on bone s u r f a c e s ,  decreased 
minera l  d e n s i t y  around o s t e o c y t e s ,  low m i n e r a l i z a t i o n  of 
cement l i n e s ,  and much i n t e r s t i t i u m  w i t h  an i r r e g u l a r  p a t t e r n .  

A f t e r  t rea tment  wi th  o r a l  calcium supplements and v i t a -  
min D, bone pain decreased b u t t h e  p a t i e n t  experienced 
a d d i t i o n a l  f r a c t u r e s .  O s t e o s c l e r o s i s  i n c r e a s e d ,  b u t  serum 
a l k a l i n e  phosphatase v a l u e s  decreased  t o  normal (Fig.  2 ) .  A 
bone biopsy specimen taken  i n  1968 showed hea l ing  of osteo- 
malacia. Chemical va lues  showed a h igh  concent ra t ion  of 
f l u o r i d e  i n  serum (14 pM) and bone (4.7 t o  6.5 moles of 
f l u o r i d e  p e r  100 moles o f  calcium) and i n  dr inking  water  ( 2  
ppn or 106 UM) r e l a t i v e  t o  t h e  concent ra t ion  of f l u o r i d e  i n  
t h e  u r i n e  ( 7 8  pM) . 

A t  t h i s  p o i n t ,  t h e  p a t i e n t  was advised t o  s t o p  dr inking  
t a p  water and t o  use  only f l u o r i d e - f r e e  s p r i n g  water  or 
d i s t i l l e d  w a t e r  f o r  both dr inking  and cooking. Serum f l u o r i d e  
concent ra t ions  decreased ( t o  8 pM), and f o r  a per iod  of 
approximately 8 y e a r s ,  t h e  p a t i e n t  w a s  r e l a t i v e l y  f r e e  of 
bone p a i n  and d i d  n o t  exper ience  f u r t h e r  f r a c t u r e s .  

I n  1971, r e n a l  func t ion  temporar i ly  d e t e r i o r a t e d  
f u r t h e r .  A f t e r  p e r i t o n e a l  d i a l y s i s ,  r e n a l  func t ion  sponta- 
neously improved. I n  1974, t h e  p a t i e n t  f e l l ,  s u s t a i n i n g  a 
h i p  f r a c t u r e  t h a t  r e q u i r e d  i n t e r n a l  f i x a t i o n .  Osteomalacia 
has p e r s i s t e d  d e s p i t e  v i tamin  D therapy  and reasonable  
c o n t r o l  of  systemic a c i d o s i s  and secondary hyperparathyroid-  
i s m .  These f i n d i n g s  were i n t e r p r e t e d  as 
Fanconi ' s  syndrome with os teomalac ia  and 
f l u o r o s i s .  

E f f e c t s  of Fluor ide  i n  t h e  ____- 

r e p r e s e n t i n g  
superimposed 

Dia lysa te  

Claims of Adverse E f f e c t s  ~ - _ _ _ ~  
A f t e r  t h e  i n t r o d u c t i o n  of  home d i a l y s i s  i n  1964, 

a d u l t  

s e v e r a l  
c e n t e r s ,  inc luding  our own, noted a h igher  incidence of bone 
d i s e a s e  when p a t i e n t s  used u n t r e a t e d  o r  sof tened  w a t e r  t o  
prepare  t h e  d i a l y s a t e .  One i d e n t i f i a b l e  f a c t o r  was t h e  
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S. Calcium 10 
mg/dl 

6 S. Phosphorus 
mg/dl 4 

2 

S. Creatinine 
mg/dl 

S. Alkaline 
phosphatase 
activity, IU/L 

S. Parathyroid 400[ 
hormone, pl eq/ml 300 

200 7 
.100 

0 

Fractures: no./yr 43 4 4 0 2 0 0 0 0 0 0 0 3 1 0 
Vit. 4 50 000 
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Aluminum carbonate - c--- 
Ca supplement, g/dq c t I 4 

L o w F i n t a k e ~ ,  I , , , , I I  , , I , I I I I 

4962 '64 '66 '68 '70 '72 '74 '76 
Year 

F i g .  2. Serum chemical va lues ,  c l i n i c a l  response ,  and 
t r ea tmen t  regimen i n  p a t i e n t  exposed t o  f l u o r i d e  be fo re  
d i a l y s i s .  Hatched a r e a  = normal range. 

