
Determination of Body Density in 

Prepubescent Males, Age 7-11 

A Thesis Presented 

t 0 

The Graduate Faculty 

University of Wisconsin - La Crosse 

In Partial Fulfillment 

of the Requirements for the 

Master of Science Degree 

by 

David G. Jensen 

May 1979 



A b s t r a c t  

JENSEN, David G .  Determina t ion  of  body d e n s i t y  
i n  prepubescent  males, aqe 7-11. M.S. i n  
Ca rd i ac  R e h a b i l i t a t i o n / A d u l t  F i t n e s s ,  1979. 

p. (Raymond Moss, Ph.D.) 

The purpose  of  t h i s  i n v e s t i g a t i o n  was t o  deve lop  a r e l i a b l e  
t e c h n i q u e  f o r  de t e rmin ing  body d e n s i t y  i n  prepubescent  males, 
age  7-11. R e l i a b i l i L y  was a s s e s s e d  by test-retest of  4 1  
prepubescent  males (X age  9.3 y e a r s ,  SD + 1 .2 ) .  A mean body 
d e n s i t y  v a l u e  o f  1.053 gm/cc (SD + .011) was found d u r i n g  
b o t h  t r i a l s .  A c o r r e l a t e d  t es t  r evea l ed  no s i g n i f i c a n t  
d i f f e r e n c e  (P > .05) between t h e  two t r i a l s .  A c o r r e l a t i o n  
o f  .99 was a l s o  observed  between body d e n s i t y  va lues  o f  
t r i a l  one and t r i a l  two. V a l i d i t y  was e s t ab lLshed  by hydro- 
s t a t i c a l l y  weighing 21  co l lege-age  s t u d e n t s  (X age  20.7 
y e a r s ,  SD .t 1.4) b o t h  t h e  s t a n d a r d  t echn ique  and proposed 
m o d i f i c a t i o n .  Mean body d e n s i t y  v a l u e s  of  1.056 gm/cc 
(SD + .O17) and 1.057 gm/cc (SD - - + .017) were found by t h e s e  
two t echn iques .  A c o r r e l a t e d  2 t e s t  r evea l ed  no s i g n i f i -  
c a n t  d i f f e r e n c e  between t h e  two methods. A c o r r e l a t i o n  of 
1.00 between t h e  body d e n s i t y  va lues  ob t a ined  by t h e  two 
t echn iques  was a l s o  r e p o r t e d .  
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C h a p t e r  I 

INTRODUCTION 

The problem o f  o b e s i t y  i n  c h i l d r e n  i s  a  growing h e a l t h  

c o n c e r n .  A s  w i l l  be d i s c u s s e d  i n  s u b s e q u e n t  p a g e s ,  t h e  

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

r i s k  o f  a d u l t  o b e s i t y  (Johnson,  Burke ,  & Mayer ,  1 9 5 6 ) .  A 

r e v i e w  o f  t h e  l i t e r a t u r e ,  however,  r e v e a l s  t h a t  n e i t h e r  an 

a c c u r a t e  e s t i m a t i o n  o r  d e f i n i t i o n  o f  t h e  magni tude  o f  t h i s  

problem h a s  been  t h o r o u g h l y  r e s e a r c h e d .  Garn ,  C l a r k ,  and 

G u i r e  (1975) r e p o r t e d  t h a t  two p e r t i n e n t  a s p e c t s  o f  t h i s  

p rob lem must b e  c o n s i d e r e d :  f i r s t  i s  t h e  a c c u r a t e  and ob- 

j e c t i v e  i d e n t i f i c a t i o n  o f  t h e  i n d i v i d u a l  c a s e s  o f  o b e s i t y :  

and  s e c o n d ,  i s  t h e  e s t i m a t i o n  o f  t h e  i n c i d e n c e  of o b e s i t y  

i n  t h i s  p o p u l a t i o n .  

Much o f  t h e  p r e v i o u s  r e s e a r c h  c o n d u c t e d  i n  t h e  a r e a  

o f  body c o m p o s i t i o n  h a s  i n v e s t i g a t e d  t h e  p rob lem of o b e s i t y  

a f t e r  t h e  o n s e t  o f  p u b e r t y  (Garn e t  a l . ,  1 9 7 5 ) .  R e l a t i v e l y  

few a t t e m p t s  h a v e  been  made t o  q u a n t i f y  o r  q u a l i f y  body 

c o m p o s i t i o n  i n  p r e p u b e s c e n t  c h i l d r e n .  

A n t h r o p o m e t r i c  measurements ,  s o m a t o t y p i n g ,  and h e i g h t -  

w e i g h t  t a b l e s  a r e  t h e  t o o l s  most  i n v e s t i g a t o r s  h a v e  u s e d  t o  

assess t h e  body b u i l d  o f  c h i l d r e n .  Al though  t h e s e  s t u d i e s  

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

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



o f  t h i s  popu la t i on .  

The i n a b i l i t y  o f  most c h i l d r e n  t o  s a t i s f a c t o r i l y  per -  

form t h e  r e s p i r a t o r y  maneuvers,  mandated by t h e  b d r o s t a t i c  

weighing t e c h n i q u e ,  is  t h e  predominant f a c t o r  i n h i b i t i n g  

i n v e s t i g a t i o n s  o f  c h i l d r e n ' s  body composi t ion ( ~ u t i ,  1978; 

P o l l o c k ,  1979; p e r s o n a l  communication).  There  a r e  o t h e r  

methods which can be used t o  s t u d y  t h i s  problem such  a s :  

potassium-40, g a s  d i l u t i o n ,  i s o t o p i c  d i l u t i o n ,  e t c .  Com- 

pa red  t o  h y d r o s t a t i c  weighing,  however, t h e s e  t echn iques  

a r e  more expens ive  and r e q u i r e  a  g r e a t e r  deg ree  of t e c h n i c a l  

e x p e r t i s e  t o  o p e r a t e ,  t h e r e f o r e ,  it i s  proposed t h a t  a modi- 

f i c a t i o n  o f  t h e  s t a n d a r d  h y d r o s t a t i c  weighing t echn ique  

(Goldman & Buski rk ,  1961) b e  u t i l i z e d  t o  a s s e s s  t h e  body 

compos i t ion  o f  c h i l d r e n .  

S ta tement  of  t h e  Problem 

A s  a  r e s u l t  o f  t h e  i n a b i l i t y  o f  most c h i l d r e n  t o  

p r o p e r l y  perform t h e  procedures  d i c t a t e d  by h y d r o s t a t i c  

weighing ,  an a l t e r n a t e  method must be e s t a b l i s h e d .  I t  was 

t h e  purpose  of t h i s  s t u d y  t o  deve lop  a  r e l i a b l e  t e c h n i q u e  

f o r  de te rmin ing  body d e n s i t y  i n  prepubescent  males age  

7-11. 

Subproblem 

V a l i d i t y  o f  t h e  t echn ique  was e s t a b l i s h e d  by hydro- 

s t a t i c a l l y  weighing c o l l e g e  age  s u b j e c t s  by  t h e  s t a n d a r d  and 

proposed modi f ied  h y d r o s t a t i c  weighing t echn ique .  

D e l i m i t a t i o n s  

The p o p u l a t i o n  s t u d i e d  t o  de t e rmine  r e l i a b i l i t y  was 1 
C 
I 
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d e l i m i t e d  t o  males  a g e  7-11 who r e s i d e d  i n  t h e  La C r o s s e  

County area. The p o p u l a t i o n  s t u d i e d  t o  d e t e r m i n e  v a l i d i t y  

was d e l i m i t e d  t o  c o l l e g e  a g e  s t u d e n t s  between t h e  ages o f  

19-24 y e a r s  who r e s i d e d  i n  t h e  La C r o s s e  County a r e a .  The 

s u b j e c t s  chosen  were  n o t  on a random b a s i s .  

L i m i t a t i o n s  

I n  r e f e r e n c e  t o  t h i s  s t u d y ,  t h e  f o l l o w i n g  l i m i t a t i o n s  

mus t  b e  r e c o g n i z e d :  

1. The s u b j e c t s  chosen  were  n o t  s e l e c t e d  on a random 

basis. 

2 .  T h e r e  w a s  a  r e l a t i v e l y  s m a l l  number o f  s u b j e c t s  

chosen  t o  d e t e r m i n e  t h e  v a l i d i t y  (21)  and re l i -  

a b i l i t y  (41) o f  t h e  p roposed  m o d i f i e d  h y d r o s t a t i c  

we igh ing  p r o c e d u r e s ,  

3 .  It was d i f f i c u l t  t o  d e t e r m i n e  i f  t h e  b r e a t h i n g  

maneuvers mandated by t h e  p roposed  m o d i f i e d  

t e c h n i q u e  w e r e  performed c o r r e c t l y .  

Assumptions  

W i t h i n  t h e  l i m i t s  o f  t h i s  s t u d y ,  i t  was n e c e s s a r y  t o  

make t h e  f o l l o w i n g  a s s u m p t i o n s  : 

1. No s i g n i f i c a n t  body co inpos i t ion  changes  o c c u r r e d  

be tween  t es t  1 and tes t  2 .  

2 .  A l l  s u b j e c t s  performed t h e  n e c e s s a r y  r e s p i r a t o r y  

maneuvers t o  t h e  best o f  t h e i r  a b i l i t y .  

3 .  A l l  s u b j e c t s  f a s t e d  f o r  t h e  r e q u i r e d  p e r i o d  o f  

t i m e  p r i o r  t o  t h e  test  (4-6 h o u r s ) .  



D e f i n i t i o n  o f  Terms 

Archimedes P.rincip3.e: A body submerged i n  a f l u i d  is  

buoyed u p  b y  a f o r c e  eqi~al .  t h e  w e i g h t  o f  t h e  f l u i d  d i s p l a c e d .  

Dens i tomet ry :  The s c i e n c e  o f  a s s e s s i n g  t h e  d e n s i t y  o f  t h e  

body. 

D e n s i t y :  The mass per u n i t  volume of a body (D=M/v), 

e x p r e s s e d  a s  gm/cc. 

H v d r o s t a t i c  Weiqhinq: The p r o c e s s  o f  we igh ing  a body 

u n d e r w a t e r  t o  d e t e r m i n e  t h e  volume o f  t h e  body. 

P e r c e n t  Body F a t :  The p e r c e n t a g e  o f  t o t a l  body w e i g h t  t h a t  

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

P r e p u b e s c e n t :  P e r i o d  i n  l i f e  b e f o r e  o n e  becomes f u n c t i o n a l l y  

c a p a b l e  o f  g e n e r a t i o n .  

R e s i d u a l  Volume: The volume o f  a i r  r e m a i n i n g  i n  t h e  l u n g s  

f o l l o w i n g  maximal e x p i r a t i o n .  



Chapte r  I1 

REVIEW OF LITERATL'RE 

I n t r o d u c t i o n  - 
A s  d i s c u s s e d  e a r l i e r ,  t h e  s t a n d a r d  t e c h n i q u e  for  hydro- 

s t a t i c  weigh ing  d e s c r i b e d  b y  Goldman and B u s k i r k  (1961) i s  

i m p r a c t i c a l  f o r  a s s e s s m e n t  o f  body c o m p o s i t i o n  i n  c h i l d r e n .  

A c c u r a t e  d a t a  c o u l d  p r o b a b l y  be o b t a i n e d  by t h i s  t e c h n i q u e  

i f  a l a r g e  number o f  t r i a l s  were  conduc ted .  T h i s  would be 

n e c e s s a r y  b e c a u s e  a s  Katch (1968) d e m o n s t r a t e d ,  t h e r e  i s  

a g r e a t  amount o f  l e a r n i n g  n e c e s s a r y  t o  p roperLy  p e r f o r m  t h e  

s t a n d a r d  h y d r o s t a t i c  we igh ing  p r o c e d u r e s .  I t  i s  d o u b t f u l  

i f  t h e r e  i s  a lways  s u f f i c i e n t  t i m e  t o  a l l o w  t h i s  l e a r n i n g  

t o  o c c u r .  Some o f  t h e  a l t e r n a t e  methods u t i l i z e d  by re- 

s e a r c h e r s  h a v e  e n a b l e d  u s  t o  make g r o s s  e s t i m a t i o n  o f  body 

c o m p o s i t i o n  i n  c h i l d r e n  as w e l l  as a p p r o x i m a t e  t h e  i n c i -  

d e n c e  o f  o b e s i t y  a t  t h i s  age. These  s t u d i e s  as w e l l  as  

o t h e r  p e r t i n e n t  t o p i c s  are r e v i s w e d  i n  t h i s  c h a p t e r -  

Review o f  L i t e r a t u r e  

U t i l i z i n g  t he  W e t z e l  G r i d  c l a s s i f i c a t i o n  of o b e s i t y  

( c h a n n e l  Aq or  o v e r )  , Johnson  et a l .  (1956) r e p o r t e d  10% 

of t h e  3,600 c h i l d r e n  s t u d i e d  t o  be "obese . "  I t  must b e  

emphasized t h a t  t h e  W e t z e l  G r i d  {Wetzel ,  1941) r e q u i r e s  

only age, h e i g h t ,  and w e i g h t  t o  p l o t  p h y s i c a l  s t a t u s .  Garn 

' et a l .  (1975) emphasized t h a t  t h e s e  p a r a m e t e r s  may n o t  

5 



a c c u r a t e l y  r e f l e c t  t h e  s t a t u s  o f  an  i n d i v i d u a l .  

