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92 Runge, Franke, Theuring 

f o r  t h e  e a r l y  d i a g n o s i s  of  s k e l e t a l  f l u o r o s i s ,  because 
t h i s  bone appears  t o  b e  least  a f f e c t e d  by o u t s i d e  in- 
f l u e n c e s  and because i t  showed t h e  most d i s t i n c t  in-  
c r e a s e s  o f  t h e  c o r t i c a l  index. 

It is  w e l l  known t h a t  formation of exos toses  and o s s i f i c a t i o n  
of  muscle a t tachments ,  as  w e l l  as a gradual  narrowing of t h e  medullary 
c a v i t y ,  occur  i n  chronic  f l u o r i d e  i n t o x i c a t i o n  (1-4). For d i a g n o s t i c  
purposes ,  measurement of t h e  c o r t i c a l  th ickness  and of t h e  width of 
d i a p h y s i s  has  gained importance (5-24). This  approach h a s  been par- 
t i c u l a r l y  u s e f u l  i n  t h e  d i a g n o s i s  of  t h e  i n i t i a l  s t a g e  of  f l u o r i d e -  
induced bone d i s e a s e s  (4,5,25,26) when e a r l y  d i a g n o s i s  is important  
f o r  prophylaxis .  

I l i a c  c r e s t  biopsy (27) and the  use of  a bone minera l  ana lyzer  
(28) permi t  e v a l u a t i o n  of  f luoride- induced bone changes i n  t h e  c l i n i c .  
They are n o t  a v a i l a b l e ,  however, to t h e  p r a c t i c i n g  phys ic ian .  We there-  
f o r e  devised  a s i m p l i f i e d  method of examination t h a t  can be used as a 
s t a n d a r d  i n  making a d iagnos is .  

Since 1967, we X-rayed t h e  thorax,  s p i n e ,  lower l e g s  and, re- 
c e n t l y ,  a l s o  t h e  l e f t  forearm i n  230 aluminum smelter workers. With t h e  
a i d  of X-ray p i c t u r e s , i t  is p o s s i b l e  f o r  an experienced team of  exami- 
n e r s  t o  determine whether o r  n o t  s k e l e t a l  f l u o r o s i s  e x i s t s .  

According t o  r e g u l a t i o n s  i n  the  G.D.R. a l l  persons exposed t o  
f l u o r i d e  are r e q u i r e d  t o  undergo X-ray examinations every t h r e e  years .  
S p e c i a l  a t t e n t i o n  is given t o  t h e  o s s i f i c a t i o n  of muscle a t tachments ,  
o s t e o s c l e r o s i s ,  exos toses  and f luoride- induced s t r u c t u r a l  changes of 
bones. Measurement of t h e  width of d iaphys is  and of t h e  c o r t i c a l  thick-  
n e s s  w a s  p o s s i b l e  a t  t h e  c l a v i c l e ,  r i b s ,  t i b i a  and f i b u l a  because only 
t h e s e  bones had been X-rayed f o r  d i a g n o s t i c  purposes. The most d i f f i -  
c u l t  problem i n  t h i s  s tudy was t h e  search  f o r  t h e  bone most s u i t a b l e  
t o  s e r v e  as a d i a g n o s t i c  c o n t r o l  i n  bone f l u o r o s i s .  Whereas some au- 
t h o r s  f i n d  t h e  metacarpal  bones, u lna ,  r a d i u s  or t i b i a  most s u i t a b l e  
f o r  e s t i m a t i n g  bone mineral  c o n t e n t  (4-6,9,10,29),weagreewithHelelae 
(161, who stresses t h a t  t h e  weight-bearing bones (such as the femur and 
t h e  t i b i a )  are less s u i t e d  f o r  measurements of  bone minera l  conten t .  
Bones s e r v i n g  as i n s e r t i o n s  f o r  b i g  musc les ,a l so ,a re  less s u i t a b l e  f o r  
measurements of c o r t i c a l  bones. F i s c h e r  and Hausser (13) recommended 
t h e  4 t h  or 5 t h  r i b  and the  clavicle f o r  t h e  de te rmina t ion  of bone min- 
eral  c o n t e n t .  

Material and Methods 

X-rays of t h e  bony t h o r a x  and t h e  lower l e g  were analyzed i n  
230 a l m i n u m  smelter workers a t  i n t e r v a l s  d u r i n g  t h e i r  employment i n  
t h e  aluminum f a c t o r y .  
passes,5662 measurements were made of t h e  c l a v i c l e ,  r i b s ,  t i b i a e  and 
f i b u l a e .  

With t h e  h e l p  of  a magni f ie r  and a p a i r  of com- 
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96 Runge, Franke, Theuring 

era1 content  of bones decreases  wi th  advancing age. Therefore ,  f luo-  
r i d e  exposure r e s u l t s  i n  a r e v e r s a l  of t h e  usua l  process  of ag ing  and 
t h e  c o r t i c a l  th ickness  increases .  The curves  of f i b u l a  and t i b i a  i n  
F igures  6 and 7 show no c o r r e l a t i o n .  

The width of t h e  d i a p h y s i s  of t h e  examined bones d i d  n o t  show 
e s s e n t i a l  changes i n  comparison wi th  t h e  s i n g l e  groups. F igure  8 pro- 
v i d e s  no c l u e  concerning t h e  s e n s i t i v i t y  of t h e  i n v e s t i g a t i v e  method. 
The c l a v i c l e ,  f o r  ins tance ,  demonstrates  t h a t  even s l i g h t  changes of 

F igures  6, 7 & 8 
C o r t i c a l  Index Related t o  T i m e  

of Exposure and on Stage of F l u o r o s i s  

1 I 
0-5 6-10 11-15 16-20 21-y. ooo vague 011 I 1-11 11'- 

symp. Stage 

I 
0-5 6-10 11-15,16-20 21-y. ooo vague 0-1 I 1-11 II- 

symp. s t a g e  
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