Fluoridation and Bone Disease in RemZ Patients 285 

presence  of f l u o r i d e  i n  w a t e r  used a t  home b u t  i t s  absence i n  
water used i n  t h e  cen te r s .  Unlike t h e  bone d i s e a s e  usua l ly  
encountered i n  d i a l y s i s  p a t i e n t s ,  t h e s e  p a t i e n t s  had l i t t l e  
evidence of hyperparathyroidism, b u t ,  i n s t e a d ,  had h i s t o l o g i c  
evidence of severe  osteomalacia.  F ive  of t h e  s i x  p a t i e n t s  
exposed t o  f l u o r i d a t e d  d i a l y s a t e  f o r  an  average of 23 months 
s u f f e r e d  bone pa in  and f r a c t u r e s ,  and t h r e e  of t h e s e  p a t i e n t s  
had i n c a p a c i t a t i n g  symptoms. Bone biopsy specimens from f i v e  
p a t i e n t s  exposed t o  f l u o r i d a t e d  d i a l y s a t e  f o r  more than  1 
yea r  were compared wi th  those  from s i x  p a t i e n t s  of approxi- 
mately t h e  same age ,  du ra t ion  of azotemia,  and du ra t ion  of 
d i a l y s i s  who w e r e  d i a lyzed  us ing  f l u o r i d e - f r e e  d i a l y s a t e .  
The blood concent ra t ions  and r a t i o s  of bone f l u o r i d e  t o  
calcium were s i g n i f i c a n t l y  h igher  i n  p a t i e n t s  exposed t o  
f l u o r i d a t e d  d i a l y s a t e  (Table 5 ) .  Although t h e  s e v e r i t y  of 
o s t e i t i s  f i b r o s i s  w a s  s imilar i n  t h e  t w o  groups,  as r e f l e c t e d  
by t h e  percentage  of bone su r face  undergoing o s t e o c l a s t i c  
r e s o r p t i o n ,  osteomalacia w a s  s i g n i f i c a n t l y  more seve re  i n  t h e  
f l u o r i d a t e d  group. 

T a b l e  5. Chemical and h i s t o l o g i c  f e a t u r e s  of 
p a t i e n t s  exposed t o  low and h igh  f l u o r i d e  d i a l y s a t e  

Dia lysa t e  F 
>50!.1!1 

(6 p a t i e n t s )  (5  p a t i e n t s )  
Hemodialysis (mo ) 22.0 20.0 
F luo r ide  

Dia lysa t e  (!AM) 1 . 4  
2.8 Serum (!AM)* 

Bone F/Ca* 1.0 
3.0 

17.3 
7 .0  

Osteoid s u r f a c e  ( % )  
Osteoid  width (!.IM) 
Bone formation ( % )  

52.0 
13.2 

3 .2 t  
27.5$ 
37.9.: 
0 .3  

Bone r e so rp t ion  ( % )  29.0 26.8 
*Normal: I n  persons  dr inking  water wi th  a f l u o r i d e  
con ten t  of 1 ppm (53 pM), t h e  serum f l u o r i d e  i s  0.7 k 
0.4  !AM and t h e  bone f luor ide- to-ca lc ium ratio,  
expressed a s  molar %, is  1 . 0 ,  which i s  approximately 
1,000 t o  2,000 ppm on an ash weight b a s i s .  

S i g n i f i c a n t  d i f f e r e n c e  from <5 !.IM group: fp<0.05; 
+p<o. 01 * 

Case of Seve res t  Disease. A 46-year-old man wi th  poly- 
c y s t i c  r e n a l  d i s e a s e  w a s  maintained by long-term hemodialysis 
(Johnson and Taves, 1 9 7 4 ) .  A t  f i r s t ,  a commercial water 
s o f t e n e r  provided water con ta in ing  1 ppm of f l u o r i d e .  The 
serum concen t r a t ions  of calcium and magnesium were maintained 
i n  t h e  normal o r  e l eva ted  range ( t end ing  t o  suppress  para- 
t hy ro id  a c t i v i t y )  and the  serum phosphate va lues  were never 
below normal and, t h e r e f o r e ,  were un l ike ly  t o  induce 

-- 
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Fig .  3 .  Serum and d i a l y s a t e  chemical va lues  from 
p a t i e n t  exposed t o  f l u o r i d a t e d  d i a l y s a t e  and subsequent ly  
t r e a t e d  by r e n a l  t r a n s p l a n t a t i o n .  
DR. [1974]  Exposure t o  excessive f l u o r i d e  dur ing  hemo- 
d i a l y s i s .  Kidney I n t .  5;451-454. By permission of t h e  
I n t e r n a t i o n a l  Soc ie ty  of Nephrology.) 

