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ABSTRACT 

Two groups of i nves t iga to r s  u t l l2zed  t h r e e  techniques f o r  evaluat ing 

bone.minera1 mass.: I n  one ins t i tu t i .pn ,  t o t a l  body calcium aRCa1 by t o t a l  

body neutron a c t i v a t i o n  ana lys i s ,  and bone mineral content of the radius  

(BMCrL, by photon absorptiometry Uorland-Cameron Bone Mineral Analys is l ,  

were measured concomitantly. In t h e  o the r  i n s t i t u t i o n , ' t h e  mean bone 

mineral content of t h e  t h r e e  inner  phalanges of t h e  l e f t  hand (EPICh) was 

measured by radiographic absorptiometry. These techniques were appl ied t o  

two groups of subjec ts :  16 p a t i e n t s  wi th  primary osteoporosis  and 14 heal thy 

marathon runners. 

I n  t he  a t h l e t i c  population, TBCa was s i g n i f i c a n t l y  co r r e l a t ed  wi th  EPICh 

(? f0 .031  and wi th  BMC, (P <0.01). There was a highly s i g n i f i c a n t  cor re la -  

t i o n  between TBCa and BMCh (P (0.001) and wi th  BMCr (Pc0.001)  i n  t h e  osteo- 

po ro t i c  palriauts. These two p a r m e t a r s  o f  appendicular BMC were a l s o  s igni -  
O .  

f  i c a n t l y  ' co r r e l a t ed  with .each o the r  CP cO. 002) i n  t h i s  population. 

The higher co r r e l a t ion  found i n  os teoporot ic  p a t i e n t s  may be r e l a t ed  

t o  t he  d i f f u s e  na ture  of t h i s  condi t ion and t o  d i f fe rences  i n  t he  d i s t r i b u t i o n  

of s k e l e t a l  mass i n  the  marathon runners.  
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INTRODUCTION 

The evaluat ion of t h e  degree of osteopenia has c l i n i , ca l  and physio- 

l o g i c a l  relevance. In  recent  years;differknt  techniques f o r  t h e  quant i f i -  

ca t ion  of s k e l e t a l  minera l iza t ion  have been introduced, Several ,  r e l a t i v e l y  

simple methods, study the. perfphery of t h e  skeleton radiographical ly .  I n  

these s t u d i e s  of 1ocali.zed a reas  of appendicular bone the re  i s  always t h e  

quest ion of the  v a l i d i t y  of ex t rapola t ion  t o  t h e  whole body calcium l e v e l s  

(Nordin, 1964; McLean, U r i s t ,  1968). The technique of -- i n  vivo foral body 

neutron a c t i v a t i o n  ana lys i s  (TBNAA). h a s  provided a  p r a c t i c a l  method t o  

'compare t h e  t o t a l  body calcium (TBCa) wi th  the  appendicular measurements. 

In  this way, t h e  value of loca l ized  measurements i n  evaluat ing t h e  mineral i -  

za t ion  of t h e  ske le ton 'could  be measured. 

Chesnut, Manzke, e t  a l . ,  a973)reported i n  14 os teoporot ic  p a t i e n t s  a  

h igh  co r re l a t ion  coe f f i c i en t  of 0.94, p  <0.001, betwee11 TDCa, measured by 

TBNAA, and the  measurements of bone mineral content of t he  d i s t a l  rad ius  

(BMC,) measured by the  photon absorpt iometr ic  technique. The same correla-  

t i o n  measured a t  d i f f e r e n t  s i t e s  of t h e  arm produced values of t he  cor re la -  

t i o n  c o e f f i c i e n t  ranging from 0.93 t o  0.83. I n  t he  f u l l  paper, these  

authors a l s o  reported weak o r  nonsignif icant  co r r e l a t ion  between TBCa and 
' 

some radiographic morphometry of s imi l a r  appendicular s i t e s .  The average 

co r r e l a t ion  coe f f i c i en t  f o r  TBCa versus c o r t i c a l  a r ea  i n  the  d i f f e r e n t  s i t e s  

was 0.70, p  ~ ' 0 . 0 1 ,  (Manzke, Chesnut, et a l . ,  1975). 

