
- 

Nat~ona l  L ~ b r a r y  Btblroth@que nat lonale CANADIAN THESES THLSES CANADIENNES . ,  l of Canada du Canada ON MJCROFICHE SUR MICROFICHE 
q . &;. - -- .% 

'F'errniss~on 1s hereby granted t o  the NATIONAL LIBRARY OF L'autorisation est, par la prdsente, accordge 3 la B IBL IOTH~-  

CA-ZNADA ;o microfilm th is  t h e s ~ s  and io l e d  or se l l  copies QUE NATIONALE DU CANADA de microfilmer cette th8se et 

of the f ~ l m .  de prgter ou de vendre des exemplaires du f i lm. 

The a utnor reserves other pub1 icat ion r ights, and neither the L'auteur se rdserve les autres droits de publicatioh; n i  la 

thesrs ncr extensive extracts from i t  may be print& or other- theseni  de longs extraits de cel le-c i  ne doivent 6tre imprimes 

vrlse reproduced wrthout the author's w r ~ t t e n  perrn~ssron. ou autrernent reprcdu~ts sans l'autorisation- dcrite de /'auteur. 



THIS DISSERTATION HAS BEEN 
MICROFILMED EXACTLY AS RECEIVED 

Th is  copy was produced f rom a  rnicro- 
f i c h e  copy o f  t h e  o r i g i n a l  document. 
The q u a l i t y  o f  t h e  copy i s  h e a v i l y  
dependent upon t h e  q u a l i t y  o f  t h e  
o r i g i n a l  t h e s i s  submi t t ed  f o r  
m i c r o f i l m i n g .  Every e f f o r t  has 
been made t o  ensure t h e  h i g h e s t  
qual  i t y  o f  r e p r o d u c t i o n  p o s s i b l e .  

PLEASE NOTE: Somc pages may have 
i n d i s t i n c t  p r i n t .  F i lmed as 
r e c e i  ved . 

Canadi an Theses D i v i s i o n  
Cata logu ing  Branch 
Na t i ona l  L i b r a r y  o f  Canada 
Ottawa, Canada K I A  ON4 

AVI S  AUX tUSAGERS ' 

LA THESE A  ETE MICROFILMEE 
TELLE QUE t W S .  L 'AVONS RECUE 

C e t t e  c o p i e  a  6 t 6  f a i t e  a p a r t i r  
, d 'une m i c r o f i c h e  du document 

o r i g i n a l  . La qua l  i t 6  de l a  cop ie  
dgpend grandernen t de 1  a  qual  i t 6  
de l a  thPse soumise pour l e  
mi c r o f  i lrnage . Nous avons t o u t  
f a i t  pour assu re r  une q u a l i  t 6  
supe r ieu re  de rep roduc t i on .  

NOTA BENE : La qua l  i t 6  d  ' impress ion  
de c e r t a i n e s  pages peut  l a i  sser  3 
d 6 s i r e r .  M ic ro f i l r nee  t e l l e  que " 
nous 1  'avons recue.  

D i v i s i o n  des theses canadi ennes 
D i r e c t i o n  du c a t a l  ogage 
B i  b l  io thPque n a t i o n a l e  du Canada, 
Ottawa, Canada KIA ON4 



A COMPARISON OF 

MAXIMUR OXYGEN UPTAKE DETERMINAT ION 

BY BICYCLE, ERGOHETERY A T  

VARIOUS P E D A L L I N G  FREQUENCIES 

AND B Y  TREADMILL  RUNNING 

AT VARIOUS SPEEDS 

G o r d o n  A n d r  e n  H c K a y  

8. Sc. ( H P E ) ,  G e o r g e  W i l l i ams  C o l l e g e ,  

C h i c a g o t  1966 

A THESIS  S U B M I T T E D  I N  P A R T I A L  FULF ILLMENT OF 

THE REQUIREMENTS FOR THE DEGREE OF . 

MASTER OF SCIENCE ( K I N E S I O t O G Y )  

i n  t h e  d e p a r t m e n t  

0 f 

K i n e s i o l o g y  

@ GORDON ANDREW RCKAY 

S IHOH FRASER U N I V E R S I T Y  

J u l y *  1975 1 t 
b 

\ 

.u/ 
A l l  r i g h t s  r e s e r v p d .  T h i s  t h e s i s  may n o t  b e  
r e p r o d u c e d  i n  w h o l e  o r  i n  p a r t s  b y  p h o t o c o p y  
o r  o t h e r  means$ w i t h o u t  p e r m i s s i o n  o f  t he ,  a u t h o r .  



Name : 

- .  

A P P R O V A L  

G o l d o n  Andrew 3cKay 

Degr 6s: R a s t e r  o f  S c i e n c e  ( K  i n e s i o l o g y )  

T r t l e  o f  T h e s i s : ~  A c o m p a r i s o n  o f  maximum o x y g e n  u p t a k e  
d e t e r a i n e t r o n  b y  bicycle e r g o m e t e r y  a t  v a r l o u s  
p e d a l l i n g  f r e q u e n c i e s  and by  t r e a d m i  l l  r u n n i n g  
a t  v a r i o u s  speeds ,  

E x a ~ i  n i  n g  C oami t t e e :  
C h a i r m a n :  N. M, C, Bhakthan 

7 

a n l r t e r .  s e n r  o r  b u p e r v l s o r  

o r  r I son J-/.B* 7 

C. 7 .  , D J V I S .  t x t e f n a l  txamr net .  
& s s o c i a t e  P r o f  e s s o r r  P s y c h o l o g y .  

h 
D a t e  Approved: 



PARTIAL COPYRTCHT LICENSE 

I h e r e b y  g r a n t  t o  Simon F r a s e r  U n i v e r s i t y  t h e  r i g h t  t o  l e n d  

my t h e s i s  o r  d i s s e r t a t i o n  ( t h e  t i t l e  o f  w h i c h  is -&A&< b e l o w )  t o  u s e r .  

o f  t h e  S i n o n  F r a s e r  C n i v e r s i t y  L i b r a r y ,  a n d  t o  make p a r t i a l  o r  s i n g l e  

c o p i e s  o n l y  f o r . s u c k  u s e r s  o r  i n  r e s p o n s e  t o  a r e q u e s t  f r o m  t h e  l i b r a r y  

o f  a n y  o t h e r  university, o r  o t h e r  e d u c a t i o n a l  i n s t i t u t i o n ,  on  i t s  own 

b e h a l f  o r  f o r  o n e  of i t s  u s e r s .  I f u r t h e r  a g r e e  t h a t  p e r m i s s i o n  f o r  

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

b y  ne o r  t h e  Dean o f  G r a d u a t e  S t u d i e s .  I t  i s  u n d e r s t o o d  t h a t  c o p y i n g  

o r  p u b l i c a t i o n '  o f  t h i s  t h e s i s  f o r  f i n a n c i a 4  g a i n  s h a l l  n o t  be a l l o w e d  

w i t b o u t  m y  w r i W e n  p e r m l s s r  o n .  

T i t l e  o f  ' T h e s i s / ~ i s s ~ r t a t l o n :  

A u t h o r :  - 
/ 

( s i g n a t u r e  ) 

( d a t e )  



ABSTRACT 

F i v e  male, u n i v e r s i t y  a t h l e t e s  (Age 24.8 y t ,  Weigh t  80 kg, 

H e i g h t  184 ca, PWCL7O 1563 &pm/min)  were t e s t e d  f o r  maximum 

oxygen u 'ptake d u r i n g  b i c y c l i n g  a t  p e d a l l i n g  f r e q u e n c i e s  o f  60, 

80, 100 and 120 rpm and dur  ~ n g  i nc l I ned  t r e a d m i  l l runn ang a t  

speeds o f  6 - 0 1  6.5,  7.0 and 7.5 aph. n a x i n a l  oxygen  u p t a k e  nas  

10.5Z l ower  i n  b i c y c l e  e r g o s e t e r y  t h a n  i n  t r e a d m i  l 1 r u n n i n g .  

C y c l i n g  a t  a  p e d a l l i n g  f r e q u e n c y  o f  80 rpm e l i c i t e d  

s i g n i t i c a n t l y  g r e a t e r  maximal oxygen u p t a k e  t h a n  a t  60 or  120 
e7 II 

rpm, .Speed o f  r u n n i n g  had no s i g n i f i c a n t  e f f e c t  o n  maximal 
C 

oxygen u p t a k e  d u r i n g  t r e a d m l  l l t e s t i n g ,  S l g n i  f i c a n t  

d i  f f  e rences  between b i c y c l e  e r e o n e t e r y  and t r e s d m i  l l r u n n i n g  a t  

e x h a u s t i  on were a l s o  f o u n d  i n  t h e  f  o l  l o w i n g  p a r a m e t e r s :  h e a r t  

r a t e  tp  < 0.00051, c a r b o n  d i o x i d e  p r o d u c t i o n  ( P  < 0,0005) and ' 

v e n t i  l a t o r y  e q u i v a l e n t  ( p  < 0.01 1 ,  B i c y c l e  e r g o a e t e r y  a t  

vat i o u s  peda l  l i n g  f r e q u e n c i e s  showed s r g n i  f i  c a n t  d i f t e r e n c e s  a t  

e x h a u s t i  on i n :  exp i r e d  v e n t  i l a t  i on wh i c h  was l ess  a t  60 r-par 

t h a n  a t  80 rpm and L O O  r p a  ~ ' p  < 0.051, v e n t i  l a t o r y  e q u t v a l e n t  

w h i c h  was g r e a t e r  a t  100  rpm t h a n  a t  80 rpm ( p  < 0.025 and  60 

rpm ( p  < 0.01). S i g n t f  i c a n t  d i f f e r e n c e s  a t  e x h a u s t i o n  i n  

t r e a d m i  I I r u n n i n g  a t  v a t  i o u s  speeds'  were shown i n  carbon, - 
d i o x i d e  p r o d u c t i o n  w h i c h  ras l e s s  a t  7.5 aph t h a n  a t  7.0, 6.5 - 

( p  < 0.025 and 6.0 sph ( p  < 0.0051, and l e s s  a t  7.0 aph t h a n  a t  

6.5 ( P  < 0.005) and  6.0 wph f p  < 0,05)., R e l a t r v e  m e r r t s  o f  * 

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

capac i t y  a r e  d i  scussed.  
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CHAPTER I 
> 

" ( 

Maximum Oxygen Up take :  
+ 

C r  i t o r  i o n  .of Uork  C a p a c i t y  

M a x i  mum o x y g e n  u p t a k e  [ V O Z m a x )  i s  genera  l l y  r e g a t d e  d as  
- 

t h e  b e s t  s i n g l e  p h y s t o i o g i c a i  i n d i c a t o r  .of  man's' c a p a c i t y  - f  b t  

s u s t a i n e d  r u s c u t a r  work, I t  i s  d i r e c t l y  r e l a t e d  t o  t h e  max imal  

c a p a c i t y  o f  t h e  c a r d i o v a s c u l a r - r e s p i  r a t o r y  s y s t e m  t o  t a k e  u p  

and t r a n s p o t >  o x y g e n  t o  a c t i v e  t i s s u e s  a n d  f 3 7  t h e s e  t i s s u e s  t o  

use t h e - o x y g e n .  ( l a y f o r  g.9 1 9 5 5 ,  Astr ,ant t r  19569 B a l k e  and 

Yare, 1959 ,  H e t t i n g e r  d . 9  1 9 6 1 ) .  