(From Johnson W J ,  Taves 

c i' 
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phosphate-deplet ion osteomalacia  (Fig.  3)  . Para thyro id  
hormone v a l u e s  a l s o  were below t h e  average of p a t i e n t s  on 
such a regimen. 

Despi te  t h e s e  measures,  the  a l k a l i n e  phosphatase values  
increased  s t e a d i l y .  Although i n i t i a l  s k e l e t a l  surveys d i d  
not  r e v e a l  abnormal i t ies ,  w i t h i n  a y e a r ,  t h e  p a t i e n t  
complained of c h e s t  p a i n  and severe  p a i n  of t h e  f e e t  on 
weight-bearing . Examination of t h e  s k e l e t o n  showed general-  
i z e d  deminera l iza t ion  and f r a c t u r e s  of  t h r e e  r i b s ,  b u t  no 
evidence of  s u b p e r i o s t e a l  bone r e s o r p t i o n .  I n  s p i t e  of a 
good a p p e t i t e  and a seemingly adequate c a l o r i c  and p r o t e i n  
i n t a k e ,  t h e  p a t i e n t ' s  weight decreased 11 kg . 

Because w e  suspected t h a t  f l u o r i d e  w a s  i m p l i c a t e d ,  
a d e i o n i z e r  w a s  recommended. Repeated de te rmina t ions  of 
d i a l y s a t e  f l u o r i d e ,  however, revealed v a r i a b l e  v a l u e s ,  some 
l e v e l s  a c t u a l l y  exceeding t h e  concent ra t ion  i n  t a p  water.  
I n s p e c t i o n  of t h e  apparatus  revealed t h a t ,  because t h e  
conduct iv i ty  meter  w a s  d e f e c t i v e ,  t h e  p a t i e n t  had been using 
t h e  water  meter  t o  determine when t h e  d e i o n i z e r  requi red  
regenera t ion .  Although t h i s  p r a c t i c e  d i d  n o t  r e s u l t  i n  
dangerous e l e v a t i o n  of  calcium and magnesium l e v e l s  i n  the  
d i a l y s a t e ,  f l u o r i d e  w a s  e l u t e d  from t h e  column when the  
d e i o n i z e r  was exhausted. A f t e r  c o r r e c t i o n  of  t h i s  problem, 
d i a l y s a t e  and serum f l u o r i d e  concent ra t ions  decreased rapidly. 

Bone biopsy specimens obta ined  b e f o r e  and a f t e r  the  
reduct ion  of serum f l u o r i d e  l e v e l s  showed a s l i g h t  decrease 
i n  t h e  r a t i o  of bone f l u o r i d e  t o  calcium from 3 . 4  t o  3 . 0  and 
some improvement i n  t h e  osteomalacia  and bone resorp t ion .  
Despi te  t h e s e  encouraging f i n d i n g s ,  t h e  p a t i e n t  d i d  not  
improve c l i n i c a l l y  and a t  t h i s  p o i n t  w a s  bedridden because of 
bone p a i n  and f r a c t u r e s .  A f t e r  nephrectomy and splenectomy 
i n  p r e p a r a t i o n  f o r  r e n a l  t r a n s p l a n t a t i o n ,  he experienced a 
g e n e r a l i z e d  s e i z u r e  and s u f f e r e d  a d d i t i p n a l  f r a c t u r e s  of a 
r i b ,  a lumbar v e r t e b r a l  body, and t h e  r i g h t  femoral  neck. 