One t h i r d  of  t h e  overweight  g i r l s  and a lmost  h a l f  t h e  

overweight  boys i n  t h e  s t u d y  conducted by Johnson e t  a l .  (1956) 

demonstrated a cont inued  o b e s i t y  throughout  t h e  cou r se  of  

t h e i r  s choo l  y e a r s .  T h i s ,  one of  t h e  major  f i n d i n g s  of t h e  

s t u d y ,  l ends  s u p p o r t  t o  t h e  concept  of p e r s i s t e n t  o b e s i t y .  

A c h i l d  who is  obese  w i l l  have a p r o p e n s i t y  f o r  cont inued  

o b e s i t y  l a t e r  i n  l i f e .  

A n i n e  y e a r  s t u d y  of t h e  h e i g h t s  and weights  o f  98 

obese  c h i l d r e n  was conducted by Lloyd and Wolf (1961).  

These c h i l d r e n  a t t e n d e d  a h o s p i t a l  f o r  t h e  obese f o r  one 

y e a r .  T h e r e a f t e r ,  y e a r l y  examinat ions were conducted. 

Suppor t ing  t h e  d a t a  of  Johnson e t  a l .  (1956),  t h e s e  r e s e a r -  

c h e r s  r e p o r t e d  l e s s  t han  25% of t h e  o r i g i n a l  group had 

achieved  a near normal weight  w i t h i n  a 9 y e a r  period. 

A c o n s i s t e n t  weight  g a i n  du r ing  the w i n t e r  months 

was a n o t h e r  obse rva t ion  noted by Johnson e t  a l .  (1956). 

They i n d i c a t e d  t h i s  t o  b e  a r e s u l t  o f  decreased  p h y s i c a l  

a c t i v i t y .  Th i s  i s  suppor ted  by Par izkova  (19631, who 

s t u d i e d  dynamic f l u c t u a t i o n s  i n  body composi t ion w i t h  

changes i n  p h y s i c a l  a c t i v i t y .  The pr imary conc lus ion  of  
I 

h e r  i n v e s t i g a t i o n  a l s o  i n d i c a t e d  t h a t  i n t e n s i t y  and d u r a t i o n  

of  p h y s i c a l  a c t i v i t y  have a g r e a t  i n f l u e n c e  on body compo- 

s i t i o n  of  a l l  a g e  groups.  
I 
\ 

These s t u d i e s  have provided  some i n s i g h t  i n t o  t h e  
i 
3 
g 

problem s f  ch i ldhood o b e s i t y ,  however, t hey  made no a t t e m p t  
1 
i 

-- . - - - a . . -- 



t o  d e s c r i b e  t h e  t r u e  body composi t ion o f  t h i s  p o p u l a t i o n .  

Deecribed below a r e  s t u d i e s  which a d d r e s s  t h i s  t o p i c .  

H y d r o s t a t i c  weighing of  214 h e a l t h y  c h i l d r e n  age  

9-16 y e a r s  enabled  Par izkova  (1961) t o  de te rmine  t h e i r  

body d e n s i t y .  No convers ion  was made from body d e n s i t y  t o  

p e r c e n t  body f a t .  Th i s  t o p i c  w i l l  be d i scus sed  i n  d e t a i l  

la ter .  To e s t i m a t e  body f a t ,  Par izkova  (1961) proposed a 

c o r r e l a t i o n  between s k i n f o l d  t h i c k n e s s  and body d e n s i t y .  

A s c a l e  of p e r c e n t  body f a t  was i nc luded  t o  f a c i l i t a t e  

o r i e n t a t i o n  and a nomogram was a l s o  c o n s t r u c t e d .  However, 

t h e  a u t h o r  d i d  n o t  i n d i c a t e  t h e  formula used t o  o b t a i n  

t h e s e  v a l u e s ,  n o r  d i d  s h e  p r e s e n t  means o r  s t a n d a r d  dev ia -  

t i o n s  f o r  h e r  d a t a .  Th i s  makes i t  d i f f i c u l t  t o  g e n e r a l i z e  

as t o  t h e  body composi t ion of  h e r  sample.  She a l s o  d i d  n o t  

d e s c r i b e  t h e  procedures  fol lowed t o  de t e rmine  body d e n s i t y .  

Despite t h e  l i m i t a t i o n s  of  t h e  above s t u d y ,  r e s e a r c h  

conducted by Lohman, Bo i l eau ,  and Massey (1975) suppor t ed  

P a r i z k o v a ' s  f i n d i n g s .  U t i l i z i n g  potass ium 40 (40~) t ech-  

n i q u e ,  t h e s e  i n v e s t i g a t o r s  found a mean v a l u e  of 20.2% 

body f a t  i n  162 boys a g e  6-13 y e a r s .  Applying t h e  nslnograrn 

developed by Par izkova  (1961) t o  e s t i m a t e  p e r c e n t  f a t  f o r  

t h e i r  s u b j e c t s ,  t h e s e  r e s e a r c h e r s  r e p o r t e d  a mean v a l u e  of 

19.5% f o r  t h e i r  s u b j e c t s .  T h i s  v a l u e  c l o s e l y  approximates  

the 20.2% body f a t  o b t a i n e d  by t h e i r  4 0 ~  t echn ique ,  t h u s  

l e n d i n g  s u p p o r t  t o  t h e  f i n d i n g s  o f  Par izkova  (1961) .  I n  

c l o s e  agreement w i t h  t h e s e  r e s u l t s ,  S l a u g h t e r  and Eohman 



(1977) used t h e  *OK technique t o  measure t h e  body composition 

of 45 boys age  7-12. A mean va lue  of 22% body f a t  was 

repor ted  . 
F i n a l l y ,  i n  1975 a  comparison of dens i tomet r i c ,  4 0 ~ ,  

and s k i n f o l d  es t ima tes  of body composition was conducted 

(cu re ton ,  Boileau,  & Lohman) i n  49 prepubescent boys. The 

c a l c u l a t e d  mean pe rcen t  body f a t  f o r  dens i tomet r i c ,  4 0 ~ ,  and 

s k i n f o l d s  were r epor ted  t o  b e  20%, 19.2%, and 2L.5% respec t -  

i v e l y .  C o r r e l a t i o n s  ranging from .74 t o  .77 were found 

between t h e s e  t h r e e  methods. The au thors  a t t r i b u t e d  much 

of t h e  discrepancy between methods t o  be due t o  t e c h n i c a l  

r a t h e r  than b i o l o g i c a l  v a r i a t i o n .  It is  i n t e r e s t i n g  t o  no te  

t h a t  t h e s e  r e sea rchers  followed t h e  s tandard  h y d r o s t a t i c  

weighing procedures descr ibed by Goldman and Buskirk 

(1961). No modif ica t ions  of t h e  technique  were r epor ted .  

They a l s o  used t h e  formula developed by Brozek, Grande, 

Anderson, and Keys (1963) t o  conver t  body d e n s i t y  t o  pe rcen t  

f a t .  

Development of t h e  Formula 

Body Vo1.ume 

Archimedes was t h e  f i r s t  t o  s t a t e  t h e  s i g n i f i c a n c e  of 

t h e  r e l a t i o n s h i p  of  weight (W) t o  volume (V) ($ = Densi ty) .  

H i s  p r i n c i p l e  s t a t e d  t h a t  a body immersed i n  a f l u i d  is 

ac ted  on by a buoyancy force equal  t o  t h e  weight of  t h e  

I displaced f l u i d  (Behnke, 1961) . S t a t e d  another  way, an 
I 

o b j e c t  d i s p l a c e s  a volume of water  equal  t o  volume o f  t h e  

I 



o b j e c t  i t s e l f .  Body volume can b e  c a l c u l a t e d  by u t i l i z i n g  

t h e  method o f  h y d r o s t a t i c  weighing. This  i s  accomplished b y  

s u b t r a c t i n g  t h e  underwater weight from the dry weight ,  

t h e r e f  o r e  : 
(equat ion  1) 

weiqht i n  a i r  (MA) 
Density = l o s s  of weight i n  water  (MA - MW) 

Densi ty of t h e  Water 

Goldman and Buskirk (1961) pointed out  t h a t  a  correc-  

t i o n  f a c t o r  must be determined f o r  t h e  d e n s i t y  of  t h e  water 

, a t  t h e  t i m e  of t h e  underwater weighing. This  is  necessary 
I 
' t o  o b t a i n  t h e  exact  volume corresponding t o  t h e  mass of t h e  I 
/ water  d i sp laced  by t h e  body. 
I 

i It  was recommended by Goldman and Buskirk (1961) t h a t  

1 t h e  temperature of t h e  water approximate t h a t  of t h e  body 

1 (35-360 C )  . They a l s o  emphasize t h a t  adjustments could be  

[ made i f  t h i s  range was not  comfortable f o r  t h e  s u b j e c t s .  
t 

/ Recording t h e  water  temperature and a p p l i c a t i o n  of t h e  

/ ~ o r r e s p o n d i n g  d e n s i t y  va lue  r e s u l t  i n  t h e  fol lowing 

equat ion  : 
(equat ion  2 )  

D = MA 
M~ " MW 

where : 
w 

D= Density 

MA = Mass i n  a i r  

Mw = Mass i n  water  

DW = Density of  water 

Res idual  Volume - 
Cont r ibu t ing  t o  t h e  measured volume i s  t h e  q u a n t i t y  



of  a i r  t h a t  remains i n  lungs  a f t e r  a  maximal e x h a l a t i o n .  

Th i s  volume i s  r e f e r r e d  t o  a s  r e s i d u a l  volume (RV). 

These e x i s t s  a  number of  d i f f e r e n t  methods f o r  a s s e s s -  

i n g  RV. These i n c l u d e :  1 )  t h e  pneumatometric approach ,  

u s i n g  some form o f  whole-body plethysmograph,  2 )  t h e  c lo sed -  

c i r c u i t  approach ,  where t h e r e  is d i l u t i o n  fo l lowed by equi -  

l i b r a t i o n  o f  an  i n e r t  t r a c e r  g a s ;  and 3) t h e  o p e n - c i r c u i t  

t e chn ique ,  where n i t r o g e n  i s  "washed o u t "  o f  t h e  lungs  dur- 

i n g  a  p e r i o d  o f  oxygen b r e a t h i n g .  

The t e c h n i q u e  u t i l i z e d  i n  t h i s  s t u d y  i s  a  modi f ied  

v e r s i o n  o f  t h e  c l o s e d - c i r c u i t  oxygen d i l u t i o n  method des-  

c r i b e d  by  Wilmore (1969) .  The m o d i f i c a t i o n s  employed i n  

t h i s  s t u d y  a r e  d i s c u s s e d  i n  Chapter  111. 

With t h e  a b i l i t y  t o  de t e rmine  RV, t h e  formula becomes: 

MA ( e q u a t i o n  3) 
D = M  " - *w - R" 

Dw 

A i r  i n  G a s t r o i n t e s t i n a l  T r a c t  

The q u a n t i t y  o f  a i r  i n  t h e  g a s t r o i n t e s t i n a l  ( G . I . )  

t r a c t  a t  t h e  t i m e  of  t h e  underwater  weighing i s  t h e  f i n a l  

volume of  a i r  t h a t  must be compensated f o r  when body volume 

is c a l c u l a t e d  f o r  a d u l t s .  C i t i n g  t h e  r e s e a r c h  o f  B e d e l l ,  

M a r s h a l l ,  DeBois, and H a r r i s  (1956) ,  t h e  v a l u e  o f  100 m l .  

i s  o f t e n  used.  Although t h i s  volume is q u i t e  v a r i a b l e ,  one 

can approximate  t h i s  by having  s u b j e c t s  f a s t  f o r  twe lve  

hou r s  (Goldman and Buski rk ,  1961) .  



T h i s  v a l u e  of  100 m l s  is  v a l i d  f o r  a d u l t s  b u t  may n o t  

be a c c u r a t e  f o r  c h i l d r e n .  S i n c e  t h e  s u b j e c t s  i n  t h e  p r e s e n t  

s t u d y  w e r e  c h i l d r e n  who f a s t e d  4-6 hours  p r i o r  t o  t e s t i n g ,  

no compensation f o r  a i r  i n  t h e  G . I .  t r a c t  was made. 

