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a t  r es idua l  volume and t o t a l  l ung  capac i ty  i n  boys. 
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Th is  study was designed t o  determine i f  hyd ros ta t i c  weighing (HW) a t  
t o t a l  l ung  capac i t y  (TLC) y i e l d  t h e  same r e s u l t s  as HW a t  res idua l  vo l -  
ume (RV). For ty - two boys ( i  = 10.4 y r )  from t h e  La Crosse, W I ,  area 
were g iven a sp i romet ry  t e s t  t o  determine t h e i r  v i t a l  capac i t y  (VC). 
Three t r i a l s  were performed and t h e  h ighest  read ing was used as t he  
measure of  VC. The RV was determined on l and  u t i l i z i n g  t h e  c losed- 
c i r c u i t  oxygen d i l u t i o n  technique. Th is  va lue was added t o  t h e  VC 
measurement and represented t h e  SS' TLC. SS were i n s t r u c t e d  t o  perform 
HW a t  RV and TLC. The RV method cons is ted o f  a f u l l  e x p i r a t i o n  p r i o r  
t o  submersion, and was performed u n t i l  3 i d e n t i c a l  readings were 
a t ta ined.  The TLC cons is ted o f  a f u l l  i n s p i r a t i o n  p r i o r  t o  submersion, 
and was performed u n t i l  3 i d e n t i c a l  readings were reached. A dependent 
t - t e s t  was performed on these data  a t  t h e  ,05 l e v e l .  Small bu t  s t a t i s -  
t i c a l  d i f f  ( p  <.05) i n  body d e n s i t y  and % f a t  values were observed. RV 
produced 1.0629 g/ml vs TLC 1.0640 g/ml . The TLC method r e s u l t e d  i n  a 
0.4% lower % f a t  than t h e  RV method. Although t h e  d i f f  between body 
composi t ion parameters determined by HW a t  RV and TLC were s t a t i s t i c a l l y  
s i g  they  were w i t h i n  t h e  i 4% e r r o r  est imated i n  ach iev ing body dens i t y  
through HW ( S i r i  , 1961). HW a t  TLC i s  a poss ib le  method f o r  c h i l d r e n  
who are  uncomfortable i n  t h e  water and are  unable t o  perform the  R V  
method o f  a maximal exp i  r a t i o n .  
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CHAPTER I 

INTRODUCTION 

There a re  many techniques a v a i l a b l e  f o r  determin ing body dens i t y  

i n  order  t o  es t imate  percent body f a t .  Hyd ros ta t i c  we'ighing has been 

accepted as t h e  standard procedure f o r  determin ing dens i ty .  Th is  

procedure i nvo l ves  t h e  Archimede' s  P r i n c i p l e  which s ta tes  t h a t  an 

ob jec t  immersed i n  a  f l u i d  loses an amount o f  weight equ i va len t  t o  t h e  

weight o f  t h e  f l u i d  which i s  d isp laced (Behnke, Feen, & Welham, 1942). 

Fat i s  t h e  on l y  substance i n  t h e  human body which i s  l e s s  dense than 

water. Therefore,  t h e  measurement o f  body dens i ty ,  as done i n  hydro- 

s t a t i c  weighing, can be employed t o  es t imate  t h e  percent  body f a t .  

I n  order  t o  o b t a i n  an accura te  es t ima t i on  o f  body dens i t y  by means 

o f  hyd ros ta t i c  weighing t h e  volume o f  a i r  i n  t h e  lungs must be accounted 

f o r ,  due t o  t h e  f a c t  t h a t  a i r  adds bouyancy. Th is  i n  t u r n  would 

decrease t h e  weight o f  t h e  body when submerged. Past h y d r o s t a t i c  

weighing p ro toco l s  have had a  sub jec t  exp i re  maximal ly be fo re  sub- 

merging under t h e  water. Ths a i r  t h a t  remained i n  t h e  lungs a f t e r  t h i s  

oaximal expi  r a t i o n  i s  t h e  res idua l  volume (RV). A h y d r o s t a t i c  weighing 

technique which i nvo l ves  t h e  measurement o f  t h e  body weight w h i l e  sub- 

merged a t  t h e  t ime o f  a  maximal e x p i r a t i o n ,  i s  known as t h e  res idua l  

volume technique. According t o  Katch (1969) many sub jec ts  have d i f -  

f i c u l t y  i n  performing t h e  res idua l  volume technique; t he re fo re ,  he f e l t  

a  l e a r n i n g  process must take place. 



Since many i n d i v i d u a l s  have d i f f i c u l t y  w i t h  t h e  res idua l  volume 

technique, call another l ung  measurement o r  procedure be used i n  t he  
I 
, c a l c u l a t i o n  o f  body dens i ty?  One such technique which accounts f o r  
, 

t h e  a i r  i n  t h e  body i nvo l ves  t h e  measurement o f  t o t a l  l ung  capac i ty  

(TLC) . This  technique o f  hyd ros ta t i c  weighing i nvo l ves  a maximal 

i n s p i r a t i o n  p r i o r  t o  submersion. Recently, Weltman and Katch (1981) 

performed hyd ros ta t i c  weighing on a d u l t s  comparing R V  and TLC. A 

h igh  c o r r e l a t i o n  ( r  = 0.95) between t h e  two measures was found i n  

determin ing body dens i ty .  Weltman & Katch (1981) i n d i c a t e d  t h a t  t he  

sub jec ts  f e l t  more comfortable and s t a b l e  i n  performing t h e  TLC 

technique compared t o  t h e  RV. 

Measurement o f  body dens i t y  i n  c h i l d r e n  us ing hyd ros ta t i c  

weighing has been i nves t i ga ted  by several  researchers u t i l  i z i n g  t he  

8V technique. One known study conducted by Wells, Reynolds and 

Jessup (1982) compared RV and TLC i n  twenty prepubescent boys. They 

concluded t h a t  hyd ros ta t i c  weighing may be enhanced w i t h  t h e  TLC 

method w i t h  c h i l d r e n  who are  uncomfortable i n  t h e  water. 

Statement o f  t h e  Problem 

The problem o f  t h i s  study was t o  determine i f  the re  i s  a s i g n i f -  

i c a n t  d i f f e r e n c e  i n  t h e  dens i t y  ca l cu la ted  by t he  RV, compared t o  t h e  

TLC method du r i ng  hyd ros ta t i c  weighing o f  boys. 

Need f o r  t h e  Study 

Many i n d i v i d u a l s  f e e l  uncomfortable i n  t h e  procedures i nvo l ved  

i n  hyd ros ta t i c  weighing. The accuracy i n  determin ing body dens i t y  

and body f a t  by hyd ros ta t i c  weighing i s  dependent on l ung  volume 



measurements. I f  sub jec ts  a re  unable t o  perform t h e  R V  technique, 

t h e  measurement o f  body dens i t y  w-ill be inaccurate.  Tota l  l ung  capac- 

i t y  has been r e c e n t l y  i nves t i ga ted  i n  determin ing body d e n s i t y  i n  

hyd ros ta t i c  weighing (Thomas & Ether idge, 1980; Weltman & Katch, 1981). 

These i n v e s t i g a t i o n s  were performed on adu l t s ,  hence i t  was t h i s  

researcher 's  op in ion  t h a t  TLC technique needed t o  be i n v e s t i g a t e d  i n  

ch i l d ren .  Recent ly Wells e t  a1 . (1982) compared RV and TLC i n  hydro- 

s t a t i c  weighing w i t h  twenty males aged 9 t o  12. The i r  r e s u l t s  showed 

a l i n e a r  c o r r e l a t i o n  ( r  = 0.89) between t h e  two body d e n s i t y  measures. 

Purpose o f  t h e  Study 

The purpose o f  t h e  study was t o  compare d e n s i t i e s  and percent 

f a t  ob ta ined from RV and TLC techniques i n  h y d r o s t a t i c  weighing, i n  

boys between 8-12 years. 

Hypothesis 

The hypothesis o f  t h i s  study was s ta ted  i n  t h e  n u l l  form. 

There i 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 dens i t y  between t h e  

methods u t i l i z i n g  R V  as opposed t o  TLC i n  h y d r o s t a t i c  weighing o f  boys. 

Assumptions 

The f o l l o w i n g  were assumptions o f  t h e  study. 

It was assumed t h a t  a l l  sub jec ts  exp i red  maximal ly i n  t h e  R V  

technique. 

It was assumed t h a t  a l l  sub jec ts  i n s p i r e d  maximal ly i n  t h e  TLC 

method. 

It was assumed a l l  sub jec ts  f as ted  f o r  t h e  requ i red  pe r i od  o f  

t ime. 



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

The f o l l o w i n g  were d e l i m i t a t i o n s  o f  t h e  study. 

The sub jec ts  were a l l  vo lunteers  from t h e  La Crosse, Wisconsin, 

area. 

A l l  o f  t h e  sub jec ts  were boys between t h e  ages o f  8  t o  12 years.  

All sub jec ts  were considered t o  be i n  good hea l th .  

A l l  sub jec ts  f e l t  comfor tab le  i n  t h e  water. 

I L imi  t a t i o n s  

I The f o l l o w i n g  were l i m i t a t i o n s  o f  t h e  study. 

I The sub jec ts  chosen f o r  t h e  study were no t  se lec ted randomly. 
I 

I The number o f  t r i a l s  f o r  t h e  RV technique was l i m i t e d  t o  10. 
I 

The measurement o f  RV u t i l i z i n g  t h e  oxygen d i l u t i o n  technique i s  

an accurate measurement. 

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

The f o l l o w i n g  terms have been de f i ned  according t o  McArdle, Katch, 

& Katch (1981 ). 

Archimede's P r i n c i p l e  - an a b j e c t  immersed i n  a  f l u i d  loses an 

amount o f  weight equ iva lent  t o  t h e  weight o f  t h e  f l u i d  which i s  

d isp laced (Behnke, 1942). 

Der ls i ty - t h e  mass per u n i t  volume o f  body (0  = M / V ) ,  expressed as 

gm/cc (Goldman & Busk i rk ,  1961). 

Exp i ra to ry  Reserve Volume - t h e  amount o f  a i r  t h a t  can s t i l l  be 

exp i red  a f t e r  t h e  end o f  a  normal t i d a l  exp i ra t i on .  

Funct iona l  Residual Capaci ty - equals t h e  exp i  r a t o r y  reserve v o l -  

ume p lus  t h e  res idua l  volume. The amount o f  a i r  remaining i n  t h e  lungs 

a t  t h e  end o f  a  normal e x p i r a t i o n .  



Hydros ta t i c  Weighing - an i n d i  I-ect procedur'e t o  determine body 

dens i t y  by t he  process o f  weighing a body under water. Percent body 

f a t  i s  cs~nputed from body d e n s i t y  ( r a t i o  o f  body weight t o  body volume), 

I n s p i  r a t o r y  Capaci ty - equals t h e  t i d a l  vo l  un~e p lus  t h e  i n s p i  r a t o r y  - 
reserve volume. The amount o f  a i r  t h a t  a person can breathe beginning 

a t  t h e  normal e x p i r a t o r y  l e v e l  and d i s tend ing  h i s  lungs t o  t h e  maximum 

amount. 

I n s p i r a t o r y  Reserve Volume - t h e  e x t r a  volume o f  a i r  t h a t  can be 

i n s p i r e d  over and beyond t h e  normal t i d a l  volume. 

Lean Body Mass ( L B 3  - a q u a n t i t a t i v e  expression o f  l ean  body weight 

c o n s i s t i n g  o f  bones, muscle and organs, and i t  i s  u s u a l l y  expressed i n  

k i lograms (kg) o r  pounds ( I  bs).  

Percent Body Fat - t h e  percentage o f  t o t a l  body weight t h a t  con- 

s i s t s  o f  s torage f a t  found i n  adipose t i s s u e  and essen t i a l  f a t .  

Residual Volume - t h e  volume o f  a i r  s t i l l  remaining i n  t h e  lungs - 
a f t e r  t h e  most f o r c e f u l  e x p i r a t i o n .  

Spirometry - a method used f o r  s tudy ing pulmonary v e n t i l a t i o n .  A 

spironieter records t h e  volume movement o f  a i r  i n t o  and out  o f  t h e  lungs. 

