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The t e c h n i q u e  of u s i n g  s p r i n g  c a l i p e r s  t o  p r e d i c t  
' 

p e r c e n t a g e  body fat has been somewhat s u s p e c t  because of 
# 

v a r i a t i o n s  in s k i n f o l d  compression u n d e r  c o n s t a n t  pressure. 

Before t h i s  s t a d y  e x p e n s i v e  l a b o r a t o r y  t e c h n i q u e s  for t h e  

m s a  s a r e m e n t  ug nnc-em pressed sx&ctrtanevu s f a t t  d e p t  h - - e x f e e d  

i n  t h e  form o f  r a d i o g r a p h y  and u l t r a s o u n d ,  however no q u i c k ,  

re l iable ,  non-f n r a s i v e  ff e l d  technique e x i s t e d  for  t h e  

e s t i m a t i o n  of nncompressed s k i n f o l d  t h i c k n e s s ,  The p u r p o s e  

of t h i s  s t u d y  was t o  p roduce  a c a l i p e r  t e c h n i q u e  for t h e  
@, 

e s t i m a t i o n  of  n n c o s p r e s s e d  skinfold thickness and  make 

a p p l i c a t i o n s  i n  problem s o l v i n g ;  s p e c i f i c a l l y  t o  i n v e s t i g a t e .  

t h e  phenomenon of st i n f  o l d  c o a p r e s s i b i l i t  y w i t h  respect t o  

s k i n f o l d  t h i c k n e s s ,  s e x  of subject -and site of- s k f n f o l b .  

F i r s t ,  s k i n f o l d s  a t  seven s i tes  o n  15 females and 13 

males were measured with three Aarpenden ski n f o l d  calipers 

which exerted different p r e s s u r e s  (5, '10, 15 X~O'BR-? 

a p p l i c a t i o n  b e i n g  i n  t h i s  o r d e r  a t  one minu te  intervals) and 

a n  e x t r a p o l a t e d  p r e d i c t  i o n  o f  skinf o l d  t h i c k n e s s  a t  z e r o  

c a l i p e r  p r e s k n r e  (ZT) was made. v a l i d i t y  of t h i s  t h r e e  
- - - - - - - - - -- - - -- - - - 

caliper . t e c h n i q u e  was t e s t e d  u s i n g  both u l t r a s o u n d  and 

ra&i-aphp as crlteria of  u n c o ~ p r e E G 5 d  s u b c u t a n e o n s f a t  

depth .  It was  found that the t h r e e  c a l i p e r  t e c h n i q u e  gave a 

iii 





a t  3 sites with t h e  three calim U s  

DT/ZT c r i t e r i o n  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  

c o m p r e s s i b i l i t ~  due t o  e i t h e r  sex o f  t h e  s u b j e c t  o r  s i t e  of 

t h e  s k i n f - 9 ,  Aoreret, t h e  c o n v e n t i o n a l  c o m p r e s s i o n  

~ercentage a n a l y s i s  on t h e  same d a t a  y i e l d e d  t h e  same k i n d  

of s p u r i o u s  d i f f e r e n c e s  as were o b t a i n e d  i n  prerioas s t u d i e s  

where t h i c k n e s s  of t h e  s k i n f o l d  was n o t  c o n s i d e r e d  in claims 

of a sex d i f f e r e n c e  i n  c o m p r e s s i b i l i t y ,  

In v i e w  of t h e  foregoing f i n d i n g s  i t  was r e c o ~ a e n d e d  
d .  

t h a t  the DT/ZT r e l a t i o n s h i p  s h o u l d  be used when c o n s i d e r i n g  " 

differences i n  c o m p r e s s i b i l i t y  otherwise t h i c k n e s s  effects 

c o u l d  masquerade a s  compression d i f f e r e n c e s .  C o n t r a r y  t o  

c l a i m s  i n  the l i t e r a t u r e ,  f e m a l e s  i n  t h i s  s t u d y  u e r e  shown 
4 

n o t  t o  h a v e  g r e a t e r  sbinfold compress ion  t h a n  males. Lndeed 
- 

a l t h o u g h  not s i g n i f i d a n t ,  t h e  a b s o l u t e  v a l u e s  i n d i c a t d  the 
, 

female  s k i n f o l d s  to  be less cospressible t h a n  males. It 

ap'peared from t h i s  stoi fy  t h a t  a general s t a t e m e n t  about 

qnan t i t a t i v e  s e x  and  sits d i f f e r e n c e s  i n  s k i n f o l d  

compress ib i l i ty  map n o t  b e  p o s s i b l e  becanse  of sample 

s p e c i f  icf t y 
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The det.-aatibn of body f a t  has been  a matter ot 
. % 

g e n e r a l  inter&& f o r  s c i e n t i s t s  i n  s u n a n  B i o l o g y  for many 
*d % ' %. 

years ,  and has i m m e d i a t e  p r a c t i c a l  a p p l i c a t i o n s  i n  t h e  

'health p r o f e s s i o n s .  r a r i d u s  laboratory methods  for  - - - -- - A - 
4 

d e t e r ~ i n i n g  t h e ~ r o p o r t i o n  of body f a t  h a r e  been deve loped .  . .6 
but t h e s e  t e c h n i q u e s  r e q u i r e  e l a b o r a t e  and e x p e n s i  r e  

agaf -eat and sametimes 5nr8sZ ve techni qnes. Therefore t h e  

technique of using c a l i g e r s  t o  masare s k i n f o l d  thickness 
3 , 

was dereloped t o  p r o r i d e  a quick, c o n v e n i e n t ,  reliable, and 

n o n - i n r a s i  re t e c h n i q u e  for  the a s s e s s m e n t  of s u b c u t a n e o u s  

body f a t .  Brozek  and l t e y s  (1951) g r e a t l y  a c c e l e r a t e d  the use 

o f  this n o n - i n v a s i v e  t e c h n i q u e  by d e v e l o p i n g  p r e d i c t i v e  
- - - - - - - - - - - - 

- - -- 

equations  t o  e s t i a a t e  f a t  fro. body d e n s i t y .  F o l l o w i n g  their 

i n i t i a l  studies many other workers d e v e l o p e d  similar 
8 

& 

e q u a t i o n s  f o l l o u i n g  the same ra t iona l33 .  (Pasca le  et al. 

1956, Parizkora 196 1 ,  S te inkamp et a l .  1965, D u r n i n  and 
3 
1 

Bahaman 1967, Baisman 1970, Bugyi 1971, Adam e t  a l .  1962, < 
a : 

Best 1.953; c h i =  and a l l e n  1960, Edwards and ahy& 1562, 
? 
! S l o a n  3967, 8il.ore and Behnke' 1969,- ~ i o a n  e t  a l e  1962,. 

r e l i a b l e  f i e l d  technique. 



D e s p i t e  i ts  a c c e p t a n c e  and widespread  use t h e  technique 

of c a l i p e r  measurement.  of s k i n f  o l d  t h i c h n e s s e s ,  h a s  s e v e r a l  
+ 

inherent l i m i t a t i o n s .  These l i m i t a t i o n s  i n c l u d e :  
'7 

a )  The predictive r e g r e s s i o n  e q u a t i o n s  produced q g  - 
sample specific. 

b) The maset p r o c e d o r e s  are p r o n e  t o  b o t h  i n t r a -  
P 

and i n t e r - o b s e r r e r  error. 

c) The  p r o c e d u r e s  r e l y  on t h e  a s s n m p t i a n  t h a t  t h e  r a t i o  

of subcotab~oue to  i n t e r n a l  f a t  is c o n s t a n t  i n  a l l  

i n d i ' v i d n a l s ,  

d)" There  are v a r i a t i o n s  i n  t h e  amount of compress ion  

' e x h i b i t e d  by d i f f e r e n t  s k i n f o l d s  under  t h e  same c a l i p e r  '.,,> 

The aim o f  t h i s  s t u d y  was related -to these l i m i t a t i o n s  

and was s p e c i f i c a l l y  concerned  with d e r e l o p i  Thniques to . 
r e d u c e  v a r i a t i o n  i n  s k i n f a d  m e a s a r e s e n t s  due t o  k k i n f o l d  

compressihilit y. B v C 

There is g e n e r a l  a c c e p t a n c e  t h a t  a t  l eas t  f o u r  f a c t o r s  

affect c o m p r e s s i b i l i t y  - of - - s k i n f  - - - - o l d s ,  - - - ie. -- Age,- site, sex, and - -- - -- - 

Eiydration level (Brozek and  Kinmy B60, Clegg and Kent 
- - - - - - - - - - 

1 9 6 7 ) .  Po s i n g l e  comprehens ive  s t u d y  h a s  b e e n  . c a r r i e d  o u t  t o  

test t h e  contri b n t f o n  o f  a l l  four f a c t o r s  t o  t h e  phenomenon 



3 - 
* ' 4 

, 'L / \ 
* 
4 

, t.. - 
- 

- 
4 7 

of  s k i n f  o ld  c o ~ p r e s s i o n .  Al thaugh "several- s t u d i e s  h a v e  b e e n  a 

carried o u t  on t h o  effect some of t h e s e  factors hare on  

s k i n f o l d  c o m p r e s s i b i l i t g , ,  However none of t h e s e  h a v e  

proposed a way t o  e l i n i n a t e  or a c c o u n t  f o r  d i f f e r e n c e s  in 
- . - 5. 

c o m p r e s s i b i l i t y ,  Brozek  8 g i n s e p  (1960) shoved  t h a t  there 

were s i g n i f i c a n t  c h a n g e s  i n  c o m p r e s s i b i l i t y  due to  age a n d  

site o i  skinfold. clegg 6 Kent (1967) showed si te 

d i f f e r e n c e s ,  - a n d  a sex d i f f e r e n c e ,  but proposed  that t h e r e  
\ 

might u e U  be a r e l a t i o n s h i p  between t h i c k n e s s  a n d  

p r e s s i b i l i t y  and t h a t  t h e  d i f f e r e n c e s  shown m i g h t  
II '0 

s i b i y  ha re  been  c o n f  oohdad w i t h  t h i c k n e s s  d i f  f e r a n c a s .  

m u e v e r  of the i n v e s t i g a t i o n s  c a r r i e d  o u t  on s k i n f o l d  

c o r p r e s s i b i l i t y  o n l y  J o n e s  (1970) a n d  Lee a n d  Bg (j965j have 

t a k e n  i n t o  a c c o u n t  sktnfo ld  t h i c k n e s s  when l o o k i n g  a t  

d i f f e r e n c e s  d u e  t o  site-, sex  and age. 

Because  of  t h e  a p p a r e n t  errors i n h e r e n t  i n  the use o f  

s k i n f o l d  calipers, due t o  l a c k  of c o n s i d e r a t i o n  o f ,  the 

a f o r e m e n t i o n e d  f a c t o r s ,  a study u a s  o r g a n i s e d  i n  t h r e e  parts 

t o  d e v e l o p  n e u  i n s t r u m e n t a t i o n  and me thods  t o  compare w i t h  

c o n v e n t i o n a l  s e t h o d s  a n d  t o  examine sex a%d site phenomena 

as follows: 



I) The deve lopmen t  of a c a l i p e r  t e c h n i q u e  f o r  t h e  

estimation of u n c o a p r e s s e d  s k i n f o l d  t h i c k n e s s  and a l s o  a 

c o r p a r i s o n  of u l t . r a s o n i c  s c a n n i n g  a n d  r a d i o g r a p h y  as 

c r i t e r i o n  m e a s u r e s  of uncompressed  s u b c u t a n e o u s  f a t  d e p t h .  

* * 

11) An i n v e s t i g a t i o n  of the r e l a t i o n s h i p  bet usen s k i n f o l d  

corn p r e  s s i b i l i t y  and s k i n f  o l d  t h i c k n e s s .  

- 

, 111) 1 n v e s t J g a t i o n  of the effects of s e x * a n d  site of s k i n f o l d  

on c o m p r e s s i b i l i t y ,  
-. -. 

I) A c a l i p e r  t e c h n i q u e  for the e s t i m a t i o n  of u n c o r p r e s s e d  4 

okfnfold t h i c k n e s s .  \ - - - 

This p a r t  of the s t u d y  d e a l t  w i t h  t h e  d e v e l o p m e n t  a n d  
. ~3 

v a l i d a t i o n  of a  new t e c h n i q u e  for- the ' e s t i m a t A o n  of 

<-'I 6 

'k r ncompres sed  skfnfold thickness. The  t e c h n i q u e  f e a t u r e d  t h e  

u s e  of 3 s k i n f o l d  calipers, each of which ax&ted  d i f f e r e n t  

pressures o v e r  c o n s t a n t  s u r f  ace a r e a .  S t a n d a r d i s e d  

s k i n f o l d  t h i c k n e s s  was mad& The h y p o t h e s e s  to be t e s t e d  





Eff k t s  of sex and s i t e  on s k i n f o l d  c o a p r e s s i B i l i t y ,  

T h i s  part of t h e  study made use of t h e  

c o m p r e s s i b i l i t y / t h i c k n e s s  rela t i o n s h i p  to i n v e s t i g a t e  the 

effects of sex and .site on skinfald c o m p r e s s i b i l i t y  at 3 = 

s k i n f o l d i  s i t e s  i n  30  f e m a l e  and 40 male subjects, The 

hypotheses teSted in this part of the s t u d y  were that:" 

a) S k i n f o l d  

sites. 

b)  S k i n f  old 

sexes, 

c o m p r e s s i b i l i t y  d i d  not differ at d i f f e r e n t  

- 
c o m p r e s s i b i l i t y  d i d  n o t  d i f f e r  between the 



LITERATURE BEVIEU. 

THE TECHNIQUE OF SKIWOLD MEASUBEt4EIT. 

a)  As a p r e d i c t o r  of p e r c e n t a g e  body f a t .  

Brozek a n d  Keys (1951)  were t h e  first t o  d e v e l o p  

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

f roa s k i n f  o l d  measurements .  A b d o ~ i n a l ,  Chest, Back, Upper 

A ~ B  and Thigh s k i n f o l d s  were used i n  s i m p l e  r e g r e s s i o n  

e q u a t f o n s  t o  p r e d i c t  s p e c i f i c  gravity. c o r r e l a t i o n  

coefficients v a r i e d  from -0.749 t o  -0,857 fo r  younger  men, 

a n d  -0.538 t o  -0,681 for o l d e r  men, When s e v e r a l  s k i n f o l d s  

were combined i n  a m u l t i p l e  r e g r e s s i o n  e q u a t i o n ,  m u l t i p l e  

c o r r e l a t i o n  c o e f f i c i e n t s  of -0,876 f o r  younger  and -0.744 

for  older nen were o b t a i n e d .  The  a u t h o r s  pointed o u t  a need 

for .ore c o m p l e t e  p r e d i c t i v e  e q u a t i o n s  covering t h e  c o m p l e t e  

range of ages f o r  both sexes. Brozek and Keys had s e l e c t e d  

s k i e f o U  sites for t h e 1  r techrtigtms n s h g  M e  fo;tfoui~~g - 

criteria; 

a)  R e p r e s e n t a t i o n  o f  r e g i o n s  known t o  show l a r g e  

v a r i a t i o n s  i n  s u b c u t a n e o u s  f a t  t h i c k n e s s .  



R e p r e s e n t a t i o n  of t h o  extrehties.  

Ease of p r e c i s e  l o c a t i o n ,  

O t h e r  w o r k e r s  a p p a r e n t l y  were i n f l u e n c e d  

Keys. Numerous small s a m p l e  s t u d i e s  appeared.  i n  t h e  

f o l l o w i n g  d e c a d e s ,  e a c h  e x p o u n d i n g  a p r e d i c t i v e  e q u a t i o n  f o r  

body 

anal  

d e n s i t y  o r  p e r c e n t a g e  body f a t  b a s e d  on r e g r e s s i o n  
L 

ysis c o m p a r i n g  numerous a n t h r o p o m e t r i c  measurements  t o  

body d e n s i t y ,  There was general a g r e e l e n t  among these 

- s t u d i e s  t h a t  t h e  co r re l a t ion  c o e f f i c i e n t  be tween  body 

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

was i n  t h e  r e g i o n  of 0.8 t o  0.9 ( P a s c a l e  e t  a l .  1956,  

~ a r i z k o v a  1961, S t s i n k a m p  et a l .  1965, Dnrn in  and  Rahaiuan 

1967, Haisman 1970, Bogyii 1971, Adam e t  al. 1962,  Best 1953, 

c h i n n  and Allen a n d  Uh$te 1962, S l o a n  1967, 

silaore a n d  Behnke 1 9 6 9 \ C ~ l o a n  a t  a l .  1962, Katch e t  a l .  

1968,  Lohnan at al.  1975,  Durn in  a n d  V o s e r s l e y  1969) .  

Dsmon and  Goldman (1964) c a r r i e d  o u t  a n  investigation 

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

p r e d i c t i n g  body f a t .  They f o u n d  t h a t  t h e  closest p r e d i c t i o n s .  

o f  d e n s f  tare trically d e t o r a i n e d  fat ware a t a i a e d  f mm the 

e q u a t i o n s  of P a s c a l e  e t  a l ,  (1956) a n d  t h a t  of Brozerk and 

Keys (1951)  i n  both s t u d i e s  t h e  two s t a n d a r d  s k i n f o l d  sites, 

t r i c e p s  a n d  s u b s c a p u l a r  were used .  The d i f f e r e n c e  between 



p r e d i c t e d  and d e n s i t o m e t r i c  fat p e r c e n t a g e s  a v e r a g e d  i2% for 

t h e  P a s c a l e  formula, d d i r i d u d l s  whose fat was p r e d i c t e d  

poorly were at the extreRes of age, height, and weight for 

t h e  saapTe. 

% 

The use o f  s k i n f o l d  calipers a s  a p r a c t i c a l  t e c h n i q u e  

for the estimation of percentage body f a t  has been 

investigated e x t e n s i v e l y  and the t e c h n i q u e  has a generally 

assarea validity for most applications. 



B) R E L I A B I L I T Y  AND LIflITATIOIIS OF SKIMFOLD EZA!3UBEflEBTS. % 

D8spi te g e n e r a l  a c c e p t a n c e  of s k i n f  o l d  t h i c k n e s s  

measurements  a s  a v a l i d  a n t h r o p o m e t r i c  f i e l d  t e c h n i q u e ,  

there a p p e a r e d  t o  be a t  least four l i a i t a t i o n s  o f  the 

t e c h n i q u e  rbich might be s u a m a r i s e d  under t h e  f o l l o r i n q  
-- -- 

Beadin gs: 

i) SAEPLE SPECIFIC, 

E q u a t i o n s  r e l a t i n g  s k i n f o l d  t h i c k n e s s e s  t o  body d e n s i t y  

t e n d e d  t o  be sample specific. E q u a t i o n s  c o u l d  o n l y  be . v a l i d  

a s  p r e d i c t o r s  of p e r c e n t a g e  body f a t ,  i f  a p p l i e d  t o  a  sample 

which was s i m i l a r  t o  t h e  p o p u l a t i o n  from u h i c h  t h e y  were 
1 

der2ved  ( u i l m o r e  and  Behnke 1969, Damon and  Goldman 1964, 

Haismart 1930). Large errors were o b t a i n e d  when e q u a t i o n s  

were a p p l i e d  to  s a m p l e s  d i v e r s e  i n  age, sex, e t h n i c  g r o u p  
d. 

and l e v e l  of f i t n e s s  (Durnin  and Bahaman 1967, Dnrnin  a n d  

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

e q u a t i o n s  right be a p p l i e d  - t o  p o p u l a t i o n s  from d i f f e r e n t  

o r i g i n s  w i t h o u t  S i g n i f i c a n t  errors. The r e g r e s s i o n  e q u a t i o n  
-- -- 

of Durnin et a l .  1969 d e r i v e d  fro. Europeans ,  h a s '  been  

s o c c e s s f a l l y  a p p l i e d  t o  Chilean males i ~ ~ u d ,  B e n a v i d e s  and  

Jones 1 977) . Eiouevet t h i s  same e q u a t i o n  produced s i g n i f i c a n t  
', 



2 
errors when app l i e i f  to  Gurhka I n d i a n s  (Jones, BBad;rahaa*, -4 

$ 

3 
B h a t i a  a n d  M a l h o t r a  3977).  Th i s  t e n d e d  t o  i n d i c a t e  some 1 

* 
body c o m p o s i t i o n a l  difference, maybe i n  bone  m i n e r a l i s a t i o n ,  % 

;t 
The d i v e r s k t  y i n  v a l i d  p r e d i c t a b i l i t y  of percentage bod p f a t  

* 
1 3 

2 
% 

from r e g r e s s i d n  eqaa t i o n s  would s u g g e s t  that g r , e a t  c a u t i o n  '1 

- 1 

mast b e  used  when a p p l y i n g  predictive e q u a t i o n s  t o  s a a p l e s  - i 

\ different fro. t h o s e  from rhicb t h e y  are deriwrd. 

ii) OBSERVER ERROR. 

~ h & e  have been aany s t u d i e s  c a r r i e d  o u t  on t h e  v a r i o u s  

t y p e s  of calipers, t o  a s c e r t a i n  t h e  level of r e p e a t a b i l i t y  

of t h e  t e c h n i q u e .  V a l i d  m e a s u r e s  s u b s t m e  a r i g o r o u s  p r o t o c o l  

and  a d e q u a t e  t r a i n i n g  of t h e  i n v e s t i g a t o r ,  S e v e r a  1 

i n v e s t i g a t o r s  have  shown t h a t  when s t a n d a r d i s e d  -- t e c h n i ~ u e s  - 

s u c h  a s  t h o s e  found  i n  t h e  I n t e r n a t i o n a l  B io log ica l  Program 

handbook were e mployed b o t h  i n t r a o b s e r v e r  a n d  i n  t e r o b s e r v e r  

error were m i n i a i s e d  (Butkinshaw, J o n e s ,  Krapowicz  1973). 