@ - 

- Johnson ' ( 1 9 4 6 )  i n d i c a t e d  t h a t  "Quant i  t a t i  ve 

o f  p h y s i c a l  f i t n e s s  i s  one o f  t h e  most  compl ex and 

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

a r i s e s  i n  p a r t  f r o m  l a c k  o f  ag reement  on w h a t  c o n s t i t u t e s  

f i t n e s s  f o r  n i t h s t a f i d i n g  v a r i o u s  t y p e s  o f  s t r e s s  a n d  i n  p a r t  - 
f r o m  i a c K  o f  ag reement  on w h i c h  measurements a1 l o w  v a l  rd 

c o m p a r i s o n s  t o  be__eade aaong d i t  f  e r e n t  i n d i v  i d u a l s  exposed  t o  

t h e  sems s t r e s s . "  A l t h o u g h  he was r e f e r r i n g  t o  ' p h y s i c a l  

f i t n e s s *  w h i c h  i s  a t  b e s t  an  a l l  encompass ing  term,  t h e  same 

'---.. 



A s t a t e m e n t  co,uld q u i t e  s u i t g b l y  b e  a p p l i e d  t o  t h e  measurement o f  

V O 2  ax. , P \ 

Maximum oxygen  u p t a k e  has been  measured by many methods - 
i n c l u d i n g  t r e a d a i  l l r  b i c y c l e 9  hand  . c r a n k i n g 9  t * d d e r  c l  imbt ngr 

. * .  
s t e p  t e s t s *  t r a c k  t u n n i n g ,  swimming9 r c u i n g  and b y  p r e d i c t  i o n  

- 4 
4 .  

f r o m  submaximal  l e v e l s  o t  e x s r c i s e .  .fl 

' S e v e r a l  i n v e s t i g a t o r s  ( A p p e n d i x  2 1 ) ~  have t ound mo to r  

d r t v e n  t r e a d m i l  IS  a n d  b i c y c l e  e r g o a s t e r s  t o  be t h e  most 

a c c e p t a b l e  method f o r  measur i ng  i n d i  v i d u a l  maxi mum oxygen 

up takes .  T h i s  i s  s u p p o r t e d  - b y  t h e  l a r g e  number of such  

measures r e p o r t e d  i n  j o u r n a l s  d u r i n g  t h e  p a s t  2 0  y e a r s .  

- 
Asmussen and . H e n l i n g s e n  (195'81, showed t h a t  # a e r o b i c  

@' 

c a p a c i t y '  i n  nor,mal i n d i v t d u a l s  i s  c o n s i d e r a b l y  l o w e r  i n  " 

a r m - ~ o r k  than in lag-work .  i s t r a i d  and  S a i t i n  (19611 showqd 

t h a t .  t h e  mean oxygen  u p t a k e  o f  a g r o u p  d a t e r a i n e d  b y  c y c l i n g  

i ( 1 . 2 3  L / H I N )  changed v e r y  l i t t l " e  when t h e  s u b j e c t s  were asked  

t o  c y c l e  and c r a n k  w i t h  b o t h  t h e i r  l e g s  and a r r s  (4.24 L / ! l I N )  
* 

Thus i t  may b e  ass"eed t h a t  t h e  musc le  mass l n v o l  wed ; n c y c l  i n g  

i s  n o t  a l i m i t i p s  f a c t o r  i n  o b t a i n i k p  a  maximal  measurement. 



T r s a d a i  i l v s .  B i c y ~  I e  E r g o m e t e r  

D e t e r n i n a t ~ o n  o f  VOZmax 

T h e r e  have, h o d e v e r ,  b e e n  n u m e r o u s  s t u d ;  e s  w h i c h  h a v e  

c o n s t s t e n t l  y shown t r e a d ~ i  i l e x e r c l s e  t o  p r o d u c e  a g r e a t e r  

0 

'VOZaax t h a n  e x e r c i s e  on  t h e  b i c y c l e  e r g o m e t e r .  ( & s t r a n d  a n d  

S ~ l t i n r  1961, ~ l a s s f o r d ~ e t  - - al. ,  1965, Y y n d h a r  - -  e t  a1 . t  1966, 
c 

I .  

H e r a a n s e n  a n d  S a l  t i  n r  1969, M c A r d l e  a n d  flag0 1 9  1 9 7 0 ,  Hermansen  
j * 

e t  a . 9  1970, Kamon a n d  Pando I f *  1972, ~ i y a r a u r a  a n d  Honda, - 

L972, r c A r d l e  e t  G . 9  1 9 7 3 ) .  T h e s e  s o u r c e s  h a v e  shown  b ~ c y c l e  
< w- 

e r g o s e t r y  t o  e l  i c i  t maximum o x y g e n  u p t a k e s  5-101: s m a l l e r  t ha r r  

I 

t h o s e  p r -aduced  b y  t h e  sane i n d i v i d u a l  t r e a d n i - l  l r u n n t n g .  One 

r e p o r t  h o w e v e r  showed  7 o f  55 S u D j e c t s  p r o d u c e d  a h a g h e r  VOZmax 

i n  a 3 i c y c l e  r i 'de t h a n  r d n n i n g  o n  a  t r e a d n i l  1 ( H e r a a n s e n  a n d  
. - 

S a l t f q ,  1 9 6 9 ) .  0 v ; r a l l  however .  t h e  mean d i f f e r e n c e  seems 7% 

g r e s t s r  on t h e  t r e a d m i  l l t h a n  o n  t h e  b i c y c l e .  
- 

T a g u c h t  et d., IL9711, r n  c o n t r a s t  t o  t h e  s t u d i e s  

a l r e a l y  n e n t i o n e d ,  c o m p a r e d  b i c y c l e  e r g o i o e t e r y  a t  a p e d a l  - 
t r e q u j n c i e s  o f  5 0  a n d  6 0  r p a  w i t h  t r e a d m i l l  w s l k r n g  a t  3.5 nph 

( R o d i f i a d  B a l k e  T e s t )  a n d  f o u n d  t h a t  t h e r e  was no s i g n i t i c a n t  

d i d f e r e n c e  i n  t h e  r e s p e c t i  ve m a x i  mum o x y g e n  u p t a k e s .  



E v a l u a t i o n  of V O Z a a x  i s  n o t  o n l y  af f e c t e d  by  t h e  t y p e  o f  
'T 

a c t r v i t y  p r a c t i c e d  i n  t h e  t e s t  b u t  a l s o  by  t h e  mode i n  which 

each component o f  t h e  t e s t  i s  used v i z :  r a t e  o t  peda l  l i n g  

0 

( A s t r a n d  and S a l t i n r  L961; Heraansen and S a l t i n ,  1969; and 
''4 

. Taguc-hi et G-9 1971 1 9  upr i g h t  v e r s u s  sup ine  peda l  I i n g  

' l n i  y a a u t a  and Hondat 197219 c o o s t a ~ t  l o a d i n g  v e r s u s  i n c r e a e n t a l  

l o a d i n g  (Mi yaaur a and Hondar 1972 1, i ncremen t a l  l o a d i n g  on one 

day compared w i t h  t h a t  on success i ve  days ( G l a s s f o r d  e t  al.9 - - 
1965 1 9  i n t e r  a i t t e n t  v e r s u s  c o n t i  nuou~s t r e a d a  il l r u n n i n g  

(Uyndham e t  a t - ,  19669 HcArd ie  e t  al.. 1973) and l e v e l  - - - - 
t r e a d a i  1 l r u n n i n g  compared w i t h  g rade r u n n i n g  (Heraansen and 

S a l t  in, 1969) -  

Uyndham e t  a l .  1966) s t a t e d  t h a t  a t  h i g h  o x y g e n  i n t a k e  

v a l u e s ~  b i c y c l e  e rgomet ry  s e t  r o u s l y  and s i g n  i f  i c a n t l y  

under e s t  i n a t e s  Y O Z m a x  compared t o  t h e  t readm i l  I ,  B i c y c l e  

e rgomet ry  however, has many d  i s t i  n c t  advanta i e s  o v e r  t h e  
0 L - -  

- - 
t readmi  l 1 ( A s t r a n d r  P,O.D 19529 Her ransen e t  g.9 1 9 7 0 )  - 
i n c l u d i n g  such t tems a s  p o r t a b i l  i t y ,  e a s e  o t  r e g u l a t i n g  t h e  

work r a t e  and s a f e t y .  If a mode of test in^ c o u l d  b e  f o u n d  

u s i n g  t h e  b i c y c l e  e rgometer  w h r c h  would ensure correspondence 

o f  YOZaax v a i u e s  t o  t h o s e  on t h e  t r e a d m i l l ,  i t  w o u l d  b e , u s e f u l .  



I n  t h e " ' e a j o r i  t y  o f  t h e  s t u d i e s  c i t e d ,  t h e  p e d a l l i n g  

f r e q u e n c i e s  h a v e  b e e n  l o w  i.e.9 5 0  r p w  ( H e t t i n g e r  et al.9 19619 

H i c h a e l  a n d  H o r v a t h ~  1965s  Hermansen  a n d  S a l  t i n  1969, N a g l e  e t  

a l e ,  19719 T a g u c h i  e t  a l . 9  t97L1,  60 rpm ( H e r m a n s e n  a n d  - - - 
A n d e r s e n ~  19659 Hermansen  a n d  S a l t i n  19699 T a g u c h i  e t  at., - -  
19719 Kaaon  a n d  P a n d o l t ,  19729 H i y a a u r a  a n d  Hondar  1 9 7 2 )  o r  70 

- i 

a n d  8 0  r p a  ( H e r m a n s e n  a n d  S a l  t r n 9  1 9 6 9 ) .  

