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BBSTBACT 

Conyen t i o n a l l y ,  p r e d i c t i o n s  o f  s e g m e n t a l  masses  of t h e  

human body a r e  based  on t h e  a s c r i p t i o n  of sortre p e r c e n t a g e  of the. 

- t o t a l  body weight ,  The tac t ic  assuiues  humans are p r o p o r t i o n a l l y  

s i r n i l a  F and  have  f a i r l y  c o n s t a n t  segatent  d e n s i t i e s .  I t  was 

h y p o t b e s i s e d  t h a t  segnient  an th roponae t ry  would y i e l d  intproved 

p r e d i c t i o n s  of i n d i v i d u a l  s e g m e n t a l  masses  i n  iadepen d e n t  

s a a p l e s ,  w h i l s t  a l s o  p r o v i d i a g  a n  i n d i r e c t  v a l i d a t i o n  of b e i n g  

able t o  account for t o t a l  body weight  f r o a  s e g m e n t a l  e s t i m a t e s  

i n  d i s p a r a t e  & v i v o  samples .  

T o  b u i l d  a n a t o ~ i c a l  s e g m e n t a t i o n  laodels,  21 4 a n t h r o p o m e t r i c  

measu res  were r e p e a t e d  b i l a t e r a l l y  on t h r e e  malie and  t h r e e  

feaale a d u l t  c a d a v e r s ,  p r i o r  t o  s u r g i c a l  disrwit tbesaent  i n t o  1 4  

seglaents:  head ,  t r u n k ,  aras, forearn ts ,  hands ,  t h i g h s ,  l e g s  and 

EeeL, T h e  l i a b  s e g a e n t s  were t h e n  fractionated into component 

s k i n ,  a d i p o s e ,  ~ u s c l e  and  bone t i s s a e s  to  e n a b l e  khe d e v e l o p ~ e n t  

o f  r e g r e s s i o n  equations f o r  t h e  a n t h r o p o ~ e t r i c  p r e d i c t i o n  o f  

w i t h i n - s e g ~ e n t  t i s s u e  masses. O b t a i n e d  measures  f r o %  t h e  head  

a n d  t r u n k  and Rean b i l a t e r a l  m a s u r e s  from t h e  l i m b s  were used  

t o  d e v e l o p  four aiodels  f o r  t h e  p r e d i c t i o n  of t h e  i n t a c t  mass of 

each of t h e  '14 segments .  These  were:: a  d i r e c t  r e g r e s s i o n  ~ o d e l ,  

a proportionality/deviation a o d e l  a n d  two vo luae -based  models. 

Each o f  the a o d e l s  was v a l i d a t e d  a g a i n s t  a n  i n d e p e n d e n t  cadaver  

sa i ap l e  and  was shown t o  be a s  good a s ,  or bet ter  t h a n ,  t h e  

c o n s e n t i o n a  1 pefcentage-of-bodyweight  a p p r o a c h ,  T h e  ntodels were 

then a p p l i e d  t o  t h r e e  i n  _vfh~  s a m p l e s  c o n s i s t i n g  o f  8% 



children, 1 4 2  adults a n d  66 ' i n t e s r n a t i o a n a l  c l a s s  bodybuilders. 

S i ~ i l a r  p r o c e d u r e s  were a p p l i e d  t o  a n  a v a i l a b l e  

b i o a e c h a n  i c a l l y - s e g n e n t e d  c a d a v e r  sa~ple ( s e g m e n t a t i o n  a t  

c e n t r e s  of r o t a t i o n ) .  

P r e d i c t i o n s  of a n a l o a t i c a l  and b i o m e c b a n i c a l  segments b y  the 

p r o p o r t i o n a l i t  y / d e v i a t  i o n  a n d  volume-based ~odels were shovn b y  

AHOVA f o r  R e p e a t e d  Pleasures t o  be s i g n i f i c a n t l y  better i n  

a c c o u n t i n g  for t o t a l  body w e i g h t  i n  c h i l d r e n  a n d  normal  a d u l t s  

t h a n  t h e  direct regression a p p r o a c h  d e r i v e d  f rom t h e  same . 

cadaver s a m p l e ,  

E s t i l a a t i o n s  of anator t l ica  l and fPioaechanicaf segmen t a f  

t s a s s e s  b y  t h e  newly d e l i n e a t e d  m o d e l s  i n  t h i s  study r e p r e s e n t e d  

i m p r o v e d  p r e d i c t i o n  f o r  b o t h  sexes across a wide a g e  and size 

range and  a r e  t h e r e f o r e  a p p r o p r i a t e  for g r o u p  c o a t p a r i s o n s .  



''What f: l i k e d  about c h e m i s t r y  was its clarity s u r r o u n d e d  
by d a r k n e s s ;  what a t t r a c t e d  ne, s l o w l y  and h e s i t a t i n g l y ,  
to  b i o l o g y  was its darkness s u r r o u n d e d  b y  t h e  brightness 
of t h e  g i v e s e s s  of H a t u r e . "  

P o d i a  in tenebr i s .  
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I hope my arrival. a t  ntp d e s t i n a t i o n  will be at  least part 

recompense for t h e i r  g e n e r o s i t y ,  t h e i r  patience and their 

f r i e n d s h i p ,  
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The p u r p o s e  of t h i s  c h a p t e r  is t o  review the h i s t o r i c a l  a n d  

c u r r e n t  a p p r o a c h e s  t o  t h e  p r e d i c t i o n  of s e y n e n t a l  masses a n d  t o  

c o n s i d e r  an  i m p r o v e d  a p p r o a c h  t o  t h i s  u n d e r t a k i n g ,  

The s e a r c h  .tor a p r a c t i c a l  xk9.2 t e c h n i q u e  fo r  t h e  

a e a s u r e m e n t  or p r e d i c t i o n  oE body s e g m n t  aasses fo r  t h e  purpose 

of f u n c t i o n a l  a n a l y s i s  h a s  a l e n g t h y  h i s t o r y ,  Over  the years, a 

n n ~ b e r  of s e g ~ e n t a l  s t u d i e s  h a v e  been c o n d u c t e a ,  Barless ( 2  860) , 
B r a u n e  and  F i s c h e r  ( 3 8 8 9 ) ,  Heeh  (1895) ,  Demps te r  (1955) a n d  

C h a n d l e r ,  C l a u s e s ,  HcConvi lZe,  R e y n o l d s ,  a n d  Young (1975) carried 

o u t  s t u d i e s  which r e s u l t e d  i n  the d e v e l o p m e a t  of p r e d i c t i v e  

e q u a t i o n s  b a s e d  o n  t h e  a s s u m p t i o n  o f  segntent  w e i g h t  b e i n g  a 

specific p e r c e n t a g e  o f  the t o t a l  body w i g h t ,  

This a p p r o a c h  is  o n l y  o a l i d  u n d e r  c o n d i t i o n s  of e x a c t  

p r o p o r t i o n a l i t y  b e t w e e n  a n y  i n d i v i d u a l  a n d  t h e  m a n  of t h e  

s a a p l e   fro^ which the r e g r e s s i o n  e q u a t i o n s  were f o r m u l a t e d ,  and  

a s s u m e s  a c o n s t a n t  d e n s i t y  f o r  a l l  s e g m e n t s  of t h e  body.  Such 

c o n d i t i o n s  are patently n o t  a p p l i c a b l e  across the whole s p e c t r u n  

of human a o r p h o l o g y ,  E x t s e w e s  of body t y p e  a r e  p r o p o r t i o n a l l y  

d i f f e r e n t  f o n a r n t a l s  {Eiben ,  1980; Ross and Ward, 1982) , 

S e g m e n t s  do n o t  d i s p l a y  u n i f o r m  d e n s i t i e s  (Detrtpster a n d  

Gaughran,  1967; K a t c h  a n d  Gofd, 1976; C l a r y s ,  Martin and 

D r i n k w a t e r ,  1984). F u r t h e r ,  t h e  f a i l u r e  of t h e s e  
/ 

" p e r c e  a t - o f  -bodyre i g h t n  e q u a t i o n s  to pred ict i n d i v i d u a l  sr;gments 



well, when a p p l i e d  t o  a l t e r n a t i v e  cadaver s a m p l e s ,  gives cause 

f o r  concern a b o u t  t h e i r  a b i l i t y  t o  predict segnaersts accurate1 y 

i n  a n y  b u t  t h e i r  e s t i m a t i n g  s a m p l e .  

F u r t h e r ,  t h e  o n l y  & qrg c h e c k  oa t h e  p r e d i c t i o n  of 

segaan tal aass i n v o l v e s  susming  t h e  p r e d i c t e a  Basses a n d  

coraparing t h e  sunt w i t h  t h e  o b t a i n e d  body aass - a t e c h n i q u e  u s e d  

by B i l l e r  and  Bor r i son [1975) ,  Al though t h i s  c h e c k  is o n l y  a n  

i n d i c a t i o n  o f  t h e  a c c u r a c y  of t h e  p r e d i c t i o n  and n o t  a t r u e  

v a l i d a t i o n ,  it is n o t  a p p l i c a b l e  nhen  spe- rcen tage  of t h e  whole*s 

e q u a t i o n s  are used, a s  t h e y  p r e d i c a t e  e q u a l i z a t i o n .  T h e r e  is, 

t h e r e f  o r e ,  n o t  e v e n  a n  i n d i c a t i o n  t h a t  such p r e d i c t  i o n s  are 

a c c u r a t e ;  y e t  t h i s  method h a s  been  used w i d e l y  b y  f u n c t i o n a l  

a n a l y s t s  ( B a r t e r ,  1957; W h i t s e t t ,  1962; Gray,  196.3; Hanayan, 1964) 

The f i r s t  i n v e s t i g a t i o n  of i n d i v i d u a  f segment  r ~ a s s e s  was 

c o n d u c t e d  b y  Barless (l8fiO) on t h e  b o d i e s  of two executed 

c r i m i n a l s *  Harless [1860) d i s s e c t e d  the c a d a v e r s  i n t o  18 ltla jor 

s e g m e n t s  and ,  u s i n g  s e n s i t i v e  scales and a  b a l a n c e  p l a t e ,  vas 

ab le  t o  d e t e r m i n e  t h e  ieass and p o s i t i o n  o f  c e n t r e  o f  atass of 

each segBen t ,  The  expression of h i s  s e g m n t  mass f i n d i n g s  

f s u ~ m a r i s e d  i n  T a b l e  1-1, a l o n g  w i t h  the findings o f  o t h e r  aa jor 

i n v e s t i g a t o r s )  i n i t i a t e d  the t r e n d  t o  r e p o r t  segraent Basses a s  

p e r c e n t a g e s  of body v e i g h t  and e n c o u r a g e d  t h e  u s e  of these 

values as  p r e d i c t o r s ,  



Braune  and  P i s c h e r  ( 1 8 8 9 )  pe r fo rmed  a s e g r e e n t a t i o n  s t u d y  on 

3 adult m l e  c a d a v e r s ,  a l l  s u i c i d e s .  Keep ing  t h e  c a d a v e r s  f r o z e n  

s o l i d  t h r o u g h o u t  t h e  i n v e s t i g a t i o n ,  t h e y  used a r b i t r a s p  c u t s  

a c r o s s  j o i n t  c e n t r e s  of s t r a i g h t e n e d  f i a b s ,  They d e t e r m i n e d  

segrrten-tal Basses a n d  t h e  p o s i t i o n s  of c e n t r e s  of rttass, and  a l s o  

r e p o r t e d  t h e  masses a s  p e r c e n t a g e s  a•’ the total body mass, [See 

Table 1.1) 

Heeh { I  894) duplicated Barless* experiraents  u s i n g  f o u r  

i n f a n t  cadavers, N e  t h e n  used t h e  o b s e r v e d  r e l a t i o n s h i p s  between 

s e g m e n t  mass and volu~e [oE b o t h  h i s  and  H a r l e s s 8 s  work) to 

c o a p u t e  segment  sass fro@ t h e  segment  ~ o l u ~ e  of five s u b j e c t s  he 

had been ~ e a s u r i n g ,  

a e e h  [ l894)  departed fro@ t h e  p r a c t i c e  o f  p r e s e n t i n g  his 

f i n d i n g s  i n  terns of segraen ts  a s  a p e r c e n t a g e  o•’ t o t a l  body 

w e i g h t ,  (hence h i s  absence from T a b l e  1, I ) ,  e x p r e s s i n g  t h e &  o n l y  

as p e r c e n t  i n c r e r a e n t s  of grouth,  and assumed c o n s t a n t  sega ten t  

d e n s i t y .  D e s p i t e  t h e  d i s m i s s a l  of B e e h ' s  l B B Y  s t u d y  by Dempster  

and  Gaughran flS6TT) a s  providiag ''*no u s e f u l  i n f o r ~ a t i a a  0-5: a 

raechaaico f u n c t i o a a l  s o r t i * , l  1Yleeh (l89Y) i s  of h i s t o r i c a l  

i ~ p o r t a n c e  since h e  %as t h e  t h e  f i rs t  t o  u s e  a voluoae a p p r o a c h  

t o  estirttate s e g a e n t a l  mass and t h e  f i r s t  t o  ~ a k e  a  s e r i o u s  

a t t e a p t  t o  q u a n t i f y  the c h a n g e s  i n  segment  eass d u r i n g  growth 

and d e v e l o p m n t ,  

C l e v e l a n d  { l S S S ) ,  like H e e h  j 384Y) ,  a t t e a p t e d  t o  p r e d i c t  

segment w e i g h t s  v i a  volurtte, H e  a c h i e v e d  his segment w e i g h t  - --------- ------- 
XDeaps te r  a n d  Gaughran ( l 9 6 7 ) ,  p a g e  35. 



v a l u e s ,  however, b y  m u l t i p l y i n y  segaent v o l u ~ e s  b y  total body 

d e n s i t y  - a procedure v u f n e f a b l e  t o  error as indicated by 

Harless* (1860) data  nfoich highlights the discrepant n e n s i t y  

values of various segaents  and t h e  t o t a l  body, 



T a b l e  1 . 1  Segaentai  Bass J Body flass Percentages 
from Severa l  Cadaver Studies. 

S o u r c e :  Harless Braune Dempstes D f i f l i s  ~ e n p k t e r  Clauser  
E E E et d l ,  

P i s c h e s  Cont in i  Gaugbran 
1 7  8 6 0 )  (1889) f 1955) (1966) (1967)  ('1969) 

Sa ntple 
size: 

SegBent 

Head G 
Meck 

Trunk 

Thigh 

Leg 

F o o t  

Wrltll 

F o r e a r  tu 

Wand 

TOTAL 100-4 

T h e  f i r s t  of a series of aa-jor s e g a e n t a h i o n  s t u d i e s  t h i s  

century, froat t h e  Aerospace Hedical  Besearh Laboratory at 

Wrigh t-Patterson Air Porce Base i n  Ohio ,  was conducted by 

Doapster in 1955, Since the focus of the study was 
7 

bioaechanical ,  Deaapslerts  p r o p o s i t i o n  was t h a t  

l i a k s ,  i.e. the span between j o i n t  c e n t e r s ,  r a t h e r  than 
boaes, a r e  the e f f e c t i v e  core l i n e s  of t h e  body 
s e r p e n t s .  %ach Lint is enveloped by a certain Bass of 
a d j a c m  t t i s s u e ,  t o  form a  mass segment .  Segments, t h u s ,  



must be s e p a r a t e d  a t  j o i n t  centers, 2 

C o n s e q u e n t l y ,  D e n p s t e s  (1955) f o l l o w e d  t h e  l e a d  o f  B r a u n e  

a n d  P i s c h e r  (7889) i n  s a w i n g  across j o i n t  c e n t r e s  when 

s e p a r a t i n g  two body p a r t s .  B h e r e a s  Braune a n d  P i s c h e r  (1889) c u t  

across t h e  j o i n t  c e n t r e s  of s t r a i g h t e n e d  l irab s e g a e a t s  

( f o f l o r a i n g  f r e e z i n g ) ,  D e a p s t e r ( 1 9 5 5 )  e n d e a v o u r e d  t o  fix t h e  

j o i n t s  i n  a &id-range p o s i t i o n ,  by  t y i n g  a a d  f r e e z i n g ,  b e f o r e  

b i s e c t i n g  %he j o i n t s  w i t h  c u t s  t h r o u g h  t h e  j o i n t  c e n t r e s ,  

P r i o r  t o  d i s s e c t i o n ,  s i n t  y - n i n e  a n t h r o p o n r e t  ric n t e a s u r e s  

were t a k e n  on e a c h  s u b j e c t  i n  Dearps ter*  s (1955) s t u d y -  L e n g t h s ,  

b r e a d t h s  a n d  girths were measured ,  but no s k i n f o l d s ,  

Der t tps ' t e r t s ( t955)  stated pnrpose i n  u s i n g  c a d a v e r  a n t h r o p o w e t r y  

gas t o  g e t  an i n d i c a t i o n  of t h e  p h y s i c a l  makeup of the c a d a v e r  
'i 

s a n t p f e  a n d  a s  a c h e c k  o n  f u r t h e r  e a s u r e l a e n t s  lxtade on body 

s e g n e n t s  r e l a t i n g  t o  3 o i n t  c e n t r e s  and c e n t r e s  of g r a r r i t p ,  It 

Bay b e  t h a t  t h e  b i o m e c h a n i c a l  e m p h a s i s  obscures &he p o s s i b l e  

c o n n e c t i o n  b e t w e e n  a n t h r o p u m t s y  and s e g m e n t  mass or that body 

w e i g h t  a g a i n  r e v e a l e d  i tself  a s  the best s i n g l e  predictor of 

segeten t w e i g h t  w i t h i n  h i s  s i m p l e ,  V h a t e v e r  t h e  r e a s o n ,  

Dertlpster (1955)  a l s o ,  c h o s e  t o  repor t  segr r t en ta l  laass /body mass  

r a t i o s  [See Table 1.7) front t h e  8 c a d a v e r s  h e  d i s s e c t e d ,  to t h e  

e x c l u s i o n  of s e g s e n t a l  p r e d i c t o r s ,  

Xn 1957,  Barter u s e d  t h e  concept  of a s t a t i s t i c a l  *'Grand 

i3eanm f B a r t e r , 1 9 5 7 )  t o  c o t a b i n e  D e a p s t e r * s ( 1 9 5 5 )  data w i t h  t h a t  

of B f a u n e  a n d  F i s c h e r  l l 8 8 9 )  , a n d  p r o d u c e d  r e g r e s s i o n  equations 



f o r  c a l c u l a t i n g  s e g m e n t a l  Rass from t o t a l  body mass (See T a b l e  

1-21 1 

T h e s e  r e g r e s s i o n s  were tto form the b a s i s  of t h e  

a z a t h e m a t i c a l  m d e f s  of f f h i t s e t t  [ l % 2 )  , Gray (1963) and 

Wanavan( t964) ,  t h e  latter f i n d i n g  v i d e s p r e a d  u s e  i n  t h e  a r e a  of 

biomec  h a n i c a l  p r e d i c t i o n .  

Banavaa used a n  i n g e n i o u s  saetlaod t o  c h e c k  t h e  a c c u r a c y  of 

h i s  axtathematical  v o l u a e  prediction, Usiag  data   fro^ Denrpst-era s 

o r i g i n a l  s a ~ p l e { 1 9 5 5 ) ,  h e  d i v i d e d  a seynten t  w e i g h t  v a l u e ,  . 

o b t a i n e d  f rom B a r t e r ' s  e q u a t i o n s  ( 7 9 5 7 ) ,  b y  t h e  p s e d i c t e d  volume 

to o b t a i n  a s e g a m t  s p e c i f i c  g r a v i t y  which h e  c o u l d  t h e n  coiupare 

w i t h  DempsSeres  e x p e r i l g e n t a f  finding [ 1955) , T h i s  v i r t u a l l y  

a s s u r e d  t h e  c o r r e c t  s egmen t  w e i g h t  [ s i n c e  D e @ p s t e r f  s [ 19 55) 

s ample  c o n s t i t u t e d  t w o  t h i r d s  of t h e  s a ~ p l e  B a s t e r ( 1 9 5 7 )  had 

c o n s t r u c t e d  h i s  r e y r e s s i o a s  front) , and  l theref  ore became a  test 

of t h e  a c c u r a c y  of t h e  v o l u a e  prediction, 

, The average r e s u l t s  [ p r e d i c t i o n  o f  segfaea t  s p e c i f i c  

g r a v i t  g) were 

n w i t h i n  a p p r o x i a a t e l  y t e n  p e r c e n t  of t h e  e x p e r i ~ e n t a l  
dataff 3 

f o r  e a c h  s e g R e e t ,  Waaavan r e g a s d e d  t h i s  a s  

% x c e p t i o n a l l y  good,'* 4 

T h i s  is a n  i ~ p o r t a r n t  s t a t e a e n t  by Efanavan (196U),  a s  i t  is one of 

the few q n a l i t a t i v e  s t a t e i w n t s  a b o u t  t h e  level of p r e d i c t i o n  i n  

4Kanavan ( l964 ) ,  p a g e  39, 



T a b l e  1.2 W e g s e s s i o n  E q u a t i o n s  f o r  C a l c u l a t i n g  
Segmenta l .  nass i n  Pounds* ( f rom B a r t e r ,  1957)  

Body Segment  R e g r e s s i o n  Eguat i o n  S t a n d a r d  E r r  or 
of Xsti~ate 

Bead, Heck a n d  = -47 x TwB*W*# + 12.0 ( + 6  -4) 
Tru plk 

f o r e a r r s  p l u s  = - 0 6  x T,B,ln, - 1.4 ( + I  - 2 )  
Hands 

Both P a r e a r a s $  = -04 x T,B.%f, - 0 - 5  (+1.0) 

T o t a l  Lo vex = - 3 1  x T,B,W, + 2 - 7  (+4,9) 
Ex t re@ ities 

B o t h  Upper Legs  = - 1 8  x T w B w R -  + 3,2  ( + 3 , 6 )  

Both L o v e r  Legs  = - 1 3  x T,B.i$, - 0 - 5  (+2* 0 )  
plus F e e t  

Both  L o v e r  L e g s  = - 1 1  x T.3, kl, - 7-9  (+ 7 - 3 3 )  

B o t h  Feet = -02 x T,3.Bw + 1-51 (+O - 6 )  

# T.B. W, - Tota l  Body lne igh t  
$ N r l l ,  a l l  o t h e r s  N= 12, 
* (Barter, p.6, 1957) 

t h i s  area, 

T h e  a d e q u a c y  of the v o i u a e  p r e d i c t i o n  p h a s e  of h i s  mdel, 

however,  is n o t  the o n l y  c o n s i d e r a t i o n  uhen t h e  #hole model is 

a p p l i e d  t o  an & viva s a a p l e .  T h e  correct s e g a e n t  weight 

p r e d i c t i o n s  are of v i t a l  i a p o r t a n c e  a s  t h e y  c o n s t i t u t e  h a l f  t h e  



model, 

T h e  u s e  of t o t a l  body v e i g h t  a s  a p r e d i c t o r  of s e g m e n t  mass 

is a  f o u n d a t i o n  of H a n a v a n s s  (1964)  model, vith t h e  a s s u m p t i o n  

" t h a t  t h e  r e g r e s s i o n  e q u a t i o n s  f o r  seglt lent  w e i g h t s  were 
v a l i d  o v e r  t h e  s p e c t r u n i  o f  body v e i g h t  i n  t h e  A i r  Force 
p o p u l a t i o n M =  

This is a laa jor assuapt ion  o n  Ranavan ' s  11964) p a r t  ( e v e n  t h o u g h  

D e ~ p s t e r ' s  f 3955) sample d i d  coete f r o m  t h i s  p o p u l a t i o n ) ,  b a t  h e  

w a s n ' t  i n  a p o s i t i o n  to be c a u t i o n e d  by D e m p s t e r  and 

E a u g h r a n t s  ( I  967) w a r n i n g  a b o u t  p r e d i c t i o n s  g e n e r a t e d  

"when r e c o r d s  a r e  pooled i n d i s c r i r t t i n a n t f y f i  6 

a s  l a t e r  u s e r s  of h i s  f H a n a o a n l s )  ~ o d e l  were, 

T h e  p o s s i b l e  error i n  using Barter Is (1957) e q u a t i o n s  w i l l  

b e  d i s c u s s e a  i n  B o r e  d e t a i l  i n  C h a p t e r  V, Hhen t h i s  is 

c o s p o u n d e d  by a n y  error i n  t h e  vo lume p r e d i c t i o n ,  t h e  a c c u r a c y  

of t h e  o v e c a l l  prediction b y  • ’ ianavan*s  a o d e l  is f u r t h e r  

d i s i n i s h e a ,  

R e v e r t h e l e s s ,  Hanavan ts ( 1964)  ntodel was t h e  b a s i s  f o r  

subseqnent m a t h e m a t i c a l  aodels,  which h a v e  b e e n  r e v i e w e d  by 

C h a n d l e r  et al. ( 7 9 7 5 ) -  These aoaels all u s e d  body w e i g h t  a s  t h e  

p r e d i c t i n g  v a r i a b l e ,  

A collaprehensivrz i n v e s t i g a t i o n ,  c a r r i e d  o u t  over a number o f  

y e a r s ,  was p u b l i s h e d  b y  D r i l l i s  a n d  C o n t i n i  i n  1966, They u s e d  

t h e  method o f  r e a c t i o n  change, h a v i n g  c a l c u l a t e d  t h e  position of 

t h e  c e n t r e  of Bass of e a c h  segrt tent  by  e q u a t i n g  i t  w i t h  t h e  ---- -------------- 
SHanavan { l 9 6 Y ) ,  p a g e  5 ,  

6 D e m p s t e r  a n d  Caughran  (1867). p a g e  311.- 



p o s i t i o n  of t h e  c e n t r e  of volue~te [which  they had found  by 

inamers ioa)  , and d e v e l o p e d  s e g r a e n t a l  n a s s  v a l  ues ,  e x p r e s s e d ,  i n  

the u s u a l  manner ,  a s  p e r c e n t a g e s  o f  t o t a l  b o d y  aass. (See T a b l e  

1-1) However, a s  was; shown by C l a u s e r ,  HcConvi lZe a n d  

I o u a g  ( 1969) , e q u a t i n g  t h e  p o s i t i o n  of t h e  c e n t r e  of va lvme and  

the p o s i t i o n  of t h e  c e n t r e  of Bass i a p a r t s  an error o f  c o n s t a n t  

d i r e c t i o n ,  t h e  mean v a l u e  of p e r c e n t  o f  volutlle p r o x i ~ a l  t o  t h e  

p o s i t i o n  of t h e  c e n t r e  of mass b e i n g  54.9%. 

In 1967, D e m p s t e r  and Gaughran  p u b l i s h e d  a r e w o r k i n g  of 

D e a p s t e r t s  1955 d a t a ,  {Deelps ter  a n d  Gaughran ,  lgd'l) s u p p l e m e n t e d  

b y  a d d i t i o n a l  work on aa e n b a f m e d  cadaver  and  on 11 n p p e r  a n d  41 

lower limbs, i n  1962. A n  i n p o s t a n t  f e a t u r e  of t h i s  s t u d y  was t h e  

f r a c t i o n a t i o n  of e a c h  s e g m e n t  i n t o  t h r e e  componen t  t i s s u e s  ( S k i n  

and F a s c i a ,  t l u s c f e ,  and  Bone), 

T h e  d a t a  %ere s e p o r t e d  a s  p e r c e n t a g e s  of t h e  w h o l e  ( s e y ~ e n t  

t o  to ta l  body, t i s s u e  t o  t o t a l  s e g ~ e s t )  w i t h o u t  r e f e r e n c e  t o  

s e g n t e n t  a n k h r o p o s e t r y ,  This is p r o b a b l y  u n d e r s t a n d a b l e  w i t h  

r e g a r d  t o  t h e  k i s s u e s ,  s i n c e  D e m p s t e r  a n d  Gaughranss (1967) 

p u r p o s e  i n  f r a c t i o n a t i n g  t h e  s e g a e n t s  was t o  c o m p a r e  t h e  

d e n s i t i e s  of the d i f f e r e n t  t i s s u e s  and n o t  e x a t a i n e  

a n t h r o p o m e t r i c  c o n c o m i t a n t s ,  However, it would  a p p e a r  c l e a r  fro@ 

the r e p o r t  t h a t  D e m p s t e r  a n d  Gaughraa [ 1967) saw precise 

d i s s e c t i o n  t e c h n i q u e  a s  b e i n g  t h e  most  i n a p o r t a n t  f a c t o r  i n  

d e v e l o p i n g  u s e f u l  p r e d i c t i v e  e q u a t i o n s  a n d  n o t h i n g  f u n d a ~ e n t a l l y  

wrong w i t h  the * * p e r c e n t a g e  of the wholew a p p r o a c h ,  



I n  3967, B e r n s t e i n  p u b l i s h e d  a sumatary s t a t e m e n t  o f  work h e  

had c o n d u c t e d  i n  R u s s i a  i~ the 1920%s, After a n a l y s i n g  t h e  

r e s u l t s  of a e a s u r e n t e n t s  t a k e n  on  152 s u b j e c t s  (using t h e  

modid ied  B o r e l l i  a p p a r a t u s  and  the method of r e a c t i o n  c h a n g e  

{ o u t l i n e d  by Hiller and l e l s o n , 1 9 7 3 )  t o  predict aass a n d  c e n t r e  

of mass of segntents)  B e r n s t e i n  conc luded  t h a t  t h e  i n d i v i d u a l  

v a r i a t i o n  was so g r e a t  t h a t  

e i t h e r  w e  nay  r e s i g n  o u r s e l v e s  to  ~ e a s u r i n g  n i t h  the 
corerplex techniques we have  developed [as a e n t i o n e d  
above)  e v e r y  new s u b j e c t  n i t h  whoa we d e a l  - or we may  
a t t e m p t  t o  f i n d  s u c h  a n t h r o p o n a e t r i c  a n d  s t r u c t u r a l  
c o r r e s p o n d e n c e  ( c o r r e l a t i o n s )  a s  w i l l  enable u s  t o  
d e t e r ~ i n e  w i t h  s u f f i c i e n t  a c c u r a c y  t h e  p r o b a b l e  r a d i i  of 
o u r  s u b j e c t s  on t h e  b a s i s  of t h e i s  g e n e r a l  h a b i t s  and 
a a t h r o p o a e t r i c  data? 

B e r n s t e i n  ( l 967)  a p p e a r s  t o  have  been t h e  first to suggest 

a n t h r o p o m e t  ric and s t r u c t u r a l  c o r r e s p o n d e n c e  i n  s egmen t s ,  b u t  

% a s  unheeded f o r  atany years, S e g a e n t a l  p a r a m e t e r s  were not used  

i n  a p r e d i c t i v e  model u r t j s i i  C l a u s e s  e t  a l . ( 1 9 6 9 ) ,  

The s e c o n d  ritajor s e g ~ e a t a t i o a  s t u d y  t h i s  c e n t u r y  was 

conduc%ed by C l a u s e r  e t  a l ,  (?96?l), T h a t  C l a n s e r  e t  a l ,  { 1969) 

r e c o g m i s e d  t h e  v a l u e  of B e r n s t e i n s s j 1 9 6 7 )  adv ice  is clear front 

t h e i r  u se  of B e s n s t e i n  $ s  [ 3 967) puo te ,  The c o n c l n s i o n  of C l a u s e r  

e l  a l .  % 41969) i n t r o d n c t  i o n  se t  t h e  s t a g e  for a s i g n i f i c a n t  

advance i n  t h e  area of segarent  mass p r e d i c t i o n ,  

O f  p r imary  i n t e r e s t  is whe the r  os n o t  body segment  
p a r a a e t e r s  c a n  be p r e d i c t e d  with any d e g r e e  af a c c o r a c y  
from a n t h r o p o ~ e t r i c  d i n e n s i o n s .  ff this can be answered 
i n  t h e  aff  i r a a t i v e ,  then it would b e  i e p o r t a n t  t o  know 
i f  s u c h  p r e d i c t i o n s  p r o v i d e  sufficient a c c u r a c y  for 
e s t i ~ a t i n g  p a r a i a e t e r s  for i n d i v i d u a l s  a s  well as f o r  t h e  ---- -- -- ---------- 

7 B e r n s t e i n  (1967) , page 13  



c o r r e s p o n d i n g  p o p u l a t i o n s ,  * 
Data,  consisting of  99 a n t h r o p o ~ e t r i c  v a r i a b l e s ,  t o t a l  body 

v o l u a e  a n d  t h e  position of the t o t a l  centre of aass, and t h e  

mass, voluete and  p o s i t i o n  of t h e  c e n t r e  o f  mass • ’ o r  e a c h  of 14 

segments ,  were g a t h e r e d  on 13 sa le  c a d a v e r s  a n d  s t e p u i s e  

r e g r e s s i o n  e q u a t i o n s  wese d e v e l o p e d  f o r  t h e  p r e d i c t i o n  of 

s e g m e n t a l  mass from a n t h r o p o m e t r i c  a e a s u r s a e n t s  i n c l u d i n g  t o t a l  

p r o t o c o l  where p o s s i b l e ,  t hough  when t h e  t i s s u e  would n o t  

s t r e t c h  s u f f i c i e n t l y  t o  pernrit f l e x i o n  t o  t h e  aid-range p o s i t i o n  

t h e y  d i d  n o t  s e v e r  it t o  f a c i l i t a t e  s u c h  f l e x i o n  ( a s  

Dentpster  j l955)  had done ) ,  

Al though t o t a l  body aass t u r n e d  o u t  t o  be t h e  s i n g l e  ~ o s t  

i a p a r t a n t  v a r i a b l e  i n  p r e d i c t i n g  segment  sass, C l a u s e r  et 

al.  j1969) f o u n d  t h e  i n c l u s i o n  of 2 o r  3 s e g m e n t - s p e c i f i c  

d n t h r o p o ~ e t r i e  variables  i n  t h e  e q u a t i o n s  d e c r e a s e d  t h e  

s a g n i t  ude o f  any  s e g n t e n t a l  w e i g h t  p r e d i c t i o n  error. Y is 

p e n u l t i m a t e  sentence in the c o n c l u s i o n  of h i s  report 

V T e  p r e d i c t i v e  e q u a t i o n s  deve loped  i n  t h i s  s t u d y  are 
b e l i e v e d  t o  p r o v i d e  a b e t t e r  e s t i a a t e  of weight and  
l o c a t i o n  o f  t h e  c e n t e r  oE B a s s  of seg lnen t s  o f  t h e  body 
f o r  i n d i v i d u a l s  a n d  p o p u l a t i o n s  t h a n  were p r e v i o u s 1  p 
available, "9 

i n d i c a t e s  a p o s i t i v e  r e s u l t  E r o ~  t h e  i n v e s t i g a t i o n ,  T h e i r  f i n a f  

s e n  tea ce 

YPhcy should n o t ,  fiswrrer, be c o n s i d e r e d  a s  o ther  t h a n  
good first a p p f o x i m a t i o n s  until they c a n  be a d e q u a t e l y  ------------------ 

W l a u s e r  et al, (1969) ,  p, 17, 

9Cl a u s e r  et a1. (1969) ,  page 5 1  



v a l i d a t e d  on l i v e  popula t ions ,*"o  

was a v i s e  c a u t i o n ,  The inclusion 0E body weight  as the sa jo r  

p r e d i c t o r  i n  a l l  s e g ~ e n t s  e x c e p t  t h e  f o r e a r m ,  hand and leg ,  

p r e c l u d e s  t h e  use o f  e v e n  t h e  i n d i r e c t  check  - a c c o u n t i n g  f o r  

t o t a l  body w e i g h t  b y  summing t h e  p r e d i c t e d  s e g a e n t  weights .  

Their r e g r e s s i o n s ,  are shown i n  Table 1-3.  

T h e  t h i r d  and mst r e c e n t  d i s s e c t i o n  s t u d y  was t h a t  o f  

C h a n d l e r  et al, (1975) in which s i x  orra3.e c a d a v e r s  were s e g ~ e n t e d .  

T h e  r e g r e s s i o n  e q u a t i o n s  g e n e r a t e d  t o  p r e d i c t  segment  & a s s  used  

t o t a l  body w e i g h t  a s  t h e  p r e d i c t i n g  v a r i a b l e .  The pu rpose  of 

t h i s  s t u d y  was t o  provide 

" e ~ p i r i c a l  values a g a i n s t  which t h e  aoments of inertia 
of v a r i o u s  g e o a e t r i c  s h a p e s  and s i z e s  aay be t e ~ t e d . ~ ~ ~ ~  

and the a u t h o r s  o n l y  gave the r e g r e s s i o n  equations f o r  the 

c o n v e n i e n c e  of t h e  r e a d e r  t o  documeat t h e  r e l a t i o n s h i p s  for 

t h e i r  p a r t i c u l a r  c a d a v e r  s a ~ p l e ,  

One f e a t n r e  of this s t u d  y was t h e  coap leaentasy  

i n v e s t i g a t i o n  of t h e  u s e  of s t e r e o p h o t o a e t r y  t o  p r e d i c t  s e g a e n t  

voluttles (Hesron  e t  al, 1976)- T h i s  t e c h n i q u e  was s u b s e q u e n t l y  

u t i l i s e d  by PIcConvil le et  al. (1900) on 31 ma le  s u b j e c t s  &n vixe. 
T h e  r e p o r t e d  r e g r e s s i o n s  p r e d i c t e d  segraent v o l u n e s  fro@ s t a t u r e  

and  total bodyweight ,  A p p l i c a t i o n  of t h e  r e g r e s s i o n s  t o  Clalrser 

ot al, *s(1969f s a a p l e  (and i n p u t  of t h a t  s a a p l e ' s  Bean segment  

d e n s i t i e s )  d i d  n o t  g i v e  good s e g m e n t a l  p r e d i c t i o n ,  y e t  d i s p l a y e d  

an e x t r e m e l y  s a a l l  variance i n  a c c o u n t i n g  f o r  t o t a l  b o d y  weight .  ------ ----- ------- 
ZoClause r  et a f ,  ( l 9 6 9 ) ,  page  61. 

XlChandles  et a l .  _f l 9 7 5 ) ,  p a g e  100, 



Table 1-3 Regression Eguations for P r e d i c t i n g  Segmental 
Weight in k i l o g r a s s  (Ero~ C l a u s e r  et a1., 1959) , 

Head Bead C i r c  $#eight [ k g )  
O,lr58 
0,104 +0,015 

C o n s t a n t  R 53 Est 
-3,716 ,814 0.20 
-2,189 ,874 0.17 

Trunk Weight { k g )  Trunk Length Chest Circ 
0,551 -2,837 ,966 1,33 
0,491, +0,31)7 -19,186 ,979 1.11 
0,349 *O, 423 +0,228 -35, Q6O ,986 0-92 

Upper @eight [kg) A r l a  Circ [ax) Acrom-Rad 
Arrn Length 

0,030 -0,238 ,879 0-14 
0,019 +Q, 050 -7,288 ,931 0.12 
0.  007 +0,092 +0.050 -3,103 ,961 0.09 

fg'Arm Wrist Circ Porearltr. C i r c  
0.319 

Hand g r i s t  C i s c  Wrist Eir/Bone Hand B r d t h  
0.053 -0,418 ,853 0,03 
0,038 +0. 080 -0,560 ,917 0-03 
00 029 +f),r375 +6,031 -0,746 -9Y2 0.02 

Thigh Weight (kg) Upper T h i g h  Iliac Crest 
C i r c  Pat* 

0,120 -1,123 ,893 
0.874 + O m  138 -4,641 ,933 
0.074 +0.123 +6.027 -V,21Q ,984 

C a l f  Calf Circ T i b i a l e  H t  Ankle  Circ 
0,135 -1,318 ,933 
0,1&1 +D,042 -3,421 ,971 
0,111 +0,047 +O,D74 -4,208 ,979 

Foot Weigh& {kg) Ankle C i r c  Foot Zength 
0,009 +0,369 ,810 
0.005 +0,033 -0.030 ,882 
0 , 0 0 3  +53,048 +C),i)27 -0,869 ,907 

*Il iac  Crest Pat (ma) = 0-78 SkinfoLi3,Iliac Crest [mttr) - 
weight  is kg; a l l  othec dimensions a r e  i n  cnt, 



T h i s  r e s u l t  c o n f i r m s  t h e  p r e ~ l u s i a n  sf  a c c o u n t i n g  for t o t a l  

bodyweight a s  a n y  sor t  o f  v a l i d a t i o n  c h e c k ,  t h e r e  b e i n g  a 

s p n r i o u s  c o r r e l a t i  oa  be tween  the dependen t  a n d  the i n d e p e n d e n t  

variables, 

The g u e s t i o n  could u e l f  b e  a s k e d  vhy t h e  use o f  body weight  

a s  a s e g a e n t  w e i g h t  p r e d i c t o r  h a s  b e e n  a c c e p t e d  for s o  long ,  

T h i s  h a s  most l i k e l y  been  so  because, i n  t h e  c a d a v e r  s a m p l e s  

s t u d i e d ,  body w e i g h t  vas t h e  best s i n g l e  p r e d i c t o r ,  I n  a d d i t i o n  

it i s  a  v e r y  c o n v e n i e n t  p r e d i c t o r  - easy t o  measure and  s e l d o ~  

n o t  a e a s u r e d  i n  a n y  xizq sample,  

Reliance on t h e  u s e  of a set r e l a t i o n s h i p  be tween  s e g ~ e n t a l  

laass a n d  t o t a l  body mass, howeves,  f a i l s  to  accosmodate  t h o s e  

i n d i v i d u a l s  whose p r o p o r t i o n s  d i f f e r  from the s a ~ p l e s  used t o  

i d e n t i f y  t h o s e  r e l a t i o n s h i p s ,  As R i f l e r  and Nelson(1973)  pointed 

o u t ,  s u c h  c o a p u t a t i o n a l  ~ e t h o d s  were d e r i v e d  f ro@ a l i m i t e d  

number of C a u c a s i a n  adult ma1 e c a d a v e r s ,  T h u s  i n v = t i g a  tors 

s h o u l d  af wags be cognizant of  this l i m i t a t i o n ,  p a r t i c u l a r 1  y with 

p o p u f a t i o n s  which may be d i f f e r e n t  fro@ t h e  o r i g i n a l  saarple i n  

terms o f  age,  s e x ,  race or body c o m p o s i t i o a ,  

U n f o r t u n a t e l y ,  due  t o  t h e  c o ~ p l e x i t y ,  s i z e  and cost of a 

c a d a v e r  r e s e a r c h  e x p r e s s i o n ,  t h e r e  appears t o  be no way a round  

B i l l e r  a n d  l e l s o n s s  (1973) caution, and sarrtple s p e c i f i c i t y  may 

still be a f a c t o r  i l a  t h e  r e s u l t s  a n t i 1  such tilae as a  l a r g e  

enough s a m p l e  s e g a e n t e d  by i d e n t i c a l  t e c h n i q u e  h a s  been  

a g g r e g a t e d .  



T h e  p r o b l e m s  associated w i t h  s u c c e s s • ’  u l  p r e d i c t i o n  i n  t h i s  

area are nany. P e t  the t a s k  is there t o  b e  m a s t e r e d .  

If an in v i v o  t e c h n i q u e  c o u l d  b e  d e v e l o p e d  which  d i d  not 

i n c o r p o r a t e  t o t a l  body B a s s  a s  one of t h e  p r e d i c t o r  v a r i a b l e s  i n  

t h e  c a l c u l a t i o n  [ t h e r e b y  p e r m i t t i n g  its use to  v a l i d a t e  t h a t  t h e  

SUB of t h e  p a r t s  is equal. t o  t h e  w h o l e ) ,  and took into account 

d i f f e r e n c e s  i n  p r o p o r t i o n a l i t y ,  t h e n  s e g m e n t a l  B a s s  predictions 

c o u l d  b e  aade wi th  g r e a t e r  c o n f i d e n c e  i n  all s u b j e c t s  r e g a r d l e s s  

of age ,  sex or a o r p h o l o g y ,  



S e g a e n t a l  Bass is gove rned  by  t h e  voluiw of t h e  segment  and  

its d e n s i t y ,  The d e n s i t y  is g o v e r n e d  by t h e  r e l a t i v e  

c o n s t i t u e n c y  o f  t h e  s e g a e n t ,  i .e .  how ~ u c h  adipose tissue, 

nauscle, s k i n ,  bone a n d  r e s i d u a l  it c o n t a i n s ,  and t h e  d e n s i t y  o f  

e a c h  o f  t h o s e  coaponents, 

B n t h r o p o a e t r y  c u r r e n t l y  c a n  n o t  r e v e a l  d i f f e r e n c e s  in 

d e n s i t y  within t h e  s a a e  component t i s s u e ,  f o r  i t  o n l y  Itleasures 

size, b u t  i t  can t e l l  u s  a b o u t  t h e  r e l a t i v e  a n o u n t s  of each  

tissue vithin t h e  segment ,  The f o l l o w i n g  g u e s t i o a s  can be posed,  

R i l l  ithe s i z e  o f  t h e  s k i n f o f d  reseal some th ing  a b o u t  t h e  

a m u n t  of a d i p o s e  t i s s u e  i n  t h e  segment?  

Will t h e  s i z e  of t h e  s k i a f  o l d - c o r r e c t e d  g i r t h s  d i s c l o s e  

inf o m a  t i o n  a b o u t  the  a u s c l e ?  

W i l l  the l e n g t h s  and breadths between  d i s t i n g u i s h a b l e  bony 

f a n d a a r k s  g i v e  i n s i g h t  i n t o  how anch  bone is p r e s e a t ?  

I f  we can incorporate t h e s e  f a c t o r s  in a  node l ,  can we cortte 

closer t o  t h e  true p r e d i c t i o n  of s e g ~ e n t  weight?  

R y h y p o t h e s i s ,  t h e r e f  ore, was t h a t  

Did• ’  erences in s e g a e a t a l  a n t h r o p o a e t r  y will reflect 

diff ereaces i n  segment c o a p o s i t i o n  g i v i n g  a b e t t e r  

p r e d i c t i o n  o f  s e g ~ e n t  aass t h a n  a p r e d i c t i o n  

b a s e d  on a p e r c e n t a g e  of body weight- 



RESEARCH PROPOSAL 
--L_-- _I--- 

T h e  airn o f  t h i s  s t u d y  gas to test t h i s  h y p o t h e s i s  by 

d e v e l o p i n g  three  aode ls  which p r e d i c t  s egmen t  B a s s e s   fro^ 

segsent-specif  ic a n t h r o p o m e t r i c  v a r i a b l e s .  The  models  c o u l d  t h e n  

be a p p l i e d  to  a t  least tftree in v i v o  s a m p l e s ;  compared,  o n  t h e  

b a s i s  of t h e i r  a b i l i t y  t o  a c c o u n t  f o r  total body we igh t  ; a n d  t h e  

best model chosen for t h e  p r e d i c t i o n  of s e g a e n t a l  B a s s e s  f o r  

c o m p a r a t i v e  p u r p o s e s  i n  a wide range o f  i n d i v i d u a l s .  

R e g r e s s i o n  ( R E G )  Model 

The first a o a e l  would be a s t r a i g h t  r e g r e s s i o n  of 

i n t r a - s e g m n t a l  a n t h r o p o a e t r y  a g a i n s t  s e g m m t  mass, based on  an 

e s t i m t i n g  saitiple, 

where: Y is segment sass 

XI and X2 a re  segaent  

l e n g t h s  o r  g i r t h s ,  

T h i s  would establish t h e  best r e l a t i o n s h i p  between  a n t h r o p o ~ e t r y  

and s e g @ e a t  mass for the saaple ,  t h o u g h  p o s s i b l y  a t  the risk of 



a n  i n c r e a s e d  s a a p l e  s p e c i f i c i t y .  