Bsrkinshaw e t  a l e  (1973) showed t h a t  i f  t h e  s k i n f o l d  i 
sites were marked o n  t h e  s k i n  there was no s i g n i f i c a n t  

d i f f e r e n c e  between m e a s u r e s  by e x p e r i e n c e d  a n d  r e l a t i v e l y  I 
i n e x p e r i e n c e d  m e a s u r e r s  a t  v a r i o u s  sites, tihexi sites wKre 

not ratked the Pmrper%enceb measurers were X - m n d t r b ~  

m e a s u r i n g  higher t h a n  the e x p e r i e n c e d  a e a s u r e r s  by a b o u t  



Durnin and  Fiomersley ( 1  973) 

v a r i ' a b i l i t  y b e t  ween measu remen t s  

i n  a s i r i l a f  s t u d y  showed 

a n d  a d v o c a t e d  h i g h l y  

s t a n d a r d i s &  t e c h n i q u e s .  -?c " t 

iii) V A R I A T I O M S  IIi THE R A T I O  OF SUBCUTAHEOUS TO I I T E R I A L  ' 

PAT, 

One of + t h e  a s s u m p t i o n s  

t h a t  p r e d i c t  t h e  t o t a l  body 

measu remen t s ,  i s  t h a t  there 

made when c r e a t i n g  e q u a t i o n s  

fat from s k i n f  of d t h i c k n e s s  

is a c o n s t a n t  r a t i o  of 

s u b c u t a n e o u s  to  i n t e r n a l  fa t .  This a s s u m p t i o n  however  h a s  
- 

been q u e s t i o n e d  by v a r i o u s  a u t h o r s .  Keys and Brozek  (1 353) 
--- 

p o i n t e d  o u t  t h a t  a l t h o u g h  one c o u l d  measu re  subcutdITeous  f a t  

t h i c k n e s s  a n d  i t s  d i s t r i b u t i o n ,  o n e  c o u l d  n a t  from t h i s ' d a t a  

d e t e r a i n e  t o t a l  f a t  mass because of t h e  v a r i a t i o n  of r a t i o  

of s u b c a t a n e o a s  to  i n t e r n a l  f a t  for  d i f f e r e n t  i n d i ' v i d u a & s  of 

d i f f e r e n t  sexes and  ages. S k e r l j ,  Brozek  a n d  Hunt  (13W-f 
4 & - 2  

u s i n g  d e n s i t o a e t r i c  criteria shoved  t h a t  t h e  r a t i o  of 

subcutaneous to  total body f a t  was 0.26 i n  *omen a g e d  18-30. 

y e a r s  and another group 31-45 years, b u t  was 0.22 i n  a g r o u p  

of women aged 46-67 years. 



Chen (3953) and Young, B lond in ,  Bensnsan and F r y e r  

(1963) found  a d e c r e a s e  i n  r a t i o  of s u b c u t a n e o u s  t o  i n t e r n a l  . 

fat in women over 50 y e a r s  of age, S t u d f e s  by Parizkova 

(1963, 1977). Bahaman (1967) and  Dnrnin and Uomersley (1969, - 
1974) al- l  provided f u r t h e r  evidence tc s u p p o r t  the 

c o n t e n t i o n  t h a t  t h e  r a t f o  of s u b c a t a n e a n s  t o  i n t e r n a l  f a t  
-- 9 v a r i e d  as a function of sex and a g e ,  

\ '  L 

P 

i 

T h i s  v a r i a t i o n  is very i m p o r t a n t  when c o n s i d $ r i n g  
( 3  - - 

p r e d i c t i v e  e q u a t i o n s .  However when c o n s i d e r i n g  s k i n f o l d  

c o m p r e s s i b i l i t ) .  the most i & o r t a n t  fact*= is n o t  t h e  ratio 

b u t  t h e  a b s o l u t e .  thickness o f  fat s i t u a t e d  s u b c u t a n e o u s l y .  

~ h n s  n o  f u r t h e r  d i s c u s s i o n  of t h e  v a r i a t i o n  of ratio of 

s u b c u t a n e o n s  to internal fat will be made, 

The first i n v e s t i g a t i o n s  i n t o  t h e  p o s s i b i l i t y  of 

variaFions i n  t h e  degree of compress ion  of skinfolds under 

t h e  a p p l i c a t i o n  of c a l i p e r s  were c a r r i e d  o a t  by compar ing  

' m l i p e r  s k i n f o l d  . - measarements  uith a n  estirate of - 1 

uncompressed sabc~taaeoas  f a t  t h i c k n e s s .  This e s t i m a t i o n  of 
- - - - 

s u b c u t a n e o u s  fat depth  was n o r m a l l y  fadiographical ly  
* 

de te rmined .  Since a skinf o l d  consfsted of a - d o a b l e  

th ichness s  of s k i n  p l u s  s u b c u t a n e o u s  f a t ,  and  r a d i o g r a p h i c  



. , 
I - - - - -- 

e s t i m a t i o n s  were of a s i n g l e  t h i c k x i e s s  of s k i n  plus . i 

t h i c k n e s s e s  to 2 x R a d i o g r a p h i c  t h i c k n e o s e s .  c o r r d i d i d n  
. . 

c o e f f i c i e n t s  between - t h e  two e s t i m a t e s  rarked fo r  eabh..&x - .  . P 

and a t  d i f f e r e n t  si tes,  b u t  t h e  r a n g e  w a s . b e t r e e n  0.8 ddd 

0,9. (Brozek and Eori 1958, 6ara 1956, Garn and Gocman 1956, 2 7 ~  
A - 7 -  - -- 

Eammond 1955. 1970, Xurimoto and Yosh iq i  1976, Edwards . L~: .  , 
1955)  0 . .. , 

O .  i 
I - , , 

* .. 
The degree of c o ~ p r e s s i o n  of t h e  s k i n e o l d  i n  these '. I" s ,  - -. 

s t n d i e s  u a s  q u a n t i t a t i v e l y  expressed a s  t h e  p e r c e n t a g e  . 
change from r a d i o g r a p h i c  t o  c a l i p e r  measures,  Hammond , .  . 

. \ 

(1955) shoved b y  measurements  taken a t  two si tes  a mean " %. - 
, 

c o t p r e s s i o n  p e r c e n t a g e  of 43%, using a Barperiden caliper 
-= - - -- t ' .  - 

e x e r t i n g  a c o n s t a n t  p r e s s u r e  of 10 x10*~m . ~ h & e  b e i n g  . . 

negligible difference b e t s e e n  sites, Garn and Gorman (1 955) 

i n  a s i m i l a r  s t u d y  used a Lange caliper which exerted a 

c o n s t a n t  pxessure of 10 X ~ Q ~ E E ?  bat over a smaller s u r f a c e  
i*- . 

atea of 30 BB= as compared t o  90 m f  of the Harpend* =, 

c a l i p e r .  T B ~ ~ s  sample, composed of .yonng a d u l t  males, had a . 

aeaa s k i n f o l d  thickness of 9.3 t. a t  t h e  m i d a x i l l a t y  site. 3 

They found a mean c o m y r e s s i o n  petcentage of 35%. - - - - 



. . 

-. 

? 5 

- - 

' i 

Edwards et "al. .(1955) a l s o  compared c a l i p e r  

aeasurements t o  r a d i o g r a p h i c  measures and found a better 

c o r r e l a t i o n  with a caliper e l e r t i n g  15 x10*iJm'~ than w i t h  a 
h 

c a l i p 6 r  e x e r t i n 6  10 xt~*tti:  However some subjects 
- 

c0;~1ain& o f  padn ahen measqsed wi th  the b i g h e r  pmssure  
'C: 

caliper. I t  was also  noted t h a t  t h e  h i g h e r  pressure c a l i p e r  
1 

- 

g a v e  a l o u e r  s k i n f o l d  t h i c k n e s s  measurement due to  t h e  
. d 

greater  pressure  exerted, Pot these r e a s o n s  t h e  a u t h o r s  
s - .  

teeoamsaded t h a t  t h e  lower presmre of 10 xl0+!€ia be 

accepted a s  standard for caliper pressure. 

Pascale et a l e  (7956) coapared 2 c a l i p e r s  of  d i f f e r e n t  

d e s i g n  which exerted the  saae p r e s s o r e  (10 ~10'1;') on 

p r e s s u r e  p l a t e s  cf 25 am= and 4 0  m f  r e s p e c t i  r e l y .  The 
- - - 

ca l ipers  w i t h  t h e  larger c o n t a c t  area were found to 

correlate 

area when 

worse t h a n  t h e  calipers with  t h e  s m a l l e r  contact  
-9 

r e l a t e d  t o  s p e c i f i c  g r a v i t y  of t h e  bodgt., thus 
d 

suggesting an i n t e r v e n i n g  variable. 

Brozek and Hori (1958) carried out a sinilar study t o  

t h a t  o f  Garn and Gorman f19561, but on a saaple' of 126 men 

jointly would tend t o  i n d i c a t e  a decrease i n  c o m p r e s s i b i l i t y  
. . 
with h c r e a s i n g  age, i f  indeed compress ion percentage is an 



- 

unbiased estimate of d e g r e e  of tissue c o m p r e s s i o n  b y  t h e  

caliper,  -. 

I n  a study o n  age c h a n g e s  in s k i n f o l d  c o m p r e s s i b i l i t y  

B r o z e k  and Kinzey (1960)  measured men between  tbe ages o f  20 

and 69. T h e y  were measured u i a h  cal ipers  w i t h  3 d i f f e r e n t  ,-' 
p r e s s u r e s  (5, 10 ,  20 x l o 4 6 ? .  T h i r t y  ninutes was l e f t  

--+2 between e a c h  measuresent so that t h e s k i n f o l d  c o u l d  r e t u r n  

t o  n o r m a l  after c o m p r e s s i o n ,  T h e y  s h o v e d  t h a t  c o m p r ~ s s i o n  

p e r c e n t a g e s  d e c r e a s e d  w i t h  a g e  and t h a t  there 'were site 

differences i n  c o m p r e s s i o n  p e r c e n t a g e s .  T h i s  site d i f  i e r e n c e  

was more evident i n  o l d e r  nen, They o b t a i n e d  a mean 

c o m p r e s s i o n  of 16%, which is  l o v e r  t h a n  t h e  43% o f  Bamnond .\ 
3 
3 

a n d  t h e  35% ~f Garn. T h i s  d i f f e r e n c e  nay be a t t r i b u t a b l e  t o  

t h e  different mean s k i n f o l d  thicknesses of the three g r o u p s , -  

i f  the t h i c k n e s s  of the s k i n f o l d  affects  t h e  

c o m p r e a s 3 & i l i t y f  s i n c e  the mean t h i c k n e s s  for  the g r o u p s  

d e c r e a s e d  with age, 

Lee a n d  I g  (1965) i n  a study on  male a n d  female 

cadavres, compared ca l iper  aeastxements (10 X I  0 % ~ ~ )  w i t h  
- 

d i r e d  t a t  t h i c k n e s s  - - n e a s u r o m n t s  mahe via  i n c i s i o n  at t&o  

site, They s h o v e d  a lower c a l i p e r  r e a d i n g  on females 

c o a p a r e d  t o  males f o r  t h e  saae fat t h i c k n e s s  a s  measu red  by 
& 

i n c i s i o n ,  C l e g g  and Kent (1967) measured  young a d u l t s  w i t h  





w i t h  c a l i p e r  masurelaents a t  f o u r  sites on t h e  l e g  ( A n t e r i o r  

and  p o s t e r i o r  t h i g h  and  medial and  l a t e r a l  calf) f ~ u n d  t h a t  

the r a t i o  of caliper f a t  t o  r a d i o g r a p h i c  f a t  tias 1.61: 1 f o r  

Ben, a n d  I . 7 l :  1 f o r  wonen when t h e  four l e g  sites uere- 

combined. T h i s  s t u d y  t o o k  a c c o u n t  of t h e  t h i c k n e s s  of  f a t  

a n d  shoved t h a t  male sites were more c o m ~ r e s s i b l e .  t h a n  .. . . 
- 

female sites for the same $at t h i c k n e s s .  T h i s  would t e n d  Co 

c o n f l i c t  w i t h  e v i d e n c e  from t h e  o t h e r  s t u d i e s .  E f fo r t s  h a v e  

been made t o  e x p l a i n  t h e  d i s c r e p e q c y  i n  -$erms o f  s a m p l e  - P . . 
d i f f e r e n c e s ,  i n  t h a t  t h ' e ' f e m a l e s  measwyed by  J o n e s  were' 

p h y s i c a l  e d u c a t i o n  students w i t h  well d e v e l o p e d  musculature 

c a u s i n g  i n c r e a s e d  skin t e n s i o n .  T h e r e  were a l s o  e t h n i c ,  

n u t r i t i o n a l  and age d i f f e r e n c e s  i n  t h e  s amples .  However it 

is i s p o r t a n t  for  c o m p a r a t i v e  purposes that i n  a n y  a n a l y s i s  - 
s k i n f o l d  t h i c k n e s s  is  c o n t r o l l e d  f o r  i n  a s i e i l a r  Banner  t o  

t h a t  of Jones. 

Compress ion ,  p e r c e n t a g e  is a r a t i o  of two l i n e a r  

measu remen t s  or  l e n g t h s  and t h u s  s h o u l d  be ' d i m e n s i o n l e s s ,  

a n d  i n d e p e n d e n t  -of s k i n f o l d  t h i c k n e s s ,  h o v e r e r  C legg  a n d  

Kent ( 1  967)' e r o p o s e d  h p o s s i b l e  r e l a t i o n s h i p  be tween  

' compression p e r c e n t a g e  a n d  s k i n f o l d  t h i c k n e s s  which would 
- - 

seem c o t r a d i c t o r p  a n d  n n t n a l l y  e r c l n s i v e .  I f  c o m p r e s s i o n  

p e r c e n t a g e  is  r e l a t e d  t o  t h i c k n e s s  then s i m p l e  c o m p a r i s o n  of 

mean c o m p r e s s i o n  p e r c e n t a g e s  between males a n d  females is  



not a valid test-of a sex .difference i n  c o m p r e s s i b i l i t y  

s i n c e  females  t e n d  t o  have higher aean skinfold thicknesses 

than males. Eiorerer, t h e  t e c h n i q u e  of  odes (1970)  , where 
Y 

t h i c k n e s s  was t a k e n  i n t o  acc n t ,  .was a v a l i d  test  of a sex 
< 

difference i n  . T h i s  met'hod of analysis could 

al,so b e  applied to differences due to si-tewand age. 









i n t e r f a c e  and  back t o  t h e  probe .  I f  t h e  v e l o c i t y  of sound is 
d 

knovn t h e n  t h i s  time c a n  be converted t o  f a t  d e p t h .  

U l t r a s o n i c  s c a n n i n g  i n  t h i s  mode i s  called A-scanning. T h e  
i 

use of A-scan u l t r a s o u n d  measurement  o f  a d i p o s e  t i s s u e  in 

humans h a s  been  examined  i n  s e v e r a l  s t u d i e s  (Booth,  Goodard 

and P a t t o n ,  1966; B n l l e n ,  Qnada, 'Olsen a n d  Lund, 1965; 

Hawes, A l b e r t ,  f fealy  a n d  Garrow,. 1972; S l o a n ,  1967, 

R h i t t i n g h a m  1962, Haymes et al. ,  1975) , Ehen u l t r ason ic  

measurements  have been compared t o  ca l ipe r  s k i n f o l d  

t h i c k n e s s  measurements ,  by means of s i m p l e  r e g r e s s i o n  

a n a l y s i s ,  c o r r e l a t i o n  c o e f f i c i e n t s  of 0.80 a n d  a b o v e  h a v e  

been found  (Booth e t  al . ,  1966; B n l l e n  e t  al . ,  1965; S l o a n ,  . 
9 

1967) I c o n t r a s t ,  when Eiayaes et a l .  (1975) c a r r i e d  o u t  a 

similar s t u d y  c o m p a r i n g  these t u o  t e c h n i q u e s ,  c o r r e l a t i o n  

c o e f f i c i e n t s  for u l t r a s o n i c  measuFements  a n d  c a l i p e r  

s k i n f o l d  t h i c k n e s s  fo r  ma les  were l o v e r  t h a n  0.8 a t  a l l  f o u r  

sites u s e d ,  b u t  greater t h a n  0.8 f o r  t h e i r  female sample.  It 
E 

u a s  b e l i e v e d  that t h i s  d i f f e r  was p r i a a r i l p  d u e  t o  t h e  

g r e a t e r  r a n g e  in s u b c u t a n e o u s  t h i c k n e s s e s  in the female 

sample .  A s p u r i o u s l y  h i g h  c o r r e l a t i o n  c o e f f i c i e n t  was 

o b t a i n e d  for  the female d a t a .  ~ o u e v i i r  a s  f e c o g n i s e d  by t h e  

a u t h m r s  t h e  effects of v a r i a t i , o n  i n  t i s s u e  c o m p o s i t i o n  and' 

s k i n  t e n s i o n  c o u l d  n o t  b e  d i s c o u n t e d ,  



In a test o f  r e l i a b i l i t y  o f  u l t r a s o n i c  measurement 

Baymes e t  a l .  (1975) found  c o r r e l a t i o n  c o e f f i c i e n t s  o f  

between 0.87 and  0.98 f o r  test-retest on t h e  f o u r  sites / .  

used, compared t o  0.98 - 0.99 for  test- retest c o r r e l a t i o n  

c o e f f i c i e n t s  when the f o u r  sites were measured b y  skinf o l d  

caiper.  T h i s  was accepted a s  showing* t h a t  the u l t r a s o u n d  

technique was a v a l f  d, r e l i a b l e  technique f o r  t h e  e s t i m a t i o n  

of ancompressed s u b c u t a n e o u s  f a t  d e p t h .  B u l l e n  e t  a l .  (1965) 

- produced ultrasonic n e a s u r e a e n t  test-retest c o r r e l a t i o n  

c o e f f i c i e n t s  of  between 0.985 and 0,994, a n d  s t a t e d  t h a t  

they were o f  the saae magn i tude  as those r e p o r t e d  f o r  t h e  

most r e l i a b l e  o f  c o m p a r a b l e  a n t h r o p o m t r i c  measurements 

(Tanner a n d  ueiner 1 9 4 9 ) .  The t h i c k n e s s  range i n  t h i s  s t u d y  

u a s  3 t o  9 0  am o f  t i s s u e ,  w h e r e a s -  t h e  r a n g e  i n  t h e  s t u d y  by 

a c c o u n t  for t h e  h i g h e r  c o r r e l a t i o n  i n  t h e  ear l ier  study. 

C o r r e l a t i o n  c o e f f i c i e n t s  o f  between 0.7 ( S u p r a i l i a c )  

and 0.88 ( H i d - t r i c e p s )  were o b t a i n e d  f o r  c o m p a r i s o a s  of 

u l t r a s o u n d  measures  with x- ray  aeasures a t  t h e  s a n e  s i t e s  by 

Haymes e t  a1 (1975). However Haves et a l ,  had r e p o r t e d  poor  

c o r r e l a t i o n s  between u l t r a s o u n d  and x-ray measurements  a t  

t h e  i l i a c  crest and g r e a t e r  t r o c h a n t e r .  



Summary: 

- w 

Cor~elatiun c o e f f i c i e n t s  of 0.80 and above have b e e n  
t . 

found b e t u e e n ~ l t r a s o n i c  and calj .p+r neasuremen ts  of 

s n b c n t a n e o u s  f a t .  
'I 

The ultrasound technique h a s  been v a l i d a t e d  aga&;st. 
i .  

radiography a s  a r e l i a b ~ e  measure_ of uncompressed . . - 
L 

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

* 
i 

- 
4 

.. \ 

, .. 
: 



BI OPAYSICAL PROPERTIES W SKIS. 
. -3- - 4' 

A s k i n f o l d  is composed of a d o u b l e  l a y e r  o f  skin p l u s  

s u b c u t a n e o u s  t i s s u e .  The c h a r a c t e r i s t i c s  of the s k i a f o l d  
8 

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

are d e t e r m i n e d  by the b i o g h p i c a l  pr  es. These 

b i o p h y s i c a l  p r o p e r t i e s  a r e  d e p e n d e n t  o n  both  the p r o p e r t i e s  

of t h e  skin and  those o f  t h e  u n d e r l y i n g  s u b c u t a n e o u s  

tissues, ~ n f o r t u n a t e l y ,  i s o l a t e d  subcutaneous adipose 
. . 

tissae does n o t  l e n d  i t s e l f  t o  p h y s i c a l  tests i n v o l v i n g  

d e f o r m a t i o n ,  d u e  t o  t h e  p rob lems  of a t t a c h i n g  samples t o  any 
* ,- 

B L 

a p p a r a t u s .  ~ 0 v e v e r " t h e  s k i n  i t s e l f  is a  medium t h a t  c a n ,  

i* 

, and  h a s  Been experimented on e x t e n s i v e l y .  s k i n  h a s  been 
- .; p 

s t u d i e d  i n  d e f p r m a t i o n  b y  s t r e t c h i n g  and  c o m p r e s s i o n  - u n d e r  

v'a'rious c o n d i t i o n s  of sex, age, a n d  l e v e l  of h y d r a t i o n .  
" .  . - 

Y Knowledge df t h e  p r b p e r t i e s  of the s k i n  say h e l p  i d r  t h e  

. i n t ' e r p r s t a t i o 8  of r e s u l t s  f o u n d  in, t h i s  , t h e s i s ,  s i n c e  s k i n  
L ' 1 %  

i s  i s c l t h e d  i n  a c'aliper ;ea:ure&nt o f  s u b c u t a n e o u s  f a t  
. . B 

t h i c k n e s s .  t 1 

The s t r e s s ~ s t r a i n  r e l a t i o n s h i p  a n d  f h e  tensile s t r e n g t h  
I 

, 

: of u n i f o r . l g + I o a d e d  str&ps of hureo&k+iAn have'been s t e i e d  
f? 
p P ' -i 

-i 

e z t e n s i v e l r ,  R i d g e  and sright (1965, 146& '19Qb) cazrled out- 
* b 

u n i a x i a l  e r s e n s i o n  on e x c i s e d  st$? samples .  T4ey p r o d u c e d  a 
-i 1 

three p a r t  f a r c e ) e x t e d o n  diagram: '. - -  
i 







s k i n f o l d  measures, Rhea a s k i o f o l d  has  been measured some, 

period of time should  be l e f t  be fo re  remeasurement, t o  allow 

t h e  s k i n f o l d  to  return t o  normal, ie, for the expulsed  water 

t o  r e t h r a .  The  recovery time t h a t  should be a ' l loued before 

remeasurement h a s  been debated, Brozek and Kinzey (1960) 

proposed t h a t  a s - l o n g  as 30 minutes shou ld  be a l l o w e d  

between measure m e m t s ;  

Thb tensflle strength of female skin was f ~ n a d  €0 be 

less than that of male s k i n  (Wenzel 1949), and also female 

skin h a s  been found t o  bp rote  e x t e n s i b l e  t h a n  ,male skin I 

(Ridge and Uright  1365). These f i n d i n g s  relate t o  t h e  

histologic f i n d i n g s  of Lindholm (1931) i n  that e l a s t i c  

F i b r e s  were more numeraus in f emlr  t h a n  male skin.  end 
- - -- - - - 

L 

(194% found that shr iakage  of exc i sed  skin was greater in 

males than i n  uomn, i n d i c a t i n g  t h a t  male s k i n  was under 

greater tension in 'v ivo ,  These f i n d i n g s  would t e n d  to  back - 
, . 

t h e  the or^ t h a t  female s k i n f o l d s  v o a l d  b,e more compress ib le ,  
@ 

with age them is a decrease i n  s k i n f o l d  - 
1 

c o m p r e s s i b i l i t y  fbrozek and Kinmy 1960) . There f_s 

. of c r o s s - l i n k a g e s  in the collagen ~ i b r e s . '  Thus, the fibres 



- - -- - - 7 6 - -  

cannot s l i d e  across each other under coadit ions  of stress. 

T h i s  is supported b y  the fact 'that t h e  t e n s i l e  strength o f  

s k i n  increases with age (~ul lhauser 1950). Grahame (1963) 

found that there mas an increase i n  the modulus of 

e l a s t i c i t y  of s k i n  w i t h  age in both sexes, 811 t h e s e  

f indings  would tend to indicate a decrease i n  s k i n f o , l d  

c o m p r e s s i b i l i t p  v i t h  age. - 



4 . -  . 