T ida l  Volume - t h e  volume o f  a i r  i n s p i r e d  o r  exp i red  w i t h  each 

normal breath .  

Tota l  Lung Capaci ty - t h e  maximum volume t o  which t h e  lungs can be 

expanded w i t h  t h e  g rea tes t  poss ib le  i n s p i r a t o r y  e f f o r t .  

V i t a l  Capaci ty - equals t h e  i n s p i  r a t o r y  reserve volume p lus  t h e  

t i d a l  volume. The maximal amount o f  a i r  t h a t  a person can expel from 

t h e  lungs a f t e r  a maximal i n s ~ ~ i r a t i o n .  



I i3EVIEW OF LITERATURE 

I n t r o d u c t i o n  

The use o f  body dens i t y  obta ined from hyd ros ta t i c  weighing f o r  t h e  

p r e d i c t i o n  o f  t h e  f a t  content  i s  l i m i t e d  by both  b i o l o g i c a l  and techn i -  

c a l  sources o f  v a r i a t i o n .  As Katch (1968) has demonstrated, hyd ros ta t i c  

weighing a t  RV requ i res  a se r i es  o f  l e a r n i n g  t r i a l s  t o  p rope r l y  perform 

t h e  standard hyd ros ta t i c  weighing procedures as descr ibed by Goldman & 

Busk i rk  (1961). The a l t e r n a t i v e  method o f  TLC cou ld  be u t i l i z e d  i f  i t  

s t a t i s t i c a l l y  y i e l d s  t he  same r e s u l t s  as t h e  RV technique, e s p e c i a l l y  

w i t h  c h i l d r e n  who appear t o  exper ience d i f f i c u l t y  w i t h  t h e  RV technique. 

Studies deal i r g  w; t h  t h e  development o f  formulas f o r  determin ing 

body dens i t y  and percent f a t ,  {.tie methods o f  hyd ros ta t i c  weighing, l ung  

volumes, body composi t ion i n  ch i l d ren ,  and o the r  p e r t i n e n t  t o p i c s  are  

reviewed i n  t h i s  chapter. 

Development o f  t h e  Formula t o  
P r e d i c t  Body Dens i ty  and Percent Fat 

Archimede 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  o f  t h e  r e l a t i o n -  

sh ip  o f  weight t o  volume. Archimede's P r i n c i p l e  s ta tes  t h a t  a body 

immersed i n  a f l u i d  loses an amount o f  weight equ iva lent  t o  t h e  weiyht 

o f  t h e  f l u i d  which i s  d isp laced (Behnke e t  a1 ., 1942). 

Body volume can be c a l c u l a t e d  through h y d r o s t s t i c  weighing by 

sub t rac t  l ng  t h e  body's underwater weight from t h e  d ry  o r  l and  iieight,. 



(Equation 1)  

Density = weight i n  a i r  

l o s s  o f  weight i n  water - M ~ )  

(Goldman & Buskirk,  1961, p. 78) 

I n  1961, Goldman & Busk i rk  considered t h e  dens i t y  o f  t l i e  water du r i ng  

h y d r o s t a t i c  weighing procedures. A c o r r e c t i o n  f a c t o r  obta ined from t h e  

temperature o f  t h e  water was necessary t o  ob ta in  t h e  exact volume o f  t h e  

water d isp laced by t h e  body. They recommended t h e  temperature o f  t h e  

water i n  t h e  underwater weighing tank t o  be a t  body temperature (35-36OC). 

The dens i t y  o f  t h e  water a t  t h i s  temperature i s  approximately 0.944 g/ml. 

The f o l l o w i n g  equat ion  was de r i ved  record ing t h e  water, temperature and 

app ly ing  t h e  re1 a t i  ng dens i t y  value: 

(Equat ion 2) 

(Go1 dman & Buski r k ,  1961, p. 79) 

Where: DW = dens i t y  o f  water 
I 

( a t  35-36OC c o r r e c t i o n  f a c t o r  = 0.994 g/m). 1 
Since gas adds buoyancy, t h e  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  1 

I 
(GI )  t r a c t  must be accounted f o r  i n  determin ing an accura te  body dens i t y  I 

1 
va lue (Thomas & Ether idge 1980). The f i n d i n g s  of Bede l l ,  Marshal l ,  I 

DeBois, and H a r r i s  (1956) es t imated t h e  value o f  100 ml t o  account f o r  

t h e  a i r  i n  t h e  G I  t r a c t .  The amount o f  a i r  i n  t h e  G I  t r a c t  w i l l  vary  i n  
I 

each i n d i v i d u a l ,  however one can reduce t h i s  by having sub jec ts  f a s t  f o r  i 
I 

twe lve  hours (Goldman & Buski rk ,  1961 ). ! 



Another gas t h a t  needs t o  be accounted f o r  i s  t h e  remaining a i r  

i n  t h e  lungs a f t e r  a  maximal exp i ra t i on .  Th is  volume i s  r e f e r r e d  t o  as 

t h e  Residual Volume (RV). A  number o f  methods have been developed f o r  

determin ing RV and inc lude:  (1)  t h e  c l o s e d - c i r c u i t  method, which i n -  

volves a d i l u t i o n  fo l lowed by e q u i l i b r i u m  o f  an i n e r t  gas, (2 )  open- 

c i r c u i t  technique, i nvo l ves  breath ing oxygen where n i t r ogen  i s  "washed 

out", and (3)  pneumatometric approach, a  form o f  whole-body 

plethysmorgraph. I n  t h i s  study t h e  c losed-c i  r c u i  t oxygen d i  1  u t i o n  

method descr ibed by Wilmore (1969) was u t i l i z e d .  The f o l  lowing f o r -  

mula was es tab l i shed  t a k i n g  i n t o  account t h e  RV and a i r  i n  t h e  G I  t r a c t :  

(Equat ion 3) 

MA - M,,, - R V  - .1 l i t e r  

D~ 
(Buskirk,  1961, p. 102) 

Conversion o f  Body Dens i ty  t o  Percent Fat 

A number o f  formulas e x i s t  f o r  p r e d i c t i n g  percent f a t  from t h e  

ca l cu la ted  body dens i ty .  The formulas are  s l i g h t l y  va r i ed  due t o  t h e  

i n a b i l i t y  o f  researchers t o  agree on t h e  exact dens i t y  o f  lean body mass. 

None o f  t h e  equat ions have been der ived from s tud ies  on ch i l d ren .  

Rathburn & Pace (1945) s tud ied  t h e  f a t  content o f  male and female 

guinea pigs.  They determined 0.918 and 1  . I0  t o  be t h e  s p e c i f i c  g r a v i t y  

o f  f a t  and f a t - f r e e  t i ssue ,  respec t i ve l y .  They der ived t h e  f o l l o w i n g  

formula f o r  humans: 

(Equat ion 4) 

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

(Rathburn & Pace, 1945, p. 675) 



Keys & Brozek (1953) c r i t i c i z e d  t h e  f i n d i n g s  o f  Rathburn and Pace 

(1945) i n  t h e  d e r i v a t i o n  o f  t h e  s p e c i f i c  g r a v i t y  o r  dens i ty .  Keys & 

Brozek (1953) s tud ied  t h e  dens i t y  o f  f a t  i n  men and women and var ious  

animals. A dens i t y  va lue o f  0.90074 f o r  human f a t  a t  a temperature o f  

36OC was reported. They der ived t h e  f o l l o w i n g  formula: 

(Equation 5 )  

(Keys & Brozek, 1953, p. 280) 

S i r i  (1961) f e l t  t h a t  a f a t - f r e e  body should be used i n  t h e  

development o f  a conversion formula. It was determined by S i r i  (1961) 

t h e  values o f  1.100 l ean  body mass and 0.900 f a t  should be used i n  t h e  

development o f  t h e  formula: 

(Equat ion 6 )  

( S i r i  , 1961, p. 230) 

Brozek, Grande, Anderson and Keys (1963) de r i ved  a formula e s t i -  

mat ing t h e  chemical composi t ion o f  t h e  body. D i v i d i n g  t h e  body i n t o  

compartments, chemical components, and ana lyz ing each, a f a t  dens i t y  o f  

0.915 was der ived. The f o l l o w i n g  formula was der ived: 

(Equat ion 7 )  

(Brozek e t  a1 . , 1963, p. 131) 

Brozek e t  a l .  (1963) s ta ted  t h a t  t h i s  formula i s  thought t o  be t h e  

most v a l i d ,  e s p e c i a l l y  i n  i n d i v i d u a l s  who do no t  exper ience a constant 



f l u c t u a t i o n  i n  body weight. A study conducted by Wilmore & Behnke (1969) 

found a  h i g h  c o r r e l a t i o n  o f  0.995-0.999 between t h e  values obtained from 

the  d i f f e r e n t  formulas. 

A standard dev ia t i on  o f  t 4 %  represents e r r o r  i n  t h e  p r e d i c t i o n  o f  

percent body f a t  by hyd ros ta t i c  weighing ( S i r i ,  1961). Th is  e r r o r  can 

be due t o  t echn i ca l  d i f f i c u l t i e s  i n  t h e  measurement o f  body dens i ty .  

E r r o r  may e x i s t  f rom t h e  i n a b i l i t y  o f  t h e  i n d i v i d u a l  t o  perform t h e  hydro- 

s t a t i c  weighing procedures, and t h e  RV used i n  t h e  ca l cu la t i ons .  Even i f  

no e r r o r  e x i s t e d  i n  measuring dens i ty ,  t h e  unce r ta in t y  i n  f a t  est imate 

would remain 23.8% o f  body weight due t o  normal v a r i a b i l i t y  o f  body con- 

s t i t u e n t s ,  and t h e  unce r ta in t y  i n  e s t a b l i s h i n g  t h e  composit ions o f  adipose 

t i s s u e  (S i  r i  , 1961 ) . 
There has been some disagreement among researchers regard ing the  

assessment o f  t h e  appropr ia te  volume o f  a i r  i n  t h e  lungs du r i ng  hydro- 

s t a t i c  weighing. Weltman & Katch (1981) s tud ied  hyd ros ta t i c  weighing 

comparing RV and TLC. A small bu t  s t a t i s t i c a l  s i g n i f i c a n t  d i f f e r e n c e  

was found between h y d r o s t a t i c  weighing a t  RV and TLC. 

Methods o f  Hyd ros ta t i c  Weighing 

I n  a d d i t i o n  t o  t h e  RV and TLC methods, o the r  methods o f  hyd ros ta t i c  

weighing have been researched. Underwater weighing sub jec ts  w i t h  t he  use 

o f  a  snorkel  was i nves t i ga ted  by Katch (1969). The sub jec t  was i n s t r u c t e d  

t o  b rea th  through a  snorkel  w h i l e  underwater. The underwater weight was 

taken f o l l o w i n g  a  maximal exp i  r a t i o n ,  he ld  f o r  approximately 5  seconds. 

A progress ive  increase i n  weight between t r i a l s  was observed, due t o  a  

p r a c t i c e  e f f e c t .  Katch (1969) concluded t h a t  t h e  use o f  a  snorkel  



reduced t h e  fea r  o r  apprehension concerned w i t h  breath-ho ld ing undar- 

water, fo l lowed by a maximal e x p i r a t i o n .  

L u f t  & Lim (1961) obta ined t h e  underwater weight and e x p i r a t o r y  

l ung  volume by a d i f f e r e n t  method, I n  t h e i r  study t h e  sub jec t  was 

i n s t r u c t e d  t o  t ake  10 deep breaths  fo l lowed by a maximal i n s p i r a t i o n .  

The sub jec t  then exhaled i n t o  a spirometer. He then removed h i s  mouth- 

p iece and submerged underwater. The amount o f  a i r  was recorded on a 

spirometer.  The gas volume i n  t h e  lungs was accounted f o r  by sub t rac t i ng  

t h e  exhaled volume from t h e  p rev ious l y  determined t o t a l  l ung  capac i ty ,  

which was c a l c u l a t e d  from adding VC and RV measurements. 