. T h e s e  l o w e r  p e d a l  l i n g  r a t e s  c o r r e s p o n d  c l o s e l y  w i t h  t h e  

gu i d e  I i n e s  s e t  down by  t h e  R e s e a r c h  C owai t t e e  o f  t h e  

I n t e r n a l  t o n a l  C o u n c i  I o t  S p o r t  a n d  P h y s i c a l  E d u c a t  i o n  o n  

~ t a n d a r d i z a t i  on o t  E r g o m e t r y ,  d u r i n g  t h e  Y V I  1 r ) t e r n a t i  o n a l  

C o n g r e s s  of S p o r t s  M e d i c i n e .  ( L a r s o n ~  1966) 

TABLE 1 

PROPOSED SPEED OF P E D A L 1 1  NG F O R  D I F F E R E N T  POWER OUTPUTS 
( I N T E R N A T I O N A L  CONGRESS OF SPORTS MEDICINE r HANOVER.  1966)  

B a n i  s t e r  a n d  J a c k s o n  l f 96719 d e m o n s t r a t e d  t h a t  o x y g e n  

u p t a k e  m e a s u r e d  a t  l o w  power o u t p u t  d e v e l o p e d  a t  h i g h  p e d a l l i n g  

f r e q u e n c i e s  c o a b t  n e d  w i t h  sma l  1 b r a k e  r e s i s t a n c e  was e q u t v a l e n t  



t o  t h a t  a t  much h i g h e r  power o u t p u t  deve loped a t  s l o w e r  

p e d a l l i n g  t requency  and h i g h e r  b r a k e  r e s i s t a n c e ,  Thus i t  may be 

p a s s t b l e  t o  c o n d u c t  t e s t s  on t h e  same i n d i v i d u a l  a t  h ~  gh 

p e d a l l i n g  r a t e s  I . .  I00 - 120 rpm, and ned i u a  b r a k e  

r e s i s t a n c e  and oDta i n  comparable VOZaax measures t o  those 

o b t a i n e d  by v a r i o u s  aodes o f  t e s t i n g  on the  t r e a d m i  ll, 
-3 

I t  has  been common p r a c t i c e  f o r  i n v e s t i g a t o r s  u s i n g  

b i c y c l e  e r g o a e t r y  t o  keep the peda l1  i n g  r a t e  c o n s t a n t  ( u s u a l l y  

50-60 r p m )  and g r a d u a l  l y  i n c r e a s e  t h e  l oad  u n t i  l t h e  s u b ~ e c t  

reaches exhaust ion .  i n  t r e a d s i  l l t e s t i n g  t h e  most accep ted  

method s e t s  a  c o n s t a n t  speed a o a r n s t  a g r a d u a l l y  i n c r e a s t n g  

imposed g rad ien t ,  There a r e  however, s t u d i e s  i n  wh ich  the  

grade was h e l d  c o n s t a n t  and an i n c r s a s i n g  work r a t e  was imposed 

b y  i n c r e a s i n g  t h e  speed of t h e  t r e a d m i l l  (Wyndham - e t  al,, - 19669 

Riyamura and Honda, 1 9 7 2 ) .  I n  t h e  f o r m e r  study, a c o n t i n u o u s  

t readmi  l l r u n n i n g  t e s t  s e t  t h e  t r e a d m i l l  speed a t  4.5 mph and 

e v e r y  2 minutes  t h e  speed was r n c r e a s e d  by 0 . 5  mph u n t i  I 

exhausti on. fli yamura and Honda (1972)  however, r e q u i r e d  t h e i r  

s u b j e c t s  t o  r u n  a t  150-170 m/min ( b a p h )  f o r  t h e  f i r s t  2  m inu tes  

and i n c r e a s e d  t h e  r a t e  b y  10 mImin ( 0 . 3 7 5  aph) once every  
/* -. 

m i n u t e  u n t i  1 exhaus t i on .  



L a c t a t e  i n  Maxi ma1 E x e r c i s e  

A n d e r s o n  e t  al. (1971) i n d i c a t e d  t h a t  a  b l o o d  l a c t a t e  

v a l u e  o f  o v e r  L O O  r e g l l O O  m I  i s  a good  s u b s i d i a r y  c r i t e r i o n  t h a t  

t h e  VQ2max f o r  an i n d i v i d u a l  h a s  b e e n  r e a c h e d .  

Bang  (19361,  i n d i c a t e d  t h a t  a t  g r e a t e r  w o r k i n g  

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

maximal v l a u e s  a r e  a t t a i n s d  o n l y  a f t e r  t h e  c e s s a t i o n  o f  w o r k  

d u r i n g  r e c o v e r y .  

E d w a r d s  e t  a l p  (197319 w h i l e  s t u d y i n g  t h e  - - 
c a r d i o r e s p i r a t o r y  a n d  m e t a b o l  i c  c o s t s  of c o n t i n u o u s  a n d  

i n t e r n i  t t e n t  e x e r c i s e  i n  man, f o u n d  t h a t  d u r i n g  e x e r c i  se, 

l a c t a t e  c o n c e n t r a t i o n  i n  m u s c l e  water was h i g h e r  ( p  < 0 . 0 5 )  

t h a n  in b l o o d  w a t e r .  

. - 
K a r l s s o n  (1971)r f o u n d  i t  r e a s o n a b l e  t o  c o n c l u d e  t h a t  a  

c l o s e  c o r r e l a t i o n  e x i s t s  b e t w e e n  m a x i m a l  m u s c l e  l a c t a t e  

c o n c e n t r a t i  on  a n d  t h e  p e r c e p t i o n  o t  ex  h a u s t i  on  dur ing b r  l e t  

maximal c o n c e n t r i c  l e g  e x e r c i s e  and t h a t  m u s c l e  l a c t a t e  

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

d i r e c t l y  o r  i n d i r e c t l y  r e s p o n s i b l e  t o r  m u s c u l a r  f a t i g u e ,  He 
b. 

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



b l o o d  l a c t a t e  c o n c e n t t a t t  on a n d  t h e  m u s c l e  l a c t a t e  

c o n c e n t r a t i  on  o b t a i n e d  i n m e d i a t e l y  a f t e r  c e s s a t i o n  o f  work.- 

?-' 
R e d u c t i o n  o f  a u s c l e  l a c t a t e  c o n c e n t r a t i o n  a f  t e r  max ima4  

/ e x e r c i s e  seems t o  a p p r o a c h  r e s t i n g  v a l u e s  a s y m p t o t  i c a l  l y 
?- 

w h e r e a s  b l o o d  c o n c e n t r a t i o n  t y p i c a l l y  shows a  p e a k  e l e v a t i o n  L O  

m i n u t e s  p o s t e x e r c i s e .  ( D i a a a n t  e t  a l - r  19681, 

K a r l s s o n  ( 1 9 7 1 )  n o t e d  n o  m a r k e d  I n c r e a s e  i n  l a c t a t e  

c o n c e n t r a t i o n  u n t i l  w o r k  r a t e  e x c e e d e d  50 - 602 o f  VOZaax. 

H e r n a n s e n  a n d  S t e n s v o l d  ( 1 9 7 2 ) s  f o u n d  t h a t  m o s t  t r a i n e d  

s u b j e c t s  showed n o  m a r k e d  i n c r e a s e  i n  b l o o d  l a c t a t e  

c o n c e n t t a t i  o n s  d u t  ~ n g  c o n t i n u o u s  t u n n r n g  a t  work r a t e s  t a n g i  ng 

- f r o m  30 t o  9 0 Z  o f  t h e i r  VOZmax.  T h i s  i n d i c a t e s  t h a t  i n d i v i d u a l  

c r i t i c a l  wo rk  r a t e  l o v e  I s  e x ~ s t  b e y o n d  w h i c h  a p r o n o u n c e d  

i n c r e a s e  i n  t h e  l a c t a t e  p r o d u c t i o n  may occur ,  

Bang 4 1 9 3 6 )  t o u n d  t h a t  t h e  b l  o o d  l a c t a t e  c o n c e n t r a t i  on  

t e n d e d  t o  d e c r e a s e  i f  t h e  n o r k  w e r e  c o n t i n u e d  f o r  l o n g e r  t h a n  

10 m i n u t e s .  B l o o d  l a c t a t e  c o n c e n t r a t i o n s  a l s o  s h o n  a  d e c r e a s e  

a t  s t a n d a r d i z e d  w o r k  r a t e s  w h i c h  a r e  p r e c e e d e d  by  p r o l o n g e d  

work  ( K a r l s s o n ,  l 9 7 L ) .  The m o s t  r e a s o n a b l e  e x p l a n a t i o n  o f  

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

t h e  l ac ta te  p r o d u c e d  i n  the e x e r c i s i n g  m u s c l e s  may have  been 

u s e d  as  a  s u b s t r a t e  i n  d i f f e r e n t  t i s s u e s  o f  t h e  body.  ( ~ a m w l  

and  ~ t r g r n ,  1949, J o r t e l d t ,  1970). 



K a r l s s o n  ( 1 9 7 1 )  f o u n d  n o  s i g n i f  @ c a n t  d i f f e r e n c e  i n  

r e s t i n g  l a c t a t e  c o n c e n t t a t i  on  b e t w e e n  t r a i n e d  a n d  u n t r a i n e d  

s u b j e c t s .  F o f  t o w i n g  e x h a u s t 1  ve work  r a t e s  t h e r e  was 

s i g n i f i c a n t  d i f f e r e n c e  ( p  < 0.001) i n  m u s c l e  l a c t a t e  

c o n c e n t r a f i ' o n  o f  t r a i n e d  ( 2 2 . 7  mM/kg w e t  m u s c l e )  a n d  u n t r a r n e d  

s u b j e c t s  (16.9 mll/kg w e t  m u s c l e ) .  However , the  d i f f e r e n c e  i n  

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

was l e s s  (14.6 a n d  12.3 wH/l ,  r e s p e c t i v e l y )  t h a n  m i g h t  h a v e  

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

H a r g a r  i a  -- e t  a l .  ( 1 9 6 3 )  assumed t h a t  l a c t i c  a c i d  f r e e l y  

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

K a r  l s s o n  ( 1 9 7 1 )  i n d i c a t e d  t h a t  e q u a l  c o n c e n t r a t i o n s  i n  m u s c l e  

a n d  b l o o d  e x i s t e d  10 m i n u t e s  a f t e r  t h e  work  s topped .  ~ G b l e r  e t  - 
a l ,  (1966)  a n d  H i r s c h e ,  L a n g o h r  and  ~ a c k h r  4 1 9 7 0 )  showed t h a t  - 

&* % 

t h e  l a c t i c  a c i d  t r a n s l o c a t i o n  p r o c e s s  was ev  i d e n t l  y n o t  s i m p l e  

d i f f u s i o n  and  . ~ c b l e r  e t  al., p o s t u l a t e d  t h a t  an  a c t i v e  - -  
t r a n s p o r t  s y s t e m  m i g h t  be i n v o l v e d ,  

C r i t e r i o n  L a c t a t e  Measurement :  

T i m i n g  A f t e r  E x e r c i s e  

f l a r g a r  i a  et d. ( 1 9 6 3 1  t o o k  b l o o d  s a m p l e s  a t  1, 39 5 ,  89 

L5? and 3 0  m i n u t e s .  f  o l  l o w i n g  e x h a u s t i v e  e x e r c i s e  a n d  f o u n d  t h a t  

t h e  l a c t a t e  c o n c e n t r a t i  on l e v e l s  t e n d e d  t o  i n c r e a s e  a t  t e r  



e x e r c i s e  f o r  t h e  f i r s t  5 - 8 m i n u t e s .  