1 )  T h e r e  is 9 three part f o r c e / e x t e d s i o n  curve 
i 

e x t e n s i o n ' o f  a s t r i p  of excised s k i n ,  

for u n i a x i a l  
- 

.%a 
1 

2 )  - In v l v o  t h e  s f i n  is under* tension. - 
a 

1 
b ,  

3) Langer l i n e s  e x i s t  on the body, which re late  t o  p 
- \ 

.d i rec t ions  of p r i n c i p l e  t e n s i o n  i n  t h e  skin an8  follow 
& 

\ r 

t h e  d i r e c t i o n  of p r e f e r e n t i a l  o r i e n t a t i o n  of the- f ibres  

in the dermis. 6 
- 

I 
4) - S t r e s s / s t r a i n  c d r v e s  across and a l o n g  Langer lines are 

d i f f e r e n t .  

$ 5 )  Skin t e n s i o n  v a r i e s  a t  d i  ferent sites, 
.'," 

P 

a 6 )   hey' te of coapression skin is d e p e n d e n t  on  t h e  

kscosity of t h e  water  h e  4 d in the fibrous c o n n e c t i v e  

tissue. - 

7 )  'Pemale . sk in  is more extensible thawmale s k i n .  

8) In y i s o  male s k i m  i s  under &ater tension t h a n  female 
i 

9) There is i n c r e a s i n g  elastic s t i f f n e s s  with  age. 
b 







a s s u h e s  t h a t  all v a l u e s  a r e  in c o n s t q n t  prwottions -. - .  * 4 

i ndependen$  of s i z e .  fherefore v e l o c i t i e s  L/T. of .an, L . 'must 

be e o n s t a n t .  If L/T is ' c o n s t a n t  t h e n  L-T. , .  
1 s '  

1 - .  
P F o r  b o d i e s  which are g e o m e t r % c a l l y  s m i L a r ; - a r s a r ~ 2 -  o r -  . . - 

j l '  

, area h a s  t h e  d i m e n s i o n  f L 3 2 ,  a n d  foliumee•’J or  has t h e  . .  - - 
I 

d i m e n s i o n  (1 13. These r e l a t i o n s h i p s  were a p p r e c i a t e d  . h s  ' - 
G - 

l o n g  ago as  300 B.C. by E u c l i d ,  a n d  287-212 B.C, by * 

~ r c h i m e d e s .  G a l i l e o  (1638) had  a p p l i e d  s u c h  a, .model t o  (he % , . 
I 

L ,  

, - 
s t u d y  of human and animal  loc.omotion. S i n c e  t hen  many . . ' 

0 

a u t h o r s  have app/lied g e o m e t r i c a l  s i m i l a r i t y  m o d e l s  i n  a n  . , - 

a t t e m p t  t o  g a i n  insight i n t o  huaan  s t r u c t u r e  and f u n c t i o h .  *, 
< . 8 

. . I - 

. _  1 C 

Z 
r ,  

It is  now p o s s i b l e '  h a v i n g  d e f i n e d  t h e  p r i m a r y  
..". . , 

q u a n t i t i e s  of a s y s t e n  to  u s e  t h a t  s y s t e m  ' t o . p r e d i c t  ! 

r e l a t i o n s h i p s  between v a r i a b l e s .  This w i l l  be done in an, 

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

i s  not i n d e p e a d e n t  o f  t h i c k n e s s  o f  s k i n f o l d  a s  

p r e d i c t e d  b y  d i m e n s i o n a l i t y  theory. T 



* 3 caliper Use of three  Harpenden sk info ld  calipers, 
9, 

-technique exert fng  a diff erentL 'pressure, to measure 
$ 8  

each 

same s k i n f o l d .  A limar regression i s  t h e n  1 

carried G u t  between log10 skinfold t h i c k n e s s  -.A. .. P 

- 4 values and'cal iper  pressure', The antilog of the  

I a intercept calcalated from t h i s  r e g r e s s i o n  i s  - -  
. *  

reqarded . as  thk uncohrsssed s k i n f o l d  t h i c k n e s s  
, , 

. '  
+>predict&on (ZT) .. . 

.. < 
D 

ZT ~ r e . d i c t &  u~co ,mpreosed  s k i q f o l d  thickness 
6 
f rqm the' t h r e d - & l i p e r  technique.  b - 

- - r D) 

1 % 

I 
1 

, 

H(10) - T h e  s k i n f o J d  $h ickness  a s  measured b y  the 
i 

* 

Harpenden, sk info ld  caliper exerting 10 x 10' lcX. 

T h e  s k i n f o l d  t h i c k n e q  a s  measured b y  the 
4 

$ - 
A corn press ion  percentage calculated by s u b t r a c t i o n  

1 F 





THE'PBOPOSAL AID B U I D A T I O ~  OF A 3-CALIPER TECHNIQUE FOB 

 he measurement  of s k i n f o l d s  by use of a spring caliper + .  

t o  estimate subcutaneous f a t  thickness h a s  lo*nq b e e n .  . . 

a c c e p t e d  as a v a l i d  an th ropo .me ' t r i c  t e c l n i g u e  desp i& the . 

s e v e r a l  l i m i t a t i o n s  previously a e n t i o n e d : l ~ h i s  stih j ;as ' - 
c o n c e r n e d  w i t h  l ook ing ,  a t  t h e  v a r i a t i o n  in t h e  amount o f  

% 

c o m p r e s s i o n  of d i f f e r e n t  s k i n f o l d s  u n d e r  c o n s t a n t  pressure. 
\ 

Bven when jaw s u r f a c e  a r e a ,  a n d  p r e s s u r e  exerted b y  t h e  

caliper are  k e p t  c o n s t a n t ,  t h e  degree of c o m p r e s s i o n  of , - 

d i f f e r e n t  s k i n f o l d s  varies. Factor& s u c h  as s i te  and sex - . 

may i n f l u e n c e  t h e  degree of  c o m p r e s s i o n  f o r  t h e  same . 

t h i c k n e s s  of sk info ld . ,  T h e  i n f l u e a c e s  o f  t h e s e  ' f a c t o r s  were . 
. . . - 

i n v e s t i g a t e d  i n .  parts 11 and 111 .of  t h i s  t h e s i s .  

The  ideal measurement  o i  thickness of f a t .  plus s k i n  

would be one taken when no pressure was exert& on the - 

s u r f a c e  of the skin. . T h i s  ' w o u l d g i v e  dn estimate of 
-a 

- 

nncampr,essed , t h i c k n e s s  and a s  s u c h  would n e g a t e  our n e e d  W 

w o r r y  a b o u t  t h e  effects of r a r i a t i o n s  6 c o m p r e s s i b i l i t y .  
' 

Subcu taneoUs  f a t  d e p t h  c a n  indeed be measured i n  a n  



n n c o ~ p r e s s e d  st ate, by b o t h  r a d i o g r a p h i c  and  u l t r a s o n i c  
B 

scanninq techniques. However b o t h  require expensive and 3 
4 

/ s o p h i s t i c a t e d  eguipsent  a n d  are  thus n o t  u sed  e r t e n s i r e l y  i n  - 

\ r e s e a r c h  and c l i n i c a l  a p p l i c a t i o n ,  Radiography has t h e  

added.  disadvantage t h a t  it  is  time consuming  and a l s o  - 

9 carries with it t h e  h a z a r d s  assoc ia thd  w i t h  t h e  u s e  of 

>adiography.  T o  d a t e  n o  quick,' c o n v e n i e n t  f i e l d  techaf q u a  
i 

ir 

for t h e  e s t i m a t i o n  of upcompressed  s k i n f o l d  t h i c k n e s s  h a s  - 

been d e v e l o p e d ,  The aim of t h i s  s t M y  was t o  develop and  
1 

- 

show a p p f i c a t i o n  oc a t h r e e  caliper technique for t h e  
I .  

e s t i ~ a t i o n  of uncompressed  s ~ i d f o l d  t b i c t n e s s  by 
8 

,' 
u 

e x t r a p o l a t i o n  f rqa c o m p r e s s i o n  a t  d i f f e r e n t  pressures. -The 
- +B 

t h r e e  caliper technique a n d  t h e  c o n v e n t i o n a l  - sf ng le  cplip& 
w 

were compared t o  an ul t ras 'oonic  s k i n f o l d  t h i c k n e s s "  
H 8 - 

which  s e r v e d  a s  an uncompressed  t h i c k n e s s  c r i t e r i o n .  - 

HETHODS AND B A T ~ B I A L S .  * . 

. 

, I t  was t h e  p u r p o s e  of t h i s  study  t o  develop 4 t e c h n i q u e  . 
. . 

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

s k i n f o l d s .  T o  a v o i d  t h e  p r o b l e a  of c o m p r e s s i o n  t h e .  b e s t  
9 

measure of s k i n f o l d  thf c k n e s s  would be a n  uncompressed  
C 

I 

thickness (6arn 1956, Brozek  and Clori 1358, Tanner, Hugheis 
\ 

and J o n e s  1966, Clegg a n d  Kent 1967). Thks c a n  be achieved 

'by use of  s o f t  t i s s u e - r a d i o g r a p h y ,  and a l s o  by u l t r a s o n i c  
4' 

scdnnincg t e c h n i q u e s ,  # a n y  s t u d i e s  have  b e e n  carried o u t  t o  
eT 
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However t h i s  Was q u i t e  o b v i o u s l y  

6 c a l i p e r ,  s i n c e  it laus t  e x e r t  a 

on t h e  s k i n f o l d  in o r d e r  t o  make 

- 40 

I. I ,r 

i m p o s s i b l e  t o  a c h i e v e  w i t h  

c s r t a f  n anbunt of p r e s s u r e  
< - 

a measurement .  A 

t h e o r e t i c a l  ' z e r o  c a l i p e r  pressure t h i c k n e s s  c o u l d  be - 
a c h i e v e d  b y  e x t r a p o l a t i o n  o f  < . the  t h i c k n e s s / c a l i p e r  p r e s s u r e  . 

c u r r e  back t o  zero c a l i p r  p r e s s u r e .  I n  p r a c t i c e  t h i s  h a 4  
4 -7- l i m i t a t i o n s  i n  t h a t ,  i f  the 10 x10 Em reading is s l i g h t l y  

h i g h  (as may s o a e t i m e s  occur d u e  t o  obse;rer error) t h e  * 
carve produced  by a standard l e a s t  s q u a r e s  c u r v e  f i t t b g  

:A " 

routine,  tended to  g i v e  a p r e d i c t e d  zero p r e s s u r e  t h i c k n e s s  

lower t h a n  t h e  5 ; 1 0 ~ i ~ ?  reading, a s  d e p i c t e d  i n  Fig. 1 b. 
8B 

To c o r r e c t  f o r  this, a n d  t o  e n s a r e  t h a t  t h e  predicted zero 

p r e s s u r e  t h i c k n e s s  always was g r e a t e r  t h a n .  t h e  5 x 161ti= 

readings., t h e .  log10 of the t h i c k n e s s  was c a l c u l a t e d  and - 
p l o t t e d  a g a i n s t  . c a l i p e r  p r e s s u r e .  A s i m p l e  r e g r e s s i o n  

a n a l y s i s  was c a r r i e d  out on these p o i n t s  and the i n t e r c e p t  
d" 

. . 
o n  t h e  l o g 1 0  t h i c k n e s s  a x i s  v a s  c a l c u l a t e d .  T h e  a n t i l o g  of 

t h e  i n t e r c e p t  was calculated a n d  t h i s  was t h e  z e r o F c a l i p e r  
I 

p r e s s u r e  t h i c k n e s s  p r e d i c t i o n  LT ( P i g ,  lc). 
\ 

k 



Pig. 1: Graphical representation of the three c a l i p e r  

t e c h n i q u e  



Sk. T 

FIG, I ( a ) '  . 



I 
pa 

, 

- 
If this method was t o  become a n  accepted fe&6nnigqua 

. .i 

which '  other workers might use t o  deter sine oncompressed 
* .- b 

s k i n f e l ~  t h i c k n e s s ,  then it must be s t a n d a r d i s e d .  The site . - -+ 

-T % 

was clearly marked s o  that eaCh c a l i p e r  was a p p l i e d  +o the -& 
I .c - - 4 . 

S& s k i n f o l d  e x a c t l ~ .  The t e c h n i q u e  would i a i l ' i f  the. site +., 

of a p p l i c a t i o n  was different f o r  t h e  three calipers, or i.q --+34 
- 1 

4. - 
- 7  

tho s k i n f o l d  was p i c k e d  ap i'n a d i f f e r e n t  mnar e a c h  t i ie .  
, J - 

Raving marked the s k i n f o l d  carefully, t h e  s k i n f o l d  was 
s- 

;+ .easrtred w i t h  t h e  5 x1€i411a* caliper, after.  a pause  of one '. ,--i 
rt -r d a 3 s  

8innte the s k i n f o l d  was measured with t h e  10 r1O BR . -- 
1 

c a l i p e r ,  and after a pans* a n o t h e r  minuteA the 15 ~ 1 0 % ~ ~  

c a l i p e r  was used .  This was d e f i n e d  as she s t a n d a r d i s e d  
/ 

t a c h n i g a a ,  and was frqm no* on be r e f e r r e d  t o  a s  t h e  3 - ' 
% 

caliper t a c h n i g o e .   he i m p l i c a t i o n s  and  p r o b l e m s  associpted y 9  , 
f ,-- - - - +. 

k i t h  t h i s  technique vere d i s c u s s e d  at the end of t h i s  
J 

' (  thesis; ~ e t a i l s  pf' t h e  p i l o t  study t o  d e t e r m i n e  order of , * .  
"1 a p p l i c a t i o n  of the c a l i p e r s ,  and t h e  final fore of t h e  

\ > 8 
I 

i 

a 3-calfper technique are g i a e n  i n  ~ p p e n d i x  2. 
4 

3 -& 

9 
"R 



a J* -T 

13 males -&go rang= 8.2-30.2 yrs.. average. age 23.2 y r s .  The .. . 

,. subjectswer&.  selected from s t u d e n t s  and f r i e n d s  a t  , - L  

9' 
r ,#> d' : L e' - 

# Loughb~rough University, An a t t e m p t  was made to ensure t h a t  
," 

I -  , . t h e  safil-e'bad a- fairly l arge  variation i n '  s k i n f o l d  'tqpes, 
C - .  -k- -, 

in ordez? t o ,  p r o v i d e  a r i d s  range for the 3' - caliper 
7 J 

> 

- y - -  
-technique: 8 

1 .  I 
,. . . - ' >  
T ; .  , 

(, 

F 

L" 

. . 
Seven s k i n f o l d ~ s i t e s  were s e l e c t e d  for u& i n  the '. 

/ I  s t u d y ,  A l l - :  subjects *re aeasured  on -the right-hand s i d e  of 
- 

, . t h e  * body, ~he'ke~en sites used were:: 
t 

i- 
-I - - z-'TRICEPS - The v*=t ica l  -foldLon the midline o f  the baei 

F+ 
- +. 

. of the arm, aiduap between acroaiale and radia le .  
r 

* 
2 

Z - SUBSCAPWAB. ?' The natural .  o b l i q u e  f o l d  below t h e  

- .  
-EI~AXI.LLARP., - '   lie vertical f o l d  a t  the  sids of t h e  

1 . -- 



SUPB AILIAC - .  The natural obl ique fold 5 t o  7 cm * ,  I ,  

upwards on an imaginary l i n e  froa anterior i l i a c  . , .  , 

s p i n e  to axilla. 1 < 

i' 
, 

BICEPS - The 

t h e  sawe- 

r 

vertical fold pn the front of t h e  arm a t  
c, 

X w e f  as the triceps skinfuL+, . d . - - .  
' 9 

9 j .  

x e 

BEDIAL CALF - The vrrtical fold on t h e  medial aspect , 

dC7 of the c a l f  a t  the l e v e l  of the maximaw calf ' , 

g i r t h ,  

LATERAL CALF - The vertical f61d on the la tera l  aspect 

of the c a l f  a t  the level of the marimun calf 

girth. 

The s k i n f o l d  sites are i l l u s t r a t e d  in Figure 2. 



Pig 2: 

, - -  

B 

2 46 
- - 

, . 

s g i n f o i a  sites. 7 . 
u 

(1)  T r i c e p s  - 
> 

A - . < 

( 2 )  - ~ u b k a p u l a r  : . - <  - 
. - - - - 

(3) ' B i c e p s  
2- 

(4) Suprail iac 

f 5 )  aA&ri lb€g .  
e 

( 6 )  Lateral C a l f  C 

( 7 )  Hedial Calf  

- 

1 





, .  4 8. . . 

The s k i n f o l d  sites sere ciearlg nark& on e a c h  subject 

by use of a der;agsaphic  pen. & long mark was aade alod= the - ' 
A ' 

crest of the s k i n f o l d ,  so t h a t  t h e  sane $ k i n f o l d  ,'was, picked - .  
- ? 

up each time. A c r o s s  mark on .this l i n e  was made ht t h e  
: r ,  . s 

> - * .  

of application of the caliper,. so thh t  p&ition. of ' .  
A . 

'Ub . ri 
caliper a p p l i c a t i o n  c o u l d  b e  s t a n d a r d i s e d ;  [ F i g .  31..  he . . . .  
s u b j e c t s  were i n i t i a l l y  measured using an. u l t r a s o n i c  sca,nner 

to record t h e  uncoapres sed  subcutaneous' f a t  depth .  a t .  each of . . -  
e i 

the s e v e n  sites. The s u b j e c t s  uerss tGen measured by use . - of 
' . 

.. . 
the 3 - c a l i p &  technique a t  each of . t -he  s e v e n .  sites. A5 . -. 

-, 

p e r i o d  of . 5  minutes was allowed b e f o r e  t h e  s t i n f o l d s  were' . 5 > 

remeasured u s i n g  t h e  3 - c a l i p e r  technique; s e v k  *of the- '28  
* 

s u b j e c t s  were a l s o  measured usidg a r a d i o g ~ a p b i c  t&ehr&%ue - I . - t  

< . 
a t  f o u r  of t h e  s e v e n  sites, The f o u r  sites used we're; * 

. . 
T r i c e p s ,  Biceps, U e d i a l  kiif, L a t e r a l  Ca l f ,  T h e s e  f o u r  'sites 

\ 

t - - --. 
&re c h o s e n  b e c a u s e  o f  t h e i r  access b i l i t y  t o  thq -.. i - 

- *. 
r a d i o g r a p h i c  t e c h n i q u e .  -The technique of 3ones (1970) w-as 

* - . 
employed. ,- - 

' I 
v 

> - 
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C . . . . 

. - 
-* - ULTBASOIIC TECHNIQUE. ' 

L 

* 
/ - 

. I n  this s t u d y  a n  estimate of ~ o c & ~ r . o s s e d  s u b k a n e o o s  
< ? 

. fat d e p t h  vas o b t a i n e d '  by ' u s e  of a n  :ultrasonic s c a n n e r .  The 

scanner used was a SKI Ekoline 20A with a 5.0 HHz. 
? 

~ & s ~ u c & .  a e a s u r e a e n t '  o i  fat d e p t h  w i t h  t h e  s c a n n e r  was 

made before s k i n f o l d  measurement  with the 3 - c a l i p e r  
c 

- technique. T h e  t h i c k n e s s  was measured f i r s t  w i t h  t h e  s c a n n e r  

t o  a v o i d  any c o a p r e s s i o n  effects  $hat  n i g h t  h a v e  beexi 

elicited by prestioas use of the calipers, 

. The experimenter p r a c t i s e d  w i t h  t h e  u l t r a s o n i c  s c a n h e r  

', a n t i 1  r e l i a b l e  and  r e p r o d u c i b l e  results were b e i n g  o b t a i n e d ,  
a 

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

r e s u l t s  i n  the a c t u a l  s t u d y .  . If  undue  pressure vas p 2 a c e d .  on 
I 

'+ 

t h e  t r q n s d o c e r  when i t  was , i n  p o s i t i o n  o n  t h e  s k i n ,  a 
* .  

c e r t a i n  amount. of local c o m p r e s s i o n  of the s u b c u t a n e o u s  4 

t i s s u e s  o c c u r e d .  Thus,  a f a i r l y  light t o u c h  itas r e q k r e d  

w i t h  the t r a n s d u c e r ,  a l t h o u g h  enough  p r e i s u r e  <was r e q u i r e d  
- 

t o  elfci.,t goo? acoustic cond  c t i o n .  Conduc f ion  o f  the s o u n d '  

- uaves was aided by t h e  u s e  of a s t a n d a r d  a c o u s t i c  c o u p l i n g  
* 

g e l ,  It was n e c e s s a r y  f o r  .the sound waves to s t r i k e  the 
v 

t f s s u e  interfaces'at r i g h t  a n g l e s  ftx there t o  be r e f l e c t i o n  - 
J I '  

of  t h e  waves back t o  t h e  t r a n s d u c e r ,  t h u s  g e n t l e  

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

. i  

i 



c l e a r  a n d  correct trace. An. e x p l a n a t i o n  ok what was meant by 

a  s l i q h t  p r e s s u r e  a n d  how t h i s  was ~ t a n d a r d ~ i s e d  t o  g i v e  
8 

repeatable measures was e x p l a i n e d  i n  Appendix 3. 

The d e p t h  estimate was r e c o r d e d  on an u l t r a v i o l e t  p a p e r  

r e c o r d e r .  Eoueve r  b e f u r e  the reading from t h e  trace ' c o u l d  

be  used ,  c e r t a i n  c o r r e c t i o n s  h a d  t o  b e  made, It h a s  been 

shown that s o u n d  uare$ t r a v e l  faster in water than they d o  

i n  f a t ,  and t h u s  a c o r r e c t i o n  for  t h i s  d i f f r n e n c e  had t o  b e  

made. T h i s  was n e c e s s a r y  s i n c e  t h e  t r a n s d u c e r  uas c a l i b r a t e d  
n 

t h r o o q h  a water medium. 