Bropostionalityj'Deviatioa {P/D) nodel 

In 197Y, Boss a n d  @ i k o n  d e v i s e d  a u n i s e x  Phan toa  which 

s e r v e s  a s  a r e f e r e n c e  &ode1 f o r  p r o p o r t i o n a l i t y  c o m p a r i s o n s  of 

s u b j e c t s ,  r e g a r d l e s s  of age, s e x  or r ace .  The Phantom S t r a t a g e m  

e x p r e s s e s  a n t h r o p o a e t r i c  v a l u e s  as z - v a l u e s  which a r e  h e i g h t -  

(or a n y  o t h e r  p a r a a e t e r )  a d j u s t e d  d e v i a t i o n s  from the Phantom 

va.fue f o r  t h e  p a r t i c a l a r  v a r i a b l e .  

The p r i n c i p l e  of e x p r e s s i n g  scores i n  terms of s t a n d a r d  

d e v i a t i o n s  f r o a  a known r e f e r e n c e  v a l u e  was f u r t h e r  developed b y  

D r i n k w a t e r  and Ross (1980) i n  their tactic for t h e  f r a c t i o n a t i o n  

of body mass i n t o  f o u r  c o ~ p o n e n t s ,  v iz .  a d i p o s e  t i s s u e ,  bone, 

mscfe  and r e s i d u a l .  In t h i s  tactic, t h e  Bean d e v i a t i o n  of a set  

of p r e d i c t o r  variables is said t o  r e f l e c t  t h e  d e v i a t i o n  f r o &  a 

reference m s s  for each of t h e  four: cowponen ts. The t ac t ic  is  

v a l i d a t e d  by t h e  sua of t h e  f o u r  p r e d i c t e d  coriirponent Basses 

e q u a l l i n g  the o b s e r v e d  total body mass, 

The  sage p r i n c i p l e  c a n  be a p p l i e d  t o  t h e  p r e d i c t i o n  of 

s e g ~ e n t a l .  Basses. An example, using a s i n g l e  p r e d i c t o r  v a r i a b l e  

far s i s p l i f  ication, s e r v e s  t o  i l l u s t r a t e  this principles, 



Let t h e  r e f e r e n c e  values for forearm l e n g t h  a n d  segment 

anass be a s  follows: 

P o r e a r a  Length 22cm 

Forears s e g a e n t  sass Ikg, 

S t a n d a r d  D e v i a t  i o n  

The  p r i n c i p f  e p r e d i c a t e s ,  t h e r e f  ore, that a subject whose 

f o r e a r a  is 2Ycm long (one l e n g t h  s t a n d a r d  d e v i a t i o n  above t h e  

r e f e r e n c e )  would have a segatenta l  mass of 1,llPg (one B a s s  

standard deviation a b o v e  t h e  r e f e r e n c e )  , If s h a p e  and 

c o m p o s i t i o n  were c o n s t a n t  for s p e c i  Eic segiaents, a  single 

p r e d i c t o r  would be s u f f i c i e n t  t o  p r e d i c t  i n  a l l  cases, However, 

since there a r e  i n d i v i d u a l  differences, a battery of variables 

is needed  to x e f l e c t  t h e  d i f f e r e n t  t i s s u e  coatribntioas, 

where: ZSEC is segrent %ass 

expressed i n  Phantom B a s s  

staadard deviations, 

ZKl and 2x2 etc, a r e  

s e g e e n t  l e n g t h s  or 

g i r t h s  expressed in 



Phantom v a r i a b l e  

s tandard d e v i a t i o n s ,  

"n* is  t h e  arithmetical 

d i v i s o r  which e n s u r e s  

that i d e n t i c a l  Phantom 

;e-values for each of the  

p r e d i c t i n g  p a r a a e t e r s  

would g i v e  a n  i d e n t i c a l  

m a n  z-value for the s e g s e a t ,  

The s e c o n d  godel would p r e d i c t  s e g a e n t a l  a a s s  based  on the 

d e v i a t i o n  o f  intra-segraenta l  a n t h r o p o a e t r y  fro@ tthe r e f e r e n c e  

aathropolaerric v a l u e s  of t h e  Phanto~g of B o s s  and R i l s o n { f 9 7 t i ) -  

Volume-Based (YO&) Bodel 

Both the r e g r e s s i o n  and P/D s o d e l s  were b a s e d  on t h e  

p r e d i c t i o n  of mass, f o r  e a c h  seg leent ,  d i r e c t 3 . y  frortl the ~ t e a s u r e d  

v a r i a b l e s ,  However, since t h e  p s e d i c t i o n  of v a l u a e  h a s  been t h e  

contmnest  a p p r o a c h  used i n  ~ a t h e ~ i a t i c a 1  s e g ~ e a t  s o d e l s ,  an 

i a p r o v e d  approach to  B a s s  a i g h t  B e  aade through voluae, 

T h e r e f o r e  a t h i r d  node1 was h y p o t h e s i s e d  which r e g r e s s e d  t h e  

d e r i v e d  v a r i a b l e  of a g i r t h  squared times the  l ength ,  for a 

segment,  a g a i n s t  t h e  seginent @ a s s .  



where :  X I  is a  segment g i r t h  

X 2  is a segment l e n g t h ,  

T h e  f o c u s  of nearly a l l  of t h e  i n v e s t i g a t o r s  who have  

conducted c a d a v e r  s e g a e n t a t i o n  s t u d i e s  has been a bio iaechanicaf  

one,  T h e i r  niain a i a  h a s  been t h e  v i v o  p r e d i c t i o n  of Bass and 

c e n t r e  of B a s s  of var ious  s e g n e n t s ,  D e a p s t e r ( 7 9 5 5 ) ,  C l a n s e r  et  

al. (1969) and Chandler:  e t  a l ,  (1975) a l s o  ltaeasured &he rttoneelnts of  

i n e r t i a  of e a c h  sega ten t  a s  a f u r t h e r  a i d  to b ion techan ica l  

a n a l y s i s .  

A c f u c i a l  f e a t n r e  o f  d i s s e c t i o n  with t h e  above  f o c u s  i s  t h e  

selection o f  tfre c u t t i n g  p l a n e  when s e v e r i n g  body p a r t s .  The 

p r a c t i c e  of d i s s e c t i o n  u n i d i r e c t i o n a l l y  through j o i n t  cemtres, 

which f a c i l i t a t e s  s o a e  b i o s e c h a n i c a l  a n a l y s e s ,  a p p e a r s  to  c r e a t e  

sorae anomalous situations i n  terms of t h e  a f f o c a t i o n  of various 

t i s s u e s  t o  v a t i o u s  s e g a e n t s .  P o r  eranipre ,  the joint c e n t r e  a t  

t h e  knee is an a L i n e  betoeen  the nanimnm p r o t r u s i o n s  of t h e  

media l  a n d  l a t e r a l  e p i c o a d y l e s  of %he femr. Biontechaaical 

s e v e r a n c e  a t  t h i s  j o i n t  centre l e a s e s  e a j o r  portions of  t h e  

feraoral c o n d y l e s  a s s o c i a t e d  w i t h  t h e  l e g  segment  and the p a t e l l a  

d i v i d e d  between t h e  l e g  a n d  t h i g h  s e g n e n t s ,  

D i s c a s s i o n  of t h i s  situation w i t h  a b i o m e c h a n i s t  

(Chapsan,  3982) , l e d  t o  t h e  c o n c l u s i o n  t h a t  t h e  v a r i a n s  c u t s  



coznld w e l l  b e  made on the l i n e  t h r o u g h  t h e  j o i n t  c e n t r e s ,  b u t  

o n l y  a s  far a s  the s o f t  t i s s u e  was concerned .  The  bone e n d s  

c o n f d  then be c i r c u a s c r i b e d  l e a v i n g  t h e  bones i n t a c t  i n  t h e  

s e g a e n t  where in  t h e i r  ~ a j o r  p o r t i o n  l a y .  A l l  p a r t s  of  t h e  femur, 

f o r  e x a a p l e ,  would t h e n  be a l l o c a t e d  to  t h e  t h i g h  seg taea t  ( a s  

woultl t h e  whole  of t h e  p a t e l l a ) .  T h i s  t e c h n i q u e  had a t  feast  a  

p a r t  p r e c e d e n t  a s  it had been u s e d  a t  t h e  s h o a l d e r  and  h i p  by 

H a r l e s s { l 8 6 0 ) ,  though he segaented t h e  more d i s t a l  j o i n t s  by 

u n i d i r e c t i o n a l  ca t s  through bony c o n d y l e s ,  

A t h i r d  t e c h n i q u e  has been p i o n e e r e d  by  Grand (1977) d u f i a g  

t h e  c o u r s e  a•’ some three t h o u s a n d  d i s s e c t i o n s  on o v e r  eighty 

d i f f e r e n t  s p e c i e s ,  G r a n d t s ( 1 9 7 7 )  a p p r o a c h  is t o  c u t  i f a d i v i d u a l  

a u s c f e s  a t  t h e i r  o r i g i n  or insertion and a s s i g n  them t o  one  s i d e  

or a n o t h e r  o f  t h e  -joint. T h e  a s s i g n i n g  is g e n e r a l l y  b a s e d  on a l l  

p a r t s  of  a mscle g o i n g  t o  t h e  s e p e n t  where in  l ies t h e  ~ a  j o r i t y  

of its B a s s  ( c a t ,  Chapman's s u g g e s t i o n  above ,  w i t h  r e g a r d  t o  t h e  

bone  a l l o c a t i o n , )  . Grand's (1977) r a t i o n a l e  is t h a t  t h i s  

f a c i l i t a t e s  compar i son  of c o e p l e t e l y  i n t a c t  a u s c l e  g r o u p s  i n  

c o r r e s p o n d i n g  seyraents  o f  d i f f e r e n t  ani rrrals, H e  feels t h a t  the 

method is n o  Bore a r b i t r a r y  t h a n  t h e  j o i n t - c e n t r e  a e t h o d  of 

Dernpster {1955) s i n c e  

n t h e  s a a i m l i a n  body d o e s  n o t  l end  i t s e l f  to s i m p l e  
g e o t e e t r i c a l  segcaenta t ion ,  12 

I n  1979, a c o - o p e r a t i v e  d i s s e c t i o n  s t u d y  was i n i t i a t e d  by 

Dr tJ. D, Ross  o f  Sieton F r a s e r  U n i v e r s i t y  [SFU) and D r  3-P C h r y s  



of Yrije U n i r r e r s i t e i t ,  Brussel f V U B )  . The study e v o l v e d  i n t o ,  

p e r h a p s ,  t h e  rnost comprehens ive  cada-rrex a n a l y s i s  s t u d y  e v e s  

u n d e r t a k e n ,  C l a r y s  and  two Siiaoa f r a s e r  i n v e s t i g a t o r s ,  Mar t i n  

a n d  Drinkwater, c o n d u c t e d  t h e  r e s e a r c h  i n  B r u s s e l s  i n  1979/80, 

Twenty s e v e n  c a d a v e r s  were c o a p l e t e l y  f r a c t i o n a t e d  i n t o  f i v e  

components  (skin, a d i p o s e  t i s s u e ,  ~ u s c f e ,  bone and r e s i d u a l )  

f o l l o w i n g  e x t e n s i v e  a n t h r o p o a e t r y ,  and each component was 

weighed i n  air and i n  water, 

Since t h e  a b o v e  study was not  s p e c i f i c a l f y  i n v e s t i g a t i n g  

s e g r a e n t a l  p a r a m e t e r s ,  ao a t t e a p t  was ~ a d e  t o  f o l l o w  a seyr t tenta l  

a p p r o a c h  w i t h i n  t h e  l i n b s ,  F o r  exaatple ,  a l l  t h e  a d i p o s e  t i s s u e  

f o r  t h e  whole  o f  t h e  upper l i a b  was combined,  no d i f f e r e n t i a t i o n  

be ing  aade between t h a t  fros the hand and t h a t  f rom t h e  arm o r  

for ear m. 

The l i a b s ,  i n  t o t o ,  were segmented  frolrt t h e  t r u n k  a c c o r d i n g  

t o  a  se t  p r o t o c o l ,  however, A v e r t i c a l  cut was made a t  t h e  

s h o u l d e r ,  w i t h  c i r c u m s c r i p t i o n  o f  the hna te r a l  heaa,  t o  detach 

t h e  u p p e r  l i m b ,  a n d  a s i n u o u s  c u t  uas made from t h e  i l i a c  crest 

t o  the i s c h i u ~ ,  c i r c u m s c r i b i n g  t h e  f e a o r a l  head ,  t o  d e t a c h  t b e  

lower lirab p r o x i a a l  t o  t h e  g l u t e a l  rauscles.  

In o r d e r  t o  f a c i l i t a t e  maximnm f u t u r e  u s e  of the a l r e a d y  

a v a i l a b l e  d a t a  frora t h e  ntain flu3 s t u d y  a n d  t o  a v o i d  s e c t i o n i n g  

a n y  bones ,  i t  was d e c i d e d  t o  use a m o d i f i c a t i o a  of t h e  s econd  

t e c h n i q u e  i n  t h e  s i x  c a d a v e r s  I3 @ale and  3 felrralrz) . 
The a o  d i f i c a t i o n  c o n s i s t e a  o f  s e v e r i n g  t h e  segment  a t  t h e  

j o i n t  space ,  a l o n g  a single p l a i n  a s  f a r  a s  t h e  s o f t  t i s s u e s  



were conce rned ,  a n d  c i r c a f a v e n t i n g  a n y  b o n y  p a r t s  where they 

p r o t r u d e d  across t h e  p l a n e  of the cut, 

It was d e c i d e d  that t h e  c a d a v e r  r e s e a r c h  vonld entail 

measa renen t ,  s e g f a e n t a t i o n  and f u r t h e r  measurement  on c a d a v e r s  

a v a i l a b l e  a t  t h e  Ias t  i t n u t  voor  Horphologi-e, V ~ i j e  U n i ' t r e r s i t e i t ,  

B r u s s e l ,  Befginrs, T h e  d i s s e c t i o n  d a t a  asseably would b e  

s u p e r v i s e d  i n  B r u s s e l s  by P r o f e s s o r  Dr. J-P, C l a r g s ,  of t h e  

P a c u l t  y of fffedicine, 

E a c h  cadaver would be  weighed, f i r s t  i n  a i r  and  then . 

unde rwa te r .  Repeat B e a s u r e s  would be t a k e n  b i l a t e r a l l y  a s  

d i s c u s s e d  i n  Chapter 13,  

Each cadaver v o n l d  be segmented  i n t o  f o u r t e e n  p a r t s  - head, 

neck and trunk, two each of: t h i g h ,  l e g ,  f o o t ,  arm, forearn t ,  

hand, (also as  o u t l i n e d  in Chapter 11)- F i g u r e  3 - 1  d e p i c t s  t h e  

g e n e r a l  segirten t d i v i s i o n s .  



Anatomical Segments .  

Denapster { lg!Zi) dissected a s i n g l e  cadaver i n t o  t i s s u e  

colrtponents and De~pster and Gaugtiran ( l 9 5 7 )  fract ionated seven 

cadavers into s k i n  and fascia, ttluscfe and bone* However, as 

d i s c u s s e d  earlier in the c h a p t e r ,  t h e  data were only reported a s  

p e r c e n t a g e s  of t o t a l  s e g m e n t  v e i y b t  and n o t  r e l a t e d  t o  segmental 

anthro ponaetr y* 



S i n c e  t h e  ~ a i n  t h r u s t  of t h e  t h e s i s  n e c e s s i t a t e d  cadaver 

d i s s e c t i o n  it was d e c i d e d  not t o  miss k h e  o p p o r t u n i t y  t o  

complement  t h e  work of C l a r y s  e t  af, (1981r) and f r a c t i o n a t e  e a c h  

of t h e  i n d i v i d u a l  l h b  s e g i n e n t s  i n t o  its four c o n s t i t u e n t  

componen t s .  

The t r u n k  a n d  h e a d  s e g n t e n t s  would n o t  b e  f r a c t i o n a t e d ,  a s  

sufficient manpower was n o t  a v a i l a b l e  t o  c o m p l e t e  s u c h  an  

undertaking, In a d d i t i o n ,  d u p l i c a t i o n  of t h e  h i p  a n d  s h o u l d e r  

s e g m e n t a t i o n  t e c h n i q u e  u s e d  b y  C l a r y s  e t  a l ,  (1984) B e a n t  t h a t  

f r a c t i o n a t i o n  data  was a l r e a d y  a v a i l a b l e  on t h e  t r u n k  a n d  head .  

Each s e g m e n t  w o u l d  be weighed i n  a i r  and  w a t e r .  T h e  limb 

s e g m e n t s  ~ o o 3 . d  then b e  f r a c t i o n a t e d  i n t o  four c o w p o n e n t s ,  viz, 

skin, a d i p o s e  t i s u e ,  auscle  a n d  bone,  

A t  the t i m  of t h e  s e t t i n g  u p  of t h e  research p h a s e  i n  

Befgium, c o r r e s p o n d e n c e  uas i n i t i a t e d  with C h a r l e s  6, C l a l s s e r  a t  

the W r i g h t - P a t t e r s o n  A i r  force Base i n  Ohio, I a a e d i a t e l p  b e f o r e  

d e p a r t i n g  Simoa F r a s e l  for  B r u s s e l s ,  the author was h o n o u r e d  

w i t h  a t a p e  from O h i o  c o n t a i n i n g  a l l  the raw da ta  froin C l a u s e r  

et al, * s  1969 s t u d y .  

As a r e s u l t  o f  t h i s  g e n e r o s i t y ,  it was d e c i d e d  t o  d e v e l o p  a 

s e c o n d  set of p r e d i c t i o n  mode l s ,  pa ra l l e l  t o  those p r o p o s e d  

above, b a s e d  on C l a u s e r  et a l ,  S s ( 1 9 6 9 )  s a a p l e ,  w h i c h  m u l d  

predict t h e  Basses of b i o a e c h a n i c a l  or  * l i n k *  s e g ~ e n t s .  {S ince  



C l a u s e r  e t  al, *s (1 969) s e g m e n t t a t i o n  had had  a biotaechan i c a l  

o r i e n t a t i o n , )  T h u s  the study wauld p r o v i a e  o p t i o n a l  raoaels, the 

c h o i c e  o f  which would  d e p e n d  o n  t h e  d e f i n i t i o n  of t h e  s e g m e n t  

d e s i r e d  to be p r e d i c t e d ,  

Each % o d e 1  would b e  a p p l i e d  to  its e s t i n a t i n g  s a m p l e  t o  

exaaine its p r e d i c t i o n  a c c u r a c y .  Each mode l  would then be . 

a p p l i e d  t o  t h r e e  vivo sa iap les :  

896 c h i l d r e n  a g e d  5 t o  19, T h i s  s a m p l e  was m e a s u r e d  b y  t h e  S i ~ o n  

P r a s e r  B n t h r o p o l z t e t r i c  R e s e a r c h  U n i t  i n  19713 and is d e s c r i b e d  

i n  d a t a  s u e r a a r i s e d  by Boss et a l ,  (I98Uf a n d  Bass a n d  

f i i a r f e l l - J o n e s  ( 1 9 8 2 ) -  

lt12 c o l l e g e  a d u l t s ,  This s a m p l e  was a e a s u f e d  a t  S i a o n  fraser 

U n i v e r s i t y  by t h e  a u t h o r  a n d  other meabers of t h e  

R i n a i t t h r o p o a e t r i c  R e s e a r c h  Unie between 1980 a n d  1983, It 

c o n s i s t e d  of 8 0  femles and 62 males who were taking 

K i n e s i o l o g y  c o u r s e s ,  b u t  rere n o t  s p e c i f i c a l l y  K i n e s i o f  oy y 

Ha jrsrs, 

66 i n t e r n a t i o n a l  bodgbui fders ,  T h i s  s a n p l e  was measured in 1982  

by  %fail. R o s s  and J ,  B o r R s  i n  Cairo a t  t h e  Hosfd  Amateur 

B o d y B u i l d i n g  C h a a p i o a s h i p s ,  

I n  each of t h e s e  & v i m  s a ~ p l e s ,  t h e  suut of t h e  p r e d i c t e d  

s e g ~ e n t  a a s s e s  vould b e  c o m p a r e d  t o  the observed body w e i g h t ,  

and t h e  d i s c r e p a n c y  e x p r e s s e d  a s  a p e t c e n t a g e .  T h i s  p e r c e n t a g e  



d i s c r e p a n c y  v a l u e  would serve a s  t h e  v a l u e  f o r  compar i son  

be tween  m d e l s .  

The c r i t e r i o n  for t h e  a c c e p t a n c e  of each model. would be 

b a s e d  on i t s  a b i l i t y  to: 

1. p r e d i c t  i n d i v i d u a l  s egmen t  w e i g h t s  i n  its own c a d a v e r  sarrtple 

2 ,  a c c o u n t  f o r  t o t a l  body we igh t ,  when a p p l i e d  t o  viva 

s a  lttples , 
b e t t e r  t h a n  p r e v i o u s 1  y-accepted  ~ o d e l s .  

D i f f e r e n c e s  i n  p r e d i c t i v e  a b i l i t y  between models ssould b e  

i d e n t i f i e d  by a p p l i c a t i o n  of t h e  Repea t ed  Pleasures  T e s t  [ f f u l l  and  

H i e ,  l 9 8 l )  . d e s c r i b e d  by Harris ( l 9 7 5 ) ,  t o  i n d i v i d u a l  p e r c e n t a g e  

d i s c r e p e n c i e s ,  These  would be c o n f i r a e d  by a p p l i c a t i o n  of  t h e  

Pr iedman T e s t  ( H u l l  a n d  H i e ,  798 1) , d e s c r i b e d  by Conover (1971 ] . 
The stait isical  s i g n i f i c a n c e  of a n y  s o p r i o r i  t y  d e ~ o n s t r a t e d  by 

the best p r e d i c t i n g  ntodef would then be re-exaained by t h e  

B e p e a t e d  B e a s u r e s  Test u s i n g  c o n t r a s t s  t o  compare  t h i s  model 

v i t h  any o t h e r ,  i n d i v i d u a l l y ,  

True v a l i d a t i o n  of e a c h  m d e l  is n o t  r e a l l y  possible s i n c e  

the t e c h n i q u e  d i s c r e p a n c y  r e s u l t s  i n  raw d a t a  o n l y  b e i n g  

a v a i l a b l e  i n  o n e  sa~taple for  e a c h  t e c h n i q u e ,  (Dempster (1  955) and 

Dentpster and Gaughran (1967) see technique uni f  o r s i t y  a s  crucial 

t o  a n y  co i apa r i son  or c o a b i n a t i o n  of s a m p l e s , )  However, an 

indication can  be o b t a i n e d  of t h e  a c c u r a c y  of  t h e  models  i n  

p r e d i c t i n g  s egmen t  mass by a p p l y i n g  t h e  a n a t o m i c a l  models t o  t h e  

b iomechan ic  a 1  sample ,  and vice v e r s a ,  taking c o g n i s a n c e  of t h e  

t e c h n i q u e  d i s c r e p a n c y ,  



T h e r e f o r e ,  each mdeP s h o u l d  a l s o  g i v e  a  r e a s o n a b l e  

p r e d i c t i o n  of i n d i v i d u a l  segaent Bass i n  t h e  p a r a l l e l  c a d a v e r  

s a  m p l e  , 

I n  a d d i t i o n ,  t h e  models would be applied t o  the main 

Cadave r  A n a l y s i s  Study [<AS) s a a p l e  f C l a r y s  e t  af., 1984) and 

t e s t e d  on t h e i r  a b i l i t y  t o  p r e d i c t  t h e  c o a b i n e d  t r u n k  and  head 

s e g ~ e n t s  a n d  t h e  t o t a l  u p p e r  a n d  lower l imb  segments .  

DEPINZTPONS 

T h e  t e ~ c a s  "aassN and *ueight*"aaoe been used  synon y i ~ o u s l  y 

s o  f a r .  T h e  s e m a n t i c  d i f f e r e n c e  betweera the two is t h a t  weight 

is d e r i v e d  from mass by m l t i p l y i n g  by  g r a v i t y ,  S ince  

a n t h r o p o a e t r y  is aot  t h o u g h t  t o  c h a n g e  t o  a n y  a e a s u r a b l e  e x t e n t  

by a change  i n  g r a v i t y ,  then t h e  p a r a a e t e r s  be ing  p r e d i c t e d  b y  

the readels a r e  actually Basses ,  However, o b s e r v e d  body weight  is 

a f a c t o r  i n  a) the i n d i r e c t  v a l i d a t i o n  and  b) auch of the 

d i s c u s s i o n ,  so it would b e  i n a p p r o p r i a t e  to refer t o  mass i n  

this c o n t e x t .  S i a i l a r  ly, the whole- segrtlen t p a r a m e t e r  a teasurea in 

the c a d a v e r  s a ~ p l e  was weight  n o t  mass, Beports i n  the 

l i t e r a t u r e  d o  n o t  a a k e  this d i s t i n c t i o n  be tween  segment B a s s  and  

segaent  weight .  It would be  a n n e c e s s a r i l y  c o n f u s i n g  t o  do so -  

The t e r n  H ~ a s s w  w i l l  b e  g e n e r a l l y  used i n  this s t u d y ,  b u t  the 

term "we igh tm u i f l  be  used in t h e  c o n t e x t  of the l i t e r a t u r e ,  

Two d i s t i n c t  s e g m e n t a t i o a  t e c h n i g u e s  a r e  c o n s i d e r e d  i n  t h i s  



s t u  

1. 

dy: 

T h e  technique employed by t h e  a u t h o r  ( c o n s i d e r e d  f i r s t  a t  

each s t a g e  t h r o u g h o u l  t h e  s t u d y ) .  invof v i n g  segmenta t ion  

t h r o u g h  joint s p a c e s ,  w i l l  b e  known a s  the ANBTOPIICAL 

s e g r t l e n t a t i o n  t e c h n i q u e .  

The technique employed by C l a u s e r  e t  al, (l969), i n v o l v i n g  

segraentation through j o i n t  centres of r o t a t i o n ,  w i l l  b e  

referred to as the BIO23ECBAHICAI, s e g ~ e n t a t i o a  t e c h n i q u e .  

There w i f f  b e  two e s t i n a t i n g  c a d a v e r  saraples :  

1, That s e g r s e n t e d  by the a n a t o m i c a l  t e c h a i g u e  w i l l  b e  known a s  

t h e  aiaiCAS (BCAS) saenple, a s  i t  was a s n t a l l e r  c o r n t i n u a t i o n  

o f  the Cadaver A n a l y s i s  StudylCAS) of C l a r y s  et al. [1984), 

a o d e l s  e s t i m a t e d  f r o g  t h i s  s a m p l e  w i l l  p r e d i c t  a n a t o m i c a l  

segsent  Basses and their n a a e s  sill b e  prefixed b y  -the 

i n i t i a l s  flC, 

T h a t  segraented by t h e  b i o a e c h a f i i c a f .  technique, will be known 

as the CtAflSER(CL) s a a p l e ,  Plodels  e s t i ~ a t e d  frorn t h i s  saeaple 

raiff predict b i o a e c h a n i c a l  segmernt rnasses and their names  

w i l l  b e  p r e f i x e d  b y  t h e  i n i t i a l s  CL, 

There w i l l  b e  t h r e e  t y p e s  o f  model: 



1, T h a t  which r e g r e s s e s  segraenlt anthfopometxfg a g a i n s t  s e g m e n t  

w e i g h t  w i l l  be known a s  the RSSGBZSSIOW [RGG)  trode el, Eodefs  of 

t h i s  t y p e  will c o n t a i n  t h e  i n i t i a l s  R E G  i n  t h e  c e n t r e  of 

t h e i r  name, 

2,  T h a t  which p r e d i c t s  segment  mass as a d e q i a t i o n  from a 

r e f e r e n c e  Bass w i l l  be knova a s  the 

P R O P O R T ~ ~ W A L E T Y I I / D E f l l A T Z O l  {Pf)) model. flodels o f  t h i s  t y p e  

w i l l  c o n t a i n  the i n i t i a l s  PI) i n  t h e  c e n t r e  of t h e i r  naae, 

3, That  which  p r e d i c t s  segaent mass by  way o f  segment  voluttte 

uill be known as t h e  VOLUBE-BASED [YBL) ~llodel. f l ude l s  o f  this 

t y p e  will contain the i n i t i a l s  VOL i n  t h e  c e n t r e  of t h e i r  

name. 

There w i l l  be s i x  t e s t i n g  s a a p l e s :  

1. f l ode l s  a p p l i e d  t o  t h e  a n a t o m i c a l  cadaver saapfe(PICAS) w i l l  

be d e s i g n a t e d  w i t h  the i n i t i a l s  13C a s  a s u f f i x ,  

2. Hodefs  a p p l i e d  t o  t h e  b i o m e c h a a i c a l  c a d a v e r  s a a p l e  fCL) u i l l  

be d e s i g n a t e d  with t h e  i n i t i a l s  CL a s  a s u f f i x ,  

3. f lodels  a p p l i e d  t o  the aain B r u s s e f s  c a d a v e r  sample(CAS) w i l l  

b e  d e s i g n a t e d  w i t h  the i n i t i a l s  CAS a s  a s n f f i x ,  

U, T h e  child salaplss w i l l  b e  known as COGRO (CCgJ, Hodels a p p l i e d  

t o  t h i s  s a q l e  n i i l  be des ignated  w i t h  t h e  i n i t i a l s  CO a s  a 

s u f f i x ,  

5 ,  T h e  c o l f  ege sample w i l l  be  known as  NZUADULT [%A)  , Bodel  s 



a p p l i e d  t o  this s a m p l e  # i f  L be  designated w i t h  t h e  initials 

NB a s  a s u f f i x ,  

6, 9 h e  bodybuilder s a n p l e  w i l l  be known a s  D O D Y B U f L D < B B ) ,  

Models a p p l i e d  t o  this sample  w i l l  b e  d e s i g n a t e d  with t h e  

i n i t i a l s  BB as  a s u f f i x ,  

For example: 

MCPDBB w i l l  i n d i c a t e  a PROPDRTIONUITP/DE-YPATXON model, 

estimated f rom the RiniCBS sample ,  r h i c h  p r e d i c t s  

( a n a t o m i c a l )  s egmen t  B a s s  i n  t h e  BODHBUILDEB sample  . 
CLVOLCO will i n d i c a t e  a  VOLIIEIE-BASED nodel, e s t i a a t e d  frola t h e  

CZBUSER s a a g l e  , which p r e d i c t s  [biontechanica 1) segment B a s s  

i n  t h e  COCBO s a s p l e ,  

T h i s  s t u d y  h a s  a d d r e s s e d  itself a t  l e n g t h  t o  t h e  s i t u a t i o n  

of u s i n g  p e r c e n t a g e s  of t o t a l  body weight t o  p r e d i c t  segment  

mass, and t h e  u n a v a i l a b i l i t y  ia t h i s  situation of t h e  i n d i r e c t  

c h e c k  of a c c o u n t i n g  f o r  t o t a l  body weight, When the d e p e n d e n t  

v a r i a b l e  in a  r e g r e s s i o n  e q u a t i o n  is c o m p r i s e d  of p a r t  or  a l l  of 

t h e  same v a r i a b l e  as the i n d e p e n d e n t  v a r i a b l e ,  t h e r e  is a  

s p u r i o n s  r e l a t i o n s h i p  between t h e  two, In this s t u d y ,  t h e  word 

' s p u r i o u s s  d e n o t e s  s n c h  a rela-t ions"nip,  



Two terns w i l l  b e  used i n  making e v a l u a t i o n s  o f  t h e  

p r e d i c t i v e  a b i l i t i e s  of t h e  a o d e l s  c o n s i d e r e d  i n  t h i s  s t u d y .  

These  terms are: 

1. * A c c e p t a b l e 1 ,  T h i s  term w i l l .  be  used: 

a, for  a b s o l u t e  p r e d i c t i o n s  - when 95% o f  t h e  i n d i v i d u a l  

s ey raen t s  are p r e d i c t e d  w i t h i n  15 sf t h e i r  t r u e  v a l u e .  

I T h i s  was b a s e d  on a value i n t e r a e d i a t e  t o  t h e  

" a c c e p t a b l e w  p r e d i c t i o n  of 95 w i t h i n  23% of  

Barter 11957) and  the 3*exceptiona'Lst  p r e d i c t i o n  o f  h a l f  

w i t h i n  10% of Hanavan(l964),) 

b, For c o m p a r a t i v e  p r e d i c t i o n s  - when t h e r e  is n o  

s t a 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  a t  t h e  0.05 l e v e l  

be tween  the p r e d i c t i v e  a b i l i t y  of the rtlodel and its 

c o a p a f a t o r  . 
2 .  *Good*. T h i s  term w i l l  be used: 

a ,  F o r  absolute p r e d i c t i o n s  - when 95% of t h e  i n d i v i d u a l  

segsaen ts  are p r e d i c t e d  w i t h i n  10% of t h e i r  t r u e  v a l u e .  

b. Por c o m p a r a t i v e  p u r p o s e s  - t o  d e s c r i b e  t h e  p r e d i c t i v e  

a b i l i t y  of a ittodel whose p r e d i c t i o n  is s t a t i s t i c a l l y  

s i g n i f  i c a n t f y  b e t t e r  than i t s  c o ~ p a r a t o r  a t  t h e  0,01 

l e v e l .  

ERRORS AW D ASSU#PTIONS 

Whereas t h e  u s e  of c a d a v e r s  to c o n s t r u c t  s e g a e n t a l  

p r e d i c t i o n  evercomes t h e  prob lem of p r e d i c t i o n  v a l i d a t i o n  w i t h i n  



the s a s p l e ,  i t  r a i s e s  t h e  g u e s t i o n  i m e d i a t e l y  of t h e  v a l i d i t y  

o f  a p p l y i n g  t h e  r e l a t i o n s h i p s  found  i n  s u c h  a sample  t o  the 

l i v i n g  . 
Todd and L i n d a l a [ 1 9 2 8 )  u s e d  p r e s e r v a t i v e  to r e s t o r e  t h e  

t i s s u e  t o  wmorraaljs appearance i n  fifty w h i t e  @ale  c a d a v e r s  ( i n  

t h e  c o u r s e  of i n v e s t i g a t i n g  p o s t  mortem c h a n g e s  i n  t i s s u e  

thickness), They found  that the amount of p r e s e r v a t i v e  used 

markedly  a•’ fected circnnttf e ~ e n t i a l  i a e a s u r e a e n t s ,  I n  h i s  1955 

s t u d y ,  Dempster  u s e d  s e v e n  a n p r e s e r v e d  c a d a v e r s  and  one embalreed 

cadaver, H e  ntade n o  d i s t i n c t i o n  be tween  t h e  two c o n d i t i o n s  i n  

measu r ing  o r  r e p o r t i n g ,  In a p e r s o n a l  c o m u n i c a t i o n  t o  Clauser 

a g P r e s e r v e d  s p e c i m e n s ,  v h i c h  l o o k  n a t u r a l ,  have  i n  a l l  
p r o b a b i l i t y ,  a we igh t  and volaxne s i m i l a r  to  that which 
t h e y  had a t  d e a t h , " l 3  

Fu j ikawa(1963)  u s e d  f o u r  preserved a n d  o a e  f r e s h  cadaver .  Be 

obse rved :  

%*l i t t le  i n f l u e n c e  of t h e  i n j e c t e d  f o r m a l i n - a l c o h o l  about 
t h e  r a t i o  of w e i g h t  of each pact t o  tfte body weight  and 
l i t t l e  i n d i v i d u a l  d i f f e r e n c e  of t h e  phys ique*  a *  

a n d  also @ade  n o  d i f f e r e n t i a t i o n  between the c a d a v e r  t y p e s ,  

C l a u s e r  e t  a l ,  [1959$ used  thirteen e a b a l ~ e d  c a d a v e r s .  They 

i n j e c t e d  a s o l u t i o n  ( a p p r o x i m a t e l y  t h r e e  gallons) c o n t a i n i n g  

e q u a l  p r o p o r t i o n s  o f  phenol ,  glycerine and a l c o h o l  by g r a v i t y  

f l o w  through t h e  subclavian and  f e ~ o r a l  a r t e r i e s ,  They o b s e r v e d  

a * F u j i k a v a [ l 9 6 3 ) ,  page  124, 



"the p r e s e r v a t i v e  is n o t  r e t a i n e d  i n  t h e  q u a n t i t i e s  
i n j e c t e d  f o r  a l l y  appreciable time,, ., t he  t i s s u e  
a p p e a r i n g  o n l y  t o  r e t a i n  t h e  a m u n t  needed  t o  r e p l a c e  
body f l u i d s  l o s t  t h r o u g h  the s k i n  i m ~ e d i a t e l y  p o s t  
reorten," 1s 

This f i n d i n g  a n s w e r s  t h e  q u e s t i o n  f a i s e d  by Toda and 

L inda l a{1928)  c o n c e r n i n g  t h e  c r u c i a l i t p  o f  t h e  amount of 

p r e s e r v a t i v e  i n  ject .ed.  C l a u s e r  e t  a l ,  (1969) c o n c l u d e d  t h a t :  

m c a d a v e r s ,  if p r o p e r k g  t r e a t e d ,  %ill b e  c l o s e l y  
comparab l e ,  i n  mass  d i s t r i b u t i o n  and  d e n s i t y ,  t o  l i v i n g  
s u b j e c t s , .  . [and).  , , u s e  of p r e s e r v e d  s p e c i n e n s  2s n o t  
b e l i e v e d  t o  have i n t r o d u c e d  a s i g n i f i c a n t  bias i n  the 
r e s u l t s  o b t a i n e d ,  1 6  

f f t h e r e  are changes i n  c i r c u m f e r e n c e s  a n d  segmen t  

c o a p o s i t i o n ,  these changes s h o u l d  be  d e t e c t a b l e  

a n t k r o p o m e t r i c a f l y ,  T h e  r e l a t i o n s h i p s  s h o u l d  n o t  change  t o  a n y  

marked e x t e n t ,  o n l y  the a b s o l u t e  v a l u e s ,  It is a  rtlajor 

a s sun tp t ion  of t h i s  s t u d y ,  t h e r e f o r e ,  t h a t  t h e  r e l a t i o n s h i p  of 

a n t h r o p o m e t r y  t o  segment  - c o w p o s i t i o n  i n  c a d a v e r s  is similar t o  

t h e  re la t i o n s h i p  o f  a n t h r o p w e t r y  t o  segmen-t c o m p o s i t i o n  i n  t h e  

l i v i n g .  

Based on t h e  work of t h e  above  a u t h o r s ,  it a p p e a r s  t h a t  

e m b a l m d  c a d a v e r s  c a n  be used  t o  a p p r o x i m a t e  t h e s e  r e l a t i o n s h i p s  

i n  t h e  l i v i n g ,  f t  is a f u r t h e r  a s s u ~ p t i o n  t h a t  t h e  u s e  of 

embalmed c a d a v e r s ,  a s  opposed t o  fresh c a d a v e r s ,  w i l l .  n o t  

a p p r e c i a b l y  a f f e c t  t h e  p r e d i c t i v e  a b i l i t y  o f  t h e  models 

g e n e r a t e d ,  T h i s  a s s u m p t i o n  was f u r t h e r  r e i n • ’  o r c e d  by t h e  u s e  o f  

embalaed c a d a v e r s  by C h a n d l e r  e t  al, 31975) and  C l a r y s  e t  

----------- ------- 
a s C l a u s e r  e t  al .  (1969) , page  18, 

1 e C l a u s e r  et al, ( I  969) , page  18. 



T h e  r e s e a r c h  design was  surnntarised a s  follows: 

Segment a c a a a v e r  s a a p l e  u s i n g  t h e  a n a t o m i c a  1 s e g m e n t a t i o n  

p r o t o c o l ,  

Build t h r e e  rttodels e s t i ~ a t e d  from t h i s  saa tp fe ,  t o  p r e d i c t  

a n a t m i c a 1  s e g a e n t  masses, T h e s e  would be 

a, A s t r a i g h t  r e g r e s s i o n  nodef  o f  a n t h r o p o m e  t r y  p r e d i c  king  

s e g m e n t  weight, 

b, A p r o p o r t i o a a l  i t y / d e v i a t i u n  model p r e d i c t i n g  s e g m e n t  

v e i g h t  a s  a d e v i a t i o n  f r o m  a r e f e r e n c e  s e g m e n t  w e i g h t  

p a r a l l e l i n g  the a n t h r o p o a e t r i c  d e v i a t i o n  f rom r e f e r e n c e  

a n t h r s p o n e t r i c  values, 

6. A v o L n ~ e - b a s e d  w d e l  of a n t h r o p o a e t r y  p r e d i c t i n g  s e g m n t  

mass b a s e d  on p r e d i c t o r  v a r i a b l e s  a s s o c i a t e d  w i t h  

volunte, i, e. a squared girth times a l e n g t h .  

B u i l d  t h r e e  parallel m o d e l s  based  on t h e  c a d a v e r  s a m p l e  of 

C l  a u s e r  et al. (1869) , f r i g h t - P a t t e r s o n  A i r  F o r c e  Base, Ohio,  

T h e s e  m o d e l s  w o u l d  p r e d i c t  b i o m e c h a n i c a l  s e g a e n t  B a s s e s  i n  

a c c o r d a n c e  w i t h  t h e  t e c h n i q u e  used by C f a u s e r  e t  a l .  [1969) 

t o  s e g n e n t  t h e i r  s u b j e c t s ,  

V a l i d a t e  each  w o d e l  by a p p l y i n g  i t  to  a n  i n d e p e n d e n t  c a d a v e r  

sample .  



5, E v a l u a t e  each  model  by applying i t  to: 

;a, The c a d a v e r  sarttple Zrom which it. was estimated, 

b- Each o f  t h r e e  v i m  samples :  

1) 896 c h i l d r e n  aged 5 to 1 9 [ C O G R O ) .  

2 )  142 c o l l e g e  adalts(HEWbDULT). 

3) 66 international b o d y b u i l d e r s  {BDDPBUPLD) . 
The thesis, t h e r e f o r e ,  would i n v e s t i g a t e  and provide 

1, viable iaodels for the p r e d i c t i o n  of both anatomical. and 

b i o ~ e c h a n i c a l  segaent  mass droa s egaenta l  a a t h r o p o ~ e t q . .  

2, equations for t h e  prediction of s e g n e n t a l  tissue m a s s e s  from 

anthropo~etry, 



T h i s  c h a p t e r  d e s c r i b e s  f u l l y  t h e  a n a t o m i c a l  c a d a v e r  

d i s s e c t i o n  p h a s e  o f  t h i s  s t u d y .  

T h e  a n a t o a i c a l  p h a s e  of t h e  r e s e a r c h  was c a r r i e d  o u t  i n  the 

D e p a r t m e n t  of Anatomy i n  the I n s t i t u u t  v o o r  P!orphologie,  Vrije 

F i n i v e r s i t e i t  B r u s s e l  fPW3) , B r u s s e l s ,  Belgiuoa. T h e  d i s s e c t i o n  

teaie c o n s i s t e d  of s i x  t e c h a i c i a n s  fro@ t h e  d e p a r t m e n t  a n d  e i g h t  

o a e d i c a l  s t u d e n t s ,  d i r e c t e d  a n d  l e d  b y  Dr, J,P, C f a r y s  a n d  t h e  

author. 

T h e  c a d a v e r s  were o b t a i n e d  via t h e  t e s t a a e n t  systea i n  

o p e r a t i o n  a t  Y U B ,  This system p e f a i t s  d o n a t i o n  of a body either 

by a s u b j e c t  p r i o r  t o  deglise or p o s t - d e m i s e  by t h e  e x e c u t o r s ,  I t  

h a s  been o p e r a t e d  success•’ uly i n  B r u s s e f s  f o r  a  c o n s i d e r a b l e  

p e r i o d  w i t h  both l e g a l  a n d  social  a p p r o v a l ,  

The  s i x  c a d a v e r s  d i s s e c t e d  were s e l e c k e d  front, a t o t a l  of 

seventeen e ~balmaed c a d a v e r s  s t o r e d  oa s t a i n l e s s  s t ee l  t r a y s  f f  or  

p e r i o d s  v a r y i n g  f r o @  o n e  t o  two y e a r s )  i n  cool s t o r a g e  a t  3 

d e g r e e s  C e l s i u s  w i t h i n  t h e  d e p a r t m n t ,  S e l e c t i o n  was on t h e  

bas i s  of overall p h y s i c a l  a p p e a r a n c e  a n d  the g e n e r a l  a b s e n c e  of 

w a s t i n g ,  e x c e p t  i n  the case of S u b j e c t  1, who was d e l i b e r a t e l y  

s e f e c  t e d  t o  i n c r e a s e  t h e  h e t e f o g e n i e t y  of t h e  sample, 

E m b a l a i n g  had  b e e n  carried o u t  o r i g i n a l l y  w i t h i n  4 8  h o u r s  

of d e a i s e  b y  t h e  i n f u s i o n  u n d e r  pressure of a p p r o x i m a t e 1  y  4 

l i t res  of e ~ b a l m i n y  f l u i d  via either t h e  t i b i a 1  or  c a r o t i d  



a r t e r g ,  T h r e e  f e n a l e  and  t h r e e  wile c a d a v e r s  {See  T a b l e  2.1) 

were measured and d i s s e c t e d ,  T h e  e f f e c t s  of e a b a l ~ i n g  and t h e  

n e c e s s a r y  a s s u a p t i o n s  c o n c e m i a g  t h i s  t y p e  of m a t e r i a l  have  been 

d i s c u s s e d  i n  C h a p t e r  I. Basic d a t a  on t h e  s u b j e c t s  are shown i n  

Table 2, 1, 

Subjects 1, 5 a n d  5 d i e d  of  a g e - a s s o c i a t e d  h e a r t  failure, 

S u b j e c t  4 d i e d  of a d r u g  ove rdose ,  The cause of d e a t h  o f  

s u b j e c t s  2 and 3 was n o t  known a t  t h e  time of d i s s e c t i o n .  

Each c a d a v e r  was s u s p e n d e d  o v e r n i g h t  t o  r a i s e  its 

t e B p e r a t u r e  from t h a t  of t h e  c h i l l e d  s t o r a g e  roon t o  room 

t e m p e r a t u r e  [ a p p r o x i i s a t e l y  17 d e g r e e s  C e l c i u s ) ,  and  t o  p e r m i t  

t h e  t i s s u e s  t o  r e g a i n  t h e i r  f o r m e r  s h a p e  f o l l o w i n g  t h e  l e n g t h y  

p e r i o d  of s u p i n e  l y i n g  which i n v a r i a b l y  had  t h e  e f f e c t  of 

f l a t t e n i n g  t h e  p o s t e r i o r  a s p e c t  o f  t h e  whole body, Heat lamps  

were a p p l i e d  t o  ass i s t  t h e  r a i s i n g  of t h e  t e m p e r a t u r e ,  The 

research p r o c e d u r e  was t h e n  c a r r i e d  o u t  over  a two d a y  p e r i o d  

a c c o r d i n g  t o  t h e  s e q u e n c e  shown i n  T a b l e  2.2. 

On t h e  1st d a y  the cadaver gas a a r k e d  and  a  b a t t e r y  of  21U 

an th roporee t  r i c  m e a s u r e s  was r e p e a t e d  b i l a t e r a l l y .  The i n t a c t  

c a d a v e r  was then weighed i n  a i r  and water .  A l l  t h e  

a n t h r o p o a e t  ric measurer ten ts  were saade by t h e  a u t h o r  w i t h  the a i d  

of a n  a s s i s t a n t  to r e c o r d  d a t a .  