We reported a  s i g n i f i c a n t  c o r r e l a t i o n  (r = 0.83, p  c0.0011 between 

TBCa by TBNAA and BMC of t h e  rad ius  by photon absorptiometry i n  osteoporot ic  

pa t i en t s .  The co r re l a t ion  was even higher  i n  a  group of normal sub jec t s ,  
- - 

r = 0.97, p<0.001 (Cohn, E l l i s ,  et a l . ,  1973 and 1974). A more recent  

study of 36 os teoporot ic  females and 23 normal females reported co r r e l a t ion  



c o e f f i c i e n t s  of Q.83 and 0.81, respec t ive ly  Gohn, Zanzi, et a l . ,  19762. I n  

an expanded group of 45 osteoporot ic  females a s ign i f i can t  co r r e l a t ion  of 

r = 0.70 has been published (Aloia,  Vamani ,  et a l .  , 19771, and i n  an expand- 

ed group of 24 normalmalesand females a  co r r e l a t ion  coe f f i c i en t  of 0.94 was 

a l s o  repor ted '  Gohn, Ellis, e t  a l . ,  1975). 

I n  heterogenous group of 71 p a t i e n t s  and normal sub jec t s  a  correla-  I 
I t i o n  with r = 0.86, p  ~ 0 . 0 1 ,  was fouqd between p a r t i a l  body calcium measure- 

ments by i n  vivo neutron a c t i v a t i o n  a n a l i s i s  and x-ray densitometry of t he  

proximal radius.  However, a  wide s c a t t e r  about the  regress ion  l i n e  was 

observed i n  the  whole group and f o r  each subgroup of normal sub jec t s  o r  of 

p a t i e n t s  with metabolic bone d iseases  CEFarrison, McNeill, e t  a l . ,  1974). 

This  study was designed t o  determine the  r e l a t i onsh ip  of t o t a l  s k e l e t a l  

1 
mass (TBCa) a s  measured by TBNAA wi th  t h e  appendicular measurements of bone \ 

mineral content (BXC) of t he  r ad ius ,  a s  measured by photon absorptiometric 

technique, and of t he  phalanges, by radiographic absorptiometry. We a l so .  

compared these  two appendicular measurements with each o ther .  We performed 

these  evaluat ions i n  a  group of os teoporot ic  pa t i en t s  and i n  a  con t r a s t  

population of normal marathon runners.  

METHODS 

Subjects:  , Fourteen heal thy w h i t e  male ...* marathon runners were s tudied 

consecutively without b ias .  They were p a r t  of a  group of -marathon runners 

who completed an annual Earth Day Marathon and who were r ec ru i t ed  t o  p a r t i -  

c i p a t e  i n  a  study of bone mass of a t h l e t e s .  Se lec t ion  of t h e  i n i t i a l  

group was made on the  b a s i s  of age (4th t o  6 t h  decade), wil l ingness  t o  

p a r t i c i p a t e  i n  t h e  study, and t h e  l eng th  of time they had been running. 

Preference f o r  inc lus ion  i n  t h e  study was given t o  those  marathon runners 



who had been a c t i v e  f o r  longer  pe r iods  of time. These s u b j e c t s  were  d e t e r -  

I mined t o  be h e a l t h y  by absence  of a  h i s t o r y  of any d i s o r d e r s  which would 

I a f f e c t  Cor any chron ic  i l l n e s s ) . ,  a  normal p h y s i c a l  e x m i n a t i s n ,  and normal 

I v a l u e s  of r o u t i n e  l a b o r a t o r y  examinations.  One a d d i t i o n a l  s u b j e c t  i n i t i a l l y  

I s t u d i e d  was excluded because his measured v a l u e s  were f a r  o u t  of range; this 