S u b t r a c t i o n  o f  One L i t e r  of A i r  

The technique r e q u i r e d  t h e  a d m i n i s t r a t i o n  of  one l i t e r  

o f  a i r  t o  t h e  s u b j e c t s '  lungs .  It was t h e r e f o r e  neces sa ry  

t o  compensate f o r  t h i s  volume of a i r ,  r e s u l t i n g  i n  t h e  

f o l l o w i n g  equa t ion :  
( equa t ion  4) 

D = M  
MA 

A ' M~ 
Dw - RV - 1 L i t e r  

P r e d i c t i o n  o f  P e r c e n t  Body F a t  from Body Dens i ty  

The re  e x i s t  a  number o f  formulas  f o r  p r e d i c t i n g  per- 

c e n t  body fat from t h e  ob t a ined  body d e n s i t y  va lue .  Basic-  

a l l y ,  t h e s e  formulas  a r e  d i f f e r e n t  from a n o t h e r  a s  a r e s u l t  

of t h e  i n a b i l i t y  o f  t h e  r e s e a r c h e r s  t o  a g r e e  as t o  t h e  e x a c t  

d e n s i t y  o f  l e a n  body mass o r  a d i p o s e  t i s s u e .  The d i f f e r e n t  

v a l u e s  have  been ob ta ined  through t h e  a n a l y z a t i o n  o f  r e l a -  

t i v e l y  few a d u l t  cadavers  o r  th rough an imal  s t u d i e s .  None 

of t h e  e q u a t i o n s  have  been d e ~ i v e d  through i n v e s t i g a t i o n  of 

t h e  d e n s i t y  o f  l e a n  body mass o r  a d i p o s e  t i s s u e  i n  c h i l d r e n .  

Before  d i s c u s s i n g  t h e s e  formulas ,  i t  is n e c e s s a r y  t o  

make c l e a r  t h e  d e f i n i t i o n s  o f  s p e c i f i c  g r a v i t y  and body 

d e n s i t y .  Dens i ty  i s  de f ined  a s  mass p e r  u n i t  volume 

(D = M/v) . S p e c i f i c  g r a v i t y  i s  t h e  r a t i o  of  t h e  d e n s i t y  of  

t h e  s u b s t a n c e  to t h e  d e n s i t y  o f  w a t e r  (Keys & Brozek, 1953). 



The development of four  popular formulas is presented  below. 

Rathburn and Pace (1945) 

These r e s e a r c h e r s  s t u d i e d  t h e  f a t  con ten t  of male and 

female guinea p igs .  Using .918 and 1.10 a s  t h e  s p e c i f i c  

g r a v i t y  of  f a t  and f a t - f r e e  t i s s u e  r e s p e c t i v e l y ,  they  

der ived t h e  fol lowing formula f o r  p r e d i c t i n g  f a t  percentage  

i n  man: 
(equat ion  5) 

% F a t  = 5.548 - 5.044) X 100 
( s p e c i f i c  g r a v i t y  

Kevs and Brozek (1953) 

These i n v e s t i g a t o r s  r e f u t e d  t h e  f ind ings  of Rathburn 

and Pace (1945). The subs tance  of t h e i r  argument was based 

on t h e  d e r i v a t i o n  of t h e  s p e c i f i c  g r a v i t y  va lues  used t o  

determine t h e  above formula. Keys and Brozek (1953) f e l t  

i t  was i n a p p r o p r i a t e  t o  apply an equat ion  der ived from 

e v i s c e r a t e d  guinea p i g s  t o  a d u l t s .  They a l s o  c r i t i c i z e d  

t h e  methodology employed i n  t h e  ana lyza t ion  of t h e  p igs .  

Measuring t h e  d e n s i t y  of f a t  a t  va r ious  temperatures of  

men and women and var ious  animals,  t h e s e  r e sea rchers  r epor ted  

a d e n s i t y  va lue  .go074 f o r  human f a t  a t  a temperature of 36O 

C. From t h i s  informat ion ,  a " re fe rence  man" was developed 

wi th  an es t imated  14% f a t .  They then der ived t h e  fo l lowing 

conversion formula: 
(equat ion  69 

% F a t  = 4.201 
(may  Density - 3.813) X 100 

The concept o f  a  " re fe rence  man" was n o t  i n  agreement 



with  t h e  i n v e s t i g a t i o n s  of S i r i  (1961). He f e l t  t h a t  one 

should use  a f a t - f r e e  body i n  t h e  development of a formula. 

Values of  1.100 ( l e a n  body mass) and .900 ( f a t )  were used t o  

develop h i s  formula : 
(equation 7 )  

% F a t  = 
4.95 

( ~ o d ~  Dens i t  y 
- 4.50) X 100 

Brozek, Grande, Anderson, and Keys (1963) 

The f ina l .  formula t o  b e  considered was developed by  

Brozek e t  a l .  (1963). U t i l i z i n g  a " re fe rence  body", t h e y  

de r ived  a more a c c u r a t e  e s t ima te  of t h e  chemical compositian 

of t h e  human body-. They achieved t h i s  by d iv id ing  t h e  body 

i n t o  compartments and chemical components and analyzing 

each. A new f a t  d e n s i t y  of .915 was obta ined.  The f a t  

con ten t  of t h e  " re fe rence  body" was ca lcu la ted  t o  be 15.3%, 

r e s u l t i n g  i n  t h e  fol lowing formula: 
(equat ion  8) 

4.570 
% F a t  = (Body Density - 4.142) X 100 

These i n v e s t i g a t o r s  pointed  o u t  t h a t  t h i s  formula i s  

most v a l i d  when app l i ed  t o  those  who have not  experienced 

g r e a t  f l u c t u a t i o n s  i n  body weight.  I n  conclus ion,  Brozek 

et a l .  (1963) a l s o  stated t h a t  a s  a consequence of t h e  g r e a t  

amount of  v a r i a b i l i t y  i n  adipose  t i s s u e ,  i t  appears very 

d i f f i c u l t  t o  e s t a b l i s h  a g e n e r a l l y  v a l i d  formula. 

Despi te  t h e  disagreement among r e s e a r c h e r s ,  t h e  pe rcen t  

body f a t  va lues  obta ined from t h e s e  formulas a r e  not  

g r e a t l y  d i f f e r e n t .  I n  f a c t ,  a s tudy conducted by Wilmore and 

Behnke (1969) revealed  a c o r r e l a t i o n  of 0.995-0.999 between 

t h e  values  obta ined from t h e  d i f f e r e n t  formulas. 



C o n v e r s i o n  o f  Body D e n s i t y  t o  P e r c e n t  F a t  i n  C h i l d r e n  

I t  was p r e v i o u s l y  s t a t e d  t h a t  P a r i z k o v a  (1961) d i d  n o t  

c o n v e r t  h e r  d a t a  from body d e n s i t y  t o  p e r c e n t  f a t .  She  

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

c h i l d r e n  i s  p r o b a b l y  v e r y  s i m i l a r  t o  a d u l t s ,  no r e s e a r c h  had 

been  conduc ted  t o  v a l i d a t e  t h e  u s e  o f  t h e s e  f o r m u l a s  i n  con- 

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

An e a r l y  i n v e s t i g a t i o n  by Moulton (1923) r e p o r t e d  t h a t  

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

e a r l y  i n  c h i l d h o o d .  F r i i s - H a n s e n  (1961) s t a t e d  t h a t  i n t r a -  

c e l l u l a r  w a t e r  remains  f a i r l y  c o n s t a n t  t h r o u g h o u t  l i f e ,  

w h i l e  t h e r e  a r e  a l t e r a t i o n s  i n  e x t r a c e l l u l a r  f l u i d .  A 

s m a l l  b u t  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  i n t r a -  

c e l l u l a r  w a t e r  o f  l e a n  t i s s u e  h a s  been  d e m o n s t r a t e d  by 

Lesser, Kumar, and S t e e l e  (1963) .  N o  d i f f e r e n c e ,  however ,  

ktas o b s e r v e d  i n  t h e  r a t i o  o f  t o t a l  body w a t e r  t o  f a t - f r e e  

l e a n  mass. H e a l d ,  Hunt ,  Schwar tz ,  Cook, E l l i o t ,  and Vajda 

(1963)  and Novak (1966) contended t h a t  c h e m i c a l  m a t u r i t y  

o c c u r s  p r i o r  t o  p u b e r t y .  

The t h o r o u g h  r e v i e w  p r e s e n t e d  b y  Mal ina  (1969) con- 

c l u d e d  t h a t  d a t a  j.s l a c k i n g  i n  t h i s  a r e a  and  t h a t  d i r e c t  

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

t h e  problem.  F o r  t h i s  r e a s o n ,  b o t h  body d e n s i t y  and p e r -  

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



S t a n d a r d  E r r o r  i n  H y d r o s t a t i c  Weiqhinq 

L i m i t s  h a v e  been  p l a c e d  on t h e  s t a n d a r d  e r r o r  (S,) i n  

r e l a t i o n  t o  r e p e a t e d  measurements o f  h y d r o s t a t i c  we igh ing .  

V a l u e s  r a n g i n g  from .0004 gm/cc t o  .0026 gm/cc h a v e  been  

s u g g e s t e d  ( B u s k i r k ,  1961). A Se of .001 gm/cc w i l l  a l t e r  

t h e  p e r c e n t  f a t  v a l u e  a p p r o x i m a t e l y  .4%. 

D e t e r m i n a t i o n  o f  r e s i d u a l  volume a t  t h e  t i m e  o f  under-  

water weigh ing  o r  o u t s i d e  t h e  h y d r o s t a t i c  we igh ing  t a n k  may 

be t h e  s o u r c e  o f  a d d i t i o n a l .  e r r o r .  Some i n v e s t i g a t o r s  have  

found no d i f f e r e n c e  ( G r a i g  & Ware, 1967: P r e f a u t ,  L u p i ,  & 

A n t h o n i s e n ,  197 6) w h i l e  ~ o n d i  , Young, B e n n e t t ,  and B r a d l e y  

(1976) r e p o r t e d  a d e c r e a a e .  A r e c e n t  i n v e s t i g a t i o n  by 

G i r o n d o l a ,  W i s w e l l ,  Mohler ,  Romero, and Barnes  (1977) 

r e v e a l e d  a 6.7% i n c r e a s e  i n  r e s i d u a l  voLume when d e t e r m i n e d  

i n  t h e  water. 

Each o f  t h e s e  r e p o r t s  p r e s e n t s  some p h y s i o l o g i c a l  

j u s t i f i c a t i o n  f o r  t h e  c o n c l u s i o n s .  Those i n v e s t i g a t o r s  

e x p l a i n i n g  a n  o b s e r v e d  d e c r e a s e  i n  r e s i d u a l  volume m a i n t a i n  

t h a t  t h e  i n c r e a s e  i n  t h o r a c i c  p r e s s u r e  ( a p p r o x i m a t e l y  20 mm 

Hg) i n c r e a s e  i n t r a t h o r a c i c  b l o o d  volume, compress ing  s m a l l  

a i r w a y s  t h e r e b y  i n c r e a s i n g  t h e  volume of a i r  e x p i r e d .  

Those d e m o n s t r a t i n g  i n c r e a s e s  i n  r e s i d u a l  volume c l a i m  a n  

i n c r e a s e d  pulmonary p r e s s u r e  c a u s e s  d i f f i c u l t y  i n  compress- 

i n g  a l v e o l i  a t  low l u n g  volumes.  

As a r e s u l t  o f  t h e s e  d i s a g r e e m e n t s ,  it a p p e a r s  t h e r e  i s  

no  clear e v i d e n c e  t o  s u p p o r t  o n e  p o s i t i o n  o v e r  t h e  o t h e r ,  



therefore this study determined residual volume outside of 

the hydrostatic weighing tank. R e  subjects were seated in 

similar positions during both the residual volume determina- 

tion and the underwater weighing. 



Chapter  111 

METHODS 

S u b j e c t  S e l e c t  i o n  

A t o t a l  of 2 1  s u b j e c t s  (12 females ;  9 males) vo lun tee red  

t o  e s t a 5 l i s h  t h e  v a l i d i t y  of t h e  proposed m o d i f i c a t i o n  of  

t h e  s t a n d a r d  underwater  weighing t echn ique .  These s u b j e c t s  

ranged i n  age  from 18-24 y e a r s .  They were a 1 1  cons ide red  t o  

be i n  good p h y s i c a l  c o n d i t i o n .  

The 4 1  prepubescent  boys p a r t i c i p a t i n g  i n  t h e  re l i -  

a b i l i t y  phase  of  t h e  s t u d y  ranged i n  age  from 7-11 y e a r s .  