* 
Correction P a c t o r  = V e l o c i t y  of sound t h r o u g h  f a t  = 1456 ms 

V e l o c i t y  of s o u n d  t h r o u g h  water 1480 a s  

< 

c o r r e c t i o n  F a c t o r  = 0.9797 

Therefore each measureraent f rom t h e  trace was i n i t i a l l y  - 
m u l t i p l i e d  b x  0.9797. T h i s  i s  a correction factor coinonly 

u s e d  in u l t r a s o u n d  measures of f a t  t h i c k n e s s .  The h o r f  z o n t a l  
- .  

scale of t h e  scanner's o s c i l l o s c ~ p e  b u l d  be altered t o  g i v e  

a clearer d i s p l a y .  T h e  scale was changed on each s u b j e c t  gq 

t h a t  t h e  trace o c c u p i e d  almost a l l  of t h e  screen. Thus a 7%- 
- . , 

c o r r e c t i o n  d u e  t o  th4.s c h a n g e  needed t o  be made. Scale 
P 

m a r k e r s  which  represented 1 cm. appeared on t h e  trace,, T h e  r 3  
d i s t a n c e  b e t w e e n  ;hem aarkeis c o u l d  ba m e a s o r e d ~ o .  t h e  



trace a n d  the appropriate c o n v e r s i o n  factor c a l c u l a t e d .  A . . - 
final cor rec t ion  was made from the r e s u l t s  of c a l i b r a t i o n  of 

t h e  . t r a n s d u c e r ,  The t r a n s d u c e r  s c a l i b r a t e d  by use of a 7'. 
perspex b l o c k  with a well b o r e d  i n t o  it- (as d e p i c t e d -  in P i q ,  ti 

4 4). This w e l l  h ad  a l a r g e r  d i a m e t e r  a t  the to6 a n d  a  
4 

s h o u l d e r  midway down where  t h e  d i a m e t e r  was less. This block I - 
was made t o  specific dimeasions a s  shown i n  P i 9 . -  4. Qte well - - 

was c o m p l e t e l y  filled with d i s t i l l e d  water, Depth . , 

' measarements t o  t h e  bottom of t h e  well and  t o  t h e  s h o u a d e r  . 
* < 

L,  & 

were made. Prom. these r e a d i n g s  a c o r r e c t i o n  l a c t o r  ms ' 
* u 

c a l c u l a t e d ,  The correct ion f a c t o r  t e n d e d  t o  change i r o n  ti- 

to time. I t  was m a i n l y  due t o  t h e  p c s i t i ~ n i n g  of the 
B 

P 

t r a n s d u c e r  i n  the p l a s t i c  h o l d e r .    his h o l d e r  was necessa'ry 
e -  

since the t ~ a n s d u c e r  had  a d i a m e t e r  of o n l y  8.0 m. -'.and th& 
- 

would q u i t e  e a s i l y  cause l oca l  c o m p r e s s i o n  of the 
-a 

s u b c u t a n e o u s  t i s s u e s ,  A p a a s t i c  rim of 48.'0. m m  diameter was 
* 

p l a c e d  a r o u n d  the t r a n s d u c e r  a n d  t h i s  a l l o w e d  ap&.cat ion of 

the t r a n s d u c e r  wi th  negligible l oca l  campression. The 

transaucer was t h u s  c a l i b r a t e d  before e a c h  s u b j e c t  was 
.$ 

measured  . 

B A D I O G U P B I C  TECHNIQUE, 
I - - 

on seven of the subjects sof t  t i y u e  r a d i o g r a p h s  were 

taken of the l a t e r a l  aspect of the upper arm, and t h e  

a n t e r i o r  a s p e c t  of t h e  lower leg. T h i s  allowed f o r  

estimation of s u b c u t a n e o u s  fat d e p t h  t o  be made a t  the 

t r i c e p s  and  biceps sites, and a t  the  l a t e ra l  and medial  calf 



si tes .  T h e  s u b j e c t s  we& r o l u n t a e r s  fro. the 28 s u b j e c t s  - . . C 

measured '  b y  u l t r a s o u n d . :  f oar females and  t h r e e -  m a l e s  being 

measured. 

d o s i t i d n i n g  of t h e  s u b j e c t s  uas a s  shown i n  Pig .  4. T h e  
9u 

upper arm, was a l l o w e d  t o  hang freely in. f rcnt  .of the x-ray 
I ." 

f i l m  cassette. The midpoint  a t  o& hale the 4 

acromiale-radiale d i s t a n c e  on the back of the u p p e r  arm was 
* 

pos i . t ionad  .exactly 10 cr  p e r p e n d i c u l a r l g  avdy f t o i  t h e  f r o n t  
1 

surface of the. cassette.. T h e  arm was p l a c e d - s o  th-at t h e  * 

l imb was n o t  de fo rmed  by c o m p r e s s i o n  a g a i n s t  the casse t te  , 
casing, a n d  t h e  l imb was i n  a s t a n d a r d  p o s i t i o n .  The a r r  

\ 

v .  

li 

was s u p p o r t e d  i n  ~ o s i t i o 4  b y  use of  s m a l l  foam , p a d s .  ~ f t e r -  - \ 
p o s i t i o n i n g  t h e  s o b  ject  rbs a s k e d  t o  reaain.rconpletely  

U 

' still.  The p o s i t i o n i n g  was quickly c h e c k e d ,  and t h e  

r a d i o g r a p h  exposed. The c a s s e t t e  uas t h e n  moved o v e r  i n  its 

moun t ing  s i n c e  only one h a l f  of t h e  M'ssette was exposed a t  
I .  

any  one time.  he s u b j e c t  uas t h e n  a s  to  s t a n d  in front 

o f ' t h e  cassette as i n  F i g .  5. The l e g  s&h h- 
t h a t  t h e  mid-point  o f  b o t h  lat'eral and  m e d i a l  aspects of  t h e  . 

calf were 15 cm p e r p e n d i c u l a r  from t h e  front s u r f a e  of the 4 
cassette. The  s u b j e c t  was t h e n  asked t o  remain p e r f e c t l y  

P 

still. - The p o d t i  o n i n g  was r e c h e c k e d ,  and t h e  r a d i o q r a p h  
a 

exposed .  . 
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pig 5: calf posi t ioning for. radiography. 
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4 

It was n e c e s s a r y  to m a r k  t h e  s k i n f o l d  s o  t h a t  t h e  7k 
h d  - - --. - - 

e x p e r i m e n t e r  could tell where t o  measure the f a t  t h i c k n e s s  

- o n  t h e  r a d i o g r a p h ,  This was done b y  t a p i n g  a n  E n g l i s h  penny 

t o  the s u r f a c e  of the skin, 122 em below t h e  s k i n f o l d  mark,  
m 

T h e  penny had t h e  a d d e d  advantage t h a t  it could  be  used a s  . . 
the magnif i c a t i o e  c o r r e c t i o n  fac tor  measure, since the penny 

was e x a c t l y  2 ca i n  d i a m e t e r ,  and when viewed from t h e  e d g e  

was 2 cm from any a n g l e ,  

The f a t  d e p t h  was measured from t h e  k a d i o g r a p h s  by use 

of a standard r a d i o g r a h i c  ca l iper ,  The measurement  u a s  taken 
=* p e r p e n d i c u l a r  t o  t h e  s k i n  s u r f  ace at a point 1/2 cm a b o v e  

t h e  edge of t h e  coin, The l e n g t h  of  the coin was measured  

i n  order t o  c a l c u l a t e  the & a g m d f i c a t f o n  factor,  The caliper 

r e a d i n g  was t h e n  m u l t i  p l i e d  b$ t h i s  m a g n i f i c a t i o n  factor .  

~eadings were t a k e n  t o  the nearest 0.1 am, 

RESULTS A N D  ABbLYSIS. 

Radio praphy is an- accepted labora t o c y  & h o b  for- t be 

e s t i m a t f o n  of s u b c u t a n e o u s  f a t  depth. H o ~ u e l  thi_s_*thod 

has s e v e r a l  l i m i t a t i o n s .  It is o n l y  applicable a t  certain 

sites; it is a time consuming process, a n d  it h a s  possible 



- 

d e l e t e r i o u s  side-ef f ect s w i t h  o v e r u s e ,  U l t r a s o n i c  
+ * 

measurement  b e c a u s e  of t h e  l a e h  of t h e  a f o r e m e n t i o n e d  

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

technique for  subcutaneous f a t  d e p t h  estimation. For t h e s e  
* 

reasons i n  this s t u d y  the ultrasonic method uas u s e d  a s  t h e  

c r i t e r i o n  measure of uncompressed  s u b c  u t a n e o a s  f a t  d e p t h ,  A s  

a  cross-check of the v a l i d i t y  of t h e  u l t r a s o u n d  t e c h n i q u e ,  7 

of t h e  s n b j e c t s  mere measured using the r a d i o g r a p h i c  

+ t e c h n i q u e  a t  f o u r  o f  t h e  sites measured by u l t r a s o n i c  i .  

s c a n n i n g .  T h i s  p roduced  2 8  i n d i v i d u a l  s k i n f o l d  measu remen t s  

by b o t h  r a d i o g r a p h y  and  u l t r i i%son ic  scanning. A c o r r e l a t i o n  

c o e f f i c i e n t  of  0.865 uas found between t h e  two t e c h n i q u e s .  

The mean fo r  t h e  r a d i o g r a p h i c  t h i c k n e s s e s  was f o u n d  t o  b e  

s l i g h t l y  greater than t h a t  for  u l t r a s o n i c  t h i c k n e s s e s ,  

(Tabla 1) a l though  ao s i g n i f i c a n t  d i f f e r e n c e  was found  - 

between  the means f o r  t h e  two t e c h n i q u e s  a t  t h e  95% l e v e l  of 

s i g n i f i c a n c e .  These  f i n d 1  ngs agree w i t h  those found i n  t h e  

l i t e r a t u r e ,  whe're c o r r e l a t i o n s  between t h e  two t e c h n i q u e s  

varied f rom 0 ,76  - 0.98, d e p e n d e n t  on  t h e  s i t e s  used  and s e x  

of the s u b j e c t s  '4 n v o l r e d .  R a d i o g r a p h i c  t h i c k n e s s e s  h a v e  

b e e n  f o u n d  t o  be k i g h t l l  h i g h e r  t h a n  u l t r a s o n i c  measures. 

These f i n d i n g s  w ~ u l d  t e n d  t o  justify the s e l e c t i o n  o f  ' 

- - 

u l t r a s o n i c  measurerents as  a c r i t e r i o n  of ancompres sed  

s k i n f o l d  t h i c k n e s s  i n  t h i s  study, s i n c e  u l t r a s o n i c  m e a s u r e s  

correlate well with  r a a i o g r a p h i c  a e a s u r e s ,  a n d  u l t r a s o u n d  



( 

- 

does not h a v e  the deleterious side radiography . 

c o u l d  have when used incorrectly, 



Table- 1: . 
'd 

Y 
P 

- 7  

. L 

-- - b - 

- % -,. 0' 

S i m p l e  regression analys i s  b e t w e n  Bqdiographic 2 3 

I .  

>' - 
~ h i c k n e s k  measurenenti (BT) , and Ultrasonic 

~ h i c ' k n e s s  measurements (UT) on%, seven . subjec t s  - 

 egression equation: 

UT = 0.791 (RT) + 1.4 



m . 
- - . P 

, . ,  m 
. 2* . . COIJPABISON &P ZT BEID H (1-0) vs ,  ULTRASOUND, 

r -  ,, TG aim 6f t h i s  s t u d y  was t o  produce  a technique f a r  
. . % s 

t h e 3  measurement of s k i n f o l d  t h i c k n e s s  which riniaised t h e  
, . 1 . 

d 

- "  , effects of d i f f e r e n c e s  i n  c o m p r e s s i b i l i t y ,  It h a s  been L r' 

* - d 
$ 

c l a i m a d  t h a t  a p o r t i o n  of t h e  r i r i a ~ c e  i n  a  r q l a t i o n r h i p  
01 ' 3 

A -5 

, between a  caliper t e c h n i q u e  a n d  r a d i o g r a p h y  (a c r i t e r i o n  

meashrk  of u n c o r p r a s s e d  t h i c k n e s s )  i; due  t o  t h e  ? a r i a t i o n  
/ 

, 

, I 

' f in compressibility i n  d i f f e r e n t  s k i n f o l d s ,  If t h e  3-43, 3 
a 

? 

technique gave' better c o r r e l a t i ' o n  w i t h  a c r i t e r i o n  masare c 

< 
I 

t h a n  the s k i n f o l d  measured with the Harpenden 10 X I O * B ~ ?  I 

4' 
c a l i p e r  H ( 1 0 )  a l o n e ,  t h a n  thig would t e n d ' t o  i n d i c a t e  t h a t  

t h e  t e c h n i q u e  had a c c o u n t e d  f o r  some of t h e  v a r i a n c e  d u e  t o  

c o n p r e + s s i b i l i t y  d i f f e r e n c e s .  Table 2 shows t h e  r e s u l t s  bf , 
- - 

L 

t h i s  a n a l y s i s .  10 x10*;~;= i s  t h e  i n t e r n a t i o n a l l y  accepted - 
p r e s s u r e  f o r  s k i n f o l d  calipers,  It conld be s e e n  t h a t  there - 

is  a better c o r r e l a t i o n  between ZT ( t h e  estimate of 

unconpressed  s k i n f o l d  t h i c k n e s s  f r o .  t h e  3-caliper 

, "  t e c h n i q u e )  and  UT {ancoopressed  t h i c k n e s s  by u l t r a s o n i c  

s c a n n i n g )  than between EI(10) a n d  DT, a t  f i v e  of t h e  seven 

sites &ed. The c o r r e l a t i o n  c o e f f i c i e n t $ '  between ZT and UT 
i 

< 

caliper t e c h n i q u e .  P i g ,  6, and Pig, 7 show t h e  r e q r e s s i o n  
6 >  

1 + 



lines for these r e l a t i o n s h i p s .  If  t h e  site showing t h e  , 

greatest v a r i a t i o n  in c o ~ p r e s s i b i l i t p  is considered, that is , 
A 

- *  . 
, .' , 

the s u p s a i l i a c  site since it.  showed the g r e a t e s t  range i n  - 

compression percentages (Tab le  3 ) .  i t  is found t h a t  the 

c o r r e l a t i o n  coefficient between 8 (10) and UT is  0.789,  and 

that this i s  increased to 0.895 between ZT and UT, t h u s  an 

e x t r a  17.85% of t h e  t o t a l  v a r i a n c e  is.exp1ained. These . . 
? '  . . resu l ts  i n d i c a t e  t h a t  i n  fire of the seven 3ites used,  the 3 

'5 - caliper t e c h n i q w  accounted LOP a portion of the variance' * 

due to differences i n  coapressi fixity. 



T a b l e  2:  Correlation coef f i c i e d t s  between Ultrasonic L 

T h i c k n e s s  @T) and S k i n f o l d  ~ h i c k n e s s e s  A ( 5 )  , 

S I T E  .. a ( 5 )  (10) Hf15) - ZT 

. X U  sites 

" 
Triceps 

t 
B i c e p s  

Lat. C a l f  

pea. c a y  

~ a b s c a ~ h l a r  

Supra i l i ac  



Fig 6: ' Graph of H(1D) /UT %regressioh l i n e  for all sites, 
C . . 



ALL SITES 

S.E.E. = 2 - , 4 4 m m  . 



Table 3: Hean compression percentages C ( Z /  10) . ,- 
Bean 

24. 6 

32.4 

27.9 

2 5 , s  

dax . 

37.3 

44. I 

'35.9 

32.2 

SITE SEX Range 

B i c e p s  . 

~ r i c e ~ s  

- 

Snbscapular 

S u p r a i l i a c  

Lat. C a l f  

Bed. Calf 





(mm) - . 



ftaring. determixma t h a t  at f i v e  of t h e  s i tas  there was _-- 

greater c o r r e 1 a t i . a  h t u e e n  ZT and UT than between H(10) % 6 

and W (Tab le  2 ) ,  i f  was necessary t o  find out v h e y k  ZT 

- a n $ J l u r a s o W - w U : g c e & k ~ a q -  - i , & - ~ b + e - t t ~ ~ : ~ s e c f - - - - -  

th ickness .  To  this and a titest on t h e  d i f f e i e n e e  betrefen . 
means of ZT and 2 x UT was* c,arried out f o r  each site (TablB - -  

- - -  - - -  - --- - 

4) . 2 x .LIT uas, u s e d  since Z T  i s  a measure of a double - 
It is generally accepked that : ,  

assere a ~ o r a l  d i ser ibat ion  .ism not - -  - - .._ , . ( r  * ,  - ,  t . - 
I.- V- 

d i d :  @hen applied t o  raw s k i n f o l d  measureaents. This i s  aue 
i 

- - 
to t& p o s i t i v e  skewness rhiqh. n o r m a l y  occurs  i n  samplesLoL 

I - *  - 
study; were* tested for s l eunoss .  The d i s t r i b u t i o n  of th% - 
sample was found t o  approximate well t o  t h e  t - d i s t r i b u t i o n ,  

e ' t L s s  y b i n g  appJication .of a totes+ on t h e  difference - , L 

- - means o f r a n d  2, r DZ ercept for s u p r a i l i a c  and lateral - 
- 'r L 

- .  - calf sites. shah tho data -.re airidea into malo and feral* 

gfoaps st tmch kite  it was-found that i n  11 oi the 14 groups 

a .  . * 

- 



there was no s i g n i f i c a n t  diiference between neans. Table 4 ' 

showed the results of t h i s  ana lys i s . .  A s i g n i f i c a n t  
I 

difference between t b  means was accepted if the p r o b a b i l i t y  

of a di f ference  _was less than* 0.05;  that is acceptance a t  

X confidence lerel ,  .The r e s u l t s  showed t h a t  there were 

deans-at two s i t e s  .- - 

'-(suprailiac and Lateral C a l f  ).. 



* 
Tab le  4: T - t e s t s  on t h e  .difference between 

means of ZT and UT. 
- 

site se x ZT 2x UT t - 4  P 
Rean S.D. Bean S.D. 

-- - 
Bice ps BO tb 8.4 4 8 . 3  3.7 0748 0.88 

Male 5.7 3.1 6.1 2.4 -0.767 4.46 - Female 10.7 4.1 10.3 3.5 0.725 0.4.8 

Triceps Both 17.9 7.7 1 7 4  7.9 0.948 0.35 
Hale 13.1 5.1 12.4 5.1 -0.722 0.48 

s Pentale 22.8 7.2 21.4 7.7 0.649 Q.-5-3 

Subscapular Both 13.5 6.2 13.2 &,I 0.748 
Hale 10.9 2.4 10.8 2.8 0.245 
Female 15.7 7.7 15.3 7.5 0.706 

f l i d a x i l l a r y  Both 10.9 U.8 11.2 5-1  -0.543 
Male 3.8 4.3 9.0 2 ,7  1.185 
Pemale 11.9 5.2 13.1 6.0 -1,798 

S n p r d l i a c  Both 14.2 6.1 16.9 7.8 -3.884 
Bale 12.7 6.6 12.9 6.3 -O,U97 
Female 15,s 5.5 20 .3 .  7.6 -5.145 

Bed. Calf Both t 5 , 3  7.'3 16.3 8,1, -0.744 0.46 
- Bale 10.8 5.0 9.8 3,9 1.988 0.07 

Pelzlle 20.4 5,O 2 1 - 9  62 -2,327 0,QU 

L a t .  Ca l f  Both 15.2 5.5 13.5 5.3 3.360 0.00 
Bale 12.6 4.9 10.4 2.9 3.290 0.01 
Pemale 17.6 5.0 16.1 5.6 1.770 0.10 



COBR h10ll OP. H ( 5 )  ; 10). AllD E(15) TO ILTBASOUIID. 

- t, 
I .  . 

by various workers that 10 xlO%ma - 
to be exerted by a s k i n f o l d  caliper. - 

\ 
In + n e r a l  i t  s a s i c l a i m e d  that 15 x l o + a ~ ~  was too s t r o n g ,  

9 
and {herefore c o u l d  & t l s e  pa in  i n  some subjects, whereas 5 

h a s  been criticised a s  being too light, thus c a u s i n g  

measurement, C s r r e l a t i o n  a n a l y s e s  mere carried 

oat $ f ind  oat which of the c a l i p e r  meastlrsronts related - 

best to  the ultrasound values. Table 2 shows t h e  correlation I * 

coef f ic ients  for t h e  comparisons B(5) vs, OT, E (10) vs. [IT, 

H ( 1 5 )  vs ,  UT, for i n d i v i d u a l  sites and a lso  for a l l  s i t e s  

combinefL Prom this i t  c a n  be seen that i n  5 of the 7 sites 
Y 

the H(5) v a l o e  relates better to OT than  e i t h e r  H (10) or 
- - - 

8 (15). At t h e  same 5 sites H (15) was the v a l u e  w i t h  t h e  

lowest  correlatian to UT. rben a l l  sites uere c o n s i d e r e d  

together H(5) relates best to OT, and fl(15) has the poorest 

r e l a t i o n s h i p .  .J 



P " 
By compar i son  t o  r a d i o g r a p h i c  n e a s u r e n e n t s  on 25% of 

i 

the subjects the u l t k a s o n i c  s c a n n i n g  t e c h n i q u e  was found to  

b e  a v a l i d  method for t h e  e s t i m a t i o n  of uncoapressed  

s u b c u t a n e o u s  f a t  dep th .  Radiographic m e a s u r e a e n t s  have 

ded as t h e  c r i t e r i o n  measure o f  

d e p t h ,  however with the s o p h i s t i c a t i o n  of 
C 

t h e  u l t r a s o n i c  scanning technique i t  too may be accepted a s  
a 

a v a l i d  alternate neasure, ~ t '  is however a technique t h a t  

requires r i g o r o u s  t r a i n i n g  t o  p r o v i d e  r e l i a b l e  and  

r e p r o d u c i b l e  m e a s u r e s ,  A s  d e ~ o n s t f a t e d  i n  t h i s  s t u d y ,  

u l t r a s o n i c  s c a n n i n g  can be justified fo r  u s e  as  a c r i t e r i o n  

measure of uncoapressed s k i n f o l d  thickness. 
"# 

I 

The a a i n  aim of t h i s  s t u d y , u a s  t o  d e v e l o p  a  t e c h n i q u e  

t h a t  .would overcome the problers/.of v a r i a t i o n s  i n  s k i n f o l d  

c o m p r e s s i b i l i t y ,  I f  the 3 - c a l i p e r  t e c h n i q u e  was go ing  t o  
, \ - 

a c c o u n t '  in some way fo r  v a r i a t i o n s  i n  c o m p r e s s i b i l i t i e s  t h e n  

t h e  ZT from t h e  t h r e e  c a l i p e r  t e c h n i q u e  uculd correlate - 
better t o  &he u l t r a s o n i c  v a l u e  t h a n  would t h e  Harpenden 10 

1 

S u p r a i l i a c  site where t h e  c o r r e l a t i o n  coef fi d e n t  i n c r e a s e d  

'from 0.789 to> 0,895, explaining a n  extra 15% of the t o t a l  



v a r i a n c e ,  The s i d a x i l l a r y  site a l so  d i s p l a y e d  a l a r g e  

increase of 0.757 to 0.839, an extra 17% of the t o t a l  

variance now e x p l a i n e d  by v a r i a t i o n  i n  c o m p r e s s i b i l i t y .  When 

a l l  s i tes  uere c o n s i d e r e d  t o g e t h e r  -€he c o r r e l a t i o n  

coefficient rur 1 0 1  vs. UT was 0.869 and for ZT vs, UT v a s  
Tr 

0,904. T h i s  showed t h a t  t h e  t e c h n i q u e  h a d  c u t  down t h e  
a- % .- 

v a r i a n c e  d u e  to  c o a p r a s s i b i l i t y ,  a l t h o u g h  it is n o t  claimed 

t h a t  it c o n p l e t e l y  e r r a d i c a t e d  t h e  problem. 