A f t e r  s u c c e s s f u l  r e n a l  t r a n s p l a n t a t i o n ,  s e r i a l  s k e l e t a l  
roentgenograms and bone densi tometry measurements showed 
r e m i n e r a l i z a t i o n  and hea l ing  of f r a c t u r e s .  During t h e  next 
6 y e a r s ,  t h e  p a t i e n t  w a s  f r e e  of s k e l e t a l  complicat ions.  
Values f o r  serum calcium, phosphate ,  and a l k a l i n e  phosphatase 
and para thyro id  radioimmunoassay concent ra t ions  re turned  t o  
normal, b u t  serum f l u o r i d e  concent ra t ions  have remained 
e leva ted .  

Four of s i x  p a t i e n t s  who were exposed t o  f l u o r i d a t e d  
d i a l y s a t e  a t  o u r  i n s t i t u t i o n  have undergone s u c c e s s f u l  r e n a l  
t r a n s p l a n t a t i o n  and have been f r e e  of s k e l e t a l  complaints f o r  
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f l u o r i d e  may c o n t r i b u t e  t o  t h e  development of 'osteomalacia,  
bu t  they  could n o t  exclude o t h e r  f a c t o r s .  

I n  a s tudy of  t h e  i o n i c  composition of  bone from uremic 
p a t i e n t s ,  Parsons and co-workers (1971) demonstrated uneven 
d i s t r i b u t i o n  of f l u o r i d e  throughout t h e  s k e l e t o n  and conclud- 
ed t h a t  t h e  h igher  concent ra t ion  of f l u o r i d e  i n  c e r t a i n  
a r e a s  w a s  respons ib le  f o r  t h e  increased  o s t e o i d  i n  those  
l o c a t i o n s .  S iddiqui  e t  a l .  (1970) r e p o r t e d  t h a t  serum 
f l u o r i d e  concent ra t ions  increased  wi th  t i m e  on d i a l y s i s  and 
found a s i g n i f i c a n t  c o r r e l a t i o n  between t h e  s e v e r i t y  of bone 
d i s e a s e  and the  concent ra t ion  of  serum f l u o r i d e .  Bone biopsy 
specimens from 17 p a t i e n t s  revea led  t h a t  t h e  h i g h e s t  f l u o r i d e  
concent ra t ions  were p r e s e n t  i n  those  with severe  osteomalacia.  
K i m  and co-workers (1970) demonstrated a high conten t  of 
f l u o r i d e  i n  c o r t i c a l  bone of p a t i e n t s  wi th  r e n a l  d i s e a s e  
whether o r  no t  they  were t r e a t e d  wi th  hemodialysis.  The 
r a t i o s  of f l u o r i d e  t o  calcium, however, were h i g h e s t  i n  the  
p a t i e n t s  us ing  f l u o r i d a t e d  d i a l y s a t e .  

However,other s t u d i e s h a v e  c a s t d o u b t o n t h e  h y p o t h e s i s t h a t  
t h e  use  of f l u o r i d a t e d  d i a l y s a t e  causes  more osteomalacia .  
S iddiqui  and co-workers (1971) compared bone d i s e a s e  i n  
p a t i e n t s  from t w o  c i t i e s  i n  England: i n  p a t i e n t s  from 
Birmingham, symptomatic osteodystrophy is uncommon and usual- 
l y  a s s o c i a t e d  w i t h  o s t e i t i s  f i b r o s a ,  while  i n  p a t i e n t s  from 
Newcastle, osteodystrophy i s  common and a s s o c i a t e d  with 
m u l t i p l e  f r a c t u r e s  b u t  without  roentgenographic  evidence of 
o s t e i t i s  f i b r o s a .  Incr imina t ion  of f l u o r i d e  i n  t a p  water a s  
a cause of severe  bone d i s e a s e  was n o t  p o s s i b l e  because both 
c e n t e r s  used f l u o r i d a t e d  d i a l y s a t e .  Bone biopsy specimens 
were not  examined i n  t h i s  s tudy.  Specula t ion  as t o  t h e  
presence of some o t h e r  t o x i c  s o l u t e ,  a s  y e t  u n i d e n t i f i e d ,  was 
the  b e s t  a v a i l a b l e  explana t ion  f o r  t h e  d i f f e r e n c e  i n  a t t a c k  
r a t e s  of bone d i s e a s e  between t h e  two c i t i e s .  Oreopoulos and 
co-workers (1974) did a prospec t ive  double-blind s tudy using 
deionized water t o  prepare t h e  d i a l y s a t e .  I n  one group of 
p a t i e n t s ,  sodium c h l o r i d e  w a s  added, while  i n  t h e  o t h e r ,  
sodium f l u o r i d e  w a s  added t o  provide f l u o r i d e  concentrat ions 
of 1 ppm i n  t h e  f i n a l  d i a l y s a t e .  Bone biopsy specimens 
obtained before  t rea tment  and a f t e r  a year  f a i l e d  t o  show 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  two groups except  f o r  i n -  
c reased  s c l e r o s i s  i n  t h e  f l u o r i d e  group. They concluded t h a t  
d i a l y s a t e  f l u o r i d e  i s  n o t  t h e  primary cause of  progress ive  
os teomalac ia ,  a t  l e a s t  during t h e  f i r s t  2 y e a r s  of d i a l y s i s .  