The boys r e s i d e d  i n  t h e  La Cros se ,  Wisconsin a r e a  and were 

cons ide red  t o  be i n  e x c e l l e n t  h e a l t h .  Due t o  t h e  n a t u r e  of  

the s t u d y ,  i t  was neces sa ry  t o  s e l e c t  i n d i v i d u a l s  who were 

comfor t ab l e  i n  a  water  environment.  For  t h i s  r ea son  44% of  

t h e s e  subjects w e r e  members of t h e  YMCA swim team. The re- 

maining 56% w e r e  v o l u n t e e r s  who s t a t e d  t h a t  t hey  were also 

comfor t ab l e  i n  a wa te r  environment.  The s u b j e c t s  and p a r e n t s  

were informed of t h e  procedures  (Appendix A )  and of  t h e  po- 

t e n t i a l  haza rds  !Appendix B). The p a r e n t s  s i g n e d  t h e  i n -  

formed consen t  form (Appendix B) . 
I n s t r u m e n t a t i o n  

R e s i d u a l  Volume - The method u t i l i z e d  t o  de t e rmine  

r e s i d u a l  volume employed m o d i f i c a t i o n  o f  t h e  procedures  

o u t l i n e d  by Wilmore (1969) .  The m o d i f i c a t i o n s  w e r e  des igned  

17 



t o  reduce t h e  t o t a l  amount of  dead space. 

Pre l iminary  t e s t i n g  during t h i s  s tudy i n d i c a t e d  t h a t  

t h e  v i t a l  capac i ty  of boys age 7-11 yea r s  ranged from 1.5 

l i t e r s  t o  3 - 5  l i t e r s .  S ince  t h e  dead space  of t h e  system 

repor ted  by Wilmore (1969) was 1.085 l i ters ,  it was evident  

t h a t  t h e  volume c l o s e l y  approximated t h e  v i t a l  capac i ty  of 

some of t h e  smal l e r  ch i ld ren .  This  caused g r e a t  d i f f i c u l t y  

i n  t h e  a t ta inment  of an equi l ibr ium,  thus  t h e  fol lowing 

modif ica t ions  wsre made. 

A s i x  l i t e r  C o l l i n s  Vitalometer  was employed t o  measure 

t h e  volume of oxygen t o  b e  used during t h e  t r i a l s .  This  

volume of oxygen was then introduced t o  a  f i v e  l i t e r  rubber 

b r e a t h i n g  bag by opening a previous ly  closed two-way s top-  

cock valve  located  a t  t h e  base  of  t h e  v i t a lomete r ,  and depress-  

ing  t h e  t i s s o t .  The oxygen passed through t h i s  va lve  i n t o  

t h e  rubber bag which had been previous ly  vacuumed f r e e  of 

a i r .  The va lve  was then s h ~ t .  These modi f i ca t ions  reduced 

t h e  dead space from 1.085 l i t e r s  t o  -04 l i ters as c a l c u l a t e d  

by geometric  e s t i ~ a t i c n .  The reduct ion  i n  t h e  dead space  

of t h e  t o t a l  system enabled a  much f a s t e r  c l ea rance  of  

n i t rogen  p r i o r  t o  the test ,  faster e q u i l i b r a t i o n ,  and in -  

creased accuracy of t h e  subsequent de terminat ions  by reduc- 

ing  t h e  t o t a l  volume of t h e  system. 

A C o l l i n s  Nitrogen Analyzer Head (model number 21232) i 
1 
I 

was placed a t  t h e  d i s t a l  end of t h e  bxeathing bag between 1 
I 

t h e  two-way b rea th ing  valve  and t h e  s u b j e c t ' s  mouthpiece 1 
I 
; 
5 

- - .- .- - - - L  - - I 



( F i g  1 ) .  T h i s  s y s t e m  p r o v i d e d  c o n t i n u o u s  a n a l y s i s  of  

i n s p i r e d  and e x p i r e d  a i r .  The r e s o l u t i o n  o f  the s v s t e m  was 

+ . l %  N2 w i t h  a r e a d o u t  a c c u r a c y  o f  +0.2% N 2 .  

H y d r o s t a t i c  Weiqhinq - The equipment  employed t o  modify the 

s t a n d a r d  h y d r o s t a t i c  we igh ing  t e c h n i q u e  was d e s i g n e d  t o  

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

t o  t h e  s u b j e c t ' s  l u n g s  p r i o r  t o  s u b m e r s i o n .  

O r i g i n a l l y ,  t h e  p roposed  m o d i f i c a t i o n  was g o i n g  t o  

a l l o w  s u b j e c t s  t o  i n s p i r e  a c o m f o r t a b l e  volume of a i r ,  sub-  

merge ( u n d e r w a t e r  w e i g h t  r e c o r d e d ) ,  and t h e n  upon s u r f a c i n g  

p e r f o r m  a  maximal e x p i r a k i o n  i n t o  a  r e s p i r o m e t e r .  T h i s ,  

when combined w i t h  r e s i d u a l  volume, would a l l o w  t h e  i n v e s t i -  

g a t o r  t o  s u b t r a c t  t h e  t o t a l  volume o f  a i r  i n  t h e  s u b j e c t s  a t  

t h e  t i m e  o f  t h e  u n d e r w a t e r  we igh ing .  T h i s  i s  t h e o r e t i c z i l l y  

p o s s i b l e  s i n c e  body d e t l s i t y  s h o u l d  n o t  be i n f l u e n c e d  by t h e  

volume o f  a i r  when t h i s  volume is measured (Welch & C r i s p ,  

1958).  Hawever, p r e l . i m i n a r y  d a t a  i n d i c a t e d  g r e a t  i n t r a -  

i n d i v i d u a l  v a r i a t i o n  between s u c c e s s i v e  t r i a l s .  

P o s s i b l e  e x p l a n a t i o n s  f o r  t h e s e  d i s c r e p a n c i e s  i n c l u d e  

t h e  f o l l o w i n g .  Behnke, Peen ,  and Welham (1942) were  t h e  

f i r s t  t o  r e c o g n i z e  t h a t  i f  a  s u b j e c t  was submerged w i t h  a 

l a r g e  volume o f  a i r ,  a c o r r e c t i o n  f o r  t h e  mean h y d r o s t a t i c  

p r e s s u r e  o n  t h e  t h o r a c i c  volume w a s  needed.  T h i s  t h e o r y  is 

s u p p o r t e d  by t h e  i n v e s t i g a t i o n s  o f  Welch and C r i s p  (1958) 

who d e m o n s t r a t e d  a s i g n i f i c a n t  d i f f e r e n c e  between body den- 

s i t y  v a l u e s  o b t a i n e d  t h r o u g h  maximal e x h a l a t i o n s  when compared 



F i g u r e  1 

M o d i f i e d  R e s i d u a l  V o l u m e  E q u i p m e n t  



t o  one h a l f  e x h a l a t i o n .  Another p l a u s i b l e  e x p l a n a t i o n  

f o r  t h e  d i f f e r e n c e s  ob t a ined  concerns t h e  p o s s i b i l i t y  o f  

i n c r e a s e d  i n t e r n a l  a i r  p r e s s u r e  a f t e r  i n s p i r a t i o n  of large 

volumes of a i r .  Th i s  g r e a t e r  p r e s s u r e  compresses t h e  

molecules  w i t h i n  t h e  lungs a t  i n c r e a s e d  l e v e l s  of i n s p i r a -  

t i o n .  Thus, du r ing  e x h a l a t i o n ,  t h e s e  molecules  w i l l  occupy 

a  l a r g e r  volume due t o  t h e  lower a tmospher ic  p r e s s u r e .  

T h i s  w i l l  r e s u i t  i n  measuring a  g r e a t e r  volume than  was 

p r e s e n t  du r ing  t h e  underwater  weighing and thus  reduce  t h e  

t o t a l  volume. Varying t h e  l e v e l s  of i n s p i r a t i o n  from t r i a l  

t o  t r i a l  may have a l t e r e d  t h e  e x t e n t  t o  which t h i s  i n f l u -  

ence  a f f e c t s  t h e  underwater  we igh t .  

The f i n a l  p o s s i b i l i t y  f o r  t h e  observed d i s c r e p a n c i e s  

concerns  t l n e  r e l a t i o n s h i p  between l e v e l  of i n s p i r a t i o n  and 

underwater  weight .  I t  i s  g e n e r a l l y  accepted  t h a t  as  t h e  

l e v e l  of i n s p i r a t i o n  i n c r e a s e s ,  t h e r e  is  a p r o p o r t i o n a l  

d e c r e a s e  i n  underwater  weight .  Th i s  i s  p a r t i a l l y  based on 

t h e  f a c t  one must i n c r e a s e  t h e  body volume, by expansion of  

t h e  t h o r a c i c  c a v i t y  as h e  i n s p i r e s  g r e a t e r  volumes of  a i r .  

However, it has n o t  been shown t h a t  t h i s  p r o p o r t i o n a l  re- 

l a t i o n s h i p  e x i s t s  a t  h i g h  Levels  of i n s p i r a t i o n .  I t  i s  

p o s s i b l e  t h a t  t o  i n s p i r e  l a r g e  q u a n t i t i e s  of  a i r ,  one must 

i n c r e a s e  h i s  t h o r a c i c  c a v i t y  (body volume) by a g r e a t e r  p ro-  

p o r t i o n  t han  a t  lower l e v e l s  of i n s p i r a t i o n .  I f  t h i s  t h e o r y  

is v a l i d ,  t e chn iques  r e q u i r i n g  h i g h  l e v e l s  of  i n s p i r a t i o n  

du r ing  t h e  underwater  weighing might  no t  b e  e n t i r e l y  a c c u r a t e .  



F u r t h e r  i n v e s t i g a t i o n  is  needed t o  i d e n t i f y  t h e  r e l a t i o n s h i p  

between t h e  l e v e l  of i n s p i r a t i o n  and change i n  body volume. 

To minimize t h e s e  p o t e n t i a l  sources  of  e r r o r ,  equipment 

was developed which would al low t h e  s u b j e c t  t o  f i r s t  perform 

a maximal e x p i r a t i o n ,  then rece ive  a smal l  known volume of 

a i r  (one l i t e r ) ,  submerge and have an underwater weight 

recorded.  The appara tus  cons i s t ed  of a t h r e e  l i t e r  rubber 

b r e a t h i n g  bag which was fas tened t o  a two-way stopcock 

valve.  One end of t h e  bag was a t t ached  by way of a hollow 

p l a s t i c  tube ,  t o  a rubber s topper  wi th  a smal l  hollow c e n t e r  

continuous wi th  t h e  tube  (Fig.  2 ) .  The f i n a l  p i e c e  of  equip- 

ment modified was a n ine  l i ter  C o l l i n s  Respirometer.  The only  

a l t e r a t i o n  cons i s t ed  o f  r e m o v i n g a l l  hosing and a t t a c h i n g  a 

two-way valve  a t  t h e  base  (Fig. 3 ) .  This  enabled i n v e s t i -  

g a t o r s  t o  in t roduce  a known volume a£  a i r  t o  t h e  b rea th ing  

bag. 

Procedures 

The 41  prepubescent boys which were s t u d i e d  t o  determine 

t h e  r e l i a b i l i t y  of t h e  modified technique v i s i t e d  t h e  labora-  

t o r y  on t h r e e  o r  four  occasions.  The f i r s t  v i s i t  was designed 

t o  o r i e n t a t e  t h e  s u b j e c t  t o  t h e  r e s i d u a l  volume and modified 

h y d r o s t a t i c  weighing procedures. On t h e  day t h e  s u b j e c t  

demonstrated consis tency i n  bo th  procedures,  u s u a l l y  t h e  

second of t h i r d  v i s i t ,  h e  was asked t o  r e t u r n  once again .  

The d a t a  c o l l e c t e d  dur ing t h e  l a s t  two v i s i t s  was used i n  the 

s t a t i s t i c a l  a n a l y s i s .  



Figure 2 

Equipment Employed to Administer One 

Liter of Air to Subject's Lungs 





V a l i d i t y  was e s t a b l i s h e d  by h y d r o s t a t i c  weighing 2 1  

s u b j e c t s  who performed bo th  t h e  s t a n d a r d  procedures  and t h e  

proposed mod i f i ca t ions .  Upon v i s i t i n g  t h e  Laboratory,  

r e s i d u a l  volume was determined f i r s t .  Th i s  was fol lowed 

by t h e  s t a n d a r d  h y d r o s t a t i c  weighing. When 3 "true" under- 

w a t e r  weight  was ob ta ined ,  t h e  s u b j e c t s  were g i v e n  a s h o r t  

rest and asked t o  perform t h e  modif ied h y d r o s t a t i c  weighing 

procedures .  

S tandard  H y d r o s t a t i c  Weighinq Procedure 

On t h e  day of  t e s t i n g ,  t h e  s u b j e c t s  r epo r t ed  t o  t h e  

Human Performance Labora tory  a t  t h e  U n i v e r s i t y  o f  Wisconsin- 

La Crosse.  They had been p rev ious ly  i n s t r u c t e d  no t  t o  e a t  

f o r  12  hours  t o  ach ieve  t h e  pos t - abso rba t ive  s t a t e .  