O n  t b e  second day  t h e  full d i s s e c t i o n  team assembled  e a r l y  

i n  t h e  aorning ,  T h e  c a d a v e r s  were segmen ted  a a d  e a c h  s e g m e n t  was 

weighed both i n  air a a d  unde r  wa te r .  I n d i v i a n a l  l i ~ b  s e p e u t s  

were t h e n  a l l o c a t e d  to  meathers of t h e  r e s e a ~ c h  team who 



Table 2 - 1  r43asic Data for t h e  S i x  Cadavers", 

Subject S e x  A g e a t  Suspended Supine  Body 
Deaise Length Length Height  
[deciaaal (cla) i c n )  B e f o r e  
y e a r s )  Dissect ion 

(9m) 

Table  2.2 

Day 1, 

Day 2 ,  

d i s s e c t e d  

"Cadaver H e a s u r e ~ e n t ,  S e g a e n t a t i o n  
and F r a c t i o n a t i o n  Schedule ,"  

Whole body- and s e g e n t a l  anthroponte-try. 
Whole body weighing i n  a i r  and under 
u a t e r ,  

Whole body weighing in air, 
Seg laentat ion into  I 4  s e g a e n t s ,  
Heighing  i n  a i r  and water  of 
whole  s e g ~ e n  ts, 
aemoval  of s k i n  and s u b c u t a n e o u s  
a d i p o s e  t i s s u e ,  
Lean body anthropometry on 
i n d i v i d u a  f segments ,  
Continued f r a c t i o a a t  i o n  of 
segaent s  into coaaponent t i s s u e s ,  
Weighing of t i s s u e s  for each 
segment i n  a ir  and under water ,  
O s t e o a e t r y *  

t h e %  i n t o  s k i n ,  a d i p o s e  t i s s u e ,  muscle and bone 

coaponent s ,  Each co~lpsneat  was then weighed i n  a i x  and under 

4 1 



water, T h i s  p r o c e d u r e  continued t h r o u g h o u t  t h e  d a y  u n t i l  a l l  t h e  

s e g m e n t s  h a d  been  co~plete3.y  f r a c t i o n a t e d  a n d  weighed, U s u a l l y  

this was achieved w i t h i n  1 2  h o u r s ,  Osteometric ~ e a s n r e m e n t s  were 

t h e n  t a k e n  on t h e  l i m b  bones .  

P r e p a r a t i o n ,  

T h e  a n t h r o p o m e t r i c  t r a i n i n g  a n d  m a s t e r y  o f  t e c h n i q u e  was 

p a r t  of the o n g o i n g  p r e p a r a t i o n  o f  t h e  a u t h o r  w i t h i n  t h e  

K i n e s i o l o g y  G r a d u a t e  Progrant  a t  Siltton P r a s e r  U n i v e r s i t y ,  This 

c o n s i s t e d  oE c o n s t a n t  m e a s u r i n g  p r a c t i c e  a n d  da ta  c o l l e c t i o n  

o v e r  a p e r i o d  o f  two  and  -a h a l f  y e a r s  from Septerrtber 1980. In 

t h a t  period, the a u t h o r  laeasureri 957 i n d i v i d u a l  s u b j e c t s  u n a i d e d  

and  a l so  m e a s u r e d  217 f u r t h e r  s u b j e c t s  a s  a member of v a r i u o s  

faeasurement  teaas, SpeciEication of l a n d m a r k s  and discussion of 

t e c h n i q u e  a u a n c e s  were s a r r t a a r i s e d  a s  p a r t  of t h i s  e x p e r i e n c e .  

This s u m n a r y  has been  r e p o r t e d  a s  s t a n d a r d s  i n  Ross a n d  

M a r f e l l - J o n e s  (1982) , Further, the author measured 32 macaques at 

Siraon F r a s e r  U n i v e r s i t y  and fiare macaques  at the Oregon W e g i o n a l  

P r i i p a t e  C e n t e r ,  Under  t h e  g u i d a n c e  o f  Dr T.1,  Grand,  f ou r  o f  t h e  

macaques were dissected a t  t h e  C e n t e r  t o  e s t a b l i s h  t h e  

s e g m e n t a t i o n  t e c h n i q u e s  employed ia t h i s  study- 



Beasurement S e l e c t i o n ,  

The selection of anthropoe3etric measurements  was based on 

three criteria:  

A l l  t h o s e  measures taken by C l a u s e r  et al. 11969)- 

B l . 1  t h o s e  laeasures taken b y  Clarys  et air (198Y),  which 

i n c l u d e d  analagous measures t o  the v i m  Measures 

d e s c r i b e d  by Ross and H a r f e l l - J o n e s  (l982), 

Additional m e a s u r e s  n o t  taken by either of the a b o v e  which 

were thonght t o  p r o v i d e  f u r t h e r  i n f o r m a t i o n  about s e g m e n t a l  

size, s h a p e  a n d  corapositiann, e-g. m e t a c a r p a l  and m e t a t a r s a l  

depth .  



BARRING OF SUBJECT 

The anthrogoatetrf was preceeded by t h e  raarking of the 

s u b j e c t .  The c a d a v e r  was marked a t  t h e  si tes f i s t e d  below either 

by a c r o s s  t o  i n d i c a t e  a p a r t i c u l a r  p o i n t  or b y  a l i n e  t o  

i n d i c a t e  a g i r t h ,  Limb g i r t h  sites were c o ~ t l p l e t e f y  c i r c u a s c t i b e d  

by a 1 h e  a t  r i g h t  a n g l e s  t o  the l o n g  a x i s  of t h e  particular 

body part,  

The d e f i n i t i o n s  of a n t h r o p o ~ e t r i c  l a n d a a r k s  and  

i n t e r m e d i a t e  sites are g i v e n  w i t h  t h e  tneasureaent  definitions i n  

Appendix 1, A s a t o a i c a l  i and iaa rks  a r e  s e l f  d e f i a e d .  The s i tes  

Acrora i a l e  
R a a i a l e  
Lateral  E p i c o n d f l e  ol the Huaterus 
H e d i a l  E p i c o n d y l e  of the B n ~ e r u s  
T i p  of t h e  Ofecranon P r o c e s s  
S t  y l  i o n  
W e t a c a r p a l e  113 
C e r v i c a l e  
A x i l f a r y  trunk girth 
nesost e r n a l e  
X i p h i o n  
.I l i a - s p i n a l e  
Trocha a t e r i o n  
T i b i a l e  L a t e r a l e  
T i  b i a l  e B e d i a l e  
Half e o l a r e  E x t e r n u s  
Halleolare I o t e r n u s  
H e t a t a r s a l e  111 
A x i l l a r y  a r B  g i r t h  
T r i c e p s  site 
T r i c e p s  g i r t h  
Biceps s i t e  
Minimuw arm g i r t h  
Elbow g i r t h  
H a x i a u ~  forearm yi rth 



B a x i m a  forearm s i t e  
H i d  forearm g i r t h  
Bid forearm s i t e  
B i - s t y  lion g i r t h  
Upper  t h i g h  g i r t h  
B i d  t h i g h  g i x t h  
A n t e r i o r  t h i g h  s i t e  
B e d i a f  t h i g h  s i te  
Poster i o r  t h i g h  s i t e  
Baxitnuoa c a l f  g i r t h  
B e d i a l  c a l f  site 
Mid ca l f  girth 
Elininurn ankle g i r t h  

Thuugla i t  is o b v i o u s  frola t h e  a b o v e  list t h a t  a 

c o n s i d e r a b l e  number  of m a r k s  %ere irtade on t h e  c a d a v e r ,  t h i s  

s a v e d  a great d e a l  o f  t im, d u r i n g  the m e a s u r e a e n t  p h a s e ,  i n  

l o c a t i n g  the e x a c t  rtteasurement site. 

T o  e n a b l e  c o r r e s p o n d i n g  lean body a n d  o s t e o n e t r i c  m e a s u r e s  

to be n a d e  a t  a p p r o x i m t e l y  t h e  same p o i n t s  on the l i ~ b ,  t h e  

d i s t a n c e s  between t h e  sites of t h e s e  measures and sage e a s i l y  

d i s t i a g u i s h a b l e  bony landiaark were m e a s u r e d  a t  the t i ~ e  o f  

m a r k i n g  t h e  c a d a v e r ,  T h e  r e f e r e n c e  d i s t a n c e s  were: 

A x i l l a r y  f o l d  t o  ~ e d i a l  e p i c o n d p l a r  humerus 
T r i c e p s  site t o  l a te ra l  e p i c o n d  y l a r  hutnertxs 
ainiaaum a m  g i r t h  site t o  l a t e r a l  e p i c o n d y l a r  humerus  



Plaxiaum E o r e a r a  g i r t h  s i t e  t o  o l e c r a a o r i  t i p  
Wid f orea r ia  g i r t h  site to  o f e c r a n o n  t i p  
P r o x i m a l  wrist g i r t h  s i t e  to s t y l i o n  

T h i g h  

Upper t h i g h  g i r t h  s i t e  t o  ~edial e p i c o n d f l a r  f e m u r  
Hid  g i r t h  s i t e  to medial e p i c o n d y l a r  f e m u r  

B a x i m m  calf g i r t h  s i t e  t o  t i b i a l e  l a t e r a f e  
# i d  c a l f  g i r t h  site t o  tibiale laterale 
E i n i ~ u m  a n k l e  g i r t h  s i te  t o  iaalleolare ex te rnurn  

Pollouiay the inarkiny of t h e  s u b j e c t ,  a n t h r o p o s e t r i c  

m e a s u r e s  vere t a k e n .  T h e s e  c o n s i s t e d  of s k i n f o l d s  [by rtuo 

d i f f e r e n t  t y p e s  of c a l i p e r )  , g i r t h s ,  direct l e n g t h s ,  b r e a d t h s  

a n d  d e p t h s ,  811 measures, e x c e p t  t h o s e  s p e c i f  i c s l l p  m e n t i o n e d ,  

were made with t h e  c a d a v e r  s u s p e n d e d  f r o m  the c e i l i n g  b y  a head  

h a r n e s s ,  A t o t a l  of f 82 d i f f e r e n t  v a r i a b l e s  were r e p e a t - r a e a s u r e d  

on e a c h  s u b j e c t ,  T h e  Bean of the two a e a s u r e s  was a c c e p t e d  a s  

t h e  value for t h a t  p a r a m e t e r .  Where the s e c o n d  m e a s n r e  d i d  n o t  

a p p r o x i ~ a t e  t h e  f i rs t ,  a t h i r d ,  and i f  n e c e s s a r y  a f o u r t h ,  

m e a s u r e  was t a k e n ,  The s p e c i f i c a t i o n s  for e a c h  of t h e  

a n t h r o p o m e t r i c  m e a s u r e m a t s  a r e  g i v e n  i n  Appendix  3. 

A l l  head ~ e a s u r e m e n t s  vere made i n  t h e  s u p i n e  p o s i t i o n  a s  the 



h e a d  harness p r e c l u d e d  measurements w h i l s t  s u s p e n d e d .  

Al though n o t  i n d i c a t e d  on  the lists, measurements  were made 

b i l a t e r a l l y ,  except where there was o n l y  one,  e,  g. chest g i r t h ,  

The a n t h r o p o m e t r i c  i n s t r u m e n t s  a r e  shown i n  Appendix 2. 

INSTW UBENTBTION -- 
t l e a s u r e ~ e n t s  were made u s i n g  t h e  a p p f o p r i a t e  i n s t r u m e n t s  a s  

shown i n  F i g u r e  2 .1 .  

These were: 

Martf n Anthropontetel: {a) 

( w i t h  b a s e p l a t e )  fb)  

Sl ilrtgui.de Sk in  f o l d  Caliper [c) 

Anthropometric  Tape (d) 

g i d e s p r e a d i n y  C a l i p e r  f e )  

Haspen den Skinf o l d  C a l i p e r  f f )  

Bone G a l  i p e r  (not  shown) 

These i n s t r u m e n t s  are d e s c r i b e d  i n  Appendix 2, 

SKI NPO LDS 

The f i rs t  series of' measures taken were t h e  s k i n f o l d s .  

T h e s e  were t a k e n  at  each of t h e  s i tes  l i s t e d  be low,  first using 

t h e  Harpenden C a l i p e r ,  and t h e n  t h e  S l i m g u i d e  C a l i p e r .  T h e  

former measures were used i n  the s u b s e q u e n t  model  development, 



Figure 2.1 "Anthropometric Instr~ments.~ 



The si tes were; 

S u b s c a p u l a r  
Triceps 
Bice p s  
Waxiauia f o r e a r m  
Wid f o r e a r @  
Dorsum of t h e  hand 
A n t e r i o r  thigh 
B e d i a l  thigh 
Posterior thigh 
S u p r a - g a t e l l  a r  
Media l  c a l f  
Dorsna o f  the foot 
P e c t o r a l  
I l i a c  crest 
Abdoariaal 

S o ~ e  difficulty was e x p e r i e n c e d  i n  t a k i n g  soille trunk and 

t h i g h  s k i a f o l d s ,  T h i s  uas partly due to t h e  o b e s i t y  level of 

some of the subjects, p a r t l y  due t o  t h e  stiffness of t h e  

c a d a v e r s  after s o  long a p e r i o d  a t  a low t e m p e r a t a r e ,  and, 

p a r t i c u l a r l y  in the t h i g h s ,  p a r t l y  due  to the flow of embalming 

fluid i n t o  t h e  liabs a s  a r e s u l t  sf being suspended overnight 

p r i o r  t o  m e a s u r e s e n t ,  

Bfl girths were measured u s i n g  a K e a f f e l  and Esser 

Why-teface steel anishropometric  tape ( N o ,  860358) G i r t h  

~ e a s u r e ~ e n t s  were ~ a d e  a t  e a c h  of t h e  following sites: 

AxiZlary arm 
Triceps 
B i n i  eum arm (ProxirttaX e p i c o n d y l e  hurxterus) 
Elbola 
Maximum f orearB 



B i d  • ’ c x e a r B  
P r o x i n r a l  sty loid 
B i - s  t1Poi.d 
D i s ta l  s k y l o i d  
@ e t a c a r p a  l e  
P r o x i ~ a l  p h a l a n x  of t h i r d  digit 
Upper  t h i g h  
Hid t h i g h  
S u p r  a - p a t e l l a r  
B i d -  p a t e l l a r  
Tn f  r a - p a t e l l a r  
Haximua calf 
H i d - c a l f  
H i n i ~ u a  a n k l e  
B i - n a l l e o l a r e  
H i g h e s t  p o i n t  of the arch 
Heta t a r s a f e  
P r o x i n t a l  p h a l a n x  of the h a l l u x  
Forehead 
Basi on 
B a n d i b l e  
S u p r a t h y r o i d  
I n f r a t h y r o i d  
a x i l l a r y  trunk 
f i e s o s t e r n a l e  
T h e f i o n / B f e a s t f o l d  
X i  ph i o n  
Bais t  
G l u t e a l  

DTB ECT LEBGTFiS 

Direct l e n g t h s  were m e a s u r e d  w i t h  t h e  Siber-Megner GPB 

a n t h r o p o m e t e r  of the B a r t i n  t y p e  a s s e m b l e d  i n  the s l i d i n g  

caliper @ode, T h e  d i r e c t  l e n g t h s  were: 

A c r o m i a l e  - B a d i a l e  
R a d i a l e  - S t y l i o n  
S t y l i o n  - P l e t a c a r p a l e  1x1 
S t y f i o n  - D a c t y l i o a  
T r o c h a n t e r i o n  - T i b i a l e  
T i b i a l e  - H a l  l eo la re  L a t e r a l e  
B a l l e o l a r e  Laterale - B a l l  of Reel 
A k r o p o d i o n  - P t e r n i o n  

*Vertex - T r a g i o n  



*Vertex - f l a s to id  
*Vertex - Henton 
+Znion - C 7  
137 - Coccyx  
T o t a l  Suspenned Length (Vertex - B a l l  of Heel) 

*Tota l  S u p i n e  Length {Vertex  - B a l l .  of @eel) 

* = Beasured  i n  t h e  supine position. 

 LIP^ b s e a d t k s  were m a s u r e d  with t h e  Adapted S i t u t o y o  bone  

c a l i p e r s ,  a s  B e s c r i b e d  by Carter [l98Q) , These were: 
B i - e p i c o n d y l a r  hunterus 
B i - s t y 1  o i d  
H e t a c a r p a l e  
Bi -condylar  tibia 
B i - a a l l e o l a r e  
S u b ~ a l l e o l a r e  
Weta tarsale  

Read b r e a d t h s  were ~ e a s u r e d  w i t h  t h e  Sibner-Hegaer G P B  

w i d e s p r e a d i n g  c a l i p e r .  These were: 

Bi-t ragion breadth 
Bi-z y g o ~ a  tic breadth 

Trunk breadths were measured wi th  t h e  S i b e r - H e p e r  GPM 

anthsoponteter  of t h e  Hartin t y p e  assembled  i n  the sliding 

c a l i p e r  mode, These uere: 

Bi-acroaial 
n e s o s t e r n a l e  
Xi ph ion  
B i - i l i o c r i s t a l  
Bi-t r o c h a n t e r i c  



DEPTHS 

Hand a n d  foot depths were measured u s i n g  the Adapted 

H i t u t o p o  bone c a l i p e r s .  They were: 

# e t a c a r p a l e  1x1 
Beta  t a r s a l e  III 

The head and trunk d e p t h s  were measured w i t h  a Siber-Heyner 

widespreading  c a l i p e r ,  They were; 

I a i o n - g  la b e l l a  
A - P  c h e s t  jm?sosternale)  
A-P chest [Xiphion)  

The B u t t o c k  d e p t h  was ~ e a s u r e d  using a  S i b e r - H e g n e r  

a n t h s o p o a e t e r  i n  t h e  single xiode, w i th  t h e  unarmed base r e s t i n g  

on the t r a y  on which  khe cadaver was s u p i n e ,  

follow i n g  c o t a p l e t  ion  of a l l  t h e  a n t h r o p o n e t  ric aeasures, 

the cadaver  was weighed on a B e a m  Scale psior to t h e  underwater 

weighing ~r ocedure ,  

The t o t a l  body h y d r o s t a t i c  weighing was conducted i n  a 

large s t a i n l e s s  steel tank 2 metres x 1 raetres x 0-75 metres, 

The a p p a r a t u s  u sed  t o  perforin t h e  aeasureaent is shown in Figure 



2-2,  It c o n s i s t e d  of a t u b u l a r  s t ee l  g r a m ,  suspended By f o u r  

c h a i n s  from a T o l e d o  Scale, and  a l a r g e  s teel  Greek cross f o r  

u e i g h k i a g  the c a d a v e r ,  The s c a l e  was zeroed p r i o r  t o  each 

weighing  by  a t t a c h i n g  a  large p l a s t i c  b o t t l e  to  it n i t h  o n l y  t h e  

chains suspended  from i t ,  The bottle was then filled t o  t h e  

l e v e l  which e l i c i t e d  a  zero r e a d i n g  on t h e  s c a l e ,  The f r a m e  a e d  

cross were t h e n  a t t a c h e d  t o  t h e  c h a i n s  and  t h e i r  c o ~ b i n e d  

u n d e r w a t e r  weight measured, The b o t t l e  was removed frorn t h e  

scale, The c a d a v e r  was p l a c e d  on t h e  t r a y ,  i m e r s e d  i n  t h e  .tank 

and  w e i g h t e d  dawn by t h e  cross. The c a l i b r a t i o n  b o t t l e  was 

r e a t t a c h e d  t o  t h e  c r o s s - b a r  o f  t h e  s c a l e  and  t h e  h y d r o s t a t i c  

w e i g h t  of c a d a v e r ,  fraee a n d  c r o s s  were n o t e d ,  a f t e r  a period of 

t i a e  (a t  f e a s t  ten m i n u t e s )  t o  a l l o w  a i i  t o  e s c a p e  frost w i t h i n  

the body a n d  fill t h e  l u n g s  with water ,  The c a d a v e r  was t h e n  

p l a c e d  on a l a r g e  steel t r a y ,  dried w i t h  a towel and  r ewe ighed  

t o  estabf  i s h  t h e  w e i g h t  of u a t e s  taken i n t o  t h e  f ungs  d u r i n g  t h e  

h y d r o s t a t i c  u e i g h i  ng procedure ,  

SEGNEN TATION 

The following d a y  the c a d a v e r  was s e g ~ e n t e d  and  t h e  l i m b  

s e g m e n t s  d i s s e c t e d ,  

T h e  s e g a e a t a t i o n  n a s  not carried o u t  i n  any p a r t i c u l a r  

o r d e r ,  s a v e  t h a t  t h e  e n t i r e  l i ~ b  was s e v e r e d  from t h e  t r u n k  

p r i o r  t o  d i v i s i o n  i n t o  i t s  three p a r t s  v i z ,  arm, f o r e a r m  a n d  

hand,  or thigh, l e g  a n d  f o o t .  The a a a t o a i c a l  s e ~ m e n t a t i o n  



Figure  2.2 "Total  3ody Hydros ta t ic  Weighing Apparatus" 



procedures a r e  described in t h e  f olfow ing pages, with 

arccoetpanyin g f i y u r e s  shoving t h e  planes o f  s e g m e n t a t i o n .  The  

solid black line i n  e a c h  f i gure  [2-3 to 2-91 denotes the 

anatomical segaent  p lane .  Por ease of coatparison, t h e  

biort lecbanical  s e g n t e n t a t i o n  p l a n e  [ a s  used by C l a n s e r  et al,, 

1969) h a s  been included i m  each f i g u r e .  T h i s  is  denoted by t h e  

serrated l i n e ,  



1) Neck 

T h e  c u t  began a t  the c h i n / n e c k  j u n c t i o n  i n f e r i o r  t o  t h e  

hyoid bone and continued posteriorly b e t w e e n  t h e  2nd a n d  3rd 

v e r t e b r a l  bodies and to  c o n p l e t i o n  through t h e  s k i n  on t h e  back 

of the neck. Every effort was mile to mais ta in  the line of t h e  

cut a s  n e a r  to the t r a n s v e r s e  plane as possible. This Line u a s  

v e r y  s i ~ t i l a r  t o  t h a t  of Clauser et al, 11969) and left t h e  

m a j o r i t y  of the neck a s s i g n e d  to t h e  t runk segnaent, (See F i g u r e  

2.3) 

F i g u r e  2 , 3  "Cutt ing  P l a n e  for Heck S e g ~ e n t a t i o n ~ .  



2)  S h o u l d e r  

The arln was abducted s l i g h t l y  and t h e  c u t  made in a 

v e r t i c a l  plane from the a x i l l a r y  fold to t h e  lateral border of 

t h e  acromion p r o c e s s ,  The cut circuascribed t h e  firtlb thsough the  

so f t  t i s s u e  from s k i n  t o  bone, T h e  s e g m e n t a t i o n  was then 

coapleted at this site by d i s a r t i c u l a t i o n  of the head of the 

humerus froin the y l e n o i d  fossa, This paralleled Clauser et 

al,8s(1969) t e c h n i q u e  in texas of the f i n e  of cut, b u t  included 

n o  sevefartce of the humral head as did C l a u s e r * ~  methud, (See 

Figure 2.4) 

Figure 2.8 "Cutting P l a n e  for Shoulder Segraentatisnrt. 



3) Elbow 

The elbou was serered by a horizontal cut at  r i g h t  angles 

t o  the long axis of the arie t h r o u g h  t h e  anterior elbov fold, the 

cavunt articulare of t h e  radio-hulaeral joint, and the posterior 

elbow, t o  t h e  bone,  The cut was cospleted by circumvention and 

d i s a r t i c u l a t i o n  of the olecranon process, (See Figure 2.5) 

Figure 2 - 5  "Cutting Plaae for Elbow Segaentation", 



4) Prist 

The wrist c u t  was through the cavua a r t i c u l a r e  of the 

radio-carpal  j o i n t  in a s l i g h t l y  e l l i p t i c a l  plane  at right 

a n g l e s  to the long a x i s  of t h e  foreara. (See F igure  2 . 6 )  

P igure  2.6 "Cutting Plane  for Yrist Segmentatlonfl. 



The cut followed the line of the i n g u i n a l  l i g a a e n t  from t h e  

a n t e r i o r  superior iliac spine to the pubic tubercle, i n f e r i o r l y  

round the pubis, a l o n g  the anal  f o l d  of t h e  g l u t e a l s ,  and up to  

t h e  posterior s u p e r i o r  i l i a c  spine. The s o f t  t i s s u e  was then 

excised from the external aspect of t h e  p e l v i s  a n d  t h e  h e a d  of 

the fentur d i s a r t i c u l a t e d  from the acetafpulurat, (See Figure 2 -7) 

Figure  2 .7  "Cutt ing  P l a a e  for H i p  S e g m e n t a t i o n q * ,  



6 )  Knee 

The knee i n c i s i o n  gas a s t r a i g h t  c u t  through t h e  cavum 

articulare, T h i s  left  the pate l la  e n t i r e l y  with t h e  t h i g h  

segaent ,  (See P i g u r e  2.8) 

Pigure  2 . 8  "Cut t iag  Plane for Knee Segraentatioam. 



7 )  Ankle 

The c u t  was a s i n u o u s  one b e g i n n i n g  irartrediatefy d i s t a l  to 

the medial walleolus,  circumscribing the t a l u s  and en ding 

immediately distal to the la tera l  malleolus, The soft tissue 

posterior t o  the ankle joint uas severed at the level of the 

~ a l l e o l a r  cut, [See Figure 2.9) 

Figure 2-9 "Cutting Plane for Ankle Seymntationn. 



'w'EfGHIWG IB AIR AMD UNDEB WATER 

Each of  &he I 4  segments nas weighed i n  a i r  u s i n g  a 

S a r t o r i u s  B d i g i t a l .  b a l a n c e  for t h e  s m l l e r  seglaents  a n d  a B e a m  

B a l a n c e  scale for the  h e a v i e r  l arger  o n e s .  T h e  w e i g h i n g  a p p a r a t i  

were c a l i b r a t e d  daily w i t h  brass and steel c a l i b r a t i o n  weights, 

Each s e g a e e t  was a l s o  w e i g h e d  under water, T h e  f imb a n d  

head s e g m e n t s  were w e i g h e d  t o  t h e  nearest gram i n  a g l a s s  t a n k  

using a Hettler P r e c i s i o n  Scale a s  shown i n  f i g u r e  2,10, The  

t r u n k  was weighed i n  t h e  l a r g e  s t a i n l e s s  steel t a n k ,  by t b e  

T o l e d o  S c a l e ,  u s i n g  t h e  sane protocol a s  u t i l i s e d  t o  

h y d r o s t a t i c a l l y  weigh t h e  e n t i r e  c a d a v e r .  Repeat v e i g h i n g s  were 

carried out  •’on: e a c h  segment. D i s c r e p a n c i e s  o f  Bore t ban 7 gm, 

r e s u l t e d  i n  further B e a s u s e s  b e i n g  t a k e n  until agreewrit within 

0 - 5  g r  ans was a c h i e v e d  between successive w e i g h i n g s .  



Figure 2.10 "Segment and Tissue Hydrostatic Weighing Apparatus." 



As the s e g m e n t a t i o n  a n d  d i s s e c t i o n  p r o c e e d e d ,  f l u i d  was 

lost from t h e  t i s s u e s  by  e v a p o r a t i o n  a n d  b y  d i r e c t  l e a k a g e .  

T o  min imi se  e v a p o r a t i o n ,  s e g ~ e n t s  were wrapped i n  

c e l l o p h a n e  i m t e d i a t e i y  after s e g m e n t a t i o n  a n d  uheneve r  n o t  

a c t u a l l y  b e i n g  d i s s e c t e d .  In a d d i t i o n ,  a l l  t i s s u e s  t h a t  had b e e n  

f r a c t i o n a t e d  were k e p t  i n  a i r t i g h t  p l a s t i c  c o n t a i n e r s  u n t i l  t h e  

t i s s u e  for e a c h  s e g n e n t  h a d  been  collected and was r e a d y  f o r  

weighing i n  air and u n d e r  water, Leaked f l u i d  was collected 

c o ~ t i n u a l l y  d u r i n g  t h e  c o u r s e  of t h e  d a y  and  weighed,  both after 

t h e  s e g r s e n t a l i o n  and a t  the end of the d i s s e c t i o n .  The weigh ing  

was d o n e  i n  a c o n t a i n e r  and t h e  weight sf the f l u i d  was o b t a i n e d  

by s u b t r a c t i o n -  T h e  fluid l o s s  f o r  the s a m p l e  ranged fro& 1 %  to 

2.5% o f  t h e  t o t a l  body weigh t  b e f o r e  d i s s e c t i o n .  



The weighed s e g n e n k s  sere d i s t r i b u t e d  a a o n g s t  t h e  

d i s s e c t i o n  teata for  f r a c t i o n a t i o n .  

For e a c h  s e g a e n t ,  the skin %as removed first and placed i n  

a separate c o n t a i n e r ,  Subcutaneous  a d i p o s e  t i s s u e  g a s  d i s s e c t e d  

away fro& t h e  s k i n  and f r o a  t h e  s u r f a c e  of the flayed s e g B e n t  

a n d  p n t  i n  a second c o n t a i n e r ,  (The c o n t a i n e r s  used were small 

p l a s t i c  b n c k e t s  w i t h  a i r t i g h t  lids. The l i d s  Mere kept on t h e  

b u c k e t s  a t  a l l  times when a t i s s u e  gas n o t  a c t u a l l y  b e i n g  

t r a n s f e r r e d  t o  o r  froia a bucke t . )  

LEA24 BODY AISTMBOPOMETRP 

f o l l o w i n g  removal of t h e  s k i n  a n d  subcutaneous  ad ipose  

tissue, a n t h s o p o a e t r i c  a e a s u r e s  were aade on t h e  l i m b  s e g m e n t s -  

The measures p a r a l l e l e t i  t h o s e  girths and  b r e a d t h s  taken when t h e  

body was i n t a c t .  Consequen t ly ,  t h e i r  d e s c r i p t i o n s  a r e  t h e  sane 

as t h o s e  i n  Appendix 3 ,  The a n t h r o p o m e t r y  p e r f o r a e d  was a s  

follows: 

Ar ea 
A x i f  l a  g i r t h  
T r i c e p s  g i r t h  
& i n i n m a  a m  g i r t h  
Bi-epicondyf  ax g i r t h  
B i - e p i c o n d y  l a r  bread tfi 



F o r e a r m  
H a x i  mum f oream g i r t h  
a i d  2 o r e a r m  g i r t h  
P r o x i m a l  wrist g i r t h  
B i - s t y l s i d  g i r t h  
B i - s t y l o i d  b r e a d t h  

Band 
H e t a c a r p a l  g i r t h  
P r o x i m a l  P h a l a n x  I11 b r e a d t h  
B e t a c a r p a l  111 d e p t h  

T h i g h  
Upper t h i g h  g i r t h  
Hid t h i g h  g i r t h  
S u p r a p a t e l l a r  girth 
B i - e p i c o n d y l  a r  b r e a d t h  

Le 53 
I a f r a - p a t e l l a r  g i r t h  
f l a x i ~ u a  l e g  g i r t h  
H i d  l e g  g i r t h  
A n k l e  g i r t h  
B i - c o n d y l a r  t i b i a  b r e a d t h  
B i - ~ a l l e o l a r  b r e a d t h  

Foot 
Arch  g i r t h  
Beta tarsa l  g i r t h  
P r o x i a a l  p h a l a n x  b a l l u x  glirth 
f i e t a t a r s a  i PIX i i e p t h  

PR ACTIOHATION [ c o n t i n u e d )  

Tihe f r a c t i o n a t i o n  c o n t i n u e d  vith t h e  f u r t h e r  aissectioln of 

the s e g m e n t  i n t o  its ~ u s c u l a r  and bony p a r t s .  Any a d i p o s e  tissue 

loca ted  d u r i n g  t h i s  s t a g e  was a l l o c a t e d  t o  the s u b c u t a n e o n s  

adipose tissue, The bones were scraped v e r y  c a r e f u l l y  t o  retfiove 

as  ntuch a d h e r e n t  t i s s u e  a s  possible, 



WEZGHIMG O F  THE FRACTIONATED SZGBENT CO?iPOHEl?TS 

Once the l imb s e g m e n t s  had been f r a c t i o n a t e d  into their 

f o u r  components ,  viz. s k i n ,  a d i p o s e  t i s s u e ,  m u s c l e  and bone, 

each  of the components  was weighed, both i n  a i r  and under water. 

Weighings in  a i r  were mde to t h e  nearest 0 . 1  gm, u s i n g  a 

S a r t o r i u s  V d i g i t a l  ba lance .  Weighings ttader water,  n s i a g  t h e  

same systeia as  used  for t h e  t o t a l  segasent m i g h i n g s  [shown in 

Figure  2 - 1 0 ) ,  were a l s o  aade  t o  t h e  nearest 0- 1 g ~ ,  u s i n g  a 

Eettler b a l a n c e .  

Since t h e  adipose t i s s u e ,  i n  n e a r l y  a l l  cases, had a 

d e n s i t y  of less than 1,0 (kg cubed per c u b i c  ~ e t e r )  i t  was 

n e c e s s a r y  t o  u s e  a b r a s s - w e i g h t  t o  prevent  t h e  t i s s u e  floating, 

T h i s  % e i g h t  p i u s  the w e i g h t  of the gauze and wire used to  

suspend and c o n t a i n  the tissue was subsequently s u b t r a c t e d  from 

the recorded w e i g h t s ,  

T o  s i a p l i f  y an j u s t i n g  t h e  underwater  w e i g h i n g 5  t h e  b r a s s  

w e i g h t  was used i n  a l l  v e i g h i n g s  for each of the four 

components, 

Bones were weighed i n d i v i d u a l l y  i n  t h e  forearm [radius  and 

ulna), t f r i g h  [femur and patella) and l e g  ( t i b i a  ana f i b u l a )  

s e g m e n t s .  The hand and foot  b o n e s  were weighed c o l f e c t i v e 3 . y  for 

t h o s e  s e g ~ e n t s .  



After t h e  c o i a p l e t  i o n  of f r a c t i o n a t i o n ,  osteometric measures 

sere t a k e n  on the arm, f o r e a r m ,  t h i g h  and l e g  h o n e s ,  T h e  

m e a s u r e s  are defined i n  Apgend ix  4, 

T h e  reference d i s t a n c e s  were u t i l i s e d  i n  t h i s  s e c t i o n  also, 

so  t h a t  t h e  c o r r e s p o n d i n g  g i r t h s  would be a e a s u r e d  a t  the 

approximate s i te  o n  t h e  b o n e  a t  which the whole b o d y  a n d  l e a n  

body g i r t h s  were a e a s u h e d ,  E l e v e n  colrmbination a i e a s u r e s  were 

t a k e n  on t h o s e  s e g m e n t s  which c o n t a i n e d  two  long bones [ f i v e  i n  

the f o r e a m  a n d  s i x  i n  the l e g ) .  T h e s e  were: 

P o r e a r  lrt 
Elaxi~um fomarlrt g i r t h  
Hid forearat g i f t h  
H i n i a u a  wrist g i r t h  
B i - s  t y l i o n  g i r t h  
B i - s t y l i o n  b r e a d t h  

L e  9 
T i b i a l e - = a l l  eolar e x t e r n u s  l e n g t h  
Baximua calf  g i r t h  
a i d  calf g i r t h  
d in inurn  a n k l e  g i r t h  
B i - ~ a l l e o l a r  g i r t h  
Bi- m a l l e o l a r  b r e a d t h  

T h e  o s t e o m t f i c  m e a s u r e s  on i n d i v i d u a l  bones were: 



flaxi mum h unaerus l e n g t h  
Mid h u n e r u s  girth 
P r o x i m a l  e p i c o n d y l a r  h u ~ e s u s  g i r t h  
B i - e p i c o n d y l a  r h u m e r u s  g i r t h  
B i - e p i c o n d y l a r  h u m e r u s  b r e a d t h  
Ulna l e n g t h  
Haxiauitt f orearln u l n a r  girth 
Hid e t l n a r  girth 
R a d i u s  l e n g t h  
Raxiaua forearm r a d i a l  g i r t h  
B i d  r a d i a l  girth 

Maximum f e m u r  l e a g t h  
T r o c h a n t e r  ion-condy l e  l e n g t h  
U p p e r  f e a u r  g i r t h  
Bid  E e m r  g i r t h  
B i - e p i c o n d y l a r  f e m u r  g i r t h  
B i - e  picon dylar femur breadth 

Eaximum t i b i a  l e n g t h  
T i b i a l e  m e d f a l e  - aalieolare i n t e r n u s  l e n g t h  
B a x i e n a  calf t i b i a l  g i r k h  
Hid calf t i b i a l  g i r t h  
Maxisnm f i b u l a  l e a g t h  
Head of f i b u l a  - malleolare e x t e r n u s  l e n g t h  
B a x i m m  ca l f  f i b u l a r  g i r t h  
a i d  c a l f  f i b u l a r  g i r t h  

T h e s e  neasnres are defined i n  Append ix  4, 



T h e  u n d e r w a t e r  w e i g h t s  were a l l  f i rs t  a d j u s t e d  f o r  t h e  t a r e  

weight a s  l aen t ioaed  above- Once this had been done, v o l u ~ e s  o f  

t i s s u e s  vef e c a l c u l a t e d  on the b a s i s  of Archi iaedes8 Principle 

( o u t l i n e d  by Ka tch  and  McCaxdle,l%83) t h a t  a n  o b j e c t  immersed i n  

water e x p e r i e n c e s  aa u p t h r u s t  e q u a l  to  the weight /vofume of 

water d i s p l a c e d  i,e. i ts  we igh t  a s  a e a s u r e d  u n d e r w a t e r  is less  

t h a n  its w e i g h t  a s  measured in a i r  b y  a n  alttount e q u a l  t o  its 

volume, 

We igh t s  in air a n d  v o l u ~ e s  were t h e n  a d j u s t e d  f o r  f l u i d  

l o s s  experienced d u r i n g  t h e  c o u r s e  of s e g a e n t a t i o n  and 

d i s s e c t i o n ,  This a d  j u s k ~ e a t  was c a r r i e d  o u t  i n  four s t a g e s .  

1, F i r s t l y ,  e a c h  s e a m a t  weight was adjusted, T h i s  was done by 

s u m i n g  t h e  observed seg iaea t  w e i g h t s  and s u b t r a c t i n g  t h e  sum 

frola t h e  o b s e r v e d  t o t a l s .  T h e  d i f f e r e n c e  was then  m u l t i p l i e d  

by the rat io  of e a c h  segment  v o i g h t  over the surarned t o t a l  

and added  t o  t h a t  s e g a e n t  t o  o b t a i n  t h e  f l u i d - a d j u s t e d  

segment  weight, 

2 ,  The volume of each segrtlent  was t h e n  i n c r e a s e d  by  t h e  s a n e  

absolute aHtount on t h e  a s s u ~ p t i o n  t h a t  t h e  i n c r e a s e d  we igh t  

was Htade up of fluid a t  a d e n s i t y  of 1.0 (kg cubed p e r  c u b i c  

aeter) , Segntent d e n s i t i e s ,  when c a l c u l a t e d  f ater, were b a s e d  

on the a d j u s t e d  v a l u e s ,  



3,  T h e  t h i r d  a d  j u s t s e n t  s t a g e  c o n s i s t e d  of i n c r e a s i n g  t h e  

w e i g h t s  of t h e  f o u r  component t i s s u e s  v i t h i n  e a c h  segment, 

o n  t h e  s a a e  b a s i s  a s  i n  3 ,  so t h a t  t h e  a d j u s t e d  t i s s u e  

w e i g h t s  added  up t o  t h e  a d j u s t e d  s e g a e n t  weight ,  

4 L a s t l y ,  the volusaes were a d j u s t e d  fo r  e a c h  t i s s u e  ( a s  i n  21, 

The o v e r a l l  e f f e c t  o f  t h e  a d j u s t a e n t s  was t o  restore t h e  

s i t u a t i o n  wherein the suni of a l l  i n d i v i d u a l  t i s s u e  amounts  

c o r r e s p o n d e d  w i t h  t h e  observed  t o t a l  body we igh t  irat l lediately 

p r i o r  t o  d i s s e c t i o n ,  T h e  a v e r a g e  a d j u s t m n t  a t  i the  segment  .level 

was 5% a n d  a t  t h e  t i s s u e  l e v e l  9%. 

T h i s  method of a d j n s t m n l z  does n o t  c o r r e s p o n d  fully w i t h  

t h e  ~ t e t h o d  u s e d  by C l a u s e r  et  a l ,  (1969) , who, a f  t hough  they made 

t h e  weight a d j u s t m e n t  ia t h e  saBe manner, a d j u s t e d  t h e  v o l u ~ e  by  

a n  amount necessary t o  retain t h e  saae density. C l a u s e r  et 

a f ,  * s  (7969) ntethod, t h e r e f o r e ,  assurrted t h a t  the f l a i d  l o s t  was 

of t h e  same d e n s i t y  a s  the fiab s e y ~ e n t .  

CLAUSER SAHPLE ---- _I-- 

C l a u s e r  e t  a l r ' s ( 1 9 6 9 )  ntlethodoloyy i s  described f u l l y  i n  

aerospace Hedical Research L a b o r a t o r y  B e p o r t ,  TR-69-70, "Weight, 

Volume and  C e n t r e  of Rass of Segnielnts of t h e  fluman Body3' (1  969) . 
The d i f f e r e n c e s  between t h e  d i s s e c t i o n  phase of C l a u s e r  ' s  s t u d y  

and  t h a t  of t h e  m a n a t o m i c a l w  d i s s e c t i o n ,  d e s c r i b e d  above, were 

i n  t h e  s e g ~ e n t a t i o n s  a t  the s h o u l d e r ,  e l b o v ,  h i p ,  knee  and neck. 

C l a u s e r ' s  s e g n t e n t a t i o n  fines d i v i d e d  t h e  segmerats a t  t h e  e n d  o f  



their M o m e c h a n i c a l  L i n k s ,  

C i a u s e r ' s  s a m p l e  c o n s i s t e d  of 13 male c a d a v e r s  s e l e c t e d  o n  

t h e  b a s i s  of a)Age a t  death; b) l )uera l l  p h y s i c a l  a p p e a r a n c e ,  

i n c l u d i n g  e v i d e n c e  of p r e -  or post -mortem w a s t i n g ;  c) Evidence of 

d e b i l i t a t i n g  diseases or accidents b e f o r e  d e a t h ,  i n c l u d i n g  

coroner's s t a t e m e n t  a s  t o  c a u s e  o f  d e a t h ;  d)  Body w e i g h t ;  

e) S t a t u r e .  

S t a t i s t i c a l  A n a l y s i s  

T h e  statistical a m l  ysis of t h e  naodels d e v e l o p e d  would b e  

h a n d l e d  i n  f o u r  s t a g e s .  

1, T o  exaaine d i f f e r e n c e s  i n  i a d i v i d u a l  s e g m e n t  p r e d i c t i o n  

b e t w e e n  a o d e f s  o n  t h e  e s t i ~ a t i n g  s aap fe ,  the R e p e a t  H e a s u r e s  

Test [ H a l l  a n d  k i e ,  1981) would  be u s e d ,  This tes t  would 

first b e  a p p l i e d  u s i n g  a S p l i t  P l o t s  o p t i o n  t o  exan t ine  t h e  

n o r l a a l i t y  of the d i s t r i b u t i o n ,  If t h e  d i s t r i b u t i o n  was 

nor iaa l ,  t h e  test would then be r e p e a t e d  u s i n g  t i l i l k s *  Lambda 

t o  i d e n t i f y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  r m d e l s  b a s e d  

on t h e  percentage d i s c r e p a n c y  b e t w e e n  t h e  p r e d i c t e d  a n d  

o b s e r v e d  masses, Xf t h e  d i s t r i b u t i o n  was not normal ,  t h e  

P r i e d m n  Test [ B u l l  and  Hie, 1981) would  b e  u s e d  t o  e f f e c t  

t h e  sam a n a l y s i s  by a n o n - p a r a m e t r i c  a p p r o a c h ,  

2, T o  e x a m i n e  d i f f e r e n c e s  i n  i n d i v i d u a l  s e g m e n t  p r e d i c t i o n  

be tween  s o d e b  o n  a n  i n d e p e n d e n t  sarrtple, S t u d e n t ' s  "tW 

T e s t { P e r g u s o n ,  1976) would b e  used t o  c o a p a r e  a s e l e c t e d  



pair of aodels, The test would b e  One-Tai led with Paired 

Sa rap1 es, 

3, To exaitline d i f f e r e n c e s  between m o d e l s  i n  a c c o u n t i n g  f o r  

t o t a l  bodyweight  i n  jg q i ~ q  s a m p l e s ,  the Repeated  Measures  

Test would b e  used  again ,  f i r s t  w i t h  S p l i t  P l o t s ,  then with 

B i l k s *  Laitibda, If n e c e s s a r y ,  the Friedaaa T e s t  would a g a i n  

b e  used. N o r m l i t y  of d i s t r i b u t i o n  v o u f d  b e  checked  by the 

, Kolmogorov-St'airnov Test (Hull and Hie, 1981), 

4, T o  e x a a i n e  significant d i f f e r e n c e s  i n  p r e d i c t i o n  between two 

selected a o d e l s  ( t h o s e  two with the siaaXlest aean p e r c e n t a g e  

d i s c r e p a n c y  between  p r e d i c t e d  and observed b o d y n e i g h t )  , t h e  

Repeat Pleasures T e s t  or the friedinan Test would b e  a p p l i e d  

u s i n g  S p e c i a l  Contrasts to  compare the two selected a o d e l s ,  



C h a p t e r  Three d e s c r i b e s  t h e  data o b t a i n e d  from t h e  c a d a v e r  

d i s s e c t i o n .  T h e  d a t a  is n n i q u e  in t h e  areas o f  body c o m p o s i t i o n  

a n d  s e g a e n t a t i o n .  I t  is i m p o r t a n t  t h a t  it be s e t  o u t  c l e a r l y  fo r  

t h e  b e n e f i t  of these f i e lds ,  

T h e  s a ~ p l e  was s p e c i f i c a l l y  s e l e c t e d  t o  p r o v i d e  a s  v i d e  a 

r a n g e  of a o r p h o f o g i e s  as  was p o s s i b l e  w i t h i n  t h e  l i e i t a t i o n s  of 

the r e s e a r c h  p r o j e c t ,  To t h i s  end  b o t h  l a a l e s  and f e ~ a f e s  were 

i n c l u d e d .  I n  a d d i t i o a ,  t h e  p r e s e n c e  of: S u b j e c t  I, a thin 

speciraera, a n d  S u b j e c t  Y, a  15 p e a r  o l d  aale, e n s u r e d  a g r e a t e r  

h e t e r o g e n e i t y  v i t h i n  t h e  s a m p l e ,  

Over  450 a e a s u r e d  v a r i a b l e s  and  nunterous d e r i v e d  v a r i a b l e s  

je, g, density, p e r c e n t a g e  w e i g h t s , )  c o n t r i b u t e d  t o  a large data  

a s s e ~ b l p .  T h e  c o i n p l e t e  set of raw da ta  [ w i t h  t h e  c o d e d  v a r i a b l e s  

d e f i n e d )  is i n c l u d e d  i n  Appendix 5.  A zlawber of v a r i a b l e s  have  

beea s e l e c t e d  fo r  each s e g a e n t ,  which i n d i c a t e  the genera l  

s e g m e n t a l  s t a t u s  of t h e  i n d i v i d u a . 1  a n d  show soae of t h e  

an th l copo rae t r i c  v a l u e s  which a r e  t h o u g h t  t o  reflect t h e  s e g m e n t a l  

mass, T h e  var iab le s  c h o s e n  i n c l u d e  a l l  t h o s e  u s e d  t o  c o n s t r u c t  

the v a r i o u s  a o d e l s ,  B e a n s  and  standard d e v i a t i o n s  are a l s o  g i v e n  

f o r  e a c h  v a r i a b l e ,  T h e  c o n t e n t s  of e a c h  t a b l e  a r e  self 

e x p l a n a t o r y ,  



SEX Age at 
De~ise 

(deciraal 
years) 

Total 
Weight 
be•’ ore 
D i s -  
section 

Tota l  f o t a l  Total 
Volume Density S u p i n e  

Length 

Wean 57608-3 56610.0 1,017 161.6 
S t a n d a r d  D e v i a t i o n  13417,9 13012.8 0,075 11-4 

f n  t h i s  , and all subseyueot  tables in this c h a p t e r ,  
w e i g h t s  are in g r a m ;  v o l u a e s  are in aaillilitres; dens i t i e s  
are i n  kilograms cubed per cubic aeter; skinfolds are in 
@illinieters; and lengths, g i r t h s  and b r e a d t h s  are in 
centiaeters,  The s k i n f o l d  values are those o b t a i n e d  
with the Harpenden Skinfofd  Caliper a s  t h e s e  were the 
ones  used in the model deve lop iaent .  