C o n f l i c t i n g  r e p o r t s  regarding t h e  e f f e c t s  of f l u o r i d e  
i n  p a t i e n t s  d ia lyzed  us ing  u n t r e a t e d  t a p  water  containing a 
high concent ra t ion  of f l u o r i d e  f o r  p r e p a r a t i o n  of t h e  
d i a l y s a t e  may be explained i n  a number of ways. D i s t i n c t i v e  

as long as 7 y e a r s ,  a l though t h r e e  of t h e  four  had s u f f e r e d  
f r a c t u r e s  before  and one immediately a f t e r  t r a n s p l a n t a t i o n .  

Discuss ion  

A number of s t u d i e s  have supported t h e  conclusion t h a t  
exposure t o  f l u o r i d a t e d  d i a l y s a t e  i n c r e a s e s  t h e  r i s k  of 
symptomatic osteomalacia .  Posen and co-workers (1971) noted 
a n  i n c r e a s e d  inc idence  of  bone d i s e a s e  i n  t h e  c i t y  of  O t t a w a ,  
where f l u o r i d a t e d  water  w a s  used t o  prepare  t h e  d i a l y s a t e ;  
and Cordy e t  a l .  (1974) r e p o r t e d  a s i m i l a r  experience when 
p a t i e n t s  who underwent d i a l y s i s  a t  home used f l u o r i d a t e d  
water .  
(Cordy e t  a l . ,  1974) w e r e  lower than  those  i n  o u r  experience 
(Jowsey e t  a l . ,  1972) and those  r e p o r t e d  i n  O t t a w a  (Posen, 

Marier ,  and Jaworski ,  1971) .  Biopsy specimens from t h e  i l i a c  
crest o f  f o u r  p a t i e n t s  i n  Montreal who had t h e  h i g h e s t  r a t i o s  
o f  f l u o r i d e  t o  calcium i n  bone were s t u d i e d  by Lough e t  a l .  
(1975) ,  u s i n g  phase c o n t r a c t  and e l e c t r o n  microscopy. These 
biopsy specimens w e r e  compared wi th  specimens from p a t i e n t s  
o f  similar age,  sex ,  and d u r a t i o n  of t rea tment  who had been 
us ing  f l u o r i d e - f r e e  d i a l y s a t e .  The s t u d i e s  d i f f e r e d  i n  not  
having any adolescents  and i n  d i a l y s i s  mainly being done i n  a 
c e n t e r  r a t h e r  than  a t  home. I n  t h e  nonf luor ida ted  group, t h e  
f i n d i n g s  were those  of hyperpara thyro id  bone d isease .  On 
l i g h t  microscopy, an i n c r e a s e  w a s  noted i n  t h e  propor t ion  of 
bone covered by o s t e o i d  i n  t h e  f l u o r i d a t e d  group. C o r t i c a l ,  
c a n c e l l o u s ,  and p e r i o s t e a l  bone showed abnormal mosaic. 
p a t t e r n s  and s t a i n i n g  c h a r a c t e r i s t i c s .  The number of osteo-  
blasts w a s  i n c r e a s e d ,  and the  c a n a l i c u l i  were i n  d i s a r r a y .  
E l e c t r o n  microscopy confirmed an i n c r e a s e  i n  o s t e o b l a s t s  and 
showed t h a t  t h e i r  cytoplasmic processes  were tangled  and 
d i s a r r a y e d .  Collagen f i b e r s  were of normal diameter  and 
p e r i o d i c i t y  b u t  were l o o s e l y  and i r r e g u l a r l y  a l igned  i n  
bundles  compared t o  t h e  nonf luor ida ted  group. S i m i l a r  
f i n d i n g s  have been r e p o r t e d  i n  c a t t l e  and dogs exposed t o  
h i g h  f l u o r i d e  in take- - for  example, o s t e o b l a s t i c  cytoplasmic 
p r o c e s s e s  t h a t  produce co l lagen  develop a haphazard,  
r o o t l i k e  appearance,  and t h e  co l lagen  t h a t  is  produced i s  
e x c e s s i v e  i n  amount and l a c k s  o r d e r l y  o r i e n t a t i o n  (Johnson, 
1965) .  