It  was a l s o  shown that t h e  t e c h n i q u e  gave a *od * 
estimate of uncompressed  t h i c k n e s s  when compared  t o  2 x UT, 

 asi is f o r  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 s  of means f o r  -_ 

c o r r e l a t e d  d a t a  yielded i n s i q n i f  i c a n t  d i f f e r e n c e s  be tween  

nncompres sed  t h i c k n e s s  a n d  2 x [PP, a t  five of t h e  seven'P" 
- - - - 

s i tes  as  shown i n  T a b l e  4,  Phen  t h a ' d a t a  was b r o k e n  down by 

sex only t h r e e  6f t h e  f o u r t e e n  g r o u p s  showed a  s i g n i f i c a n t  - - 

d i f f e r e n c e ,  Tho= s i t e s  were S u p r a i l i a c  ( f e m a l e )  , f l e d i a l  , 

C a l f  (female) and L a t e r a l  Calf - (Iale)  and it oqs a l so  ' 

n o t i c e a b l e  from T a b l e  3 these uere also sites w i t h  h i g h  mean 
, 

, c o m p r e s s i o n  p e r c e n t a g e s ,  This may i n d i c a t e  t h a t  t h e  3 - 
c a l i p e r  t e c h n i q u e  n a y  have s l i g h t l y  u n d e r e s t i m a t e d  ,- 

-= - 

An i n t e r e s t i n g  f i n d i n g  was t h a t  t h e  Harpenden 5 x10~1m 
- 

cal iper  rerattad better to  the u l t r a s o n i c  m e a s n r e n e n t  than . 



each of the o t h e r  t w o  p r e s s u r e s .  I n  t h e  l i t e r a t u r e  it . h a s  

been c l a i a e d  t h a t  5 I I O ~ I ~ ~  is  t o o  s l i g h t  a p r e s s u r e  t o  
1 

3 - obtain r e l i a b l e  r e s u l t s .  The reason f o r  the.5 x1041?f 4 
2 - 

caliper showing a better r e l a t i o n s h i p  was p r o b a b l y  t h a t  a 
* 

since the c a l i p e r  d i d  not sgueeze  t h e  s k i n f o l d  a s  much as 4 
9 
2 

t h e  other  two  ~ r e s r o r e s  t h e n  ihe d i f f e r e n c e s  .ina -I - 4 - 
c o n p r e s s i b i l i t p  d i d  .not become so a p p a r e n t .  Bovevor it was 

+? 

n o t  proposed t h a t  $he 5 .r l0$riZ be- u&zd a s  t h e  s t a n d a r d  
a 3 

J- * 3 
pressure r e p l a c i n g  the.  10 - x l0%iz  p r e s s u r e .  A i 

3 
2 ." - 

In t h e  measurerent of s k i n f o l d  t h i c k n e s s e s  b y  spring 

c a l i ' p e r s ,  a ' a a t t e r  that\ is sf pr ime c o n s i d e r a t i o n  is t h a t  of 
* 

t i n e  between measurements,  Brozek and K i n z e y  -in t h e i r  s t u d y  

ort s k i a f  o l d  c o t p r e s s i b i l i t y  and age, a l l o w e d  3 0  t i n a t e s  - - - 

6 

- 
i 

b between a p p l i c a t i o n  of d i f f e r e n t  c a l i p e r s .  T h i s  was to a l l o w  & 

A 

f u l l  recovery o f  t h e  s k i r t f o l d ,  s ince  daring e e a s o r e n e n t s  - , T T 

there +s b / x p u l s i o i  o f  rater i r o n  t h o  tissues under  - 

f 
> 

conpressi n. ~t rill be n o t e d  t+imd there is on ly  o n e  a i n o t e  - t 
r, 

i alloweif tween successive se&surements ,  and also t h a t  t h i s  : 
t i r e  i e r v a l  nust be s t r i c t l y  adhered to. Dur ing  e x t e n s i v e  t 

3 
it show t h a t  t h i s  s t a n d a r d i s e d  t e c h n i q u e  was , 

i 
- 7 - - -  - i -P-p- - - - ---- - - - - - - - 

the f i s t  of many c o ~ b i n a t i o n s  of time i n t e r i a l i i s ,  and order - e 
a 

L 
-+ f 

t r i a l s ,  t h e  proposed t e c h n i q u e  was based on t h e  a s s u ~ p t i o n  1 2 
4 



t h a t  t h e  recovsry phenomenon was s y s t e m t i c .  During -this A 

study s u b j e c t s  were remeasured 5 minutes l a t e r .  Sittce there 
P C  - - - was still a residual e f f e c t  of the compresdon the p r e d i c t e d  , 

i 

'onco8presseh thickness was lower during t h e  second 
P 

aeasurement  than the first. It  $as proposed from t h i s  
- 

a, resalt ,  and fro8 resrrlts of pi1 st;udfes, t h a t  a t  least 20 
- 

m i n u t e s  k& left between f i r s t  measurement w i t h  the 3-cal iper 

technique ,  and the reseasnrement. 
* 

S u b j e c t  to t h e  a c c e p t a b l e  l imitations given above it 

was decided t h a t  t h e  3 - caliper t e c b n i c p e  yielded v a l i d  . 

estimates of uneompressed s k i n f o l d  thickness tah ing  i n t o - .  . - - 
a c c o u n t  variation i n  compressr'bi l i  t y ,  Thus it' u a s  a c c e p t e d  

3 -  _ " 
rP 

that - -. t h e  3 - c a l i p e r  technique was a sa t i s faqtory  method for 

t h e  subsequent purpose'  of. t h i s  study i n  studying s k i n f o l d  

com p r e s s i b i l i t y  phenomena. 
5 





thickness r e a o n r e d  with a *%ow.-pressure caliper to one 
+ 

aeasured w i t h  a higher pressure c a l i p e r ,  Thus p 

r ., a 

. -- I 

). c . P .  = 'taw Caliper ~ h i c k n e s s  - High C a l i p e r  Thickness x 100 ' 

Low Caliper Thickness  - 

These concepts of compress ion  percentages have  been 
d, r .  

used i n  an a t t e m p t  t o  look a t  the & i f f e r B n c e s  b e t u e e n  s e x e s  
L 

and also t o  i n v e s t i g a t e  t h e  effects of o t h e r  f a c t o r s  on 

s k i n f o l d  ' c o m p r e s s i b i l i t y ,  s u c h  as age (Brozek and Kinzey,  
B 

3960). I n  the s t u d y  by. Clegg and Kent (1967) c o m p r e s s i o n  

p e r c e n t a g e s  i n  young a d u l t  males and  f e m a l e s  uere computed 

and  mean v a l u e s  caapared .  ,They found that t h e  f e m a l e  means. 

a t  i n d i v i d u a l  sites were greater than the male means, and- - I '  - 

1 
- 

thus concluded that f e m a l e  s k i n f o l d s  were more c o r g r e s s i b l e .  

ostensibly t h i s  uas an  expected f i n d i n g  s ince  female s k i r  

g e n e r a l l y  r e g a r d e d  as inch s o f t e r  qnd delicate t h a n  t h a t  of 
., 

.ales. However, in this s t u d y  mean & i n f o l d  t h i c k n e s s  a t  the 
I 

various sites uere l a r g e r  i n  the females, Thus .it conikd n u t  t 

- be d i s c o u n t ~ d  t h a t  .there was a contamination b ~ f e c t  a ~ e  t o  - 
I r  ? 



If  one  e r a n i n e s  t h i s  r e l a t i o n s h i p  from a d i m e n s i o n a l i t y  
t 

t h e o r y  s t a n d p o i n t ,  a n  i n t e r e s t i n g  problem arises. The 

c o n c e p t  of c o a p r e s s i o n  p e r c e n t a g e  is a l i n e a r  measurement 

d i r i d e d  by a l i n e a r  measurement t h e r e f o r e  by  d i m e n s i o n a l i t y  

t h e o r y  it h a s  a dimension of [ L]O, t h a t  is it i s  i n d e p e n d e n t  

of size. I f  yga Hot a seasare with  d i a e n s i o n  [ L j f )  aqaimst a 

- * _  

r 
measure with dimension [L ]I one  would e x p e c t  t o  o b t a i n  a 

. . 
l i n e  whi ch was a h o r i z o n t a l  s t r a i g h t  l i n e  i n d i c a t i n g  t h a t  

t h e  [ L 10 m e a s u r e  was i n d e p e n d e n t  of size. compress ion  

a measure with dimension [I10 and uncompressed 

- is a aeasure with d i m e n s i o n  [ L l l ,  t h u s  

one uoald expec't a h o r i z o n t a l  s t r a i g h t  l i n e  when one p l o t t e d  

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

- t h e o r y  h e l d  t r u e  and  c p p r e s s i o n  g&tcentaga was nnrelated to - 
I 

s t i n f o l d  t h i c k n e s s .  I f  t h i s  was found t o  be the &se, a n d  

compress io$  percentage' was independent of t h i c k n e s s  t h e n  

Clegg  and Kent were correct i n  t h e i r  & o n c l u s i o n  t h a t  f e m a l e  

skinfolds were more compressible t h a n  male s k i n E 9 l d s  due t o  

their higher man compression p e r c e n t a g e s ,  If hove ~ e r  the re 
P 

was found t o '  be a relationship bet ween c ~ m ~ r e s s i o n  

percentage and s k i n f o l d  t h i c k n e s s ,  t h e n  t h e y  a re  i n  error i n .  
- +- - - - - -- 

t h e i r  . .  oanclssik, W n c e  tbe f lhawe  n o t  t a k e n  a c c o u n t  of  

greater man '7sk in fo ld  t h i c k n e s s .  



If one ' returns t o  d i m e n s i o n a l i t y  t h e o r y  a measure with 

d i a e a s i o n  [ L ] 1  s h o u l d  g i v e  a linear r e l a t i o n s h i p  t o  s k i n f o l d  
B 

t h i c k n e s s .  Such a Beastire would be  s k i n f o l d  t h i c k n e s s  

m a s u r e d  with a low pressure c a l i p e r  minus  t h e  thickness 

measured  w i t h  a h i g h e r  p r e s s u r e  c a l i p e r ,  ie. t h e  d i f f e r e n c e  

between t h e  two caliper meas t i r eaen t s .  This _would g i v e  a 

measure w i t h  d i m e n s i o n  [ L ] l ,  and s h o u l d -  i n  t h e o r y  be 

l i n e a r l y  r e l a t e d  t o  t h i c k n e s s .  It .ag well be, i f  this is 
0 .  

t h e  case, t h a t  this is a better method of r e p r e s e n t i n g  t h e  

amount ai c o m p r e s s i o n  of  a s k i n f o l d .  
, h 

  his p a r t  of this t h e s i s  l o c k e d  a t  t h e  c o n c e p t s  of 

c o m p r e s s i o n  percentage and absolute t h i c k n e s s  c h a n g e ,  a n d  

t h e i r  r e l a t i c n s h i p  t o  s k i n f o l d  t h i c k n e s s .  The d a t a  used i n  
- + - - - - - - -  - - V 

t h i s  p o r t i o n  of t h e  stndy were those c o l l e c t e d  i n  t h e  ip- 
'a 

Loaghboroagh study, t h u s  methods  a n d  materials a r e  t h e  same- 

as f o r  P a r t  I of t h i s  t h e s i s ,  From t h e s e  d a t a  a c o m p r e s s i o n  
b. 

percentage C (2/ '10) u a s  c a l c u l a t e d ,  and 'a change i n  thickness 

DF was c a l c a l a t e d .  The  relationship between t h e s e  and 

I uricoapressed f&ictness as measured  by  u~trasonic scanning 
k 

and zero nncompressed t hf  ckness (ZT) was b v e s t i g a t e d .  





site, It was fe l t  b y  t h e  guthor  that'binci 'the a im of this 
I 

7 

portion of t b e  study was to show a r a l a t f a n &  betiean 2 : - LL 

a; comprsssion:ind thickness of ski Xds j it &ld be 
' I *  f *.y h 

preferable t o  show t h a t  a r e l a t i o n s h i p  c o u l d  be  pro-ven e v e n  
, . 

when t6e relationship contained t h e  extra v a r i a n e e  Q0e to 

- c The values fur coapres s ior t  p e r c e n t a g e  C (Z/10)  ahd 
I 

c o m p r e s s i b i l i t y  DT were c a l c a l a t d  for each s k f n f o l d .  A 

s i i p l e  'regression - a n a l y s i s  - - -  - was carried- - o a t  b e t w e e n  - -- C(Z/10) -- 

\ 
and n l t rason \c  p i c k n e s s  UT, and for b e t r e e n  DT and- UP. 

s i m i l a r  a n a l y s e s  were carried oat  usSng ZT i n  p lace  of PT. 

'The results of these a n a l y s e s  are shown i n  Tzibles 5 ,  1t can - 
- 

b e  seem t h a t  C(zjl0) mrrclated p o o r l y  with b o t h  UT and ZT, 

c o r r e l a t i o n  coefficients of 0.2-661 and 0.227' respsctirel 7. 'i 

-\ 

Bouerer both r e l a t i o n s h i p s  show s i g n i f  i caat ly  p o s i t i v e  

slopes, DT correlated well with both UT and 34, c o r r e s i o n  

coeffiaen€s of 0,637 ana-0. f177-J~u%t6s~gnTfzcaKtljpositirr% 

* q € i s *  .'Mnsi3!r *cream& *-ng st--- --- 

thickness. b& so too dit3 C (Z/ 10) which.  should d i m e n s i o n a l l y  
9 

& r e  been &dependeat ei thickness. Zn o r d e r  to determine  



- 
t h e  exact d i m e n s i o n a l  r e l a t i o n s h i p s  be tugen  C (Z/10) and UT 

or ZT, and between D T  and UT or ZT, a l l o m e t r i c  analysis uas 

a p p l i e d  to the data, T h i s  is sammarised i n  Tables 6. B ' 

va lues  of 0.204 and 0.219 w0ze found for c o m p a r i s o n s  of . 
Loglq C (Z/10) 'J against LogtOUT and Log 1OZT r e s p e c t i v e l y .  

T h e s e  were both found to be s i g n i i i c a n t l y  greater than zero. 
- -- -- - - - - - - 

Oh%n t h s  data uas arbitrarily split i n t o  two grbups by  t h e  

criterion of a ZT of  20 mm and also by UT of 10 m, 
- 

a f f w  a n a l y s i s  was rsappfieid to f i n d  b * I U ~ S  for t h e  
h 

lover range and a l s o  f o r  the upper range of s k i n f o l d  

th ic lmesses .8  v a l u e s  of -0,319 and -0;689 were fonnd f o r  OT 

8. and ZT respectively when ZT was grea r t h a n  or .equal t o  20 

mm a ~ d  UT was greater t h a n  or equal t o  10 B. The ZT b value 

was fonnd to  be n o t  s i g n i f i c a n t l y  different f r o m  zero, Uhen 
- - - - c . s -  - - - - -  - 

t h e  group where ZP uas less than 20 DB, or UT was less than 

10 ma, b values of 0 .264 and 0.339 were found for UT and ZT 

respectively. These were both fonnd t o  b e  greater than zero 

with a probability o f  0,0000. The 'regression lines for these 

analyses  were shown i n  figures 8 and 9. 
- - - 



T a b l e s  
versus UT and XT. 

Table  v e r s u s  UT atid 

C[2/10)  = 0.247 (ZT) 

Analys i s  of Variance. 
D a P e  S*  Se 

,/ 

'a, 
Table 5 (b) , Simple regression v e r s u s  UP* 

+ 23.208 

Regression 1 703,88 . 703.88 14.21 0 . 0002 
Bes idual  19Q 9608 -04 49*53 I 



- - 

Table 5 (c) . S i m p l e  regression of DT v e r s u s  

Analysis of Variance. 
DePo So S m  

of DT versus 
-- -- 

0.5158 (UT) 

Table 5 (a), s i s p l e  regression 

. Analys i s  of Variance. 
D o p e  Sm Sm 

%egression 1 651.94 
aes idna l  1 94 277 .90 



b 

Table 6 ( a ) .  
I 

Alloretric a n a l y s i s  o f  C 42/10) with UT criterion of thickne-ss.  - 

A11 UT va lues ,  e 

Log10 C(Z/lO) '= 0.204 (Log10 UT) + 1,252 
r = 0.346 S,E,B. = 0,0397 S,E.E, = 0.122 

- - - - -  - 

~ n a l y s i s  of Variance. , 

D.P. S.S. 8 , s .  P P 
I 

Regression 1 0.391 0.391 26.4 O ~ O O O  
Res idual  1 94 2.873 0 , 0 1 5  i 
UP greater than or equal t o  10 nm. 

Log10 C(Z/10) = 1,819 - 0.3188 (LoqlO UT) 
'1 

A n a l y s i s  of variance.  
DmP* SoSm y Bas. 

J 

Regression 1 0 . 0 1 9  O , O ~ S  1.79 1 -  - 0482!! - - - - 

Residual  34 0.3 53 0.010 

UT less  than 10 rm. 

l og1$  c(Z/10) = 0.264 (Log10 UT) + 1.2125 
r = 0.341 S.E.B.  = 0.0500 S.E.E. = 0.124 . 

. . 

A n a l y s i s  of Variance, 
Dm P a ,  SrSa ErSo P P 

Regress ion 1 0.321 0.321 ' 20.74 0,0000 
Resi d u a l  158 2.406 0,015 



Table 6 (b) .  

Allornetsic analysis of C (Z/10) w i t h  ZT criterion of  t h i c k n e s s ,  

Log10 C ( E / 1 0 )  = 0,219 (Log10 ZT) + 1.175 
r =  0,367 S.E.B. 0,0399 S.E.E.' = 0. 121 

Analysis of Variance. 
-D;P, Si  S e  Um Sm P P 

Regression 1 0 . 439  0 .439  30.16 0,0000 
Residpal 194 2 ,024  0.015 

29 g r e a t e r  than  or equal  t o  20  ma, 

A n a l y s i s  of variance. 
D-Pe Sm S e  UmSe F , P 

Regression 1 0 ,083  0.083 8 ,60 0.0058 
Residual  36 0 ,348  0.010 

ZT less than 2 0  am, 
.i 

Log10 C(Z/10)  = Om330 (Log10 ZT) 1.069 
f = Om433 S.Em.B. = O m  055 SoEoEm = 0.120 

6 -  

+ ~ n a l ~ & s  of Variance. 
e D o ?  SeSm f l m  Sm P P 

Regression 1 0,513- 0.517 35 .98  0 , 0000 
Residual 156 2.241 0 .O 1 9  



Table 6 (c) . 
alloaetric a n a l y s i s  of DT with 02 criterion of t h i c k m s s ,  

a l l  UT values, 
e .  

Log10 D T =  1,694 (Log10 UT) + 0,365 
r = 0.831 S . E , B .  0,0528 S .E .E .  = 0,162 

A n a l y s i s  of Variance. @ 

D O T m  5. S. U,S. F P 

R 8 g r 8 s s i 0 n  1 11,351 11e351 432.85 0,0000 
R e s i d u a l  194 5.088 0.026 

UT greater,than or equal to 10 mm. 

Log10 DT = 0.605-(Log10 U!P) + 0,1616 
r= 0,397 S . Z . B .  = 0,2396 S , E , E .  = 0.103 

/ 

~ n a l y s i s  of variance, - 

D w P e  Se So Ems, . P P a 

Regression 1 0,067 0,067 6,37 0*0164 
R e s i d u a l  - 34  0,358 0,011 - , 

UT less than 10 ma. 

A n a l y s i s  of Variance, 
D e  P. S. Se ELS, P P 

Begression 1 6,466 6.466 220,60 " 0 OW0 
R e s i d u a l  158 6.631 0.029 i 



A - -  - -- - - -- -- - -- 

Table 6 ( d ) .  

hl lomet r i c  a n a l y s i s  of DT with i!t'- criterion of t h i c k n e s s .  

111 ZT v a ~ u e i ,  

Lag10 DT = 1.219 tLoglO ZT) - 0.825 
r = 0.9 10 SmEoBm = 0.0399 S.EeE. 0.121 

A n a l y s i s  of Variance. 
F- 

-- - - 

D o  P a  Sm S*  BmSm P 

Reg re s s ion  1 13.615 13.615 935.15 0 , 0000 
R e s i d u a l  194 2.824 0.015 

ZT greater than  or equal t o  20 mn. 

Log10 DT = 0.3103 [Log10 
r= 0.215 SeEeBo = 0.235 

A n a l y s i s  of variance. 
Dc F m  S e  S *  MoSe 

Regre s s ion  - 1 0.017 0.017 1-74 0,1952- 
Residual 36 0,348 0.010 

- - - - - - - - 

ZT less t h a n  20 mm. 

Log10 DT = 1.330 (Log10 ZT) - 0.9315 
r = 0,889 SeEeB. = 8.0549 SmEmEo = 0. 119 

A n a l y s i s  of Variance. 
D - O .  s. s. a.s. P 

Regression 1 8,412 8.912 , 58SdS4 0 0000 
Residual 156 2.241 0,014 . . & - .  





- 
- A l l  UT values 



Pig 3: Regression lines ,of a'l lo~etric a n a l y s i s  





When allometric a n a l y s i s  was a p p l i e d  -to compress ion -- - .  
percshtages i n  r e l a t i o n  t o  ancomprassed s k i n i o l d  t h i c k n e s s .  . 