Jensen (1979) underwater weighed c h i l d r e n  a t  t h e  l e v e l  o f  RV and 

one l i t e r  o f  a i r .  The sub jec t  would at tempt a maximal exha la t i on  i n t o  

a mouthpiece a t tached t o  a two-way breath ing valve. A rubber bag com- 

p r i s i n g  one l i t e r  o f  a i r  was a t tached t o  t h e  valve. A f t e r  t h e  sub jec t  

completed h i s  maximal e x p i r a t i o n  he would i n h a l e  t h e  one l i t e r  o f  a i r  

and submerge, and t h e  weight was obtained. 

Thomas & Ether idge (1980) performed hyd ros ta t i c  weighing a t  func- 

t i o n a l  r es idua l  capac i ty  (FRC) and RV us ing a spec ia l i zed  va lve  a t tached 

t o  a spirometer.  The sub jec t  would submerge w h i l e  b rea th ing  room a i r  

through a valve.  To measure FRC t h e  va lve  was turned i n t o  t h e  at tached 

spirometer and normal r e s p i r a t i o n s  were monitored, and weight was 

recorded. To ob ta in  t h e  RV, t h e  sub jec t  was i n s t r u c t e d  t o  exhale maxi- 

m a l l y  through t h e  va lve  and t h e  weight was recorded. 



Lung Volumes 

Residual Vol ume 

It was i n d i c a t e d  by Welch & C r i sp  (1958) t h a t  RV i s  l e a s t  a f f e c t e d  

by h y d r o s t a t i c  pressure, and i s  t h e  eas ies t  l ung  volume t o  reproduce. 

Residual volume measures have been a standard p r a c t i c e  due t o  t h e  

f i n d i n g s  o f  Welch & C r i sp  (1958). However, when assessing hyd ros ta t i c  

weight, t h e  use o f  RV i n  computation may be source o f  e r r o r .  An inves- 

t i g a t i o n  by Girandola, Wiswell , Mohler, Rornero, & Barnes (1977) noted 

an increase o f  6.7% i n  t h e  RV when uetermined i n  t h e  water. I f  t h e  sub- 

j e c t  was unable t o  exp i re  t o  t h e  l e v e l  o f  RV, t h e  underwater weight 

would be inaccura te  (Behnke & Wilmore, 1974). An increase i n  body vo l -  

ume w i thou t  a weight change due t o  an increase i n  i n s p i r a t i o n  o f  a i r  

would cause dens i t y  t o  decrease (Donoghue & Minnigerode, 1977). 

An increase i n  pressure on t h e  thorax  when immersed i n  water causes 

s i g n i f i c a n t  f l u c t u a t i o n s  i n  l ung  volumes. A 10% reduc t i on  was found i n  

t h e  RV measured du r i ng  immersion ( J a r r r t ,  1950; Hong, Ting, & Rahn, 

1960). 

It was noted by Sawka, Weber, & Knowlton (1978) t h a t  h igh  dens i t y  

values were determined i f  RV was measured on l a n i .  It was shown by 

J a r r e t t  (1965) t h a t  measuring RV immersed i n  t h e  u p r i g h t  p o s i t i o n  caused 

t h e  res idua l  gas volume o f  t h e  lungs t o  decrease. According t o  Ch r i s t i an ,  

Lupi-H, & Anthonisen (1976) an i n f l u e n c e  by t h e  l o s s  o f  l ung  r e c o i l  

r e s u l t e d  w i t h  immersion when measuring RV, which caused a decreased 

value. L e i t h  & Mead (1967) po in ted  ou t  t h a t  young sub jec ts  a re  more 

suscep t i b l e  t o  a l t e r n a t i o n s  i n  RV as a r e s u l t  o f  hyd ros ta t i c  pressures. 

Bondi, Young, Bennett, & Bradley (1976) concluded t h a t  a t  f u l l  



expi  r a t i o n  du r i ng  immersion, airways bo th  l a r g e  and small a re  compressed. 

The smal le r  airways can be compressed t o  t h e  p o i n t  o f  co l lapse.  

Robertson, Engle & Bradley (1978) demonstrated t h e  RV t o  be l e s s  

when measured by t h e  dual i n e r t  gas d i l u t i o n  technique than measured by 

t h e  plethysmographic method du r i ng  immersion. The decrease i n  RV obta ined 

by t h e  dual i n e r t  gas d i l u t i o n  technique was a t t r i b u t e d  t o  gas t r a p p i n g  

du r i ng  immersion. Evidence from Co l l i ns ,  Cochrane, Davis, Benatar, & 

C lark  (1973) has shown t h a t  increased t h o r a c i c  f l u i d  volume leads t o  i n -  

creased airway c losure ,  causing a decrease i n  RV when measured underwater. 

S i g n i f i c a n t  d i f f e r e n c e s  i n  body dens i t y  were i d e n t i f i e d  when us ing RV 

measured on l and  and i n  water (Girandola e t  a1 ., 1977). It was concluded 

t h a t  when ob ta in ing  body dens i t y  values, RV should be measured concur- 

r e n t l y  w h i l e  t h e  sub jec t  i s  i n  t h e  water. However, t h e  f o l l o w i n g  s tud ies  

(Carey, Schaefer & A l v i s ,  1956; Cra ig  & Ware, 1967; Pre faut ,  Lupi  & 

Anthonisen, 1976) found no change when measuring R V  du r i ng  immersion. 

Tota l  Lung Capaci ty 

Researchers d i f f e r  regard ing which l ung  volume t o  assess du r i ng  

hyd ros ta t i c  weighing t o  achieve t h e  most accurate es t ima t i on  o f  body 

dens i t y  and percent f a t .  Weltman & Katch (1981 ), comparing hyd ros ta t i c  

weighing a t  RV and TLC, concluded t h a t  hyd ros ta t i c  weighing w i t h  TLC 

o f f e r s  several  p r a c t i c a l  advantages over hyd ros ta t i c  weighing w i t h  RV. 

Having t h e  lungs e n t i r e l y  f i l l e d  can reduce t h e  psycho log ica l  e f f e c t  o f  

hyd ros ta t i c  weighing (Brozek e t  al., 1963). 

A recent  study conducted by Wel ls e t  a l .  (1982) i n v e s t i g a t e d  t h e  

measurement o f  body dens i t y  i n  c h i l d r e n  us ing h y d r o s t a t i c  weighing 

w i t h  both  RV and TLC. A h i g h  l i n e a r  c o r r e l a t i o n  ( r  = 0.89) 



i 
i 
/ between t h e  two dens i t y  measures was obtained. It was concluded t h a t  

hyd ros ta t i c  weighing w i t h  c h i l d r e n  who are  uncomfortable i n  water may 

be enhanced i f  TLC i s  used. They i n d i c a t e d  t h a t  f u r t h e r  s tud ies  are  

needed. 

Tota l  l ung  capac i ty  showed a s l i g h t  decrease when measured i n  water, 

which has been a t t r i b u t e d  t o  a s h i f t  o f  b lood t o  t h e  chest and a l s o  t h e  

h y d r o s t a t i c  fo rces  opposing t h e  i n s p i r a t o r y  muscles ( C h r i s t i a n  e t  a1 ., 
1976). Larger  l ung  volumes i n  hyd ros ta t i c  weighing may reduce a i r  t r app ing  

which i s  a r e s u l t  o f  c l osu re  due t o  hyd ros ta t i c  fo rces  on t h e  chest 

(Dahlback & Lundgren, 1972). Water immersion has been found t o  cause as 

much as 20 t o  40% s h i f t  o f  b lood volume i n  t h e  t h o r a c i c  area which pro- 

duces marked decreases i n  pulmonary compl i ance (Arbore l  i us, Bal dwi n, 

L i  1 j i , & Lundgren , 1972; Begin, Epste in  , Sackner , Lev i  nson , Dougherty , 
& Duncan, 1976; Boundurant, Hickman, & I s l ey ,  1957). 

Immersion i n  water r e s u l t e d  i n  an increase i n  intrapulmonary pressure 

i n  r e l a x ~ d ,  breath-ho ld ing subjects.  Main ta in ing a re1 axed p o s i t i o n  

w h i l e  ho ld ing  one's b rea th  throughout t h e  maneuver o f  submerging i n  t he  

water was shown t o  be d i f f i c u l t  i n  a study conducted by J a r r e t t  (1965). 

Due t o  h y d r o s t a t i c  pressure app l i ed  upon t h e  chest,  TLC and VC decreased 

when measured underwater (Agostoni e t  a1 ., 1966; Carey e t  a1 ., 1956; 

Cra ig  e t  a1 ., 1967; Hang e t  a1 ., 1969; Pre faut  e t  a1 ., 1976). 

Body Composit ion i n  Chi 1 dren 

Knowledge o f  body composi t ion has major s i g n i f i c a n c e  i n  disease, 

hea l th ,  and care  o f  ch i l d ren .  However, 1 i t t l e  i n fo rma t i on  w i t h  regard 

t o  chemical composi t ion o f  t h e  body and t h e  components o f  body weight 

ga in  o r  l o s s  du r i ng  t h i s  gri)wth i s  a v a i l a b l e  (Macy & Ke l l y ,  1956). 



I body composi t ion i n  ch i l d ren .  Due t o  t h e  growth stages o f  ch i l d ren ,  

I t h e i r  char~ges i n  weight, s ta tures ,  o r  chemical composi t ion may be e n t i r e l y  

d i f f e r e n t  a t  one stage o f  development than another (Macy & Ke l l y ,  1956). 

An eva lua t i on  o f  body weight w i t h  s p e c i f i c  re ference t o  f a t ,  f a t - f r e e  

mass, water, and minera l  was i nves t i ga ted  by Moulton (1923). Moulton 

discovered t h e  concent ra t ion  o f  water, p ro te in ,  and ash o f  t h e  f a t - f r e e  

mass became more o r  l e s s  s t a t i o n a r y  a f t e r  apprec iab le  changes occurred. 

He descr ibed t h i s  s t a t e  o f  body composi t ion as chemical ma tu r i t y .  

Maresh (1955) s tud ied  bone growth i n  ch i l d ren .  H i s  r e s u l t s  showed 

' t h e  ch i ldhood pa t te rns  o f  long-bone growth were found t o  be s t a b l e  and 

o r d e r l y  a t  about t h e  age o f  t h ree  o r  f ou r ,  and cont inued i n  t o  t h e  pre- 

pubescent years. I n  t h e  newborn, bone i s  thought t o  be 3% o f  body weight 

and by ch i ldhood bone content  comprises approximately 7% o f  body weight 

(Malina, 1969). 

Dur ing  matura t ion  o f  ch i l d ren ,  t h e  chemical composi t ion o f  t h e  body 

increases and moves c l o s e l y  toward a d u l t  values. The n i t rogen,  calcium, 

potassium, magnesium and phosphorus content  w i l l  increase, w h i l e  water, 

sodium, and c h l o r i d e  l e v e l s  decrease (Forbes, 1962). When growth i s  

rap id ,  t h e  changes i n  t h e  chemical composi t ion a re  r a p i d  and t h e  changes 

a re  slow when t h e  r a t e  slows (Forbes, 1962). 

I Extensive s tud ies  have been made over t h e  past 50 years  o f  t h e  

i physiology o f  body f l u i d  i n  ch i l d ren ,  however few measurements o f  t o t a l  
I 
1 body water have been reported. This l a c k  of i n fo rma t i on  can be a t t r i b u t e d  

t o  a l ack  o f  a s u i t a b l e  method o f  measurement app l i cab le  t o  t h e  l i v i n g  

, sub jec t  (Fri is-Hansen, 1961). A r a p i d  decrease i n  t o t a l  body water and 
i 



decrease o f  t h e  volume o f  e x t r a c e l l u l a r  water occurs l a t e r  i n  ch i ldhood 

( F r i  i s-Hansen, 1961 ) . 
The l a r g e s t  component o f  t h e  body i s  water, compris ing 72 - 73% 

o f  f a t - f r e e  body (Malina, 1969). Edelman, Hcley, Schloberb, Sheldon, 

Fri is-Hansen, St011 & Moore (1952) determined t o t a l  body water o f  bo th  

sexes throughout t h e  l i f e  span by us ing  t h e  deuter ium ox ide d i l u t i o n  

technique. Th is  technique determines t o t a l  body water by d i l u t i o n  o f  

deuter ium oxide. I t may be 1 t o  2% h igher  than ac tua l  water volume due 

t o  exchange o f  deuter ium w i t h  l a b i l e  hydrogen atoms i n  p r o t e i n s  and 

carbohydrates. Subjects between two days and 86 years  were measured. 