The inc idences  o f  bone p a i n  and f r a c t u r e s  i n  Montreal 

C o n s i s t e n t  wi th  t h e  t h e s i s  t h a t  f l u o r i d e  c o n t r i b u t e s  t o  
os teomalac ia  i s  t h e  r e p o r t  of Posen and co-workers (1972) ,  
who compared t h e  inc idence  of osteodystrophy i n  p a t i e n t s  
d i a l y z e d  e i t h e r  with de ionized  water  or wi th  f l u o r i d a t e d  t a p  
water. Deioniza t ion  w a s  a s s o c i a t e d  n o t  only wi th  less 
symptomatic osteomalacia  b u t  a l s o  w i t h  hea l ing  of  p r i o r  
os teomalac ia .  Because o t h e r  e lements  as w e l l  a s  f l u o r i d e  
were removed by d e i o n i z a t i o n ,  t h e  a u t h o r s  suggested t h a t  
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roentgenographic  changes a s s o c i a t e d  wi th  f l u o r o s i s  may n o t  be 
s e e n  even a f t e r  prolonged exposure,  perhaps because r e n a l  
f a i l u r e  alters t h e  capac i ty  of t h e  d i a l y z e d  p a t i e n t  t o  
respond by i n c r e a s i n g  bone product ion.  
t i o n s  of bone d i s e a s e  such as a r t h r a l g i a ,  bone p a i n ,  and 
p a t h o l o g i c  f r a c t u r e s  depend on many v a r i a b l e s  o t h e r  than  
f l u o r i d e .  Therefore ,  t h e  presence or absence of symptoms, 
f r a c t u r e s ,  o r  roentgenographic  changes also is  n o t  a reliable 
i n d e x  of a f l u o r i d e  e f f e c t .  I n  most i n s t a n c e s ,  t h e  only  
i n d i c a t i o n s  of  t h e  positive role of f l u o r i d e  are an e l e v a t i o n  
of f l u o r i d e  i n  blood and bone and t h e  h i s t o l o g i c  changes 
demonstrated on bone biopsy. The s i g n i f i c a n c e  of an e leva-  
t i o n  of serum f l u o r i d e  a lone  may be ambiguous because 
i n c r e a s e d  bone r e s o r p t i o n  as a r e s u l t  of uncont ro l led  
hyperparathyroidism also may l e a d  t o  a n  e l e v a t i o n  of serum 
f l u o r i d e .  However, f a i l u r e  of t h e  double-bl ind s tudy t o  show 
a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  i n  osteomalacia  does n o t  
r u l e  o u t  some e f f e c t  of f l u o r i d e .  A smal l  b u t  n o t  s ta t i s t i -  
c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  expected d i r e c t i o n  w a s  
n o t e d  a f t e r  a longer  t i m e  (Oreopoulos, 1977).  The c o n t r o l  
p a t i e n t s  i n  t h e  Oreopoulos s tudy  d i d  n o t  provide a clear 
contrast wi th  t h e  experimental  group. Two of n ine  p a t i e n t s  
i n  t h e  l o w  f l u o r i d e  group had long p r e d i a l y s i s  and pres tudy  
exposure t o  f l u o r i d e .  A s  a consequence, serum and bone 
f l u o r i d e  concent ra t ions  of  t h e  t w o  groups overlapped consid- 
e r a b l y .  A l s o ,  t h e  serum and bone f l u o r i d e  concent ra t ions  
t h e y  r e p o r t e d  a r e  lower than  t h o s e  noted i n  t h e  Mayo C l i n i c  
(Jowsey e t  a l . ,  1972) and t h e  Montreal (Cordy e t  a l . ,  1974) 
s t u d i e s .  The l i m i t a t i o n s  of  Oreopoulos' studymay e x p l a i n t h e  
f a i l u r e  t o  o b t a i n  a clear d i f f e r e n c e  between t h e  groups 
s t u d i e d .  