3-caliper uacompressed s k i n f o l d  t h i c k n e s s )  it was -shoun t h a t  

- compression percentage uas not  independent of s k i n f o l d  - . . 
-- 

+L 

t h i c k m s s ,  ~ X g n i f i c a n t  e x b n n t  b v a l u e s  o t 0 ; . 2 0 k  and 0 , 2  19 L. 

were o b t a i n e a  for comparisons to GT and 2% r e s p e c t i v e l y .  A b 

v a l u e  of 0,OO-would bq p r e d i c t e d  by d i a e n s i o n a l i t y  theory 

s i n c e  compress ion percentage  was a ratio of t u o  l inear - 
m a s n r e m e n t s  t h u s  had d i n e n s i o n  [L)O,  ie, it was 

These b values were found to  be s i g n i f i c a n t l y  greater t h a n  

zero wi,th a p r o b a b i l i t y  o f .  0,0000 for UT and 0.0000 for Zi, 

Observation of these d a t a  seem to i n d i c a t e  an i n c r e a s e  in .  

c ~ m ~ r e s s ~ ~ n  percentage  with i n c r e a s i n g  s k h f o l d  thickness, 
'4 

Bowever a t  h i g h  levels of s k b f u Z d  ' th ickness  t h e  compress ion 

* 
similar d i v i s i o n  mas jade  by the criterios of a XP Galne of 

. - 
2 0  mm The ZT c r i t e r i o n  of 20 am was t u k e  that of 1)T. s i n c e  



U '% fl- 
4 

- - 2% - - - - - - 

- - ;- 9 ? -  : 
1, 

L *  - - - - t - 
ST was a s k i n f o l d  th ickness ,  m d  UT was a. s i n g l e  $b-icknessc . - = 

+ . +  ? .  
o f  skin p l u s  subcutaneous fat.' T ~ Q ~  same aaalysf s as before 

uas now a p p l i e d  to each 'group of .dam', T h e  analyses s h y a d  . . - z 

t h a t  br  r a ~ d e s  of- 0.264 an& 0.330'eristqd for UT and ZT . 
fi 

Z F .  Eowerer for v a l u e s  greater than or equal to UT = 10 4 1  - 

vere obtaiged, . The b ralae for ZT was found to be  ' 

significantly less than zero ui th'a p z o b a b i l i t y  of 0: 0058, 
. '. 

however t h e  UP b raloe was not found t o  be s i g n i f i c a n t l y  - 
P- 

less than zero w i t h  a p r o b a b i l i t y  of 0,1894. I? can be s e e n  

e v e n  p o s i t f ~ s l ~  linearly related to  s k i n f o f a  th i cknes s ,  
f 

compress ion psrc+ntage has  a _complsx relationshAp td - #> 
s k i n f o l d  thickness. s he exact  relationsbi p of corn presston 

pecccrntage t o  s k h f o l d  th$cknesd. is no'$ an laportant issue + 

8 
here. Zhetefore t h e  fact tht t h e  data div$ding p i n t s  of 10 .: 

and 20 u were p u r e l y  arbitrary is of no concern. The , 

$apartant point b e h g  that it @as shown t h a t  cempressioa Y 





i - e to s k i n f o l d  t h i c b &  shen s i % p l o  regression ana lyses  were 6 & ,  c y + +  

+ 
c a r r i e d  o a t  between D!Z and UT, and ZT, correlation' 

c o e f f i c i e n t s  of 0,837 and 0,877 r e s p e c t i v e l y  wese obtained, - 
v- 

when a l l o m e t r k  a n a l y s i s  was a p p l i e d  t o  each relationship b 

r;dlaes of 1,099 and 1.2 19 r e s p e c t i v e l y  were found,  compared 

t o  a b v a l u e  of I as elrpected from d i m e n s i o n a l i t y  theory .  

Thus DT is a measure t h a t  vas found to be l i n e a r l y  
\ .  

related t o  s k i n f o l d  t h i c k n e s s ,  Two s a m p l e s  e , g ,  samples  of 

of t h i s  r e l a t i o n s h i p .  ,A d i f f e r e n t  sex, may be c a r p a r e d ,  by use 

If it can -be shown that the two sexes have different 

t h a t  t h e r e  is a sex ' .  c- regressfon lines, then it can be s a i d  

difference. T h e  same form of a n a l y s i s  can b e  a p p l i e d  to a g e  

o u t  in part- - . - - - 

C 

and site. d f f  feren'ces, T h i s  was i n d e e d  c a r r i e d  

of sex, age,  and s i t e  III of t h i s  t h e s i s ,  where t h e  effects 

on c o 8 p r e s s i b i l i t p  were i n v e s t i g a t e d .  
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A 

Skinf o l d  c o m p r e s s i b i l i t y  i b -  a s u b j e c t  t h a t  h a s  received- . 

only c u r s o r y  a t t e n t i o a  i n  kinanthropometric research. 
a 

Several a u t h o r s  have c a r r i e d  o a t  smal l  s c a l e  s t u d i e s ,  and < - 
4 

r a i s e d  mapy interesting questions, however t h e y  d i d  n o t  
6 

follow up wktB f a r t h e r  studies, Brozek and 4 i n z e y  (196-0) in - - 

- -  - 

a study on age changes in s k i i f o l d  c a m p r s s s i b f l i t y  sfated: 
- 

"ae can& offer a s t r a i g h t  for-ward i n t a r p r e t a t i o n  

of t h e  mechanisms underlying the observed changes 
/+ i 

in s k i n f o l d  comp s g i b i l i t y  with age.  he a u t h o r s  1 - 2 do n o t  maintain a t  t h e  d i f f e r e n c e s  a r e  accounted 

for by changed elastic properties of t h e  a d i p o s e  
1 

- - - - - -- - - - - rn 

3 
t i s s u e  alone. O b r i u o s l y  s k i n  is invo lved .  The 

- - - - - - - -  

at 

-f 

h y d r a t i o n  of tissues i s  likely t o  vary with age, f 
1 

and t o  affect t i s s u e  e l a ~ ~ d t ~ , ~  I 4 



Horerer Brozek and ~ i h z , e y  d i d  n o t  f o l l o v  u p  thig 

.in o r d e r  to e x p l o r e  the c o n t r i $ o t i o n s  of t h e  f a c t o r s  
, . 

o u t l i n e d .  C l e g g  and Kent ( 1 9 9 )  c a r r i e d  out a' s t u d y  on ' 

- 
skinfeld c o n p r e s s i b i l i t  y, and c a s e  ap- w i t h  t h e  conclunSons 

that: 

T a) S k i n f o l d  c o n p r e s s i b i l i t  y varies a t  d i f f e r e n t  sites. 

b) C o m p r e s s i b i l i t y  varies between d i f f e r a n t  i n d i v i d u a l s .  
- 

C )  C o ~ p r e s s i b i l i t i e s  are g e n e r a l l y  g r e a t e r  i n  females t h a n  

* 

b l s b  they poin'tod o u t  t h a t  t h e r e  mag be a r e l a t i o n s h i p :  

be tween  thickness and  c o m p r e s s i b i l i t y ,  Clegg and Rent  gave 
r 

an e x p l a n a t i o d '  of t h e  + sox d i f f e r e n c e  t h a t  t h e y  found, b y  uay 

'off consideration o_f t h e  d i f f e r e n t  thicknesses of t h e  . - - 
- - - 

. . s k i n f o l d  between t h e  sexes. Jones-.( 1970) showed that ferale 

s k i n f o l d s  were less c o m p r e s s i b l e  than u a l e , s k i n f o ~ d s  when 

t h i c k n e s s  of s k i n f o s d  rag  taken i n t o  accbunt. However cle& 

a n d  Rent also made reference- to  t h e  uork of Lee and lg 
* . -- 

- - Y 

(1965) , uhb ,compared 10 x t ~ ~ ~ a i ~ c a l i ~ e r  r e a d i n g s  wi th  actual 
- 

fat" thicknesses and found that malas gave larger ca l ipe r  
- 

readin 9 t h a n  feiales f o r  t h e  same true f a t  t h i c k n e s s ,  L e e  

and ~q proposed- W- t h e  dif fer-eace-sight becausedC+g -a - --- - -  

c o a b i n a  t i ~ ~  of t h r e e  p_ossihle~act~~st - - - - 

e. 1 

a) D i f f e r e n c e s  i n  the- t h i c k n e s s  of t h e  s k i n  proper .  

- b) , Dif ferqces in c o n ~ e s s i b i l i t y .  



- - .  
- c) D i f f e r e n t  degrees of tension of t h e ,  skin and  * '  ' ' a 

- . -  
s u b c u t a n e o u s  tissues, 

a . . 
s h i n  a s k i n f d l d  is pinched u p  between t h u p b  .and 

. . . 9. -. - P 

f a r e - f i n g e r  t h e  a i s  would b e  t o  p r o d u c e  -. a t h i c k n e s s  

comprised of 5 . ~ 0  p a r a l l e l ,  J a y e r s  o f  skin p l u s  under&.ai@g ' - 

,. 
adipose tissue, which could 'then be measnged- t o  gite a n  

.. 

&&ate of the amount o f ,  u n d e r l y i n g  adipose t i s s u e .  !khus, 
/ 

7 

present i n  t h i s  s k i n f o l d  vonld be two t h i c k n e s s e s  of t i s s u e  

t h a t  have great  v a r i a t i o n s  in c o m p o s i t i o h .  It i s  the 

rarfat i6n of p r o p o r t i o n  and m e c h a n i c a l  character i s t i c s  o f  

t h e s e  v a r i o u s  components  t h a t  c a u s e  t h e  d f  ffer'ences in 
=. . 

c o ~ p r e s s i b i l i t y  o f  the s k i n f o l d s ,  T h e r e f o r e  i t  is necessary 

t o  c o n s i d e r  t h e  anatomical s t r u c t u r e  of t h e  s k i n f o l d ,  Half a 
-- -- 

s k i n f o l d ,  a s  p r e v i o u s l y  s t a t e d ,  i r c o m p r i s e d -  of a l a y e r  of 
. &  

skin plus an adipose tissue l a y e r .  The c o m p o s i t i o n  of  these 
- - - 

two. layers i s  v e r y  d i f f e r e n t ,  T h e  skin i s  aabdivi&&-into 
- 

- 
-- -- - - --- 

- -- 

the o u t e r  epidermis and the u n d e r l ~ i n g  de rmis .  The e p i d e r m i s  1 

is  am e p i t h e l i a l  l a y e r  whose main eoaponent is, kezat in ,  It 
I f s a for* of e p i t h e l i u m  d e s i g n h d  t o  be resilient t o  damage i 
1 

and b a c t e r i a l  invas ion ,  also i t  prevents d i f f u s i o n  of water A 

c o l l a g e n .  The s t r u c t u r e  of t h e  d e ~ ~ i s  changes as one  moves + t 

- down through its layers, The s u p e r f i c i a l  lager contains ' I 



relati;ely i o r e  b l o o d  ressels, i s  a l o o s e r  type 02 
m 

c o n n e c t i v e  tissue, is more easily distorted c a r r i e s  l i t t l e  
P 

or no l o a d  when t h e  whole  s k i n - i s -  u n d e r  t e n s i o n .  The main 
- 

p a r t  o f  t h e  d e r m i s  is made up of b u n d l e s  of c o l l a g e n  f i b r i l s  - .A 

a r a n g e d  i n  a t h r e e - d i m e n s i o n a l  weave p a t t e r n .  T h i s  g i v e s  a 

shear- r e s i s t a n t  s t r u c t u r e ,  A l s o  p r e s e n t  in v a r y i n g  amoun t s  

are elastin fibres, which- tend t o  b e  more p r o m i n e n t  in t h e  - 

most  s u p e r f i c i a l  a n d  d e e p e s t  l a y e r s  of t h e  d e r n i s ,  T h e  a 

, elastin would a p p e a r  t o  b e  u n d e r  tension fn normal skin, and - 

p r o b a b l y  a c c o a n t s  f o r  t h e  f a c t  that s k i n  c o n t r a c t s  [ i n  axea 

when removed fro. the body. S k i n  from d i f f e r e n t  areas of the 

body e x h i b i t s *  t h i s  phenoaenon-'to different d e g r e e s ,  due  t o  

t h e  varyinp amounts  of e l a s t i n  p r e s e n t  a t  each particular 

site; I n  contrast t h e  s u b c u t a n e o u s  l a y e r ,  the h y p o d e r n i s ,  'is_ 

p r o b a b l y  play's l a r g e  p a r t  i n  d e t e r m i n i n g  t h e  r e c h a n i c a l  

properties of  this tissue, s i n c e  t h e r e  may be nany small 
- '+ 

cells, or  a few small cells, o r  many l a r g e  cells;  i n  f a c t  

t h e r e  a re  man? c o m b i n a t i o n s  of cel l  t y p e s  a n d  numbers - 

p o d  b le ,  a n d  each u o a l d  p re sumab ly  elicit different 

mechanical -prapoerties, ,a 



T h e r e  are &any f a c t o r s  which may 
=--& 

inf l n e n c e  t h e  

phenomenon o f  s k i n f o l d - c o m p r e s s i b i l i t y ,  Each of t h e  f o l o w i n g  

' f a c t o r s  has been c i t e d  as g~dssibl~ i n f l u e n c i n g  the d e g r e e  of 4 

- . . 

compress ion ,  Sex, s i t e  of measurement of - s k i n f o l d ,  a g e  o f  " 

s u b j e c t ,  skin t e n s i o n  l e v e l  o f  h a b i t u a l  a c t i v i t y ,  l e v e l  of 

h y d r a t i o n  of s k i n f o l d ,  before or a f t e r  e x e r c i s e ,  a f t e r  large 

., change i n  body .weight b y  e i t h e r  d i e t i i g  o r  o v e r e a t i n g ,  r a t i o  

of sire to  nmbe;  o f  f a t  cells ir i  the s u b c u t a n e o u s -  a d i p o s e  -- 
. layer, d i u r n a l  v a r i a t i o n .  ae of t h e s e  f a c t o r s  a r e  

i n t e r d e p e n d e n t ,  and t h u s  i c a n  be s e e n  t h a t  t h e  p h e n o ~ e n o n  

o f  s k i n f o l d  c o m p r e s s i b i l i t y  is very  complex and any 
I 

i n v e s t i g a t i o n  into'tae effects of a n y  o n e  f a c t o r  o n  i t  would 
-- 

r e q u i r e  v e r y  c a r e f u l  p l a n n i n g  i f  a l l  i n t e r v e n i n g  v a r i a b l e s  

-- were to be c o n t r o l l e d  f o r .  I n  this p a r t  of t h e  s t u d y  t h i s  

- - - - 

a u t h o r  i n v e s t i g a t e i i  the 'effects of sex and slte. T h i s  

s e l e c t i o n  l e f t  many i n t e r v e n i n g  v a r i a b l e  t h a t  shuold be 7 
c o n t r o l l e d  f o r .  Hoverer a n  e x p e r i m e n t  "he& a l l  of these 

i n t e r v e n i n g  v a r i a b l e s  were c o n t r o l l e d  would r e q u i r e  a e r y  - ,, 

e r p e n s i a e  equipment, i n r a s i w e  t e c h n i q u e s  and p r o h i b i t i r e  

time c o n s t r a i n t s .  The f a c t o r s  t ha t  c o a l d  be c o n t r o l l e d  

e a s i l y  would be effect o f " q x e r c i s e ,  t h e  effect of a l a r g e  

change  i n  body weight ,  and diurnal v a r i a t i o n .  Reasus ing  a t  
- - 7 - - - - --- -- - - - - -- -- 

t h e  same tihe-bf. day  t o  orercoqe effects of d i i r n a l  
A --- - - -- 

v a r i a t i o n  becomes ros*rictire when a l a r g e  number of - 

s u b j e c t s  i s  r e q u i r e d ,  Thus s u b j e c t s  uare measured a t  t h e  



- - -< 

time they were aCai l a b r e  and.  i t  'was asspmed t h a t  t h e r e  was a  

random d i s t r i b u t i o n  of time of reasurement of s u b j e c t s  . 

across t h e  sample. - 

 here rere i n t e r v e n i l l g  v a r i a b l e s  however , t h a t  uere , 

'I 

i m p r a c t i c a l  t o  c o n t r o l ,  f o r  instance l e v e l  of h y d r a t i o n  o f  
- -  

s k i n f o l d ,  s k i n  tension ratio of fat c e l l  size to f a t  c e l l  

number i n  s u b c u t a n e o u s  f a t  layer ,  and l e v e l  of h a b i t u a l  

activity. It would be i m p r a c t i c a l  t o  try t o  assess t h e  l e v e l  - 
t 

- 

of hydration of. t h e  s u b c u t a n e o u s  t i s s u e s ,  One m i g h t  c a r r y  
P - 

o u t  a t o t a l  body uater a n a l y s i s  by t h e  i s o t o p i c  d i l u t i o n  

principle, o r  o n e  might  c a r r y  o u t  an i n v a s i v e  b i o p s y  of t h e  

s u b c u t a n e o u s  t i s s u e s .  Either way mould i n v o l v e  a  large ti- 

commitment, t e c h n i q u e s  which a t e  no t t o t a l l y  s o c i a b l y  

a c c e p t a b l e ,  and results that have  an i n h e r e n t l y  l a r g e  
- 

v a r i a n c e .  S k i n  t e n s i o n  i s  a n o t h e r  u n c o n t r o l l a b L e *  i n t e r m n i n g  

varfable'. One method of measuring s k i n  t e n s i o n  uould  be t o  

mar t  o u t  a s q u a r e  of s k i n  of known dimens ions ,  t h e n  e x c i s e  - 

t h a t  p i e c e  of  s k i n .  The skin c o n t r a c t s  on e x c i s i o n  and a  

r e m e a s u r e n e n t  of d i m e n s i o n s  c a n  be made, t h e  change  i n  

d i m e n s i o n s  being proportional t o  skin t e n s i o n .  Another  , 

-method uonld be t o  p u n c t u r e  t h e  s k i n  w i t h  a c i r c u l a r  
- - - -  - - -  - - - - - -  -- - 

- s t i l e t t o  b l a d e  and measure  t h e  size of t h e  r e s u l t a n t  o v a l  
- - - - - 

, wound. The wpund is o v a l  due t o  t h e  p r e s e n c e  of Laaqers 

l i n e s ,  which are  l i n e s  o f  v a r y i n g  t e n s i o n ,  due  to t h e  



o r i e n t a t i o n  of c o l l a g e n  f ib res  i n  t h e  degmis ,  However these 

methods  are - both sociably u n a c c e p t a b l e  and t h u s  u n t e n a b l e  as -A$ 

research~'techniqaes on human s u b j e c t s ,  The ratio' of fat cel l  
+. 

, -3 

s i z e  t o  number is a p f o b l e n  t h a t  would r e q u i r e  a n  knvasive 2 
i 
4 

- . -' 

f a t  b iopsy .  It is p r o b a b l e  t h a t  t h e  a e c h a n i c a l  properties of 5 
I 

t h e  s u b c u t a n e o u s  tissues vould c h a n g e  d e p e n d e n t  on  number 3 
f 

A- - -9 
a n d  s i ze  of fat cel ls  p r e s e n t ,  However it is  d e b a t a b l e  a 

4 
4 
C 

w h e t h e r  c o m p a r i s o n  with a c a l i p e r  technique which is a t  best ' 4 
a $ - $ 

s a t k i n g  to aa a c c u r a c y  o f  5% of s k i n f o l d  thickness, woald I 
=s - 

4 
5 

show any significant d i f f e r e n c e s ,  , 
* 

. : 
3 

- 4 
1 

Thus  f o r  t h i s  part of the study sex and  site effects 
u 

'i 

.1 
were i n v e s t i g a t e d ,  The effects of l a r g e  body w e i g h t  changes, 

C 

and e x e r c i s e  ,ef fects were cont-rsol led fo r ,  However d i u r n a l  
2 

i 
- - 4 

* v a r i a t i o n  effects, t i s s u e  h y d r a t i o n  eflects, skin. tension - - w 

B * 9 
3 

effects, f a t  cell size t o  number ratio effects, and habi tna3 .  s 
2 

a c t i v i t y  effects were n o t  controlled for, a n d  t h e i r  .effects d 
3 

were p o o l e d  i n t o  the t o t a l  v a r i a n c e  d u e  t o  error, $ 4 

I n  p a r t  I1 of t h i s  thesis it was s h ~ w n  that t h e r e  uas a 

r e l a t i o n s h i p  betmen s k i n f o l d  c o m p r e s s i b i l i t y  a s  d e n o t e d  by 

The ob  jectire - of - -- t h i s  - p a r t  - - - of - the -- - study was t o  --- show t h a t  -- the 

DT/ZT r e l a t i o n s h i p  c hsnges with  sir. and s i t ~  of s k i n f o l d .  . 
This uas a c h i e v e d  b y  a n  a n a l y s i s  of c o v a r i a n c e  on  t& d a t a  



v i t h  sex and s i te  a s  grouping f a c t o r s  and nncon pressed 

Clegg and Kent _(1967) showed t h a t  female s k i p ' f o l d s  were 

more compress ib le  t h a n  male skinfolds 'by coapar i son  of mean, . - 
compress ion percenmes, -however &e e r r o r  of t h i s  

-- - - -  - - .  - -  

conc lus ion  was p o i n t a  out in part I1 bf this thes i s ,  ~ h e  

ques t i on  t h a t  this author t r i e d  t o ' a n s v e t  was, Rdoes a sex 
I 

difference in camprsssihility e a t  or i s  i t  m e r e l y  a 

thickness di f f erence?a ,  A sample of young adults between 

t h e  ages o f  20 and 30 years were measured a t  3 sites, The 

data  o b t a i a e d  o n  this sample were tested for any effects on 

c o m p r e s s i b i l i t y  of sit8 or sex of s k i n f o l d .  

i - - -  - 

P 
IETHOD AID ll ATERIALS. 

- -. 
A sample of young a d a t  subjects between the ages of 18 

and 32 years uure measured a t  3 sites (Triceps, Subscapular ,  

~ i d a x i l l a r p ,  s a p r a i l i a c  and n e d i a l  Cal f )  using t h e  + c a l i p e r  

technique.  These t h r e e  sites u s r e  chosen p a r t l y  Because 

they a r e - t h r e e  czf _the easier s k i n f o l d s  to- reasaxe b&als_cr 

so that a s k i n f o l d  - - - -- from - - each - - - - of the  - ar., l e g n d  - - trunk - - uas - 

measuxmd. There  were 7 0  subjects  in t h i s  sample, 40 males  

mean age 25.65 years, and 30 females mean age 24.98 years, 



- + 

The  subjec t s  were s e l e c t e d  a s  h e a l t h y  a d u l t s  who had  n o t  

u n d e r g o n e  secent s u b s t a n t i a l  w e i g h t  loss. The s u b j e c t s  were 

mainly  s t u d e n t s  and their f r i e n d s  f r o m  Simon Fraser 

From t h e  caliper r e a s u r e a e n t s  ZT and DT were c a l c u l a t e d  

using t h e  a f o r e  ment ioned  e q u a t i o n s .  ~ n a l p s e s  of c o v a r i a n c e  

uere then c a r r i e d  -out t o  i n v e s t i g a t e  t h e  effect of s i te  and  ' "  

s e x  on t h e s e  measurements ,  A n a l y s e s  of corariance where DT 

was the dependent v a r i a b l e ,  sex and s i t e  u e r e  g r o u p i n g  

f a c t o r s  and -ZT was a c o v a r i a t e ,  were c a r r i e d  o u t  o n  the 

g r o u p  d a t a .  . -- , , 

- - - - - 

Compress ion  w r c e n t a g e s  C (&'to) were a l so  c a l c u l a t e d  i n  
* 

o r d e r  t o  d i s p l a y  t h e  way in which site a n d  sex d i f f e r e n c e s  

h a t e  been o b s e r v e d  in the l i t e r a t u r e .  Mean c o m p r e s s i o n  - 
p e r c e n t a g e s  were calcalatad f o r  e a c h  of t h e  sex a n d  s i t e  

groups. A n a l y s e s  o f  v a r i a n c e  u s r e  c a r r i e d  o u t  on t h e  d a t a  

to d e t e r m i n e  i f  t h e r e  were any d i f f e r e n c e s  i n  c o m p r e s s i o n  - 
percentages d u e  t o  sex a n d  s i te  of s k i n f o l d .  1 

. i 



/ ~ o m ~ r e s s i o n  p e r c e n t a g e s  were c a l c u l a t e d  fo r  e a c h  of t h e  

s k i n f o l d s  measnred. The  Sean compress ion  percentages and 

s t a n d a r d  dsviatkons were c a l c u l a t e d  f o r - e a c h  sex a t  each o f  Q -  - 

t h e  three sites. A n a l y s e s  o f  v a r i a n c e  were carried o a t  t o  

test the d i f f e r e n c e  in c o n p r e s s i o n  p e r c e n t a g e s  with r e s p e c t  

to sex and site, The r e s u l t s  wereJas sbown i n  T a b l e s  7.  Yhea 
C 

~ h &  t o t a l  g r o u p  was c o n s i d e r e d  and s e x  and site were used  as 
f 

grouping factars it uas 4 . found that t h e r e  was n o  significant 
- 

d i f f e r e n c e s  d u e  to sex ( p  = 0.712), but t h a t  there was-a 
I) 

s i g n i f i c a n t  dif feredce due t o  site of s k i n f o l d  (p = 0.014). 

r leans and s t a n d a r d  d e v i a t i o n s  for  - - compzassiea - - p e r c e n t a g e s  - - -  

were shown i n  Table 8.  