O t h e r  i n v e s t i g a t o r s  t o o k  a  b l o o d  s a m p l e  a t  1 a n d  3  
0 

m i n u t e s  ( A s t r a n d  et eat 1 9 6 3 ) t  t h e  3 r d  and 5 t h  m i n u t e  

( M a r g a r i a  et s * r  1961) .  4 t o  5 a i n u t e s  ( D i  P r a m p e r o  

L 9 7 3 ) t  5 m i n u t e s  ( N e w t o n t  19631 a n d  5 t o  6 m t n u t e s  (Kasch et 
t 

al.9 L973)  p o s t  e x e r c i s e  t o  d e t . e r m i n e  t h e  b l o o d  l a c t a t e  - 
c o n c e n t r a t i o n  t e v e l .  These v a r i a t i o n s  i n  t h e  t i m i n g  o f  d r a w i n g  

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

t h e  p r o b l e m  o f  o b t a i n i n g  a p e a k  l a c t a t e  c o n c e n t r a t i o n  f r o m  

b l o o d ,  samp les ,  

S h e p h a r d  e t  a l ,  ( 1 9 6 6 )  t o o k  b l o o d  s a m p l e s  f r o a  a h e a t e d  - -  
f i n g e r  t t p  a t  2 a n d  4 m i n u t e s  p o s t  e x e r c i s e .  They  f o u n d  t h a t  

i n  13 s u b j e c t s ,  2 - m i n u t e  l a c t a t e  c o n c e n t r a t i o n s  w e r e  u p  t o  8 

mg /100  m l  h i g h e r  t h a n  i n  4 m i n u t e  samples,  i n  2 s u b j e c t s  t h e '  

mean r e a d i n g s  w e r e  i d e n t i c a l .  a n d  i n  9 o f  . t h e  s u b j e c t s  t h e  

4 - a i n u t e  r e a d i n g s  w e r e  u p  t o  8 mg/100 m l  h i g h e r ,  These r e s u l t s  

a p p e a r  t o  b e  i n  d i s a g r e e m e n t  w i t h  t h o s e  o f  H a r g a r i a  - - e t  a l .  

( 1963 1. 

 erea an sen e n d  S a C t i n  4 1 9 6 9 )  a t t e m p t e d  t o  f i n d  a s o i t i t i o n  

t o  t h e  p r o b l e m  o f  b l o o d  s3mpl  i n g  t i m i n g ,  They t o o k  2 o r  3 

b l o o d  s a m p l e s  d u r i n g  t h e  f i r s t  L O  n i n u i e s  o f  r e c o v e r y  i n  o r d e r  
\ .  

-4 

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



- 
6 

T h i s  e x p e r i m e n t  i n t e n d s  t o  compare t h e  e q u i  v a l e n c e  o f  

V02aax d e t e r m i n a t i o n s  p e r f o t a e d  b o t h  by b i c y c l e  ergome t r y  and 

t r e a d a i l 1  r u n n i n g  by u s i n g . a  mode o t  b i c y c j e  e r g o m e t r y  ( h i g h  

p e d a l  f  r e q u e n c y l  w h i c h  e n s u r e s  m a x i m a l  I n e t f  i c r  ency  o f  e x t e r n a l  

work d e l  i v o r y  and  t h u s  maximal  i n v o l v e m e n t  o f  t h e  human c a r d i o -  

r e s p i  r a t o t y  system. 

The t e s t s  u s e d  i n  t h i s  e x p e r i m e n t  i n c l u d e d  v a r i a t t o n s  i n  

1 )  p e d a l l i n g  t r e q u e n c y  on t h e  b i c y c l e  e rgome te r  and 2) r u n n i n g  
- 

speed  on t h e  t r e a d a i i l .  Each e x h a u s t i v e  t e s t  was c o m p l e t e d  i n  

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

i . e . 9  work r a t e s  were i n c r e a s e d  a t  p r e s c r i b e d  time i n t e r v a l s  

dur i ng  each t e s t .  

+ 

1, A t  h i g h e r  p e d a l  l i n g  f r e q u e n c i e s  0 60 r p r )  on bhe b r c y c l e  v 

ergometer ,  t h e  VOZmax o f  an  i n d i v i d u a l  n i l  l a p p r o a c h  t h o s e  

v a l u e s  o b t a t n e d  on t h e  t r e a d m i l l ,  

s 

2. A t  t h e  f a s t e r  speeds o f  t r e a d m i l l  r u n n i n g  w i t h  an 

i d e n t i c a l  sequence o f  i n c r e a s i n g  s lopes ,  t h e  V O Z m a x  o f  a n  

i n d i v i d u a l  w i  l t be great;?. 
J 



- 
CHAPTER I 1  

MATERIALS AND'-HETHODS 

S u b j e c t s  

,' 
S u b j e c t s  w e r e  c h o d e n  f r o e  a  g r o u p  o f  v o l u n t e e r  a t h l e t e s  

on  t h e  b a s i s  o f  t h e i r  p e r f o r r a n c e  on a  P U C 1 7 0  t e s t ,  S u b j e c t s  

c h o s e n  were  t h o s e  who o b t a i n e d  a PYC L7O g r e a t e r  t h a n  L300  

k g m / r i n  w h i c h  i s  a b o v e  t h e  9 0 t h  p e r c e n t i l e  t o r  C a n a d i a n  a d u l t s  

( ~ G t i v i e  r a n d  Clrban, 1970). T h u s  a n y  d i  t t e r e n c e s  i n  o x y g e n  

u p t a ~ e  b e t w e e n  e x h a u s t i v e  t e s t s  w o u l d  b e  more  l i k e l y  d u e  t o  t h e  

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

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

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

Each  s u b j e c t ,  p r i o r  t o  i n v o l v e m e n t  I n  t h e  e x p e r  rment,  

was r e q u i r e d  t o  h a v e  a m e d i c a l  e x a m i n t a t i o n  b y  h i s  t a n i  l y  

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

s t a t i n g  t h a t  h e ' w a s  f i t  enough t o  p a r - t i c i p a t e  i n  t h e  s t u d y .  

The s u b j e c t s  were  g i v e n  a n  o u t 1  i n e  o f  b o t h  t h e  

e x p e r i m e n t  aqd t h e i r  r e s p o n s t b i  t i t i e s  o f  t h e  s u b j e c t s ,  They 

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

f i I 1  o u t  a  q u e s t i o n a i r e  d e a l i n g  w i t h  t h e i r  p a s t  a n d  p r e - s e n t  



a t h l e t i c "  t r a i n i n g ,  P e r t i n e n t  d a t a  o n  t h e ,  s u b j e c t s  i s  g i v e n  i n  

T a b l e  2. 

A d a p t i v e  T r a i n i n g  

P r 4 o r  t o  t e s t i n g ,  e a c h  s u b j e c t  a t t e n d e d  s i x  t r a i n i n g  

s e s s i o n s  w h e r e  he was i n t r o d u c e d  t o  t h e  l a b o r a t o r y  e n v i r o n m e n t ,  

t h e  e q u i p m e n t  and some o f  t h e  p r o c e e d u r e s  t o  b e  u s e d  t n  t h e  

e x h a u s t i v e  t e s t i n g ,  T h e s s  s e s s i o n s  a l  t e r n a t e d  b e t w e e n  b i c y c l e  

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

c o m b i n a t  i o n s  o f  p e d a l 1  i n g  s p e e d  and  l o a d  o r  r u n n i n g  s p e e d  a n d  

g r a d e  were  e x p e r i e n c e d  by t h e  s u b j e c t . >  A t  l e a s t  o n c e  d u r i n g  
-2 

\ e a c h  s e s s i o n  t h e  s u b j e c t  e x e r c i s e d  a t  a m a x i m a l  o r  s u p r a m a x i m a I  

'8 

w o r k l o a d  f o r  a s h o r t  p e r i o d  o f  t i m e  t o  a c c u s t o m  h i m  t o  t h e  

sup reme e f f o r t  t h a t  wou I d  b e  n e c e s s a r y  t o r  t h e  e x h a u s t i v e  

t e s t s .  I t  was assumed t h a t  t h e s e  a d a p t i v e  s e s s s ~ o n s  w o u l d  be 
1 

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

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

t e s t i n g  ser  i e s  a n d  i n c r e a s e d  f i t n e s s  (VOZmax) a t  t h e  e n d ' o f  t h e  

i n v e s t i g a t i v e  p e r i o d  was spec i f  i c a l l y  t e s t e d  f o r .  
L. 

I n  t h e  s i x t h  t r a i n i n g  s e s s i o n  t h e  s u b j e c t  was a g a l n  

g i v e n  a  P U C 1 7 0  t e s t  as a  c h e c k  on  t h e  v a l i d i  t y  o f  t h e  i n i t i a l  

t e s t .  The r a s u l t s  o f  t h e  P U C 1 7 0  t e s t s  a n d  p e r t i n e n t  d a t a  o n  

t h e  s u b j e c t s  a r e  shown i n  T a b l e  2. 



~ a b i e  2 V i t a l  s t a t i s t i c s  o f  s u b j e c t s  

H e i g h t  H e i g h t  P W C 1 7 0  PHC150 VOZmax Subj. Age 
( y r s )  ( k g )  (cm) ( k g d  ( k g a l  ( Itcoin) 

m in )  m i  n l  

1. PWC170 is a n  ave rage  o t  two t e s t s .  
2. Haxisum oxygen up take  (VOZmax) is e s t i m a t e d  f r o m  

s u b r a x i  ma1 work l oads ( I .  i r t r a n d ,  B1960) .  