I exc lus ion  w a s  v a l i d a t e d  by a p p r o p r i a t e  s t a t i s t i c a l  a n a l y s i s .  Th i s  popula t ion  

was analyzed and compared w i t h  a  group of f o u r t e e n  females and two male w h i t e  

p a t i e n t s  w i t h  primary o s t e o p o r o s i s ,  ranging i n  age  from 50 t o  75. A l l  of 

t h e s e  p a t i e n t s  were diagnosed on t h e  b a s i s  of c l i n i c a l ,  r a d i o l o g i c a l ,  and 

blood chemical  f i n d i n g s .  Sp ina l  radiolucency and one o r  more v e r t e b r a l  

p a r t i a l  compression f r a c t u r e s  were p r e s e n t  i n  a l l  t h e s e  p a t i e n t s .  P a t i e n t s  

were consecu t ive ly  a l l o c a t e d  from a  l a r g e r  popula t ion  beginning t h e i r  p a r t i -  

I '  c i p a r i b n  i n  a t h e r a p e u t i c  t r i a l .  A l l  p a t i e n t s  were ambulatary.  

T o t a l  Body Calcium: T h e . d e t a i l s  of measurement of t o t a l  body calcium 

(TBCa) by TBNAA has  been desc r ibed  elsewhere (Cohn, 'Shukla, e t  a l . ,  1972).  

I T h e ' r a d i a t i o n  dose t o  t h e  s u b j e c t  pe r  a c t i v a t i o n  was 0.28 rem. C a l i b r a t i o n  

w i t h  an  anthropomorphic..phantom i n d i c a t e d  an  accuracy of + 4% and a  p r e c i s i o n  

of + 1% (SD) f o r  che measurement of Ca. Thus changes i n  TBCa of 2% o r  

. g r e a t e r  can be  measured a t  t h e  95% conf idence l e v e l  .(2 SD). The TBCa was 

normalized f o r  body s i z e ,  sex,  and age by means of t h e  C a  r a t i o  (TBCa/TBCa ) 
P 

I where TBCa r e p r e s e n t  t h e  measured . to ta1  body calcium and t h e  TBCa represen t -  
P  

I ed t h e  t o t a l  body calcium pred ic ted  from e m p i r i c a l l y  de r ived  f o r h u l a e ,  , 

CCohn, Zanzi,  et a l . ,  1976).  1n marathon runners  w i t h  an  unusual ly  h i g h  

t o t a l  body potassium r a t i o  CEIlis, Shulila, et a l . ,  19741, a  c o r r e c t i o n  of 

1 t h e  Ca r a t i o  by t h e  potassium v a l u e  was performed. 



Photon Absorp t i~met ry ' :  The bone minera l  con ten t  of the r a d i u s  @.MC 1 r 
and t h e  w i d t h  of t h e  r a d i u s  CBW1 w e r e  .measured with a florland Ins t rument  

Absorptiometer.  The accuracy of this technique is s t a t e d  t o  b e  + 5X CCamersn, 

I Mazess, et a l . ,  1968).  The p r e c i s i o n  of this techn ique  is  + 2.5% Gohn,  Ellis, 

I et a l . ,  19741. Measurements were made a t  a p o i n t  one- thi rd  t h e  d i s t a n c e  from 

t h e  d i s t a l  end of t h e  nondominant/radius C8 cm s i t e ) .  The BMCr may be normal- 

i z e d  f o r  body s i z e ,  sex ,  and age  by the BMCr r a t i o  CBMCr/BMCr p r e d i c t e d ) . w h e r e  

BMC r e p r e s e n t s  t h e  observed bone mass of r a d i u s  and BMC p r e d i c t e d  r e p r e s e n t s  r r 

t h e  p r e d i c t e d  l o c a l  bone mass CCohn, Zanzi ,  et a l . ,  1976).  

Radiographic Absorptiometry: The bone minera l  con ten t  of t h e  hand CBMCh). 

was measured by scans  of t h r e e  phalanges i n  two l i g h t l y  exposed l e f t  hand 

radiographs  CColbert, 1970).  The second radiograph,  t aken  a t  a d i f f e r e n t  

Ici lovoltage,  w a s  used t o  double check t h e  f i n d i n g s .  An aluminum a l l o y  r e f e r -  

ence wedge was placed a long s i d e  t h e  index f i n g e r  when t h e  x-ray was taken a t  

Brookhaven Nat iona l  Laboratory  (BNL). .From a scan of t h e  image of t h i s  s tan-  

dard  a computer c a l c u l a t e d  t h e  l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  of t h e  a l l o y  and 

t h e  background o p t i c a l  d e n s i t y  due t o  fog  and s c a t t e r .  W e n  c a l c u i a t i n g  t h e  