A d r y  weight  was ob ta ined  on a Health-0-Meter s c a l e  

( C o n t i n e n t a l  S c a l e  Corpora t ion)  and measured t o  t h e  n e a r e s t  

.25 Ib. wi th  t h e  s u b j e c t s  c l o t h e d  i n  t h e k  swimming a t t i r e .  

They were t hen  i n s t r u c t e d  t o  take a warm shower and wash 

w i t h  a n e u t r a l  soap ,  t h u s  removing any excess  d e b r i s  o r  

o i l .  They were o u t f i t t e d  w i t h  a weighted b e l t  (10 Lbs.) 

and n o s e c l i p  and then  asked t o  descend i n t o  t h e  4'x4'x4' 

h y d r o s t a t i c  tank .  A f t e r  manually removing a i r  bubbles  

trapped w i t h i n  the swimming a t t i r e ,  t h e  s u b j e c t s  were 

s e a t e d  on a l igh t -weight  po lye the lyne  c h a i r .  The c h a i r  was 

suspended from a 15 kg cadaver  scale ( C h a t i l l i o n  and Sons,  

New York, N.Y.) ,  which was graduated  i n  increments  o f  2 5  

grams and f a s t e n e d  t o  the c e i l i n g .  The s u b j e c t s  t hen  



performed t h e  fo l l owing  procedures .  

F i r s t  t hey  i n s p i r e d  deeply  fol lowed by a  long ,  s low 

maximal e x p i r a t i o n ,  A t  t h e  end of  t h i s  e x p i r a t i o n ,  t h e  

s u b j e c t s  b e n t  a t  t h e  w a i s t  and completely submerged. 

E x p e l l i n g  any a i r  t h a t  was l e f t  i n  t h e  mouth o r  lungs  w h i l e  

underwater  s i g n a l l e d  t h e  t e c h n i c i a n  t h a t  an underwater  weight  

cou ld  be r eco rded .  Th i s  was done t o  t h e  n e a r e s t  ~ 2 5  grams. 

Tapping t h e  s u b j e c t s  l i g h t l y  on t h e  s h o u l d e r  informed 

them t h a t  t hey  cou ld  s u r f a c e .  These procedures  were per -  

formed about  8 times o r  u n t i l  a  c o n s i s t e n t  r e a d i n g  was ob- 

t a i n e d  (Katch,  1968) .  Although Katch used an ave rage  of t h e  

l a s t  t h r e e  t r i a l s  t o  o b t a i n  t h e  " t r u e "  underwater  we igh t ,  

t h i s  c r i t e r i o n  was n o t  u t i l i z e d  i n  the  p r e s e n t  s t u d y  be- 

cause  o f  t h e  e a r l y  f a t i g u e  demonstrated by t h e  s u b j e c t s .  

The young s u b j e c t s  a l s o  d i d  n o t  demons t r a t e  t h e  h igh  deg ree  

of i n t r a - i n d i v i d u a l  c o n s i s t e n c y  a s  t h o s e  t e s t e d  by Katch. 

A s  a n  a l t e r n a t i v e ,  Katch (1968) mentioned t h a t  t h e  h e a v i e s t  

weight  t h a t  i s  r epea t ed  cou ld  r e p r e s e n t  t h e  " t r u e "  underwater  

weight  also. T h i s  c r i t e r i o n  was fol lowed i n  the p r e s e n t  

s t u d y  for b o t h  t h e  s t a n d a r d  and modi f ied  h y d r o s t a t i c  weigh- 

i n g  p rocedures .  

Modif ied H y d r o s t a t i c  Weiqhinq Procedure  

The s u b j e c t s  fol lowed t h e  same procedures  d e s c r i b e d  

above u n t i l  t h e y  e n t e r e d  t h e  t ank .  It was a f t e r  t h e  sub- 

jects were s e a t e d  and n o s e c l i p  s ecu red  t h a t  t h e  f a l l owing  

m o d i f i c a t i o n s  were i n s t i t u t e d .  



To a c c u r a t e l y  adminis ter  one l i t e r  of a i r  t o  t h e  

s u b j e c t s ,  t h e  t echn ic ian  u t i l i z e d  t h e  equipment p rev ious ly  

descr ibed.  F i r s t ,  t h e  rubber s topper  was i n s e r t e d  t i g h t l y  

i n t o  t h e  two-way valve  a t  t h e  base  of t h e  respi rometer .  

This  va lve  was opened t o  t h e  respi rometer ,  hence closed t o  

t h e  s topper  and rubber bag. O n  t h e  d i s t a l  end of t h e  rubber 

b r e a t h i n g  bag,  t h e  two-way stopcock valve  was opened t o  t h e  

bag. This  enabled t h e  t echn ic ian  t o  manually vacuum t h e  a i r  

o u t  of t h e  bag. Turning t h e  stopcock valve  c losed t h e  system. 

The respi rometer  was then s e t  f o r  t h e  adruin is t ra t ion  of one 

l i t e r  of a i r  i n t o  t h e  bag. This was accomplished by s e t t i n g  

t h e  recording pen a t  a predetermined p a i n t ,  opening t h e  

two-way valve  a t  t h e  base  of t h e  respi rometer  and depress ing 

t h e  oxygen b e l l  manually. This  forced t h e  a i r  from r e s p i r o -  

meter i n t o  t h e  rubber bag. A clamp was then secured a t  t h e  

neck of t h e  bag, between t h e  s topper  and i n f l a t e d  p o r t i o n  of 

the bag, thus  s e a l i n g  t h e  system. 

A mouthpiece was a t t ached  t o  t h e  stopcock valve  and 

g iven t o  t h e  s u b j e c t s .  With t h a  mouthpiece properLy pos i -  

t ioned  i n  t h e i r  mouth, t h e  s u b j e c t s  were i n s t r u c t e d  t o  per- 

form a maximal exha la t ion .  A t  t h e  end of t h i s  maneuver, they 

r a i s e d  Lheir hand and t h e  valve  was t u r n e d ,  al lowing i n s p i r a -  

t i o n  of  t h e  one l i t e r  of  a i r .  The s u b j e c t s  were then in -  

s t r u c t e d  t o  bend a t  t h e  w a i s t  and submerge. A s  they  sub- 

merged t h e  stopcock valve  wi th  t h e  a t t ached  rubber bag were 

removed from t h e  mouthpiece and t h e  underwater weighing 



appara tus .  The underwater weight was t h e r e f o r e  recorded with 

t h e  moutkpiece i n  p o s i t i o n  and one l i t e r  of a i r  i n  excess of 

r e s i d u a l  volume, i n  t h e  s u b j e c t s '  lungs. 

Residual  Volume Procedures 

A s  s t a t e d  e a r l i e r ,  t h e  method adopted f o r  r e s i d u a l  

volume assessment i n  t h i s  s tudy u t i l i z e d  a  modified closed- 

c i r c u i t  oxygen d i l u t i o n  technique (Wilmore, 1969). 

P r i o r  t o  t h e  s t a r t  of each t r i a l ,  t h e  respi rometer  was 

f lushed wi th  pure  oxygen and f i l l e d  t o  a  predetermined l e v e l .  

The stopcock valve  was c losed a s  was t h e  b rea th ing  v a l v e  a s  

t h e  5 l i t e r  rubber b rea th ing  bag was mechanically vacuumed of 

a l l  a i r .  The stopcock valve  was then opened t o  t h e  r e s p i r o -  

meter .  When t h e  t i s s o t  was depressed,  t h e  pure  oxygen flowed 

through t h e  va lve  i n t o  t h e  b rea th ing  bag. Closing t h e  valve  

s e a l e d  t h e  oxygen i n  t h e  bag. 

The s u b j e c t s  were asked t o  b e  sea ted  i n  a  p o s i t i o n  

which c l o s e l y  approximated the one a d o p t e d  dur ing the under- 

water weighing. Af te r  a n o s e c l i p  and mouthpiece were posh- 

t ioned ,  t h e  s u b j e c t s  were i n s t r u c t e d  t o  perform t h e  fol lowing 

maneuvers t o  t h e  b e s t  of t h e i r  a b i l i t y .  

They were asked t o  i n h a l e  deeply followed by a  maximal 

e x p i r a t i o n .  A t  t h e  end of t h i s  e x p i r a t i o n ,  t h e  i n i t i a l  

a l v e o l a r  n i t rogen  concen t ra t ion  (AN2) was recorded.  The 

b r e a t h i n g  valve  was c losed ,  thus  connecting t h e  s u b j e c t s  t o  

t h e  b r e a t h i n g  bag and al lowing them t o  i n s p i r e  t h e  oxygen. 

The concentra t ion  of n i t r a g e n  i n  t h e  oxygen was recorded a t  



t h i s  t i m e  ( IN2) .  Th i s  r e f l e c t e d  t h e  impur i t y  of  t h e  oxygen. 

The s u b j e c t s  were t hen  i n s t r u c t e d  t o  b r e a t h e  f a i r l y  

deep ly ,  approximate ly  2/3 v i t a l  c a p a c i t y ,  and r a p i d l y ,  one 

r e s p i r a t i o n  approximately every  3 seconds .  A s  a  consequence 

of  t h i s  r e b r e a t h i n g ,  a  n i t r o g e n  e q u i l i b r i u m  was reached be- 

tween t h e  bag  and t h e  l ungs ,  S i n c e  a  s i n g l e  va lue  was n o t  

o b t a i n e d ,  t h e  mid-point between t h e  e q u i l i b r i u m  range  was 

recorded  (EN2). 

Another i n s p i r a t i o n  fol lowed by a  maximal e x p i r a t i o n  was 

t h e n  performed.  The f i n a l  r e a d i n g  was recorded  a t  t h e  end 

o f  t h i s  e x p i r a t i o n  (FN2). 

A f t e r  two minutes  of normal r e s p i r a t i o n ,  t h e  e n t i r e  

p rocedure  was r epea t ed .  I f  a  d i f f e r e n c e  g r e a t e r  t han  50 

m l s  was observed between t h e  t r i a l s ,  a  t h i r d  t r i a l  was pe r -  

formed. The mean o f  t h e  lowes t  2 t r i a l s  was used. 

The formula f o r  c a l c u l a t i n g  r e s i d u a l  volume i s  p re -  

s e n t e d  below: 
( e q u a t i o n  9) 

RV = 
V02 (EN2 - IN21 - D.S. 

(AN2 - YN2)  

R.V. = Res idua l  Volume 

V02 = I n i t i a l  volume i n  system 

EN2 = Percen t  n i t r o g e n  a t  e q u i l i b r i u m  

IN2 = Impur i t y  o f  oxygen 

ANZ = P e r c e n t  n i t r o g e n  i n i t i a l l y  i n  a l v e o l a r  a i r  

FN2 = Percen t  n i t r o g e n  i n  a l v e o l a r  a i r  a t  end o f  t es t  

D.S. = Dead s p a c e  o f  mouthpiece,  s e n s i n g  element  and  

s m a l l  p o r t i o n  of b r e a t h i n g  v a l v e  



S t a t i s t i c a l  Treatment  

The Pearson Product  Moment C o r r e l a t i o n  and c o r r e l a t e d  

t t e s t  were t h e  s t a t i s t i c a l .  t o o l s  u t i l i z e d  t o  de te rmine  t h e  - 
r e l i a b i l i t y  and v a l i d i t y  o f  t h e  proposed mod i f i ca t ion  of t h e  

s t a n d a r d  h y d r o s t a t i c  weighing technique .  Means and s t a n d a r d  

d e v i a t i o n s  were a l s o  provided ,  



C h a p t e r  I V  

RESULTS AND D I S C U S S I O N  

The  p u r p o s e  o f  t h i s  s t u d y  was t o  d e v e l o p  n t e c h n i q u e  

f o r  d e t e r m i n i n g  body d e n s i t y  i n  p r e p u b e s c e n t  males age 7 -11  

y e a r s .  B o t h  v a l i d i t y  and r e l i a b i l i t y  tes ts  were a p p l i e d  t:o 

a s s e s s  t h e  a c c u r a c y  o f  t h i s  t e c h n i q u e .  

S u b j e c t s  

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

were r e s i d e n t s  o f  t h e  La C r o s s e  Coun ty  area .  The 4 1  s u b -  

jects s t u d i e d  t o  d e t e r m i n e  r e l i a b i l i t y  w e r e  m a l e s  b e t w e e n  

t h e  a g e s  o f  7-11 y e a r s  (x age 9 . 3  y e a r s ) .  A t o t a l  o f  2 1  

s u b j e c t s  (male N = 9 :  f e m a l e  N=12) b e t w e e n  t h e  a g e s  o f  18-24 

y e a r s  (x a g e  20.7 y e a r s )  were c h o s e n  t o  d e t e r m i n e  t h e  v a l -  

i d i t y  o f  t h e  t e c h n i q u e .  