War a-up 

P r i o r  t o  each t e s t  t h e  s u b j e c t  was g i v e n  a s t a n d a r d  sax 

m i n u t e  warm-up on t h e  b i c y c l e  e rgome te r  a t  a p e d a l  l i n g  r a t e  of 

60 rpm. The t i r s t  m i n u ' t e ' o f  t h e  warm-up was done n i t h  no l o a d  

i a p o s e d  ( z e r o  w o r k l o a d ) .  D u r i n g  t h e  n e x t  f i v e  m t n u t e s  a  l o a d -  

p r e d i c t e d  t o  e l  i c i t  a h e a r t  r a t e  o f  L50 b e a t s  p e r  m i n u t e  was 

imposed, The l o a d  t o  b e  used was e s t i m a t e d  f r o m  t h e  s u b j e c t ' s  

r e s u l t s  on t h e  PWC170 t e s t .  The warm-up was t h e  same t o r  a l l  

t e s t s  f o r  each i n d i v i d u a l .  i n  o r d e r  t o  a v o i d  any i n f u l u e n c e  o t  

warm-up on t h e  r e s u l t s  o f  t h e  v a r i o u s  e x h a u s i v a  t e s t s .  

An e x p i r e d  gas sample was c o l l e c t e d  d u r i n g  t h e  l a s t  

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

t o r  each m i n u t e  o f  t h e  warm-up. A b l o o d  sample was drawn as 



s o o n  a s  p o s s i b l e ,  w i t h i n  t h e e 2  m i n u t e s  a f t e r  t h e  c o m p l e t i o n  o f  . 
e* 

e a c h  warm-up. 

E x h a u s t i  ve T e s t  i n g  

E a c h  s u b j e c t  c o r a p l e t e d  a s e r i e s  of n i n e  e x h a u s t  i v e  

t e s t s :  t o u r  on t h e  b i c y c l e  e r g o m e t e r r  f o u r  on t h e  t r e a d m i  l l  

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

s e r i e s .  F i v e  t e s t i n g  s e q u e n c e s  ( A  t o  E l  ( T a b l e  3 )  were 

d e v e l o p e d  u s r n p  a t a b l e  o t  r a n d o m  numbers, w r t h  t h e  c o n d r t b o n  

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

a d m i n r s t e r e d .  The s e q u e n c e s  were  r a n d o m l y  a s s ,  g n e d  t o t  t h e  t i v e  

s u b j e c t s ,  u s i n g  a t a b l e  o f  r a n d o m  numbers. 

S u b j e c t s  p e r f o r m e d  a m a x i  mum o f  t w o  e x h a u s t  i ve t e s t s  p e r  

week w ~ t h a  m i n i m  o f  two days  r e s t  b e t w e e n  t e s t s .  A l l  f 
t e s t i n g  was done i n  t h e  Human p e r f o r m a n c e  L a b o r a t o r y  l Simon 

F r a s e r  U n i v e r s i t y )  b e t w e e n  9 : 0 0  a n d  1 1 : O O  a.m. a n d  s u b j e c t s  

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

s e s s  i ons. 

The s u b j e c t s  r e p o r t e d  f i r s t  t o  t h e  t a b o r a t o r y  t o  b e  - 

w e i g h e d  ( s h o r t s  and  s o c k s ) ,  t h e n  t o  t h e ,  5,F.U. Hea l t h  S e r v i c e s  

t o  h a v e  a c a t h e t e r  i n s e r t e d  i n  t h e  f o r e a r m  I See * B l o o d * )  a n d  

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



T A B L E  3 

J e s t i n g  s e q u e n c e s  t o r  s u b j e c t s  
[ a b o v e )  a n d  e q u i p a e n t  a n d  node of. 
t e s t i n g  ( b e l o w ) .  

O r d e r  T e s t s  S u b j  

T e s t  # 

i. B i c y c l e  E r g o e e t e r y  
+ .  

A p p a r a t u s  Speed 

B i c y c l e  
B i c y c l e  
B i c y c l e  
8 i c y c l s  
T r e a d a i  I l 
T r e a d m i  I I 
T r e a d n i  I I 
T r e a d m i  t I 

6 0  r p m  
8 0  rpm 

1 0 0  rpm 
120  r p m  
6 .0  mph 
6.5 mph 
7.0  a p h  
7.5 ifiph 

A H o n a r c h  b i c y c l e  e r g o m e t e r  ( V a t b e r g ,  S w e d e n ) ~  used f o r  

a l  t b i c y c l e  t e s t s .  was p l a c e d  on t h e  t r e a d m i  I 1  ( s e t  a t  z e r o  

g r a d e )  t o  ' m a i n t a i n  c o n s i s t a n c y  i n  t h e  t e s t i n g  e n v i  r ,onsent .  

Each s u b j e c t  Has t e s t e d  a t  f o u r  d l  f f e r e n t  p e d a l  l i n g  speeds:  

609 809 1009 and 120 rpm. F o r  e a c h  t e s t . .  t h e  f i r s t  t d o  

w o r k l o a d s  were  mai  m t a i  n e d  f o r  one a i  n u t 8  each. S u b s e p u e n t i  y 

w o r k l o a d s  were  i n c r e a s e d  e v e r y  t w o  m i n u t e s  o r  u n t ' i  l e x h a u s t i o n  ' 

was reached .  T a b l e  5 shows i n c r e a s i n g  Power o u t p u t s  t h r o u g h o u t  



t h e  t e s t s  f o r  v a r i o u s  c o g l b i n a t r o n s  o f  p e d a l  f r e q u e n c y  and l o  d .  7 
~ r h a u s t i o n  w a s . - d b f i n e d  a s  t h e  p o i n t  i n  t h e  t e s t  a t  w h i s h  the(-. 1 

8, 
r i q u l r e d  p e d a l l i n g  f r e q u e n c y  cou  I d  n o  l o n g e r  b e  m a i n t a n e d .  

S u b s i d i a r y  c r i  t a r  i a  f o r  e x h a u s t i  o n  w e r e  a  b l o o d  l a c t a t e  l e v e l  

R o d a h l  and  I s s e ~ u t z t  t 9 6 2 )  a n d  a h e a r t  r a t e  o t  o v e r  L B O  beats 

per r i n u  te. 

T A B L E  4 

P r o g r e s s i o n  o f  w o r k  t a t a s  a t  var  t'ous c o n b i n a t i o n s  o f  
p e d a l l  i ng f r e q u e n c y  and l o a d  f o r  each m r  n u t %  o f  
e x h a u s t i v e  b i c y c l e  t e s t i n g  

T I M E  
t m i n )  

W O R K  R A T E  
( k g a / m i n )  

900  
1 Z O O  
1500 
1 8  0 0  
2 100  
2 4 0 0  

L O A D  I M P D S E D  ( R P f l )  
(60 1 (80) (100) ( 1 2 0 )  

i i .  T r e a d m i l l  R u n n i n g  

- 
* %-* 

An e l e c t r  r c a l  l y d r ~  ven t r  eadmi I I ( H o d e l  2+-72,  O u ~ n t o n *  

Ssattla, r l a s h l n g t ~ n J  was u s e d  tor  a i l  the t r e a d m i l  l t e s t s .  

E a c h  s u b j e c t  x a s  t e s t e d  a t  f o u r  d i f f e r e n t  r u n n i n g  speeds:  6 - 0 9  

6.5, 7.0, a n d  7.5 a p h .  T h e  f i r s t  o ~ n u t e  o f  each  t e s t  nas r u n  

o n  t h e  l e v 8  l and a t  t h e  eqd o f  e a c h  m i n u t e  t h e  g r a d e  was 



~ n c r e a s e d  b y  2 . 5 1  u n t i  l e x h a u s t i  o n  I H a k s u d  a n d  C o u t t s r  1971 ( 7  o 

aph ) ;  M c A r d l e  e t  a i ,  1973 ( 6  t aph ) ) .  E x h a u s t r o n  was d e f i n e d  a s  

- t h a t  p o i n t  i n  t h e  t e s t  a t  n h i . c h  t h e  s u b j e c t  c o u l d  n o  l o n g e r  

k e e p  up  w i t h  t h e  t r e a d a i  l l o r  h a d  t o  u s e  t h e  h a n d  r a i l s  f o r  

s u p p o r t .  T h e  s u b s i d i a r y  c r i t e r i a  w e r e  t h e  same a s  f o r  t h e  

b t c y c l e  t e s t s .  Lb 

H e a r t  R a t e  

H e a r t  r a t e s  w e r e  r e c o r d e d  on a n  e l e c t r o c a r d  i o g r a p h  

( O v e r s e a s *  n o d e l  S C C  l A )  d u r  t n g  t h e  l a s t  t e n  s e c o n d s  o f  e a c h  

m i n u t e  o f  #arm-up, e x h a u s t t v e  e x e r c i s e  and t i v s  m i n u t e s  o f  

r e c o v e r y .  H e a r t  r a t e s  w e r e  3 l s o  t a k e n  p r i o r  t o  t h e  s t a r t  o f  

warm-up and e x h a u s t i v e  e x s r c i s e .  A m o d i t i e d  C5 b i p o l a r  

t r a n s t h o r a c i c  E C G  l e a d  wa's u s e d  f o r  t h i s  p u r p o s e .  

V e n t i  l a t i o n  
0 
1 

The s u b ~ e c t s  b r e a t h e d  t h r o u g h  a t r i p l e - J  JOY r e s i s t a n c e  

v a l v e  (C o l  i n s *  B o s t o n ,  Mass.) w h i c h  u a s  c o n n e c t e d  tn  s e r i e s  b y  

n o n - k i n k a b l  e h o s e  (1.0. 1.5 i n c h e s ) ,  t o  a P a r k i  nso'n-cowan, l o w  

r e s r  s t a n c e  v e n t i  l a t  i on  m e t e r ,  a t h r e e  way v a l v e  a n d  

m e t e o r o l o g i c a l  b a l l o o n s .  

E x p i r a t o r y  g a s  v o l u m e s  w e r e  m e t e r e d  f o r  e a c h  m i n u t e  o f  

warm-up, e x e r c i s e  a n d  r e c o v e r y .  T h e  t e m p e r a t u r e  o f  t h e  e x p i r e a  



gas f o r  each  m i n u t e  was d e t e r m i n e d  f r o m  a t h e r m o m e t e r  

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

v e n t t  l a t i o n  m e t e r .  

The b a r o m e t r  i c p r e s s u r e  a n d  amb i e n t  t e m p e r a  t u r e  were  

r e c o r d e d  p r i o r  t o  a n d  f o l l o w i n g  each  t e s t ,  A v e r a g e s  o t  t h e  

r e a d f n g s  were  u s e d  i n  c a l c u l a t r n g  v e n t i l a t t o n  ( B T P S I  a n d  o x y g e n  

u p t a k e .  