Weight 
of 

Head 

Volume 
of 

lI ead 

Ve ight  VoLuae 
o f  of 

Tfunk Trunk 

D e n s i t y  
of 

Head 

Head 
G i r t h  

Percent 
of 

m a y  
g e i g h t  

D e n s i t y  Trunk Trunk 
of Girth L e n g t h  

Trunk Beso- C e r v i c a l e  
Sternafe  to Coccyx 



Bi- i f io-  uaist 
cristaf G i r t h  
Breadth 

Abdominal 
Skianf old 

2.5 
7 0 , O  
18.3 
8.0 

12.8 
10 -4  

1 0 - 3  
5.2 

Ye i q h t  VoLurae D e n s i t y  Left 

Percent 
of Body 
H e i g h t  

Bcrosiale Percent 
Radiale 
Eeagth 

3 3 . 8  
32s2 
30.3 
3 5 - 1  
28.4 
34.2 

3 2 - 3  
2 -6  

of 
Body 
Weight 

2- 4 
2- 5 
2- 6 
2.8 
3 ,  f 
2- 6 

2.7 
0 - 2  



W i g h t  
E ,  Arrs 
S k i n  

tie i g h t  
L, Rra 
Pat 

Volume 
L, Aria 
Fat 

Voluaae 
L. A r m  
Muscle 

Weight 
Em Arm 
Bone 

Volume 
L, Ara 
Bon e 

L e f t  
E picond ,  
Humerus 
I3 readt h 

L e f t  
Triceps 
Skinf o l d  



Weight 
o f  

8- Ar@ 

Volume D e n s i t y  R i g h t  B i g h t  Percent  
of of Triceps Bcromiale of 

R, A r @  8 ,  A r m  Girth Badiale Body 
L e n g t h  Weight 



1 / 

Weight i4ei&t- Right Right 

R .  A r m  B ,  A m  Epicond, T r i c e p s  
Bone Bone B umeras Skin•’ old 

Br eadt h 

w i g h e  Volume Density Left Badiale Percent 
of L. ofL, o f L .  Haxiaua StyZion of 
Forearm Forearm Forear@ Poream Length 3 od p 

G i r t h  aft ight  



Weight Volume Weight Volume Weight Volume Weight Volume 
Left Left E e f *  LePt  Left Left Left L e f t  
P/Arm P/Bra P/Ar& P/Am F / A ~ B  F/Ara f/Arm P / A m  
S k i n  S k i n  Pa+ f a t  n u s c l e  Eluscfe Bone Bone 

D e n s i t y  
of R. 
I?/& a 

B i g h t  Radiafe 
? l a x i m ~  S t y l i o n  
PJAra Length 

G i r t h  

Percent 
of 

Body 
Weight 



Weight Yolunte Weight VoLuae Weight Volume Weight Volume 
R i g h t  Right  R i g h t  Wight Bight R i g h t  Right B i g h t  
F/Arm F I B r m  P/Arn P J A ~ R  f / B r m  f/&rm F/Arm F/Arm 
Skin Skin Pal F a t  E4uscle Muscle Bone Bone 

Weigh 
of L a  

Wan d 

Volurtie 
of L- 
Kan d 

D e n s i t y  
of L* 
Band 

L e f t  
Heta- 
carpa l  
G i r t h  

S t y f i o n -  
Dact ylion 
Length 



Weight 
Lei t 
Hand 
S k i n  

1 59-8 
2 52-7 
3 37-2 
4 86.9 
5 67-1 
6 55.4 

45.6 

#e ight  
R i g h t  
Wand 

464.3 
353.6 
259 -6 
1129 - 6  
241 -6 
306.6 

342 -4 
90.6 

Volume Weight 
Left L e f t  
Hand Hand 
S k i n  Pat 

fTi31ume 
Lef -t: 
Hand 
Fa t 

49.15 
75.5 
73-1 
74-4 
62,@ 
106-3 

73*3 

Weight  
Left 
Band 
B u s c l e  

157-5 
126.2 
70.8 
179-7 
9 3 - 3  
100.8 

121.3 

Valuae 
L e f t  
Hand 
ausclLe 

3Q9.0 
121.7 
5 7 J  
167-9 

88,1 
95.1 

114.9 

Weight Volume 
Zef t Left 
3aad Hand 
Bone Bone 

Volume 
R i g h t  
flan d 

tr50-9 
328-7 
241-3 
383-7 
219.8 
277,8 

317.0 
88-15 

D e n s i t y  
R i g h t  
Haad 

1,030 
1.07b 
1,076 
9,120 
l , O %  
7,103 

1.08 3 
0,031 

Right  S t y l i o n -  
PI-carpal Dacty l ion  
G i r t h  l e n g t h  

Percent 
Body 
Heiyht 

1 - 1  
0 * 5  
0 - 5  
0 - 5  
0.5 
0.6 

0.6 
8.2 



a e i y h t  Y olume R e i g h t  Volume Meight  Voluae @eight Yoluifie 
Right R i g h t  Bight Right B i g h t  Right R i g h t  R i g h t  
Hand Wand Band Hand Hand Hand Hand Rand 
Skin Skin Fat Pat Muscle nuscle Bone Bone 

We ight 
of L e f t  
T h i g h  

Voluge Density 
sf  L e f t  of Left 
T h i g h  Thigh 

Left Trochant- 
Upper  T i b i a l e  
Thigh  Length 
G i r t h  

Pescen t 
of 

Body 
% e i g h t  



Weight Volume Weight Volume P e i g h t  Volune 
LeEt Left Left Left Left Left 
Thigh Thigh Thigh Thigh Thigh Thigh 
Skin Skin F a t  Fat f3 usc le Pi usc le 

wei gh t Voluate Left L e i  t 

Left L e f t  Epicond. Anterior 
Thigh Thigh fertlur Thigh 

Ban E? Bone B r e a d t h  Skinfold 



&?eight Volume D e n s i t y  Right 
of R i g h t  of R i g h t  oE R i g h t  U p p e r  
Thigh  Thigh Thigh  Thigh  

G i r t h  

Percent: 
of 

Body 
W e i g h t  

Height  Voluiue Height  Vof ufae O e i g h t  V o l u ~ e  
Right Right Right  Right Bight Bight 
Thigh Thigh Thigh Thigh T h i g h  Thigh  
Skin S k i n  P a t  Pat H u s c l e  Muscle 



Weight Bight Right 

Right 
Thigh 

R i g h t  
T h i g h  

Anterior 
T h i g h  

Bone 

1 9 '13.7 

Bone 

715.3 

ski nf 018 

L e f t  Tibiale- Percent 
Hax. Ha l leolar  of 
Leg Length Body 
Girth Weight 



Beiyht Voluae H e i g h t  Vol u @ e  
Left Left  L e f t  Left 
Leg Leg Leg ' Leg 
Skin S k i n  f a t  Fat 

Weight Voluae 
Left L e f t  
Leg Leg 
Bone Bone 

Left 
Eax. 
€a lf 
Girth 

Weight Volume 
Left L e f t  
L e g  Leg 
t"fuscle iVlnscle 

L e f t  
Ankf e 
Girth 

Left 
Tibial 
Length 

Left 
fled ia 1 
Calf 
Skinf o l d  



Re iy h t  
of Big 
Leg 

Vofume D e n s i t y  Bight T i h i a l e -  P e r c e n t  
ht of Right of Bight Elax, 8 a l l e o l a r  of 

Leg Leg Leg Length Body 
G i r t h  Weight 

Weight 
Bight 
Leg 
Skin 

h t  Voluiae Weight Volune 
t Right Right R i g h t  

L w  Leg Leg 
Fat i.3 usc le PI usc le 



Weigh 
Right 
I"@ g 
Bone 

Volulzte 
Right 
L e g  
Bone 

Right 
&ax, 
Caf f 
Girth 

B i g h t  
Ankle 
G i r t h  

Bight 
T i b i a l  
Z a g t  h 

Weight 
of Left 
Foot 

Volurae 
of Left 
Foot 

D e n s i t y  
of Left 
foot 

Left Akropod, - Percent 
Beta- P t e r n i o n  of 
tarsa 1 Length f 3 o d ~  
G i r t h  Ue igh t  



aeight Volunie Weight Volu~ne Weight  Volume Height  Volume 
L e f t  Left Left Left Left Left Left Left 
Foot Poot Foot Foot Poot Boot Poot Foot 
Skin Skin Pat F a t  n u s c f e  Muscle Bone Bone 

Height Volurtle Density Right Akropod.- Percent 
of Right of Right of Right Heta- Pternion of 
foot Foot Foot tarsal Length Body 

G i r t h  Height  



Height Yufulae Weight Volume W e i g h t  Voluttre %eight Volutae 
Right Right R i g h t  Bight Right Right Right P i g h t  
Foot F o o t  foot Foot F o o t  Foot Foot F o o t  
S k i n  S k i n  Fat F a t  n u s c l e  Muscle Bone  B o n e  



IV. BD DEE DEBELQPHZHT 

The  p u r p o s e  o f  t h i s  c h a p t e r  i s  t o  describe t h e  p r o c e d u r e s  

involved in d e v e l o p i n g  t h e  v a r i o u s  models for t h e  prediction of 

a) a n a t o m i c a l  s e g m e n t  sass, b )  a n a t o a i c a l  segreent t i s s u e  masses, 

c) b i o a e c h a n i c a f  segsent aasses, 

The catlaves data were u s e d  i n i t i a l l y  to d e v e l o p  a 

r e g r e s s i o n  lrmoael (PlCREG) f o r  t h e  p r e d i c t  ion of s e g m e n t  Basses, 

T h e  a n t h r o p o s e t r i c  v a r i a b l e s  f o r  e a c h  s e g m e n t  were regressed 

a g a i n s t  observed s e g a e n t  weight using a x a u l t i p i e  r e g r e s s i o n  

analysis (Wie, ~ u l i ,  J e n k i n s ,  S t e i n b r e n n e r  a n d  B e n t ,  1975), on 

t h e  Bichiga n T e r n i n a l  Systea a t  Simon P r a s e r  Uniuers i  ty, 

I n i t i a l l y ,  r eg res s ions  were p e r f o r a e d  f o r  left  and  r i g h t  

s i d e s  s e p a r a t e l y .  The r e s u l t  of this, however, was t h a t  the 

r e l a t i o n s h i p s  f ot t h e  r i g h t  side segaents  were s l i g h t 1  y 

d i f f e r e n t  froat t h o s e  for t h e  left s i d e  s e g m e n t s .  Whereas it is  

n o t  u n u s u a l  t o  f i n d  c o n t r a l a t e r a l  s i z e  d i f f e r e n c e s ,  p a r t i c u l a r l y  

i n  a t h l e t e s ,  ( T a k a h a s h i  and Uetake, l!lB2), there is no  r e a s o n  t o  

s u s p e c t  t h a t  the r e l a t i o n s h i p  between a n t h r o p o a e t r y  and 

94 



coenposiition s h o u l d  be d i f f e r e n t  c o n t r a l a t e r a l l y .  In t h i s  s t u d y  

it was c o n s i d e r e d  t o  be  due t o  t h e  embalming p r o c e d u r e  s i n c e  t h e  

f l u i d  was pumped i n t o  t h e  body u n i l a t e r a l l y  u n d e r  p r e s s u r e  a n d  a 

c o m p l e t e l y  even d i s t r i b u t i o n  was the e x c e p t i o n  r a t h e r  t h a n  t h e  

r u l e  f o r  t h e  cadavers d i s s e c t e d ,  A n u ~ b e r  of a p p r o a c h e s  were 

t r i e d  i n  order t o  i d e n t i f y  the i n f l u e n c e  of any b i l a t e r a l  

d i f f e r e n c e s ,  

T h e  r e g r e s s i o n  e q u a t i o n s  were a p p l i e d  t o  t h e  c a d a v e r  sample 

based  o n  d i f f e r e n t  e q u a t i o n s  f o r  the left and right si&e 

l i a b  s e g g e n t s ,  

R i g h t  s i d e  e q u a t i o n s  were used f o r  b o t h  s i d e s  u s i n g  l e f t  aad  

r i g h t  s i d e  v a l u e s ,  

L e f t  side e q u a t i o n s  were used Eor b o t h  s i d e s  u s i n g  left and 

r i g h t  s i d e  v a l u e s .  

R i g h t  side e q u a t i o n s  and right s i d e  v a l u e s  were used  and 

duplicated f o r  the 1.%f t s i d e  s egmen t s ,  

L e f t  s i d e  e q u a t i o n s  and left s i d e  v a l u e s  were u s e d  and 

d u p l i c a t e d  for t h e  r i g h t  s i d e  s e g m n t s  

Mean v a l u e s  o f  a n t h r o p o ~ e t r y  a n d  s e g a e n t  we igh t  f o r  e a c h  

segmen t  were c a l c u l a t e d  and  a B e a n  r e g r e s s i o n  was d e v e l o p e d  

which a p p l i e d  t o  s e g m e n t s  of h o t h  s i d e s ,  

A n a l y s i s  of t h e  r e s u l t s  b y  t h e  Bepea t ed  Measures  Test [Hull 

a n d  Nie, 1981) r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  in the 

p r e d i c t i o n  of s e g ~ e n t  Bass  by a n y  o f  the above  raethods, 

A p p a r e n t l y ,  c o t r a l a t e r a l  e m b a l a i n y  differences d i d  not a f f e c t  

the r e l a t i o n s h i p  between a n t h r o p o r a e t r y  and  segrnen tal mass, 



T h e r e f o r e ,  i t  was decided t o  a d o p t  t h e  last p r o c e d u r e ,  ( t a k i n g  

t h e  mean v a l u e s  f r o %  b o t h  s i d e s )  - a c o n c e p t u a l l y  more 

a c c e p t a b l e  r a t  i o n a l e ,  t h a n  t h a t  d i f  •’erent s i d e s  s h o u l d  

d e m o n s t r a t e  d i f f e r e n t  r e l a t i o n s h i p s  2. ~r~m, a l b e i t  o n 1  y 

s l i g h t l y  d i f f e r e ~ t .  T h i s  d e c i s i o n  was r e i n f o r c e d  by its b e i n g  

the satae a s  t h a t  t a k e n  by C l a u s e r  e t  ai. (1969) i n  t h e  h a n d l i n g  

of t h e i r  d a t a ,  

T h r e e  p a s s e s  were used for  t h e  a e a n  v a l u e  r e g r e s s i o a .  PIN 1 

was set a t  0.0 1 t o  e n s u r e  a c o n s e r i r a t i v e  l e v e l  o f  s i g n i f i c a n c e  

of t h e  v a r i a b l e s  e n t e r i n g  t h e  e q u a t i o n  f oz  a l l  t h r e e  p a s s e s ,  

I n  the f i r s t  p a s s ,  o n l y  i n t r a s e g m e n t a l  a n t h r o p o m e t r i c  

v a r i a b l e s  were a v a i l a b l e  f o r  s e l e c t i o n ,  

I n  t h e  s e c o n d  p a s s ,  t o t a l  body w e i g h t  was a d d e d  t o  t h e  list 

of p r e d i c t o r  v a r i a b l e s  a v a i l a b l e  f o r  p o s s i b l e  s e l e c t i o n .  T h i s  
.*. 

was t o  e n a b l e  t b e  s e l e c t i o n  a n d  u s e  of t o t a l  b a y  weight i f  t h i s  

v a r i a b l e  s h o n l d  p r o v e  a b e t t e r  p r e d i c t o r  t h a n  t h e  i n t r a s e g a e n t a l  

o n e s  a l o n e .  

T h e  t h i r d  p a s s  c o n s i s t e d  o f  o n l y  those i n t r a s e g m e n t a l  

p r e d i c t o r s  which  were i n c o r p o r a t e d  i n  t h e  PBOFOREA (See Appendix  

6 , )  used f o r  n a n y  y e a r s  now by t h e  K i n a n t h r o p o l a e t r i c  Research 

U n i t  a t  Simon P r a s e r  U n i v e r s i t y ,  and described b y  Ross and  

T h e  r a t i o n a l e  of r e s t r i c t i n g  t h e  v a r i a b l e  list, i n  t h e  

t h i r d  r u n ,  t o  t h o s e  v a r i a b l e s  on t h e  PRDPORBA was b a s e d  o n  a )  ----------- ------- 
~ P I t ? & r o b a b i l i t y  t o  g o  i n  t o  t h e  e q u a t i o n )  c o n t r o l s  the e n t r y  o f  
a v a r i a b l e  i n  t h a t  a v a r i a b l e  is o n l y  e n t e r e d  i f  t h e  p r o b a b i l i t y  
of its F v a l u e  is s r t r a l k r  t h a n  the P I N  v a l u e .  



m i n i m i s i n g  t h e  o v e r a l l  nnuwber of v a r i a b l e s  needed  t o  be n e a s u r e d  

i n  t h e  f u t u r e ,  and b) p e r i n i t t i n g  -the a p p l i c a t i o n  of t h e  mode l  t o  

e x i s t i n g  l a r g e  da ta  bases assembled o v e r  a  nuntber of y e a r s ,  i n  

p a r t i c u l a r  t h e  v a r i o u s  0l;yapic Games d a t a  a s s e ~ b l i e s  {Carter, 

1982a; Carter, Boss, Aubry, R e b b e l i n c k  a n d  Borms, 1982b; d e  

Garay, Levine a n d  Carter ,  1977; Boss, Leahy,  D r i n k w a t e r  and 

Swenson,  1987,) 

T h e  r e g r e s s i o n s  which displayed t h e  h i g h e s t  c o r r e l a t i o n  

c o e f f i c i e n t  values o v e r a l l  were s e l e c t e d  for u s e  i n  p r e d i c t i n g  

t h e  s t a n d a r d  s e g a e n t  Bass v a l u e s  fo r  t h e  Phantom Model, T h e y  

were chosen on t h e  bas i s  of coxttaining no a o r e  than two 

v a r i a b l e s  (due t o  t h e  s a m p l e  size), w i t h  r e s i d u a l  d e g r e e s  of 

freedoa as high as p o s s i b l e  [ w i t h o u t  unduly s a c r i f i c i n g  

r - s y u a r e d )  , r - s q u a r e d  g r e a t e r  t h a n  o r  e q u a l  t o  0 .85 ,  a lninitaum 

s tandard  error and a s i g n i f i c a n t  f - r a t i o  of less than 0.01, 

The p r e d i c t o r s  i n  these r e g r e s s i o n  e p w t i o r s s ,  t h e i r  

c o r r e l a t i o n  c o e f f i c i e n t s ,  t h e  Bean s e g m e n t  masses and t h e i r  

s t a n d a r d  errors axe r e p o r t e d  i n  Table 4 , l .  



T a b l e  L l  

HEAD 

TRUBK 

ARH 

f-AB?I 

HAND 

THIGH 

CALF 

HOOT 

3*3est Predictors of  Segment Masses,  
i n  t b e  Nin iCAS sample ,"  

(any HCAS variables ,  n=6,) 

v BRI ABLE a-SQUARED BEAM S T B H D A R D  SIG* OF' 
Ig=4 E R B U E  F-RATIO 

lu=I 

Body Weight 0 .90  4153 225 0 . 0 0 4  

f i e s o s t e r n a l e  0.94 25600 17733 0,002 
G i r t h  

Aria G i r t h ,  0-97 1550 8% 0,005 
Ara Length 

Forearm Girth, 0.97 76 4 42 0.005 
Forenra Length 

Retacarpal 0.98 34 5 13 0,000 
B r e a d t h  

Body Weight 0.91 7778 733 0.603 

C a l f  G i r t b ,  0 , 9 7  2 135 145 I), 006 
T i b i a 1  Length 

Foot Length 0 - 9 3  842 58 0.002 

The r e g r e s s i o n  e q u a t i o n s  u s e d  t o  d e r i v e  t h e  Phantom segment 

msses and s tandard d e v i a t i o n s  were a s  foflous: 

HEAD O,OYSS&+Body B e i g h t  {gna) + 152Y, 2 

TRUNK 751,48429*#esosternaI.e Girth [cm) - 40306.9 
A B M  0.02791*Dody Weight - 47.6 
F O R E A R #  0.0 1397+Body Veight - 40-2 
HARD 45,97778*Hand Leny th (cm) - 465.5 
THIGH 0.156?8*Body Weight - 7253.5 
LEG 0,04326*Body Weight - 356-1 

FOO T 6S,8828*Poot L e n g t h  (cm) - 670-9 



T h e  best regres s ions  froui t h e  last run, i.e. i n c l u d i n g  only . 
seynrea t a l  P BOP OREiA v a r i a b l e s ,  were selected for i n c l u s i o n  in t h e  

regressioa model for app l i ca t ion  to other saap le s ,  T h e  

corresponding i n f o r m t i o n  [ to  t h a t  i n  Table 4-11 for these 

p r e d i c t o r s  is shown i n  T a b l e  6-2. 



F a b l e  Y - 2  " B e s t  Segmental ~redictoc;  of Segaent #asses." 
[PROPORHB o a c i a b l e s  only, n=6,)  

H E A D  

T X U f J R  

H A N D  

T H I G H  

LEG 

FOOT 

V BBI BBLE R-SQUAZIED 

Head G i r t h  0,89 

Wesosternale 0,9Y 
G i r t h  

Arn Girth ,  0.97 
A r g t  Length 

Poream Girth, 0.97 
F o r e a m  Length 

Rand feagth, 0 - 9 3  

Thigh Girth 0 - 9 1  

Calf Girth, 0 - 9 7  
T i b i a 1  Length 

Foot L e e g t h  0.93 

SIG, Of 
F - R A T I O  

0.1304 

0.002 

D,ODT 

0.005 

11,009 

0 .003  

13,006 

0.002 



The regression equat ions  far use i f i  a segression model [MCREG) to 

p r e d i c t  segmental aasses i n  adults were: 

BEAD 267-8141 1*Mead Girth - 1059V,2 

87,72674*Arw Girth 74.67424*Bra Length - 31 19.8 

POREBRH 70.7053+Farearm Girth + 25,19786+Porear1rt 
Length - 1485,5 

H l i M D  Y5,97778*Raad Length - 465.5 

TBf GB 249,69457*Phigh Girth  - 3484-9 
11Y.97555*Calf Girth + 113,77197*Tibiaf 
Length - 5599.5 

FOOT 65.8828*Foot Length - 670 .9  

All g i r t h s  and l e n g t h s  are i n  ceatieaeters, 



It was i t a p o r t a n t  in t h e  cons t ruc t ion  of t h e  

p r o p o r t i o n a l i t  y / d e v i a t i o n  a o d e l  t h a t  t h e  Phantom Bass  ascri bed 

t o  e a c h  s e g a e n t  a c t u a l l y  c o r r e s p o n d e d  t o  t h e  Pdrantona v a r i a b l e s  

for t h a t  s e g a e n t ,  S i n c e  segutent  Bass valves vere n o t ,  and  

probably n e v e r  w i l l  be ,  a v a i l a b l e  from a  l a r g e  s a m p l e ,  t h e s e  

v a l u e s  were, of n e c e s s i t y ,  obtained f r s ~  a r e l a t i v e l y  small 

sarttple ( n = 6 f ,  

The o n l y  sampfes on which s e g m e n t a l  d a t a  were previously 

a v a i l a b l e  were s e x - s p e c i f i c ,  The use of s u c h  s a m p l e s  t o  b u i l d  a 

u n i v e r s a l  model i n t r o d u c e s  a  b i a s  unless a  c o m p e n s a t i o n  is made 

w h i c h  r e n d e r s  t h e  data unisex. A unique P e a t u r e  of t h i s  

i n v e s i i g a i i o n  is the inclusion of three f m a l e  c a d a v e r s  i n  t h e  

s a a p l e  a n d  t h e  i n c l u s i o n  of a young s u b j e c t ,  

T h e  p r e d i c t o r  v a r i a b l e s   fro^ T a b l e  4 - 1  and  t h e i r  

c o a c o a i t a n - t  r e g r e s s i o n  e q u a t i o n s  vere u t i l i s e d  t o  d e f i n e  t h e  

Phantom segment  n a s s e s  a n d  t h e i r  s t a n d a r d  d e v i a t i o n s  for  use i n  

t h e  d e v e l o p m a t  of t h e  ProportionalityfDeviation (P/D) model, 

The Phantom p v a l u e s  (Ross a n d  Wilson,1974) vere a p p l i e d  t o  

t h e  r e g r e s s  i o n  t o  e s t a b l i s h  P h a n t o ~  s e g ~ e n t  we igh t s ,  T h e  Phantoa 

[ p  * s) vaf  u e s  (i, e, one  s t a n d a r d  d e r r i a t i o n  a b o v e  the p v a l u e )  

vere t h e n  a p p l i e d  t o  the r e g r e s s i o n  model a n d  t h e  segmeat 

w e i g h t s  were r e - p r e d i c t e d .  The d i f f e r e n c e  be tween  t h e  two 

p r e d i c t i o n s  c o n s t i t u t e d  t h e  P h a m t o ~  s v a l u e  for each s e g w n t  



w e i g h t .  

For example ,  s u b s t i t u t i n g  the Phantoa p -va lue  for bodpue ight ,  i n  

t h e  r e g r e s s i o n  ( T a b l e  4-21 lor p r e d i c t i n g  head w e i g h t ,  gives a 

Phantom p-va lue  for t h e  head s e g m e n t  of 4671-7  gms, 

Substituting o a e  Bhantoa s t a n d a r d  d e v i a t i o n  a b o v e  bodyweight  

i n t o  t h e  same e q u a t i o n  g i v e s  a Phantoa segment Bass v a l u e  for 

the h e a d  of 5064.21 gas, 

The difference between t h e s e  two  values is, by d e f i n i t i o n  of t h e  

h y p o t h e s i s  t h i s  aode'f is b u i l t  on ,  t h e  Phantom s tandard  

d e v i a t i o n  for the head s e g a e n t ,  i.e, 392-51 gas, 

The  r e s u l t a n t  values e s t a b l i s h e d  for each segment  are  s h o w  i n  

T a b l e  4.3, 

T H I G H  

LEG 

FOOT 

P Ban tora 
Segment 

( f o r  a n a t  

p and s values for 
a l  H a s s e s  (in g a s ) ,  
. o ~ i c a l  s egmenta t ion )  



T h e  Propr~rt ional i ty /Deviat ion[PJD)  ~ttodef is based on t h e  

Phantola p r o p o r t i o n a l i t y  s t r i a t a g e n  of Ross and Hilsorn[1974) and 

t h e  f r a c t i o n a t i o n  tac t ic  of D r i n k r a t e r  and  Ross [ I 9 8 O f s  

Using  t h e  Phantootl s t r a t a g e m  it is p o s s i b l e  t o  express 

a n t h r o p o m e t r i c  measurements as  d e v i a t i o n s  d r o a  t h e  e g u i  v a l e n t  

Phantota vaf  ues, Such d e v i a t i o n s  a r e  e x p r e s s e d  as Phantoia 

z - v a l u e s ,  a n d  a r e  c a l c n l a t e d  u s i n g  the following formula: 

where: z is  a  p r o p o r t i o n a l i t y  s c o r e  or z-value,  
s i s  the Phantoxi s t a n d a r d  d e v i a t i o n  f o r  

t h e  g i v e n  v a r i a b l e ,  
v is any v a r i a b l e ,  
170.18 is the Phantom h e i g h t  c o n s t a n t .  
h is the subjectgs h e i g h t .  
d  is a d i a e n s i m a l  exponent which is 1 

for  all h e i g h t s ,  l e n g t h s ,  b r e a d t h s ,  
girths a n d  s k i n f o l d  t h i c k n e s s e s ;  
2 f o r  a l l  a r e a  v a l u e s ;  and  3 for: 
a l l  Basses a n d  vo luaes .  

p is t h e  Phantula v a l u e  f o r  the v a r i a b l e .  

A s i g n i f i c a n t  f e a t u r e  of t h i s  s t r a t e g e ~  i s  t h e  a d j u s t x i e n t  

for  h e i g h t  which scales a L l  s a l u e s  t o  t h e  Phantom h e i g h t  of 

170,18 cm, T h i s  p e r m i t s  i n d i v i d u a l  c o r t l p a r i s o n  of s i z e - a d j n s t e d  

v a l u e s  a s  opposed  t o  a b s o l u t e  v a l u e s  a n d  h i g h l i g h t s  

p r o p o r t i o n a l i t y  d i f f e r e n c e s .  



T h e  t a c t i c  of Dr inkwa te r  a n d  Boss (1981)) u s e s  g r o u p s  of  

select ied v a r i a b l e s  t o  p r e d i c t  bone, netuscle, a d i p o s e  t i s s u e  a n d  

r e s i d u a l  sasses on t h e  b a s i s  t h a t  t h e  mean d e v i a t i o n  of s u c h  

v a r i a b l e s  j i , e ,  t h e  Bean z-value w i t h i n  e a c h  group)  f e p r e s e n t s  a 

sirailar d e v i a t i o n  i n  t h e  amount of  t h e  four colfaponents i n  t h e  

body from t h e  PBantolti inass f o r  e a c h  component,  

P h a n t o ~  z-va lues  a r e  u t i l i z e d  i n  t h i s  tac t ic  also, t o  

p r e d i c t  the a p p r o p r i a t e  segment aass b y  the following for tau la :  

where: 
is t h e  e s t i a a t e d  s e g u e n t a l  rnass. 

Z is t h e  Sean P h a n t o s  z - v a l u e  for 
t h e  s e l e c t e d  s u b s e t  of variables, 

S is tfie Phantollt s t a n d a r d  d e v i a t i o n  
for the s e g a e n t a l  mass, 

P is the P h a n t o a  v a l u e  fo r  t h e  
component B a s s ,  

l7OSl8 is t h e  P h a n t o ~  h e i g h t  c o n s t a n t ,  
h is the s u b  jectgs height. 
d is a d i a e n s i o a a f  exponen t ,  which h a s  

t h e  v a l u e  3 i n  t h i s  a p p l i c a t i o n ,  

The seg~entation model a l s o  usas g r o u p s  of sef e c t e d  

a a t h r o p o m e t r i c  variables, but t h e s e  were c h o s e n  on the b a s i s  

t h a t  a c h a n g e  i a  their value would reflect a change ,  not i n  a n  

o v e r a l l  coinponent snch a s  bone, b u t  i n  t h e  mass of a p a r t i c u l a r  

body segmen t ,  T h e  Phantom p and s v a l a e s  f o r  a n t h r o p o m e t r i c  

v a r i a b l e s  u s e d  i n  tfie saodel are g i v e n  i n  Appendix 7, 

Once t h e  p h a n t o ~  s e g a e n t  Bass p a r a a e t e r s  h a d  been d e f i n e d ,  

i t  was p o s s i b l e  t o  p roceed  with t h e  d e v e l o p a e n t  o f  t h e  P/D 



naodel, 

Two a s p e c t s  had t o  be c o n s i d e r e d  i n  d e v e l o p i n g  this model, 

F i r s t l y ,  t h e  s e l e c t i o n  of the best p r e d i c t i n g  v a r i a b l e s  w i t h i n  

e a c h  segment and, secondly, t h e  relative u e i g h t i n g  cf t h o s e  

v a r i a b l e s  o n c e  t h e y  had been c o n v e r t e d  t o  Phantom z-values, i,e, 

d e v i a t i o n s  fro@ the P h a n t o a  Bean v a l u e s  f o r  that p a r t i c u l a r  

v a r i a b l e ,  

The v a r i a b l e  s e l e c t i o n  c r i t e r i o n  s t i p u l a t e d  t h e  i n c l u s i o n  

o f  a t  l e a s t  a l e n g t h ,  a g i r t h ,  a bone w i d t h  and a s k i n f o l d  .for 

each s e g ~ e n t .  It was fe l t  t h a t  t h e  l e n g t h  a n d  g i r t h  would 

reflect t h e  g e n e r a l  s ize  of t h e  segroent,  t h e  bone wid th  would 

r e f l e c t  t h e  amount of bone i n  the s e r p e n t  and t h e  s k i n f  old would 

give an indication of  t h e  a a o u n t  of a d i p o s e  tissue and asuscle 

{when c o n s i d e r e d  i n  con junc t io .o  w i t h  t h e  g i r t h ) ,  T h e  s e l e c t i o n  

was l i r a i t e d  i n  the case of the head, f o r e a m ,  hand and f o o t  

s egmen t s ,  since n o t  all o f  the four t y p e s  of tneasurement had 

been u t i l i s e d  i n  t h e  PBOfDRHfiA, Body w e i g h t  was excluded a s  a  

p o s s i b l e  p r e d i c t o r  since i t  would b e  used  la ter  as a n  i n d i r e c t  

p r e d i c t i o n  v a l i d a t i o n ,  

T h e  v a r i a b l e s  s e l e c t e d  fo r  each segment  are shown i n  Table  

a. 4 -  



T a b l e  4.Y 

Segment 

READ 

T B U 8 K  

T H I G H  

L E G  

' * P r e d i c t o r  V a r i a b l e s  for e a c h  Segment f o r  
t h e  Proport iona l i ty /Dev ia t ion  Model. 93 

P r e d i c t o r  V a r i a b l e s  

Forehead  g i r t h .  

R e s o s t e r n a l  g i r t h ,  Trunk l e n g t  h, B i i l i o c r i s t a l  
breadth, q a i s t  girth, Abdominal s k i n f o l d .  

Ee l axed  arm g i r t h ,  Acromiale-Radia l e  l e n g t h ,  
EpicondyEar huuierus b r e a d t h ,  T r i c e p s  s k i n f o l d .  

Forearm g i r t h ,  Badia f e - S t y l i o n  length, Qr ist 
g i r t h .  

S t y l i o n - D a c t y l i o n  l e n g t h ,  

Thigh g i r t h ,  T r o c h a n t e r i o a - T i b i a l e  l e n g t h ,  
E p i c o n d y l a r  f e a u r  b r e a d t h ,  8n t .Thigh  stinfold, 

Max-Calf g i r t h ,  T i b i a l e  h e i g h t ,  Ankle g i r t h ,  
Bed, C a l f  s k i n f o l d ,  

Foot l e n g t h .  

T h e  s e c o n d  a s p e c t ,  t h a t  of t h e  a p p r o p r i a t e  w e i g h t i n g  of the 

z - v a l u e s  of t h e  p r e d i c t o r  v a r i a b l e s ,  Mas c a t e r e d  for by f o r c i n g  

the d e s i r e d  v a r i a b l e s  i n t o  t h e  r e g r e s s i o n  a g a i n s t  s e g m e n t  weight  

aria n o t i n g  t h e  b e t a  v a l u e s  produced  f o r  t h o s e  v a r i a b l e s ,  T h e  

beta values were t h e a  u t i f i s e d  to  m i g h t  t h e  v a r i a b l e s ,  T h e  

essence of t h e  uodel is t h e  c a l c u l a t i o n  of a Bean z-value f o r  

e a c h  s e g m e n t  which w i l l  reflect the d e v i a t i o n  of  t h a t  s e g m n t  

B a s s  fro@ t h e  c o r r e s p o n d i n g  Phaatoa value, T h i s  was a c h i e v e d  b y  

d i v i d i n g  the sum o f  the ~ e i g h t e d  z - v a l u e s  of t h e  predicting 

v a x i a b l e s  b y  t h e  n u m e r i c a l  t o t a l  of the w e i g h t i n g s ,  as described 



i n  C h a p t e r  1, 

where: J!IZT@UNK i s  t h e  mean Phantom z-valne 
for t h e  trunk* 

ZCNG is t h e  H e s o s t e r n a l e  G i r t h  e x p r e s s e d  
i n  Phantom R e s o s t e r a a l e  G i r t h  
s t a n d a r d  d e v i a t i o n s ,  

ZTRL is the Trunk Leng th  expressed i n  
Phantom Trunk Leng th  s t a n d a r d  
d e v i a t i o n s .  

ILRdIL is Bi i l iocr is ta l  Breadth e x p r e s s e d  
i n  Phantom B i i l i o c r i s t a l  B r e a d t h  
s t a a d a r d  d e v i a t i o n s .  

Z%BG is t be waist G i r t h  e x p r e s s e d  i n  
P h a n t o ~  g a i s t  G i r t h  s t a n d a r d  
d e v i a t i o n s .  

ZABSP is t h e  Abdoaina l  S k i n f o l d  
e x p r e s s e d  i n  Phantoa Abdoa ina l  
S k i n f  o l d  sea ndard  d e v i a t i o n s ,  

-9" is the a r i t h m e t i c a l  d i v i s o r  w h i c h  
e n s n r e s  t h a t  i d e n t i c a l  Phantom 
z - v a l u e s  for e a c h  o f  t h e  p r e d i c t i n g  
p a r a m e t e r s  would g i v e  an  i d e n t i c a l  
mean z-value f o r  t h e  segment ,  

The @ode1  was a p p l i e d  t o  v a r i o a s  s a m p l e s  n s i n g  d i v i s o r s  

c a l c u l a t e d  i n  t h i s  maaner, 

Once the mean z -va lue  f o r  each  s e g m n t  had been  c a l c u l a t e d ,  

t h e  weight of t h e  s e g g e n t  was p r e d i c t e d  u s i n g  t h e  D r i n k w a t e r  

Tactic f o r m u l a ,  d e s c r i b e d  above, For jq 2L.g samples ,  t h e  model  

t h e n  s u ~ m e d  the p r e d i c t e d  s e g R e n t  weights t o  g i v e  a  p r e d i c t e d  



total body weight, and compared t h i s  to t h e  observed body 

w e i g h t ,  T h e  final fora of t h e  Bnatontical P/D model is shown in 

T a b l e  U.5. Rote that t h e  weights are expressed i n  kilograms, 

t h e r e f o r e  i t  is necessary to convert to that unit. The coded 

variables are a s  d e f i n e d  i n  appendix 5, e x c e p t  t h a t ,  since Bean 

a n t h f o p o n e t r y  was used to  construct t h e  ~odel, f i n a l  *Lg* or *'RW 

initials h a y e  been o m i t t e d ,  



Table Q.5 "Proportioaa3.i t y/Deviat ion Rodel f o r  t h e  
P r e d i c t i o n  of Anatomical Segment Weightss 





T o  exareine t h e  volutae approach ,  t h e  volurne of each s e g a e n t  

was r e g r e s s e d  a g a i n s t  t h e  segment  mass for e a c h  subject i n  the 

s a a p l e ,  A c o f r e f a t i o n  of 0.97 or better was fonnd in every 

segntent.  Based on the  s t r e n g t h  o f  t h i s  c o r r e l a t i o n ,  and 

s u b s e y  aent t o  d i s c u s s i o n  w i t h  a ~ a t h e n a t i c a l  s t a t i s t i c i a n ,  

(Arpa,  19821, two v o l u m e - p r e d i c t i n g  a o d e l s  were deve loped .  

T h e  first i n v o l v e d  t h e  r e g r e s s i o n  of a s g u a r e d  g i r th  &&gs 

a l e n g t h  a g a i n s t  atass f o r  e a c h  segment,  ( T h i s  model w i l l  c o n t a i n  

t h e  i n i t i a l  " X 9 *  after t h e  i n i t i a l s  s*V8Lfl  i n  its t i t l e ,  e-g,  

BCVOSXBBo)  T h i s  gave t h e  c o r r e c t  d imens ion  t o  t h e  p r e d i c t i o n ,  

b u t  limited the ~ o d e l  t o  -one p r e d i c t o r  ( a l b e i t  c o n s i s t i n g  of two 

variables), 

The s e c o n d  used t h e  s a m  two v a r i a b l e s ,  but regressed them 

s e p a r a t e l y  i n  the forla of t h e  squared g i r t h  224 t h e  l e n g t h *  

{ T h i s  m d e l  will c o n t a i n  t h e  i n i t i a l  **An n E t e r  the i n i t i a l s  

a 8 8 L w  i n  its t i t l e ,  @ , g o  HCBQLBBB,) Although t h i s  s e c o n d  

volume-based enodel d i d  not e x h i b i t  the d i a e n s i o n a l .  e l e g a n c e  of 

t h e  first one, it was f e l t  t h a t  it r e i g h t  e x p l a i n  Dore o f  t h e  

variance g i v e n  t h e  p r e s e n c e  of t h e  s econd  separate v a r i a b l e ,  and  

s h o u l d  t h e r e f o r e  b e  i n v e s t i g a t e d ,  

The c o r r e l a t i o n  c o e f f i c i e n t s ,  mean s e g ~ e n t  masses, s t a n d a r d  

e r s o r s  and  P - s a t i o  s i g n i f i c a n c e  values f o r  each segment 

p r e d i c t i o n  fo r  t h e  HCYDLX rttodel. are  d e p i c t e d  in Table Y,S, (The 



variables  are those i n  t h e  equations i n  T a b l e  4.7) 

Table  4-6  " S t a t i s t i c a l  Details of BCVOLX Madelen 
(Sample= f l i n i C R S ,  n=5J 

HEAD 0 ,77  4153 344 9 -02  

F-ABR 0-97  76 U 35 0,000 

HAND 0-93 3Y 5 24 0,002 

THLCfl 0.97 7778 397  0,001 

LEG 0,94 2 136 172 0,015 1 

PO0 T 0,9& 842 82 0,010 



The e q u a t i o n s  used  for t h e  MCVOLX model are g i v e n  in T a b l e  

4.7, The v a r i a b l e s  are defined i n  Appendix 5. 

T a b l e  4.7 * a C a l c u l a t i o n  of Anatomical Segment Bass 
frm t h e  G i r t h  Sqnafed T I B E S  t h e  Length* 

A 1 1  measures are in c ~ s ,  
Segment masses are p r e d i c t e d  i n  gas .  

* Since t h e r e  was no c o r r e l a t i o n  between " t h e  
squared  girth TIBES a  l e n g t h n  and tBe mass for the 
feet,  Whe squared g i s t h  A B D  a length* was used 
for t h e s e  s e g a e n t s ,  



The correlation coefficients, atean segaent gasses, standard 

esross and F-ratio s i g n i f i c a n c e  values for each segneat 

p r e d i c t i o n  for t h e  ECPOtA aodeL are shown in T a b l e  4.8- ( T h e  

v a r i a b l e s  a r e  t h o s e  in the equations in Table 4.9) 

Table 4.8 m S t a t i s t i c a l  Detai ls  of ESCVOLA Hodel,*' 
(Samyle=ainiCAS, n=S) 

T B I G B  0 -9  8 7 7 7 8  43 1 0,003 

LEG o. sa 2 136 126 0,003 

FOOT 0,94 84 2 5 2  0,014 



The equations used for the BCVOLA aodel a r e  given in Tables 

Q.9, The v a r i a b l e s  are d e f i n e d  i n  Appendix  5 ,  

T a b l e  Y - 9  '*Ca l c u f a  t i o n  of Ana tomica1 Segment Hass 
fro& the G i r t h  Squared A N D  the Length* 

A l l  measures are i n  ems. 
Segment wasses are predicted in g ~ s ,  



R E G R E S S I O B  #ODZL FOR THE PREDICTPBM SEGHENT TPSYXgZ ~&~~~~ 
--IY----- ----- -- -I ----I---- 

ahen any  a n t h r o p o ~ e t r i c  v a r i a b l e s  for a given iiab s e p e n k  

were r e g r e s s e d  a g a i n s t  t h e  f o u r  t i s s u e  Basses, i ,em s k i n ,  

adipose t i s s u e ,  muscle and bone,  a n u ~ b e r  of a r t i f a c t u a l  

p r e d i c t o r s  were ideat t  i f i e d ,  For e x a i a ~ l e ,  t h e  left  arm b a n e  mass 

was b e s t  p r e d i c t e d  b y  two s k i n t o l d s ,  T h i s  was n ~ t  a c c e p t a b l e ,  

c o n c e p t u a l l y *  T h e r e f o r e  s p e c i t i c  v a r i a b l e s  were c h o s e n  a s  t h e  

a p p r o p r i a t e  p r e d i c t o r s  and  t h e s e  were r e g r e s s e d  a g a i n s t  the 

B a s s e s  to o b t a i n  the p r e d i c t i v e  e qua t i o n s .  

T h e  v a r i a b l e s  %ere selected on the basis that they would b e  

e x p e c t e d  t o  reflect changes  i n  t h e  separate t i s s u e  Basses. T h e  

s e l e c t i o n  was a s  follows: 

1. S k i n  - a g i r t h  and  a length, 

2 ,  Adipose  T i s s u e  - a s k i n f o l d  and a l e n g t h ,  

3 ,  Eluscfe - a l e n g t h  and a  s k i n f o l d - c o r r e c t e d  [ e x c e p t  i n  hand 

and f o o t )  g i r t h ,  

4, Bone - a b r e a d t h  and a length, 

The p r e d i c t o r s  in t h e s e  r e g r e s s i o n  e q u a t i o n s ,  their 

corm lat ion c o e f f i c i e n t s ,  the mean tissue anasses and t h e i r  

s t a n d a r d  e r r o r s  are depicted i n  Tables 4-30 and  4,11, The 

a b b r e v i a t i ~ n s  u sed  f o r  t h e  vas iah l e s  a r e  t h e  same a s  those 

expanded  i n  Appendix 5, w i t h  t h e  o ~ i s s i o n  of f i n a l  "L* or **8" 

i n i t i a  Is, 

T a b l e  U.10 " B e s t  P r e d i c t o r s  of Tissue Weights ,? j  



{IIpper Linab Segments) 

SEGHENT Y B R I A B L E  B-SQUARED 
TISSUE 

P/BBM 
Skin LRADSTX, GMDF 43-05 
Adipose SFHPIXf ,LRADSTY 0,432 
Tiss ue 
gusc l e  LBADSTY, CGMDF 0.87 
Bone BBISTY ,LRADSTY 0-95 

Hi% ND 
S k i n  LSTHDAC,GBETBC 0-43 
Bdipose SPHH,LSTPDBC 43-07 
Tissue 
fluscfe LSTPDAC, CGtlZTBC 0.87 
Bone BMETAC,LSTPDAC 0.92 

S,E, SXG. OF 
(gat) F - R Q T I O  



T a b l e  4 - 1 1  3 J B e s t  Predictors of T i s s u e  Masses," 
[Lower Liab Segments) 

SEGMENT VARIABLE R-SQUARZD M E A N  S-E. SIG. OF 
TISSUE: igm) (gal) F-RATIO 

TRLGII 
Skin GUPTH, LTBOTI 0 0.71 461.6 47.8 3 - 7 6  
Adipose LTROTI3,SPHANFT 0.88 3316.1 67U.2 0.04 
T issu e 
H u s c l e  CGOPT8,ETfSO'SIB 0.84 3298.3 627-6 3.06 
Bone LTROTZ0,BEPIFE 0 . 6 7  702,5 723.6 0 - 7 9  

FOOT 
Skin GBZTBT, LA KPTE 0.95 112,9 9-53 0.009 
Adipose GHETAT, LAKPTE 0.33 249.4 t7,6 0 , 5 5  
T i s s u e  
H U S C ~  t? G4 ETA% LLA KPTE 0.95 214.7 2 1 - 6  3,008 
3 one BBZTAT,LBKPTE 0.91 265-7 3 3 . 4  0,03 



The regression equat ions  developed for each compoaent for 

each segraennt are givels  in Tables 4 1 2  and 4.13- 

Table Y. 12 ** R e g ~ e s s i o n  Equations for the 
P r e d i c t i o n  o f  Tissue #;asses in 

t h e  Upper L i @ B  Segaents," 



T a b l e  4.13 "Regression Equations for t h e  
Prediction of Tissue Basses 
in the Lower Liab Seg~ents," 

FOOT 
Skin GRETBT*2.41194 + LAKPTE+13,3227 - 242.0 
Adipose GPiETAT*-2.01025 - LAXPTE*3,50251 + 370.6 
Tissue 
Huscle LAKPTE*27,62449 - GflETAT*2-86303 - 362.1 
Bone BffETAT*37074Y07 + LAKPTE*20,5D685 - 519 -6  



Except for t h e  f a s t  anatomical ~ o d e l  {which p r e d i c t s  

s e g m e n t  tissue w e i g h t s ]  a l l  the above anatomical p r o c e d u r e s  were 

repeated on C l a u s e r  et al, ss(1959) sample to generate tatodefs fof 

t h e  prediction of bioaechanical  segaent mass, Each model is 

p r e s e n t e d  under t h e  a p p r o p r i a t e  subbeading .  