C l i n i c a l  manifesta-  

Concluding Remarks 

The a v a i l a b l e  evidence sugges ts  t h a t  s o m e  p a t i e n t s  with 
long-term r e n a l  f a i l u r e  are being a f f e c t e d  by  d r i n k i n g  water  
w i t h  as l i t t l e  as 2 ppm f l u o r i d e .  
showed increased  bone d e n s i t y ,  and t w o  showed c a l c i f i c a t i o n  
o f  in te rosseous  l igaments  which i s . t h o u g h t  t o  be d i a g n o s t i c  
of s k e l e t a l  f l u o r o s i s  (Stevenson and Wilson, 1957) .  The 
average  concent ra t ion  of f l u o r i d e  i n  bone o f  4.4 moles of 
f l u o r i d e  p e r  100 m o l e s  of calcium is e q u i v a l e n t  t o  9,000 ppm 
o f  f l u o r i d e  on an ash  weight basis and is  i n  t h e  middle range 
o f  t h e  v a l u e s  t h a t  have been r e p o r t e d  f o r  advanced f l u o r o s i s  
(Hodge and Smith,  1965; J o l l y ,  Singh,  and Mathur, 1969) .  The 
e x c e s s i v e  o s t e o i d  formation seen  i n  t h e s e  p a t i e n t s  i s  proba- 
b l y  accentuated by f l u o r i d e .  

A l l  of  t h e  p a t i e n t s  

With regard  t o  t h e  p a t i e n t s  exposed t o  f l u o r i d a t e d  
d i a l y s a t e ,  t h e  presumption should probably be t h a t  f l u o r i d e  

has  a d e f i n i t e  b u t  minor r o l e  i n  t h e  development of  osteo-  
malacia.  

The meaning of  t h e s e  f i n d i n g s  f o r  community f luor ida-  
t i o n  w i l l  depend on whether o r  n o t  f u r t h e r  work w i l l  c l e a r l y  
show adverse  e f f e c t s  i n  p a t i e n t s  wi th  r e n a l  f a i l u r e  dr inking 
w a t e r  w i t h  a concent ra t ion  of  1 ppm of f l u o r i d e  and whether 
t h e s e  e f f e c t s  can be e a s i l y  avoided. The f i n d i n g  o f  adverse 
e f f e c t s  i n  p a t i e n t s  d r i n k i n g  water with 2 ppm o f  f l u o r i d e  
sugges ts  that a few similar cases may be  found i n  p a t i e n t s  
imbibing 1 ppm, e s p e c i a l l y  i f  l a r g e  volumes are consumed, o r  
i n  heavy tea d r i n k e r s  and i f  f l u o r i d e  is indeed a cause.  

It would seem prudent ,  t h e r e f o r e ,  t o  monitor t h e  
f l u o r i d e  i n t a k e  o f  p a t i e n t s  wi th  r e n a l  f a i l u r e  l i v i n g  i n  
high f l u o r i d e  areas. The serum concent ra t ion  may i n d i c a t e  
whether the p a t i e n t  should be advised to d r i n k  low f l u o r i d e  
w a t e r  and w i l l  provide a check regard ing  compliance. 
T e n t a t i v e l y ,  a s h i f t  t o  low f l u o r i d e  water  should be made 
before  t h e  serum f l u o r i d e  concent ra t ion  reaches  5 uM, s i n c e  
evidence of f l u o r o s i s  h a s  been repor ted  when t h e  average 
serum concent ra t ions  of  f l u o r i d e  are 8 U M  (Leone e t  a l .  , 
1955; S i n g l a ,  Garg, and J o l l y ,  1976) .  

I n  p a t i e n t s  maintained by d i a l y s i s  f o r  long  per iods ,  
f l u o r i d e - f r e e  d i a l y s a t e  should be used. There i s  i n -  
s u f f i c i e n t  evidence a t  t h i s  p o i n t  t o  recommend t h e  use of 
f l u o r i d e - f r e e  dr inking  water f o r  a l l  p a t i e n t s  w i t h  r e n a l  
d i sease .  
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