Oxygen U p t a k e  

One m i n u t e  e x p i r e d  gas s a m p l e s  were c o l l e c t e d  i n  

a e t e o r o l  o g i c a l  bal t o o n s  d u r  t n g  t h e  s i x t h  m i n u t e  o t  war n-up a n d  

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

tee-hnique. Gas s a m p l e s  f r o m  e a c h  o f  t h e  b a l  l o o n s t  w e r e  d r a w n  

4 
i m m e d i a t e l y  f o l i o w i n g  t h e  t e s t ,  i n t o  t;o 50 c.c. o i l e d  glass 

s y r  i nges  1 5 9 5 2 8 ,  L o n d o n - L u e r r  A m e r i c a n  H o s p i  t a l  S u p p l y  1 .  

D u p l i c a t e  a n a l y s e s  ( d i t f e r e n c e  < 0 . 0 5 Z f  f o r  o x y g e n  a n d  c a r b o n  

d i o x i d e  c o n t e n t  o f  t h e  s a m p l e s  were  done  by t h e  

m i c r o - S c h o l a n d e r  t e c h n i  quo ( S c h o  l a n d e r ,  L947). 

A P L I l  c o m p u t e r  p r o g r a r  was nr i t t e n  t o  c a i c u l a t e - t h e  

o x y g e n  u p t a k e  ( I / m ~ n  a n d  n l / k g / m i n I t  t h e  c a r b o n  d i o x i a e  

p r o d u c e d  ( I l a i n ) ,  t h e  r e s p i r a t o r y  e x c h a n g e  r a t i  0 9  t h e  
2 

\ 

v e n t  i l a t o r y  e q u i v a l e n t  and t h e  p e r c e n t a g e  o x y g e n  e x t r a c t i o n  

f r o m  t h e  t e s t  d a t a  f o r  e a c h  e x p i  r e d  gas s a m p l e  examined ,  The 

p r o g r a m  and a s a m p l e  o u t p u t  a r e  shown i n  A p p e n d i c e s  1 5  a n d  l 6 .  



B l ood  

P r i o r  t o  e a c h  t e s t s  t h e  s u b j e c t  had a b u t t e r f l y  c a t h e t e r  

(No. 4550s A b b o t  L a b o r a t o r  l e s s  N o r t h  Ch icago ,  I II, r n s e r t e d  r n  

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

b l o o d  s a m p l e s  a t  v a r  i o u s  p o i n t s  d u r i n g  t h e  t e s t .  Samp les  ( 3  m 1  

e a c h )  were d r a w n  a s  s o o n  a s  p o s s ~ b i e  t o l  l o w i n g  warm-up and  a t  

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

e x e r c i s e ,  

i. H e m o g l o b i n  

H e a o g l o b t n  c o n c e n t r a t t o n  was a n a l y z e d  i n  a  calorimeter 

Hb-meter ( H o . l O l O C ,  A m e r i c a n  O p t i c a l ,  B u t f a l o ,  N e w  Y o r k ) ,  

i i .  H e m a t o c r i t  

h 

T h e  h e a a t o c r i t  was d e t e r m i n e d  b y  means o f  a n  Adams 

R e a d o c r i t  m i c r o - h e a a t o c r i t  c e n t r i f u g e .  

i i i. L a c t a t e  C o n c e n t r a t i o n  

One e l  o f  b l o o d  was d e p r o t e i n l z e d  w r t h  t w o  r s l  o f  

i c e - c o l d  p s r c h i o r i c  a c ~ d  ( 0 . 6  N l ' i n  a c e n t r i f u g e  t u b e  and 

c e n t r i  uged  f o r  t e n  m i n u t e s  a t  3 0 0 0 - r p n  (HN-S Z e n t r i f u g e s  { 
I 



I n t e r n a t i o n a l  Equ ipment  C 0 . t  Mass., U S A ) .  The s u p e r n a t a n t  was 
/- 

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

c e n t r i  fuged f o r  t e n  minu tes ,  The s u p e r n a t a n t  was t r a n s f e r r e d  

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

done. 

A n a l y s i s  o f  serum l a c t a t e  c o n c e n t r a t  i o n  was done b y  a 

Boeh r rnge r  Hannheim L a c t a t e  K i t  (No. 15972) u s i n g  t h e  

s p e c t r o p h o t o ~ e t r i  c  Boehr  rnge r  Hannheim e n z y a a t t c  method  

( H o h o r s t ~  19651,  The s p e c t r o p h o t o a e t e r  used  was a S p e c t r o n i c  

70 (Bausch  and  Lomb) and  a t  l e a s t  d u p l i c a t e  a n s l y s ~ s  was done 

on each sample. 

S t a t i s t i c a l  A n a l y s i s  

S t a t i s t i c a t  a n a l y s i s  o f  t h e  r e s u l t s  was accompl i s h e d  on 

an I B 4  3 7 0 1 1 5 5  I n  Simon F r a s e r  Univsrsi t y  ~ o a p u t  i n g  Center .  An 

i n t e g r a t e d  sys tem of  computer  pr ograns, w S t a t i s t i c a l  P a c k a g y  

f o r  t h e  S o c i a l  S c i e n c e s n  ( S P S S ) I N i e  - -  e t  a l p  19731, was used ,  f o r  

t h e  storage, f i l e  m a n i p u l a t i o n ~  d a t a  t r a n s f o r m a t i o n  and b a s i c  

s t a t i s t i c a l  a n a i y s i s  o f  t h e  da ta .  A sample of - t h e  SPSS program 

and o u t p u t  i s  shown t n  Append ices  17 and  18, 

-Y 

Two way a n a l y s i s  o f  v a r i a n c e  of  a l l  p a t s m e t e r s  used  a 



B R D O B V  program f rom "BHD B i o m e d i c a l  C o a p u t e r  Programsm(D:xont  

1 9 7 3 ) .  A c r o s s e d  randomized  p a r t i a l  h i e r a c h a l  des i g n  

( C R P c + - 5 2 ( 4 )  1 ( K i r k ,  1968)  was used w i t h  the t o 1  low ing l i n e a r  

e q u a t i o n :  

S t g n i f  i c a n t  F v a l u e s  t o r  t h e  e f f e c t s  o f  t e s t s  n e s t e d  

w i t h i n  equ ipment ,  were f u r t h e r  a n a i y s e d  b y  p a i r e d - t  t e s t s .  



CHAPTER 111 

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

exchange,  a n d  b l o o d  c h e m i s t r y  t o r  e a c h  s u b j e c t  d u r  t n g  warm-up 

and e x h a u s t i v e -  e x e r c i s e  t o r  a l l  s e s s i o n s  a r e  shown i n  

a p p e n d i c e s  3 t h r o u g h  1 4 .  

T e s t  C o n d i t i o n s  

S u b j e c t s  VP, R C  and BN w e r e  t e s t e d  d u r ~ n g  t h e  m o n t h s  o f  

f lay t h r o u g h  J u l y  uht l e  S U ~ J ~ C ~ S  B H  a n d  JH were  t e s t e d  d u r i n g  

Sep tember  and O c t o b e r .  The f i r s t  t w o  s u b j e c t s  ( V P ,  H C )  t o o k  5 0  

and 43 days r e s p e c t i v e l y  f r o m  s t a r t  t o  f t n ~ s h  o f  t h e  p r o g r a m  o f  

t e s t s  w h i l e  t h e  l a s t  t h r e e  t B N 9  B C  a n d  JH) t o o k  o n l y  3 2 9  28  a n d  

29 d a y s  r e s p e c t  I v e  l y.  

A l l  t e s t s  w e r e  done i n  t h e  same t e s t  a r e a  w h e r e  t h e  mean 

b a r o m e t r i c  p r e s s u r e  was 736 ma H g  w i t h  a r a n g e  o f  7 2 7  t o  742  mm 

Hg and  t h e  mean a m b i e n t  t e m p e r a t u r e  was 22.4 C w i t h  a r a n g e  o t  

20.8 t o  25.8 'C ( T a b l e  5 ) .  

A n a l y s i s  o f  v a r i a n c e  showed n o  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  a m b i e n t  t e m p e r a t u r e  w i t h i n  o r  b e t w e e n  b i c y c l e  a n d  t r e a d a i  l I 
- 

t e s t s  d u r i n g  t h e  study. 



TEST CONDITIOHS: Hean and s t a n d a r d  e r r o r  f o r  
s u b j e c t s a  n e i g h t  (WGTI* kg11 b a r o m e t r i c  p r e s s u r e  
( B P t  .em H g ) ,  ambient  t empera tu re  ( T E H P J  C ) r  
warm-up oxygen up take  ( WUHKI m l / ~ g / m i n ) ~  t i m e  t o  
exhaus t ion  ( T I H ?  a t n )  and f i n a l  work r a t e  (FUR. 
kga/min [bicyclelr L 9rade  Itreadmi I l l  1 f o r  f i v e  
ma le  s u b j e c t s  a t  t h e  peda l  l i n g  f r e q u e n c i e s  and 

I t h e  t e f  t -hand c o t  omn. runni  ng speeds 

T E S T  

6 0  R P H  

8 0  RPH 

B I K E ,  

6.0 HPH 

7.0 HPH 

TREAD- 
X I L L  

A L L  

WGT 

79-97 
4.48 

79.61 
4.50 

79.86 
4.39 

80- 11 
40 65 

7 9 -  8.9 
2 - 0 7  

80.02 
40 5 1 

80.02 
4.19 

79.60 
4.36 

80.12 
4.55 

79.94 
2 .02 

7 9 - 9 1  
1.43 

FUR 

2182  
92 .5 

22 80 
75  -7 

2 1 9 1  
93.1  

18  8 1 
79.3 

2 1  3 4  
52 - 3  

20.0 
1 . 8  

18.5 
1.7 

16.5 
1 3 

15.5 
1 7- 

17.6 
0 .8  



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

b e t w e e n  t h e  b i c y c k e  and  t r e a d m i l l  t e s t s .  T h e r e  was, however,  a 

d i  t f e r e n c e  ( p  < 0-11 i n  b a r o m e t r i c  p r e s s u r e  w i t h i n  t h e  b i c y c l e  

t b s t s .  