BMCh from scans  of t h e  bone.image, t h e  computer used t h r e e  parameters t o  

n u l l i f y  t h e  e f f e c t s  of between-film d i f f e r e n c e s  i n  k i l o v o l t a g e ,  exposure and 

f i l m  process ing.  The image g rey  l e v e l s  Cpiuels) were used t o  c a l c u l a t e  

e s t i m a t e s  of BMCh and mineral  concen t ra t ion .  A modified Joyce-Loebl Mark I I I C  

scanner  under computer c o n t r o l  shone a narrow beam of l i g h t  through t h e  f i l m  

image of t h e  bone, t r a v e r s i n g  the image scan-by-scan. A p h o t o c e l l  converted 

t h e  l i g h t ,  modulated by t h e  image, t o  a n  e l e c t r i c a l  s i g n a l  wbich was d i g i t i z e d  

and t r a n s m i t t e d  t o  t h e  computer. The.images of middle phalanges 11, I11 and 

'TV were scanned i n  p a r a l l e l  s e c t i o n s  spaced o n e  m i l l i m e t e r  a p a r t .  The c m p u t e r  



I 1975). The r e s u l t s  were  expressed in a r b i t r a r y  u n i t s  (AU]., r e p r e s e n t i n g  

minera l  weight ,  a s  a product of the mineral "densi ty"  and bone a r e a .  The 

p r e c i s i o n  of this technique is $- 2.0% Cc.v.1 (Colber t ,  B a c h t e l l ,  19781, 
I 

P a i r s  of r ad iographs  t aken  of the s u b j e c t s  of this s tudy  were mailed t o  

t h e  Greene Memorial Hosp i ta l ,Rad io log ica l  Research Laboratory  and BMCh 

f i n d i n g s  were rendered t o  t h e  i n v e s t i g a t o r s  a t  BNL by m a i l .  No in format ion  

on t h e  s k e l e t a l  s t a t u s  of t h e  s u b j e c t s  were divulged t o  RRT., a t  any t ime 

dur ing t h e  s tudy.  

RESULTS 
I 

The measured t o t a l  body calcium CTBCa), bone minera l  con ten t  of t h e  

phalanges (hands, BMC ), bone minera l  con ten t  of t h e  r a d i u s  ( B M C ~ ) ,  calcium 
h 

r a t i o , . D M C r * r a t i o ,  and t h e  r a t i o  between BMCr and width  of t h e  r a d i u s  

CBMCr/BW) a r e  presented i n  T a b l e  I. The number, s e x  and median of age  f o r  

t h e  o s t e o p o r o t i c  p a t i e n t s  and normal marathon runners  a r e  included.  A l l  t h e  

parameters measured a  s i g n i f i c a n t  d i f f e r e n c e ,  a t  P c 0.001 by a  nondependent 

t t e s t ,  among t h e  two popula t ions  s t u d i e d  w i t h  t h e  except ion of t h e  v a l u e s  of 

t h e  BNCr ra t io .  The l a c k  of s e p a r a t i o n  f o r  t h i s  parameter may have been due 

t o  t h e  h i g h  t o t a l  body potassium i n  some of t h e  marathon runners  a f f e c t i n g  

t h e  a lgor i thm used f o r  c a l c u l a t i n g  t h e  BMC, r a t i o .  

The TBCa versus  t h e  BMCh and t h e  TBCa v e r s u s  t h e  EMC were  compared f o r  r 

each of t h e  two groups (Table 11). There  was h i g h l y  s i g n i f i c a n t  and comparable 
\ 

c o r r e l a t i o n s  between t h e s e  parameters  i n  t h e  o s t e o p o r o t i c  p a t i e n t s  O = 0.88 

and 0.84 w i t h  s t andard  e r r o r  of t h e  estimates of 1 5  and 17%, r e s p e c t i v e l y l .  

The same d a t a  f o r  14 normal marathon runners  a r e  a l s o  included i n  T a b l e  11. 