V a l i d i t v  o f  t h e  M o d i f i e d  T e c h n i a u e  

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

h y d r o s t a t i c  w e i g h i n g  o f  2 1  s u b j e c t s .  T h e s e  s u b j e c t s  p e r -  

formed b o t h  t h e  s t a n d a r d  h y d r o s t a t i c  w e i g h i n g  p r o c e d u r e s  

as d e s c r i b e d  b y  Goldman and B u s k i r k  (1961)  a n d  t h e  m o d i f i e d  

' p r o c e d u r e s  p r e s e n t e d  i n  t h i s  s t u d y .  A c o r r e l a t e d  t t es t  
i 
/ was u s e d  t o  d e t e r m i n e  i f  t h e r e  w a s  a s i g n i f i c a n t  d i f f e r e n c e  
I 

b e t w e e n  body  d e n s i t y  v a l u e s  o b t a i n e d  b y  t h e  two d i f f e r e n t  I t e c h n i q u e s .  The  P e a r s o n  P r o d u c t  Moment c o r r e l a t i o n  w a s  a l s o  

I employed t o  d e t e r m i n e  t h e  c o r r e l a t i o n  b e t w e e n  d i f f e r e n t  



v a r i a b l e s .  

The mean body d e n s i t y  f o r  t h e  males was 1.073 gm/cc 

and females  1.044 gm/cc (Table 1). The combined s c o r e s  f o r  

males and females  demonst ra te  a body der l s i ty  v a l u e  of  1.056 

gm/cc and 1.057 gm/cc f o r  t r i a l s  1 and 11 r e s p e c t i v e l y .  

T h i s  r e s u l t e d  i n  a d i f f e r e n c e  of .001 gm/cc. Table  I1 r e -  

f l e c t s  t h e  c o r r e l a t i o n s  observed between t h e  d i f f e r e n t  

v a r i a b l e s .  It shou ld  b e  noted t h a t  a c o r r e l a t i o n  of  1 - 0 0  

was found between t h e  body d e n s i t y  v a l u e s  ob ta ined  from t h e  

two d i f f e r e n t  t echn iques .  A c o r r e l a t e d  t e s t  r e v e a l e d  a 

t v a l u e  of .246. A t  20 degrees  of  freedom, a t v a l u e  must - 
exceed 2.086 t o  b e  s i g n i f i c a n t  a t  t h e  .05 l e v e l .  The re fo re  

t h i s  i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  d e n s i t y  

va lues  ob ta ined  by t h e  two methods. 

The p e r c e n t  body d e n s i t y  va lues  nbta ined  foq t h i s  

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

o t h e r  i n v e s t i g a t o r s .  Durnin and Womersley (1974) found a 

mean d e n s i t y  o f  1.04C gm/cc i n  2 9  females  and 1.066 i n  24 

males .  Katch and McArdle (1973) reviewed t h e  r e s u l t s  of  

f o u r t e e n  s t u d i e s  r e p o r t i n g  on t h e  body composi t ion o f  males 

and females .  The mean body d e n s i t y  v a l u e s  r e p o r t e d  f o r  

males  ranged from 1.064 gm/cc t o  1.075 gm/cc. Those re- 

p o r t e d  f o r  females  ranged from 1.032 gm/cc t o  1.049 gm/cc. 

These va lues  a r e  c o n s i s t e n t  w i t h  t h e  d e n s i t i e s  of 1.044 

gm/cc f o r  females  and 1.073 gm/cc f o r  males r e p o r t e d  i n  t h e  

p r e s e n t  s t u d y .  



The d i f f e r e n c e  o f  .001 gm/cc observed  between t h e  two 

t r i a l s  is w e l l  w i t h i n  t h e  range  of  a c c e p t a b i l i t y ,  Values  

r ang ing  from .0004 gm/cc t o  .0026 gm/cc have been sugges ted  

by Buski rk  (1961) .  

A s  s t a t e d  e a r l i e r ,  t h e r e  was a  h i g h  c o r r e l a t i o n  (1.00)  

observed  between t h e  body d e n s i t y  v a l u e s  ob t a ined  by t h e  two 

d i f f e r e n t  t e chn iques .  A number o f  f a c t o r s  have probably  con- 

t r i b u t e d  t o  t h i s  o b s e r v a t i o n .  F i r s t ,  t h e  p o t e n t i a l  i n f l u e n c e  

of  h y d r o s t a t i c  f o r c e s  on body d e n s i t y  measurements which has  

been p r e v i o u s l y  d i s c u s s e d .  I t  was s t a t e d  t h a t  t h e s e  i n f l u -  

ences  may b e  mani fes ted  when l a r g e  volumes of  a i r  a r e  a l lowed 

t o  be p r e s e n t  i n  t h e  s u b j e c t ' s  lungs  a s  t h e  underwater  

weight  i s  recorded .  The h y d r o s t a t i c  i n f l u e n c e  may a l s o  

occur when va ry ing  volumes of  a i r  from t r i a l .  t o  t r i a l  a r e  

a l lowed t o  be p r e s e n t  i n  t h e  s u b j e c t ' s  l ungs ,  and subse-  

q u e n t  measurement o f  t h i s  volume is  made. I t  i s  b e l i e v e d  

t h a t  the development of  t h e  modif ied h y d r o s t a t i c  weighing 

t e c h n i q u e  o u t l i n e d  i n  t h i s  s t u d y  h a s  minimized the i n f l u e n c e  

of h y d r o s t a t i c  f o r c e s  as evidenced by t h e  h i g h  c o r r e l a t i o n  

n o t e d  between t h e  modif ied and s t a n d a r d  t echn iques .  

Another  p l a u s i b l e  e x p l a n a t i o n  f o r  t h i s  h i g h  c o r r e l a t i o n  

i s  based  on t h e  f a c t  t h a t  many measurement e r r o r s  had been 

e l i m i n a t e d .  Buski rk  (1961) p r e s e n t e d  a  number o f  v a r i a b l e s  

that shou ld  b e  c o n t r o l l e d  when a s s e s s i n g  body compos i t ion  

th rough dens i tome t ry .  H e  emphasized t h a t  r e p e a t  measure- 

[ ments  may be i n c o n s i s t e n t  w i t h  p rev ious  d a t a  i f  d e n s i t y  of  
i 

e s 



T a b l e  1 

Means and  S t a n d a r d  D e v i a t i o n s  f o r  Age 

and Physical C h a r a c t e r i s t i c s  of 2 1  

College-Age Students 
- 

- 
V a r i a b l e  X S .  D. 

- - - - - p- -- - -- - 

Age ( y r s )  20.7 1 .4  

w e i g h t  (kg)  67.9 11.8 

H e i g h t  (cm) 171.2 8.8 

Residual.  Volume ( L t r s )  .97 1 .I81 

 ens i t y  Males (gm/cc ) 1.073 .011 

D e n s i t y  Females  (gm/cc) 1.044 .007 

~ e n s i t y  T o t a l  t r i a l  #1 1.056 

D e n s i t y  T o t a l  t r i a l  #2 1.057 



Table 2 

C o r r e l a t i o n s  for  V a r i a b l e s  Measured 

i n  2 1  Col lege  Age S t u d e n t s  

Age Ht. W t .  RV Dens i ty  1 Dens i ty  2 

Age ( y r s )  

Height ( cm) 

Weight (kg) -25 -8 I** 

Residual  Volume ( L t r s )  .17 -54" - 3 5  

~ e n s i t y  t r i a l  1 . 04 .57** .45* - 2 1  

~ e n s i t y  t r i a l  2 -03 -57"" -47" .22 1. OO** 

* C o r r e l a t i o n s  above . 433  a r e  s i g n i f i c a n t  a t  t h e  .05 l e v e l  of p r o b a b i l i t y  

** C o r r e l a t i o n s  above .549 a r e  s i g n i f i c a n t  a t  the . O 1  l e v e l  of p r o b a b i l i t y  



t h e  w a t e r ,  r e s i d u a l  volume, a i r  i n  g a s t r o i n t e s t i n a l  t r a c t ,  

a i r  bubb le s  on s k i n  s u r f a c e  were n o t  e f f e c t i v e l y  c o n t r o l l e d .  

The procedures  fo l lowed i n  t h i s  s t u d y  e l i m i n a t e d  many o f  

t h e s e  i n f l u e n c e s .  By having  t h e  s u b j e c t s  perform t h e  s t and -  

a r d  p rocedures ,  rest, and then  perform t h e  modif ied proced- 

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

e r r o r .  

Tab le  2 demons t ra tes  t h e  c o r r e l a t i o n s  observed d u r i n g  

t h e  t e s t i n g  o f  t h e  2 1  co l lege-age  s u b j e c t s .  I t  was observed  

t h a t  t h e r e  was n o t  a  h i g h  c o r r e l a t i o n  between r e s i d u a l  volume 

and h e i g h t  (r=.54). Using t h e  e q u a t i o n  developed by Po lga r  

and Promadhat (1971)  t o  p r e d i c t  r e s i d u a l  volume i n  t h e  

p r e s e n t  s t u d y ,  a v a l u e  o f  1.04 l i ters  was ob t a ined .  T h i s  is  

o n l y  69 m l  more t han  was a c t u a l l y  ob t a ined .  T h i s  e q u a t i o n  

was d e r i v e d  from a l a r g e  popu la t i on  u s i n g  height.  as t h e  

independent  v a r i a b l e .  The a b i l i t y  o f  t h e  equa t ion  t o  accur -  

a t e l y  p r e d i c t  r e s i d u a l  volume i n  t h e  p r e s e n t  s t u d y ,  when i n  

f a c t  o n l y  a  - 5 4  c o r r e l a t i o n  was observed  between h e i g h t  and 

r e s i d u a l  volume, i s  u n c l e a r .  P o s s i b l e  sample b i a s  o r  method- 

o logy  d i f f e r e n c e  cou ld  account  f o r  t h i s  phenomenon. 

A h i g h  c o r r e l a t i o n  (r=.81)  was ob t a ined  between 

h e i g h t  and weight .  S i n c l a i r  (1969) has  demonstrated t h a t  

because  o f  t h i s  h i g h  c o r r e l - a t i o n ,  p r e d i c t i o n  t a b l e s  can 

o f t e n  be c o n s t r u c t e d .  

The re  were a l s o  s i g n i f i c a n t  i n t e r c o r r e l a t i o n s  among t h e  

v a r i a b l e s  h e i g h t ,  we igh t ,  and d e n s i t y .  Th i s  was n o t  



u n e x p e c t e d  s i n c e  h e i g h t  and weigh t  a r e  i m p o r t a n t  v a r i a b l e s  

i n  d e f i n i n g  l e a n  body mass.  Keys and Brozek (1953) have  

n o t e d  t h e  c o n s i s t e n t  r e l a t i o n s h i p  between l e a n  body mass and 

d e n s i t y .  

R e l i a b i l i t y  of t h e  Modi f ied  Technique  

R e l i a b i l i t y  was de te rmined  by a  t e s t - r e t e s t  of 4 1  p r e -  

p u b e s c e n t  m a l e s ,  Body d e n s i t y  was d e t e r m i n e d  by f o l l o w i n g  

t h e  m o d i f i e d  h y d r o s t a t i c  we igh ing  p r o c e d u r e s .  The subjects 

were t h e n  r e t e s t e d  w i t h i n  one  week of t h e  i n i t i a l .  a s s e s s m e n t  

A c o r r e l a t e d  t t es t  was employed t o  d e t e r m i n e  t h e  d i f f e r e n c e  

be tween  t h e  d e n s i t y  v a l u e s  o b t a i n e d .  C o r r e l a t i o n s  between 

o t h e r  v a r i a b l e s  were de te rmined  by t h e  P e a r s o n  P r o d u c t  

Moment c o r r e l a t i o n  fo rmula .  

The means for a g e  and p h y s i c a l  c h a r a c t e r i s t i c s  a r e  

p r e s e n t e d  i n  T a b l e  3 .  A l s o  shown a r e  t h e  mean body d e n s i t y  

v a l u e s  o b t a i n e d  from t h e  two t r ia l s .  I t  s h o u l d  be empha- 

sized t h a t  t h e  mean body d e n s i t y  f o r  b o t h  t r i a l s  w a s  1 .053  

gm/cc and t h a t  t h 2  c o r r e l a t i o n  between b o t h  t r i a l s  was . 99 .  

A 2 test r e v e a l e d  a  t v a l u e  o f  -.267. A t  40 d e g r e e s  o f  

f reedom,  a v a l u e  g r e a t e r  t h a n  2 . 0 2 1  i s  s i g n i f i c a n t  a t  t h e  

.05 l e v e l .  T h e r e f o r e  t h i s  d e m o n s t r a t e s  no s i g n i f i c a n t  d i f -  

f e r e n c e  i n  body d e n s i t y  v a l u e s  between t h e  two t r i a l s .  