Warm-up 

The warm-up f o r  s u b j e c t s  VPI HCP BFG BC,  AND JH were  

c o m p l e t e d  w i t h  t t i c t c o n a l  r e s i s 3 a n c e s  o f  3,750 3 - 9 9  3-99 308 
* <. , . 

i 
a n d  3.3 UP r d s p e c t i v e l y  and  a  y e a n  p e d a l  f r e q u e n c y  o f  61 ( S E  

T h e  mean and  s t a n d a r d  e r r o r  t o r  h e a r t  r a t e  a n d  / 

v e n t i l a t t o n  t o r  e a c h  m i n u t e  o f  warp-up a r e  g i v e n  i n  t a b l e  6. 

Mean p o o l e d  warm-up h e a r t  r a t e s  p r i o r  t o  e x h a u s t i v e  e x e r c i s e  

t o r  b i c y c l e  a n d  t r e a d a i  I 1  t e s t s  were 1 4 5  (SE 1.2) a n d  1 4 5  ( S E  

0 - 8 )  b e a t s  p e r  m i n u t e  r e s p e c t i v e l y .  The mean and  s t a n d a r d  

e r r o r  f o r  warm-up v e n t i l a t i o n ,  was 97.9 ( S E  2 . 8 )  a n d  97.7 (SE 

2.8) I / a i n  t o r  b i c y c l e  - a n d  t r e a d m i l l  r e s p e c t i v e l y .  

f l  

Y a f W u p  gas a n a l y s i s  f o r  d i f f e r e n t  t e s t s  a r e  shown i n  

t a b l e  7 .  The mean o x y g e n  u p t a k e s  p r i o r  t o  e x h a u s t  i v e  t e s t i n g  

on t h e  b i c y c l e  a n d  t r e a d m i l l  we re  3.273 (SE 0 . 0 4 0 )  and  3.235 

( S E  0.037) I I a i n  r e s p e c t i v e l y  and were  s i g n i f i c a n t l y  d i f f e r e n t  

( p  < 0,051 f r o m  e a c h  o t h e r .  



TABLE 6 

$AREUP: Mean & d  s t a n d a r d  e r r o r  f o r  h e a r t  r a t e  (bpm) 
a n d  v e n t t  l a t t  on  4 BTPSI L / X I N )  f o r  f i v e  male s u b j e c t s  
f o r  t h e  second t h r o u g h  t h e  s i x t h  m i n u t e  o f  ware-up ' 

p r r o r  t o  e x h a u s t i v e  e x e r c i s e  a t  v a r i o u s  p e a a l  
f r e q u e n c i e s  and r u n n i n g  speeds s h o r n  i n  t h e  l e f t - h a n d  
c o  l urnn. 

T E S T  HEART R A T E  V E N T I L A T I O N  

8 0  RPN 130 137 142 144 147 49.3 81.8 93.1 95.4 98.7 
1.9 1.9 1.5 1.6 1.9 1.6 4.4 4.7 5.7 6.3 

120 RPH 129 137 140 141 4 54.5 8 2 . 6  94.3 97.2 100.7 
1.3 1.9 2.7 3.5 3.6 4.3 4.9 5.0 6.5 7.1 

B IKE 129 137 140 142 . 145 50.4 82.0 92.1 95.1 97.9 
0.7 0.8 0.9 1.1 1.2 1.6 2.0 2.3 2.7 2.8 

7.0 MPH 130 136 140 142 1 4  58.6 83.2 92.2 95.8 97.6 
4 3.4 1.3 1.9 1.4 6.8 4 . 5  4 8  5.4 6.4 

T R E A D -  128 137 139 142 145 53.4 82.4 910'8 95.4 97-7 
M I L L  1.5 1.0 1.1 1.0 0.8 2.7 2.3 2.4 2.8 2.8 

ALL 128 137 139 14.2 145 51.9 82-2 92.0 95-2 97.8 
0.8 0.b 0 - 7  0.7 0.7 1 1.5 1.7 1.9 2.0 



TABLE 7 

dARH-UP: Hean a n d  s t a n d a r d  e G r r o r  o f  r e s p ~ r a t o r y  
gas e x c h a n g e  f o r  f i v e  ml e subjects t n  t h e  l a s t  
m i n u t e  o f  warm-up p r i o r  t o  e x h a u s t i v e  e x e r c i s e  a t  
v a r i o u s  p e d a l  f r e q u e n c i e s  and r u n n i n g  s p e e d s  

- -  shown i n  t h e  l e f t - h a n d  column,  V e n t i l a t i o n  VENT 
[BTPSI L/HXNII  Oxygen  U p t a k e  V O  (STPD, L l n I h ) ~  
C a r b o n  D i o x i d e  ~ x p i r e d  (STPOI L / ! l I N ) ,  R e s p i r a t o r y  
Gas E x c h a n g e  R E R ,  V e n t r  1 a t o r y  E q u i v a l e n t  VE, 
- P e r c e n t a g e  Oxygen E x t r a c t  i o n  OE. 

TEST V E N T  V O  V C O  RER V E 0 E 

6 0  R P H  95.2 3.230 3.201 0.99 2 9 - 4 2  4 -28  
5. L 0.059 0.152 0.03 1.19 0.18 

0 

80  RPH 9 8 - 7  3.289 3.273 1 - 0 0  29.96 4.21 
6.3 0,094 0,145 0.03 1.53 0.21 

1 0 0  R P N  -97-0 3.272 3.183 0 - 9 7  29.62 4.28 / 5.7 0.096 0.140 0.03 1.44 0.20 

i 
1 2 0  R P H  1 0 0 - 7  3.301 3.321 1 - 0 0  30.37 4.17 

7 ,  L 0.088 0.200 0.04 1.45 0 - 2 0  

B I K E  

6.0 HPH 

ALL 97,a 3.254 3.239 0.99 2 9 - 9 9  4 - 2 2  
2,. 0 0.027 0.050 0.01 0.46 0.06 



O t h e r  r e s p i  r a t o r y  p a r a m e t e r s  d u r  r n g  t h e  warm-up p h a s e  

': X p r i o r  t o  e x h a u s t i v e  e x e r c i s e ,  i . e .9  c a r b o n  d i o x i d e  p r o d u c t i o  

r e s p i r a t o r y  gas exchange,  v e n t i  l a t o r y  e q u i v a  l e n t  a n d  o x y g e n  

e x t r a c  t i  onr were  s i  m i  l a r .  

The  mean warm-up b l o o d  l a c t a t e  c o n c e n t r a t t o n ,  h e m o g l o b i n  

c o n c e n t r a t i o n  and h e m a t o c r i t  p r i o r  t o  t h e  e i g h t  t e s t s  were 44.1 

(5E 2.7) mg/100 a l ,  14.9 ( S E  0.2)  g 1 1 0 0  a l  a n d  48.5 ( S E  1.3) 

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

d e t e c 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 s  among t e s t s .  

1 :I 

E x h a u s t i  ve E x e r c i s e  

Nean h e a r t  r a t e s  a n d  v e n t i l a t i o n  l o r  each o f  t h e  l a s t  f i v e  

m i n u t e s  o f e e x h a u s t i v e  e x e k c i s e  a r e  shown i n  T a b l e  8. 

R e s p i  r a t o t y  gas e x c h a n g e  var . r  a b l  e s  a r e  shown i n  T a b l e  9 .  

i ,  A n a 1 y s . i ~  o f  V a r i a n c e :  F - R a t i o s  

- 
S i g n i f i c a n t  F v a l u e s  f o r  d i f f e r e n c e s  ? t w e e n  t h e  r e s u l t s  p-' 

3 
o t  s x h a u s t r v e  e x e r c i s e  on t h e  b i c y c l e  a n d  t r e a d m i l  l were shown 

in :  F-lnal h e a r t  r a t e  f p  < 0,0005t B i k e  (B1=183, T r e a d m i l l  

( T H t =  1861, o x y g e n  u p t a k e  Lp < 0.005, 8 = 4 . 6 2 4  I / m i n ,  T M = i . 9 9 9  

I / m i n ) ,  c a r b b n  d i o x i d e  p r o d u c t i o n  ( p  < 0.001, B=5.326 I / a i n r  

T f l = 5 . 8 5 2  l / m i n )  a n d  v e n t i l a t o r y  e q u i v a l e n t  t p  < . 0 1 ~  8 = 3 9 . 4 3 9  
, 

T M = 3 5 . 6 5 )  ( T a b l e  10). 



T A B L E  8  

E X H A U S T I V E  EXERCISE: Hean and s t a n d a r d  e r r o r  t o r  h e a r t  
r a t e  ( b p a l  and v e n t i l a t i o n  IBTPS. L l H I N )  f o r  f ~ v e  m a l e  
subjects trom t h e  l a s t  t t v e  minutes o f  e x h a u s t i v e  
e x e r c i s e  a t  var  i ous p e d a l  f r e q u e n c i e s  and r u n n i n g  
speeds shown i n  t h e  l e f t - h a n d  column. 

T E S T  H E A R T  R A T E S  V E N T  I L A T I O N  

L - 4  t - 3  L-2 L-1 A. L  1 - 4  L-3 L-2 L-1 L  

1 2 0  R P H  

B I K E  

ALL 1 6 4  1 7 0  176 181  1 8 5  1131.4 131.1 148 .9  168 .8  181.8 ' 

1 1 . 5  1.4 1.3 1 . 3  2 . 6  2 .0  2.3 2 .0  2 . 3  



TABLE 9 

E X H A U S T I V E  E X E R C I S E :  H e a n  a n d  s tandard  e r r o r  o f  
respiratory g a s  e x c h a n g e  t o r  f i v e  male s u b j e c t s  I n  e t t h e r  
t h e  l a s t  o r  p e n u l t i m a t e  m i n u t e  o t  e x h a u s t i v e  e x e r c i s e  a t  
war rous  p e d a l  t r e q u e n c i e s  a n d  t u n n r  ng speeds.  ~ a - l u e  are 
t h o s e  f r o m  t h e  m i  nuta  s h o ~ i  ng t h e  g r e a t e r  o x y g e n  u k k e .  
V e n t 1  l a t i o n  VENT f BTPSP r O x y g e n  Uptake  VO ( S T P D P  
L/?lIN) and t l L K G  ( S T P O ?  IN). C a r b o n  D i o x i d e  E x p i r e d  
( S T P D t  LIMiN1. Exchange RER.  V e n t b l a t o r y  
Equr va l e n t  VE, P e r c e n t a g e  O x y g e n  E x t r a c t 1  on DE, 