The c o r r e l a t i o n s  between TBCa and BMCh and between TBCa and BMCr were 



s i g n i f i c a n t  i n  this group Cr = O., 57 and 0.661 bu t  n o t  so  h i g h  a s  i n  t h e  os teo-  

p o r o t i c  p a t i e n t s .  .The SEE was s m a l l e r  i n  the c o r r e l a t i o n  between TBCa and 

BMCh C7.4%1 t h a n  when comparing TBCa and BMCr U1..4%1.. Hben us ing BMCr/BW 

i n s t e a d  of BMCr i n  t h e s e  groups,  t h e  ' c o r r e l a t i o n s  decreased i n  the o s t e o p o r o t l c  

p a t i e n t s  = 0.54;P (0 .03,  SEE 17.8%1 and somewhat improved i n  t h e  a t h l e t e s  

( r  = 0.79, P (0.001, SEE 6.4%). 

Tab le  111 shows t h e  comparison between t h e  v a l u e s  of BMCr o r  B M C ~ / B W  

w i t h  t h e  corresponding v a l u e s  of BMCh i n  t h e  two groups of i n d i v i d u a l s .  I n  

t h e  o s t e o p o r o t i c  p a t i e n t s ,  t h e r e  was a h igh ly  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  BMCr and B M C ~  (I = 0.73) , y e t  t h e  SEE w a s  l a r g e  (22.3%) . There  was no cor-  

r e l a t i o n  between B M C r / F  andBMCh. The r e v e r s e  was found i n  t h e  normal a t h l e t e s ;  

t h e r e  was no c o r r e l a t i o n  between BMCr and BMCh (r = 0.51 w i t h  a P < 0.06) and 

a modest c o r r e l a t i o n  b e t w e e n t h e  BMCr c o r r e c t e d  by t h e  bone d d t h  (BW) compared 

w i t h  BMCh ( r  = 0.56, ~ 4 0 . 0 4 ,  SEE of 7.5%). When t h e  Ca r a t i o  w a s  compared 

w i t h  BMCh, BMC o r  w i t h  BMCr/BW, no s i g n i f i c a n t  c o r r e l a t i o n  were found i n  t h e  r 

two groups of s u b j e c t s .  

F igures  1 and 2 show sca t t e rg rams  and r e g r e s s i o n  l i n e s  f o r  TBCa v e r s u s  

BMCh and BMCr r e s p e c t i v e l y ,  corresponding t o  t h e  o s t e o p o r o t i c  p a t i e n t s a n d  t h e  

marathon runners .  Overlap of v a l u e s  was n o t i c e a b l e  among t h e  two o s t e o p o r o t i c  

male p a t i e n t s  and t h e  normal marathon runners .  The over lap  was c l e a r l y  g r e a t e r  

w i t h  t h e  v a l u e s  of BMCr o r  BHCh than when cons ider ing  t h e  TBCa v a l u e s .  F igure  

3 shows t h e  over lap  between one of t h e  male o s t e o p o r o t i c  p a t i e n t s  and most of 

t h e  normal a t h l e t e s  when comparing t h e  BMCr and BMC measurements w i t h  each 
h 

o t h e r .  No c l e a r  d i f f e r e n c e  was observed when comparing t h e  over lap  f o r  each 

of t h e s e .  two parameters.  



DISCUSSION 

W e  found s t r o n g  c o r r e l a t i o n s  between t o t a l  body calcium (TBCaI and 

appendicular  BMC of the' r a d i u s  0: = 0'. 842 and of the phalanges i n  (x = Q..88> 

i n  o s t e o p o r o t i c  p a t i e n t s  and modest c o r r e l a t i . o n s  i n  notmal marathon runners  

and 0.?~1. This  s t u d y  r e p r e s e n t s  t h e  f i r s t  v a l i d a t i o n  of the WC r q t h  
\ 

r e s p e c t  to.TBCa, It a l s o  confirms p rev ious  s t u d i e s  of t h e  relationsExips 

between TBCa and BMC,. A g r e a t e r  over lap  of normal a t h l e t e s  and male osteo- 

p o r o t i c  p a t i e n t s  was a l s o  observed when t r y i n g  t o  s e p a r a t e  t h e  two groups by 