The r a t i o n a l e  f o r  n o t  c o n v e r t i n g  body d e n s i t y  t o  p e r c e n t  

fat is  b a s e d  on  t h e  l a c k  o f  e v i d e n c e  d e m o n s t r a t i n g  t h e  

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

t o  p e r c e n t  f a t  i n  c h i l d r e n .  F o r  t h i s  r e a s o n ,  body d e n s i t y  







va lues  have been r e c a l c u l a t e d ,  u t i l i z i n g  t h e  appropr ia t e  

equa t ion ,  f o r  t h o s e  s t u d i e s  which have repor ted  pe rcen t  f a t .  

I 

I There have been r e l - a t i v e l y  few a t tempts  t o  a s s e s s  body 

composition i n  c h i l d r e n  through h y d r o s t a t i c  weighing. The 

body d e n s i t y  va lues  obtained i n  t h i s  s tudy a r e  c o n s i s t e n t  

wi th  t h e s e  r e p o r t s .  

I n  1975 Cureton e t  a l .  r epor ted  a mean body d e n s i t y  

va lue  of 1.053 gm/cc f o r  49 prepubescent males (x age 9.5 

y e a r s ) .  A r e t e s t  demonstrated a r e l i a b i l i t y  c o r r e l a t i o n  

c o e f f i c i e n t  of .83. These re sea rchers  recorded t h e  under- 

water  weight a t  t h e  end of maximal e x p i r a t i o n .  Residual  

lung volume was determined a t  t h e  time of  t h e  underwater 

weighing us ing a closed-system, n i t rogen  d i l u t i o n  procedure. 

The p r e s e n t  s tudy  obta ined t h e  same mean body d e n s i t y  va lue  

of 1.053 gm/cc. These r e s u l t s  a r e  p l a u s i b l e  i f  one observes 

t h e  samples obta ined from each s tudy.  Cureton e t  a l .  (1975) 

s e l e c t e d  t h e i r  popula t ion  from a s p o r t s  f i t n e s s  program. 

For ty - th ree  pe rcen t  of t h e  s u b j e c t s  i n  t h e  p resen t  s tudy  were 

members of t h e  YMCA s w i m  team. The mean h e i g h t  (141.6 cm)  

and weight (34.9 kg) of  Cure ton 's  s u b j e c t s  a r e  comparable t o  

t h e  va lues  of 139.5 cm and 33.7 kg obtained i n  t h i s  r e p o r t .  

The l a r g e  discrepancy noted i n  t h e  r e t e s t  c o r r e l a t i o n s  

may b e  t h e  r e s u l t  of a number of f a c t o r s .  F i r s t ,  Cureton e t  

a l .  (1975) recognized t h e i r  low c o r r e l a t i o n  and a t t r i b u t e d  

I it t o  t h e  t e c h n i c a l  d i f f i c u l t i e s  encountered a s  r e s i d u a l  

volume was obtained a t  t h e  t ime of t h e  underwater weighing. 



However, i t  i s  d o u b t f u l  i f  t h e  e n t i r e  d i f f e r e n c e  was due t o  

t h a t  problem. Comparing t h e  r e s e a r c h  d e s i g n ,  one no t e s  t h a t  

Cureton e t  a l .  (1975) had t h e i r  s u b j e c t s  v i s i t  t h e  Labora- 

t o r y  on two occas ions .  The p r e s e n t  s t u d y  r e q u i r e d  t h r e e  t o  

f o u r  v i s i t s .  Other  reasons  f o r  t h e  h igh  c o r r e l a t i o n  i n  t h i s  

r e p o r t  i n c l u d e  comfort  o f  t h e  s u b j e c t s  i n  a  water  envi ron-  

ment,  a l l  were i n  a pos t - abso rba t ive  s t a t e  fo l lowing  a 3-6 

hour  f a s t ,  g r e a t e r  time t o  read  underwater  weight  due t o  

s u b j e c t  comfort  w i t h  one l i t e r  of a i r ,  and a c o n s t a n t  r e -  

s i d u a l  volume used i n  t h e  c a l c u l a t i o n .  

The on ly  o t h e r  publ i shed  s tudy  which a t tempted  t o  hydro- 

s t a t i c a l l y  weigh c h i l d r e n  was conducted by Par izkova  (1961) .  

I t  mus t  b e  emphasized t h a t  t h e  a u t h o r  d i d  no t  p r e s e n t  means 

o r  s t a n d a r d  d e v i a t i o n s  f o r  t h e  d a t a ,  t h u s  making it  d i f f i -  

c u l t  t o  g e n e r a l i z e  a s  t o  body composi t ion of t h e  sample.  

However, Lohman e t  a l .  (1975) have suppor ted  P a r i z k o v a ' s  

f i n d i n g s  by u t i l i z i n g  the nomogram developed by Par izkova  

f o r  t h e i r  own s u b j e c t s .  They found a mean p e r c e n t  f a t  of 

20.2 u t i l i z i n g  t h e  4 0 ~  t echnique  and a comparable 19.5% f a t  

u t i l i z i n g  P a r i z k o v a ' s  (1961) nomogram. I t  is  recognized  that;  
1 

i it is n o t  e n t i r e l y  a c c u r a t e  t o  compare 4 0 ~  t o  h y d r o s t a t i c  

1 weighing (Cureton et a l . ,  1975) ,  b u t  i t  i s  done h e r e  t o  

f a c i l i t a t e  comparison of d i f f e r e n t  s t u d i e s .  
t 

I An unpubl ished i n v e s t i g a t i o n  by  Zava l a tn  (1976) a l s o  

/ u t i l i z e d  t h e  s t a n d a r d  h y d r o s t a t i c  weighing procedu;es t o  

1 de te rmine  body d e n s i t y  i n  males .  The mean body d e n s i t y  va lue  
h 



o f  t h e  s u b j e c t s  age  9 ,  10, and 11 y e a r s  was r e p o r t e d  t o  b e  

1.073 gm/cc, 1 .068 gm/cc and 1.061 gm/cc r e s p e c t i v e l y .  

These v a l u e s  a r e  much h i g h e r  t han  o b t a i n e d  i n  t h e  p r e s e n t  

r e p o r t .  P o s s i b l e  e x p l a n a t i o n  f o r  t h i s  d i s c r epancy  could  b e  

sampling e r r o r ,  methodology d i f f e r e n c e s ,  and socio-economic 

s t a t u s .  

Two o t h e r  s t u d i e s  which have a s s e s s e d  t h e  body compo- 

s i t i o n  o f  c h i l d r e n  were conducted by S l a u g h t e r  and Lohman 

(1977) and Forbes  (1972) . Both u t i l i z e d  t h e  4 0 ~  t echn ique  

t o  de t e rmine  p e r c e n t  f a t  i n  t h e i r  s u b j e c t s .  For  t h i s  

r e a s o n ,  it was neces sa ry  t o  conve r t  t h e  1.053 gm/cc d e n s i t y  

v a l u e  o b t a i n e d  i n  t h e  p r e s e n t  r e p o r t  t o  19.9% f a t  u t i l i z i n g  

t h e  e q u a t i o n  developed by Brozek e t  a l .  (1963) .  

The s u b j e c t s  s t u d i e d  i n  t h e  r e s e a r c h  conducted by  

S l a u g h t e r  and Lohman (1977) were o f  t h e  s i m i l a r  age  and 

p h y s i c a l  c h a r a c t e r i s t i c s  as t h e  s u b j e c t s  i n  t h i s  s t udy .  

T h e i r  mean a g e ,  h e i g h t  and weight  were 10.0 y e a r s ,  141.8 c m ,  

and 35.2 kg, r e s p e c t i v e l y .  The p e r c e n t  f a t  ob t a ined  had a  

mean value of  22.077, which i s  comparable t o  t h e  19.9% found 

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

?, t o t a l  of 134 males between t h e  ages  o f  7-11 y e a r s  

were found t o  have  a mean p e r c e n t  f a t  o f  18.4% hy Forbes 

(1972) u t i l i z i n g  t h e  *OK t echnique .  

T a b l e  4  r e v e a l s  t h e  c o r r e l a t i o n s  among t h e  o t h e r  var-  

i a b l e s  measured du r ing  t h e  r e l i a b i l i t y  assessment .  P re sen t ed  

below i s  a  b r i e f  d i s c u s s i o n  of  some o f  t h e s e  c o r r e l a t i o n s -  



X t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e r e  was on ly  a . 3 8  

c o r r e l a t i o n  between h e i g h t  and r e s i d u a l  volume. Po lga r  and 

Promadhat (197 1) have  developed an equa t ion  (KV = -919.2 123 

+ 11.4193 X H t C m )  based on t h e  r e l a t i o n s h i p  between h e i g h t  

and weight  f o r  i n d i v i d u a l s  between t h e  ages  o f  4-19 y e a r s .  

U t i l i z i n g  t h e i r  equa t ion  t o  p r e d i c t  RV i n  our  s u b j e c t s ,  a  

mean v a l u e  of 673.8 m l  was ob t a ined .  T h i s  i s  214.8 m l  more 

t h a n  was observed by a c t u a l  measurement. T h i s  would b e  

r e f l e c t e d  a s  approximate ly  .0033 gm/cc d e c r e a s e  i n  d e n s i t y  

o r  1.2% i n c r e a s e  i n  p e r c e n t  f a t .  Th i s  Large d i f f e r e n c e  may 

be a t t r i b u t e d  t o  methodology o r  t h e  wide age  range  o f  t h e  

s u b j e c t s  from which Polgar  and Promadhat (197 1)  o b t a i n e d  

t h e i r  d a t a .  A s  po in t ed  o u t  by Sinc1ai.r  (1.969), t h e  h e i g h t  

i n  c h i l d r e n  around age  7  is  s u b j e c t  t o  g r e a t  v a r i a t i o n  due 

t o  p o s s i b l e  growth s p u r t s .  The c a p a b i l i t y  of e s t a b l i . s h i n g  

an  a c c u r a t e  equa t ion  f o r  v a r i a b l e  s c o r e s  p r e d i c t i n g  RV 

based  on h e i g h t  measurement is d o u b t f u l .  

A c o r r e l a t i o n  of  .86 was observed between h e i g h t  and 

weight .  T h i s  l;dLue is  suppor ted  by t h e  i n v e s t i g a t i o n s  o f  

Lohman e t  a1.  i2.5175) who demonstrated a c o r r e l a t i o n  o f  -83 .  

T h e i r  measurements ware ob t a ined  on 162 boys w i t h  a mean age 

o f  10.1 y e a r s .  Th i s  c o r r e l a t i o n  h a s  been p r e v i o u s l y  recog-  

n i z e d  i n  t h a t  t a b l e s  have been c o n s t r u c t e d  t o  p r e d i c t  weight  

from h e i g h t  ( S i n c l a i r ,  1969) .  However, S i n c l a i r  (1969) a l s o  

pointed o u t  t h a t  c h i l d r e n  o f t e n  e x h i b i t  a  t r a n s i t o r y  growth 

s p u r t  around t h e  a g e  o f  7 y e a r s  which may a f f e c t  t h e  accu racy  



o f  t h e s e  t a b l e s .  

Tab le  4 a l s o  r evea l ed  a  . 67  c o r r e l a t i o n  between weight  

and age and .77 c o r r e l a t i o n  between h e i g h t  and age.  S i n ~ i l a r  

v a l u e s  o f  .62 and .80 r e s p e c t i v e l y  have  been r e p o r t e d  

(Lohman e t  a l . ,  1975) . The on ly  d i s c r epancy  noted between 

t h e  d a t a  i n  t h e  p r e s e n t  s t u d y  and t h o s e  of  Lohman e t  a l .  

(1975) i s  t h e i r  . 4 3  c o r r e l a t i o n  observed between weight  and 

p e r c e n t  f a t  compared t o  t h e  .66 v a l u e  i n  t h e  p r e s e n t  s t u d y .  

The f a c t  t h a t  t h e y  observed  a p e r c e n t  f a t  r e t e s t  r e l i a b i l i t y  

of o n l y  . 8 3  u s i n g  t h e  4 0 ~  t e chn ique  compared t o  t h e  r e l i a b i l -  

i t y  of  .99 o b t a i n e d  i n  t h i s  s t u d y  could  account  f o r  t h e  

d i f f e r e n c e .  