The mean body water was lower i n  females s tud ied  than i n  males o f  t he  

same age. Tota l  body water determined f o r  males one t o  n i n e  years  was 

55.2 t o  62.8% o f  body weight,  and from 10-16, 51.8 t o  63.2%. According 

t o  Edelman e t  a1. (1952), 59% was t h e  est imated t o t a l  body water i n  

chi ldhood. It was concluded by F r i  i s-Hansen, Hol i day  , Stapleton. & 

Wallace (1951) t h a t  changes i n  body water when expressed as a percentage 

o f  body weight were due t o  t h e  d i f f e rences  i n  t h e  amount o f  f a t .  I f  t h e  

percentage o f  water i n  t h e  l ean  body i s  constant,  t o t a l  body f a t  can be 

ca l cu la ted  (Brook, 1971 ) . 
Body f a t  and l ean  body mass change cons iderab ly  du r i ng  growth. Body 

f a t  tends t o  accumulate du r i ng  growth. I n  f e t a l  l i f e  0.3-1% o f  body 

weight i s  fa t .  U n t i l  t h e  t h i r d  t r i m e s t e r  o f  pregnancy, t h i s  percentage 

s low ly  increases. At  b i r t h  f a t  content  i s  approximately 12-168 (Forbes, 

1962). Fat  content  cont inues t o  increase du r i ng  i n fancy  and increases 

more g radua l l y  du r i ng  childhood. The constant r a t i o  of t o t a l  body f a t  i s  



formed by subcutaneous f a t  (Parizokova, 1961). This r e l a t i o n s h i p  changes 

du r i ng  development and aging. There i s  a s h i f t  o f  f a t  from t h e  subcutane- 

ous l a y e r  t o  t h e  body c a v i t i e s ,  and from e x t r e m i t i e s  t o  t h e  t runk.  I n  

hea l thy  c h i l d r e n  t h e  g rea tes t  prop or ti or^ o f  body f a t  i s  i n  t h e  form o f  

subcutaneous f a t  and t h e  r a t i o  o f  t o t a l  body f a t  and subcutaneous f a t  

approaches t h e  r a t i o  found i n  a d u l t s  (Parizkova, 1961). 

Par izkova (1961) no t i ced  a t u r n i n g  p o i n t  i n  development i n  boys aged 

12-13. A temporary d e c l i n e  o f  body dens i t y  occurred i n  boys between t h e  

ages o f  10-12 years  (average body dens i ty ,  1.048 g lm l ) ,  and w i t h  t h e  onset 

o f  puberty t h e  body dens i t y  increased cons iderab ly  (average 1.063 g/ml) .  

Par izkova (1968) conducted a l o n g i t u d i n a l  study o f  t h e  development o f  body 

composi t ion i n  11 year  olds,  f o l l o w i n g  them up u n t i l  t h e  age o f  15. The 

group o f  boys was separated i n t o  groups from h ighest  a c t i v i t y  t o  lowest 

a c t i v i t y .  A t  t h e  age o f  11 t h e  average percent body f a t  o f  t h e  h ighest  

a c t i v i t y  group was 15.7% and 17.2% i n  t h e  lowest  a c t i v i t y  group. At  t h e  

age o f  12, t h e  average percent f a t  o f  t h e  h ighest  a c t i v i t y  group was i4.1% 

and 19.1% i n  t h e  lowest  a c t i v i t y  group. A decrease i n  percent f a t  was 

no t i ced  i n  t h e  h ighest  a c t i v i t y  group up u n t i l  t h e  age o f  15, and a decrease 

i n  percent f a t  was a1 so no t i ced  i n  t h e  lowest  ' a c t i v i t y  group. The on l y  

increase i n  percent f a t  occurred between t h e  age o f  11 t o  12 i n  t h e  lowest  

a c t i v i t y  group. 

Macy & K e l l y  (1956) s tud ied  body composi t ion i n  c h i l d r e n  aged 4-12. 

I n  t h e  group o f  7-9 yea r  o l d  boys an average percent  body f a t  o f  24% was 

a t ta ined.  It was est imated i n  t h e  10-12 year  o l d  boys an average percent 

f a t  o f  28. I n  a study conducted by Slaughter,  Lohman, & Misner (1977), a 

mean percent f a t  o f  22.4% was a t t a i n e d  i n  boys age 7-12. Forbes & 



Amirhakimi (1970) s tud ied  body f a t  i n  boys between 8 and 12 years. Fat  

weight o f  4.4 kg was seen i n  t h e  8 year  o lds  and 13 kg was t h e  average 

f a t  weight f o r  t h e  12 year  o lds .  Macy & K e l l y  (1956) found t h e r e  was 

3.5 - 12.2 kg o f  f a t  weight 1,1 boys aged 7-12. 

Sady, Thompson, Savage & Pet ra tes  (1982) compared body composi t ion 

data  repo r ted  from w r e s t l e r s  and a c o n t r o l  grodp o f  boys 9 t o  12 years. 

I n  t h e i r  study, t h e  average percent f a t  va lue achieved from t h e  wres t l e r s  

was 13.3%, and 20% i n  t h e  c o n t r o l  group. The average f a t  weight o f  

7.4 kg  was obta ined from t h e  c o n t r o l  group and 4.2 kg was obta ined from 

t h e  wres t l e r s .  I n  a study conducted by Cureton, Bor leau & Lohman (1975), 

body dens i t y  and th ickness o f  subcutaneous f a t  i n  d i f f e r e n t  age groups 

were looked a t .  I n  t h e  10-12 year o l d  boys, a body d e n s i t y  o f  1.0628 

g/ml was a t t a i n e d  es t ima t i ng  15.8% body f a t .  Wilmore & McNamara (1974) 

s tud ied  bgdy composi t ion o f  95 boys between t h e  ages o f  8-12. The average 

body dens i t y  va lue o f  1.056 g/ml was a t t a i ned ,  es t ima t i ng  18.7% as t h e  

average percent f a t  f o r  t h i s  age group. 

According t o  Mal ina  (1969) muscle weight o f  a newborn i s  comprised 

o f  approximately 25% o f  t h e  t o t a l  body weight. I n  t h e  average a d u l t  male, 

muscle weight i s  thought t o  be 40% o f  body weight,  Muscle weight i n  boys 

5 years  o l d  increased from 42% t 9  50.3% a t  age 13. Fo l lowing t h i s  increase 

t o  t h e  age o f  13, a s l i g h t  decrease fo l lowed (Malina, 1969). 

The r e s u l t s  o f  a study conducted by Forbes (1972) showed LBM t o  r i s e  

from a mean va lue o f  21 t o  26 kg i n  t h e  8 t o  9 year  o l d  boys. Maximum 

LBM values o f  59 t o  67 kg were seen i n  t h e  18 t o  20 year  olds.  A f t e r  t h i s  

age a slow d e c l i n e  cont inues a t  a slow pace throughout a d u l t  l i f e .  Only 

a few "organs" i n  t h e  body e x h i b i t  negat ive  growth, adipose t i s s u e  i s  one 

i n  which t h i s  occurs (Forbes, 1972). 



I n  c h i l d r e n  aged 7-12, l ean  body mass o f  26.2 kg was de r i ved  by 

Slaughter e t  a1 . , (1977). According t o  Forbes (1972) t h e  average value 

f o r  t he  LBM o f  8 yea r  o l d  boys was 22-23 kg. Th is  va lue then begins t o  

r i s e  r a p i d l y  a f t e r  age 10 t o  a maximum o f  62 kg i n  males. Sady e t  a1 ., 
(1982) compared t h e  body composi t ion o f  w r e s t l e r s  t o  a c o n t r o l  group o f  

9 t o  12 year  olds.  An average l ean  weight o f  28.3 kg was found i n  t h e  

c o n t r o l  group, and 27.5 kg i n  t h e  w res t l e r s .  

Conversion o f  Body Dens i ty  t o  Percent Fat i n  Ch i l d ren  

No systemat ic i n v e s t i s a t i o n s  have been made o f  t h e  r e l a t i o n s h i p  o f  

body f a t  and subcutaneous f a t  i n  ch i l d ren .  The g rea tes t  p ropo r t i on  o f  

body f a t  i n  normal hea l thy  c h i l d r e n  i s  formed by subcutaneous f a t ,  and 

du r i ng  growth, t h e  r a t i o  o f  t o t a l  body f a t  i s  probably very  s i m i l a r  t o  

a d u l t s  (Par izkova, 1961). No s p e c i f i c  research, however, has been con- 

ducted t o  conver t  dens i t y  t o  percent body f a t  i n  ch i l d ren .  

Moul t o n  (1923) concluded t h a t  e a r l y  i n  ch i ldhood f a t - f r e e  protoplasm 

reaches a constant chemical composi t ion w i t h  no subs tan t i a l  change. Th is  

does not  imply,  however, t h a t  t h e  values o f  dens i t y  f o r  f a t - f r e e  body 

mass i n  c h i l d r e n  agree w i t h  s i m i l a r  values f o r  adu l ts .  

Due t o  t h e  l a c k  o f  knowledge o f  body composi t ion i n  ch i l d ren ,  no 

s p e c i f i c  equat ion  e x i s t s  f o r  conve r t i ng  body dens i t y  t o  percent f a t  i n  

c h i l d r e n  (Durn in  & Rahaman, 1967). It was concluded by Mal ina  (1969) 

t h a t  a d i r e c t  ana l ys i s  o f  adipose t i s s u e  o f  c h i l d r e n  i s  needed t o  assess 

t h e  r e l a t i o n s h i p  o f  conve r t i ng  dens i t y  t o  percent f a t .  The cadaver 

s tud ies  upon which var ious  formulas a re  based have no t  i nc luded  c h i l d r e n  

(Sady e t  a1 . , 1982). 



S i r i  (1961) est imated a  standard dev ia t i on  c lose t o  ' 3.4%. To 

approximate t h e  i ~ n c e r t a i n t y  f o r  es t ima t i ng  f a t  from dens i ty ,  i t  requ i res  

t h a t  a l l  a d u l t  humans be i d e n t i c a l  i n  composi t ion except f o r  d i f f e rences  

I i n  t h e i r  p ropo r t i cns  o f  adipose t i ssue .  According t o  Bakker & St ru iken-  

1 Lamp (1971) a  b i o l o g i c a l  v a r i a t i o n  i n  lean body mass dens i t y  corresponds 

I t o  a 3.4% standard dev ia t i on  when es t ima t i ng  f a t  content.  I n  t he  general 

populat ion,  es t ima t i ng  b i o l o g i c a l  v a r i a t i o n  o f  f a t - f r e e  body and l ean  

I body mass y i e l d  s i m i l a r  r e s u l t s  f o r  es t ima t i ng  f a t ,  However, f o r  c e r t a i n  

1 homogeneous popu la t ions  ( i  .e., gymnasts, l ong  d is tance runners, etc.) ,  

/ t h e  reduc t i on  e r r o r  i n  es t ima t i ng  f a t  may be cons iderab le  (Lohman, 
I 
i 1981). 

I Body d e n s i t i e s  a re  known t o  change from popu la t ion  t o  popu la t ion .  

I Taking i n t o  account age changes and sex d i f f e r e n c e s  Brozek (1961) po in ted  

out  q u a n t i t a t i v e  co r rec t i ons  o f  t h e  formula f o r  p r e d i c t i n g  body f a t .  A 

' va lue o f  1.10 gm/cc was es tab l i shed  f o r  young sedentary a d u l t  males 

I (Brozek, 1961). For c h i l d r e n  i t  would appear t h e  f a t - f r e e  body dens i t y  

i s  lower than 1  .I00 gm/cc, because o f  t h e  d i f f e rences  i n  t h e  chemical 

composi t ion o f  water content ,  bone, and f a t - f r e e  adipose t i s s u e  (Lohman, 

1 1381). 