T h e  r e g r e s s i o n  e q u a t i o n s  which Clauser ,  h i a s e l f ,  g e n e f a  ted 

were used a s  the r e g r e s s i o n  model for  this a p p r o a c h .  They 

c o n t a i n  only PROPOBHB v a r i a b l e s  and i n c l u d e  body w e i g h t  where 

that was shown ts be a better predictor for the sample. 

The p r e d i c t o r s  i n  these r e g r e s s i o n  equa l i o n s ,  t h e i r  

c o r r e l a t i o n  coefficients,  t h e  mesa segment Basses and t h e i r  

standard errors are d e p i c t e d  i n  T a b l e  4 . 1 4 .  



Table 4 - 1 4  # # B e s t  Predictors of Biomechanical 
Segrttent 

iany CEAUSER v a ~ i a b l e s ,  n=13), 
SEGBENT V A R I A B L E  R-SQUAEEE) dEAN S T A t i D A R D  

ERROR 
BEAD Body Weight, 0 -88  4 72 9 170 

Head Girth 

TRUMK Chest  Girth, 0.99 3 3 3 1 2  920 
Body Weight, 
Trunk Length 

ARR Body weight, 0.96 1730 9 0 
i l r ~  G L r t h ,  
Arrri Length 

P-ARM Forearm Gir th ,  0-92 3 055 5 0 
Wrist G i r t h  

HAND Wrist G i r t h  0.86 426 30 

T H I G H  Body Beight, 0.93 6749 1550 
T h i g h  G i r t h  

CALF C a l f  Gir th ,  0 - 9 8  2802 80 
ti. EG) Ankle Girth, 

T i b i a l e  Weight - 

FOOT Foot Length,  9 . 3 1  
Body Weight, 
Ankle G i r t h  

The regression e q u a t i o n s  for u s e  i n  p r e d i c t i n g  

bioaechanical  segaternt w e i g h t  are shown i n  T a b l e  4-15, (%ate t h a t  

these regressions p r e d i c t  t h e  s e g m e n t  weights i n  kilograms, 

therefore bodyweight  ~ u s t  b e  i n p u t  i n  k g s - f  



Table Y- 15 jtEquations for t h e  P r e d i c t i o n  of s e g m e n t  masses 
{in k i l o s )  using Clausere  s 1969 Begress ion *g 

Head {O. lOU*foreheadgir th)  + [O,OlS*bodyweiyht) 
- 2 ,189  

Trunk (0*349*bodyweight )  + ( O , 4 3 2 + t r u n k l e n g t h )  + 
[Q,229*chestgirth)  - 35.46 

Thigh ( 0 . 0  7 8 * b o d p e i g h t f  + ( 0 , 1 3 8 + t h i g h g i r t h )  
- 4,6irl 



T h e  b i o ~ e c h a n i c a  l Phantoat s e g ~ e n t  reference masses were 

d e r i v e d  i n  t h e  same manner a s  the anatomical Phantoa masses,  The 

d e r i v e d  values are shown i n  Tab le  4-15. 

Table 4.16 Phanto~ p and s v a l n e s  for S e g a e n t a l  Pfasses ( i a t  gnts]. 
For Biosecha nica 1 Segmentati on, 

Segment P s 

HEAD 

TBUHK 

AB Pll 

PORE A R E  

HAWE) 

TWXGH 

LEG 

FOOT 



r-3
 

p
l u
 

I-
' 

CD
 



Where: a e i g h r s  are ia kg. 
S k i n f o l d s  are i n  m, 
A 1 1  o t h e r  measures  a r e  in c ~ ,  

V a r i a b l e s  p r e f i x e d  with Z inaicate 
the variable expressed i n  Phantom 
s t a n d a r d  deviations, 
V a r i a b l e s  preEf xed wi th  indicate 
a Rean v a l u e ,  
Y a r i a f r l e s  p r e f i x e d  ui tft PR i n d i c a t e  
a predicted w e i g h t ,  



The two bioaechaaical voluae-based ~ o d e l s  were constructed 

in t h e  same manner as were the anatontical ones, save f o r  t h e i r  

being b a i l  t on c h a s e r  ' s  Sample. 

The  c o r r e l a t i o n  coefficients, m a n  s e g ~ e n t  Basses, s t a n d a r d  

e r r o r s  and P - r a t i o  s i g n i f i c a n c e  v a l u e s  for each segment 

p r e d i c t i o n  for t h e  CLYUEX model. a r e  d e p i c t e d  in Table 4 - 1 8 ,  (The 

v a r i a b l e s  a r e  t h o s e  in the e q u a t i o n s  in Table f8.19) 

Table si, 18 "Statistical D e t a i l s  of  CLYOLX B o d e l . "  
{Saarple=CZAUSISR, n=13) 





The c o r r e l a t i o n  coefficients, Bean segment  Basses ,  

standard errors and F - r a t i o  s i g n i f i c a n c e  v a l u e s  for each 

s e g a e n t  p r e d i c t i o n  for the CLVOLA mode l  

are d e p i c t e d  i n  Table 4.20, 

[The v a r i a b l e s  are t h o s e  i n  t h e  e q u a t i o n s  i n  T a b l e  U - 2 1 )  

Table 4-20  l q S t a t i s t i c a l  D e t a i l s  of CLVOLA Bodel,** 
{Saaple=CEAtlSEB, n=13) 





V. BODEL BPPXXCATIBB BWD V I U I D B T I O B  

This chapter is c o a c e s n e d  with the v a l i d a t i o n  of t h e  

p r e d i c t i n g  models  i n  a n  i n d e p e n d e n t  s a m p l e  a n d  t h e  t e s t i n g  of 

t h e  models i n  three An_ v&g_o safnples ,  

PERCEWTAGE DP BODY WEIGHT HODELS 

For many gears s i n c e  t h e  advent of Zteolpster 's  model { l 9 5 5 ) ,  

s e g m e n t  Basses h a v e  been p r e d i c t e d  f r o &  t o t a l  b ~ d y  weigh t  a s  a 

f i x e d  percentage for e a c h  segment ,  T h i s  presulnes a fixed 

r e l a t i o n s h i p  between t h e  mass of each segmen t  and total body 

Bass f o r  a l l  p e o p l e ,  It takes no more t h a n  v i s u a l  i n s p e c t i o n  and 

a  set of scales t o  e s t a b l i s h  t h a t  some p e o p l e  h a v e  

proportions lfy l a r g e r  l e g s  a n d  sorae have  p r o p o r t i a n a l l y  l a r g e r  

t r u n k s  f o r  t h e  same body weight.  Therefore, the accuracy of s u c h  

a model  is d o u b t f u l ,  Pet t h i s  h a s  been the s t a n d a r d  a p p r o a c h  f o r  

nearly t h i r t y  years. 

I n  1957, Barter g e n e r a t e d  pefcets Qge equations for 

s e g a e n  t a l  p r e d i c t i o n  based s o l e l y  on percentage of body w e i g h t .  

In 1963, Pu jikawa r e p o r t e d  s i m i l a r l y  b a s e d  equa t ions ,  Chandler 

et al- p r o v i d e d  further  p r e d i c t i v e  e q u a t i o n s  of t h i s  type i n  

1975, All three of  t h e s e  m d e l s  were a p p l i e d  a) t o  the MCAS 

s a m p l e  a n d  b) to the CL sample  to d e a o n s t r a t e  the r a n g e  of such 



p r e d i c t i o n s .  The resul ts  of a p p l y i n g  the f i r s t  and l a s t  of t h e s e  

a o d e f s  are d i s p l a y e d  i n  t a b l e  5.1, { T h e  results for 

Fu j i k a u a t s  f l 9 6 3 )  model were sirailar t o  those for 

B a r t e r * s ( 1 9 5 7 )  .) 

Table  5 - 1  ** I n d i  v i d u a f  segment p r e d i c t i o n  p e r c e n t a g e  
d i s c m p a n c i e s  by percen  t-bod y w e i g h t  

p r e d i c t i v e  a o d e l s .  ** 

On HiniCA.5 Sample ,  On C l a n s e r  et alSss 
Sagnpfe (1969) . 

Barter Chandler  B a r t e r  Chandler  
[ 1957) et a 1 ,  (1975) (1957)  et a l ,  (1975) 

mean s, d.  axean s.d. ~ e a n  s . d .  mean s a d ,  

Head 8 .7  
Trunk 6 . 4  
L. A r m  5.5 
R. A r m  3 - 3  
L.B/Brn 32.8  
R,F/Arm 4 1 . 6  
L-Hand 31.7  
$.Band 36 .6  
L.Thigh - 2 1 . 6  
3 - T h i g h  - 2 2 - 7  
Lo Ley 2 8 , 2  
Iff-Leg 3 0 - 6  
L*Poot  12-2  
B,Poot 1 2 . 8  

A concessioa s h o u l d  b e  laade i n  e v a l u a t i n g  the p r e d i c t i o n  i n  

the iYiiniCBS sample, s i n c e  t h e  s e y l a e n t a t i o n  t e c h n i q u e s  were 

different. For e x a a p l e ,  a n  error i n  predicting thigh s e g a t e n t s  

( u n d e r p r e d i c t i o n )  would b e  anticipated due to t h e  e x c l u s i o n  of  



s o ~ e  of t h e  b u t t o c k  front t h e  b i o m e c h a n i c a l  t h i g h  segment.  Even 

so, t h e  p r e d i c t i o n s  c a n  be seen t o  be c o n s i d e r a b l y  astray f r om 

t h e  o b s e r v e d  s e g m e n t a l  masses i n  the CL sazple, The s u u i ~ e d  t o t a l  

of p r e d i c t e d  s e g m e n t  masses n a t u r a l l y  is close t o  t h e  o b s e r v e d  

t o t a l  mass a s  t h i s  is predicated b y  t h e  models, but it  is 

obvious t h a t  in teriats of reasonable segment sass prediction 

t h e s e  aetodels ace n o t  r e l i a b l e ,  I n  f a c t ,  Hanavan l l 964 )  , when 
u s i n g  Barterss e q u a t i o n s  i n  h i s  own wodel, a c c e p t s  a built-in 

a d j u s t w n t  t o  each s e g a e n t ,  should Barter's e q u a t i o n s  not . 

p s e d i c t  the to ta l  body Bass when summed, 

The only v a l i d a t i u a  o f  t h i s  t y p e  o f  n o d e 1  is on  a c a d a v e r  

s a ~ p l e ,  ahen  this is done t h e r e  m y  be a clear i n d i c a t i o n ,  a s  i n  

T a b l e  5 - 1  of the sample s p e c i f i c i t y  o f  t h e s e  p a r t i c u l a r  

eq u a t i  ons, 

I t is not  p o s s i b l e  t o  a p p l y  this t y p e  of a o d e l  t o  an j n  

r i v o  s a a p l s  and  use a c c o u n t i n g  f o r  body w e i g h t  a s  a v a l i d a t i n g  ---- 
c r i t e r i o n  b e c a u s e  of t h e  s p u r i o u s  c o r r e l a t i o n  with body w e i g h t  

inherent in this approacb, So, testing of such models is n o t  

practicable, T h e  i n d i c a t i o n s  f o r  t h e i r  u s e  i n  & s a m p l e s  

are not f a v o u r a b l e ,  

SEGMENTAL ABTHBDPC)flETRIC BODELS 

T o  d e m o n s t r a t e  the p r e d i c t i o n  g i v e n  b y  t h e  models proposed 

by t h i s  s t u d y  [as opposed t o  f l p e r c e n t a g e  of bo8yweightw m o d e l s ) ,  

t h e  raodels  were a p p l i e d  t o  a n u ~ b e r  of  s a s l p l e s ,  These were: 



S a ~ p l e  COGRU - fa96 c h i 1  dren  [male and f e ~ a l e f  aged 5 to 19. 

Sample N A  - 1Y2 c o l l e g e  mles and fenales aged 79 t o  29, 

Sample 0 B  - 66 b o d y b u i f d e r s  (male) aged 19 to 39, 

S i n c e  t h e  study i n v e s t i g a t e d  t h e  prediction of two d i s t i n c t  

t y p e s  of segflrental masses, 1.e. anatoaical and b i u m e c h a n i c a f ,  

the ~ o d e l s  perta in ing  to  e a c h  type gill b e  c o a s i d e ~ e d  separately 

in t h e i r  a p p l i c a t i o n  a ~ d  v a l i d a t  i o n ,  



ANATOPlICAL PBEDXCT ION ---------- -I_--- 

A p p l i c a t i o n  of the r e g r e s s i o n  model d e v e l o p e d  by t h i s  study 

to its own saaple n a t u r a l l y  reveals it as t h e  best p r e d i c t o r  

maodel for that satrlple [see T a b l e  5.5) , b u t  even  w i t h i n  its own 

sa l ap l e  t h e  a c c u r a c y  of i n d i v i d u a l  segment  p r e d i c t i o n  f o r  a 

s i n g l e  i n d i v i d u a l  seetrts to  v a r y  as  c a n  b e  s e e n  from t h e  s t a n d a r d  

d e v i a t i o n s  of t h e  p e r c e n t a g e  d i f f e r e n c e ,  a s  shown i n  T a b l e  5.2. 

T h i s  d i f f i c u l t y  is i n h e r e n t  i n  small s a a p l e s  particularly when a 

l i t r t i i a t i o n  ( c h o i c e  and nuarber) h a s  been p l a c e d  on t h e  p r e d i c t o r  

Tolble 5-2 Xndiv idaaP segmen t  p r e d i c t i o n  p e r c e n t a g e  
d i s c r e p a n c i e s  of the a n a t o m i c a l  r e g r e s s i o n  

model on its own sarsple" 

T o t a l  

Head 
Trunk 
A r m  
f/Arlg 
Hand 
T h i g h  
Leg 
Foot  



Although the s e y i n e n t a t i o n  techniques of this study are not 

i d e n t i c a l  to t h o s e  of C lauser  et a l ,  {1969), corrrparison of the 

i n d i v i d u a l  segmental p r e d i c t i v e  ability of RCREGHC with that of 

CLREGCL r e v e a l e d  no significant dif Eerence o n  e x a m i n a t i o n  by  t h e  

K r u s k a l l - W a l l i s  Test, (Conover, 1971). This test h a n d l e s  o r d i n a l  

data of one variable p e r t a i n i n g  to k independent samples, and 

tests whether all k saaples are from the saae p o p u l a t i o n ,  The 

mean segiaent p r e d i c t i o n s  •’of the two models are shown i n  Table 

5-3 for ease of comparison. 

Table 5 .3  

Head 
T r u n k  
Aroa  
P/Ar la 
Band 
Thigh  
Leg 
P o s t  

v idual segment p r e d i c t i o n  p e r c e n t a g e  
pancies comparison b e  tween Begression 

Rodel i n  their own sagplew 

I n  s i m p l e  terms, the eiCREG lrnodel p r e n i c t s  a s  w e l l  i n  t h e  MC 

sample a s  t h e  CLBEG model predicts i n  t h e  CZ s a ~ p l e -  



The proportionalityjdeviation aodel was a p p l i e d  to the HCAS 

s a ~ p l e  to e x a ~ i n e  the i n d i v i d u a l  segment p r e d i c t  ion a h i l  ity. The 

r e s u l t s  of this a p p l i c a t i o a  are shorn i n  Table 5.4, 

Table  5,4 

Total 

Mead 
Tru~lk 
Br nt 
P j A r n t  
Hand 
Thigh 
Leg 
Foot 

"Individual segeen t p r e d i c t i o n  percentage  
d i s c r e p a n c i e s  of the anato~ical aeviation 

model on its own sanple" 

T h e  p r e d i c t  i o n s  fa1 1 w i t h i n  the *'accept ab l e*  range for 

a b s o l u t e  prediction, except f o r  t h e  hand and foot segments ,  B o t h  

these segments  s n f f e r  froa a lack of input data .  All the other 

segrtlents f a l l  well within t h e  **except ionalg@ 10% error c r i t e r i a  

of Hanavan(196Y). y e t  o n l y  t h e  l e g  segraent a c h i e v e s  the *#goodw 

c r i t e r i o n  of t h i s  study. 



T h e  two oolutae-based models were a p p l i e d  t o  t h e  HCAS s a n p l e  

to exataine i n d i v i d u a l  segroaent p r e d i c t i o n s ,  The r e s u l t s  are  given 

i n  Table  5-5- 

Table 5-5 

BODEL 

Total 

Mead 
Trunk 
Arm 
Y / A r  
Rand 
Thigh 
L e y  
Foot 

w I n d i ~ i d u a f  s e y ~ e n t  p r e d i c t i o ~  
p e r c e n t a g e  d i s c r e p a n c i e s  05 t h e  

a n a t o m i c a l  v o f  ume-based 
models on t h e i r  own s a a p l e "  

s, d, mean 

Near ly  all segaents are p r e d i c t e d  at the f tacceptablert  lesef 

by both s o d e l s .  T h e  Bean p r e d i c t i o n s  are better than by t h e  

d e v i a t i o n  naodel and sortle are b e t t e r  t h a n  b y  t h e  direct Bass 

r e g r e s s i o n  model .  T h e  v o l u n e - b a s e d  taodels sees able t o  handle 

p r e d i c t i o n  of t h e  e x t r e m i t i e s  nrore conrpsebens ive ly  than d o e s  the 

P/D model.  



Analys i s  of all. four of t h e  above atadels o n  t h e  EginiCAS s a ~ p l e  

by the Elepeated Measures T e s t  (Null and N i e ,  198 I )  showed no 

s i g n i f i c a n t  d i f f e r e n c e  between a a y of t h e  ~odels i n  p r e d i c t  i re  

ability, T h i s  was c o n f i r a e d  by the Friedatan T e s t  [Hull  and 

Wie,1981), T h i s  was as expec ted ,  s i n c e  the snoaels were all 

d e r i v e d  from this sample.  



MODEL V A L I D  AT1 OH ---- -------- 
T h e  above  a p p l i c a t i o n s ,  of both t h e  a n a t o n i c a l  and t h e  

biorttec h a n i c a l  s e g a e n t  p r e d i c t  i o n  a o d e l s ,  t o  t h e i r  own e s t i a a t i n g  

s a ~ p l e s  d o  n o t  p r o v i d e  direct v a l i d a t i o n  of t h e  ability of t h e  

models  t o  p r e d i c t  s e g m n t  masses i n  l a r g e r  o r  different 

p o p u l a t i o n s ,  A s  mentioned,  t h e  a b i f i t y  of a  a o d e l  t o  p r e d i c t  i n  

its e s t i m a t i n g  s a a p l e  is e x p e c t e d ,  The p r e d i c t i o n ,  b a s e d  on  t h e  

Pean v a l u e s  for t h e  s a a p l e  Bay n o t  be  p e r f e c t  for t h e  i n d i v i d u a l  

s u b j e c t s ,  b u t ,  i n  g e n e r a l  ( i f  there is any  r e l a t i o f i s h i p  b e t v e e n  

t w o  o r  n o r e  p a r a m e t e r s )  w i l l  b e  s a t i s f a c t o r y  f o r  nearly a l l  

s u b j e c t s  in t h e  e s t b a t i n g  sample .  

T h e  a b i f i t y  of a  model t o  a c c o , m t  fo r  t o t a l  bodyweight is, 

a s  d i s c u s s e d  i n  C h a p t e r  I, a n  i n d i c a t i o g  of  the a c c u r a c y  o f  t h e  

model i n  p r e d i c t i n g  segment  w e i g h t ,  but n o  Bore  t h a n  a n  

i n d i c a t i o n  - more u s e f u l  a s  a m a n s  of c o a p a r i n g  o n e  m d c l  wi th  

another, rather t h a n  c h e c k i n g  t h e  accuracy of the segeaent weigh t  

p r e b i c  t i o n ,  

f h e  o n l y  true v a l i d a t i o n  of t h e  segment p r e d i c t i v e  a b i f i t y  

of t h e  models is b y  a p p l i c a t i o n  t o  a n  independent cadaver 

s a a p l e ,  This p o s e s  a problertt i f  n o  d a t a  f rota such a sall tple is 

a v a i l a b l e ,  T h i s  s t u d y  u t i l i s e s  two independent c a d a v e r  s a r u p h s ,  

b u t  t B e  s e g a e n t a t i o n  t e c h o i q u e s  e ~ p l o y e d  were d i f f e r e n t  f o r  t h e  

two saaples ,  {as discussed i n  b o t h  C h a p t e r s  I a n d  XI) 

A p p l i c a t i o n  of t h e  ~ o d e l s  b u i l t  o a  o n e  s a a p l e ,  t o  t h e  o t h e r  

s a m p l e ,  c o u l d  p r o v i d e  a n  i n d i c a t i o n  of segaent  prediction 



adequacy,  i f  kechniyue  d i f f e r e n c e s  %ere taken i n t o  account when 

e x a ~ i n i n g  t h e  r e s u l t a n t  p r e d i c t  ions, 

APPLICATION 68 MODELS TO OPPOSZ8G CADAVER SA?!PLES 

Based on t h e  s e g ~ e a t a t i o n  t e c h n i q u e  d i f f e r e n c e s ,  i .e. t h e  

planes of t h e  c u t s  d e l i s i t i n g  t h e  segments, t h e  BC models would 

b e  e x p e c t e d  to  d e a o n s t r a t e  t h e  following prediction trends in 

CL sample, 

Head - s i ~ i l a r .  

Trunk - n n d e r p r e d i c t i o a ,  

8r m - s l i g h t  o o e r p r e d i c t i o a .  

Forearm - mnderpredict ion* 

Hand - s l i g h t  o v e r p r e d i c t i o n .  

Thigh - substantial o v e r p r e d i c t i o n ,  

Leg - underpred ic t ion .  

Foot - slight overpredict  i on ,  

To gain fur ther  i n s i g h t  into t h e s e  d i f f e r e n c e s ,  the  Bean segtnent 

w e i g h t s  of t h e  two samples  were e x p r e s s e d  a s  p e r c e n t a g e s  of 

total bodyweight a n d  compared, 

T h e  c a l c u L a t e d  v a l u e s  a% t h e s e  d e r i v e d  paraweters are g i v e n  

i n  Appendix 8. Table 5 - 6  shows t h e  mean percentages ,  



T a b l e  5 . 6  3gCoaparison of segment w e i g h t s  
expressed a s  p e r c e n t a g e s  of 
total bodyweight  i n  t h e  kwo 

c a d a v e r  s a m p l e s ,  

kfAT3BDI. PERBEAD PEBTRUNK P E R A R B  PEBFABH 

PEBHIMD PERTHIGH PERLEG PEBPOOT 

The haad is t h e  only segaent  where t h e  c o m p a r i s o n  of t h e  

p e r c e n t a g e s  d i d  n o t  conf  irat t h e  t e c h n i q u e  e x p e c t a t i o n .  T h i s  

e i t h e r  i n d i c a t e s  t h a t  t h e  C L  s a a p l e  gas b i g g e r  handed t h a n  would 

b e  expected o r  t h a t  t h e  RCBS s a a p l e  was s a a l l e r  handed. 

Apart  from t h i s ,  i f  -these mean p e r c e n t a g e s  are a c c e p t e d  a s  

a reasonable estimate of t h e  t e c h n i q u e  d i f f e r e n c e s ,  flC modeis 

would be expected t o  d e a o n s t r a t e  d i f f  e r e n c e s  i n  p r e d i c t i n g  

s e g m e n t  w e i g h t  i n  t h e  C 1  sazaple of a p p r o x i a a t e l y  t h e  f o l l o w i n g  

rsagnit ode, 

Head - p l u s  2% [i ,e o v e r p r e d i c t  CL h e a d  segment  fry 2%) 

Trunk - minns 8% 

A r m  - plus 4 
Forearia - a i m s  20% 

Nand - p l u s  swalf5 

T h i g h  - p l u s  25% 

Leg - minus 16% 

Foot - p l u s  4% 



The reverse of these p r e d i c t i o n s  would be e x p e c t e d  when t h e  CL 

models are applied to the HCAS s a ~ p l e ,  

Each of the anatomical prediction models [HCRBG, HCPD, 

HCVOLX, BCVOLA) was a p p l i e d  to t h e  CL s a m p l e  and each of the 

biomechanicaj l  prediction aodels (CLXZG, CLPD, CL'bOLX, CLVDLA) 

was applied to the HCAS sa~ple. 

The results  of a p p l y i n g  HC models to the CL sample are  

given in Table 5.7. 



Table 5-7 

T o t a l  

Head 
Trunk 
Arm 
f/8r ra 
nand 
T h i g h  

eg 
Foot 

T o t a  1 

Head 
Trunk 
Ara 
F j A r  ar 
Hand 
T h i g h  
Lf39 
Foot 

I n d i v i d u a l  s e g m e n t  y r e d i c  t i o n  p e r c e n t a g e  
discrepancies o f  t h e  a n a t o a i c a l  m o d e l s  

p r e d i c t i n g  i n  t h e  CLAUSE8 s a @ p l e W  

3C RE GCL IYICPDCI, 
mean s. d, rnteaa s a d ,  

a ean 

-3  - 8  

- 7 - 2  
- 1 2 - 6  

5 - 1  
-a ,u  - 
9,2 

29.9 
-20-4 

1-6 

E x a m i n a t i o n  of T a b l e  

p r e d i c t e d  d i f f e r e n c e s ,  If 

are  adjusted t o  take i n t o  

5 - 7  s u p p o r t s  t h e  direction of the 

t h e  mean s e y n e n t  v e i g h t  p r e d i c t i o n s  

account t h e  systematic d i f f e r e n c e s  due 

t o  t e c h i q u e ,  T a b l e  5 . 7  c a n  be r e s r i t t e n  as  Table  5,8, (The hand 

s e g m e n t  was n o t  a d j u s t e d )  , 



T a b l e  5.8 

T o t a l  

Head 
Trunk 
Arm 
P/Ar m 
Wand 
T h i g h  
Leg 
Foot  

MODEL 

T o t a l  

Head 
Trunk 
Arm 
P/Ar EI 
Hand 
Thigh 
Leg 
F o o t  

f l I n d i v i d u a L  ADJUSTED p f e d i c t i o n  percentage 
d i s c r e p a n c i e s  of t h e  ana  t o n i c a l  ~ o d e l s  

p r e d i c t i n g  i n  the CLAUSEB samplew 

BCREGCL ESC PD CL 
nean  s-d. mean s - d ,  

E x a s i n a t i o n  of Table  5 - 8  r e v e a l s  t h a t  few o f  the 

p r e d i c t i o n s ,  of t h e  HC s o d e f s  i n  t h e  CL s a ~ p l e ,  coiw w i t h i n  t h e  

wacceptablew criterion, So s e g i n e n t s  were p r e d i c t e d  w i t h i n  t h i s  

range of i n  d i t r i d u a l  segaten t p r e d i c t i o n  by HCREGCt. 3CPDCL 

a c h i e v e d  t h i s  r a n g e  for t h e  head,  trunk and l e g  s e g ~ e n t s  on ly .  

HCVOLXCL predicted o n l y  trunk,  a m  a n d  l e g  segntrsn-ts 

% c c e p  tab1 y*. WCVOLBCL p r e d i c t e d  only trunk and ara s e g m e n t s  

within t h i s  range, 



T h e  p r e d i c t i o n  of t h e  f o & e a r @  h a d  t h e  largest m a n  

d i s c r e p a e c y  for a l l  four a o d e l s ,  T h i s  would seeta t o  i n d i c a t e  

e i t h e r  a  d i s c r e p a n c y  i n  o n e  or more of the p r e d i c t i n g  v a r i a b l e  

d e f i n i t i o n s  from w i t h i n  t h e  CL sample ,  r e s u l t i n g  i n  

n o n - e q u i v a l e n c e  of the s a r i a b l e ( s )  used i n  t h e  p r e d i c t i o n ,  o r  a n  

i n a p p r o p r i a t e  ad  j u s t m n t  f a c t o r ,  

Al though t h e  models  c a n n o t  b e  s a i d  to b e  v a l i d a t e d  

a c c o r d i n g  t o  t h e  criteria e s t a b l i s h e d  i n  C h a p t e r  I, t h e  

p r e d i c t i o n s  sere a l l  i n  t h e  directions a n t i c i p a t e d  by  t h e  . 

t e c h n i  gue d i f f e r e n c e s ,  I t  s h o u l d  be r e c o g n i s e d  t h a t  the 

a d  jus  t a e n t  f a c t o r  Mas based  on  t h e  Bean p e r c e n t a g e s  of t h e  two 

samples ,  i n c r e a s i n g  t h e  c h a n c e  of a p r e d i c t i v e  e r r o r  i n  t h e  

i n d i v i d u a l .  T h i s  i n c r e a s e d  error may well h a v e  been  s u f f i c i e n t  

t o  p u s h  most of the p r e d i c t i o n s  o u t s i d e  the c r i t e r i o n  r ange .  

To  examine n h e t h e r  t h i s  l a r g e  v a r i a t i o n  i n  p r e d i c t i o n  was 

unique t o  t h e  FICA5 saeaple, or whe the r  t h e  crass- t e c h n i q u e  

c o m p a r i s o n  was i n c r e a s i n g  t h e  p r e d i c t i v e  error, t h e  r e v e r s e  

p r o c e d u r e ,  of a p p l y i n g  t h e  CL a o d e l s  t o  t h e  HCAS sample  was 

p e r f o r  eaed, 

T h e  resalts,  with a d  jus t laeat  f o r  techni.q[tre d i f f e r e n c e s  

i n c l u d e d ,  a r e  shorsro i n  T a b l e  5.9 



T a b l e  5.9 t t I n d i v i d u a l  A D J U S T E D  p r e d i c t i o n  percentage 
d i s c r e p a n c i e s  of the bionechan i c a l  gtodels 

p r e d i c t i n g  i n  the 3 C B S  saiaple" 

Total 0.6 2.1 -3-5 2.7 

Total  -0.7 1.5 6 1.9 

Head 
Trunk 
Brrat 
P/Ar aa 
nand 
Thigh 
Leg 
F o o t  

Examinat ion  o d  t h e s e  r e s u l t s  i n d i c a t e d  t h a t  t h e  CL a o d e l s  

p r e d i c t e d  poorly in t h e  SCA5 s a a p l e  when c o a p a r e a  to  flC m o d e l s  

p r e d i c t i n g  i n  t h e  CL s i m p l e .  The o n l y  seg iaent  t o  be i f a c c e p t a b l y H  

p r e d i c t e d  was  the t r u n k  segment  and t h a t  was o n l y  b y  one a s d e l ,  

i. e, CLBDBC. N e v e r t h e l e s s ,  t h e  d i r e c t i o n  of technique 

d i f f e r e n c e s  was c o a f i r ~ e d  a n d  t h e  magnitude of t h e  a d j u s t m e n t  

seeaed t o  be reasonable, a t  l e a s t  ia t h e  aajor seg~ents of head,  

t r u n k  and t h i g h s ,  

The Bean forearlrt p r e d i c t i o n s  o n c e  a g a i n  stood out as being 

widely d i s c r e p a n t  from zero for a l l  f o u r  taodels. T h i s  appea r s  to 



c o n f i r a  t h e  suspected v a r i a b l e  differential, and/or that t h e  

ad j u s  t a e n t  f ac tor  u s e d  for  t h i s  v a r i a b l e  was n o t  t h e  a p p r o p r i a t e  

o n e -  

BPPLICATXOl Of BC HODELS TO C B S  DATA [1979/80) 

A l t h o u g h  t h e  Cadaver B n a l y s i s  Study (CAS) of C L a r y s  et 

a l ,  (1984) d i d  n o t  s e g a e n t  the l i n t b s  a t  t h e  e l b o w ,  wrist, knee  on: 

a n k l e  j o i n t s ,  s e g m e n t a t i o n  was c a r r i e d  o u t  a t  t h e  s h o u l d e r  a n d  

h i p  j o i n t s  by t h e  s a n e  t e c h n i q u e  a s  u s e d  i a  t h e  HCAS s a m p l e .  

[ D u p l i c a t i n g  t h e  CAS t e c h n i q u e  was one o f  the d e c i d i n g  f a c t o r s  

i n  t h e  MCAS t e c h n i q u e  s e f e c t i o n  a t  b o t h  t h e  h i p  and t h e  

s h o u l d e r ,  a s  d i s c u s s e d  i n  C h a p t e r  I,) The CAS d a t a ,  t h e r e f o r e ,  

i n c l u d e d  w e i g h t s  for t h e  - w h o l e  u p p e r  a n d  lower l i m b s .  

It was t h u s  possible t o  apply a f u r t h e r  validation test  of 

t h e  PIC m o d e l s  by a p p l y i n g  t h e n  t o  the CAS saaple, p r e d i c t i n g  

segment w e i g h t s ,  and t h e n  s u l a ~ i n g  t h e  l i a b  s e g m e n t  p r e d i c t i o n s  

t o  estimate t h e  whole  litttb weight. 'Phis  estimate c o u l d  t h e n  be  

c o m p a r e d  t o  the observed u h o l e  liab weight, 

f he neck was n o t  s e g m e n t e d  i n  t h e  sase plane  i n  both  

studies, T h e  CAS saiaple had t h e  neck a s s o c i a t e d  w i t h  t h e  h e a d  

s e g m e n t ,  whereas t h e  PlCAS saratple had  t h e  neck a s s o c i a t e d  w i t h  

t h e  t f  unk s e g s e n t ,  T h e r e f o r e  t h e  p r e d i c t i o n s  of t h e s e  two 

s e g m e n t s  were c o m b i n e d  t o  estiepate h e a d  A N D  trunk a s  a s i n g l e  

u n i t ,  T h i s  was t h e n  coxapared rto t h e  observed w e i g h t  of t h e  

combined u n i t .  



The means, s t a n d a r d  d e v i a t i o n s ,  maxima and miniraa of t h e  

percentage  d i s c r e p a n c i e s  of t h e  HCBEG segment p r e d i c t i o n s  i n  2 3  

CBS s u b j e c t s ,  for the head and t r u n k ,  upper l i n l b ,  and Zouer ligtb 

s e g B e n t s  are shown i n  T a b l e  5 .10.  The i n d i v i d u a l  p r e d i c t i o n s  for 

the sase p a r a a e t e r s  are shown i n  Appendix 9, 

T a b l e  5.10 A p p l i c a t i o n  of BCREG and BARTEXseg  
to GAS Data. 

BCREG 3ABTEBreg 
PDHDTB PDUL P DLL PDUL 
in=2 1) (n=23)  (n=23) fn=23) 

Bhere: PDBTB is t h e  percent d i s c r e p a n c y  
o f  t h e  c o ~ b i n e d  head  and t r u n k .  
PDUL is t h e  p e r c e n t  d i s c r e p a n c y  
of t h e  u p p e r  lilttb, 
PDLL i s  the percent discrepancy 
of t h e  lover liab, 

T h e s e  r e s u l t s  fell w i t h i n  t h e  " a c c e p t a b l e H  range (of 95% of 

the sample predicted within 15% of the  observed  s e g s e n t  w e i g h t s f  

i n  t h e  head and trunk segment, However t h i s  m a c c e p t a b l e m  

prediction target u a s  o n l y  narrowly ~ i s s e d  o v e r a l l ,  I n  t h e  head 

and trunk segltient, 20 (of 21)  s u b j e c t s  195%) were p r e d i c t e d  

w i t h i n  15% and 35 (71%) were p r e d i c t e d  w i t h i n  10X, t h e  "goodn 

l e v e l ,  

3i1a the u p p e r  l imb, 21 (91%) were p r e d i c t e d  a t  the 

s*accepta131eH level. and 18 178%) a t  the "goodH l e v e l .  



for the lower l i a b  region, the p r e d i c t i o n s  were * r a c c e p t a b l e  

i n  20 o u t  o f  2 3  (87%) and "goodm i n  I 6  f 7 O X ) ,  

The o v e r a l l  p r e d i c t i o n  for t h e  three segments r e v e a l e d  6 1  

out of  67 s e g n e n t s  p r e d i c t e d  w i t h i n  15% of t h e  o b s e r v e d  v a l u e s .  

T h i s  represents 91% of t h e  sarttple- T h i s  is a n  a c c e p t a b l e  

v a l i d a t i o n  of t h e  HCREC tttodel i n  an i n d e p e n d e n t  saraple,  

Barter*s['1957) model  was o n l y  able to p r e d i c t  6 8 %  of t h e  

segntents w i t h i n  15% i n  C lauser  et a l e q s  (1969)  sample ,  

T h e  o t h e r  three &C mdels were also a p p l i e d  to the CA9 

s a m p l e .  The  i n d i v i d u a l  segment p r e d i c t i o n s  a r e  given i n  Appendix 

10,  The s u m m r y  resul t s  a r e  g i v e n  i n  T a b l e  5 - 1 1 ,  

PDHDTR PDUL PDLL 
flC PIKAS 

iii ea n -5-5 - 3 - 1  -15.0 
S ,  D. 5 - 8  6.4 6-6 
Hin. - 1 3 - 9  -14.6 - 2 5 - 8  
flax. 4-5 12.3 -1 -8 

T h e  p r e d i c t i o n s  i n  a11 t h r e e  mode l s  were on a par w i t h  t h e  

p r e d i c t i o n s  By PIC'BEGCWS, e x c e p t  i n  t h e  lower l i ~ b  seglrtenks, The 



HGVQLX model p z e d i c t e d  300% of t h e  head and t r u n k ,  and upper 

l i ~ b  s e g m e n t s  s i t b i n  IS%, and, o v e r a l l ,  predicted 8UX of t h e  

s e g i a e n t s  withia 15X, 

The MCVOLR model a l so  p r e d i c t e d  8 4 %  of all s e g m e n t s  w i t h i a  

151# w i t h  p r e d i c t i o n s  in the head and trunk, and uppe r  litttb 

s e g ~ e n t s ,  a t  t h i s  l e v e l ,  of 9YX a n d  96% r e s p e c t i v e l y ,  

The MCPD @ode1 did not f a i r  q u i t e  a s  well, predicting o n l y  

70% of all s e g a e a t s  within 15%, b u t  predicted 190% of t h e  head  

and t r u n k  s e g a e n t s  a t  the = a c c e p t a b l e 1 *  l e v e l  and  71% of t h e  

u p p e r  U a b  a t  t h a t  level, Thee appears  t o  be  a systematic 

u n d e r p r e d i c t i o n  i n  t h e  lowex l i ~ b  b y  t h e s e  three s o d e l s .  T h i s  

u n d e r p r e d i c t i o n  c o u l d  b e  e x p l a i n e d  b y  a t e c h n i q u e  difference i n  

the w a s u r e s  t a k e n  i n  t h e  CAS s a ~ p l e  for t h e  t h i g h  and  leg 

l e n g t h s ,  NO c o s r e c t i o n  was made for  t h i s  in c a l c u l a t i n g  t h e  

a b o v e  p r e d i c t i o n s ,  b u t  t h e r e  is no doubt t h a t  t h i s  affected t h e  

overall percentage of t3accep tab l e ' t  p r e d i c t i o n  considerably. 

The regression equations f rom Barter (1957)  laere also 

a p p l i e d  t o  t h e  CAS s a m p l e  t o  verify t h a t  t h e  NC a d e l  

p r e d i c t i o a s  were a t  least as  good a s  a c u r r e n t l y - a c c e p t e d  model, 

Since t h e s e  was a t e c h n i q u e - d e p e n d e n t  d i s c r e p a n c y  in t r u n k  and 

t h i g h s  d u e  t o  t h e  s e g m e n t a t i o n  a t  the h i p ,  (Delppster,  1955 cf, 

C l a r y s  et al,, l98Y j o n l y  the p r e d i c t i o n  of t h e  u p p e r  l i m b  was 

c o n s i d e r e d .  The difference i n  t e c h n i q n e  at the s h o u l d e r  was 



The i n d i v i d u a l  p r e d i c t i o n s  f o r  t h i s  p a r a m e t e r  are g i v e n  i n  

column f o u r  of t h e  t ab l e  i n  Append ix  9, T h e  mans, s t a n d a r d  

8e~iations, naaxina and etinima are shown in t h e  4th column of 

T a b l e  5.10, 

Barteras e q u a t i o n s  d o  n o t  achieve t h e  " a c c e p t a b l e M  l e v e l  of 

p r e d i c t i o n ,  p r e d i c t i n g  s l i g h t l y  less well t h a n  t h e  HCREG model .  

17 o u t  of t h e  23 s u b j e c t s  were p r e d i c t e d  a t  the n a c c e p t a b l e " i  

l e v e l  (74%) , a n d  I 1  (48%) v e r e  p r e d i c t e d  a t  t h e  tlgoodts l e v e l .  

3 t- test (Fer  guson, 16376) was a p p l i e d  t o  t h e  p r e d i c t i o n  of 

the upper l i m b  By  b o t h  K R E G  and B a r t e r "  model, t o  test t h e  

s i g n i f i c a n c e  of t h e  d i f f e r e n c e  between two mans for c o r r e l a t e d  

sarrtples. T h e  r e s u l t  showed t h e  HCRZG prediction l o  be 

s i g n i f i c a n t l y  b e t t e r  a t  the 0-1s l e v e l ,  e a s i l y  a c h i e v i n g  t h e  

%~oodlq cri teria d e f i n e d  i n  C h a p t e r  1, 

T h e  test was r e p e a t e d  f o x  e a c h  o f  t h e  other t h r e e  RC models 

(cornpasing t h e n  t o  t h e  Dartes model), Both B"ICVOLX and HCVOLA 

v e r e  s i g n i f i c a n t l y  b e t t e r  a t  t h e  8.1% l e v e l  also, The FICPD g o d e l  

d e n o n s t r a t e d  n o  s i g n i f i c a n t  d i f f e r e n c e ,  

T h i s  c o a p a r i s o n  r e i n f o r c e s  the  c o n c l n s i o n  to  a c c e p t  t h e  

HCAS c a d a v e r  saaple  a s  a b a s i s  for p r e d i c t i v e  mode l s  of s e g m n t  

w e i g h t s ,  a n d  c o n f i r m s  t h e  a c c e p t a n c e  of t h e  g e n e r a t e d  ~ o d e l s ,  On 

the i n d e p e n d a n t  s a m p l e  (CAS) , t h r e e  of t h e  models showed t h a t  

t h e y  p r e d i c t e d  s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  

pe rcen tage -o f -bodywe igh t  n o d e l  a n d  t h e  fourth p r e d i c t e d  a s  well, 

The raodefs a c h i e v e d  these l e v e l s  of prediction t h r o u g h  s e g l a e n t a l  



a n t h r o p o m e t r y  a l o n e ,  whilst a t  the same time a c c o u n t i n g  f o r  

t o t a l  body v e i y  h t  w i t  b o u t  reference t o  t h a t  p a r a m e t e r -  

T h e  a n a t o m i c a l  racrdels were a p p l i e d  t o  thsee in p&? sa~inples 

measured b y  t h e  Sison Praser K i n a n t h r o p o m e t r i c  R e s e a r c h  U n i t .  

T h e s e  vese: 

1, Salrtple COGBO - 896 c h i l d r e n ( 8 a a f e  and  female) aged 5 t o  '39. 

2.  s a a p l e  HA - 142 c o l l e g e  iaa les  and  f e m a l e s  a g e d  19 t o  29. 

3- Salaple BB - 66 bodybui fders ( r t i a le )  aged 19 t o  39,  

S i n c e  i t  was n o t  p o s s i b l e  t o  test t h e  a c c u r a c y  of the 

i n d i v i d u a l  segnlest p r e d i c t i o n s  d u e  t o  t h e  i g  v i v o  n a t u r e  o f  t h e  

s a a p l e ,  t h e  adeqnacy of t h e  p r e d i c t i o n  was b a s e d  on t h e  sum o f  

t h e  p r e d i c t e d  s e g m e n t s  e q u a l l i n g  t h e  observed body u e i g  h t s ,  T h i s  

is a r e a s o n a b l e  t a c t i c  f o r  t h e  p n r p o s e s  of c o ~ p a r i n g  ~ o d e l s  

s i n c e  bodyweight was n o t  a p r e d i c t i n g  p a r a a e t e r  i n  a n y  of thea ,  

Tbe means and s t a n d a r d  d e v i a t i o n s  of the percentage 

differences of p r e d i c t e d  versus o b s e r v e d  body weights for t h e  

four ~ o d e l s  on  e a c h  of t h e  f o u r  s a m p l e s  are d i s p l a y e d  i n  T a b l e  

5-12 ,  {The c a d a v e r  s a m p l e  p r e d i c t i o n s  have been  i n c l u d e d  h e r e  a s  

sel l  f o r  ease of c o ~ p a r i s o n , )  



Table 5.12 

Model 
Sa w p l e  

"Beans and s tandard  d e v i a t i o n s  of the 
p e r c e n t a g e  d i s c r e p a n c y  be tween  
predicted and o b s e r v e d  b o d y w e i g h t  
f o r  t h e  f o u r  a n a t o a i s a l  aodePs  
m o d e l s  on each of four samplesDw 

FIC REG BCP D 
mean s-d, litea~ s. d, 

To clarify the q u e s t i o n  of which ~ o d e l  gave t h e  b e s t  

prediction, a l l  ~odefs were s u b j e c t e d  to the Repeated  Measures 

T e s t  for I-way A n a l y s i s  of V a r i a n c e  of t h e  difference of the 

means for the percentage p r e d i c t e d  d i f f e r e n c e ,  for each sample. 

The results of this a a a l y s i s  are shown i n  Table 5 -  13. 



T a b l e  5.13 m 8 e s u l t s  of Repeated Measures a n a l y s i s  
of f o u r  a n a t o m i c a l  a o d e l s  
a p p l i e d  t o  f o u r  s a a p l e s . "  

B e s t  El ode1 

None s i y n i f  i c a n t  a t  5% 

T a b l e  5 - 1 3  s h o u s  t h a t  t h e  best c h o i c e  f o r  p r e d i c t i n g  

a n a t o a i c a l  segntent mass i n  ad ul ts i s  t h e  volume-based model 

u s i n g  a s i n g l e  coapound p r e d i c t i n g  v a r i a b l e ,  i ,e,  t h e  s q u a r e d  

girth m u l t i p l i e d  by the l e n g t h  of t h e  s e g a e n t  be ing  p r e d i c t e d ,  

One f e a t u r e  of t h i s  &ode1  is t h a t  it has  t h e  correct 

d i m e n s i o n a l i t y  r e s u l t i n g  f font i ts corapound v a r i a b l e .  

X r i  children, t h e  voluxne-based model w i t h  t h e  g i r t h  s q u a r e d  

a n d  the l e n g t h  a s  d i s t i n c t  v a r i a b l e s  g i v e s  a g r e a t e r  o p p o r t u n i t y  

t o  e x p l a i n  t h e  v a r i a n c e  a c r o s s  t h e  a g e  r ange ,  T h e  

p r o p o r t i o n a l i t  y / d e v i a t i o n  rnodel prooed t o  be t h e  s econd  best 

p r e d i c t o r  i n  b o t h  t h e  COGBO and BB samples .  