C h a p t e r  V 

CONCLUSIONS 

Summary 

A v a l i d  and r e l i a b l e  t e c h n i q u e  h a s  been  deve loped  t o  

p r e d i c t  body d e n s i t y  i n  p r e p u b e s c e n t  ma les  a g e  7-11. The 

body d e n s i t y  v a l u e s  o b t a i n e d  i n  t h i s  s t u d y  were  compared t o  

s t u d i e s  t h a t  h a v e  i n v e s t i g a t e d  s i m i l a r  p o p u l a t i o n s .  It was 

a l s o  emphasized t h a t  t h e r e  have  been  r e l a t i v e l y  few a t t e m p t s  

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

C o n c l u s i o n s  - 
The r e s u l t s  of  t h i s  i n v e s t i g a t i o n  i n d i c a t e d  t h e  f o l l o w -  

i n g  c o n c l u s i o n s :  

i 1. The m o d i f i e d  h y d r o s t a t i c  we igh ing  t e c h n i q u e  

d e s c r i b e d  i n  t h i s  s t u d y  i s  a v a l i d  measure  o f  body den-  

s i t y  i n  p r e p u b e s c e n t  males a g e  7-11. T h i s  was e v i d e n c e d  by 

t h e  h i g h  c o r r e l a t i o n  (1 .00)  o b s e r v e d  b y  compar ing body den-  

s i t i e s  o b t a i n e d  from h y d r o s t a t i c  we igh ing  2 1  s u b j e c t s  t h e  

s t a n d a r d  method (Goldman and B u s k i r k ,  1961) and t h e  p r o p o s e d  

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

on t h e  agreement  o b s e r v e d  between t h e  mean body d e n s i t y  v a l u e  

of t h e  c h i l d r e n  t e s t e d  i n  t h i s  s t u d y  as compared t o  t h o s e  

1 v a l u e s  o b t a i n e d  i n  o t h e r  s t u d i e s .  
! 
I 2 .  The r e l i a b i l i t y  o f  t h e  m o d i f i e d  t e c h n i q u e  (r=.99) 

I h a s  been  shown t o  b e  s u p e r i o r  t o  o t h e r  t e c h n i q u e s  r e p o r t e d  
! 
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i n  t h e  L i t e r a t u r e .  A number o f  e x p l a n a t i o n s  were  p roposed  

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

3 .  An e s t i m a t i o n  i n c i d e n c e  o f  c h i l d h o o d  o b e s i t y  i n  t h e  

La C r o s s e  County a r e a  c a n n o t  b e  made from t h i s  s t u d y .  T h i s  

was due  t o  t h e  l a c k  o f  random sample  and  t h e  small. number o f  

c h i l d r e n  e v a l u a t e d .  

4. A t e c h n i q u e  h a s  been  developed t h a t  w i l l  a l l o w  t h e  

a c c u r a t e  and  o b j e c t i v e  i d e n t i f i c a t i o n  o f  t h e  i n d i v i d u a l  c a s e s  

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

t h e  i n c i d e n c e  o f  o b e s i t y  i n  c h i l d r e n .  

Recommendations 

Based on t h e  c o n c l u s i o n s ,  t h e  f o l l o w i n g  recommenda- 

t i o n s  are  made: 

1. A t r a i n e d  g r o u p  o f  c h i l d r e n  s h o u l d  have  body 

d e n s i t y  d e t e r m i n e d  by h y d r o s t a t i c  we igh ing  b o t h  t h e  s t a n -  

d a r d  and  m o d i f i e d  t e c h n i q u e s .  T h i s  would a l l o w  the a s s e s s -  

ment o f  v a l i d i t y  o f  t h e  m o d i f i e d  t e c h n i q u e  i n  c h i l d r e n .  

2 .  A l a r g e  random sample  o f  c h i l d r e n  s h o u l d  h a v e  body 

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

c h i l d h o o d  o b e s i t y  i n  t h a t  p o p u l a t i o n .  T h i s  would i n c o r p o r -  

a t e  body d e n s i t y  a s s e s s m e n t  i n  females .  

3 .  Direct body c o m p o s i t i o n  a n a l y s i s  i n  p a s t  mortem 

c h i l d r e n  s h o u l d  b e  conduc ted  t o  d e t e r m i n e  t h e  a c c u r a c y  o f  

e x i s t i n g  e q u a t i o n s  whish p r e d i c t  p e r c e n t  body f a t  from body 

d e n s i t y  . 



Appendix A 

Dear P a r e n t / ~ u a r d i a n :  RE: S u b j e c t s  for de te rmi-  
n a t i o n  of body compo- 
s i t i o n  f o r  males age 
7-11 

Obes i ty  among c h i l d r e n  con t inues  t o  be  a major h e a l t h  concern .  
E f f e c t i v e l y  d e a l i n g  wi th  t h i s  problem r e q u i r e s  e a r l y  i d e n t i -  
f i c a t i o n  and a c c u r a t e  assessment  o f  t h e  c h i l d ' s  body composi- 
t i s n .  David Jensen  and Roxanne Reed, g r a d u a t e  a s s i s t a n t s  i n  
t h e  La Crosse  Exe rc i s e  Program a t  t h e  U n i v e r s i t y  o f  Wi.sconsin- 
La Crosse ,  a r e  conduct ing r e s e a r c h  i n  t h e  a r e a  o f  body compo- 
s i t i o n  i n  c h i l d r e n .  Th i s  s t u d y  w i l l  e n a b l e  h e a l t h  and 
p h y s i c a l  educa to r s  i n  t h e  elementary s c h o o l s  t o  more accu r -  
a t e l y  monitor  t h e  growth p a t t e r n s  of  c h i l d r e n .  Th i s  s tudy  
has been approved and suppor ted  by t h e  medica l  adv i so ry  
committee o f  t h e  La Crosse  E x e r c i s e  Program. 

The s t u d y  de te rmines  body d e n s i t y  and p e r c e n t  body f a t  u s i n g  
t h e  t echn ique  of h y d r o s t a t i c  weighing and an th ropomet r i c  
measurements. H y d r o s t a t i c  weighing r e q u i r e s  t h a t  t h e  
p a r t i c i p a n t  be submerged underwater  f o r  a period of  4-6 
seconds .  I t  i s  t h e r e f o r e  neces sa ry  for your c h i l d  t o  be 
comfor tab le  i n  go ing  underwater  f u r  t h i s  s h o r t  period cf 
t i m e .  I f  you f e e l  t h a t  your  c h i l d  f i t s  t h i s  c r i t e r i o n ,  and 
is  a male between t h e  ages o f  7 and 11,  we would l i k e  your 
coope ra t i on  and your s o n ' s  p a r t i c i p a t i o n  i n  t h i s  r e s e a r c h .  

P a r t i c i p a t i o n  i s  t o t a l l y  vo lun ta ry  and w i l l  r e q u i r e  th ree  o r  
four visits t o  the Human Performance Laboratoxy on the  U n i -  
v e r s i t y  of Wisconsin-La Crosse  campus. Each s e s s i o n  w i l l  be 
approximate ly  one  h o u r  long.  W e  encourage you t o  a t t e n d  t h e  
f i r s t  s e s s i o n  t o  better a c q u a i n t  y o u r s e l f  with the equipment 
and procedures of t h e  study. 

f i e  fo l lowing  i s  a b r i e f  d e s c r i p t i o n  o f  t h e  t e s t s  t o  be 
conducted:  

1. H y d r o s t a t i c  weighing. Th i s  procedure  entails submerg- 
i n g  t h e  s u b j e c t  underwater ,  w h i l e  s e a t e d  on a chai . r  for 
a p e r i o d  o f  4-6 seconds.  

2 .  Lung volume: Non-invasive b r e a t h i n g  maneuver used t o  
measure r e s i d u a l  volume. 

3 .  Anthropometr ic  measurements. The u s e  of s k i n f o l d s ,  body 
c i r cumfe rences ,  and bone d i ame te r s  t o  e s t i m a t e  p e r c e n t  
body f a t .  
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I t  should be emphasized t h a t  t h e  Human Performance Laboratory 
has t h e  most modern equipment availabl.e,  and t h a t  both  M r .  
Jensen and M i s s  Reed a r e  h igh ly  t r a i n e d  l abora to ry  t echn ic ians .  
They a r e  both  former YMCA professional-s  wi th  cons iderable  
exper ience  i n  a q u a t i c s .  They a r e  both  c u r r e n t l y  c e r t i f i e d  a s  
water  s a f e t y  i n s t r u c t o r s  by t h e  American Red Cross. 

A t  t h e  aonclusion of  t h i s  i n v e s t i g a t i o n  t h e  r e s u l t s  w i l l  b e  
explained t o  both  you and your c h i l d .  I f  yotJ a r e  i n t e r e s t e d  
i n  having your o a i l d  involved i n  t h i s  s tudy ,  o r  have any 
ques t ions ,  p l e a s e  c a l l  M r .  Jensen o r  M i s s  Reed a t  t h e  Human 
Performance Laboratory,  785-8685, between t h e  hours of 8:QO- 
12:OO o r  1:OO-4:00, Monday through Fr iday.  P lease  l eave  a 
message i f  they  a r e  not  t h e r e  and your c a l l  w i l l  be  promptly 
r e tu rned .  

Thank you f o r  your t ime and cons idera t ion .  We hope t h a t  you 
w i l l  t a k e  t h i s  oppor tuni ty  t o  a s s i s t  us  i n  t h i s  va luable  
r e sea rch  e f f o r t .  

S i n c e r e l y ,  

Raymond F. Moss, Ph.D. 
Direc to r  of Research 
La Crosse Exerc ise  Program 



Appendix B 

PARENTA-3 CONSENT FORM--BODY COMPOSITION 

I I , t h e  p a r e n t / g u a r d i a n  

o f  , g i v e  my p e r m i s s i o n  f o r  

my s o n  t o  p a r t i c i p a t e  i n  t h e  body c o m p o s i t i o n  i n v e s t i g a t i o n  

conduc ted  i n  t h e  Human Per fo rmance  L a b o r a t o r y  a t  t h e  Uni- 

v e r s i t y  o f  Wisconsin-La C r o s s e .  I u n d e r s t a n d  t h a t  p a r t i -  

c i p a t i o n  w i l l  c o n s i s t  o f  t h r e e  o r  f o u r  v i s i t s  t o  t h e  l a b ,  

i n  which my c h i l d  w i l l  b e  u n d e r w a t e r  we ighed ,  have  r e s i d u a l .  

volume d e t e r m i n e d ,  and a n t i ~ r o p o m e t r i c  measurements t a k e n .  

A s  i n  any  t e s t i n g  s i t u a t i o n  t h e r e  e x i s t s  some r i s k .  

I n  working i n  a w a t e r  env i ronment  t h e  r i s k s  i n c l u d e  i n -  

f e c t i o n ,  a c c i d e n t ,  and p o s s i b l e  drowning.  However, t h e r e  

h a s  n e v e r  been  a n  a c c i d e n t  o r  r e p o r t  o f  i n f e c t i o n  as  a  

r e s u l t  o f  h y d r o s t a t i c  we igh ing  a t  t h e  Human Per fo rmance  

L a b o r a t o r y .  

The p o t e n t i a l  r i s k v  have been  e x p l a i n e d  t o  me, and I 

f u l l y  u n d e r s t a n d  t h e i r  i m p l i c a t i o n s .  I h e r e b y  acltnowledge I 

t h a t  no r e p r e s e n t a t i o n s ,  w a r r a n t i e s ,  g u a r a n t e e s ,  o r  a s s u r -  i 
1 

antes of any k i n d  p e r t a i n i n g  t o  t h e  p r o c e d u r e  have  been  made 1 
i 

t o  m e  by  t h e  U n i v e r s i t y  o f  Wisconsin-La C r o s s e ,  t h e  o f f i c e r s ,  

a d m i n i s t r a t o r s ,  employees ,  o r  by anyone a c t i n g  on b e h a l f  o f  

any  o f  them. 



Signed : Date: 

Subject's Name: 

Witnessed by: 



Appendix C 

Name : Age: 

IMMERSION TANK TEMP. OC. DENSITY OF WATER (DW) 0 .  

(from conversion chart) 

MASS IN AIR (MA) kg Trial #l 

MASS ICN WATER (MX) kg 2- 

MASS OF WEIGHING APPARATUS (My) kg- 
(in water) 

MASS O F  WATER (%) = Y[ -My = kg . 

VOLUME OF AIR ADMINISTERED = 1 LITER 6--...-- 

MA - 7- 
BODY DENSITY ( D ~ )  = - 

MA - - RV - I-OL. 
8- 

( ~ w  a 



A p p e n d i x  D 

RESIDUAL VOLUME DATA SHEET 

NAME : AGE : 
F i r s t  Last 

Trial 1. T r i a l  2 .  

I n i t i a l  V o l u m e  of 0 2  ( ~ 0 ~ )  : 

O/aN2 ( ~ q u i  l i b r i u m )  
Range : 

%N2 ( F i n a l )  ( F N 2 )  : 

Dead Space (DS) : 

VO, (EN2 - I N 2 )  
R E S I D U A L  VOLUME = - DS 

(AN2 - p N 2 )  
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