I There seems t o  be a  wide range o f  normal percent f a t  f o r  boys no t i ced  
! 
1 by Sady e t  al., (1982). Wilmore & McNamara (1974) noted i n  t h e i r  study 
i 

I t h a t  h i gh  r e l a t i v e  f a t  values are  most l i k e l y  t h e  r e s u l t  o f  us ing equa- 
I 
/ t i o n s  developed f o r  mature adu l ts .  The reason f o r  t h i s  incons is tency may 

! be t h e  r e s u l t  of assumed dens i t y  of  t h e  l ean  t i s s u e  i n  t h e  formulas used , 
, t o  conver t  body dens i t y  t o  percent f a t ,  which may be t o o  h igh  f o r  younger 



boys. This can be due t o  t h e  d i f f e r e n c e s  i n  t o t a l  body water and dens i t y  

o f  bone between t h e  immature boy and t h e  man. Younger boys have h igher  

t o t a l  body water and lower bone dens i t y  than a mature man. Th is  may 

r e s u l t  i n  a lower va lue f o r  t h e  dens i t y  o f  t h e  l ean  t i ssue ,  which would 

lower c a l c u l a t e d  values f o r  percent f a t  (Wilmore & McNamara, 1974). 

Conclusion 

Hyd ros ta t i c  weighing has been accepted as one method o f  de termin ing 

body dens i t y  i n  order  t o  p r e d i c t  percent f a t .  However, d i f f e rences  e x i s t  

concerning which l ung  volume t o  assess du r i ng  t h e  h y d r o s t a t i c  weighing, 

due t o  t h e  apparent i ncons i s tenc ies  found by d i f f e r e n t  researchers. 

Residual volume obta ined on l and  o r  i n  t h e  water was i n v e s t i g a t e d  by 

several  researchers. The r e s u l t s  o f  performing RV w h i l e  be ing submerged 

o r  w h i l e  on l and  were i ncons i s ten t .  These r e s u l t s  may be a t t r i b u t e d  t o  

t h e  i n d i v i d u a l ' s  a b i l i t y  t o  perform t h e  maneuver o f  a f u l l  e x p i r a t i o n  

p r i o r  t o  submersion. Hyd ros ta t i c  weighing w i t h  TLC has been shown t o  

o f f e r  several  p r a c t i c a l  advantages over RV. Reducing t h e  psycho log ica l  

e f f e c t  can enable t h e  sub jec t  t o  f e e l  comfor tab le  and s t a b l e  w h i l e  

submerged. Increas ing t h e  t ime  t h e  i n v e s t i g a t o r  had t o  o b t a i n  t h e  under- 

water weight may enable a more accura te  reading. 

Fu r the r  s tud ies  are  needed concerning body composi t ion i n  ch i l d ren .  

Changes t h a t  occur throughout a c h i l d ' s  development need t o  be thorough ly  

i nves t i ga ted  t o  o b t a i n  app rop r i a te  ana l ys i s  o f  body composit ion. Al though 

body dens i t y  c a l c u l a t e d  from hyd ros ta t i c  weighing has been i n v e s t i g a t e d  

i n  ch i l d ren ,  no s p e c i f i c  formula e x i s t s  f o r  conve r t i ng  t h e  dens i t y  t o  

percent body f a t .  



CHAPTER 111 

METHODS 

I n t r o d u c t i o n  

The methods and procedures used i n  t h i s  study a re  presented i n  t h e  

f o l l o w i n g  sequence: Subject  se lec t i on ,  general procedures, t e s t i n g  

procedures and s t a t i s t i c a l  t reatment.  

Subject  Se lec t i on  

A t o t a l  o f  42 boys rang ing from 8-12 years  were sub jec ts  f o r  t h e  

study. The sub jec ts  were vo lunteers  obta ined through announcements t o  

f a c u l t y  members and p a r t i c i p a n t s  i n  t h e  Adu l t  F i t ness  and Cardiac Reha- 

b i l  i t a t i o n  Programs a t  t h e  U n i v e r s i t y  o f  Wisconsin-La Crosse. I n t e r e s t e d  

parents rece ived a l e t t e r  o f  i n fo rma t i on  exp la in ing  t h e  procedures 

i nvo l ved  (see Appendix A). A l l  procedures and p o t e n t i a l  r i s k s  were 

exp la ined t o  t h e  parent  and subjects.  A consent form t o  be read and 

signed accompanied t h e  procedural  l e t t e r  (see Appendix B). 

General Procedures 

P a r t i c i p a t i o n  i n  t h e  study i nvo l ved  two t o  t h ree  v i s i t s  t o  t h e  

Human Performance Laboratory a t  t h e  U n i v e r s i t y  o f  Wisconsin-La Crosse. 

The f i r s t  v i s i t  was an o r i e n t a t i o n  t o  t h e  general  procedures. A l l  p ro-  

cedures and poss ib le  r i s k s  were again exp la ined t o  t h e  sub jec t  and t h e i r  

parents.  Dur ing  t h e  f i r s t  v i s i t ,  t h e  sub jec t  was in t roduced t o  t h e  

s p i  rometry procedure, res idua l  volume and underwater weighing procedures. 

Measurements o f  each procedure were taken du r i ng  t h e  f i r s t  v i s i t  as a 



p r a c t i c e  t r i a l .  The second v i s i t  t o  t h e  l abo ra to ry  i nvo l ved  a r e p e t i t i o n  

o f  t h e  same measurements. Data were c o l l e c t e d  du r i ng  t h e  second v i s i t  i f  

t h e  i n v e s t i g a t o r  f e l t  con f i den t  t h a t  t h e  performance o f  t h e  c h i l d  was 

maximal. I f  a c h i l d  was unable t o  perform t h e  procedures accu ra te l y  i n  

t h e  researcher 's  op in ion  du r i ng  t h e  second v i s i t ,  a t h i r d  v i s i t  was 

scheduled. 

Ins t rumenta t ion  and Procedures 

P i l o t  Study 

A p i l o t  study ( n  = 7 )  was conducted t o  determine t h e  t e s t - r e t e s t  

r e l i a b i l i t y  o f  t h e  methods o f  RV and TLC. The procedures used f o r  t h i s  

p i l o t  study were i d e n t i c a l  t o  those presented below. The sub jec ts  were 

boys between 8-12 years  old.  Resu l ts  o f  t h i s  p i l o t  study a re  inc luded i n  

Chapter I V .  

Spi rometry-Measurement o f  V i t a l  Capaci ty 

I n t r o d u c t i o n  

Tota l  l ung  capac i t y  was determined by adding t h e  measurements o f  

V i t a l  Capaci ty (VC) and RV. V i t a l  Capaci ty i s  t h e  t o t a l  volume o f  a i r  

t h a t  can be expe l l ed  from t h e  lungs a f t e r  a maximal i n s p i r a t i o n .  Th is  

l ung  volume can be ca l cu la ted  d i r e c t l y  from a spirometer.  A l l  gas volumes 

were measured a t  Ambient Temperature and Pressure Satura ted (ATPS) and 

converted t o  Body Temperature and Pressure Saturated (BTPS). 

Equipment 

The f o l l o w i n g  equipment was used f o r  measuring VC: A C o l l i n s  13.5 

1 i t e r  record ing sp i  rometer, nose c l i p ,  cha r t  paper, c h a r t  pen, mouth- 

piece, and a m e t r i c  r u l e r .  



Procedures 

The sub jec ts  were i n s t r u c t e d  t o  s i t  comfortably f a c i n g  t h e  spirometer.  

i A l l  i n s t r u c t i o n s  were exp la ined and demonstrated t o  t h e  sub jec ts  before  

t h e  t r i a l .  Fo l lowing i n s t r u c t i o n s ,  a nose c l i p  was placed on t h e  s u b j e c t ' s  

nose t o  i nsu re  t h a t  a l l  exp i red gas would pass through a rubber mouthpiece. 

The sub jec ts  were i n s t r u c t e d  t o  p lace t h e i r  mouth over t h e  e n t i r e  

mouthpiece. I n  each t r i a l  t h e  sub jec ts  were i n s t r u c t e d  t o  i n s p i r e  maxi- 

mal ly ,  then exp i re  as completely as poss ib le .  Three t r i a l s  were performed 

w i t h  a few minutes between each t r i a l  t o  a l l o w  t h e  sub jec ts  t o  re lax .  A 

v e r t i c a l  l i n e  was drawn by t h e  spirometer i n d i c a t i n g  t h e  volume o f  a i r  

i nha led  and exhaled. 

Ca l cu la t i ons  

The v e r t i c a l  l i n e s  d i sp laced  by t h e  spirometer drum represented t h e  

volume o f  a i r  i nha led  and exhaled. Each l i n e  was measured w i t h  a m e t r i c  

r u l e r ,  and t h e  l i n e  measuring t h e  g rea tes t  was t h e  va lue used i n  t h e  c a l -  

c u l a t i o n  o f  VC. Th is  va lue was converted t o  m i l ime te rs  (mm) and was 

m u l t i p l i e d  by a conversion fac to r ,  which was obta ined from t h e  temperature 

o f  t h e  spirometer from a conversion char t .  This va lue was converted t o  

l i t e r s  and represented VC a t  BTPS. 

Residual Volume 

I n t r o d u c t i o n  

The RV i s  t h e  amount o f  a i r  l e f t  i n  t h e  lungs a f t e r  a maximal 

exp i  ratSon. The method used t o  measure RV was 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  technique descr ibed by Wilmore (1969). I nsp i  r ed  and exp i red a i r  

was analyzed cont inuous ly  by a C o l l i n s  N i t rogen Analyzer (model number 

21 232). 



Equipment 

The equipment needed i n  t h e  t e s t i n g  o f  RV inc luded:  A mod i f i ed  

C o l l  i n s  6 1 i t e r  record ing spirometer,  A Co l l  i n s  N i t rogen Analyzer (model 

number 21232), oxygen (medical grade, dry) ,  two-way b rea th ing  valve,  

cor rugated p l a s t i c  hose, nose c l i p ,  an ad jus tab le  va l ve  ho lder  assembly 

and s too l .  

Procedures 

C a l i b r a t i o n  o f  t h e  RV apparatus was conducted each day p r i o r  t o  

t e s t i n g .  Th is  i nvo l ved  t h e  use o f  a s i x  l i t e r  spirometer which measured 

t h e  volume o f  oxygen used du r i ng  t h e  t r i a l s  t o  determine RV. A t o t a l  o f  

t e n  sample volumes were entered i n t o  t h e  spirometer f o r  4.5 seconds. 

The average o f  t h e  10 sample volumes was used as t h e  amount o f  pure 

oxygen in t roduced i n t o  a f i v e  l i t e r  rubber b rea th ing  bag. The pure oxygen 

would en te r  i n t o  a f i v e  l i t e r  rubber b rea th ing  bag by opening a two-way 

valve.  The bag was vacuumed f r e e  o f  a i r  be fo re  t h e  oxygen would pass 

through t h e  valve.  F lush ing o f  pure oxygen and vacuuming gas contents  

wreper formed 2 t o  3 t imes t o  assure a pure concent ra t ion  o f  oxygen. 

For t h e  RV determinat ion,  t h e  sub jec ts  were seated i n  f r o n t  o f  t h e  

N i t rogen Analyzer which determines t h e  percent o f  n i t r o g e n  i n  t h e  i n -  

s p i r e d  and exp i red  a i r .  The sub jec ts  were i n s t r u c t e d  t o  l ean  s l i g h t l y  

forward i n  a p o s i t i o n  c l o s e l y  r e l a t e d  t o  t h e  p o s i t i o n  obta ined i n  t h e  

underwater weighing tank. 

The procedures were exp la ined t o  t h e  sub jec ts  p r i o r  t o  t h e  

measurement. A nose c l i p  was fastened over each s u b j e c t ' s  nose and t h e  

sub jec ts  were i n s t r u c t e d  t o  p lace t h e i r  mouth around t h e  mouthpiece. 

The sub jec ts  were i n s t r u c t e d  t o  b rea th  normal ly  f o r  a few seconds, and 



then i n s t r u c t e d  t o  i n s p i r e  maximal ly fo l lnwed by a  maximal expi  r a t  ion. 