T h e  p r e d i c t i o n s  o f  BCVQLA and MCPD, ia COGRO were exaained 

by a g e  group ,  This compar i son  is g i v e n  i n  Appendix  7 1 ,  The 

BCVOLB m d e l ,  w h i l s t  s i g n i f i c a n t l y  b e t t e r  over the whole  s a a p l e ,  

d i d  n o t  p r e d i c t  the younger  a g e  g r o u p s  a s  u e l l  a s  it d i d  t h e  

o lder  ones. T h e  W P D  aaodel, however,  p r e d i c t e d  uraiforlnl y w e l l  



irrespective 0 2  the age group, P o s  t h i s  reason, t h e  8CPD &ode1 

may well be preferred for predicting i n  child s a ~ p l e s -  

BLUElECHANICAE Bf GRESSPON BODEL 

C l a u s e r  et al .  's (1969) r e g r e s s i o n  was a p p l i e d  to t h e i r  o m  

sa~ttple t o  verify t h e  individual s e g ~ e n t  p r e d i c t i o n ,  T u i s  

a p p l i c a t i o n  was included here to obviate the need t o  refer t o  

C l a u s e r  et a f ,  's 119643) p u b l i c a t i o n  s o l e l y  f o r  this purpose ,  The  

predictions are as  shown i n  T a b l e  5,1Y, 

T a b l e  5.1Y # f  ndi  v i d u a l  s e g a e n t  prediction percentage 
d i s c r e p a n c i e s  of t R e  b ioaechanica  l r e g r e s s i  on 

nodel on its o m  saaple" 

Bead 
Trunk 
Ara 
P/Arm 
Hand 
T h i g h  
Le g 
Foot 



It s h o u l d  be  reisembered t h a t  t h i s  nodel was deve loped  b y  

C l a u s e r  l e t  al. i1959)  and is n o t  a p r o d u c t  of  t h i s  s t u d y -  Its 

c o n s i d e r a t i o a  here p r o v i d e s  a v a l u a b l e  b a s i s  for compar i son  for 

the o t h e r  t h r e e  b i o a e c h a n i c a l  s egmen t  p r e d i c t i n g  models which 

were developed, a n d  a useful c o a p a r a t i v e  device f o r  e v a l u a t i n g  

the anatoaical segmat pred ic t ing  nmdels as  w e l l .  

Based on t h e  c r i t e r i a  of t h i s  s t u d y ,  t h e  p r e d i c t  i o n s  o n l y  

a c h i e v e  the Msatisfactoxy8* fevel { p r e d i c t i o n  of i n d i v i d u a l  

segrtlents w i t h i n  15% f o r  95% o f  t h e  saiaple) i n  h a l f  the segments -  

These results g i v e  a  clear i n d i c a t i o n  of t h e  g e n e r a l  f e v e l  of 

p r e d i c t a b i l i t y  { w i t h i n  s e g ~ e n t s )  of a -currently a c c e p t e d H  

sodef .  T h e  conparism of t h e  a b i l i t y  of t h e  CLREG n o d e l  to 

p r e d i c t  in sasple CL c o ~ p a r e d  t o  t h e  a b i l i t y  of t h e  K R E G  model 

to p r e d i c t  i n  sa i ap l e  BC showed no s i g n i f i c a n t  d i f f e r e n c e  between 

the two s ~ o d e f s  ( a t  the 0 . 0 5  level, as  exartlined b y  the 

K r u s k a l - w a l l i s  T e s t  [ C o ~ o v e r ,  1971) 20s t h e  compar i son  of  means 

of independent s a a p l e s , )  a s  discussed earlier in t h i s  c h a p t e r -  



The b i o a t e c h a n i c a l  p r o p o r t i o n a l i t y / i l e  v i a t i o n  model was 

a p p l i e d  t o  the C f a u s e r  saaple t o  e x a n i n e  t b e  i n d i v i d u a l  segment 

predictioa a b i l i t y .  T h e  results of this a p p l i c a t i o n  are shown i n  

T a b l e  5.15. 

T a b l e  5-15  

Read 
Trunk 
A r m  
F / A m  
Nand 
T h i g h  

Foot 

n Z n d i v i d u a l  segaten t p r e d i c t i o n  p e r c e n t a g e  
d i s c r e p a n c i e s  of t h e  b i o a e c h a n i c a l  d e v i a t i o n  

model on its own sample9* 

P r e d i c t i o n s  were " a c c e p t a b l e n  o n l y  i n  t h e  head,  trunk and 

l e g  segments, The  hand and feet predictions are sore disparate  

than the other segaents,  a g a i n  most probably as a f u n c t i o n  of 

t h e  l i a i t e d  data  v a r i a b l e s  a v a i l a b l e  for t h e  predictions i n  

these e x t r e m i t i e s .  



The two biolt lechaaical  volume-based rttodels were a l s o  a p p l i e d  

to t h e i r  e s t i n a t i a g  sample  t o  exantine i n d i ~ i d u a l  segment 

p r e d i c t i o n s ,  The r e s u Z t s  are shown i n  Tahfe  5-16,  

Table  5.7 6 m I n d i v i d u a f  segrilent p r e d i c t i o n  p e r c e n t a g e  
d i s c r e p a n c i e s  of t h e  b i o ~ e c h a n i c a l  

v o l u m - b a s e d  tstodels a n  their own sample" 

Head 
Trunk 
Ar ta 
F/Arm 
Hand 
T h i g h  
L e  5r 
Foot  

I n d i v i d u a l  sey taent  p r e d i c t i o n s  were '*acceptab len  i n  a l l  but  

t h e  hand and t h i g h  s e y a e n t s ,  Bead, trunk and l e g  predictions 

were wgoodw, The aean segment predictions i n  both ~ o d e l s  a r e  

sery pleasing, p a r t i c u l a r l y  i n  the l i g h t  of t h e  uniform 

sraallness of t h e  s t a n d a r d  d e v i a t i o n ,  

Analysis sf the p r e d i c t i o n s  of a l l  four b i o a e c h a n i c a l  

p r e d i c t  i o n  mode l s  on t h e i r  est if i latiag cadaver  sample,  b y  t h e  



R e p e a t e d  Eeasures T e s t ,  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e  

between any of the ~t lode l s  i n  p r e d i c t i v e  ability for t h i s  saraple, 

Again, t h i s  was to  be e x p e c t e d  since all four mode l s  were 

e s t i m t e d  oa t h i s  s a s p l e ,  

A 1 1  four b i o i n e c h a n i c a l  m o d e l s  were t h e n  a p p l i e d  t o  the same 

three viva salaples as  vere t h e  a n a t o l l t i c a l  rttodels, The  same 

criteria vere used  i n  t h i s  application a l s o .  

The mean and s tandard d e v i a t i o ~  of t h e  d i f f e r e n c e s  of 

predicted versus observed body w i g h t s  for t h e  @odds on e a c h  of 

t h e  four satt lp les  are d i s p l a y e d  in Table 5,17, [The cadaver 

s a m p l e  p r e d i c t i o n s  have a lso  been included. ) 



Model 
Salaple 

9$Heans and s t a n d a r d  d e v i a t i o n s  o f  t h e  
p e r c e n t a g e  d i f f e r e n c e s  of 
p r e d i c t e d  versus observed bod ywe igh  t 
of  the b i o ~ e c h a n i c a l  p r e d i c t i n g  
models on each of four s a a p l e s , "  

CLVOLX CLVOLA 
w a n  sad, a e a n  s o d .  

T h e  four rtlodels and s a s p i e s  were subjected t o  t h e  R e p e a t e d  

H e a s u r e s  T e s t  for I-way Analysis of V a r i a n c e  of the difference 

o f  t h e  B e a n s  for  t h e  percentage predicted difference, The 

results of t h i s  a n a l y s i s  are shown i n  Table 5,18- 



T a b l e  5.18 BResuTts of R e p e a t e d  Y e a s u r e s  
analysis of four b i o m e c h a n i c a l  raodels 

a p p l i e d  to f o u r  sarerples, $9 

Sample Best Model 

CLAUSEB Hone significant a t  5% 

COGBO CLPD f s i g .  < 0.1%) 

BEWADULT CLPD ( s i g ,  < D , I W )  

BODY BUILDER CLYOLA ( s i g ,  < Owl%) 

T h e  r e s u l t s  o f  t h h  analysis shows the P/D model a s  t h e  

b e s t  predictor in b o t h  C 8  and NA samples, As was seen i n  t h e  

application of the anatomical aodels to the &n, qLxg samples,  

there was n o  & o d e 1  which p r e d i c t e d  best in a l l  s a n p l e s ,  though 

the P/D model was preferred [in that it was a s  good as ,  or 

better than, t h e  o t h e r  aodels i n  three of t h e  four s a n p l e s )  , The 

biootechanical p r e d i c t i o n s  a l s o  reflect sample s p e c i f i c i t y .  



The final c h a p t e r  d i s c u s s e s  t h e  results of t h e  s t u d y  and 

c o n s i d e r s  t h e  a c c e p t a n c e  and  a p p l i c a t i o n  of t h e  g e n e r a t e d  

models , 

T h e  i n v e s t i g a t i o n  of s e g l a e a t a l  Bass p r o p e r t i e s  o f  the h u ~ a n  

body is no s i m p l e  t a s k ,  C u r r e n t  t e c h n o l o g y  does aat r e a d i l y  

permit measurement  of this p a r a ~ e t e r  in V ~ Y O *  T h e r e f o r e ,  

m e a s u r e ~ e n t s  m u s t  be made o n  t h e  d e a d  aad r e l a t i o n a l  i n f o r w a t i o n  

extrapolated t o  t h e  2 i v i n g .  

The  t h e m  of t h i s  s t u d y  h a s  been t h a t  t h e  a c c e p t e d  m t h o d  

of p r e d i c t i o n  - considering t h e  s e g ~ e a t  w e i g h t  a s  a f i x e d  

p e r c e n t a g e  of t h e  t o t a l  body @ e i g h t  ( w i t h  all1 t h e  c o n c o d t a n t  

a s s l r ~ i t p t i o n s  t h a t  e n t a i l s )  - is n o t  a s  good a s  the prediction 

f ron t  s e g m e n t a l  a n t h r o p o ~ e t r y .  The  " p e r c e n t a g e w  method h a s  been  

u s e d  f r o m  t h e  time of Barless (1360) right t h r o u g h  t o  C h a n d l e r  et 

a l ,  (19751, The only model t o  et t lerge d u r i n g  that period which 

u s e d  s e g w e n t a l  p a r a n t e t e r s  fos  p r e d i c t i n g  segn ten t  iffass was t h a t  

o f  C l a u s r r  et ax, [1959) ,  Even t h e  a a t h e ~ a t i c a l  n o d e l s  of 

W h i t s e t t  [ l 9 6 2 ) ,  Gray (1953) and Hanavan f l 9 b U )  u s e d  a * a p e s c e n t a g e " f  

ntethod t o  d e t e r ~ i n e  s e g n e n t  mss, d e s p i t e  u s i n g  s e g n e n t a l  

a n t h r o p o ~ e t r y  t o  p r e d i c t  s e g a e n t  v o l u ~ e ,  

T h e  c o n t i n u e d  u s e  of this "percentagew tact ic t o d a y ,  

h i g h l i g h t s  t h e  g e n e r a l  a c c e p t a n c e  t h a t  t h i s  t y p e  of ~ttodel 

enjoys, D e s p i t e  its n o t  b e i n g  a good p r e d i c t o x  of i n d i v i d u a l  



segigent  m a s s  when a p p l i e d  t o  non-es - t imat iag  cadaver  samples ,  

many i n v e s t i g a t o r s  are p r e p a r e d  t o  regasd it a s  an  a c c e p t a b l e  

p r e d i c t o r .  I n  a d d i t i o n ,  t h i s  t y p e  o f  iaodel a l w a y s  a c c o u n t s  f o r  

t o t a l  body weight ,  o b v i a t i n g  a n y  failure t o  do so which ntight 

c a l l  i n t o  question t h e  s e g ~ e n t  p r e d i c t i o n  accu racy .  

T o  examine t h e  h y p o t h e s i s  o f  t h i s  study, t h a t :  

" d i f f e r e n c e s  i n  s e g m e n t a l  a n t h r o p o m e t r y  will r e f l e c t  
d i f f e r e n c e s  in segment  c o m p o s i t i o n ,  g i ~ i n g  an impro  rred 
e s t i a a t e  of  s egwen t  &ass compared t o  a p r e d i c t i o n  based  
on a p e r c e n t a g e  of body  weight"  

a cadaver  saapfe was s e g a e n t e d  and f o u r  a o d e l s  were developed .  

T h e s e  models  were t h e n  v a l i d a t e d  a g a i n s t  a n  indapendent  c a d a v e r  

sa iapfe ,  before b e i n g  t e s t e d  on t h r e e  &g ahqg s a a p l e s .  A u n i q u e  

s e g r a e n t a t i o n  t e c h n i q u e  r e s u l t e d  i n  @anato&.calfl s e g m e n t s  b e i n g  

def i n e a t e d ,  T h u s  t h e  m d e l s  g e n e r a t e d  fron this s a a p f e  p r e d i c t e d  

* 9 a n a t o ~ i c a l * t  s e g n e n t s ,  

I n  p a r a l l e l ,  using t h e  raw data f r o a  C l a u s e r  e t  al.Ps(1969) 

s t u d y ,  t h r e e  *biomechanicafw s e g a e n t  predicting aadels were 

developed .  T h e s e  t h r e e  models, p l u s  C l a u s e r  e t  al.'s { l963) ouag 

r e g r e s s i o n  m d e f ,  were t e s t e d  i n  t h e  three pkyq sa@ples. 

The f o u r  a na to~ ica l  wodeLs w i l l  b e  d i s c u s s e d  first . 



Six cadavers were s u b j e c t e d  t o  a n  extensive battery of 

a n t h r o p o m e t r i c  Itleasures, segarented, a n d  their s e g m e n t s  raeighed 

both i n  a i r  a n d  under uatrtr,  A n t h r o p o a e t r i c  measures  were 

r e g r e s s e d  a g a i n s t  t h e  segment  Basses and  e q u a t i o n s  deve loped  t o  

p r e d i c  lt segrt lental  mass f coa segntental a n t h r o p o m e t r  y, 

Hodel Development 

Four  r e g r e s s i o n  models were developed which p r e d i c t e d  

manatont ical ia  s e g ~ e n t  &ass, 

T h e s e  were: 

1. The BEG laode], - p r e d i c t i n g  segfitewi: Bass a s  a direct 

regression frow segiaental anthropome t r y  {one or  two 

p r e d i c t i n g  v a r i a b l e s )  , 

2, The PD mdel - p r e d i c t i n g  B a s s  a s  a deviation f rom a 

r e f e r e n c e  aass by exa~ining t h e  d e v i a t i o n  of segmental  

a-nthropontetay f rolst r e f e r e n c e  s e g m e n t a l  a n t h r o p o r a e t r i c  

va  l oe s s  

3 .  T h e  VOLX @ode1  - p r e d i c t i n g  @ a s s  by r e g r e s s i o n  from a 

c o n b i n e d  v a r i a b l e  which was d e r i v e d  by a u l t i p f y i n g  t h e  

squared g i r t h  of t h e  s e g s e n t  by its length. 

8 ,  The VOLB soifel - predicting a a s s  b y  r e g r e s s i o n  from two 

segmental v a r i a b l e s ,  a squared  g i r t h  gtg t h e  l e n g t h -  



I n  a d d i t i o n ,  r e g r e s s i o n  e q u a t i o n s  sere generated t o  predict 

s e g m e n t  t i s s u e  masses from i n t r a - segmen ta l .  arpthropoiuetry* 

Bodel  t e s t i n g  oa t h e  E s t i m a t i n g  Sample 

T h e  f o u r  ttrodels were a p p l i e d  t o  t h e  c a d a v e r  s a a p l e  f ro% 

which t h e y  were e s t i m a t e d  and their a b i l i t y  t o  p r e d i c t  

i n d i v i d u a l  segment  masses was examined. Though none  of t h e  

models  a c h i e v e d  the cr i ter ia ,  of p r e d i c t  iny a l l  segstten ts u i t h i n  

101 i n  95% of t h e  saaple ,  t h a t  had b e e n  hoped f o r ,  i t  seems 

c l e a r ,  p a r t i c u l a r l y  i n  the l i g h t  of t h e  p r e d i c t i o n s  of e x t a n t  

mode l s  in t h e i r  own s a a p l e s ,  t h a t  s u c h  a cri teria had been  an 

o v e r l y  a ~ b i t i o u s  o n e  and  t h a t  t h e  r e s u l t s  a c h i e v e d  c a n  be 

regarded as  b e i n g  p o s i t i v e ,  

Cross- t e c h n i q u e  Prediction 

The a b i l i t y  t o  p r e d i c t  i n  a n  e s t i ~ a t i n y  s ample  is n o t  a 

v a l i d a t i o n  of a  m d e l .  A p p l i c a t i o n  of t h e  @ o d e 1  t o  a n  

i n  dependent s a m p l e  is n e c e s s a r y .  The o n l y  i n d e p e n d e n t  sa rap le  f os 

w h i c h  d a t a  were a v a i l a b l e  on  14 s e g l s e n t s  was t h a t  o f  C l a u s e r  et 

a l .  139693, The  s e g g t e n t a t i o n  t e c h - n i q u e s  f o r  t h i s  s ample  were 

w i d e l y  d i f f e r e n t  i n  s o w  s e g ~ e n t s ,  

I n  order t o  v a l i d a t e  t h e  a n a t o ~ i c a l  models, an a t t e m p t  was 

made t o  q u a n t i f y  t h e  d i f f e r e a c e s  d u e  t o  t e c h n i q u e  and t h e n  



p r e d i c t  s egmen t  Islasses with the anatoar icaf .  laoriels i n  t h e  

b i o w c k a n i c a l  s a ~ p l e  a n d  vice versa, 

T h e  four a n a t o i t d c a l  models  #ere a p p l i e d  t o  the C l a u s e r  e t  

a l .  (1969) san tp le  and an a d j u s t ~ a e n t  was aade t o  t h e  i n d i v i d u a l  

segment p r e d i c t i o n s  based  on  t h e  d i f f e r e n c e s  between t h e  s e g ~ e n t  

Sean p e r c e n t a g e  o f  body w e i g h t  v a l u e s  o b t a i n e d  i n  t h e  two 

saap le s .  S i r t l i l a r l p  , t h e  f o u r  b i o ~ e c h a n i c a l  s o d e l s  were a p p l i e d  

t o  t h e  a i n i c a s  s a ~ p l e  and adjustaents were made in the o p p o s i t e  

d i r e c t i o n .  The r e s u l t s  of t h e  e i g h t  a p p l i c a t i o n s  were then . 

examined, 

A n a l y s i s  of t h e  r e s u l t s  u s i n g  a Repeated B e a s u r e s  Test 

s h o v e d  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  p r e d i c t i o n s  of t h e  

various a o d e l s ,  Hone of t h e  models  a c h i e v e d  p r e d i c t i o n  c r i t e r i o n  

levels of "acceptablen i n  all segments ,  I n d e e d ,  only one of: t h e  

b i o ~ e c h a n i c a l  a o d e l s  e v e n  p r e d i c t e d  a s i n g l e  s egmen t  a t  t h i s  

level, The p r e d i c t i o n s  of t h e  models  were, however,  a s  good a s  

t h e  p r e d i c t i o n s  of an a c c e p t e d  "percent-of-bodpweightgi  s o d e l  

[Chand le r  e t  dl, *s 1935 r e g r e s s i o n )  i n  a same- t echn ique  s a ~ p f e  

( t h e  Clauser et al, (1969) sample )  , 

I t  is d i f f i c u l t  t o  judge  t o  what e x t e n t  t o l e r a n c e  s h o u l d  b e  

allowed f o r  p r o b a b l e  f a i l u r e  t o  compensa t e  sufficiently for 

t e c h n i q u e  d i f f e r e n c e s .  A t  b e s t ,  t h e  a p p l i c a t i o n  of t h e  

a n a t s a i c a l  models  confi r l i led t h a t  t h e i r  p r e d i c t i o n s  are as good 

a s  a c c e p t e d  models  i n  a n  i n d e p e n d a n t  sarapfe, The f i r s t  

b ior t lechanica l  aode f  {CLWEG) a l r e a d y  e n j o y s  a c c e p t a n c e  i n  the 

f i e l d ,  The results of t h i s  s t u d y  shomr tnodels(CLPD, CLffOLX and 



CLVOLB) a s  equally good p r e d i c t o r s  w i t h i n  a c a d a v e r  s a a p l e .  

A p p l i c a t i o n  of 3C aodels t o  the CBS saaple 

F u r t h e r  c o n f i r l f t a t i o n  o f  t h e  a n a t o a i c a l  n o d e l s  was s o u g h t  b y  

a p p l y i n g  thea  t o  the f r a c t i o n a t e d  cadaver sample of C l a r p s  e t  

a1- [ l9%U),  The o n l y  s e g ~ e n t s  i n  the CAS s a ~ p l e  which p a r a l l e l e d  

t h o s e  in t h e  PiisiCBS saaple, were those of t h e  head-and-trunk, 

upper  l imb and lower l i a b ,  It was f e l t  t h a t  a valid compar i son  

c o u l d  be a a d e  i n  terms of p s e d i c t i n g  those t h r e e  corabined 

s e g a e n t s  b y  p r e d i c t i n g  and suntming t h e  s e g a e n t s  which 

c o n s t i t n t e d  t h e n ,  T h i s  was done f o r  t h e  2 3  s u b j e c t s  i n  the CAS 

sample, 

Based o n  t h e  vaf  ida- t ion  criteria set  out a t  t h e  b e g i n n i n g  

of t h i s  s t u d y ,  t h e  p r e d i c t i o n  of 93% olt: t h e  c o m i i n e d  segaents  

v i t h i n  15% of t h e i r  obse rved  values, by t h e  MCREG ;atodel, a p p e a r s  

to  be a  c l e a r  c o n f i r i s a t i o n  of t h e  validity of a p p l y i n g  models  

hilt on t h e  H i n i C B S  saaple  to other s a ~ p l e s ,  The equally good 

prediction i n  t h e  head-and- t runk  a n d  u p p e r  l i n b  s e g s e n t s  b y  t h e  

o t h e r  t h r e e  ~odels, and  their acceptable s y s t e m a t i c  

u n d e r p r e d i c t i o n  i n  t h e  l o n e r  l i e b  s e g l a e n t s  [due t o  length 

measurement  t e c h n i q u e  d i f  f e r e n c e s f  , c o a f i r s e d  the adequacy  of 

t h e i r  use a l s o ,  



Goraparisoa w i t h  Barterts P r e d i c t i o n  i n  t h e  C R S  Upper  Limb 

A f i n a l  test a s  t o  t h e  adequacy  of t h e  a n a t o m i c a l  models 

was c o n d u c t e d  by a p p l y i n g  t h e  r e g r e s s i o n s  of Bartes(1957) t o  the 

CAS sample to p r e d i c t  the mass of t h e  total upper  l i ~ b ,  The 

p r e d i c t i o n s  o b t a i n e d  were t h e n  coigpared s e r i a l l y  w i t h  t h e  ? I fREG,  

K P D ,  gCVOLX and  BCBOLA p r e d i c t i o n s  of the same p a r a m e t e r ,  u s i n g  

S t u d e n t t s  t test, T h e  s u p e r i o r i t y  o f  the t h r e e  lUiC mudels  at the 

0,1% l e v e l  c o n f i r m e d  t h e i r  a c c e p t a n c e  a s  p r e d i c t o r s  i n  

i n d e p e n d a n t  samples. 

I n  v i v o  a p p l i c a t i o n  of n o d e l s  

Pollowing t h e  es tabf i shment  of t h e  a c c e p t a b i l i t y  o f  

i n d i v i d u a l  segment p r e d i c t i o n  by t h e  a r ~ a t o m i c a l  ntodefs, t h e  

models were then a p p l i e d  t o  a number of A. vivo salaples and 

exaained on t h e  b a s i s  o f  t h e i r  a b i l i t y  to a c c o u n t  for t o t a l  body 

weight. 

T h e  s e c o n d  v o l u ~ e - b a s e d  model ( g i r t h  squa red  a length) 

proved  t o  b e  t h e  best  p r e d i c t o r  i n  t h e  s a s p l e  of 896 chilnren 

aged 5 t o  19, f o l l o w e d  b y  t h e  proportionality/deviation model, 

T h e  PD model, h a e v e r ,  showed a Bore uni form p r e d i c t i o n  a t  

younge r  age levels. T h e  f i r s t  vo lume-based  model ( g i r t h  s q u a r e d  

times a l e n g t h )  p roved  t o  be the bes t  p r e d i c t o r  i n  the two kg ---- 



v i v o  a d u l t  s a a p l e s ,  
7-- 

T h e  r e s u l t s  of these a p p l i c a t i o r n s  do not reveal  a n y  s i n g l e  

model a s  t h e  b e s t  o v e r a l l ,  The a b s e n c e  of a  c l e a r l y  s u p e r i o r  

model s u g g e s t s  a n  i n t e r a c t i o n  be tween  t h e  models  and  t h e  s a i ap l e  

b e i n g  t e s t e d ,  The s a m p l e  appeared t o  b e  closer t o  t h e  e s t i l r t a t i n g  

s ample  i n  some para lneters  {i, e, t h o s e  u s e d  a s  p r e d i c t o r s  i n  t h e  

p a r t i c u l a r  irodel) t h a n  i n  o t tners ,  As a r e s u l t  i t  a p p e a r s  more 

a p p r o p r i a t e  t o  r ec s imend  t h e  use of t h e  model. which pe r fo rmed  

b e s t  i n  the s a m p l e  i n  t h i s  study closest t o  t h e  saaple which a n  

i n v e s t i g a t o r  w a n t s  t o  e x a ~ i n e ,  

A p a r a l l e l  deve lopm8nt ,  a p p l i c a t i o n  and a n a l  y s i s  o E 

biontec h a n i c a l  s e g ~ e n t  p r e d i c t  ioa models was e n a b l e d  b y  the 

g r a n t i n g  of access by  C h a r l e s  @lauser t o  t h e i r  1969 c a d a v e r  

d a t a ,  

Zn a a d i t i o n  t o  Clauses e t  a L ' s ( 1 9 6 9 )  own r e g r e s s i o n  ~ o d e l ,  

three atodels  were d e v e l o p e d  t o  p r e d i c t  b i o n e c f i a n i c a l  segment 

mass which c o r r e s p o n d e d  to t h e  p r o p o r t i o n a l i t y l d e v i a t i o n  a n d  

vo lume-based  models  o f  t h e  a n a t o ~ l t i c a f  p h a s e  of t h e  t h e s i s .  T h e  

saae series of p r o c e d u r e s  was c a r r i e d  o u t ,  t h e  o n l y  d i f f e r e n c e  

b e i n g  the u s e  o f  C l a u s e r  e t  a L B s  11969) s a m p l e  a s  t h e  e s t i m t i n g  

s a  mple , 

When a p p l i e d  t o  t h e i r  estimating c a d a v e r  sample ,  none of 

t h e  f ow: b i o m e c h a a i c a l  models  showed a n y  s i g n i f i c a n t  



s u p e r i o r i t y ,  o v e r  t h e  o t h e r  three, i n  p r e d i c t i o n  of the 

i n d i v i d u a l .  segment  Inasses, COB p a r  i son  w i t  b p e r c e n t a g e  of body 

weight p r e d i c t  i n y  models,  however,  shoved  a l l  f o u r  of t h e s e  

a o d e l s  t o  b e  s i g n i f i c a n t l y  b e t t e r  a t  t h e  1% l e v e l ,  S i n c e  C l a u s e r  

et af ,  * s  (1969) regression mode1 (CLBEG) n s e s  bodyweight  as a 

p r e d i c t ~ r ,  t h i s  r e s u l t  c o n f i r m s  t h e  q u a l i t y  o f  b o d y v e i g b t  a s  a 

p red i c ton :  i n  a n  e s t i m a t i n g  s ample ,  v h i P s t  a t  the same time 

conf i r ~ i n g  t h e  i n a p p r o p r i a t e n e s s  of its use i n  a n o n - e s t i m a t i n g  

s a m p l e  . 
I n d i v i d u a l  predictions were good for  a l l  nttodels b u t  ( as  for 

t h e  a n a t o a i c a l  p r e d i c e i o n  m d e l s )  d i d  n o t  r e a c h  t h e  c r i t e r i a ,  of 

p r e d i c t i n g  a l l  s e g ~ e n t s  w i t h i n  70% i n  95% of t h e  s a ~ p l e ,  a imed 

at ,  

The f o u r  models  were a p p l i e d  t o  t h e  BCAS s a ~ p l e  w i t h  t h e  

resul ts  a s  discussed earlier i n  t h i s  c h a p t e r ,  T h e  CLBEG model 

n e e d s  no v a l i d a t i o n  by  t h i s  s t u d y  a s  i t  h a s  long been  a c c e p t e d  

i n  t h e  f i e l d  o f  b i o m e c h a n i c s  a s  a seglaent predictorl The 

cross- t e c h n i g u e  a p p l i c a t i o n  conZirmed t h e  a h i l i t  y, however,  of 

t h e  t h r e e  b ior t l echanica l  mdels d e v e l o p e d  i n  t h i s  s t u d y  JCLPD, 

CLTIOLK and  CLVOLB),  t o  p r e d i c t  i n d i v i d u a l  s e g ~ e n t s  e q u a l l y  a s  

well a s  the CLRZG model, 

T h e  f o u r  ~ o d e l s  were t h e n  a p p l i e d  t o  t h e  t h r e e  42 v i m  

I n  b o t h  t h e  child and  young a d u l t  s a m p l e s ,  the 

p r o p o r t i o n a l i t  y / d e v i a t i o n  s o d e l  was s i g n i f i c a n t l y  s u p e r i o r  i n  

a c c o u n t i n g  for t o t a l ,  body w e i g h t  ( a s  an e x t r i n s i c  e v a l u a t i o t n  of 



segmen t  p r e d i c t i o n  a c c u r a c y )  - It uas n o t ,  however, as good i n  

p r e d i c t i n g  ia t h e  bodybuilder s a a p l e  a s  was t h e  first 

vol ume-based m d e l  ( g i r t h  squared gpd a l e n g t h )  or C l a u s e r y s  

r e g r e s s i o n  model, 

Recoamendat ioas  a b o u t  t h e  c h o i c e  of a b i o a e c h a n i c a l  m d e l  

are t h e  same a s  t h o s e  m d e  w i t h  r e f e r e n c e  t o  t h e  a n a t o m i c a l  

models ,  s i n c e  the i n t e r a c t i o n  o f  model and sauiple  is a l s o  

a p p a r e n t  i n  t h i s  p h a s e  of t h e  t h e s i s .  T h e r e f o r e ,  a g a i n ,  i t  i s  

fef t t h a t  it is more a p p r o p r i a t e  f o r  an i n v e s t i g a t o r  t o  c h o o s e  

t h e  a o d e l  u h i c h  p e r f o r m s  b e s t  on t h e  s a a p l e  ~ o s t  c l o s e l y  

a p p r o x i m a t i n g  t h e  s a m p l e  t h a t  is t o  be examined, 

BCCEPTAMCE Of HODELS 

The a o d e l s  a re  a c c e p t a b l e  f o r  t h e  f o l l o w i n g  r easons :  

1. T h e  e4C models p r e d i c t  a n a t o t a i c a l  segment  mass, a s  d e f i n e d  

earlier,  - a f e a t u r e  of no  o t h e r  s e g m e n t a l  ~odel- T h i s  is a 

c o n t s i b u t i o n  t o  t h e  a r e a  of s e g m e n t a l  a n a l y s i s ,  p r o v i d i n g  an 

a l t e r n a t i v e  to  t h e  "link*# segment  a p p r o a c h  of t h e  

b i o a e c h a n i s t s ,  

2, The s e g m e n t a l  t i s s u e  @ass r e g r e s s i o n  ~ o d e f s  p r o v i d e  a first 

e s t i n a a t e  o f  segment c o m p o s i t i o n  which is un ique  i n  t h e  

l i t e r a t u r e ,  

3, The PD, BOLX and  VOLA a o d e l s ,  b o t h  a n a t o m i c a l  and  

b i o m e c h a n i c a l ,  a r e  s i g n i f i c a n t l y  better i n  norrnal young 
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a d u l t s  and children, i n  p r e d i c t i n g  what +hey claim to ,  t h a n  

are d i s e c t  r e g r e s s i o n  raodels b u i l t  from t h e  sdme s a m p l e ,  

4 T h e  PD, YOLX aand BOLA models  {and t h e  BEG rtlodel for  

anatoortical  p r e d i c t i o n )  do n o t  use body w e i g h t  a s  a 

p r e d i c t i n g  v a r i a b l e ,  This n o t  o n l y  con f i r a s  that segrtlen t a l  

p r e d i c t o r s  are a s  goad as, o r  better t h a n  t o t a l  bodyweight  

i n  ref l e c t i a g  s e g n e n t  c o m p o s i t i o n ,  b u t  a l s o  p e r a i t s  t h e  u s e  

of bodyweight as a n  i n d i r e C t  v a l i d a t i o n  of t h e  segxuent 

pz e d i c t  i o n s ,  

5- Hodefs  of t h i s  t y p e  p e r r a i t  t h e  i n t r o d u c t i o n  of body weight 

as a f i n a l  ad jus t eaea t ,  ( the  d i s c r e p a n c y  between predicted 

aria o b s e r v e d  body w e i g h t  beiag d i s t r i b u t e d  p r o p o s t i o n a l l  y  

across the s e g a e a t s ) ,  w i t h o u t  j e o p a r d i z i n g  the u s e  of body 

weigh t  a s  a n  i n d i r e c t  v a l i d a t i o n  procedure .  

The ~ o d e l s  s h o u l d  be eltrployed with c a u t i o n ,  ho wever, Due t o  

the i n a b i l i t y  to a c h i e v e  a p r e d i c t i o n  i n  i n d i v i d u a l  s e g m e n t s  of 

b e t t e r  thana 5% i n  95% of t h e  c a d a v e r  sareples ,  r e s e r v a t i o n s  a r e  

expressed a s  t o  t h e  use o f  t h e s e  models f o r  o t h e r  than group  

c o m p a r i s o s s ,  It is a p p r o p r i a t e ,  he re ,  t o  e c h o  C f a u s e r  et a l ,  * s  

words a t  t h e  c o n c l u s i o n  of t h e i r  1969 r e p o r t :  

"the p r e d i c t i v e  e y u a t i o n s  d e v e l o p e d  i n  t h i s  study are 
b e l i e v e d  t o  p r o v i d e  a  better estimate of  weight of 
s e g m e n t s  of the body f o r  i n d i v i d u a l s  and  populations 
t h a n  were previously a v a i l a b l e ,  T h e y  s h o u l d  n o t ,  
however,  be c o n s i d e r e d  a s  o t h e r  than good f irst  
a p p r o x i ~ a t i o n s  u n t i l  t h e y  c a n  b e  a d e q u a t e l y  v a l i d a t e d  o a  
l i v e  p o p u l a t i o n s "  1 



The ~a jsr a p p l i c a t i o n s  o f  t h e  anatontical ~todlels w i l l  b e  t o  

e n c o u r a g e  the use of a n t h r o p o a e t r y  t o  a s s e s s  seg wental  Bass 

c h a r a c t e r i s t i c s  f o r  the a p p r a i s a l  of normal growth s t a t  us. ased 

i n  l o n g i t u d i n a l  d e s i g n s ,  t h e  m o d e l s  c a n  be re la ted to  c h a n g i n g  

p a t t e r n s  assoc iated w i t h  genetic and e n v i r o n m e n t a l  i n f l u e n c e s ,  

i n c l u d i n g  e x e r c i s e ,  d i e t  a n d  s p e c i f i c  treatment sodalities. The 

human d e s i g n  and  i n d i v i d u a l  r r a r i a t i o n  can  be a p p r a i s e d  by ' 

1 e n g t h s ,  b r e a d t h s ,  g i r t h s  and s k i n f o l d  t h i c k n e s s e s ,  P r o p e r 1  y 

integrated, t h e y  c a n  reconstruct both segaentaf and t i s s u e  

Basses w h i c h  d e s c r i b e  t h e  t hea t r e  f o r  t h e  p h y s i o l o g i c a l  e s e n t s  

which  c h a r a c t e r i s e  m v e m e n t  a n d  life itself , 

T h e  b i o a e c h a n i c a l  @odds r i l l  p r o v i d e  a better method for 

e s t i m a t i n g  segaenta l  Bass f o r  undes s t aad ing  h u ~ a n  l o c o i n o t i o n  and 

the needs fo r  e r g o n o s i c  e n g i n e e r i n g .  The a p p l i c a t i o n s  i n  t h i s  

area a r e  &any and t h e  need h a s  been l o n g  r e c o g n i s e d  (Hanavan,  

1964). 

The provision of e q u a t i o n s  for t h e  p r e d i c t i o n  of  tissue 

c o s p o n e n t s  w i t h i n  l imb  s e g m e n t s  is aa i ~ p o r t a n t  a d v a n c e  i n  the 

area o f  c a d a v e r  a n a l y s i s  application, U n t i l  3980, nearly a l l  

c a d a v e r  s t u d i e s  had b e e n  c o n c e r n e d  with the Bass of t o t a l  

s e g m e n t s  and not t h e i r  internal c o ~ p o s i t i o a a l  %asses, I n  1989, 

C l a r p s  et aZ. (1988) c o n d u c t e d  uhat was, p e r h a p s ,  the mast 

c o ~ p r e h e n s i v e  c o m p o s i t i o n a l  d i s s e c t i o n  ever, T h e  work o f  t h i s  

study has added  t o  the establishment o f  C l a r y s  ss s u e  of t h e  



forenost c o m p o s i t i o n a l  a n a l y s t  i n  t h e  world ,  T h i s  study o n l y  

p r e s e n t s  component r e g c e s s i o n s  for t h e  l in tb  s e g a e n t s ,  b a t  t h e  

d a t a  are now a v a i l a b l e  frotn the ~ a j o r  s t u d y  which w i l l  p e r a i t  

calculation of t h e  t r u n k  components a s  well, (a p r o j e c t  being 

u n d e r t a k e n  b y  o t h e r s , ) ,  

S e v e r a l  d i r e c ' t i o e s  a r e  i n d i c a t e d  for  f u t u r e  r e s e a r c h  i n  t h e  

area, T i m  and s o n e y  d i d  n o t  pe r r a i t  t h e  use  of f r e s h  c a d a v e r s  

f o r  t h i s  p r o j e c t ,  The use o f  e n b a f ~ e d  c a d a v e r s  i n  t h i s  study was 

based o n  t h e  assumption t h a t  tissue c h a n g e s  a f t e r  d e m i s e  a re  

~ t t a t c h e d  by c h a n g e s  i n  a n t h r o p o m e t r y  s u c h  t h a t  t h e  r e l a t i o n s h i p  

of one t o  the o t h e r  is f i m d a r a e n t a l l y  u n a l t e r e d ,  Whereas t h e  

m d e l s  are a c c e p t a b l e  i n  t h e i r  p r e s e n t  form for g r o u p  

c o m p a r i s o n s ,  t h e  u s e  of f r e s h  c a d a v e r s  may e n a b l e  a n  i isproved 

a o d e f  to be d e v e l o p e d  for  i n d i v i d u a l  p r e d i c t i o n ,  s i n c e  b o t h  

a n t h r o p o ~ e t r g  and t i s s u e s  Bay Bore c l o s e l y  a p p r o x i ~ a t e  t h e  i q  

v i m  s i t n a t i o n ,  Obv ious ly  this h a s  t o  be a l o n g  t e r ~  g o a l  d u e  t o  ---- 
cost  and  c a d a v e r  a r r a i l a b i l t y .  

F u r t h e r ,  t h e  p r e d i c t i v e  v a l u e  of t h e  model w i l l  be 

improved,  by a laore h e t e r o g e n e o u s  salttpfe which r e p r e s e n t s  a s  

v i d e  a r a n g e  of s u b j e c t s  a s  p o s s i b l e ,  Tbe g r e a t  a d v a n t a g e  of the 

segnaent a n t h r o p o a t e t r i c  s o d e l  is  t h a t  i t  can only be enhanced b y  

improved a n t h r o p o s e t r i c  techniques, e ,g ,  improved s k i n f o l d  

z t e a s u r e ~ e a t ,  and  Bore c o a p r e h e n s i ~ e  d a t a  a s sembly ,  The 



*lperceatage-of-bodyweight" model h a s  no roola f o r  i m p r o v e ~ e n t ,  

e x c e p t  p e r h a p s  by t h e  u s e  of mnch l a r g e r  samples ,  

There is a clear need f o r  Bore a n a l y s i s  in the younger  a g e  

g r o u p s  t o  more c l o s e l y  a p p r o x i ~ a t e  the c o ~ p o s i t i o n a l  s t a t u s  of 

t h e  l i v i n g ,  i n  p a r t i c u l a r  t h o s e  who are atore a c t i v e ,  O f  c o u r s e ,  

t h i s  .my n e v e r  b e  a c h i e v a b l e ,  s i n c e  y o u n g  h e a l t h y  p e o p l e  d o  n o t  

n o r m a l l y  d i e  w i t h o u t  d e b i l i t a t i o n  or  t r a u ~ a -  Computerised A x i a l  

Tomography s a y  b e  one s o l u t i o n  t o  t h e  problertl, b u t  c a d a v e r  

v a l i d a t i o n  is still needed i n i t i a l l y  w i t h  t h i s  p r o c e d u r e  a d d  the 

costs  a r e  v i r t u a l l y  p r o h i b i t i v e  a t  t h e  p r e s e n t  time. 

T h e  a b o v e  s u g g e s t i o n s  are, b a s i c a l l y ,  improvements  on  t h e  

e x i s t i n g  r e s e a r c h  i n  terms of more c o ~ p r e h e n s i v e  sal l tp l ing o r  

b e t t e r  m a t e r i a l ,  A more e x c i t i n g  d i r e c t  i o n  t h a t  p r e s e n t s  i tself  

is the d e v e l o p a e n t  of t h e  modefs,  bo th  i n  terms o f  s e g m n t  mass 

and segraent c o m p o s i t i o n  p r e d i c t i o e  f u r t h e c  a c r o s s  t h e  biologics l 

c o n t i n u a @ ,  f i r s t l y  t o  o t h e r  p r i m a t e s  a n d  t h e n  t o  o t h e r  mammals. 

Flany, a n i a a l  d i s s e c t i o n s  h a v e  been c a r r i e d  o u t ,  b u t  little 

or no  an thcopomet r  y h a s  been  d o n e  be fo rehaad .  I f  s u f f i c i e n t  

animal. data  [ a n t b r o p o ~ e t r i c  and c a d a v e r )  can be o b t a i n e d ,  a n d  a 

v a l i d  segrt tent  mass p r e d i c t i o n  a o d e l  c o n s t r u c t e d ,  t h e n  

c o e p o s i t i o n a l  changes ia  a n i a t a f s  can be s t u d i e d  w i t h o u t  

s a c r i f i c i n g  t h e  a n i m a l s  b e i n g  studied, a n d  s i g n i f i c a n t  a d v a n c e s  

c a n  b e  a a d e  i n  a o a i t o r i n g  n u t r i t i o n a l  a n d  exercise effects i n  

s u c h  a n i m a l s ,  

The lttodels d e v e l o p e d  i n  t h i s  study a r e  i aapo r t an t  c & c e p t u a l  

t o o l s  which  w i l l  p romote  the d e v e l o p a e n t  of  a general s egaenta l  



p r e d i c t i o n  sodel a p p l i c a b l e  across t h e  species. I n  doing so t h e y  

will b e  a medium for  the integration sf human and a n i m a l  b i o l o g y  

and will f u r t h e r  d e v e l o p  the e s s e n t i a l  L i n k s  be tween  

a n t h r o p r n e t ~ p ~  q u a n t i t a t i v e  anatomy and f vnct iona l  B Q r p h ~ l o g y ~  
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BPPEWDIX 1 - D E P I R I T I O B S  OF AITBROPORETBIC LBWDHaRKS R H D  Of HER 

SPECXPXC HEASBBEBEBT SITES 

T h e  l a n d m a r k s  u sed  are b a s i c a l l y  those of  Ross et 

a l ,  f 19%) , 

A c r o a i a l e  - the p o i n t  a t  the s u p e r i o r  and  e x t e r n a l  b o r d e r  of t b e  
s c a p u l a .  

R a d i a l e  - t h e  p o i n t  a t  t h e  l a t e s a l e b o r d e r  of t h e  head of t h e  
r a d i u s .  

S t y l i o n  - t h e  a o s t  d i s t a l  p o i n t  o f  t h e  s t y l o i d  process of the 
ra d i u s .  

H e t a c a r p a l e  R a d i a l e  - t h e  a o s t  l a te ra l  p o i n t  of t h e  head of the 
2nd m e t a c a r p a l ,  

f l e t a c a r p a l e  U l n a r e  - t h e  most m e d i a l  p o i e t  of t h e  h e a d  of t h e  
5t h a e t a c a s p a l .  

D a c t y l i o n  - t h e  t i p  o f  t h e  m i d d l e  f i n g e r .  

3 i l i o - c r i s t a l e  - the raost lateral p o i n t  o f  the i l i a c  crest. 

f l i o - s p i n a l e  - t h e  u n d e r s u r f a c e  of the t i p  o f  t h e  a n t e r i o r  
s u p e r i o r  i l i a c  s p i n e .  

T r o c h a n t e r i o n  - the most s u p e r i o r  point on t h e  g r e a t e x  
t r o c k a a t e r  of t h e  femur, 

T i b i a l e  B e d i a l e  - t h e  ~ o s t  proxi9tal. p o i n t  on t h e  m e d i a l  aspect 
o f  t h e  t i b i a ,  

T i b i a l e  Laterafe - t h e  atost p rox i r ea l  p o i n t  on the l a t e r a l  aspect 
of t h e  t i b i a ,  

Halleolare Externus - t h e  n o s t  d i s t a l  t i p  of  t h e  f i b u l a r  
naaUeol  us, 

H a f l e o l a r e  I n t e r n u s  - t h e  rnost d i s t a l  t i p  of t h e  t i b i a 1  
Itla l leol  us, 

B e t a t a r s a l e  T i b i a l e  - t h e  most medial  p o i n t  on the head of the 
1 s  t m e t a t a r s a l ,  

fletatatsale P i b u l a r e  - the mast l a t e r a l  point o n  t h e  head  of the 



5 t h  m e t a t a r s a l .  

Akropodioa - t h e  most a n t e r i o r  p o i n t  on t h e  f o o t ,  

P t e s n i o n  - the ~ o s t  p o s t e r i o r  p o i n t  on t h e  h e e l  of t h e  foot  when 
t h e  subject is s t a n d i n g .  

V e r t e x  - t h e  most s u p e r i o r  p o i n t  on t h e  s k u l l ,  i n  t h e  
a i d s a g i t t a l  p l a n e ,  when the head is held i n  the P r a n k f o r t  
p l a n e  p o s i t i o n ,  

T r a g i o n  - n o t c h  above  t r a g u s  of e a r  or  a t  u p p e r  ~ l a r g i n  of 
zy gomat ic bone a t  t h a t  p o i n t ,  

Renton - c h i n ,  the sost i n f e r i o r  b o r d e r  o f  t h e  ~ a n d i b l e  i n  t h e  
median p l ane ,  

C e r v i c a l e  - the t i p  of the s p i n o u s  process of t h e  7 t h  c e r v i ' c a l  
v e r t e b r a ,  

P I e s o s t e r n a l e  - p o i n t  i n  the c e n t r e  of t h e  body of  the s t e r n u m  a t  
the l e v e l  of t h e  a r t i c u l a t i o n  o f  t h e  4 t h  r i b .  