When t h e  d a t a  uas broken doun i n t o  indsvidual sites, . . .  

and analyses of v a r i a n c e  with sex as a g r o u p i n g  f a c t o r  were 

carried o u t ,  it was found t h a t  t h e r e  were n o  s i g n i f i c a n t  s e x  

effects a t  a n y  of t h e  three sites (Triceps p = 0.441, 
/ 

' -3ubscapular p = 0.984, Medial c a l f  p = 0.930). The r e s u l t s  



T a b l e s  7:- Anova of C(Z/19) a t  all sites, 

SOURCE O? V A R I A T X O I  

SQUARE C 

Plain Effects 

a S ~ X '  

S i t e  

!I 

2-Way Interactions 

Sex site 

Residual 

Total 



Table 8 ,  Means and Standard Deriations for. 

Conpression ~ercerttages. 

ff ean 

TRICEPS (Hale) 

a 

SUBSCILPULAB (Female)  26.1 - 6.4 30 
- - - - - - - - 

BEDIAL CALF (Hale) 29.3  9.0 40 

EEDIAL CALF ( F e m a l e )  29.5 6.4 3 0 



' bnaljses of ~ r a r i a n c e  - mere carkied 'but  on tha data 
> 

where  ZT and DT bad been  calculated. I n  these a n a l y s e s  Dl 
. . 

uas t h e  dependent var iab le  with s e x  and site a s  grouping 
" 
factors and ZT as a covariate. ~ i ~ a r e s  la, - 1 1  and 12 show 

the regression l ibes  between DT and ZT for both sexes a t  

each site. The an&lpgtis _of c o v a r i a n c e  tests for a ' - - A -  

s i g n i f i c a n t  d i f f e r e n c e  between these regression l i n e s .  

-- -- F i g u r e s  13 and 14 show t h e  regression lines dispxayed 

a*cord.ing to  sex of s a b  ject. 

The i n i t i a l  a n a l y s i s  was carried o u t  on t h e - t o t a l  g r o u p  

data (Tab18 ,9). This showed that there were no s ign i f i cant  
b 

- -sex '&d sits effects. Eouuver they came close t o  acceptance 

a t  the 0 .05  - level, p = 0.077 and p = 0.064 r e s p e c t i v e l y ,  --- 
- - -- - - - - - 

'c ' ' Anal~ses  of covariapce were t h e n  carried out  on thq  data 

from i i c b  of t h e  t h r e e  sites s e p a r a t e l y ,  i n  order to. 
f I  

determine  where a n y  kex differences were occurring. A t  t h e  

35% conxiaance lerel there uhs no s i g n i f i c a n t  sex difference 
-5- 

qt any of the the2 s i tes  (Triceps p = 0.389, Subscapular p 
+ & 

= 0,776 and ffedial Calf p = 0.061) as shown in T a b l e s  10. 



Pig 10: ZT for each 
4 

the sex T r i c e p s  s k i n f o l d  site. 



TRICEPS 

Z T  (mm) 



P i g  11: Regression 

sex the 

l i n e s  

Subscapular 

- - -  

v e r s u s  ZT for each 

s k i n f o l d  site, 



SUBSCAPULAR 

Z.T. (mm) 



Pig 12: Regression l i n e s  of DT versus  ZT for each 

sex at the f l e d i a l  C a l f  s k i n f o l d  site. 
., 



MEDIAL CALF 

' Z T  (mm) 



Fig 13: Regression l i n e s  of DT versus  

s i te  in s u b j e c t s .  

- 

for each 
d 



Males 



pig 14: ~egression lines of DT v e r s u s  ZT for each 

site in Female subjects. 



Females 

-ZT (mm) 



Table 9: Ancova of DT at all sitas combined, 
7 .  

- - 
. - 

SOUBCI! OF V A R I A T I O I  SOH OF -- Df ? MEAl 

SQUARE 

S i t e  

2-Way Interactions 

sex Site - 

R e s i d u a l  





t 

Tabla tO(a): bncora of DT at T r i c e p s .  

* 
SQUASES SQUARE SOP F . 

. SEX 3 ,,1.111 1 1*111 0.75 0,389 

.Etplained 208,750 2 104,375 70.72 0.000 . 
-- 

Besi dual 98.883 67 1 . 476 -2 
Total 307.633 69 4,458 

fable 10(b) : Ancora of D T  a t  Subscapnlar, 

SOUBCE OD V A R I A T I O I  SUB OF DP REAN ' P S I C  
* 

SQUMES s ~ u a a e  > O F F  

Explained 254,894 2 127,247 156.1 0 0.000 
- 2  - 

Residual  54.616 67 0 , 8 1 5 ,  - 



10 fc) : kncora of DT 'at Bedial Calf .  Table 

SOORCE OF VBBIATXOB S U B  OP Dl! HEAH 

SQUARE 

ZT . 

SE'X 

B x p l a i n e d  

Residual 
t 

Total 



I n  t h e  l i t e r a t u r e  differences f n c o m p r e s s i b i l i t y  d u e  to  

sex and s i t e  have b e e n  determined b y  comparison of 

. c o m p r e s s i o n  p e r c e n t a g e s ,  lo t e s t  i f  d i f f e r e n t  results v o n l d  

be o b t a i n e d  i f  c o m p r e s s i o n  p e r c e n t a g e s  uese c o n s i d e r e d ,  

analyses of v a r i a n c e  where  C(Z/10)  was the d e p e n d e n t  
/ 

a- v ~ i q l e  and sex was a gronpina factor were carried o u t  o n  - 
the d a t a '  f rom e a c h  site (Table 1 1 ) .  It was shown that there 

, were no s i g n i f i c a n t  differences d u e  to sex a t  a n y  of t h e  

three sites ( T r i c e p s  p = 0.44 1 ,. S u b s c a p u l a r  p = 0.984 a n d  

f l e d i a l  -Calf p = 0.330). -By t h i s  ietbod o f  a n a l q s i s  t h e r e  was " 
* - 

f o u n d  t o  b e  n o  difference in c o m p r e s s i b i l i t y  between t h e  
L 

sexes a t  the ' m e d i a l  calf site, but 'there was a difference 
A 

w i t h  p = 0 .061  when t h e  a n a l y s i s  was c a r r i e d  o u t  i n  tsras of  

DT t a k i n g  t h i c k n e s s  ZT i n t o  a c c o u n t  as a c o v a r i a t e .  
- - - 

J o n e s  (1 970) h a d .  e r p r e s s e d  c o m p r e s s i b i l i t y  as a ratio 

of radf o g r a p h i c  t o  ca l ipe r  t h i c k n e s s  a e a s o r e m e n t s .  In t h i s  .' 
study t h e  e q u i v a l e n t  ratio i s  tha t  of xZT/H1O,  Table 12 ' 

e 

< .  , 
shoved a e a n  ZT and H I 0  v a l u e s  for each site and a l s o  the - : 
r e s u l t a n t  z r / a 1 0  ratio. This uas c a r r i e d  out i n  - o r d e r  'to- .' 

e 

compare these d a t a  w i t h  tbs findings of Jones. 



I f :  Anora of C (Z/10) a t  i n d i v i d u a l  

- - 

sites. 



- 

Table 11 (a) : Anova of C (Z/10) at Triceps, 
D 

< 

SOUBCE- OF VABIATTOU - SOH OF DP I I E A U  P 

SQUARES SQUARE . 

. SEX 

EXPL AXBED 

RESIDUAL 

TOTAL 



- * 

T a b l e  11  (b) : lncra of C(Z/lO) at Subscapular.  

SOURCE OF V A R I A T I O N  SUH OF 

SEX OeD20 

- R E S I D U A L  3179,126 
- 

HEAH 

S Q U A R E  

Om020 

S I G  

OP P 

- 

T a b l e  11 (c) : Anuva o f  c ( z / ~ o )  a t  d e d i a l  C a l f  l - 

SOUBCE OF V A R I A T I O R  

EXPL U B E D  

TOTAL 

saa OF 

SQUARES 

8EAH 

SQUARE 



Table 12: Mean ZT and H I 0  values, with r e s u l t a n t  
" R ~  - 

v ZT/10 ratio. 

Mean 

r a t i o  

T r i c e p s  ( I • ÷ )  

Triceps. /F) 

Eedial Calf (a) 
-- L 

Hedial  C a l f  (F)r 

Subscapular  (H) 

Subscapular (F) 

Hale (A11 Sites) 

Female (A11 Sites) 17.6 



DISCUSSIOI  ' 

The e r r o r - o f  the u s e  of compar ison of compress ion  
\ a 

p e r c e n t a g e s  as a c r i t e r i o n  of differences i n  c o n p r e s s i b i l i t y  8 a 
of s k i n f o l d s  was shown i n -  p a r t  I1 of t h i s  thesis. It was $ 

q 
s h o w n  t h a t  compress ion  p e r c e n t a g e  was no t  i n d e p e n d e n t  of , - 
s k i n f o l d  t h i c k n e s s ,  thus a technique which t o o k  i n t o  a c c o u n t  3 

7 

- s k i n f o l d  thickness had t o  be elsployed, I n  t h i s  p a r t  of t h e  $ B 

f 
2 
, ~ 

t h e s i s  the aim was t o  show whether or n o t  differences i n  2 
3 

e * 4 
- -.& 

c o m p r e s s i b i l i t y  occurred d u r  t o  sex or  s i t e  of s k i n f o l d ,  It -4 
E 

mast be borne in mind t t h a t  any c o n c l u s i o n  as t o  sex or s i t e  
LA- -.A 

d i f f e r e n c e s  nap  well be s p e c i f i c  t o  t h e  sample measured, The 
a 

o n u s  f o r  f n r t h e r  g e n e r a l i s a t i o n s  on sex o r  site differences 4 <. 

i n  the bunan p o p u l a t i o n  a w a i t s  further s t u d y ,  ' 4 

- 

The data in t h i s  thesis uas i n i t i a l l y  a n a l y s e d  i n  a 
3 

manner s i m i l a r  t o  t h a t  r h i c h  p r e v i o u s  s t u d i e s  i n  t h e  r- 

- w 

s: 
J l i t e r a t u r e  have used, T h e  data was a n a l y s e d  i n  term of j 
1 

compress ion  p e r c e n t a g e q ,  Comparison of t h e  man c o n p r e s s i o n  4 

!3 

i 
percentages f o r  &cb site 4Table 8) shoved v e r y  l i t t l e  t y 

f 
S1 

d i f f e r e n c e s  between the sexes a t  e a c h  s i t e ,  Comparisbp o f  4 
3 
4 t h e  mean ZT wdlues  Cappadirt BL)--howwar shoved _ t h a t  the - - - 

d 

/ 4 
female means rere higher at each s i te .  Part I1 o f  this .: 

- * L 
1 

' thesis showed a r e l a t i o n s h i p  betveen compression p e r c e n t a g e  4 
-d 

and s k i n f o l d  t h i c k n e s s ,  tbns i t  could n o t  be  stated on- the  - 



* d - - 't - 

- -  - 

strength of t h e  e v i d e n c e  s u p p l i e d  b y  t h e  c o m p a r i s o n  of mean 
3 

c o ~ p r e s s i o n  p e r c e n t a g e s  that there was no difference in 

c o m p r e s s f b i l i t y  between- t h e  s e x e s ,  

An a n a l y s i s  of v a r i a n c e  o n  the c o m p r e s s i o n  percentages 

shoved t h a t  there was no sex e f f e c t ,  b u t  t h a t  there was a 

site effect, s i g n k f i c a n t  a t  t h e  0.05 l e v e l .  However whn. the 

data uas a n a l i s e d  i n  terns of DT w i t h  ZT a s  a c o v a r i a t e ,  

d i f f e r e n t  r e s u l t s  were o b t a i n e d .  When t h e  analysis of 

c o v a r i a n c e  was c a r t i e d  out o n  t h e  DT da ta  i t  was found t h a t  

there was no sex and  si te effects s i g n i f i c a n t  a t  t h e  0.05 

A 3 level. Thus when skinfold thickness (Zt) was taken i n t o  

a c c o u n t  t h e r e  were f o u n d  t o  be no  s i g n i f i c a n t  d i f f e r e n c e s ,  

a l t h o u g h  a site d i f f e r e n c e  had been found  when c o m p r e s s i o n  
- 

p e r c e n t a g e s  were a n a l y s e & ,  It was &&so noticeable that - - 

\r 

a l t h o u g h  n o  s i g n i f i c a n t  sex effects were found by e i t h e r  

analysis t h e  p r o b a b i l i t y  of a d i f f e r e n c e  was r a d i c a l l y  

different f n e a c h  case. When c o m p r e s s i o n  p e r c e n t a g e s  were - 
a n a l y s e d  a p = 0,712 was found- for a sex difference. However 

using t h e  DT/ZT r e l a t i o n s h i p  analysis t h e  p r o b a b i l i t y  o f  a 

d i f f e r e n c e  was p = 
F 

t a k e n  into accouqt 
* 

a c c e p t a n c e  l e v e l .  

0,077. Thus when s k i n f o l d  t h i c k n e s s  was -~ 

the sex effect nearly r e a c h e d  a n  . 



- - 
Flhea t h e  d a t a  was b r o t h  down into i h e  three i n d i v i d u a l  

sites a s i m i l a r  - d i s c r e p e n c y  i n  r e s u l t s - w a s  found. Uhen 

c o a p r e  s s i o n  p e r c e n t a g e s  were c o n s i d e r e d  it was found  ,.that ~ 3 s  a 

there was no sex d i f f e r e n c e  i n  any of t h e  sites, b u t  t h a t  a t  

the media l  ca l f  site when s k i n f o l d  thickness was t a k e n  i n t o  

account p = 0.061 for &sex difference, U i t h  c a m p r a s s i o n  - 

p e r c e p t a g e  a n &  y a i s ,  p = 0.930. for* t h e  s e x  d i f f e r e n c e ;  Thus 

it can be seen t h a t  markedly d i f f e r e n t  r e s u l t s  can be 

a c h i e v e d  with the two  t e c h n i q u e s .  
8 

Prom these findings t h i s  a u t h o r  w i s h e d  t o  s t r e s s  t h e  

need f o r  t h e  c o n s i d e r a t i o q  of s k i n f o l d  t h i c k n e s s  when 

i n t e r p r e t i n g  s k i n f o l d  c o m p r e s s i b i l i t y  d a t a  and recommended 

t h a t  the DT/ZT r e l a t i o n s h i p  t e c h g i q a e  be used ra ther  t h a n  

t h e  compress ion  p e r c e n t a g e  method, 

By c o n s i d e r a t i o n  of the D T G T  r e g r e s s i o n  l i n e s  f o r  e a c h  
* 

site ( F i g u r e s  3 0 ,  11 and  12),  it c o u l d  be seen t h a t  there 

was a g e n e r a l  trend for the female s k i n f o l d s  t o  be less 

c o m p r e s s i b l e  t h a n  the male  skinfolds io. t h e r e  is a  lower DT 

v a l u e  for  a n y  p a r t i c u l a r  ZT va lue .  However t h e  d i f f e r e n c e  .. 
between male a n d  female regression lines was n o t  s i g n i f i c a i i t -  

a t  any of the sites. The general C6iiauslon tIb. scslr o r  ttm 

studies c a r r i e d  oat .in t h e  l i t e r a t u r e  was-that t h e  f e m a l e  

s k i n f o l d  was more compressible t h a n  ,the male skinfold. 'These 



- 

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

a-criterion of difference, On such s t u d y  u a s  t h a t  of C l e g g  
- .  * 

aad Kent (1967). ~ o w e v e r ' i n  t h e  study by J o n  s (l97O), where ? 
s k i n f o l d  thickness was t a k e n  i n t o  accoun t ,  i t  uas found t h a t  

male s k i n f o l d s  iere prore ~ o m p r e s s i b l e  than female- sk in f  o l d s .  a 

.- 

J o n e s  expressed c o m p r e s s i b i l i t y  i n  terns of  a r a t i o  o f  

r a d i o g r a p h i c  t o  caliper f a t  aea so reaenks .  H e  found that when 
w 

t h e  sum of four leg s i t e s  vere c o n s i d e r e d  the male r a t i o  was 

1.6t:t and the fsmafe rat io'  was 1.7-k t .  It was w s s i b l e  t o  

express the d a t a  f r o 8  this s t u d y  i n  s in i l a r  terns to that o f  

Jones ,  A r a t i o  o f  uncompressed s k i n f o l d  thickness (LT) t o  

s k i n f o l d  thickness measured w i t h  a s t a n d a r d  Harpenden 

cal iper  (H10) was c o n s i d e r e d  equivalent, a l t h o u g h  not equal 

to t h e  ratio used  by Jones .  The resol ts  of the analysis were 

shown in T a b l e  12. I t  was seen that a t  B e d i a l  c a l f  and 

S u b s c a p u l a r  sites t h e  ratio was slightly l a r g e r  f o r  females 
d 

b u t  that this uas reversed a t  the triceps site. When all t h e  

s i tes  were c o n s i d e r e d  s i ~ u l t a n e o a s l y  a r a t i o  of 1.42: 1 was 

. f l  was found fog n a l e s ,  and a ratio of- 1,.40: t for females. 
+ - 

Therefore there was a t r e n d  for male s k i n f o l d s  t o  be , .  

, - s l i g h t l y  more compr8ssi b l e ,  Houerer  this i s  n o t  a ,  



- 

I n  t h e  s t u d y  b y  J o n e s  h e  had t r i e d  t o  expl-sin-~s \ 

f i n d i n g  t h a t  ' h i s  ma le  s k i n f o l d s  &re more c o a p r e s s i b l e  t h a n  1 , - 

t h e  f e n a l 8  s k i n f o l d s  by p o i n t i n g  o u t  t h a t  t h e  females f n his 
d . * 

Y .  

i 

s a m p l e  were physical e d u c a t i o n  s t u d e n t s  and t h u s  - * 

P c o a p a r a t - i  e l y  more m u s c u l a r  i n  t h e  l e g s  " t h a n  a n  average 
- 

fernah p o p u l a t i o n .  The sample i n  this a u t h @ r e s  s t u d y  was of - - 
-. 
a s imi lar  age  t o  t h a t  of t h e  s a m p l e - i n  the Jones s t u d y ,  

< . "  
- however  t h e y  were not, p h y s i c a l  e d u c a t i o n  s t u d e n t s ,  a l t h o u g h  - " 

e . .)- .. - - 

some o f  t h e  f e m a l e s  i n  ;he sample. .uere  a i h l = q t e s  o f  - . v a r i o u s  - 
t y p e s .  I n  t h i s  a u t h o r ' s  s t u d y  a sex effect had  been f o u n d  

- - 
a l t h o u g h  only significant a t  t h e  0.10 l e v e l ,  th& n o t  

a c c e p t e d  a s  a s i g n i f i c a n t  d i f f e r e n c e ,  Jones f o u n d  male 

s k i n f o l d s  t o  be more c o m p r e s s i b l e  t h a n  female s k i n f o l d s .  The . 

n a - j o d t y  o f  o t h e r  studies h a v e  fonnd t h a t  feaale s k i n f o l d s  - d 

are more c o m p r e s s i b l e ,  a l t h o u g h  by t h e  d u b i o u s  analysis of  '. - 

c o m p r e s s i o n  p e r c e n t a g e s .  It is t h e r e f o r e  t h e  contention o f  

this a u t h o r  t h a t  whether or n o t  a sex e f f e c t  i s  f o u n d  a n d  i n '  4 
4 

which d i r e c t i o n  t h i s  e f f e c t  is orientedL, d e p e n d s  o n  Z h e  male . 
?, 

e 

and female s a m p l e s  measured. f l u s c u l a r i t y  c a u s i n g  i n c r e a s e d  
. . 

s k i n  t e n s l o - a  rill aecreahe c o m p r e s s i b i l i t y  t h u s  a m u s c u l a r  i 
1 

female g r o ~ p  compared v i t h  an i n a c t i v e  s a l e  g r o u p  would . ,-= 
L 

- - -  - i 

p r o b a b l y  n h d r  female s k i n f o l d s  to be loss c o m p r e s s i b l e  t b a d  
E 

- - 

male s k i n f o l d s ,  and . v i c e  v e r s a .  The a& c o n c g r n  should .be - 
5 

t h a t  t Le d a t a  i s  handled c o r r e c t l y ,  ie. by t a k i n g  a c c o u n t  of 2 
1 

s k i n f o l d  t h i c k n e s s  i n  a n a l y s i s ,  and  c o u c h i n g  any s t a t e n e n t s  



a s  t o  sex differgnees i n  terms of the samples d e a s u r e d .  
-3 - 

% *"; 
1 

- 
r " - .  

I n  c o & i d e r a t i o n  of t h e  s i t e  d i f f e r e n c e i  
--? * 
in$ompre&bi l i tg ,  it vas found t h a t  there was a s i g n i f i c a n t  

. ' k i t e  diffewnce,  when percentage a n a l y s i s  w a s  . - 
0 

applied;" However when DT/ZT- dnalTsir'.ros applied t h e  

d i f f e r e n c e  was found n o t  to b e  significant a t  t h e  0,05 level m 

(p_ = 0064). ~igures  13 a n d  1 4  s-how the ,regres&on lines for 

34- DT v e r s u s  ZT f & ~  each site ror males -and females 
P 

r e s p e c t i v e l y ,  By t h e  study of these l i n e s  i t  c o u l d  b e  seen 
1 , + * 

% that there uas a t r i n d  for  d i f f e r e n c e s  i n  c o m p r e s s i b i l i t y  a t  

ahch site. I n  b o t h  males add females t h e - m q d i a l  c a l f  site 

vas t h e  most , c ~ m p r s s s i b l e ; ' , ~ t h a t  i s  there is  a higher DT for- 
k- n , 

any g i v e n  Z T  value.. I n  the case of site 'differences i t  was 
P - - -- 

also t h e  c o n t e n t i o n  of t h i s  author t h a t  any i n r e s t i g a . t i o n  
" ., 

i n t o  co~press&&$li-ty s l i ou ld  - t a k e  into a c c o u n t  the effects of 

s k i n f o l d  t h i c k n e s s .  