A t  t h e  complet ion o f  t h e  maximal exp i ra t i on ,  t h e  sub jec ts  were i n s t r u c t e d  

t o  s i gna l  t h e  i n v e s t i g a t o r  by tapp ing her on t h e  hand. The i n i t i a l  

a l v e o l a r  n i t r ogen  concent ra t ion  (AN2) was recorded f o r  each sub jec t .  

At t h a t  t ime  t h e  sub jec ts  were immediately connected t o  t h e  bag o f  pure 

oxygen by c l o s i n g  t h e  va lve  t o  room a i r .  The sub jec ts  were then i n s t r u c t e d  

t o  b rea th  reasonably deeply and qu i ck l y .  At t h i s  p o i n t  t h e  i m p u r i t y  o f  

n i t r o g e n  i n  t h e  o r i g i n a l  volume o f  oxygen was recorded ( IN2) .  Rebreathing 

cont inued u n t i l  an e q u i l i b r i u m  was reached between t h e  oxygen i n  t h e  bag 

and t h e  a i r  remaining i n  t h e  lungs; t h i s  measurement was recorded (EN2). 

When t h e  e q u i l i b r i u m  was reached, t h e  sub jec ts  were i n s t r u c t e d  t o  

t ake  a  deep b rea th  i n ,  and then exp i re  maximally. The sub jec ts  once again 

tapped t h e  i n v e s t i g a t o r  when they exp i red a l l  o f  t h e i r  a i r .  The f i n a l  

concent ra t ion  was recorded (FN2) and t h e  sub jec ts  were i n s t r u c t e d  t o  

remove t h e i r  mouth from t h e  mouthpiece. A second t r i a l  was performed 

w i t h  a  few minutes o f  r e s t  between t r i a l s .  I f  a  d i f f e r e n c e  o f  60 ml was 

observed between t r i a l s ,  a  t h i r d  t r i a l  was performed, and t h e  average o f  

t h e  t r i a l s  was used. 

Ca l cu la t i ons  

Residual Volume was c a l c u l a t e d  by t h e  fo l l ow ing :  (The data sheet 

used i n  t h e  t e s t  i s  presented i n  Appendix C.) 

RV = "2 (EN2 - IN2)  - DX x  BTPS Factor  

(AN2 - FN2) 

Where: 

VO - t h e  i n i t i a l  volume o f  oxygen i n  t h e  spirometer system, i n c l u d i n g  -2 - t h e  d e a d  s p a c e  b e t w e e n  t h e  s p i r o m e t e r  b e l l  



EN = decimal f r a c t i o n  o f  n i t r o g e n  a t  t h e  p o i n t  o f  e q u i l i b r i u m  -2 

I N  = decimal f r a c t i o n  o f  n i t r ogen  i n i t i a l l y  i n  V02 -2 

AN = decimal f r a c t i o n  o f  n i t r ogen  i n  a l v e o l a r  a i r  i n i t i a l l y  when -2 breath ing room a i r  

FN = decimal f r a c t i o n  o f  n i t r ogen  i n  a l v e o l a r  a i r  a t  t h e  end o f  -2 
t h e  t e s t  

DS = t h e  dead space o f  t h e  mouthpiece, sensing element o f  n i t r o g e n  - 
analyzer,  and a small p o r t i o n  o f  t h e  b rea th ing  valve,  which 
represented .05. 

(Wilmore, 1969, p. 96) 

Hyd ros ta t i c  Weighing 

I n t r o d u c t i o n  

Hyd ros ta t i c  weighing i s  thought t o  be t h e  standard i n  t h e  p r e d i c t i o n  

o f  body dens i t y  and i s  based on Archimede's P r i n c i p l e .  Th is  p r i n c i p l e  

s ta tes  t h a t  an o b j e c t  immersed i n  a f l u i d  loses an amount o f  weight o f  

t h e  f l u i d  which i s  displaced. Subjects were weighed by two d i f f e r e n t  

methods. One mexhod used RV and t h e  o the r  used TLC f o r  determinat ion  o f  

body dens i t y  and percent f a t .  

Equi pment 

The equipment used f o r  h y d r o s t a t i c  weighing inc luded:  A 4 '  x 4 '  x 

4 '  water immersion tank (model number 09771), autopsy sca le  ( C h a t i l l i o n  

& Son, New York, N.Y., model n m b e r  8-2096 accura te  t o  25 grams), water 

thermometer, d i v i n g  weights,  submersible seat, nose c l i p ,  beam balance, 

and Cont inenta l  Heal th-0-Meter Scale (model number 400 DLK) . 
Procedures 

P r i o r  t o  t h e  underwater weighing, t h e  sub jec ts  were asked t o  f a s t  

f o r  a t  l e a s t  s i x  hours. Before  en te r i ng  t h e  tank, d r y  weight was obta ined 



on a  Cont inenta l  Health-0-Meter scale,  w i t h  t h e  sub jec ts  dressed i n  t h e i r  

swim s u i t s .  The sub jec ts  were then i n s t r u c t e d  t o  shower t o  remove any 

d i r t  and o i l  from t h e  skin.  The sub jec ts  entered t h e  tank and were i n -  

s t r u c t e d  t o  s i t  comfor tab ly  on t h e  cha i r .  The c h a i r  was suspended from 

a 15 kg autopsy sca le  graduated i n  25 gm increments, fastened t o  t h e  

c e i l i n g .  At t h i s  p o i n t  t h e  sub jec ts  were asked t o  draw a  number out  o f  

a  box t o  i n d i c a t e  which t e s t  would be performed f i r s t ,  e i t h e r  t h e  RV o r  

TLC technique. The sub jec ts  were then i n s t r u c t e d  t o  remove a i r  t rapped 

i n  t h e i r  swimming apparel by rubb ing t h e i r  s u i t s .  

Residual Volume Method 

The i n v e s t i g a t o r  exp la ined t h e  procedures o f  t h e  s p e c i f i c  t e s t  t o  

each sub jec t .  A  nose c l i p  was secure ly  placed on t h e  s u b j e c t ' s  nose. 

The sub jec ts  were asked t o  move s low ly  when submerging under t he  water, 

ho ld ing  on t o  t h e  s ides o f  t h e  c h a i r  f o r  support. The sub jec ts  were i n -  

s t r u c t e d  t o  take a  deep b rea th  i n ,  then submerge as they  maximal ly exhaled. 

I f  any a i r  remained i n  t h e  lungs, t h e  sub jec ts  were i n s t r u c t e d  t o  blow i t  

a l l  ou t  under t h e  water. Below t h e  surface, t h e  head was lowered and 

drawn toward t h e i r  knees. While t h e  sub jec ts  were completely submerged, 

t h e  i n v e s t i g a t o r  obta ined t h e  weight from t h e  autopsy scale. The inves- 

t i g a t o r  knocked on t h e  tank t o  s i gna l  t o  t h e  sub jec ts  t o  s i t  i n  t h e  

u p r i g h t  pos i t i on ,  w i t h  t h e i r  head out  o f  t h e  water. Th is  procedure was 

repeated u n t i l  t h r e e  i d e n t i c a l  weights were recorded. Appropr ia te  t ime 

was g iven between each t r i a l  t o  a l l o w  t h e  sub jec ts  t o  re lax .  

Ca lcu la t ions .  The weight o f  t h e  c h a i r  was measured p r i o r  t o  t e s t i n g  

and was subt rac ted from t n e  observed weight. Body dens i t y  was ca l cu la ted  

according t o  t h e  f o l l o w i n g  formula:  (The data  sheet used i n  t h e  t e s t i n g  

i s  presented i n  Appendix D.) 



(y ) - R V  - 0.1 l i t e r  

Where: 

DB = body dens i t y  - 
MA = mass i n  t h e  a i r  i n  kg - 
MW = mass i n  t h e  water - 
DW = dens i t y  o f  t h e  water - 
0.1 l i t e r  = a i r  i n  t h e  g a s t r o - i n t e s t i n a l  t r a c t  

RV = res idua l  volume determined by 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  technique 

(Busk i rk ,  1961, p. 102) 

The body dens i t y  value was c a l c u l a t e d  i n  t h e  f o l l o w i n g  formula t o  

determine percent body f a t :  

(Brozek e t  al., 1963, p. 131) 

Tota l  Lung Capaci ty 

Tota l  Lung Capaci ty procedures were exp la ined t o  t h e  subjects.  The 

procedures were s i m i l a r  t o  t h a t  o f  RV w i t h  t h e  except ion  o f  ask ing t h e  

sub jec ts  t o  i n h a l e  maximal ly be fo re  submersion. The sub jec ts  would sub- 

merge themselves under t h e  water s i m i l a r  t o  t h e  RV method. Breath was 

he ld  u n t i l  t h e  weight underwater was obtained. A knock on t h e  tank was 

g iven t o  s i gna l  t o  t h e  sub jec ts  t o  s i t  i n  t h e  u p r i g h t  pos i t i on ,  w i t h  

t h e i r  head out  o f  t h e  water. Th is  procedure repeated u n t i l  t h r e e  i d e n t i c a l  
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weights were recorded. Appropr ia te  t ime was g iven between each t r i a l  

t o  a l l o w  t h e  sub jec t  t o  re lax .  

Ca lcu la t ions .  The percent f a t  (Brozek e t  a1 ., 1963) and body dens i t y  

(Buskirk,  1961) were ca l cu la ted  from t h e  standard formulas presented 

e a r l i e r  w i t h  the except ion  o f  subs t rac t i ng  t h e  TLC measurement obta ined 

by adding t h e  RV (determined by 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  

technique) and VC (determined by t h e  spirometer) .  The data sheet used 

i n  t h e  t e s t i n g  i s  presented i n  Appendix E. 

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

Standard d e s c r i p t i v e  techniques were used t o  descr ibe  t h e  sub jec ts .  

Dependent t - t e s t s  were used t o  analyze t h e  data  a t  t h e  .05 l e v e l  f o r  

s i gn i f i cance  f o r  a two - ta i l ed  t e s t .  A Pearson Product Moment Cor re la-  

t i o n  was dsed i n  t h e  p i l o t  study. 



CHAPTER I V  

RESULTS AND DISCUSSION 

I n t r o d u c t i o n  

The purpose o f  t h i s  study was t o  determine i f  t h e r e  was a  s i g n i f i -  

cant d i f f e r e n c e  i n  t h e  dens i t y  and percent f a t  as a  r e s u l t  o f  h y d r o s t a t i c  

weighing techniques us ing RV and TLC i n  boys ages 8-12 years. This 

chapter inc ludes a  d e s c r i p t i o n  o f  t he  subjects,  t h e  s t a t i s t i c a l  ana l ys i s  

o f  t h e  c o l l e c t e d  data  obta ined from t h e  h y d r o s t a t i c  weighing techniques, 

and 1  ung volume measurements. 

Subjects 

The sub jec ts  i nvo l ved  i n  t h i s  study were 42 boys between 8-12 years  

o l d  descr ibed i n  Table 1. The sub jec ts  were vo lunteers  and res iden ts  o f  

t h e  La Crosse, Wisconsin, area. The sub jec ts  f o r  t h i s  study were compa- 

r a b l e  i n  body composi t ion t o  o the r  8 t o  12 year  o l d  boys. 

Table 1. Means and standard dev ia t i ons  o f  d e s c r i p t i v e  
c h a r a c t e r i s t i c s  o f  sub jec ts  ( n  = 42) 

Va r i ab le  Mean SD 

Age ( y r )  10.4 1.32 

Height (cnl) 145.2 9.00 

Weight (kg)  37.9 9.18 

I n  t h i s  study t h e  group o f  boys compared favo rab l y  i n  he igh t  and 

Weight t o  boys o f  s i m i l a r  ages i n  o the r  s tud ies  (Macy & Ke l l y ,  1956; 



Forbes & Amirhakine, 1970; Wilmore & McNamara, 1974; Lohman e t  a1 ., 
1979; Slaughter e t  al., 1977; Sady e t  al., 1982). 