T h e l i o n  - b r e a s t  n i p p l e ,  

X iph ion  - t h e  t i p  of the x i p h o i d  p r o c e s s  of the s t e rnum,  

Gluteale - n i d g l u t e a l  arch, i n  t h e  a i d l i n e  of t h e  s a c r o c o c c y g e a l  
j u n c t i o n ,  

A x i l l a s y  t r u n k  g i r t h  - t h e  g i r t h  of t h e  trunk a t  t h e  l e v e l  of 
the a x i l l a r y  f o l d ,  

B x i l l a r y  ariu g i r t h  - t h e  g i r t h  of t h e  a r a  a t  t h e  level of the 
a x i l l a r y  f o l d .  

T r i c e p s  sZte - p o s t e r i o r  a s p e c t  o f  t h e  a r a  ia t h e  n i d - l i n e  
h a l f  way betueen t h e  a c r o e i a f e  and r a d i a l e ,  

T r i c e p s  q i f t h  - t h e  girth of t h e  ara a t  t h e  l e v e l  o f  the frkceps 
si te, 

Biceps s i te  - on t h e  a n t e r i o r  a s p e c t  of t h e  am,  i n  the aid-line 
a t  t h e  saae level as  the triceps site, 

E i n i s u n  a r s  g i r t h  - the sinimum girth of t h e  a r n  a t  a v a r i a b l e  
l e v e l  u s u a l l y  2 t o  & c e n t i ~ e t r e s  p r o x i ~ a l  t o  the h u a e r a l  
e p i c o n d  y l e s ,  

Elbow g i r t h  - t h e  g i r t h  j o i n i n g  the t w o  hunteral  e p i c o n d y l e s .  

flaxisurn f o r e a r n  g i r t h  - t h e  ~ a x i a t u a  g i r t h  of t h e  f o r e a r w  a t  a 
v a r i a b l e  level usually 4 to 6 c e n t i m e t r e s  d i s t a l  t o  t h e  



Naxiaatti f o r e a r a  g i r t h  site - a t  t h e  aarked level of the a a x i a u m  
f ocearm g i r t h  o n  t h e  a n t e r i o r  a s p e c t  of t h e  forearm i n  t h e  
m id- l i n e ,  

R i d - f o r e a r m  g i r t h  - t h e  g i r t h  of t h e  ara a t  a level midway 
be tween  t h e  t i p  of t h e  s l e c r a n o n  p r o c e s s  a n d  t h e  s t y l i o n ,  

Hid- fo rea rm s i t e  - at the narked Level of t h e  midforearm g i r t h  
on t h e  a n t e r i o r  a s p e c t  of t h e  forearra i n  t h e  naidliae- 

P r o x i n a l  styloid g i r t h  - the g i r t h  a t  t h e  wrist proxiataf t o  the 
s t y l o i d  p r o c e s s e s  at t h e  ~ i n i w u n  c i r c u a f e r e n c e  on the 
foseara, 

B i - s t y l i o n  g i r t h  - the girth a t  t h e  v r i s t  c i r c u m s c r i b i n g  t h e  two 
st y l o i d  p r o c e s s e s .  

Distal s t y l o i d  girth - t h e  g i r t h  a t  t h e  wrist i a l aed iadre ly  d i s t a l  
t o  t h e  s t y l o i d  processes, 

Upper t h i g h  g i r t h  - the girth of t h e  t h i g h  2 centiiaetres d i s t a l  
t o  t h e  natal fold of the  b u t t o c k ,  

B i d  t h i g h  g i r t h  - t h e  g i r t h  of t h e  t h i g h  a t  t h e  a i d  p o i n t  
b e t w e e n  t h e  c e n t r a l  p o i n t  of t h e  inguina l  f o l d  and the 
m i  d p a t e l l a ,  

A n t e r i o r  t h i g h  site - a t  the iiiarked l e v e l  of t h e  & i d - t h i g h  g i r t h  
on the a n t e r i o r  aspect in t h e  a i d - f i n e .  

Hedial t h i g h  site - a t  the ~ a r k e d  l e v e l  of - t h e  m i d - t h i g h  girth 
on t h e  w e d i a l  aspect i n  the ~ i i l f i n e ,  

Posterior t h i g h  s i te  - a t  the marked level of t h e  &id-thigh 
g i r t h  on t h e  p o s t e r i o r  aspect i n  the a i d l i n e ,  

H a x i m a  calf g i r t h  - t h e  maxirauex g i r t h  of the l e g  a t  a v a r i a b l e  
level u s u a l l y  10 to 15 c~s, d i s t a l  to the line of the k n e e  
joiat s p a c e ,  

Bedial  calf site - a t  t h e  ~ a r k e d  l e v e l  o f  t h e  maximu@ calf g i r t h  
on the m e d i a l  a s p e c t  in t h e  r t t id l ine .  

Pfid calf g i r t h  - the y i r t h  of t h e  leg a t  t h e  l e v e l  midp~ay 
between t h e  t i b i a l e  l a t e r a l e  and the malleolare e x t e r n a s ,  

Miniausi a n k l e  y i r t h  - t h e  miniinurn girth of  t h e  l e g  pr=oximal t o  
the mafleolare i n t e r n u s *  



S k i n f  o l d  c a l i p e r s ,  
Harpenden Cal iper ,  B f i t i s h  Indicators L i n i t e d ,  

Acrewood Way, 
B a t f i e l d  Road, 
S t  albans, Herts,, 
England. 

S l l m g u i d e  C a l i p e r ,  Creative 8ea l th  Products ,  
5140 Saddle Ridge Road, 
B i c h i g a a ,  48270, U.S. A, 

Anthro p o a a t r i c  Tape, 

Bnthropometer, 

Bone C a f  i p e r .  

Yidespreading C a l i p e r ,  

Ve igh ing  Appasatus.  

Keuf •’el and Esser a h y t e f  ace 
steel t a p e .  {Buoaber 8 6 0 3 5 8 ) .  

Siber-Hegner G P 4  cznthroponteter. 
(Bartin t y p e ) ,  

adapted Mitutoyo.  

Siber-Begner widespreading  c a l i p e r .  

Toledo Scale .  

S a r t o r i u s  Y D i g i t a l  Balance,  

Hettler P r e c i s i o n  Sca le .  



APPENDIX 3 - BBT880POIETBP 

h l l  s k i n f o l d s  are d e f i n e d  as t h e  c a l i p e r  d i s t a n c e  measured  

ICR d i s t a l  t o  t h e  s k i n f o l d  which is r a i s e d  a t  the s t i p u l a t e d  

site i n  t h e  s t i p u l a t e d  d i r e c t i o n ,  

S n b s c a p u f a r  - an o b l i q u e  fold i m m e d i a t e l y  i n f e r o - l a t e r a l  t o  t h e  
i n f e r i o r  angle o f  t h e  scapulas. 

Triceps - a v e r t i c a l  f o l d  a t  t h e  marked triceps site. 

B i c e p s  - a v e r t i c a l  f o l d  a t  the & a r k 4  b i c e p s  site. 

Baxinurtl forlearnt - a v e r t i c a l  f o l d  a t  t h e  marked waxi~ulap f o r e a r m  
si te. 

Wid f o r e a r n  - a vertical f o l d  a t  t h e  n a r k e d  m i d - f o r e a r n  site, 

Hand (dorsum) - a vertical  P o l d  o n  the dorsunt side o f  t h e  h a n d  
above the c e n t r e  of the t h i r d  m t a c a r p a f ,  

A n t e r i o r  Thigh - a v e r t i c a l  f o l d  a t  the marked a n t e r i o r  thigh 
site,  

f f e d i a l  T h i g h  - a v e r t i c a l  fold a t  the ixtarked ~ e d i a l  t h i g h  site. 

Posterior Thigh - a vert ical  fold a t  the ntarked p o s t e r i a r  t h i g h  
site. 

S u p r a - p a t e l f a r  - a vertical f o l d  i n  the a i d l i n e  5ca proxiaa l  t o  
the p a t e l l a r  bone. 

H e d i a l  calf - a vertical f o l d  a t  the marked i a e d i a l  c a l f  site, 

F o o t  (dorsurs)  - a  v e r t i c a l  f o l d  on the d o r s u n  oof the foot  above 
t h e  c e n t r e  of the t h i r d  metatarsal. 



P e c t o r a l  ( t h e l i o a )  - an o b l i q u e  f o l d  o n  the l i n e  between t h e  
t h o l i o n  and t h e  a n t e r . i o s  a x i l l a r y  f o l d  8cm below t h e  
a x i l l a r y  f o l d ,  

C h e s t  (X ipho idd fe )  - a v e r t i c a l  f o l d  i n  the u t id l i ne  o n  t h e  
l a t e r a l  a s p e c t  of t h e  txunlr a t  t h e  l e v e l  of t h e  x i p h o i d a l e .  

I l i a c  C r e s t  - a s l i g h t l y  o b l i q u e  f o l d  a t  t h e  a i d - a x i l l a r y  l i n e  
3 c s s  a b o v e  the i l i a c  crest s i t e ,  

S u p r a s p i n a  le  - an o b l i q u e  f o l d ,  r u n n i n g  downward i a e d i a l l y ,  7cas 
above t h e  eaarlred s u p r a s p i n a l e  s i t e  on a l i n e  to the a n t e r i o r  
a x i l l a r y  fold, 

Abdominal - a v e r t i c a l  fold Icrti l a t e r a l  t o  t h e  umbilicus on t h e  
c o n t r a l a t e r a l  s i d e  t o  t h e  o t h e r  s k i n f o l d  measures .  

Each g i r t h  is a p e r i m e t e r  measured a t  t h e  s t i p u l a t e d  marked 
g i r t h  where in  t h e  t a p e  is drawn f i r i u l y  t o  t h e  s k i n  w i t h o u t  
i n d e n t i n g  i t  a n d  t h e  n teasureaen t  is aade p e r p e n d i c u l a r l y  t o  t h e  
l o n g  a x i s  o f  t h e  rseasufed p a r t ,  

A r m  ( A n i l l a )  - a t  t h e  t ~ a r k e d  a x i l l a r y  g i r t h ,  

Triceps - a t  t h e  maarked triceps g i r t h .  

P r a x i s a l  E p i c o n d y l a r  Humerus - t h e  g i r t h  c i r c u w c r i b i n g  the two 
hutrrefal e p i c o n d y  less 

Elbou  - a t  t h e  raarked elbow girth, 

Elfaxiraunt f o r e a s a  g i r t h  - a t  t h e  marked maximum f o r e a r m  g i r t h ,  

mid F o r e a m  - a t  t h e  ~tarked  atid-forearm g i r t h ,  

Pruxitrtaf S t y l o i d  - a t  t h e  marked pzox i~ t l a l  s t y l o i d  g i r t h .  

B i - s t y l o i d  - a t  t h e  ~ a r k e d  h i - s t y l o i d  g i r t h ,  

D i s t a l  s t y l o i d  - a t  t h e  n a r k e d  d i s t a l  s t y l o i d  g i r t h .  

Retacarpale - t h e  g i r t h  of t h e  hand encompass ing  t h e  heads of 
m e t a c a r p a l s  2 t o  5, 

Proxi l l ta l  Pha l anx  X I 1  - t h e  g i r t h  a t  the a i d s h a f t  of t h e  proxirt ial  
p h a l a n x  o f  the t h i r d  d i g i t ,  

Upper t h i g h  - a t  t h e  marked u p p e r  thigh g i r t h ,  



Hid t h i q h  - a t  the marked  aid-thigh girth, 

S u p r a - p a t e l l a r  - t h e  g i r t h  i a l m e d i a t e l y  p r o x i m a l  t o  t h e  p a t e l l a  
with t h e  k n e e  e x t e a d e d ,  

M i d - p a t e l l a r  - t h e  g i r t h  c i r c u m s c r i b i n g  t h e  c e n t r e  of t h e  
p a t e l l a  a n t e r i o r l y  a n d  t h e  p o s t e r i o r  k n e e  c r e a s e  
p o s t e r i o r l y ,  

I n f  r a - p a t e l l a r  - t h e  g i r t h  i m m e d i a t e l y  d i s t a l  t o  t h e  p a t e l l a  
with t h e  knee  extended, 

E a x i ~ u m  C a l f  - a t  t h e  a a r k e d  ~ a x i r e u a  c a l f  g i r t h ,  

Bid-Leg - at the marked mid c a l f  girth, 

Einimutn A n k l e  - a t  the marked a i n i a u m  a n k l e  g i r t h ,  

Eli-rsalleolare - t h e  g i r t h  c i r c u m s c r i b i n g  t h e  ~ a l l e o i a r e s  
i n t e r n u @  and e x t e r a u a .  

Arch - t h e  g i r t h  a t  the highest p o i n t  of t h e  r e e d i a l  l o n g i t u d i n a l  
arch. 

Hetatarsale - t h e  g i r t h  of t h e  foot circumscribing the heads o f  
@etatarsales 3 t o  5, 

Proximal P h a l a n x  I - the g i r t h  a t  t h e  m i d - s h a f t  of t h e  p r o x i m a l  
p h a l a n x  of t h e  B a l l a x ,  

f o r e h e a d  - t h e  g i r t h  of the h e a d  immediately s u p e r i o r  t o  t h e  
Lrowridges.  

N a s i o n  - t h e  g i r t h  s f  t h e  head a t  t h e  l e v e l  of t h e  s a s i o n ,  

H a n d i b l e  - t h e  g i r t h  Icm a b o v e  t h e  m a n d i b u l a r  p r o t r u b e r a n c e  a t  
t h e  b a s e  of t h e  p a s s  a l v e o l a r i s ,  

S u p r a t h y r o i d  - t h e  g i r t h  of the neck  i m m e d i a t e f y  superior t o  t h e  
t h y r o i d  c a r t i l a g e ,  

f n f r a t h y r o i d  - t h e  g i r t h  of t h e  neck i m ~ e d i a t e l y  i n f e r i o r  t o  t h e  
t h y r o i d  c a r t i l a g e .  

Each  l e n g t h  is t h e  p e r p e n d i c u l a r  d i s t a n c e  b e t w e e n  t h e  two 
marked s i tes  s t i p u l a t e d .  

A c r o m i a l e - B a d i a l i e  - t h e  l e n g t h  of the a m  



R a d i a l e - S t y l i o n  - t h e  l e n g t h  o f  t h e  forearm 

S t y l i o n - Q e t a c a ~ p a l e  I I I  - t h e  l e n g t h  oZ t h e  w r i s t  a n d  p a r a  

S t y l i o n - D a c t y l i o n  - t h e  l e n g t h  of the wrist a n d  t h e  hand  

T r o c h a n t e r i o n - T i b i a l e  - t h e  l e n g t h  of t h e  t h i g h  

T i b i a l e - B a f l e o l a r e  E x t e r n u s  - t h e  l e n g t h  of the l e g  

Hafleolare-Ball of Heel - t h e  l e n g t h  of t h e  a n k l e  

A k r o p o d i o n - P t e r n i o n  - t h e  length of the f o o t  

P e r t e x - I ' ~ a g i _ o n  - t h e  length of t h e  head  s u p e r i o r  t o  t h e  external  
a u d i t o r y  m a t u s ,  

V e r t e x - B a s t o i d  - the l e n g t h  of t h e  c r a n i u a  

V e r t e x - g e n t o n  - the l e n g t h  o f  t h e  skull a n d  jawbone 

I n i o n - C 7  - t h e  length of the neck 

C7-Coccyx - the l e n g t h  of t h e  t r u n k  

T o t a l  h a n g i n g  l e n g t h  - +he l e n g t h  of t h e  e n t i r e  body when 
s u s p e n d e d ,  

S u p i n e  l e n g t h  - t h e  l e n g t h  of the e n t i r e  body when s u p i n e ,  

Each b r e a d t h  is t h e  h o r i z o n t a l  d i s h a c e  be tween  t h e  
stipulated sites, 

B i - e p i c o n d y l a r  h u a e r u s  - t h e  arm b s e a d t h  e n c o ~ p a s s i n g  t h e  two 
h u e e r a 1  e p i c o n d y l e s .  

Bi-sty 2 o i d  - t h e  f orearm b r e a d t h  e n c o a p a s s i n g  t h e  s t y l o i d  
processes of the r a d i u s  and n f n a ,  

B e t a c a r p a l e  - the hand b r e a d t h  e n c o r a p a s s i n g  t h e  h e a d s  of t h e  2nd 
a n d  5 t h  a e t a c a r p a l s .  

B i - e p i c o n d y l a r  faaar - t h e  t h i g h  b r e a d t h  er icotapass ing t h e  t u o  
f entoral e p i c o n d y l e s .  

B i - c o n d y l a r  tibia - the l e g  b r e a d t h  e n c o m p a s s i n g  t h e  outer 
a s p e c t s  of the two t i b i a 1  c o n d y l e s ,  

Bi-ma f l e o l a r e  - t h e  a n k l e  b s e a d t h  e n c o m p a s s i n g  t h e  o u t e r  aspects 



o f  the two ma lleolase, 

Meel (Sub-na l l eo lare )  - the foot breadth 3clas inferior to t h e  
~ a l l e o f  are externurn, 

f l e t a t a r s a l e  - t h e  f o o t  b r e a d t h  encowpass ing  t h e  h e a d s  o f  tire 1st 
a n d  5 t h  m e t a t a r s a l s .  

3 1 - t r a g i o n  - t h e  head  breadth encompass ing  t h e  t r a g i  of t h e  
e a r s ,  

Bi-zygornat ic  - the head b r e a d t h  encowpass ing  t h e  most l a t e r a l  
a s p e c t s  of t h e  z y g o m a t i c  a r c h e s ,  

3 i - a c r o l a i a l  - the s h o u l d e r  b r e a d t h  encoii ipassing the two marked 
a c s o i s i a l e  sites, 

Resostemale - t h e  chest b r e a d t h  a t  the l e v e l  of the aarked 
mesos te  sna le  site, 

X i p h o i d a l e  - t h e  chest breadth  a t  the l e v e l  of t h e  naked 
x i p h o i d a f e  si te,  

B i - i l i o c r i s t a l e  - t h e  h i p  b read th  encompass ing  t h e  marked 
i l i o - c r i s t a l e  sites, 

B i - t r o c h a n t e r i c  - t h e  h i p  and t h i g h  b r e a d t h  e n c o a p a s s i n g  t h e  
~tlarked triochanterion si k e s ,  

Each d e p t h  was rtteasured a t  t h e  stipulated site a t  r i g h t  
a n g l e s  t o  t h e  l o n g  a x i s  of  the body i n  a  s a g g i t a ' f  plane, 

M e t a c a r p a f e  IXI - the hand depth  a t  t h e  head of t h e  t h i r d  
&etacar g a l ,  

#etatarsale XI1 - the foot  d e p t h  a t  t h e  head of the t h i r d  
~etatafsal, 

I l -P  Chest  [Hesosternale) - t h e  chest depth at t h e  m a r k e d  
mesoste m a l e  site. 

A-P C h e s t  {Xiphoidale )  - the chest depZh a t  the laarked 
x i p h o i d a l e  site, 

Buttock - t h e  depth of t h e  p e l ~ i s  a t  t h e  p u b i c  sy~phfsis, 

I n i o n -  y f a b e l l a  - the d e p t h  of t h e  head, 



T h e  a a S o r i t y  of t h e s e  m e a s u r e s  f o l l o v  t h e  ~ e t h o d s  o f  H a r t i n  

a n d  Sa fLes [ l 8 5 9 ] ,  

Eaxinturn huanerus l e n g t h  - t h e  d i s t a n c e  b e t n e e n  t h e  proxilaaf  p o i n t  
of t h e  c a p u t  h u r a e r i  and the distal point o f  t h e  c a p i t u l u i n  
r a d i a l i s  h u m e r i ;  a n t  h r o p o m t e  r: p a r a  lLel t o  h ulnerus s h a f t -  

a i d  h a ~ e r u s  g i r t h  - t h e  g i r t h  of t h e  s h a f t  of t h e  humerus a t  t h e  
p o i n t  c o r r e s p o n d i n g  t o  t h e  a i d - a r ~  g i r t h  [as d e t e r m i n e d  b y  
the r e f e r e n c e  d i s t a n c e  f r o n  the l a t e r a l  e p i c o n d y l e ) .  

P r o x i m a l  e p i c o n d y l a r  h u ~ e r u s  g i r t h  - t h e  g i r t h  of t h e  s h a f t  o f  
t h e  hurnerus a t  t h e  p o i n t  c o r r e s p o n d i n g  t o  t h e  minimunt argl 
g i r t h  [ a s  d e t e r m i n e d  b y  t h e  r e f e r e n c e  a i s t a n c e  from t h e  
l a t e r a l  e p i c o n d y l e )  . 

B i - e p i c o n d y l a r  humerus girth - t h e  g i r t h  of t h e  huaerus 
e n c a r p o r a t i n g  t h e  two h u m e r a 1  e p i c o n d y l e s ,  

B i - e p i c o n d p l a r  hurtlerus breadth- t h e  g r e a t e s t  distance b e t w e n  
the e p i c o n d y l e s  of t h e  humerus,  

Ulna length - T h e  d i s t a n c e  between t h e  o l e c r a n o n  a n d  t h e  s t y l o i d  
p r o c e s s ,  Ulna h o r i z o n t a l  w i t h  olecranon doranrrards; 
a n t h r o p o m e t e r  p a r a l l e l  t o  shaft, 

Maxilaurn forearm u l n a r  g i t i h  - t h e  g i r t h  of t h e  s h a f t  of t h e  u l n a  
a t  t h e  p o i n t  c o r r e s p o n d i n g  t o  the m a x i ~ u m  f o r e a r m  g i r t h  (as  
d e t e r m i n e d  b y  t h e  r e f e r e n c e  d i s t a n c e  fro& t h e  t i p  o f  t h e  
o l e c r a n o n  p r o c e s s )  , 

Bid u l n a r  g i r t h  - t h e  g i r t b  of t h e  shaft of t h e  u l n a  a t  t h e  
point c o r r e s p o n d i n g  t o  t h e  nid-Eorearrm g i r t h  [as d e t e r a t i n e d  
by t h e  t e f a r e n c e  dis taece  f r o m  t h e  tip of the olec ranosa  
process) , 

R a d i u s  l e n g t h  - t h e  d i s t a n c e  betweea the most p r o x i m a l  p a r t  o f  
t h e  head  of t h e  r a d i u s  and t h e  most d i s t a l  p a r t  of t h e  
st y l o i d  p r o o c e s s  af t h e  r a d i u s ,  R a d i u s  h o r i z o n t a l ;  
a n t h r s p o r t l e t e r  p a r a l l e l  t o  s h a f t ,  

Raxinum f o r e a r n  r a d i a l  g i r t h  - t h e  g i r t h  of t h e  s h a f t  of the 
r a d i u s  a t  t h e  point c o r r e s p o n d i n g  t o  t h e  maximuzi- forearm 
g i r t h  {as d e t e r m i n e d  b y  t h e  r e r e r e n e e  d i s t a n c e  from t h e  t i p  
of t h e  o l e c r a n ~ z t  p r o c e s s , s i t e  marked when r a d i u s  and  u l n a  
a r e  in j u x t a p o s i t i o n ] ,  

Hid r a d i a l  g i r t h  - t h e  g i r t h  of t h e  shaft of t h e  r a d i u s  a t  t h e  
p o i n t  c o r r e s p o n d i n g  to  the atid-forearta g i r t h  (as d e t e r m i n e d  



b y  t h e  r e f e r e n c e  d i s t a n c e  f r o g  t h e  tip of t h e  o i e c s a n o n  
p r o c e s s ,  s i t e  marked when r a d i u s  a n d  u l n a  a r e  i n  
j u x t a p o s i t i o n ) ,  

Eaximuat f e m u r  l e n g t h  - t h e  g r e a t e s t  d i s t a n c e  b e t w e e n  t h e  
p r o x i m a l  point .  of t h e  c a p u t  feetoris a n d  the most  d i s t a l  
p o i n t  of e i t h e r  t h e  c o n d y l o s  m e d i a l i s  o r  l a t e r a l i s ,  P e a u r  
h o r i z o n t a l ,  t h e  facies p a t e l l a e  upwards  a n d  t h e  c a p u t  
f e a o r i s  away f r o a  t h e  m a s u r e r ;  a n t h r o p o m t e r  p a r a l l e l  t o  
t h e  s h a f t ,  

T r o c h a  n t e r i  o n - c o n d y l e  l e n g t h  - t h e  d i s t a n c e  b e t w e e n  t h e  p r o x i m a l  
e d g e  of t h e  t r o c h a a t e r  &a jus  and t h e  d i s t a l  p o i n t  of t h e  
c o n d y l u s  f a t e r a l i s ,  f e a u r  h o r i z o n t a l ,  t h e  f a c i e s  p a t e l l a e  
u p w a r d s  a n d  t h e  c a p u t  femoris away frog the e e a s u r e r ;  
a n t h r o p o a e t e r  p a r a l l e l  t o  t h e  s h a f t ,  

Upper t h i g h  f e m u r  g i r t h  - t h e  g i r t h  of t h e  s h a f t  o f  the f eaur  a t  
t h e  p o i n t  c o r r e s p o n d i n g  t o  t h e  u p p e r  t h i g h  g i r t h  [as 
d e t e r ~ i n e d  by t h e  r e f e r e n c e  d i s t a n c e  f rum t h e  a e d i a l  f e ~ o r a l  
e p i c o a d y l e )  , 

a i d  t h i g h  f e m u r  g i r t h  - t h e  g i r t h  of t h e  s h a E t  of t h e  f e m u r  a t  
t h e  p o i n t  c o r r e s p o n d i n g  t o  t h e  a i d  t h i g h  g i r t h  [ a s  
d e t e r m i n e d  by t h e  r e f e r e n c e  d i s t a n c e  from t h e  m e d i a l  f e m o r a l  
e p i c o n d  y l e )  , 

E l i - e p i c o n d y l a r  fesur g i r t h  - t h e  g i r t h  of the femur 
i n c o f p o r a t i n q  t h e  two f e m o r a l  epicondyles, 

B i - e p i c o n d y l a r  fenur b r e a d t h  - t h e  g r e a t e s t  d i s t a n c e  b e t w e e n  t h e  
e p i c o n d y l e s  of t h e  f e ~ u r ,  

Haxiaum t i b i a  l e n y t h  - t h e  d i s t a n c e  between t h e  a o s t  p r o x i m a l  
p o i n t  of t h e  t i b i a l  i n t e r c o n d y l a r  e m i n e n c e  and t h e  most 
d i s t a l  p o i n t  of t h e  s p h y f i o n  t i b i a l e ,  a n t h r o p o m e t e r  p a r a l l e l  
t o  t h e  t i b i a l  shaft, 

T i b i a 1  e s e d i a l e - m l l e o l a r e  i n t e r n u s  l e n g t h  - the d i s t a n c e  
b e t w e e n  t h e  p r o x i n a l  ~ e d i a l  point of t h e  m e d i a l  tibial 
c o n d y l e  a n d  t h e  most  m e d i a l  p o i n t  o f  t h e  t i b i a l  a a f l e o l u s ,  

Maxirauna ca l f  tibial g i r t h  - t h e  g i r t h  o f  t h e  s h a f t  of the t i b i a  
a t  t h e  p o i a t  c o r r e s p o n d i n g  t o  t h e  maximura c a l f  girth (as 
d e t e r m i n e d  by t h e  r e f e r e n c e  d i s t a n c e  fro@ t h e  t i b i a l e  
1 aterale)  , 

Hid ca l f  t i b i a l  g i r t h  - t h e  g i r t h  of t h e  s h a f t  of t h e  t i b i a  a t  
the p o i n t  c o r r e s p o ~ d i n g  t o  t h e  a i d  calf  g i r t h  (as determined 
by t h e  r e f e r e n c e  d i s t a u c e  f r o m  t h e  t i b i a l e  l a t e r a l e ) *  

Haximum f i b u l a  l e n g t h  - the d i s t a n c e  b e t w e e n  the most p r o x i m a l  
p o i n t  o n  the a p e x  of t h e  f i b u l a  a n d  the most d i s t a l  p o i n t  o n  



t h e  s p h y r i o n  f i b u l a r e ,  anthropometer parallel. t o  the fibular 
shaft,  

Head o f  f ibula - malleofare e x t e r n u s  length - t h e  d i s t a n c e  from 
the mos l l a t e r a l  p o i n t  on t h e  head of t h e  f i b u l a  to the most 
lateral p o i n t  of t h e  f i b u l a s  ntalfeolus, 

Baxilgum c a l f  f ibular:  girth - the g i r t h  of the shaft  of  the 
fibula a t  the p o i n t  corresponding t o  t h e  maxiaum calf girth 
(as deterained by the reference d i s t a n c e  from t h e  t i b i a l e  
1 a terale) , 

Hid calf fibular girth - the g i r t h  of t h e  s h a f t  of t h e  f i b u l a  at 
the p o i n t  corresponding to the a i d  c a l f  girth (as deter~ined 
by t h e  reference distance from t h e  t i b i a f e  l a t e r a l e ) ,  



APPEIDIX 5 - BA% DATA SOP SUBJECTS 1 TO 6 

SFHSUBL,SKIHPOLD HARPENDOW SUBSCAPULAR L E F T / '  
SFM!BL,SKIWPOLD EABPENDOH TRICEPS LEFT/ 
SfHBIt,SKIHPOLD HABPENDOH BICEPS LEFT/ 
SPHHXPL,SKINFOLD HARPEWDON BAXIBUM POBXA8fi LEFT/ 
SFHBDPL,SKIMfOLD WBLBPENDON Wf D - P Q R E A R R  LEFT/ 
SFHHL, SKINFOLD RABPENDON HAND LEPTJ 
SENBHTTL,SRZNFOLD NABPENDON RNTEBIOR T R I G H  LZFT/ 
SFWHEDTL,SKXNPOLD H B R P E N N W  MEDIAL T H I G H  LEFT/ 
SFBPOSPL,SKIMPOLD MBRPEHDOB POSTERIOR T H I G H  LEFT/ 
SFHSUPPL,SKXNPBLD HARPECNDOW SUPRA-PATELLAE LEFT/ 
SPHBEDCL,SKT#FOLD RBRPEMDBN H E D X A L  CALF LSFT/ 
SPNPL, SKIIFOLD Hiif PEWDOl FOOT LEFT/ 



S F S H L ,  S K I M F O L D  S L I R C U I D E  HAND LEFT/ 

S P S S U B R , S K I N F O L D  SLI14GII . IDE SUBSCAPULAR RIGBY/ 
Sf STHR , S K I W F O L D  S L X B G U I D f  TRICEPS B I G H T /  
S P S B I 3 , S K I N F D L D  S L Z B G U I D E  B I C E P S  RIGFIT/  
SPSHXF R,  S K I N F O L D  S L I & G D X D &  f 3 A X I H U E  P O R Z A R H  %XGHT/ 
S P S H D F X , S K I N F O L D  S L Z R G U I B E  H I D - F O R E A R 8  R I G H T /  
S P S A N T T R , S K H N P O L D  S L I H G U X . D E  A H T E R I O R  T H I G H  B I G H T /  
S F S N  EDTB* S % I N F O L D  S L I g G U I D E  B E D I  A L  T H I G B  BIGHT/ 
S F S P O S T R , S R I I P O L D  S L I B G U X D E  PBSTERIOB TRIGH B I G H T /  
S f S S U P P 8 , S K I B F O L D  S L I H G K I D E  S U P R A - P A T E L L A B  RIGHT/ 
S F S R E D C R , S K I N F O L D  S L I B G U I D E  B E D X A L  CALF B I G H T /  
S F S P B ,  SKINFOLD S L I H G U X D E  FOOT R I G B T /  
S P S H B ,  S K I N F O L D  S L I N G U I D E  H A N D  R I G H T /  

GAXAB&R,GZBTH A X f l L A W Y  ARB RTGNT/ 
G T R R ,  G P W T B  T R I C E P S  B I G H T /  
G E Z R , G I B T H  ELBOW R I G H T /  
CflXPR GIRTH i5AXIHgLS F O R E A R B  RIGHT/ 
G H D F R ,  G I R T H  BID-POREARPI BIGHT/ 
G P R S T P B 8 G I R T H  P R O X I H B L  STYLOID R I G H T /  
G B I S T Y  R , G L R T B  01-STYLOID B I G H T /  
G D K S T Y R , G I R T • ’ i  D f  S T B L  S T Y L B I D  R I G H T /  
G R E T B C R , G I R T H  HEPACARPAL R I G H T /  
G P H A L 3 R 8  G I R T H  P H A L A N X  THREE R I G H T /  
G U P T B R , G I  WTB UPPER T H I G H  R I G H T /  
G H D T B B , G I R T H  P I I D - T H I G H  R I G B T /  
G S U P P B T R , G f  RTH SUPRA-PATELLAR 8IGH!F/ 



BEPIRUZ,  BREBDTH ISPI-CDIDYLBR HUMERiJS LEFT/ 
B B f  STY tr BREBDTH Bf -5TYLOID LEFT/ 
BEPPFEL, BREADTB EPI-CONDYLAR PfflUR LEFT/ 
BCONTIL,BREADTR COlDYLAB T I B I A  LEFT/ 
BBPf4BLL, BREBD?tB BI-MALLEOLAB LEFT/ 
BHEELL,BREADTH HEEL LEFT/ 
B ~ E Q A T L , B R E A D T H  PIETATARSAL LEFT/ 
BRETWCL, BREhDTH BETACARPAL LEFT/ 

BZPIHU R I  B B E A l E  W EPI-COMDYLAB HUMERUS Bf GHT/ 
BBISTY R,BBEBI)T H 3 1 - S T Y L O I D  BIGHT/ 
BEPX PER, BREADTH EPI-CONDYLAR FEMDR R I G H T /  
BCONTIB,BREBIYfH COHDYLB8 TIBIA RIGHT/ 
BBXflALR,BREADTH 31-BALLBOLA8 BIGHT/ 
BHEELB ,BREADTH HEEL BIGHT/ 
BE ETATRDf)REAEITH BETATARSAL RIGHT/ 
BHETACR, B R E A M T R  i'3ETACABPAL RIGNT/ 

DHETBCZ,DEPTH METACAWPBL LEPTJ 
DEI ETBTL, DEPTH BETATABSAE LEFT/ 



TSPHA XL,TRUM K SKINFOLD HARPENDOW AX1 L L A  LEFT/ 
TSPtfXIL,TRUHK SKINPOLD H A B O E N D O N  X I P H O I D  LEFT/ 
TSFBICL,TRUBK S K I 8 F O L D  BBRPEWDOM I L I A C  CBZST LEFT/ 
TSFBSSL,TRU QR SKL3FOLD HARBEHD08 SUPRA-SPIBALE LEFT/ 
T S f  HABL, T R U  NK SKX%lFQED HARPEBDOW ABDOMIBBL LEFT/ 

TSPRAXBITRUk?K SKHNFOLD B A B P E N D O N  A X I t L A  RIGHT/ 
TSPHXIB,TWUMR SKINFOLD HARPEMDON X I P H O I D  RIGRTJ 
TSPHHCB,TBONK SKIMFOLD HhBPENDON I L I A C  CREST RIGHT/ 
TSPHSSR,TRUNK SKINPOLD HABPENDOH SUPBA-SPINBLE RTGNT/ 
TSFHABR, T B U I K  S K I N F O L D  RAWPENDON BBDOHINBL RIGHT/ 

TGELX,TRUMK GIRTH AXXLLb/ 
TG@ESOST,TBfJNR GIRTH BESOSTERN ALE/ 
TETBBF,TRgMK G I R T H  f H E U O W  OR BREASTFOLD# 
TGXIPH,TBUNK GIRTH XIPHQIDALE/ 
TGWAI, TRUNK GIRTH WAIST/ 
TGHEP,TRUHK G I R T S  HIP/ 

f LC7C0,TBUNK LENGTH CERYICALE-COCCYX/ 

HGFHD, HEAD GIRTU FOREHEAD/ 
HGMAS, HEAD GIRTH MBSPON/ 
HGMAMD,REBD G I R T H  BANDIBLE/ 
HGSOPTHE, HECK GIRTH SBPBA-THYROID/ 
I G f  BFTHY, HECK GIRTH INFBA-THYROID/ 
HLVERTRB, HEAD LEBGTH VERTEX-SRAGPOW 
HLVEBE?IEN,HEBD LEEJGTH VEBTEX0fiIENTOEJ/ 
BLVERB AS, HEAD LENGTH VERTEX-#ASTOXB PROCESS/ 
HBBf TB A, HEAD BREADTH 31-TBBGIDM/ 
H B E I Z Y  , H E A D  BREADTH 31-ZYGOflBTTC/  



WATBBBV, WEIGHT TOTAL BODY BEFORE U-V QEIGHIHG/ 
WBTBALl W,VEIGHT TOTAL BODY AFTER U-% W E I G H I N G /  
OALUHH20,ffEIGHT OF BBTER IW LUElGSJ 
BWCADCF, U-W WEIGHT CADAVEB CROSS AHD PBBflE/ 
Vi4CH,Q-W aEIGRT CROSS B N D  FWABE/ 
WWCAD, U-V WEIGHT CADAVER/ 
WdTBBDIC,#EIGf.ZT TOTAL BrS1D'P 3Ef ORE DISSECTION/ 

V$BATE)TL,BEIGBF I3 AfR TOTAL BB!9 LEFT/ 
WWBATOFL,UBIGHT U - #  TOTAL A M  LEFT/ 
#AVATOTL, WXIGWT Ill A X 3  TOTAL POBEABH LEFT/ 
WWVBTOTL, W E I G H T  0-8 TOTAL FORZABB L E P f /  
M&WATOTL,gEI:GHT IB A I R  TOTAL HAND LEFT/ 
WWRATOTL, Q E I G B T  8-H TOTaL BAND LETT/ 
WADTOTL,VEXGBT IW A 1  3 TOTAL TBIGH LEFT/ 
WWDTOTL,HEIGBT U-W TOTAL THIGH LEFT/ 
@AXTOTL,WEIGHT Il4 8x8 TOTAL LEG LEFT/ 
#PKTOTL,#EIGHT U-W TOTAL LEG LEPTJ 
WAVTOTL,gEIGHT IM A I R  TOTAL FOOT LEFT/ 
gWVTDTL,#ELGBT U-% TOTAL FOOT LEFT/ 

MBBBTOT8,WEXGHT IN AIR TOTAL ARB BIGHT/ 
BRBATOTR,WEIGBT ?J-Te TOTAL ABM R I G H T /  
kZAVATQTR* #EIGHT Ild A f  R TOTAL P08EAB# RIGHT/ 
WWVBTOTR,WEIGHT U - f  TOTAL FOREARM BIGHT/  
tJAHATOTR, # E I G H T  IN WIB TOTAL RAND RIGHT/ 
VBBBTQTR,YEIGHT 0-FI TOTAL ffAfdf)  RIGRT/ 
UADTOTR,WEIGRT 3 3  A I R  TOTAL T H I G H  BIGHT/ 
W@DTQTB,#ELGRT g - 8  TOTAL THIGH R I G H T /  
VBKEOT3,WEIGHT I N  AIR TOTAL LZG RIGHT/ 
W#KTDTR, H E I G H T  U-W TOTAL LEG BIGBT/ 
VAVTQTB,HEICHT IN A 1 3  TOTAL FOOT WIGHT/ 
BWVTOTW, HEIGHT U-Id TOTAL FOOT RIGHT/ 

BAFLBIJPS,WEIGNT F L U I D  5 BDCRET POST SEGME%TATIOM/ 
WRBUPS,WEfGHT BUCKET POST SEGBXWTATION/ 
WRPLPS3tJI3IGHT FLUID POST SEGBEMTATION/ 



EBGBABXL,LEAN BODY GIRTH A R B  AXILLA LEFT/ 
LBGBATRL, LEAN BODY GIRTH A R 8  TBICEPS LEFT/ 
LBGBBEPL,LEBB BODY GIRTH A R K  EPICOMD- LEFT/ 
LBBBAEPE,EEAN BODY BREADTH AR EI EPHCOND. LEFT/ 
LBGBBPRL,LEAN BODY GIRTH A R B  PROXmEPICOND- LEFT/ 

LBGB&BXB,LEAB BODY GIRTH ARE AXILLB BIGHT/ 
LBGBATR3,LEAB BODY GIBTH 8 R f l  T R K B P S  RIG3T/  
LBGBBEPR8fEAN BODY GIRTH ARB EPICONDo RIGffT/ 
LBBBAEPB, LEA% BODY BREADTH ABB EPICDND* R fGRT/ 
LBGBAPRB,LEAW BODY GIBTR A W f l  PROX. EPICDHD. BIGHT/ 

LBGVAMXL,LEAS BODY GI RTN FOBEAR8 HA X I M J  8 L E f  T/ 
LBGPAflDL,EEAM BODP GIRTH POBEARH RIDDLE LEFT/ 
LBGYAPRL,LZAN BODY G I B T H  FOREARB PBOX.STYL, LEFT/ 
LBGBABIL,LEAN BODY G I R T H  POREAR# BP-STHLIOP LEFT/ 
L3BVABPLf LEAH BODY BREADTH BP-STYLIOW LEFT/ 

LBGHEIETLfLEBW BODY G I R T H  HAND RETACBWPAL LEFT/ 
LBGBPW3LfLEAN BODY GIBTH RAND PWALBNX 3 LEFT/ 
LBBH#ETL,LEAI BODY BREBDfN HAND HETBCBRPAL LEFT/ 
LBDBPIBTL,L& AB BODY DEPTH- NBBD HETACBBPAL LEFT/ 

LBGHBETR,LEAH BODY G I B T A  HAND HETACARPBE RIGHT/ 
LBGHPB3W,LEB% BODY GXRTn HARD PBALAWX 3 BIGHT/ 
LBBHHETB, LEBM BODP BBEADTH HAND flETACABPAL RIGffT/ 
LBDUETR,  LZ AN BODY DEPTE HAHB BETBC BBPAL $1 GBT/ 

LBCDUPL,LEAB BODY GIRTH THIGH UPPER %EFT/ 
LBGDHDZ, LEAN BODY GIRTH THIGH PlEDDLE LEFT/  
L%GDSUPL,LEAN BODY GIRTH THIGH SOP, -PATELLAR LEFT/ 
LBGDEPTL,LEBI BODY GIRTH THIGB EPPCON D. LEfT/  
LBBDEPILILEBH BODY BREADTH T H I G H  EPLCOND- LEFT/ 

LBGDUPB, LEAN BODY G I R T H  THIGH W P E R  BXGHTJ 
LBGD%DB,LEBI BODY GIBTH THIGH RIDDLE BIGHT/ 
LBGDSVPR, LEAH BODY GIBTR THIGB SUP. -PATELLBB BIGHT/ 
LBGDEPHB, LEAS BODP GIRTH THIGH EPICOHD, BIGHT/ 
LB BDEPIR, LEAN BODY 3R EBDTH T H I G H  EPICOND, BIG AT/ 

LBGKIPL,LEA4 BODY GIRTH LEG INF,-PATELLAE LEFT/ 
LBGKBXL, LEAN BODY GIRTH LEG N A X f  fig# LEFT/ 
LBGKHDL,LEBW BODY G I R T H  LEG SXDDLE LEFT/ 
LBGKB NLILEAH BODY GIRTH LEG M I N I H U F i  L E f  T/ 
LBBKCOUL,LEAN BODY BREADTH LEG BI-CONK), LEFT/ 
LBBKEIBLL, LEAH BODP BB EADTH LEG 31-8BLL. LEFT/ 



LBGKIPR,LEAM BODY GIRTH LEG IMfs-PATELLAR RIGgT/  
LBGRMX3,EEAN BODY GIRTH LEG R W X I B D H  RIGHT/ 
LBGKMDR,LEAN BODY GIRTH LEG H I D D L E  R I G H T /  
LBG!.MIl R, LEAN BODY G I R T H  LEG H f N f H U R  R I G H T /  
LBBKCOHR,LEAN BODY BBEADTH LEG BI-COMD* RIGHT/ 
LBBRflA LB, LEAN BODY BREADTH LEG BI-MALL, R IGHT/ 

LBGVBETL, LXAN BODY GI RTB FOOT BETATARSAL LEFT/ 
LBGYHALL, LEAB BODY G I B T H  FOOT HALLOX LEFT/ 
LBGVABCL,LEWN BODY GIRTH FOOT ARCH LEFT/ 
L33VPIETL,LEAH BODY BREADTH FOOT MZTATARSAI. LEFT/ 
LBDVf4ETL,LEBN BODY DEPTH FOOT HETATARSAL 3 LZFT/ 

LBGVBET3,LEAN BODY GIRTH POOT HETATMSAE R IGHT/ 
LBGVHAEB,LEAN BODY GLBTB POOT HBELUX RIGHT/ 
LBGVARCR, LEAN 30DP GPBTR FOOT ARCH S I G H T /  
LBBBAETB,ZEBES BODY BB EADTH FOOT HZTBTARSAL R I G H T /  
LBDVflETR,LEAM BODY DEPTH POOP 8ETATRBSAL 3 R I G H T /  

WWGAEWT,#EIGHT U - a  GABZE AND BRASS WEIGRTj 

WBBASR ,WEIGHT 
WVBASR,VEIGHT 
WBBBPB,HE?GMT 
WHBAPR ,BEIGHT 
WABARR,BEIGHT 
WWBAMB,REIGHT 
WABAB3,WEIGHT 
WWBABR ,#EIGHT 

f W  AIR A R M  S K I N  LEFT/ 
U-W ARB S K I N  LEFT/ 
I N  AIR ARB FAT LEFT/ 
U-#i ARB PAT LEFT/ 
IN AIR ABA HUSCLZ LEFT/ 
U-W ARB RgSCLE L E I S /  
18 81% ARH 'BONE LETT/ 
U-R Aft# BONE LEFT/ 

I N  AIR &BM SKIN RIGHT/ 
U-# A R B  S K I N  BIGHT/ 
1% A I R  ARB FAT RIGHT/ 
U-P A R A  PAT BIGHT/ 
I N  AIR 88M MDSCLE BIGHT/ 
U-W W B a  MUSCLE R I G H T /  
I N  AIR A R 8  BOHE RKGBT/ 
U-W & R t l  BDBE BIGHT/ 

I N  A I R  POREARB SKIN LEFT/ 
0 - 8  FOREARM SKI8 LZFT/ 
I N  A I R  FOREARB PAT LEFT/ 
U-W FOREAM FAT LEFT/ 
IN A I R  POREARB RUSCLE LEFT/ 
U-W POWEARB AUSCLE LEFT/ 



gAfiSR, YEIGflT PN A I R  RAHD SKIN RZGtlT/ 
VWHSR,WEfGHT B-W HAND SKIN RIGHT/ 
VABFR, UEIGHT EM AIR HAND FAT BIGHT/ 
#VBPR, BEIGHT U-Y HAND FAT RIGHT/ 
WAH3E, @ E I G H T  fM AXE? HAND EWSCLE RIGHT/ 
PWHtlR,WEZGHT U-W H A H D  8USCLE RIGHT/ 
WARBBIVEIGNT IM A I R  HAND B O N E  RIGHT/ 
WVBBB, WEXGHT U-W H A N D  BONE RLGHT/ 

WADSL,BEIGHT I8 AIW THIGH SHIN LEFT/ 
%HDSL, PEIGHT U-W THIGH SKIN LEFT/ 
WADPL,WEfGHT IM A I R  TBIGH FAT LEFT/ 
WWDFL, 02PGNT U-W TBXGH FAT LEFT/ 
WADHL, 3EIGHT I N  WPB THIGH llUSCLE LEFT/ 
%PDEZ, WEIGHT U-W T H I G B  BUSCLE LEFT/ 
BADBfL,VEIGHT IZN BIB THIGH BONE PZHTJB LEFT/ 
OWDBFL,WEIGHT U-W THIGH B O N E  FEMUR LEFT/ 
WADBPL,WEXGHT I8 AIR TBIGR BONE PATELLA LEFT/ 
W#DBPL,HESGBT U-8 THIGH BONE PATELLA LEFT/ 