'I - 
The main a i n  of ' t h i s  thesis was t o  d e t e r m i n e  t h e  

w Z e a s i b i f i t y  o f  d e r e l o p i n g  a c a l i p e r  t e c h n i q u e  f o r  the 
* 

e s t i m a t i o n  of n n c o a p r e s s e d  s k f n f o l d  t h i c k n e s s .  By its v e r y  

n a t u r e  a 

the s k i n  
Z " 

s k i n f o l d  caliper had t o  f i n i t e  pressure on 
f 

i n  o r d e r  t o  make a uever  t h i s  caused  a - 1 

problem i n  t h a t  d i f f e r e n t  s t i n f o l d s  r e sponded  i n  d i f f e r e n t  
', 
\ 

ways t o  the sane pressure, I t  has been' arck-nowledged i n  t h e  

l i t e r a t u r e  t h a t  t h e r e  was v a r i a t i o n  i n  the degtee o f '  . - 

compress ion  i n  s k i n f  o l d s ,  T h i s  v a r i a t i o n  i n  c o m p r e s s i b i l i t y  

was one of the a c c e p t e d  c r i t z i c i s m s ~ o f  e s t i m a t i o n  of '  
- d 

sub.cdtan&us f a t  by s k i n f o l d  c a l i p e r  n e a s u r e n e n t .  This 

a u t h o r  set o a t  - t o  d e v e l o p  a  c a l i p e r  measurement t e c h n i q u e  
- - - - 

t h a t  would take i n t o  a c c o u n t  v a r i a t i o n s  i n  s k i n f o l d  

com p r e  s s W l i t y  and p r o d u c e  a n  estimate o f  nncompressed 

s k i n f o l d  thickne&, T o  t h i s -  cad a s t a n d a r d i s e d  3 caliper 

t e c h n i q u e  was deve loped ,  The s t a n d a r d i s e d  3 c a l i p e - r  

t e c h n i q u e  i n v o l v e d  t h e  neasu'rem&€ of a s k i n f o l d  with t h r e e  

Harpenden s k i n f o l d  calipers which e x e r t e d  t h r e e  d i f f e r e n t  
-- 

p r e s s u r e s ,  ie. 5, 10, 15 X ~ ~ O ~ C ~ ~ S I ? ~  The s k i n f o l d  was measured 

fkstl y with--th~ 5 ~ t O ~ ~ a - ~ c a ~ . k p e r ,  anb f h ~ & f € 6 w &  o n 7  - 

&aa--*=8dd&t9ethe *& x 1 0'- - 

a f t e r  a f u r t h e r  one n i n o t e  d e l a y  t h e  s k i n f o l d  was measnqed 

s i t h  t h e  15. xl0'& caliper. Pros t h i s  data a s i a p l e  



0 

r e g r e s s i o n  anglysis was carr i ed  o a t  between log10 s k i n f o l d  

t h i c k n e s s  and caliper pressa?e, T h e  a n t i l o g  of t h e  i n b r c e p t  

of this line was teraed ZT, and represented t h e  estimated 

a n c a r p r s g s e d  s k i n f o l d  thickness, 

% 

, 

In the d e v e l o p r e n t  of t h i s  t e c h n i q u e  several factors 

had to b% taken i n t o  accotint: 

A f i n i t e  time was required for the skinfoSd to return 

to aortal rrurnnzasent s i t h  a c a w s r ,  d a s  to 
- 

water e x p u l s i o n  duridg aeasurement . 
The order of a p p l i c a t l i o n  of t h e  calipers say have 

7 

vhen  sites vere ~ r k e d .  

- TheG.skinfo1ds  were c lear ly  marked with a cross-nark 

sade at t h 6  point of a p p l i c a t i o n  of t h e  caliper. This was to  - 

ensure  t h a t  the same s k i n f o l d  was measured by _each of t h e  . 
* .  

- 4 '  . *  

three calipers,  I 

One would  hare t o  have allowed a b o u t  20 minutes  for the 

s k i n f o l d .  T h i s  ob . lous ly  ronld not  hare been a very ' . 
1 2 

,-3$practical %far c o n s t r a $ n t ,  Thus to keep the l e n g t h  of t i n e  - C 



s d n t  on each subject t o  a minimum and also t o  a c k n o v l e d g e  

ming effect on measurements ,  . a standard one minute  was 

a l l o w e d  be tween  each s e a s n r e m e n t .  T h u s  t h i s  author 

acknowledged that the s k i n f o l d  had n o t  f u l l y  r e c o v e r e d  vhen 

t h e  5 a rt cal iper  was used, H O U 8 ? 0 r  o n e  minute was a l l o w e d  
- 

f o r  r e c o v e r y  after each m e a s u r e a e ~ t ,  t h u s  s t a n d a r d T s i n g  the 

effect on measurements .  

calipers would be 5 t h e n  10 

orpr  of p r e s e n t a t i o n  of 

then 15 XIO'Y<; h o v e r e r  

a u t h o r  acknowledged t h a t  there might b e  a n  effect due 

It  was d e c i d e d  t h a t  t h e  

the 

to 

order of measurement  and  t h u s  carried out a small  pilot 
5% 

study to test for this g f f e c ' t .  It was f o u n d  that there was 

t h i s  a u t h o r  decided t h a t  t h e  most sensible order of 

p r e s e r t t a t f o n  uo&a b e  t o  n s e  t& l i g h t e s t  pressure  first and 
i' 

t h e  heavies& l a s t .  Thus the a u t h o r  a d o p t e d  5 ,  10, 15 a s  t h e  

s t a n d a r d i s e d  o r d e r .  

Having taken t h e  p r e v i o u s l y  men t ioned  factors i n t o  

3 c a l i p e r  t e c h n i q u e  an estimate of a n c o a p r e v d  s k i n f o l d  
- - - - -- - - - - --- - - - - 

t h i c k n e s s  was made, Before any technique can be u s e d  ia 

reseach it must be validated against a cr i te  i o n  t e c h n i q u e .  r 
In Part I of t h i s  thesis t h e  v a l i d i t y  of the/*nccmpmssed 



/ 

.- s k i n f o l d  t h i c k n e s s  was 

was t h a t  o f  u l t r a s o n i c  

t e s t e d .  The c r i t e r i o n  m e a s u r e  used 

scanning e s t i m a t i o n  of s u b c u t a n e o u  s 
- .  

f a t  d e p t h  (itself b e i n g  v a l i d a t e d  b y  r a d i o g r a p h y ) .  
, 

--Ultrasonic s c a n n i n g  is becoming a c c e p t e d  . a s  a v a l i d  

- technitps for f a t  t h i c k n e s s  e s t i i a t i o n s  i n  humans. ' S i n c e  
C 1 I  

t h e  cafipers te-itsure a doable t i d c k n e s s  of skin p l u s  
- 

s a b c u t a n e o a s  fat, t h e  uncompressed  s k i a f o l d  thickness was .. C 

compared t o  twice t h e  u l t r a s o n i c  t h i c k n e s s .  I t  was f o u n d  

t h a t  t h e  uncompres sed  s k i n f o l d  th - ickness  p r e d i c t i o n  (ZT) was 

i n d e e d  a v a l i d  e e a s n r e  of f a t  t h i c k n e s s  when compared  t o  

twice f h a  ultrasonic e s t i m a t i o n  o f  s u b c u t a n e o u s .  f a t  depkh.  . 

Therefore t h e  a u t h o r  p r o p o s e d  t h a t  t h e  3 caliper technique 

Bay be used t o  predict uncompressad  s k i n f o l d  t h i c k n e s s .  

3 
The i a t e r n a + d o n a l l  y accepfed  calf  per pressure was 10 

- 
x l ~ + ~ i ~  as p r o p o s e d  b y  Edwards- et a1 .  (1950) . As p o i n t e d  out 

earlier,  o n e  criticism of a s iqgle  c a l i p e r  measurement  was 

t h a t  it was subject t o  error due to v a r i a t i o n s  i n  s k i n f o i d  

c o m p r e s s i b i l i t y .  I n  order to e s t a b l i s h  i f  the 3 caliper 

technique had r e d u c e d  t h i s  error in s k i a f o l d  t h i c k n e s s  

e s t i m a t i o n ,  ZT was c o r r e l a t e d  w i t h  u l t r a s o n i c  s u b c u t a n e o u s  

t h a t  Zi c o r r e l a t e d  b e t t e r  t o  UT t h a n  d i d  H ( 1 O ) ;  t h i s  would 

i n d i c a t e  a r e d u c t i o n  i n  v a r i a n c e  due t o  s k i n f o l d  



/- 

- 

-.e 
c o a p f e s s b b i l i t y  had o c c u r e d ,  a-t least i n  p a r t ,  Thus t h e  

a u t h o r  c o n c l u d e d  t h a t  the 3 c a l i p e r  t e c h n i q u e  gave a v a l i d  
1 .  a 

estimate of uacompressed  s k i n f  o l d  t h i c k n e s s  and d i d  soA* 
-. 

having t a k e n  a c c o u n t .  of some o f  the v a r i a n c e  due t o  s k i n f o l d  

c o m p r e s s i b i l i t y  . - 
e 

- 

. . 
Part 11 of this s t u d y  was d i r e c t e d  a t  t h e  i n v e s t i g a t i o n  a 

of t h e  r e l a t i o n s h i p  be t  ween c o m p r e s s i b i l i t y  and s k i n f  o l d  
7 

thickness. C l e g g  and  Kent (1967) had p roposed  t h a t  there may 
- 

be a r e l a t i o n s h i p  be tween  compressf on percentage a n d  

skin fold t h i c k n e s s .  Com pression p e r c e n t a g e  s h o u l d  have been 

i n d e p e n d e n t  of t h i c k n e s s  a c c o r d i n g  t o  d i m e n s i o n a l i t y  theory, 

howerer it was shown t h a t  c o m p r e s s i o n  percentage was i n d e e d  
i 

relatea t o  s k i n f o l &  -thic5caess, The r e l a t i o n s h i p  was-shown t o  - -  - -  

be c u r v i l i n e a r .  This i n d i c a t e d  t h p t  a n y  c o n c l u s i o n s  from 

prerio& studies b a s e d  on t h e  p r e m i s e  t h a t  c o m p r e s s i o n  

was i n d e p e n d e n t  o f  t h i c k n e s s  were nor v o l n e m b l e  
* 

t o  criticism. 
7 

3 
? 

4 

A new measure  o f  c o m p r e s s i b i l i t y  was p r o p o s e d  as b e i n g  : 
f 

the , d i  f d e r e n c e  between ZT a n d  t h e  s k i n f o l d  t h i c k n e s s  
- - - -  - - - - - - + 

-----> 4 measured  b J t h e  riarpenden 10 XIO' I IG~  c a l i p e r .  It was t e r m e d  i 

s k i n f o l d  - t h i c k n e d .  ~ k i e  was t h e n  u s e d  i n  t h e  t h i r d  part of 

t h e  thesis t o  i n v e s t i g a t e  the effects of site and  sex o n  



s k i n i - f o l d  compressibility. 

> f l  In  p a r t  I11 however i t  was t h e  a a t h o r * ~  i n t e n t i o n  t o  

show t h a t  t h e s d i s c r e p e n c i e s  i n  results t h a t  c o u l d  o c c u r  by  

a n a l y s i s  of results by t h e  t r a d i t i o n a l  compress ion  
& 

percentage 4zesbniqale and t h e  n s d y  proposed DT/ZT - 

Z 

r e l a t i g n s h i p  technique, rather "than to come t o  any 

- c o n c l u s i o n  on sex and s i t e  d i f f e - n c e s .  
& 

i - 

The s t u d i  showed t h a t  t h e r e  was no s i g n i f i c a n t  sex 
% 

dif'ferences however t h e  data.  yere ani1ysed, There was found 
a 

*. 
lz 

to b e  no s i g n i f i c a n t  site effect  v i t b  t h e  DT/ZT t e c & i g u e .  - * -- 
- .  

B u t  the s i te  effect was fonnd to b e  s i g n i f i c a n t  ;when the - 
.- & - - 

d a t a  were qnalysed with re&d to compresaiob - 

- - 
> 

Thus i t  was t h e  final c o n c l u s i o n  o f  t h i s  a u t h o r  t h a t  any - 

i n v e s t i g a t i o n  i n t o  d i f - r e n c e s  due t o  sex or s ite  shsuld".be ' - 
analysed by t h e  DT/ZT method, A l s o  any concl%;sfons about  sex 

' . 

or s i t e  differences s h o u l d  b e  i n  terms of the sample - - 
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I n  o r d e r  to  test the r e p r o d u c i b i l i t y  of s k i n f o l d s  w f  t b  

two d i f f e r e n t  t i r e  dsla y s  between. asasnrements  t h e  f o l l o b i n q  
0 

two exper iments  were carried out .  

I )  Twenty m i n u t e  period between remeasurements. 

S i x  M l e  subjects, average age  21.655 d. yrs., age range 

19.772.- 24,493  d o  yrs,, were measured with the 3 c a l i p e r  

technique a t  5 sites; Sobscapula r ,  T~iceps, B i d a x i l l e r y ,  - 

S a p r a i l i a c  a n d  ~ e d i a l  C a l f ,  After a pe r iod  of 20 r i n u t e s  

,- d a r i n g  which they rested q u i e t l y  the sub jec t s , u .+ re  . s .  

. 9  

reacasured w i t h -  the three c a l i p e r  t e c h n i q u e '  &n a n a l y s i s  of - u 

v a r i a n c e  on s t inf6i .d  thickness 'with &t o r  2nd reidding as a 
, 

groapiag  fac tor  was - c a r r i e d  ou t ,  The r e s u l t s  of t h e  a n a l y s i s  

- 
- c 

Anova of s k i n f o l d  t h i c k n e s s  by reading.  

Beading Effect 1,060 1 1.N60 0.114 0 736 
I 

a e s i  d u a l  2282.941 178 12.826 

Total 228!4,4_Q1 139 ZL 1 62 



An P s t a t i s t i c  of O . t l 4  is produced b y  this a n a l y s i s .  
4, 

. . 

This g i ~ e s  a probability of 0.736 of t h e r e  b e i n g  a 5 

9 

- 

difference between 1 s t  and 2nd r e a d i n g s  of s k i n f o l d  

t h i c k n a s s .  Thus there i s  no s i g n i f i c a n t  d i f f p r e n c e  between 

s k i n f o l d  measuremeats when a p e r i o d  of .20 m i n u t e s  is a l l o v e d  

be toeen  t e s t i n g s .  : . 

2) F i v e  m i n u t e  period between 3 

m 
C 

On another sample of 6 males, 

c a l i p e r  technique  reactings. 

._M% 

awerag; age 22.910 d m '  yrs., .- 

age range 19.430 - 26,871 d. yrs,, 5 minutes was a l l o w e d  
B 

.% 

between 1st and 2nd - reaaingp k i t h  the 3 c a l i p e r -  technique. 'ia 

 be kame five ~ t i n f o i a ~  were used. Again analysis of a - - 
- 

variance was carried out on the d a t a  and the results were a;- - 

Anova of  stinfold t h i c k n e s s  by reading .  . - 

R e s i d u a l  tZ17e757 n8_ 2.010- - - - 

Total 



147 
- - - 

.r 
- 

an F statistic of 0,08& vas found showing t h a t  again 
B there was no signiff cant difference between 1st and 2nd 

readings with t h e  3 cal iper technique; * 
- 

1- The e x p e r f . e n t e r ' t h u s ' c o n c l u d e d  t h a t  t h e r e  was no 
- - 

significant d i f f e r e n c e  betueen repeated measurements u i  t h  
6- 

the 3 c a l i p e r  technique when e i t h e t  a 5 or a 20 minute- 

period uas allowed between -measurement s, However when a l l  

subsequent  datb was collected- a 20 minute p e r i b d  uas allowed 

bat ueen remeasnre~ents. 



~ O D I P I C A T I O B  A H D  CALIBRATIO% OF 

THE THREE SKIBPOLD CALIPERS 

L -- - -5 

T h r e e  s t a n d a r d  Earpenden c a l i p e r s  were purchased.  j 
1 

9 -r 4 These calLpers e x e z t e d  a c o n s t a n t  p r e s s u r e  of 10 x10 8 m  $ : 
orer t h e  jaw s n r h c e s ,  ' f h h  pressure was ex--d by  two cei l  i - - 

I 

s p r i n g s ,  0n*one of the calipers,  one  of the springs was 

removed. T h i s  s p r i n g  was t h e n  added t o  t h e  t h i r d  ca l iper ,  It 

was n e c e s s a r y  for  an e x t r a  l o n g  p o s t  t o  be machined for 

a t t a c h m e n t  o f  the t h i r d -  spring. The e x p e r i m e n t e r  n o r  had 

three c a l f p e r s ,  one w i t h  one s p r i n g  one  w i t h  two spl=isgs and 4 
- - - - - 

f 
- * 

one w i t h  t h r e e .  It was now necessary t o  c a l i b r a t e  t h e  

ca l ipers  t o  d e t e r m i n e  t h e  pressures exerted by them, T h i s  . 

was c a r r i e d  o u t  i n  t h e  Buman ~ i o l o g y  L a b o r a t o r y  of 

Longhboroagh u n i v e r s i t y  of Technology,  u t i l i s i n g  t - h e i r  

s t a n d a r d  p r o c e d u r e  for  c a l i p e r  c a l i b r a t i o n ,  

2- 5+ 

--* 

T h s , c a l i p e r  was clamped h o r i z o n t a l l y  on a r e to r t  s t a n d .  
- - i 

weight acted as t h e  scale - 
chemical balance. @ e i g h t s  



jaw s u r f a c e s  f irst  opened. The total *eight  of s c a l e  pan 

p l u s  we ights  was recorded. The pressure of t h e  caliper was 

4 -a descr ibed  i n  terns of x10 Nm " of jaw sorfaca_area.  The 

s u r f a c e  area  of the  jaws was 90 ant, since they were 15 r 6 

DD rectangular  plates, Thus to  determine caliper pressure 

the might  required to open the jaws is d i v i d e d  by the jaw 

surface a r e a  (90 saS) '). ~ a c h  c a l i p e r  was c a l i b r a t e d  three 

t i a e s  as a check against error. The three calipers were 

found to exert pressures of 4.9, 30.0 and 15.1 xlO*aiL 

respectively, A l l  three were w i t h i n  the a l lowab le  bounds of 

error such a s  t h e y  c o u l d  now b e  s a i d  t o  exert pressures of 

5,  10, and 1 5 x 1 0 I ~  '. 





was reduced too much aconstic c o n d u c t i o n  was d e s t r o y e d  and 

t h e  trace broke Bpthus the r e a d i n g  was taken a t  a point in 

release of pressure just prior to the loss of a c o u s t i c  

conduction. T h i s  ensured t h a t  the minimum p o s s i b l e  ~ r e s s u r e  

was b e i n g  exerted by the t ransducer .  ' 



TEE EFFECT OF ORDER OP PRESE%T1TZOI OF 

CALIPERS 1% FBE 3 - CALIP.E% TECBUIQUE 

(PILOT S'PUDFJ 

I n  the standardised technique the  sk info ld  is first ' 

' m e a m &  with the- 5 x10%cX caki&r. then with tke 10 

x 1 0 ' l P  c a l i p e r  and f i n a l l y  w i t h  t h e  15 x10'lliL 

caliper, each w i t h '  a one Linnte  in terva l .  I n  order to s h ~ w  

i f  t h e  order of presenta t ion  of the calipers affected t h e  

measurements a small pilot study was c a r r i e d  out. 

- - -- - - - -- 

Tuo female s u b j e c t s  uere measured a t  5 s k i n f o f d  dtes ;  

= Triceps, Biceps, Subscapular, supraii iac and ~bdomina l .  Each 

sabfect was f irst  measured with' the s tandardised  3 caliper 

technique. The subject was t h e n  reaeasared one hoar l a ter  

using t h e  3 calipers, except that t h i s  time the ~ s 1 i ~ a r . s  

were presented i n  rereroe order. Thus t h e  15 ~ 1 0 % ~ ~  

caliper warn used first, followed by t h s  10 1 1 0 ' 6 ~  and 



using pa ired  t - tests  t h e  caliper readings with the 

standardised technique aid those with t h e  reversed routine . 
were compared. There were no significant differences f ouad , 

between t h e  caliper readings w i t h  %Be standardised technique 
. 

slid w i t h  the  r e v e r s e d -  routine. 



- -- 

APPENDIX VI 

r- 

.S*P. 0 .  SABPLE BEA S ABD Sf  B l D A R D  D E V I A T I O B S .  f 

30 Females - Rean Age 24.98 yrs. 

BALES 

ALL SITES 

ALL SITES 17.6 6.5 5 e O  2 e I  28.0 6.3 

TRICEPS 20.2 6e0 5.6 1.7 28.3 5e8 

LlEDIAL CALF 18.7 5.2 5 ,6  2.1 29.5 6 e 4  



a ALBS 

ALL SITES 

TIIICEPS 

EEDIAL CALF 

SUBSC APULAB 

PE8ALES 

ALL SITES 15.7 5 . 0  

TRICEPS 18.0 SmS 

MEDIAL CALF 6 7  4m7 

ALL DaTA 13.3 5.7 



13 Hales 

MALES 

APPENDIX V 

i. -*, 

- Bean Age 33.2 yrs .  

- - .. 
U - - Mean Age 22.0 prs. 

ZT CZ 

Bean S D Uean S D 

ALL SITES 10.8 5 * 1  25-7 7 .0  2e9 1 m 8  

BICEPS 5.7 3e1 24e7 8e8 1e6 1 e U  

DT 

Mean S. D 

.$ 

TBICBPS .13,t S e t  2 3 - 9  4e2 3.8 I + 9  3 
- ?\ 

LATZBALCALP 12.7 Q e 9  28.1 5.9 3*6 l e 8  

BEDI&L CALF 10e8 5e0 26e9 Be7 3.. I 2 0  9 

8 I D A X I L L A R Y  9 * 8 ' ~ 4 * 3  21.6 7 .6  2e3 1.5 

SUESCAPULAR 10.3 2.4 21.0 4.9 2 m 3  Om9 



PEHALES 

ALL- SITES 16.3 6.q 28.0 7.3 4a5 2.2  

BICEPS 10.7 t r , O  32.4  8 .2  3.6 1.9 

TRICEPS 22.0 7 . 2  25.6  3 .8  5.5 1.5 
J 

B 

LATEBALCALP17.6 5 .0  22.9 3.6 4 .0  1 . 1  

MEDIAL CALF 20.4 6.0 27.7 3.7 5.7 1.9 

MIDAXILLABY 11.9 5.2 27 .2 ,  7a6 3 . 5  2 .4  

SOBSCAPULAR 15.7 7 . 7  25 .2  5.2 4 . 1  2 .3  

ZLLL DATA 13.7 6 .7  . 26-9  7 .3  3.8 2.2 

HI0 85 H 15 

Bean S D mean S D Mean S D 

BALBS 

ALL SITES 7.3 3.4 9.6 4.4 7.4 3.0 

Bf CEPS Bal  1.8 t1 2 . 5  3a8 1 .5  . 

TBICEPS 9.3  3.3 t 1 o 4  4 . 2  8 .7  2 - 8  



FEMALES 

A L L -  SITES 11.7 

BICEPS 

TRICEPS 

BEDICLL CALF 
- - 

ALL DATA 
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