R e l i a b i l i t y  o f  t h e  Measurements 

A p i l o t  study was conducted p r i o r  t o  ac tua l  data c o l l e c t i o n  t o  

e s t a b l i s h  t h e  r e l i a b i l i t y  o f  t h e  measures. A t o t a l  o f  7 boys between 

8-12 years  o l d  were sub jec ts  f o r  t h i s  p a r t i c u l a r  study. Measurements 

o f  VC, RV, body dens i t y  and percent obta ined from hyd ros ta t i c  weighing 

a t  RV and TLC were obta ined twice.  A Pearson Product Moment Co r re la t i on  

was used t o  determine t h e  t e s t  r e - t e s t  r e l i a b i l i t y  c o e f f i c i e n t s  o f  RV, 

VC, body dens i t y  and percent f a t  measurements. The re1 i abi  1 i t y  c o e f f i  - 
c i e n t s  f o r  a l l  measurements ranged from 0.93 t o  0.98 and a r e  presented 

i n  Table 2. These h i g h  c o r r e l a t i o n s  i n d i c a t e d  t h a t  t h e  measurements 

were re1 i abl e. 

Table 2. R e l i a b i l i t y  c o e f f i c i e n t s  f o r  , " - L  :.;dy 
measurements 

Var iab le  Co r re la t i on  
between T1 and T2 

- 

V i t a l  Capacity .9875 

Residual Volume .9459 

Body Dens i ty  (Residual Volume) .9538 

Body Dens i ty  (To ta l  Lung Capaci ty)  .9256 

Lung Volume Measurements 

The means and standard dev ia t i ons  o f  RV, VC, and TLC f o r  a1 1 sub jec ts  

a re  repor ted i n  Table 3. The l ung  volumes, VC, R V  and TLC repor ted i n  

t h e  present study a re  i n  c l ose  agreement w i t h  t h e  values repor ted by 



others  f o r  boys 8-12 (Wilmors & McNamara, 1974; Jensen, 1979; F e r r i s ,  

Whi t tenberger  & Gal 1 agher, 1952). Residual vo l  ume was measured on l and  

u t i  1 i z i n g  t h e  c losed-c i  r c u i t  oxygen d i l u ' t i o n  techniques as descr ibed by 

Wilmore (1969) and r e s u l t e d  i n  a mean of 0.624 l i t e r s .  Residual volume 

~neasured on l and  has been found t o  be more accurate than underwater 

(Agostoni  e t  a1 . , 1966; Bondi e t  a1 . , 1976; Robertson e t  a1 . , 1978). 

Measurements taken underwater prevent a f u l l  e x p i r a t i o n ,  due t o  c o l l a p s i n g  

airways. Measuring RV immersed may under es t imate  t h e  body dens i t y  va lue 

and percent f a t  due t o  t h e  i n a b i l i t y  t o  completely exhale. Therefore,  

t h e  RV was determined on l and  i n  t h i s  study. 

Table 3. Means and standard dev ia t i ons  o f  l ung  
volume measurements ( N  = 42) 

Var iab le  Mean SD 

Residual Vol lime (L) 0.624 0.152 

V i t a l  Capaci ty (L) 2.591 0.551 

Tota l  Lung Capaci ty (L)  3.215 0.645 
1 

V i t a l  capac i ty  was measured on l and  w i t h  a spirometer.  A va lue o f  
I 

2.952 l i t e r s  was a t t a i n e d  as t h e  average VC measurement. Tota l  l ung  
I 

capac i ty  was measured by adding t h e  r e s u l t s  o f  VC obta ined from t h e  

spirometer,  and t h e  R V  measurement obta ined from 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  technique. A va lue o f  3.215 l i t e r s  was t h e  average TLC 

measurement. Since t h e  measurements o f  VC and TLC were a t t a i n e d  on 

land, d i f f e rences  i n  t o t a l  body volume due t o  h y d r o s t a t i c  pressure may 



have r e s u l t e d  i n  a s l i g h t  overes t imat ion  o f  TLC (Agostoni e t  a1 ., 1966; 

Behnke e t  al., 1942; Brozek e t  al., 1976; Carey e t  al,, 1956; Cra ig  ?A 

Ware, 1967). 

These s tud ies  i n d i c a t e  t h a t  VC and TLC decreased when measured w h i l e  

t h e  sub jec t  i s  immersed i n  water. A decrease i n  TLC determined underwater 

may be due t o  hyd ros ta t i c  pressure which i n h i b i t s  t h e  f o r c e  o f  a f u l l  

i n s p i r a t i o n  by compressing t h e  chest. Lung compliance may be reduced due 

t o  a b lood s h i f t  t o  t h e  thorax  a t t r i b u t e d  by t h e  compression o f  water on 

t h e  b lood vessels o f  t h e  e x t r e m i t i e s  (Hamil ton & Mayo, 1974; Agostoni 

e t  a1 ., 1966; Dal back & Lundgren, 1972). These r e s u l t s  i n d i c a t e  t h a t  VC 

and TLC measured on l and  may account f o r  a h igher  l ung  volume value than 

a c t u a l l y  performed i n  t h e  underwater weighing. 

Body Dens i ty  and Percent Fat  Measurements 

The sub jec ts  f o r  t h i s  study were comparable i n  percent f a t ,  body 

/ dens i ty ,  l ean  weight, and f a t  weight t o  those values repor ted f o r  o the r  

8 t o  12 year  o l d  boys. 

I 
Table 4. Means and standard dev ia t i ons  o f  body composi t ion 

parameters us ing hyd ros ta t i c  weighing a t  RV and 
TLC ( n  = 42) 

Var iab le  Residual Volume Tota l  Lung Capacity 
Mean f SD Mean f SD 

I Body Dens i ty  (Db) g/ml 1.0629 0.0145 1.0640* 0.0128 

I Percent Fat  15.8 5.76 15.4* 5.22 

Fat Weight (kg) 6.3 3.47 6.1** 3.20 

Lean Weight (kg) 31.5 6.50 31.8" 6.99 - 
* p <.05 
**p <.01 



Par i  zkova (1  968) conducted a 1 ongi t u d i  na l  study o f  t h e  development 

o f  body composi t ion i n  11 yea r  o l d s  and fo l lowed up u n t i l  t h e  age o f  

15 comparing h ighest  a c t i v i t y  group t o  lowest.  A t  t h e  age o f  11, t h e  

average percent body f a t  o f  t h e  h ighest  a c t i v i t y  group was 15.7% and 

17.2% i n  t h e  lowest a c t i v i t y  group. Macy & K e l l y  (1956) s tud ied  body 

composi t ion i n  ch i l d ren .  I n  t h e  group o f  7-9 yea r  o l d  boys, an average 

percent body f a t  o f  24% was a t t a i ned .  An es t imated 28% was determined 

as t h e  average percent f d t  o f  t h e  10-12 year olds.  A mean percent f a t  

o f  22.4 was a t t a i n e d  i n  boys aged 7-12 i n  a study conducted by Slaughter 

e t  a1. (1977). Sady e t  a1. (1982) compared body composi t ion i n  w r e s t l e r s  

and a c o n t r o l  group. The average percent f a t  va lue achieved from t h e  

w r e s t l e r s  was 13.3% and 20% i d  t h e  c o n t r o l  group. Wilmore & McNamara 

(1974) s tud ied  body composi t ion o f  95 boys between t h e  ages o f  8-12. 

The average percent f a t  va lue o f  18.7% resu l t ed .  

There seems t o  be a wide range o f  percent body f a t  repor ted f o r  boys 

i n  t h i s  age group. Sady e t  a l .  (1982) noted i n  t h e i r  i n v e s t i g a t i o n  o f  

body composi t ion i n  boys t h a t  a l a r g e  range o f  percent body f a t  e x i s t s .  

Wilmore & McNamara (1974) noted i n  t h e i r  study t h a t  h igh  percent body 

f a t  values f o r  c h i l d r e n  a re  most l i k e l y  t h e  r e s u l t  o f  us ing  equat ions 

developed f o r  mature adu l ts .  Th is  incons is tency may be t h e  r e s u l t  o f  

assumed dens i t y  o f  t h e  l ean  t i s s u e  i n  t h e  formulas used t o  conver t  body 

dens i t y  t o  percent f a t ,  which may be t o o  h igh  f o r  younger boys. Th is  

can be due t o  t h e  d i f f e rences  i n  t o t a l  body water and dens i t y  o f  bone 

between t h e  immature boy and t h e  mature man. Younger boys have h igher  

t o t a l  body water and lower bone dens i t y  than a mature man, which nay 

r e s u l t  i n  a lower va lue f o r  t h e  dens i t y  o f  t h e  l ean  t i ssue ,  which would 

1 ower c a l c u l a t e d  values f o r  percent body f a t .  



Body dens i t y  values, f a t  weight and l ean  weight o f  t h e  boys i n  t h i s  

study compared favo rab l y  t o  boys i n  o the r  s tud ies  (Macy & K e l l y ,  1956; 

Forbes & Amirhakimi, 1970; Parizkova, 1961; Sady e t  al., 1982; Wilmore 

& McNamara , 1974). 

The comparison o f  body composi t ion parameters determined by hydro- 

s t a t i c  weighing a t  R V  and TLC were presented i n  Table 4. I n  order  t o  

determine any s t a t i s t i c a l  s i g n i f i c a n t  d i f f e rence ,  a dependent t - t e s t  was 

performed on these data a t  t h e  .05 l e v e l .  A comparison o f  t h e  r e s u l t s  

o f  hyd ros ta t i c  weighing a t  R V  and TLC was t e s t e d  t o  determine i f  TLC 

y i e l d  t h e  same r e s u l t s  s t a t i s t i c a l l y  as R V .  

The method o f  hyd ros ta t i c  weighing a t  TLC r e s u l t e d  i n  a s i g n i f i -  

c a n t l y  ( p  < .05) h igher  body d e n s i t y  va lue than a t  R V .  A dens i t y  value 

o f  1.0640 glml was a t t a i n e d  from t h e  TLC method, whereas 1.0629 glml 

was a t t a i n e d  from t h e  R V  method. Therefore, percent f a t  was found t o  be 

s i g n i f i c a n t l y  (p  < .05) lower w i t h  t h e  TLC method than t h e  RV method. 

A percent f a t  o f  15.4% r e s u l t e d  from t h e  TLC method and 15.8% was e s t i -  

mated from t h e  R V  method. 

I n  t h e  determinat ion  o f  l ean  weight,  t h e  TLC method r e s u l t e d  i n  a 

s i g n i f i c a n t l y  (p  < .05) h igher  va lue o f  31.8 kg, w h i l e  31.5 kg was 

obta ined from t h e  R V  method. The f a t  weight es t ima t i on  was found t o  be 

s i g n i f i c a n t l y  (p  < .01) h igher  i n  t h e  R V  method (6.3 kg) ,  compared t o  t h e  

TLC method (6.1 kg). 

These r e s u l t s  showed a small bu 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  

between t h e  r e s u l t s  o f  hyd ros ta t i c  weighing techniques TLC and RV i n  boys. 

These r e s u l t s  are  i n  agreement w i t h  t h e  study conducted by Weltman & 

Katch (1981), which demonstrated a small bu t  s i g n i f i c a n t  d i f f e r e n c e  o f  



hyd ros ta t i c  weighing a t  R V  and TLC i n  adu l ts .  The observed inean d i f -  

ferences f o r  percent f a t  o f  0.5% f o r  men and 0.9% f o r  women were not iced,  

compared t o  t h e  0.4% d i f f e rence  i n  t h e  present study. Weltnan & Katch 

(1981) concluded t h a t  t h e  use o f  hyd ros ta t i c  weighing a t  TLC has a p p l i -  

c a t i o n  t o  i n d i v i d u a l s  who a re  unable t o  success fu l l y  perform t h e  R V  

method o f  a  maximal exha la t i on  w h i l e  submerged underwater. 

The r e s u l t s  obta ined from Wel ls e t  a1 . , (1982) showed a  s i g n i f i c a n t  

d i f f e r e n c e  ( p  <.05) i n  body dens i t y  determined by RV and TLC i n  boys. A 

mean d i f f e r e n c e  o f  0.012 g/ml r e s u l t e d  between t h e  body dens i t y  values 

i n  t h e i r  study, which r e s u l t e d  i n  a  5% d i f f e r e n c e  between percent  f a t  

values. A small d i f f e r e n c e  o f  0.0011 glml was found i n  t h e  present study. 