appendicu la r  measurements t h a n  when us ing  TBCa. Th is  c o n s i d e r a t i o n ,  i n  

a d d i t i o n  t o  t h e  somewhat l a r g e  e r r o r  i n  p r e d i c t i n g  one of t h e  compared v a l u e s ,  

makes t h e  appendicular  measurements of BMC of l i m i t e d  v a l u e  f o r  p r e d i c t i n g  

t h e  TBCa of i n d i v i d u a l  s u b j e c t s .  Th i s  conclus ion i s  i n  agreement w i t h  pre- 

v i o u s  s t u d i e s  f o r  BMC i n  o s t o e p o r o t i c  p a t i e n t s  by Cohn, E l l i s ,  e t  a l . ,  
1: 

U9741  (r = 0.831,  and by Manzke, Chconut, e t  a l .  (1975), ( r  = 0.84 f o r  t h e  

"8 cm" s i t e ) .  

The o p p o s i t e  e f f e c t s  of c o r r e c t i n g  BMCr by BN i n  lowering t h e  c o r r e l a -  

t i o n  of TBCa v e r s u s  BMC, i n  o s t e o p o r o t i c  p a t i e n t s  and s l i g h t l y  improving t h e  

c o r r e l a t i o n  i n  our  younger a t h l e t e s  may be  r e l a t e d  t o  t h e  r e p o r t e d  l a c k  of 

change of t h e  width  of t h e  r a d i u s  w i t h  age  d e s p i t e  evidence of c o r t i c a l  

th icken ing  (Smith, Johnston,  e t  a l . ,  1972).  The c o n t r a s t  between t h e  l a c k  

of c o r r e l a t i o n  of BMCr/BW v e r s u s  BMCh i n  our  o s t e o p o r o t i c  p a t i e n t s  and t h e  

wsak c o r r e l a t i o n  of t h e s e  parameters i n  t h e  marathon r u n r e r s  Cwith no 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  d i r e c t  r ead ing  of BMC r and BMCh) would suggest  

d i f f e r e n c e s ,  i n  t h e  s i g n i f i c a n c e  of t h e s e  two measurements of t h e  appendicular  

BMC . 
Although t h e  l i m i t e d  number of probands i n  our  s tudy  and t h e  smal l  

magnitude of t h e  d i f f e r e n c e s  i n c l i n e  us  t o  guarded conc lus ions ,  t h e  r e s u l t s  



suggest  t h a t  BMCr C8 cm site) was s l i g h t l y  b e t t e r  c o r r e l a t e d  with TBCa i n  

t h e  marathon runners  and t h e  BMC w a s  s l i g h t l y  b e t t e r  c o r r e l a t e d  i n  the 
h 

o s t e o p o r o t i c  p a t i e n t s .  A f a c t o r  i n  the d i f f e r e n c e  might b e  the i.nclusi.on 

of the a r e a  of phalanges i n  the c a l c u l a t i o n  of BMC 
h' 

The normal iza t ion  of TBCa r e p r e s e n t s  a n  improvement i n  t h e  s e p a r a t i o n  

of o s t e o p o r o t i c  and normal popula t ions .  However; even t h i s  use  of t h e  Ca 

r a t i o  does n o t  g i v e  a complete s e p a r a t i o n  of i n d i v i d u a l  os teoporac lc  patients 

and normal s u b j e c t s  (Cohn, Zanzi,  e t  a l . ,  1976).  The l e v e l  of c o r r e l a t i o n s  

a t t a i n e d  between TBCa a n d ' t h e  appendicular  BMC measurements would be  adequate  

f o r  t h e s e  BMCr and BNC v a l u e s  t o  b e  used f o r  serial e v a l u a t i o n s  of bone 

mass, p a r t i c u l a r l y  c o r t i c a l  bone, o r  i n  epidemiological  surveys  of t h e  bone 
. . 

mass of popula t ions .  W e  had p rev ious ly  repor ted  t h a t  changes i n  BMCr follow- 

i n g  therapy f o r  o s t e o p o r o s i s  d i d  n o t  r e f l e c t  changes i n  TBCa (Aloia, E l l i s ,  

et a l . ,  1975; Cohn, Zanzi,  e t  a l . ,  1976).  ' 

