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In vivo determination of bone mass i n  chi ldren 

aone mass has been determined a t  the  d i s t a l  
t h i r d  of the radius shaf t  by measuring the 
at tenuat ion of a  beam from a  125-1 source when 
i t  crosses bone. This technique has a  precision 
of 2 1 and the  rad ia t ion  dose t o  the forearm i s  
2 mrad [na tura l  dose i n  Geneva : 2 mrad/weekl. 
Three grouos of healthy children aged 6  t o  19 
years have been measured : 967 l i v e  In the c i t y  
of (kneva, 333 i n  a  country v i l l a g e  (VollBgesl 
and 1 6 4  i n  thz next v i l l a g e  (Sembrancher), where 
water i s  naturdl ly f luor i sed .  Bone mass increa-  
ses  w i t h  age, and a f t e r  puberty values of boys 
a re  higher than the  ones of g i r l s .  The d i f f e -  
rences between the  th re5  groups a re  not s i g n i f i -  
cant ,  b u t  the values obtained i n  the  United- 
S t a t e s  a r e  a t  a l i  ages higher than ours. In 
another group of 96 hospi tal ised children bone 
mass has been compared t o  metacarpal c o r t i c a l  
thickness  and the  cor re la t ion  i s  good ( r = 0 , 8 9 ) .  
A group of about f i f t y  children suf fe r ing  from 
various disorders  of phosphocalcium metabolism 
present more or l e s s  severely reduced values. 
This simple, precise  and e a s i l y  reproduct ible  
examination i s  the  best one t o  measure a  dimi- 
nution of bone mass quant i t a t ive ly ,  t o  follow 
the natural  evolution of a  disease or the e f fec t  
of a  therapy. 
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I n  1972 Jo1,1sey sho~ied  i n  dogs t h a t  bone 
became unrespons ive  t o  PTIi i n  t h e  p resence  
of  much o s t e o i d  ( J .  C l in .  I n v e s t .  51: 9 ,  
1972). T h i s  might a l s o  e x p l a i n  t h e  e l e v a t e d  
PTH-levels i n  v i tamin  D-def ic ien t  r i c k e t s  
i n  man. But i f  r a c h i t i c  bone s t r u c t u r e  i s  
t h e  cause of  t h e  r a i s e d  plasma-PTH v a l u e s ,  
t h i s  should  be independent  of v i tamin  D 
and t h e r e f o r e  plasma-PTH l e v e l s  i n  o t h e r  
t y p e s  of  r i c k e t s  should  a l s o  be above 
normal. T h i s  was examined i n  2  p a t i e n t s  
w i t h  hypophosphataemic r i c k e t s  ( a  16-year- 
o l d  boy and a  7-year-old g i r l ) .  Serum-Ca 
and plasma-PTH were determined s imul tan-  
eous ly .  A bone b iopsy ,  t a k e n  a t  t h e  same 
t i m e ,  was embedded i n  methyl-methacrylate  
wi thout  d e c a l c i f i c a t i o n ,  and 100 p t h i c k  
s e c t i o n s  were made. These were examined 
m i c r o s c o p i c a l l y :  t h e  l e n g t h  of  t h e  bone 
s u r f a c e ,  covered wi th  o s t e o i d ,  was measured 
and expressed  a s  a  f r a c t i o n  of  t h e  t o t a l  
l e n g t h  of t h e  s u r f a c e .  Serum-Ca and plasma- 
PTH were normal ,  w h i l s t  more t h a n  75 76 of  
t h e  bone s u r f a c e  was covered w i t h  o s t e o i d .  
These f i n d i n g s  do n o t  suppor t  t h e  hypo- 
t h e s i s  t h a t  i n  man t h e  e f f e c t  of  PTH on 
t h e  homeos tas i s  of calcium is i n h i b i t e d  by 
s e v e r e  r a c h i t i c  changes of  bone t i s s u e .  
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Du r i ng  t h e  p a s t  4  years  we have had on l o n g  
te rm p a r e n t e r a l  n u t r i t i o n  70 i n f a n t s .  I n  7  o f  
these p a t i e n t s  an impor tan t  hypophosphatemia 
( P i  below 20 mc/L), assoc ia ted  t o  n e u r o l o g i c a l  
symptoms i n  one case, was observed w i t h o u t  any 
s i g n i f i c a n t  change o f  serum Ca concen t ra t i on .  