Al though a  s i g n i f i c a n t  d i f f e r e n c e  occurred, a  s imple l i n e a r  c o r r e l a t i o n  

o f  r = 0.89 between t h e  two body dens i t y  measures r e s u l t e d  i n  t h e  study 

conducted by Wel ls e t  a1 . (1982). With these r e s u l t s ,  i t  was concluded 

t h a t  hyd ros ta t i c  weighing w i t h  c h i l d r e n  who a re  uncomfortable i n  t h e  water 

may f i n d  TLC a  comfor tab le  and s t a b l e  means o f  ach iev ing body dens i t y  

underwater. 

The r e s u l t s  o f  t h i s  study i n d i c a t e  a  small bu t  s i g n i f i c a n t  d i f f e r -  

ence between t h e  r e s u l t s  o f  hyd ros ta t i c  weighing a t  R V  and TLC i n  boys 

aged 8-12. While s t a t i s t i c a l l y  d i f f e r e n t ,  i t  may n o t  be o f  p r a c t i c ? ?  

importance. This d i f f e r e n c e  may be a  r e s u l t  o f  t h e  f a c t  t h a t  t h e  l ung  

volume measurements were measured on l and  and an overes t imat ion  o f  TLC 

may have resu l ted .  Also t h i s  small d i f f e r e n c e  i s  w i t h i n  t h e  e r r o r  o f  

measurement p rev ious l y  repor ted f o r  hyd ros ta t i c  weighing ( S i r i ,  1961). 

Tota l  'lung capac i t y  o f f e r s  several  p r a c t i c a l  advantages over hydro- 

s t a t i c  weighing a t  R V .  Having t h e  lungs e n t i r e l y  f i l l e d  w i t h  a i r  may 
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reduce t h e  psychological  e f f e c t .  Also t h e  i n v e s t i g a t o r  had more t i m e  

t o  o b t a i n  t h e  underwater weight ,  which al lowed a very  s t a b l e  reading.  

There fore ,  h y d r o s t a t i c  weighing a t  TLC should be a choice i n  i n d i v i d u a l s  

who a r e  unable t o  perform h y d r o s t a t i c  weighing a t  R V .  



CHAPTER V 

CONCLUSIONS 

Summary 

The purpose o f  t h i s  study was t o  determine i f  h y d r o s t a t i c  weighing 

a t  RV and 'TLC s t a t i s t i c a l l y  y i e l d  t h e  same r e s u l t s  i n  boys aged 8-12. 

Forty- two sub jec ts  were underwater weighed a t  RV and TLC t o  determine 

body dens i t y  values. Percent f a t  was c a l c u l a t e d  from t h e  a t t a i n e d  body 

dens i t y  values and l ean  weight and f a t  weight were determined from these 

measurements. A s t a t i s t i c a l  ana l ys i s  was assessed t o  determine t h e  s ig -  

n i f i c a n c e  a t  t h e  .05 l e v e l .  

Conclusions 

The f o l l o w i n g  conclusions r e s u l t e d  from t h i s  study: 

1. Hyd ros ta t i c  weighing a t  TLC produced a h igher  body dens i t y  

va lue than a t  RV, t he re fo re  a lower  percent f a t  was es t imated i n  t h e  

TLC method. 

2. Hyd ros ta t i c  weighing a t  RV produced a h igher  f a t  weight than 

TLC, t h e r e f o r e  a lower lean weight was es t imated i n  t h e  RV method. 

3. Hyd ros ta t i c  weighing a t  TLC may o f f e r  p r a c t i c a l  a p p l i c a t i o n  

t o  i n d i v i d u a l s  who a re  uncomfortable i n  t h e  water. 

4. Al though a s i g n i f i c a n t  d i f f e r e n c e  was est imated comparing 

h y d r o s t a t i c  weighing a t  RV and TLC, i t  r e s u l t e d  i n  a mean d i f f e r e n c e  

o f  0.4%. This observat ion  i s  w i t h i n  t h e  f 4% e r r o r  assoc ia ted w i t h  t h e  

measurement o f  body dens i t y  obta ined from hyd ros ta t i c  weighing ( S i r i ,  

1961). Therefore, t h e  use o f  hyd ros ta t i c  weighing a t  TLC has 



a p p l i c a t i o n  where sub jec ts  a re  unable t o  successfu l ly  perform hyd ros ta t i c  

weighing a t  RV, performing a maximal exp i ra t i on .  

Recommendations_ 

The f o l l o w i n g  a re  recommendations made i n  re ference t o  f u t u r e  

1 s tud ies :  

1. I n  t h i s  study, VC was measured on land. It would be i n t e r e s t i n g  

t o  perform VC i n  t h e  water and compare t h e  d i f f e rence .  

2. Research i s  needed i n  developing a formula t o  conver t  body 

dens i t y  t o  percent f a t  i n  ch i l d ren ,  s ince no known formula ex i s t s .  

3 .  Due t o  i ncons i s tenc ies  i n  t h e  r e s u l t s  o f  RV, VC, and TLC meas- 

ured underwater, f u r t h e r  research i s  needed. 
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Appendix A 

Dear ~ a r e n t / ~ u a r d i a n  : 

Most s tud ie s  of body composition and physical  f i t n e s s  
of ch i ldren  occur only a t  one point  i n  time and few have s tudied  
the  same ch i ld  over a period of years .  What a r e  the  normal 
body composition changes t h a t  occur i n  t h e  young boy a s  he grows 
i n t o  h i s  teens?  Obviously he becomes s t ronger  and grows i n  both 
he ight  and weight but  what s p e c i f i c  a l t e r a t i o n s  occur? 

For t h e  pas t  few years  we have been gathering longi tudina l  
d a t a  on a group of g i r l s  between the  ages of 7 and 11 years  of 
age t o  he lp  i d e n t i f y  these changes i n  g i r l s .  This  year  we 
would l i k e  t o  expand t h i s  study t o  include boys i n  t h i s  same 
age range and would l i k e  t o  extend an i n v i t a t i o n  t o  you and 
your son t o  p a r t i c i p a t e .  

Pa r t i c ipa t ion  i n  t h i s  study would involve two, One-hour 
v i s i t s  t o  t he  Human Performance Laboratory (225 Mitcktell Hall) 
on the  Universi ty of Wisconsin-La Crosse campus a t  your conven- 
ience .  During these v i s i t s  we would determine your son ' s  per- 
cent  body f a t  through an underwater weighing procedure. The 
underwater weighing requi res  the boy t o  be submerged underwater 
f o r  a period of 4-6 seconds, therefore  it  is necessary t h a t  
your son be comfortable i n  t he  water.  The s p e c i f i c s  of t h e  
t e s t  a r e  explained on the  enclosed shee t .  A t  the  conclusion 
of a l l  d a t a  co l l ec t ion  you w i l l  be s en t  your son ' s  indiv idual  
da t a  as  well  a s  a summary ofithe t o t a l  r e s u l t s  f o r  comparison 
purposes. 

I P lease read the  enclosed mater ia l s  and i f ,  a f t e r  d iscuss ing  
I t h i s  with your son, you a r e  w i l l i ng  t o  have him p a r t i c i p a t e ,  

please ind ica t e  your wil l ingness on the  enclosed shee t  and re-  
t u r n  i n  t he  self-addressed,  stamped envelope. ' 

.. 1 
S incere ly ,  

Nancy Kay Bu t t s ,  Ph.D. 
Associate Professor  
Direc tor  Research Unit 

I 

I 

4 
$ 
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PARENTAL INFORMED CONSENT 
FOR BODY COMPOS~TION TEST 

I ,  the  parent/guardian of , give 
my permission f o r  my son t o  p a r t i c i p a t e  i n  the  body composition 
study be ina  conducted i n  the  Human Performance Laboratory a t  the  
university'-of Wisconsin-La Crosse . I understand t h a t  pa r t i c ipa t ion  
i n  t h i s  study w i l l  involve two v i s i t s  t o  t he  Human Performance 
Laboratory and t h a t  each v i s i t  my son w i l l  have anthropometric 
measurements taken, r e s idua l  volume determined and be underwater 
weighed. I a l so  understand t h a t  I nay withdraw my son from t h e  
study a t  any time. 

I n  any type of t e s t i n g  s i t u a t i o n  some p o t e n t i a l  r i s k  i s  involved. 
I n  working i n  a water environment these  r i s k s  include in fec t ion ,  
accident  and possible drowning. Howerver, t he re  has never been 
an ac iden t  reported of i n fec t ion  a s  a r e s u l t  of the  hydros ta t ic  
weighing procedure a t  t h e  Human Performance Laboratory. 

The a c t u a l  t e s t i n g  w i l l  be conducted by Mary DeLisio, a graduate 
s tudent  i n  t he  Adult Fitness/cardiac Rehabi l i ta t ion  program a t  
t he  Universi ty of Wisconsin-La Crosse. She w i l l  be under t he  
supervision of Nancy Kay B u t t t s ,  Ph.D. 

I s  parent/guardian of 

, approve t h  artic 
i p a t i o n  of my son i n  the  body composition t e s t  a t  t h e  Human &r- 
formance Laboratory a t  t h e  Universi ty of Wisconsin-La Crosse. I 
have read -the foregoing and I understand it, and any quest ion 
which may have occurred t o  me have been f u l l y  answered t o  my sat- 
i s f a c t i o n .  The po ten t i a l  r i s k s  have been explained t o  me and I 
f u l l y  understand t h e i r  implicat ions.  I hereby acknowledge t h a t  
no representa t ions ,  warranties ,  guarantees, o r  assurances of any 
kind pe r t a in ing  t o  the procedures have been made t o  me by the  
Universi ty of Wisconsin-La Crosse, t h e  off icers: ,  adminis t ra tors ,  
employees, o r  by anyone ac t ing  on behalf o f  any of them. 

Signed: Da88 : 
( parent/guardi an) 

/ Address r Phone : 

I 
Witness : Date : 
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Appendix C 

Residual Volume Data Sheet 

N ame Age r 
F i r s t  ~ a s t  

T r i a l  1. T r i a l  2. 
I n i t i a l  Volume of  O2 (V02) : 

$N2 ( Impuri ty)  ( I N 2 )  : -- 
%N2 (ALveolar) (AN2) : 

%N2 (Equilibrium) Range : 

%N2 (Equilibrium) (EN2) : .- 

%N2 ( F i n a l )  (FN2) :  -- 
Dead Space ( D s ) ~  

Residual Volume = V02 (EN2 - I N 2 )  - DS x BTPS 

(AN2 - FN2) 
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Underwster Weiphinq- RV Data Sheet 

Name- Date of B i r t h  

Height 3. inches  Weight 

Immersion Tank Temp. C. Density of Water ( D ~ )  
0. 

Residual Volume L. 

Mass i n  A i r  (MA) kg 

Mass i n  Water (MX) kg 

'a@;\s o f  Weighing Apparatus kg s 
( i n  water)  

F-:.L o f  iJater  (MN) = !$ - N$ = 
kg 

A i r  i n  G I  Trac t=  100ml. = 0 .lL. 

b ~ d y  Density (DB) = M~ 

(" ;," ) - R V  - 

- 4.142 x 100 

Brozek e t  a l .  (1963) 
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Underwater Weighing - TLC Data Sheet 

Name Date of B i r th  Date 

Height f t .  inches Weight l b s .  kgs 

Vital Capacity 

Residual Volume 

Total  Lung Capacity VC + RV =TLC 

Immersicn Tank Temp. C .  Density of Water (DW) 
0. 

Tota l  Lung Capacity L. 

Mass i n  A i r  (MA) kg * 

Mass of Water (MX) kg. 

Mass of Weighing Apparatus (My) kg. 
( i n  water)  

Mass of Water (MW) = MX - My = kg. 

A i r  i n  G I  Tract= 100ml. = 0.1L. 

Body Density (DB) = M~ 

( "" ) - TLC - 0.lL. 

$ Fat = - 4.142 

T r i a l  #1 
2 
9 

I - Brozek e t  a l .  (1963) 
1 
1 