An i n t e r e s t i n g  p o i n t  i n  t h i s  s tudy  is t h e  lower c o r r e l a t i o n  between 

TBCa and appendicular  BMC measurements i n  normal marathon ' runners  a s  compared 

w i t h  t h e  v a l u e s  measured i n  o s t e o p o r o t i c  p a t i e n t s .  The c o r r e l a t i o n  obta ined 

i n  t h e s e  a t h l e t e s , w a s . l o w e r  than  t h e  v a l u e s  we found i n  normal s u b j e c t s ,  

r = 0.97 and r = 0.94 i n  two prev ious  s t u d i e s  (Cohn, E l l i s ,  e t  a l . ,  1974; 

Cohn, E l l i s ,  e t  a l . ,  1975).  Severa l  s t u d i e s  have compared t h e  appendicular  

bone mass of a t h l e t e s  and n o n a t h l e t e s  and have y i e l d e d  c o n f l i c t i n g  conclus ions  

(Ni lsson,  West l in ,  1971; Kumlin, Wi iker i ,  et a l . ,  1971; Dalen, Olsson,  1974).  

It may b e  p o s s i b l e  t h a t  t h e  chron ic  e x e r c i s e  of t h e s e  marathon runners  modify 

the u s u a l  un i fo rmi ty  of t h e  s k e l e t a l  bone m a s s ,  probably i n c r e a s i n g  mainly 

t h e  t r a b e c u l a r  bone mass i n  t h e  loaded e x t r e m i t i e s  o r  a x i a l  segments of t h e  

ske le ton .  Therefore ,  t h e s e  s u b j e c t s  may have developed a  l e s s  unf fo rm.d i s -  



t r i b u t i o n  of bone mass than normal sub jec t s  and eyen os teoporot ic  subjec ts  , 

I f  this h p o t h e s i s  is t r u e  i f ,may expla in  the surpr i s ing  d i f f e r ence  i n  cor re la -  

t i ons  between t o t a l  s k e l e t a l  mass and BMC measured i n  the upper extremi.ties 

i n  these marathon runners. 
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Table I: Descr ip t ion  of s u b j e c t s  and v a l u e s  

Age 

Sex Median TBCa BMCh BMCr Ca BMC, BMC,/BW 

F/M (Y) (kg) (A.U.) (g/cm) Rat io  Ra t io  (g/cm? 

Osteoporosis  1412 6 8 0.651 168.61 0.735 0.915 0.997 0.576 

(Mean - +S . E . ) (0.037 (13.31) (0.054) (0.083) (0.166) (0.028) 

Marathon 
Runners 

(Mean - +S .E) 

TBCa = t o t a l  body calcium. 

BMCh = borie mineral .  con ten t  of hand. 

BMCr = bone minera l  con ten t  of r a d i u s .  

BW = bone width.  

A.U. = a r b i t r a r y  u n i t s .  

S.E. = s tandard  e r r o r .  



Table  11. R e l a t i o c s h i p  of total-body calcium (TECa) t o  appendicular  

bone mineral  c o n t e n t ,  of t h e  phalanges (BMCh) and of t h e  r a d i u s  ( B F ~ c ~ ) ,  

i n  o s t e o p o r o t i c  p a t i e n t s  and normal marathon runners .  

n  x ' Y  r SEE SEE% . . .. . pe., - 
. . (7) 

, BMC 0.884 0.001 25.8 15 .3  
O s t e o p o r o s i s  16 TBCa 

LSMC, 0.836 0.081 0 .12 16.6  

,BMCh 0.570 0.03 21.5 7 . 4  
A t h l e t e s  14 TBCa 

\E>IC, 0.658 0 .01 0.15 1 1 . 4  

n  = number of s u b j e c t s .  SEE = s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e s ,  

p e r c e n t  c a l c u l a t e d  o v e r  mean o£ o r d i n a t e .  



Table 111. Rela t ionsh ip  of bone mineral  con ten t  of t h e  r a d i u s  (BMC,) t o  bone 

mineral  con ten t  of t h e  phalanges (BMCh) i n  o s t e o p o r o t i c  p a t i e n t s  a i d  normal 

I marathon runners .  
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