The purpose o f  t h e  p resen t  s tudy  was : 1) To 
ana lyze t h e  f a c t o r ( s )  r espons ib le  o f  phospho- 
rus  d e p l e t i o n  d u r i n g  1  ong-term p a r e n t e r a l  
n u t r i t i o n .  2 )  To determine t h e  an~ounts o f  I . V .  
C a l c i  um, phosphorus and n i t r o g e n  necessary f o r  
t h e  p reven t i on  o f  such acc idents .  Th i s  i n v e s t i -  
g a t i o n  was done by s t a b l e  ba lance techn ique 
under a  cons tan t  c a l o r i c  i n t a k e  (100 Cal/Kg/24 
h )  ; calcium, phosphorus and n i t r o g e n  i n t a k e s  
were v a r i e d  s imu l taneous l y  o r  a l t e r n a t i v e l y  : 
Ca f rom 25 t o  60 mg/Kg/24 h, P  10 t o  60 mg/Kg/ 
24 h ,  and 1.1 320 t o  640 mg/Kg/24 h. The s u b j e c t s  
s t u d i e d  i n c l u d e d  9 i n f a n t s .  Resu l ts  a re  as f o l -  
low : 1) Phosphorus balance i s  h i g h l y  c o r r e l a -  
t e d  t o  ca lc ium,  n i t r o g e n  and c a l o r i c  i n t a k e s  ; 
2 )  When excess ive  amounts o f  p r o t e i n  and/or 
ca l c i um are  g iven i n t r a v e n o u s l y ,  a  s t a t e  o f  
phosphorus d e p l e t i o n ,  most p robab l y  secondary 
t o  c e l l u l a r  anabolism, may occur  ; and 3)  A  
c a l o r i c  i n t a k e  o f  100 Cal/Kg/24 h, a  c a l c i u m  
i n t a k e  o f  35 mg/Kg/24 h, a  n i t r o g e n  i n t a k e  o f  
400 mn/kg/24 h and a  phosphorus i n t a k e  o f  40 mq/ 
Kg124 h wi 11 p reven t  t h i s  acc iden t  and promote 
a  s a t i s f a c t o r y  development o f  t he  c h i  l d .  
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D e t e r m i n a t i o n  o f  c a l c i u m  b i n d i n g  p r o -  
t e i n  i n  duodenum o f  r a c h i t i c  b a b i e s  b e -  
f o r e  a n d  a f t e r  t r e a t m e n t  w i t h  2 5 - h y d r o -  
x y c h o l e c a l c i f e r o l  . 

A n t i s e r u m  d i r e c t e d  a g a i n s t  c a l c i u m  
b i n d i n g  p r o t e i n  (CaBP)  i s o l a t e d  f r o m  
human k i d n e y s  was u s e d  f o r  t h e  immuno-  
f l u o r e s c e n t  l o c a l i z a t i o n  o f  CaBP i n  
human i n t e s t i n e .  F r o z e n  s e c t i o n s  o f  i n -  
t e s t i n e  o b t a i n e d  b y  b i o p s y  f r o m  n o r m a l  
p e r s o n s  w e r e  t e s t e d  b y  t h e  i n d i r e c t  
f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e .  S p e c i -  
f i c  f l u o r e s c e n c e  i n d i c a t i n g  t h e  p r e s e n -  
c e  o f  CaBP was o b s e r v e d  a t  b o t h  t h e  b a -  
s a l  a n d  a p i c a l  p o l e s  o f  t h e  i n t e s t i n a l  
a b s o r p t i v e  c e l l s  w h i l e  t h e  g o b l e t  c e l l s  
a p p e a r e d  t o  f 1  u o r e s c e  n o n - s p e c i f  i c a l  l y  . 
T r e a t m e n t  o f  r a c h i t i c  c h i l d r e n  w i t h  2 5 -  
h y d r o x y & t o l e c a l c i f e r o 1  g e n e r a l l y  r e s t o -  
r e d  t h e  p a t t e r n  o f  f l u o r e s c e n c e  s e e n  i n  
i n t e s t i n a l  t i s s u e  f r o m  n o r m a l  p e r s o n s .  
C o n c e n t r a t i o n  o f  CaBP as d e t e r m i n e d  b y  
t h e  L A U R E L - t e c h n i q u e  i n c r e a d e s  a f t e r  
t r e a t m e n t .  
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