WADSR,IJEIGHT IE3 ATB THIGH S K I N  RIGHT/ 
WWDSR, WEIGHT 0-W TRIGH S K I N  BIGHT/ 
WADPR, B E I G B T  ZN APB THIGH PAT R I G H T /  
VBDPR, RIIEIGHT u-fiil w m a  PAT BSGHT/ 
P B D H B  W E f E B T  IN Bf  R TBTGB BUSCLE RIGHT/ 
8W'DFlR, WEIGHT U-W THIGH HVSCLE PZGNT/ 
BBDBFRIBEIGHT It4 AIR THIGH BONE FE#?JR BIGHT/ 
WWDBPR ,WEIGHT U-V TRIGH BONZ f Z8UR BIGHT/ 
$4BDBPR,WEIGHT IS AIR THIGH BONE PATELLA R I G B Y /  
WVDBPR ,WEIGHT U-S4 THIGH BONE PATELLA RIGHT/ 

BAKSL,WEfGHT Il AIR LEG SKI3 LEFT/ 
ZJ'WKSL,PEIGHT 0-54 LEG S K I R  LEFT/ 
WAKFL,WEIEHT I@ AEB LEE FAT LEFT/ 
P#K%L,WEI@HT U-W LEG FAT LEFT/ 



g A R S B ,  #EIGHT IN BIB L E G  SKI8 RIGHT/ 
WWRSB,#EIGHT U-8 LEG SKIN BIGHT/ 
VBRFR,-BBEIGRT I# A I B  LEG FAT RIGHT/ 
IJWKPR,BIEIGldP U-B LEG PAT RIGRT/ 
%BKH$,  W E I G H T  I N  A I R  LEG BUSCLE B I G H T /  
WWKBR, W E I G H T  U-V LEG HUSCEX BIGHT/ 
WBKBTB,VEIGBT 1% A I R  LEG BOB3 T I B I A  RIGHT/ 
WWKBTR,WEIGHT U-V LEG BONE TIBIA RIGHT/ 
WAfiBPR,folEIGHT I N  AIR LEG BOIE FIBULA RIGHT/ 
WWRBFB,WEIGH'S tJ-W LEG BONE P I B U L B  BIGHT/ 

#AYSB, YEKGHT 
WBVSR , WEIGHT 
OBVPR, WE.IGHT 
WH YPR, YEIGWT 
W A V R R ,  fEICHT 
HW VBR, WEIGBT 
W AYBW, PETCBT 
WWBDB, HEfGHT 

IN AIR FOOT S K I N  RIGHT/ 
U-W FOOT SKI24 BTGHT/ 
IW B I B  FOOT PBT BIGHT/ 
U-W FOOT PAT RLGHT/ 
1% AIR FOOT HUSCLE R I G H T /  
iS-H f OOP 8OSCLE RIGHT/ 
I N  A I R  FOW BOWE BIGHT/ 
U-W FOOT 30153 BXGBT/ 

OGVASTYLIOSTXO GIRTH POEI3ARH S T I L X O N  LEPTJ 
QGVB&XZ,OSTEO FIRTH FOREARB SBXEIHUE LEFT/  
OGVAWDL, OSTfO GIRT N FOBBARM HXDDLE LEFT/ 
OGVBMHL, OSTEO GIRTH POWEBB B Hf N I H O l 4  LEFT/ 
OBBAST YL,OSTEO BWEADTH POREARI4 STPLfOM LEFT/ 





OGBDFEL,QSTEO G I R T H  MID-FEMUR LEFT/ 
OGOPPEL,USTED G I R T H  UPPER f E f l U R  LEFT/ 
O L B X T I L , O S T X O  LENGTH BIBK.TIBIA LEFT/ 
OLBXFIL,OSTEO L E H G T H  a B X *  F I B U L A  LEFT/ 
O G H X T I L I O S T E O  GIRTH H A X , T I B I A  LEFT/ 
OCBXFIL,DSFEO GIRTH RRX. FIBULA LEFT/ 
OGHDTI L , O S T E O  G I R T H  MID-TXBIA LEFT/ 
OGeDPIL, QSTEO G I R T H  a I D -  FIBULA LEE"f/ 
OLFIfiALL, OSTEO LEIGTH T I B I  B L f  -BALLEOLBRE LEFT/ 
OLFI•’il!iAL,OSTE?.l LEIGTH FIB, BD-MILLEDLARE LEFT/ 



11-90 HBBITPB 14-00 HBBXZY 13-90 HDfEfGLAB 19,YO R A f l E B D  37O1. 13 

fW0EAD 333.20 SfHSlfBL 9.70 SPSSUBL 8-11) TSPHAXL 2,10 TSfHXEL 

3 - 3 0  TSFHXCL 4 - 8 0  TSFHSSL 2 -00  TSFBABL 3 ,90  TSfSAXL 1 - 5 0  TSPSXIL 

2.40 TSFSICL 3 - 5 0  TSPSSSL 2.50 TSFSASL 3.10 TGWK 82-10  TGRESDST 

78.60 TGTHBF 78.90 TGX3PH 73.30 TGfdAI 63-10  TGBPP 8U,6O TLC7CO 

60-20  TBBIBC 35-30  TBgESOST 2 7 - 2 0  TBXIPR 27-30 T B B I I L C R  31.50 

TBBITROE 33-30 DAPCHEES 37-00 DAPCHXI 14,UO DBUTT 16.50 NGSUPTBY 

33-20  HGINPTHY 32.70 #AT8 20234.56 WWTRGC;GP 5570.00 ##CbF 

6300,OQ HWTR -630,OO SPHSUBR 6.40 SFSSUBR 5-50 TSPHAXEI 2,10 

TSPHXIW 2,50 TSPHIGR 4 -20  TSPHSSR 2-50 TSPHBB'R 4-30  TSFSAXR 1-70 

TSPSXIR 2-40 TSFSICB 3-50 T S F S S S B  2.20  TSPSABR 3-30  SPRTWL 3 - 5 0  

SFMBIL 2-90 SFSTBL 2 - 6 0  SfSBFL 2.00 G A X A B R L  20.40 GTRL 18-30 

GELL 20-30 G8BhBBL 17-30 LACRBDL 33.88 BEPfHUL 6.92 WABATOTL 

1049-68 WWBATOTZ 13,36 LBGBAAXIL 15-30 LBGBBTRL 15-30 LBGBAEPL 

15,30 LBBBBEPL 6,Q4 LBGBAPRL 14.90 BABASL 8 8 - 5 8  # R B B S L  0.40 

WABAFL 55 .52  PBBAFL 2-30 WBBAHL 627.48 WWBAPBL 28.00 BABBBL 

278,00 8W3ABL 51.50 SfHTRR 3.70 SFHBXR 1-90  SFSTRR 2-70 S F S R I R  

1.50 GlaXARPfB 20.30 GTRP 3 8 , f ) O  GELR 21,60 GMNABMR 17.40 LACRADE 

34.50 BEPIHOR 6-87  WABBTOTB 1 0Y9.58 WWBATQTR 13-41  WABASR 88-78 



WWBWSA 0.50 WABAPR 63-72  HWBAPR 3-00 WABAtlR 599-05 WPBBBR 27-30 

WABABR 298-13 WWBABB Y9,SO SPZiRXPL 2 -60  SFNBDFZ 2.30 SFSHXFL 

2 - 0 0  SfSHDPL 1-90  GRXFL 79-10 EPlDPL 1 6 . 2 0  G P B S T Y L  14-50 G B I S T Y L  

16.20 G D I S P Y L  15-20 LOLSTYL 27-40 BBISPPL 6.16 WBVATOTL 515-68 

MWVBTOTL 13.29 WAYBSL 53,43 BVVWSL 1 -30  WAVAFL l t ) ,56 W W V A P L  0 - 0  

BAVABL 375.78 3%VAt!L 20.30 WAVABBL 7U, 10 WWVABBL 17-80 WAVBBUL 

90.00 WBVBBUL 25-00  SfHHXFR 2 - 3 0  SFHfiDFB 2,10 SFSHXE'B 7-90  

Si"S3Df P 1.8Q GFIXYR 20.70 GHDFR 15-40 GPRSTYGI 13-60 GBISTYB 76-40 

GDISTYB 35-48 LOLSTYB 28-30 BBISTYR 6 - 1 3  WAVATOTR 635-86 . 

B@VATOTW 13-27 BAVASR '70.22 WWVBS8 1 -60  WAVAPR 27-95  UWVAff 0- 21) 

WAVABR 3 6 0 - 6 8  PVVABB 17.40 B A ' f l A 3 8 R  76-10 PPVABRB 17,80 RAVABUR 

88.50 TJWVABUJa 23.20 SFHHL 1.10 SFSBL 1.00 GfIETAZL 19.00 GPHAL3.L 

5 - 4 0  LSTYPaETL 7 - 7 0  LSTYDACL 19 -90  BMETACL 0.0 DPlETBCL 2-86  

WAMATOTL 403,72 WWBATOTL 13-56  WBHSL 59.82 VOHSL 1-60 WAHPL 



1152-00 BWKBTB 89-20 WAKBFR 9D.10 W R B P R  2 2 - 1 0  SPHFL 0.0 SFSFL 

SFSFR 0.0 GAETATR 15*40 G P f l A L l R  8-20  G A R C R  25-70  LHALBALB 7 * 3 0  

LBKPTEB 25.70 BBEELR 5-53 BHETTBTR 9.29 DHETBTR 2.48 DABTOTB 

1020000 VWVTOTB 13-61) #AVSB 1 10-90 fialVS&! 5 - 8 0  IifRVFW 209.50 WWVPR 

1.33 WAVRIt  249.60 W V M a  9 - 4 0  VAVBE 3U5.70 WWYBR 61,30 WWGAGWT 

67-10  WBFLBDPF 1440,0O WABUPF 666 .20  WAPLPF 781,230 WAPLBUPS 0 - 0  

WABUPS 0.0 WAPLPS 0.0 X 2.40 VOLTOT 42060-00 CAHATOTB 43198.00 

DIPTOT 402-00 ADJHEAD 34-13  VOLHEAD 3367-93 CDEEJHEWD 1- 10 31EtJTR 

106.57 VOLTA 2086U.55 CDE4TR 0.97 ADJBAL 9.68 VOLBAL 1036.32 



343-28 ADJVBBR 12-40 VOLVABB 70,70 ADJHAL 3-72 QOLHBL 390-16 

CDEBRBL 1 - 0 3  CAWBHBL 368.50 DXFIIAZ. 35-22 ADJRBSL 5-22 VOLHASL 

58-22 BDJBIPL 4-36 VOLHAFL V9.56 ADJHABL 13.7Y VOLBAML 149.04 

ADJBBBL 73-90 VOLNABL 310,58 ADJHAB 4.28 VOLHAB 450-92 CDEN'f-fAR 

1-03 CAWBHBR ti01.30 DIFHWB 62-98 ADJHASR 8-07 VOLHASR 57-17 

BDJHBPW 11-02 VOLHBPR 79.52 BDJflBfYIR 23-13 IOLHBBR 162-73 BDJHBBR 

7 9 - 9 5  VOLRBBR 123.15 ADJDL 44.58 BOLDL 4311-38 DENDL 1 - 0 1  WADBL 

890,94 CAWBDL 4440-80 DlfDL 394-79 BDJOSL 33,83 VOLDSL 412.43 

ADJDFL 4O.Y 6 VOLDfL 494.46 ADJDBL 23270 76 YOLDfYIL 2937-06 ADJDSL 

72.74 VOLDBL 724.84 ADJDR 45-16 VOLDB 4875-99 DENDR 1.00 WADBR 

913.73 CANADR 4Y40,ZQ D L F D R  Q57-96 ADJDSR 45-91 VBLDSR 468.01 

BDJDPR 54-85  VOLPFR 573.65 ADJDBR 2x2- I 8  VOZDHR 2802-58 B D J D B R  

05-43 VOLOBR 715.33 ADJKL 17.30 VOLKL 1862.08 DEHKL 1,0 1 WBRBL 

598 -85  CAWAKL 168g,lO DIFKL 187-29 ADJKSL 13.161 VOLKSL 129-83 

ADJKBL 18.54 VOLKfL 188.W RDJKBL 95.70 VOLKML 927-20 ADJKBL 



DATA for CASE NUHBER 2 

371,50 SFEISUBL 2 4 - 3 0  SPSSUBL 18,90 TSFMBWL 8 - 9 0  TSFBXIZ. 0 . 0  

TSPHICL 10,80 TSBHSSL 13-00 TSPHABL 0 . 0  TSPSAHL 33-00 TSPSXIL 

0.0 TSFSICL 9-30 TSPSSSL 9.70 TSf SABL 0 .0  TGbX 96-70  TGEESOST 

95-30  TGTBBF 94.90 TGXIPB 93.30 TGWAI 88-50  FGHfP 91,YO TLC7CO 

53-20 TBBIAC 3 5 - 1 0  TBffESOST 31),80 TBXIPH 30-60 TBBIILCR 29.130 

TBBfTROC 29-00  DAPCNHES 20-40  DAPCRXP 22-70  DBUTP 17.60 MGSUPTHP 

46 -10  HGINPTBY U3-96 WBTR 33455,82 WWl!RGC&f 6270,OO 8 K G P  

6300-00  #RTR -30.00 SFHSUBR 2 5 , 8 0  SPSSUBB 20,530 TSFHAXR 6.80 

TSFHXIR 0 - 0  TSPHICB 16830 TSFBSSR 10-00  TSFB&BR 0 - 0  TSFSBXR 9 - 3 0  

TSFSXIR 0-0 TSFSICR 13-30  TSPSSSB 8 , 5 0  TSFSABB Q,O SFHSRL 19.20 

SFHBIL 11 ,90  SPSTRL 15,20 SPSBIL 3.60 G A X A R H L  28 -90  GTRL 29.80 

GELL 24-80 G@WARBL 1),0 LACRADL 32-20 BEPIHUL 6 - 6 2  WABATOTL 

1650- 1 2  VHBATOTL 5 0 - 1 0  LBGBAAXL 18,10 L B G B A T R L  18-50  LBGBAEPL 



17-10  LBBBAEPL 6.20 LBGBAPBE 16-40 UBBASL 134.88 WVBASL 5.80 

@ABAFL 593-26 WWBAPL -27.90 fJi4BAH.L 705.20 WBBAHL 2 5 - 3 0  WABABL 

216-70 WWBABL 36.16 SPHTRR 2U-90 SfHBfR 13.10 SPSTRR 17-60  

SFSBfR 9-70 G B X A R H R  23-80 G T R W  27.80 GELa 23-80  G M H A R M B  0.0 

LACRADR 3 2 - 1 0  BEPPBUB 6 - 6 3  VJABATQPP 1660.19 YWBATOTR 47,90 

R A B A S R  137.30 WBASR 6,811 BABAPP 620.75 WWBAPB -26-00 RABAHB 

670.44 #WBB;tUIR 22-50 WBBf38Bfi 231.71 1WWBIBR 35.50 SFHPIXFL 1OW00 

SPHHDPL 7.50 SFSaXE'L 8-60 SPSBDPL 6.50 GFIXPL 23-70 GBDFL 19-30 

5 - 2 3  PAYATOTB 893-56 VWVWTOTR 43.50 W A V A S B  67,7& RPYWSR 2.90 

B a V A F B  216.58 HHVAFB 4 - 7 0  WAVWflB 485.21 @#VBBR 18.40 W A V A B R R  

51.68 WWVABBB 9-10 WBYABDR 55 ,40  VHVABUR 1Y.00 SPHHE 1-40  SfSHL 



G B I l L E G L  25-90  LTI3!4WLL 38-20 BGOBTXL 9 - 6 7  B B I A B L L  7-31 WAKTOTL 

GIHPPATR 30.00 EflXCAR 30.70 G H N A & K B  19-40 G B I H A L R  24.80 G M D L E G R  

35-80 LTf BRAL8 38-30 BCONTIB 9 - 5 0  BBXMALR 6 .72  BBKTOTB 2363 .89  

WOKTOTR 1&4,60 W A K S R  109.98 W K S B  6-90 #AKPR 340-95 gWKFR - 15-80 
WARRB 1211,15 WBKMR 45-80 FXBKBTP 392-20  WgKBTX 63-20 %AKBFP 

64-90 VWKBFB 32-30 SFHFZ 0.0 S f S P t  D w O  GfiETBTL 22-70 GPHAL1L 

8-10 GAWCL 23-70 LPiBLBBLZ 6 .00  LAKPTEL 21.80 BHEELL 5 - 7 3  BRETATL 

8,54 DMETBTL 2-63 RAVTOTL 823-00 VVVTUTL 53-70 WAVSE 90.80 NWISL 

5-89 HAIFL 215-40 OWFL -2.50 WA V B L  214.50 W B V H L  1 ~ 1 0  WavaL 

230-70  WWYBL 34-40 S P H f R  0-0 SPSPR 0,0 GHETATR 22.30 G P f i A L l R  

7-50 GABCR 23.70 LBAEBALB 6 - 6 0  LBKPTER 23-60 BHEELR 5.94 BMETBTB 

8-48 DI%EPATB 2.61 WBVTOTR 7 8 7 - 0 0  WWVTOTB 52.10 R A V S R  87 .60  WVVSR 





61-64 VOLDR 8198.23 DEHDR 1-02 'dADBR 759.67 CBYADB 7723-70 D I P D f  

6 6 7 -  98 BDJDSR 39-22 VOLDSR 468.92 ADJDPB 2U0-82 VOEDPR 3164-32 

BTJJDRB 327.44 VOLDHR 3999.7r3 ADJDBR 60.47 VOEDBR 616-57 A l D 3 K E  

36-12! BOLKL 2051-92 DEBKL 1-07 WAKBL 8 7 9 - 8 3  CAWARL 2071.00 D I f K L  

I2U.12 ADdRSL 7-42 YOLKSL f 24-22 ADJKFL 20.7 3 VOLKFL 3'79-03 

ADJKBL 68-84 VOLRHL 1175.54 ADJRBL 27-23 VOLKBL 403.53 ADJKR 

15-89 VOLKB 2039.29 DENKB 1-07 W A K B R  493-02 CAHAKR 2003.00 DIPKR 

160.90 ADJRSR 8-78 VOLKSR 183,08 BDJKPR 25-95  VOLRPB 364-75 

ADJKflB 90-05 VOLKBR 1165-35 A D J K B B  36-72 VOLKBR 365-72 

290.20 SFHSflBL 34-40 SFSSUBL 12-90 TSFNaXL 20,40 TSFBXIL 22.60 

TSPBICL 23-80 TSPASSL 10-90 TSPRABf, 75-70 TSFSAXL 37-60 TSPSXPL 

41.90 TSFSICL 19-10 TSFSSSL 10-90 TSBSABL 14-30 TGAX 83-20 







ZBHPTXZ, 7 9 , W  BHEELL 6 . 9 3  BBE3'hT.L 7 - 3 3  DBETATZ 2-09 fAV'flOTT. 

530,10 WWVTOTL 19.70 aAVSL SY.70 W V S L  3-70 WBVPL 259.60 WWVFL 

-7.40 H A Y R L  99-60 WWVRL 2-60 i4AVBL 170-40 WHVBL I & - 3 0  SFHFE 2-00 

SF'SFR f.60 GPIETATR 20.80 GPHALlR 6-70 GA8CR 23-YO LEALBAER 5.80 

LBKPTER 20-80 BHEELR 6 - 4 2  BHETATR 7.50 DPIETBTR 2,65 WAYTOTE 

687.20 WWVTOTR 22.20 WBBSR 67-90 WVsB 3.40 W A V F R  225-10 b W V f R  

-7-40 #AVBR 353,243 #i#VWB 3-10 %iBVBB 172.80 WldY88 14,80 WWGAGWT 

89 .TO WAFLBlfPF 820,gO BABUPP 253.80 WBFLBP 567.30 R A f  LBUPS 

854.10 WABUPS 6Y6.80 gBPLPS 107,30 X 0.50 VOLTOT 50810.00 . 

CASATOTB 50642.53 DIPTOT 257-42 BDJHEAD 18-72 VDLHEAD 3QlO. 92 

CDEHHEAD 1,09 BDJTR 122.70 VOLTR 24714-70 CDEBTR 0-98 A D J B A L  

6.81 VOLBRL 1332,51 CDENBAL 1,01 CABRBAL 1273.30 DTFBAL 74,01 

ADJBASL 2,37 VOLBAS'L 42-37 PLDJBAP L 39-03 VOLBAFL 751.33 ADJBBPIL 

2Y, 16 T70LBAPiL 425,445 A E f j B A B t  8-46 VOLBABL 128,235 B D J B W B  8.00 

VOLBAR l!j?i7,QO GDEMBAR 1.02 CBWABBR 1520, UO DIPBAR 61-70 ADJBASR 

4. I6 VOLBWSR lO2.l6 ADJBAFR 29-43 YOLBBZ"8 7 9  l ,23 ADJ13AMR 22.11 

BOLBABR 5Y9.91 ADJBBBR 6-00 80LBABR 128.70 A D J V A L  4-03 VOZVAL 

788.13 DENVAL 1.02 WAYABL 79-42 CAWBVAZ 731-90 D H f V B L  55-43  

ADJBASL 7-86 YOLVASL 92-06 ADJVAFL 3 0 - 3 0  VOLVAFL 390. 10 BDJVABL 

20-76 V0LYAHL 243-66 ADJVABL 6.52 VOLVABL 62,42 A D J V B R  2-70 

VOLVAB 525-08 DEMYAB 1.05 GAYABR 82.26 CBHAVAR 525-80 D X F Y A R  

24.48 ADJVASR 1-22 VQLVASR 26.32 ADJVAFR 8,32 VOLVAPR 196-72 

A D J B I I f l R  11-28 VOLBBEPR 244,5& BDJVPLBR 3-66  VOLVABR 32.26 BDJHAL 

1-25 VOLHAL 23 1-55 CDENHAL 1-87 EAWARAL 226,80 B I P H A L  20-15 

ADJBASL 3.04 VOLHASL 35.44 ADJWAFL 5-74 VDLBAFL 73-06 A D J H A H L  

5-77 VDLRBHL 63-67 ADJHABL 5 -58  VOLWABL 3 9 - 3 8  B D J N A R  1, 31 V O L H A R  



241.31 CDENHBR 1 - 0 8  CAWAHAW 236.10 D I F R A B  2 3 - 5 3  A B J H A S B  U.24 

1-00 WADBI, 518-57 CAWADL 6278-39 D I P D L  335-05 ADJDSL 17-86 

53Y.39 ADJKBL 10.79 V O t R B L  270,89 ADJKW 8-27 YOLK8 1593.87 DEMKR 

1-03 WAKBB 338-54 CAWaKR 1456.60 DIFR8 173,87 BDJXSR 10.65 

DATA for CASE NUPIBIER 4 



TSBSXIL 14.70 TSFSIfZ 24-00 TSFSSSL 5,QO TSFSBBL 9-  30 T G A X  

100,50 TGRESOST 101.30 TGTNBZ 301-40 TGXIPH 92.70 TGRAI 84-80 

T G H I P  37,90 TLC7CO 60-70 TBBPAC 38-51) TB13ESZtSrS 32,90 TBXIPH 

30-40 TBBIZZCR 27-60 TBBITROC 32-40 DBPCHHES 19-70 ZfAPCHXX 23-30 

DBUTT 20-40 NGSUPTHY 40.10 EJGIMFTHP 40.70 #ATX 35336-04 WUTR&CEP 

GBXARML 32-30 GTBL 30-90 GELL 26-30 GRNABML 27.40 LACRADL 35- 10 

SFHBIR 14,511 SFSTBB 20-50 SF'SBXE 1 1  a 1 0  GAX88131R 31- '10 GTRR 30-10 

GEL2 26-40 GPIUB8e98 2.6- YO LBCRADW 35,60 BBPIHUB 7,63 PABATOTR 

2225-67 WWBATOTR 119,20 PABASR 147.l4 WUBASB 9-50 %ABAFR 730.8Q 

BjVBBPR -33-00 #ABAi4ilR 1069.92 NWBA&R 64-80 PABBBR 277.76 OfBABX 

65-00 SFWHXfL 1U.00 SPHHDFL 75.lb0 SFSMXPL 1Y.50 SBSfYIDfL 12. TO 

GNXPL 27-30 G H D B L  23-10 GPBSTYL 17.70 GBXSTYL 17.30 GDXSTHL 

17.20 LOLSTYL 28-60 BBXST'llL 5 -59  HBBBTOTL 13 16-16 BIJYATOTL 03-90 

WBVASI, 85-49 143VASL 6-60 WAVAPL 236-04 WWVAFL -9.60 W A V B a L  

649.16 WWYAML 37-40 HAVABBL 66.0O WBVABRL 18-10 WAVABUL 77.10 

%WVABOL 22.70 SPHRXFB 14.50 S P H M O f H  32-90 SPSRXFR l3,40 SPSRDFB 

9-70 GBXPR 26-40 G H D F B  22-48 GPRSTYR 17-30 GBISTPR 17-00 GDISTYR 

16.20 EOLSTYR 27-00 BBTSTYB 5-80 BBVATOTB 1 1  17.67 VVVATOTR 8% 20 



WWYABUR 22 -50  SFHRL 4-60 SFSHL 3 - 8 0  GRETACL 19.40 CPHBL3L 6 - 0 0  

452.82 5lWHATOTlE 46-80 WARSL 8 6 - 9 4  WWHSL 7 - 0 0  WAHFZ 74.45 WWHFL 

0 - 0  IdhFBX, 179.09 iJBHflL 11-20 WAIiBL 112.35 lifffHBL 22.20 SFHHB Y.80 

SFSfJR 3.20 GlrETACR 19.00 GPHAL3B 5 -80  LSTYHETR 8.10 LSTYDBCR 

9.60 WABB'R 120,52 V%BBW 2U-50 SPBANTTL 32-00 SFHffEDTL 29.20 

SFSPOSTZ 27.50 SPSSUPPL 18.00 GUPTBL 56,30 GMTWL 48-30  GSUPPATL 

171.20 WADBPL 36-70 WWDBPZ 7.30 SPHABTTR 2 3 - 6 0  SFHEEDTR 22-60 

SFWPOSTR 30, IO SPHSUPPR 23-90 SFSBNTTB 23,40 SPS8EDTR 2 4-20 

SFSPOSTP 27-20 SFSSUPPR 20.70 GUPTWB 5 7 - 8 0  GHDTRB 48s 60 GSUPPATR 





2.37 VOLVBBL 104,57 ADJVAR 7-67 Y O E V A R  1028-47 D E B Y A S  1.09 

W A V A B R  745.77 CAHBVBB 1097,30 DIFVAW 20.37  ADdVASR 1.46 V O L V B S n  

72.86 ADJYAFB 4-08 VOLVAPR 2 3 2 - 0 8  ADJVAMP 12. f 5 VOLVAER 624.85 

ADJVXBB 2 .67  VOLVBBf  52-07 ADJ8AL 3 - 0 2  VOLHAL U08.02 CDEHWAL 

1 - 1  f C A W A H A L  434-90  DIPHAL 37-92 ADJRASL 3-44  YOLHASL 79 -94  

ADJBBFL 2 - 9 5  BOLWAPL, 74.45 ADJBUIL 7.09 BOLBBBL 367,89 ADJHABL, 

4 - 4 5  VOLUABL 90,15 A D J R A R  2 .87  VOLHAR 383,613 C D X N R A W  1, 12 

CBBAHBR 402-40 DZFHAR 27. ? ?  ADJMASR 5.37 VOLWBSR 77.67 ADJHAFR 

5 - 0 2  VOLHAFB 79-12 ADJHBHB 9 -16  VOLHAHB 135.16 ADJHABR 7.52 

V O L H B B R  96 -02  WDJDL 75-19  VOLDL 1 1148-09 DENDL 1-02  WADBL 873-29  

CAWADZ 11195-99 DIFDL 210.20 ADJDSL 9,57 VOLDSZ Y77-17 ADJDPL 

06-94 VOLDPL 5002.83 ADJDWL 97-60  YOLDRl, 5005-59 ADJDBL 16-09 

V O L D B L  694.79 BDJDB 7 8 - 3 4  VBLDfa l f 8 9 3 . 9 Q  D E I D B  1-02  BlrBDBR 8U!I,l3 

CAVBDR 11624.39 DXFDR 303-95 A D J D S R  5,6Y VOLDSB 595,SU ADJDP8 

43.20 VOLDBB 5100-50  ADJDBB 47- 58 VDLDHR 5069,88 ABJD88 7,53 

VOLDBW 6Q6-83 ADJKL 21 -73 VOLKL 3 0 5 3 - 2 2  DEEJHL 1 - 0 7  iifARBL 5 7 8 - 6 5  

CAWAKL 3191-90 D I f K L  60,43 ADJKSL 3-67 YOLKSZ 179.15 ADJRPL 

17.86 VULBPL 'iQ09, 16 ADJKML 2 3 - 1 5  VOLKPSL 1430-65 A D 3 K B L  10- 75 

VOLKBIL 455,25 BDJRB 22 -97 YOLK& 3229-57 DEMXB 1 -06  i4ARBR 5'38,30 

GBWRKR 3383-00 DIPKR 57.97 ADJRSf 4.OQ YOLKS3 223.14 ADJRFB 

77.18 VOLKFB 1069.48 ADJKBP 26,654 VOLKRB 1495*5U A D J K B R  10.10 

VOLKBW 423-10 



LTOTflANE 151-53 LTOTSUS 157.50 ETOTSUP 149-90 BAPBBWa 49100,OO 

@ A T B A # 3  49150.00 W B Z U N H 2 0  50- DO WWCbDCB 6100.00 WWCP 6300*80 

OBCBD -200.00 RATBIBDI Q9000,00 R G P H f t  53-90 HGNAS 53-80 HGPIAND 

4l.i)O HLVEBTffA 71,311 kiLYEBPlE1 19.40 HLVZBHAS 14-50 HLPNC7 13.70 

B B B I T f  A 13-10 HBBIZY 11-20 HDIEJGLAB 17.80 WdBEAD 3487.82 WWHEAB 

266- 00 SFHSUBL 15-40 SfSSl lBL 33-51) TSfH BXL 26-50 TSFHXIL 13.30 

TSFEiICL 77.70 TSFHSSL 13-80 TSPBABL 'l7.10 TSFSAXL 20.13) TSBSXf L 

14-00 TSFSICL 16-10 TSPSSSL 9 - 8 0  TSPSABL 12-70 TGAX 82-  60 

TGMESOST 84-20 TGTHBF 75-90 TGXIPH 76-40 TGWAI 75-50 TGHIP'88-30 

TLC7CO 54-30 f BBIAC 38,38 TBHESQST 25,70 TBXIPH 23.30 TRBSILCB 

27.40 TBBITRDC 30,OQ DiPPCflHES 13-20 DAPCBXI 18.UD OBOTlf 19.10 

IGSUPTNP 32-70 NGIBFTHH 31.00 YATB 21218,86 PWTRGCEF 5355,00 

11-80 TSFBXIR 16-80 TSPNIC3 15-40 TSPHSSR 12,80 PSPWABR 14.60 

TSFSAXB 8-30 TSFSXER 14.00 FSPSICR 13-70 TSfSSSR 9-70 TSFSABB 

11-50 SFHT3L 33.60 SFRBIL 15.60 SPST'EIL 26-80 SFSBIL 14- 40 

GAXARRL 27.50 GTXL 2'7,08 GELL 24-50 G B N A B H L  26-20 LACWADL 28-40 

481.48 HWBBHL 25 .30  WABBBL 772.88 WSBABL 29-70 SPHTRR 26.00 

SPHBfR I0,lO SPSPRR 21 ,YO SPSBIR 8.20 G B X A B f f B  25.30 GTRR 26-30 



300-16 SWHBTOTE 29-70 GAHSL 67e67 WWHSL 3.20 BAHFL 61 -87  %fWHFL 

-0,50 gBHHL 93.27 W#RBL 5,20  WAHBL 77-34 WWHBL 10.70 SFHHB 1-60 

SPSW8 1-20 GMETACB 16-50 GPHAL3R 5-40 LSTYRETB 6.30 LSTPDACB 

15-70 BMETACB 6.65 DRETACf 1 - 9 5  WAHATOTB 241 -04 WWH$"rDI33 21-20 

53AffSB 51-75 WWHSB 2-40 WABPR 40.62 gWBFB -8.50 HBWHB 68-82 W Y N r i R  

4.50 firlABBR 75 -85  WWRBR 10-60 SPRABTTL 19-30 SPHPIEDTL 34-70 

SFHPOSTL 37,80 SFHSBPPL 213,60 SPSBPTTL 35-50  S f S H E D Y L  30,10 

SFSPOSTL 36-20 SFSSUPPL l9,lXf CUPTHL 45-70 GBDYHL 40-2f) GSUPPBTL 

37-60 GPIIDPBTL 36.50 LTROTIEIL 3t). 30 BIQIFEE 9.65 8AI)TOTL 7260.55 

RWDTOTL -22.00 fADSL 442.94 HHDSL 13-60 HADPL 41  90.09 WPDFZ 

-249.70 WBDflL 2128.39 HWDPIL 7 7 - 6 0  WADBFL U64.60 WWDBFL 83,00 



AWDTOTR -12 -60  H A D S R  35bU-07 HHDSR 22-10 YADFE? fmO.75 WWDFR 

-268,70 Y A D B R  2300-55 RWDHR 76.10 WADBPB 460-70 H1VWDBBR 79-00 

BADBPB 14-70 WWDBPR 2 - 2 0  SFiiREDCL 24.60 SPSHEDCL 30.10 GIBPPATL 

30.30 GRXCAL 30-50 G H 3 A N K L  38-80 GBIWALZ 22.90 GRDLEGL 24,60 

LTIBHAZL 34 -20 BCOMTfL 8-29  B B I  BALL 6,40 VARTOTL 1809.75 WWRPOTL 

7 3 - 2 0  IdBKSL 100-57 BB'KSL 6-00  WAKFL 672-94 WtdKPL -37-70 BBKML 

694-17  WWKML 29-50 WAKBTL 288-50 RlHEBTL 46-80 VAKBFL 1 3 - 5 0  

l4ldffBPL 9,80  SFHREDCR 25-60 SFSREDCR 14-50 GfWPPATR 32.10 G B X C B R  

31,70 GnNANRR 19-10 GBIBALB 24.00 GWDLEGB 24-30  LTIBflALR 36,00 

BCBEJTIR 10-30  BBISALR 6-40 OAKTOTX1 1895-86 WWRTOTB 78 -20  HAKSR 

107.57 WWRSR 4-00 blAKP8 784-37 EllKPB -27,30 BAKBF! 6Y2,97 VWKPlYIR 

2 8 - 5 0  WAKBTR 282-00 WWKBTR 41-50 WBRBPP 45-50 WSXBfR 9-20  SFIIFL 

3 - 3 0  SPSFL 2-30  GBETATL 19-60 GPNBLfL 7-00 GABCL 23.00 LfiBLf3ALL 

6.80 LAKPTEL 21.00 BHEELL 5,21 BRETATL 7 - 4 5  DSETATL' 1 84 BAVTOTL 

648,60 WWVTOTB 28-30  %AYSR 79,20 BWVSR 5.40 B A V P R  230.00 BWVF8 

-3.60 WAVER l l U 0 9 0  W W V R P  4-30 gAVB3 175-20 H W I B R  13.80 RWGAGWT 

89.70 PAFLBUPP 903-40 IdABUPP 639.50 YBFLPF 263.90 WAFLBUPS 

795,DO WA3fJPS 6 3 2 . 3 0  WAPLPS 152-70 X 3-60 VOLTOT 49200.00 



25-28 YOLBAPlL le55, I 8  AWBABE 9-08  VOLBABL l 4 3 , I 8  A D J B A R  19-26 

VOLBAR 1369,fb CDENBAB 1.02 CAMABAB 1345.90 D I P B A R  44-56 A D J B A s R  

3 - 0 3  VOL3ASB 91.13 ADJBAPR 21.77 VDLBAFR 722. f7  BDJBARR 14.26 

V O L B A H R  424-56 ADJBABB 5.50 VOLBBBR 163.00 ADJVAL 10, 14 YOLVBL 

688.24 DBMVAL 1,06 @AVABL 94-81 CAWAVAL 657.10 DIPVAL 74-94 

ADJYASL 6 . 0 8  VOLIASL 65.98 ADJVAFL 24.85 VOLVAPL 270.25 BD3VBtYIL 

31.51 BOLVBF3L 289.11 AIlJVABL 9-71 VOLVABI. 74-73 A D J V A R  7 -58  

VOLVA3 514.98 DENBA8 1,06 BAVABB 90.02 CBBABA2 525-30 DIFVAR 

21.98 WDJVASR 1-26 VOLVASR 29-46 ADJVAPR 5-92 VOLVAHR 157-82 

A D J V A W R  11.18 VOLVB@R 263. I 8  B D J V A B R  3,62 VOLVBBB 34.72 ADJHAL 

4.16 VOLHAL 275.M CDENHAL 7.09 CAHAHAL 263.90 D3PBAL 36.26 

ADJHASL 8 - 1 7  VOLBBSL 59.47 ADJBAPL 7,U7 VBLMAFL 62-37 ADJHAf3L 

71,27 VOLHAtlL 68.07 ADJHBBL 9.34 YOLHABL 66-64 A D J H A R  3.34 

VOLHBB 219-8Y CDEMBRB 1 , l D  CAAAHWR 216.10 DIffiAR 24,94 BDJHASR 

5 - 3 5  VOLHBSR 1r9-35 ADJBAPB 4.62 VOLHBPR 45-12 A D J H A M R  7.12 

VOLBABR 64.32 A D J H A B B  7.85 VCILNADR 65-25 BDJDL 100.55 VOLDL 

7282.55 DENDL 1-00 WADBL r299-14 @&WADI. 6989-39  DLFDL 27 1- 16 

ADJDSL 16.54 PQLDSL 429.34 ADJDFL 156.49 YOLDPL 4439.28 ADJDflL 

79-49 YOLDBL 2050.79 BDJDBL 38-64 UOLDBL 414-24 APJDW 100-97 

BOLDB 7 3 0 3 - 5 7  DENDR 1,00 WBDBR Y9S,d0 CABADB 7023.19 DTfDR 

267.78 ADJDSR 14.U7 VOLDSB 371.97 ADJDPB 157.95 VOLDFR 4569.45 

B D J D R R  77-15 VOLDHB 2024.45 A D J D B B  18-20 BOLDBR 399-90 ADJKL 

25.06 VOLKL 1731.56 DENKL 1-05  WAKBL 3Y2-09 CABAKL 1756-40  D I f K L  

53-36 BDJKSL 2.97 VOLKSL 9a.57 BDJKPL 49-84 VDLXFL 711),64 A D J K H L  

20.47 U13LKBL 564.67 ADJKBL 18-09 BOLKBL 285.49 A D J K R  26.26 VOLKR 

1017.66 DEPKR 1-04 WAKX33 360-94 CAWARR 1720,20 DXPKR 175.66 



S-EQNB?! 6, S U B f f L E  SS,D CASWGT 1 .0000 SUBID!! 113.00 S E X  2.00 DDB 

2,00 DODZB 8 3-00 AGEBTDEB 79.00 DOANTHR 3583.00 D O D I S S  4583-00 

LTOTBAW 165-00 LTOTSUS 165,f)0 LTOTSUP 762-00 WBTBBWW 55700,00 

WATBAWW !?i590Oo0O VBLUNEI20 200,00 BBC&DCP 7615.00 &WCF 6355.00 

W C A D  1250,00 WATBBDf 55750.00 HGFHD 55.40 HGHIQS 56-00 HGHWND 

44-00 HLVBRTRA 32. 10 HLVEBPSElU 22.50 HLVEBfiAS 16-10 RLINC7 13.30 

HBBITBA 19.70 HBBXZY 13.W HDIMGLBB 17,89 WAElEAD 4329-48 NWHEAD 

287.60 SFRSBBL I Y , O 0  SPSSDBL 33-40 T S F H A K L  9-60  TSFHXIL 13-20 

TSPEIICL l l , 7 0  TSFHSSL 7.30 TSBBABL 7-30 TSPSAXL 6.80 TSFSXIL 

15.50 TSFSICL 32-90 TSPSSSL 7 .50  T S F S A B L  8-70 T G B X  89.50 

TGBESOST 89.10 TGTHBP 79.90 TGXIPB 73-00 TGWAf 73,20 TGHIP 92-50 

TLC7CO 56.90 TBBIAC 36.00 TBMESQST 27-70 TBXIPH 24.70 T B B I I L C R  

31-50 T B B I f B O C  3Q. 10 DBPCHHES 17-60  DAPCBXI 16.60 DBUTT 18-70 

HGSUPTHY 33.60 HCINFTHY 33.20 WATB 25083,55 WWTRECEP 6585.00 

WWC6F 6553,00 VUTB 32-00 S F 8 S U B B  22 -00 SFSSUBR 18-58 TSIFHAXB 

11.50 TSfHXXff 15.70 TSPHLCR 16.70 TSFHSSR 10.40 TSFHABR 8-20 

TSP5AXB 10.80 TSFSXIR 14-10 TSFSICB 11-40 TSFSSSR 7.40 TSFSABB 

6 ,50  SBHT'RL 20.91) SPfIBIL 9. '10 5fSTBL 78.30 S F S B I L  9 - 9 0  GBXARPI'f. 

27.30 GFRL 24.00 GELL 21,50 GPIHAR#L 21-60 LACffADL 3Y,20 BEPIHUL 

6.71 BABATOTL 3449.43 WYBATOTL 39-90 LBGBA%XL 0-0 LBGBBTRL 0.0 

LBGBAEPL 0, 0 LBBBAfSPL 0.0 LBGBAPRL 0 - 0  WABASL 92-20 WWBASL 5.30 

RABWFL 629.20 WSBWPL -29-30 WABAflL 536-80 WWBAEL 26-30 WABABL 





YVXBTP 60-90  HARBFB 63-50 WWKBPB 16.70 SPBFL 5-00  SfSFL 3 ,50  





4 2 2 - 9 3  aDJDPB 193.53 VOLDPR 3887.163 BD3l)HR 148.26 VOLBY R 2819,35 

ADJDBB 33-73  VOLDBB 505-63  ADGKL 31-40 YOLRL 2128-50 DEEaKL 1-o!j 

WBKBL Y 5 Y .  8 8  CA#AKL 190&, 18 DPFKL 3 2 0 - 2 0  ADJKSL 18-97 YOLKSL 

128.37 B D J X f L  f 2 O , O 3  VOLKFL 859.93 A D J K R L  115-7'1 VOLKHL 779.31 

BDJKBL 65 -48  V O L R B L  380.7% A D J K R  9-91  VOLKB 1836.31 DENKR 1-05  

HBKBB Y f  8 . 3 5  GAWAKW 181)8, t)O D I P K R  125,01 ADJKSR 5 - 9 9  VOLKSB 

88-99 WDJKFR 48-55 VOLKFR 784,05 ADJRTIR 43.Y2 YOLKBR 643 .32  

ELDJKBR 2 7 - 0 3  BOLKBa 293.95 



BASIC ANTHROPOMETRIC PROFORMA 

Kinanthropometric Research Associates 
Department of Kinesiology 

Simon Fraser Universiw 

01. Subject 1 1 
I b 1 1  Namel (Gwen Namel 

02. Card Number 6 1 

06. Measurement sequence no. 

09. Triceps sf 

10. Subscapular sf 

12. Iliac crest sf 

18. Radial height 

19. Stylion height 

20. Dactylion height 

21. Spinale height 

29. Wrist girth (distal styloid)- 

30. Chest girth (mesosternale) - 
31. Waist girth (min.) 

33. Th~gh girth (1 crn dist. glut.lin 

37. B~~liocristal breadth 

38. Transverse chest breadth - 

232 



APPEBDIX 7 - PHBHTQH P &ID S VALUES POR BITBBOPO#ZTBLC VIRPABLZS 

USED IN THE W D E L  

P 
Porehead g i r t h  56.0  
f f e s o s t e r n a l e  g i r t h  87-86 
Trunk length 59.97 
Bii l iocr is ta l  breadth  28-84 
eJaist g i r t h  71.91 
Abdominal s k i n f o l d  25.4 
Befaxed  ara g i r t h  26.89 
E p i c o n d p l a r  h u ~ e r u s  breadth 6 ,  Q8 
Bcrowiale-radial@ l e n g t h  32 .53  
T r i c e p s  s k i n f o l d  15 -4  
f oreare girth 25.73 
Wrist g i r t h  16-38 
Radial e - s t y l i o n  l e n g t h  24-57  
S t y  l i o n - d a c t y l i o n  l e n g t h  18,85 
T h i g h  g i r t h  55,82  
Epicondy lar  fewr breadth  9 , 5 2  
Thigh l e n g t h  35.44 
Thigh s k i n f  old 27.04 
Cald g i r t h  35.25 
T i b i a l e  h e i g h t  44.82 
Ankle g i r t h  21 .71  
fled i a l  calf skiaf old 15,01 
Foot length s k i n f o l d  2 5 - 5  

where: S k i n f o f d s  a r e  i n  @if f  iaeters. 
A 1 1  lengths, breadths, g i r t h s  
and h e i g h t s  a r e  i n  c e n t i ~ e t e r s .  



TOTAL BODY WffGHT, 

PIiniCAS Data A n a l y s i s  



CLADSZR Data Bna l y s i s  

WATBBDE PERHEAD PEBTRUNR PEWARfl PERFARM 



CAS Data A n a l y s i s  
HCREGCAS a p p l i e s  Bcseg to t h e  CAS data ,  

p r e d i c t i n g  segment masses, 
s u ~ a i n g  l i a b  s e g ~ e n t s  and c o a p a c i n g  
t h e s e  to observed va lues ,  

W hTBBDI 

64195-7 
11356,3 
48200,O 
88900.1 

PDUL 

25-22 
-11-52 
-8-71 - 12-76 
-5,81 
-7-43 
-2.90 
-1-38 
-3-04 
-5.69 * 

-1.26 
-6-87 
-9,163 
-2-86 
-2 .  41 
-8-23 
-6-54 
-6,132 
-, 35 

-7.25 
-14*11 -. 52 
- 18.21 

-5-106'9 
8,2162 
- l 8 , H  

26-22 

PBTOT 

60675-3  
83Y9.76 
47334 -3 
7863O,6 

PDZL 

-Y,94 
-7.0% 

4 2 - 2 9  
- 2 - 7 1  

1-90 
5 - 2 6  

-1 -03 
-11,59 

- 9 , w  
-9-70 
-3.15 
-2-16 
1-34 

-12-36  
-*a3 

- t 8-93 
-2.11 

-11-91 
-11-24 

-5.60 - l 5 , 2 l  
-7.22 

-19.63 

-7,1610 
6-58Y6 
-19-63 

5 - 2 5  

PDISCREP 

PDUL (B1LRTEB) * 



SUMlYARY 
Appl i ca t ion  05 egCBEG to CAS Data, 

Hean 64195.7 60675.3 
S ,  D. 11355.3 8349-76 
flinitaa 48200.0 07334.3 
Maxima 88900, 1 74630.6 

PDRDTEI PDUL PDLE 



APPENDIX 70 - BPPLICBFIOI 08 BC BDDEZS TO CAS SABPLE 

RCPflCAS ANALYSIS OF C B 5  SAHPLE 



aCGXLCAS A N A L Y S I S  OF CAS S A H P L E  

B 14-76 -. 05 -4.07 



OW CWS SAMPLE 

PDUL PDLL 



VARIABLE=XDPFF 
8 EAM 

TOTAL POPULATION 2 -06 

MALES BL L 
AGE 

S 
-6 
7 
8 
9 

1.3 
11 
12 
13 
1 Y  
15 
16 
17 
18 
18 

FEMALES ALL 
AGE 

6 
7 
8 
9 
10 
11 
12 
13 
1 u 
15 
15 
17 
18 
19 