I 

T E S T  VENT VO N L K G  -'-- YCO R E 4  V E OE 

6 0  RPR 173.3 4 . 5 4 3  57.60 5.226 1 - 1 5  38.24 3.30 
7.1 0 -112  3 - 9 4  0 - 0 8 0  . 0.03 1.79 0.15 

50 RPH 177.0 4,703 59.87 5.390 1 - 1 5  37.66 3.35 
9.3 0.104 3.82 0.135 0.02 1.91 0.17 

B I K E  182.0 4.625 58-70 5.326 1 - 1 5  39.45' 3 - 2 1  
3.8 0.055 1.83 0.060 0.01 0.d9 0.07 

5 - 0  !PH E82.9 5,041 6 3 - 6 7  6.049 1 - 2 0  3 6 - 2 7  3 - 4 6  
503 0 - 1 0 0  3.27 0.058 0.02 0.52 0.05 

6.5 R P H  180.0 5.004 63.34 5.994 1 - 2 0  3 6 - 0 3  3 - 4 9  
3.7 0.096 4.03 0 ~ 1 1 6  0.01 ' -1.06 0.11 

7.0 PIPH 176.3 5 . 0 5 3  61.35 5.737 * 1.14 34.95. 3.59 
5.0 0 .133  4.11 0 ,138  0 - 0 1  1 - 2 5  0 .13 

T R E A D -  178.0 4.999 - 63.28 . 5.852 1.17 35.65 3.53 
 ILL 2 . 2  0.055 1 - 7 2  0.064 0.01 ' 0.48 0.05 



TABLE LO 

Tdo way a n a l y s i s  o f  v a r l a n c e  o f  p a r a m e t e r s  l i s t e d  
produc.ed s l  g n l t  l c a n t  ( p r o b a b c  1 1  t y  less t h a n  v a l u e  
shodn)  F - r a t  i o s  b e t w s e n  t e s t i n g  hodes ( E O J  I P H E N T )  
and among t e s t  on  0 1 t h  t h e  B I C Y C L E  o r  TREADqILL. 
qS - n o t  s c g n r f i c a n t ~ .  N A - -  n o t  a p p l i c a b l e .  

c 

E 3 i l  I P M E N T  BICYCLE TREA9LL 
Oxygen u p t a k e  -05 

[ L / W I N ) .  ' 05  

T E S T  C O H O I T I O N S  - 
> 

B a r o m e t r i c  
p r e s s u r e  pis , 1 HS 

EXHAUSTIVE E X E R C  ISE 

e x h a u s t i o n  HS -0005 0005 

' r iork r a t e  NA .0005 ,0005 

Year t r a t e  - 0 0 0 5  HS hS 

D x y g e n  u p t a k e  
( L / i Y I N )  005 

C a r b o n  d r o x i d e  
p r o d u c t ~ o n  .OOO 5 N S 

V e n t  i 1 a t o r y  
e q u i v a l e n t -  . 0 1  , . 1  

3 E C 3  YE? Y 

H a a r t  r a t e  i n  
t t f t h  e r n .  . 0 5  ti S HS 



A s i g n i f i c a n t  d i f f e r e n c e  among t h e  t r e a d m i l l  t e s t s  was 

shown i n  t h e  c a r b o n  d ~ o x i d e  p r o d u c t i o n  d u r t n g  t h e  l a s t  r n t n u t e  
6 4 " .  

o f  e x h a u s t i v e  e x e r c i s e  ( p  < 0.005).  

The d i f f e r e n c e s  i n  t h e  t i m e  t o  e x h a u s t i o n  ( T a b i e s  5 a n d  

1 0 )  i n  t e s t s  on b o t h  b i c y c l e  a n d  t r e a d m i  I 1  p r o d u c e d  h i g h l y  

s i g n i f i c a n t  F - r a t i o s  ( p  < 0.0005).  S i n c e  t h e  w o r k  r a t e  on t h e  

b i c y c  t e  and t h e  g r a d e  o n  the t r e a d a i  I I were t i m e  dependen t ,  

t h e s e  p a r a m e t e r s  i n  t h e  f i n a l  m i n u t e  o f  e x h a u s t i v e  t e s t ~ n g  a l s o  

showed h i g h l y  s i g n i f i c a n t  d i  t f e r e n c e s  b e t w e e n  t e s t s  ( p  < 

i i .  P a i r e d  t - t e s t s  
- -, 

P a l r e d  t - t e s t s  compared  t h e  f o l  l o w r n g  p a r a m e t e r s :  

r e l a t i v e  oxygen  u p t a k e  ( e x p l a i n e d  b e l o n ) r  c a r b o n  d i o x i d e  

p r o d u c t i o n ,  e x p i r e d  v e n t i  l a t i  on, and t i m e  t o  e x h a u s t i o n  and  t h e  

r e s u !  t s  a r e  shown i n  T a b l e  12. 

Oxygen  u p t a k e  f o r  e a c h  t e s t  was e x p r e s s e d  a s  a 

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

o r  t h e  t r e s d a i  l l f o r  each  s u b j e c t  ( T a b l e  11 1 .  P a i  r e d  t - t e s t s  

on t h e s e  v a l u e s  show s i g n i f i c a n t  d i f f e r e n c e s  ( p  < 0.05) . b e t w e e n  

60 a n d  80 r p m  a n d  b e t w e e n  8 0  a n d  120 r p a  r a t e s  o f  peda  ll r n g  o n  

t h e  b i c y c l e  e r g o m e t e r .  T h e r e  w e r e  n o  s i  g n i t  i c a n t  d i  f f  e r h n c e s  



T A B L E  l l a  

R e l a t i v e  v a l u e  o f  o x y g e n  u p t a k e  a t  e x h a u s t i  on a s  s p e r c e n t  
o f  t h e  h i g h e s t  v a l u e  o f  o x y g e n  u p t a k e  a p p r o p r i  a t e  t o  each 
t e s t  s e r i e s  ( b i c y c l e  o r  t r e a d m i l  I )  f o r  f i v e  msle s u b j e c t s .  

B I C Y C L E  ( R P R )  

h 

T R E A D H I L L  ( # P H I  

T A B L E  L l b  

R e l a t i v e  v a l u e  of  o x y g e n  u p t a k e  a t  e x h a u s t i o n  
on t h e  b i c y c l e  e r g o m e t e t  a s  a  p e r c e n t  o f  t h e  
h i g h e s t  v a l u e  o f  o x y g e n  u p t a k e  o b t a i n e d  d u r i n g  
t h e  t r e a d m i  1 1  t e s t  s e r i e s  f o r  f i v e  m a l e  
s u b j e c t s .  

B I C Y C L E  (RPH) 



T A B L E  1 2  

P R O B A B L I L I T Y  ( L E S S  THAN V A L U E S  SHOWN) o f  d i f f e r e n c e s  i n  ~, 

r e  l a t i  ve oxygen u p t a k e ,  c a r b o n  d i o x i d e   production^ e x p i  r e d  
v e n t i l a t i o n ,  t i m e  t o  e x h a u s t i o n . a n d  v e n t i l a t o r y  e q u i v a l e n t  
be tween  e x h a u s t i v e  t e s t s  a t  v a r i o u s  pedal  l i n g  f r e q u e n c i e s  on 
t h e  b i c y c l e  and a t  v a r i o u s  r u n n i n g  speeds on t h e  t r e a d m i  l I. 
T e s t s  a r e  a r r a n g e d  i n  a s c e n d i n g  o r d e r  o f  m a g n i t u d e  ( l e f t  t o  
r i g h t )  of t h e  c o r r e s p o n d i n g  p a r a m e t e r .  

B I C Y C L E  
( r p m )  

60  X -05 R E L A T I V E  7.5 X 
LOO X O X Y G E N  6 - 5  X 
120 X  -05 U P T A K E  6.0 X 
80 X 7 -0 X 

60 X C A R B O Y  7.5 X -025 -025 -005 
100 X D I O X l D E  7.0 X ,005 - 0 5  
12 0 X P R O D U C T I O N  6 .5  X 
30 X 6.0 X 

60 X -05 - 0 5  E X P I R E D  6.0 X 
120  X V E N T l L A T I O N  6 . 5  X 
80 X 7.0 X 

100 X 7.5 X 

120 X -005 -01 ,005 T I  R E  7.5 X -025 ,005 -005 
100 X -0 5 T  0 7.0 , X  ,005 -005 
80 X E X H A U S T I O N  . 6.5  X - 0 1  
60 X 60 0 X 

80 60 120 100 7.0 7 .5  6.5 6.0 

50 X 
s, 
, 0 2 5  V E Y T I L A T O R Y  7.0 X 

60 X -01 E J U I V A L E N T  7.5 X 
120 X 6.5 X 
100 X 6 .O X 



i n  r e l a t  i v e  o x y g e n  u p t a k e  i n  e x h a u s t i v e  t r e a d n i  I I t e s t s  a t  

v a r  t o u s  r u n n i  ng  speeds.  

P a i r e d  t - t e s t s  c o m p a r i n g  c a r b o n  d i o x i d e  p r o d u c t i  on 

d u r i n g  d i f f e r e n t  t r e a d e t  l l t e s t s  a t  v a r i o u s  s p e e d s  and  g r a d e s  

showed t h a t  c a r b o n  d i o x i d e  p r o d u c t i o n  a t  7.5 a p h  n a s  

s i g n i f i c a n t l y  l o n e r  t h a n  a t  7.01 6 . 5  i p  < 0.025) and 6.0 mph ( p  

< 0.005); a t  7.0 mph i t  Has s i g n i t i c a n t l y  l o w e r  t h a n  a t  6.5 mph 

( p  < 0.005); a t  7.0 a p h  ~t w a s  s r g n i f  i c a n t l y  l o w e r  t h a n  a t  6.0 

s p h  ( p  < 0.05). 

P a i r e d  t - t e s t s  showed no s i g n r  f  cant d i f  f e r  e n c e s  r n  t h e  

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

d u r i n g  b i c y c l e  e r g o m e t r y .  

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

d i  f f e t e n t  p e d a l  l i n g  f r e q u e n c i e s  showed si g n i  f i c a n t  d i f . f e r e n c e s  

b e t w e e n  60 r p a  a n d  8 0  r p e  ( p  < 0 . 0 5 )  a n d  b e t n e e n  60  r p n  a n d  120 

r p a  ( p  < 0.05) p e d a l l i n g  f r e q u e n c i e s  r e s p e c t i v e l y  d u r i n g  

b i c y c l e  e r g o m e t r y .  

E n d u r a n c e  a t  a  p e d a l l  i n g  f r e q u e n c y  o f  1 2 0  r p a  was shown 

t o  be  s h o r t e r  i n  d u r a t i o n  t h a n  a t  60 a n d  LOO r p m  ( p  C-0.00519 - 

o r  at 8 0  r p a  ( p  < 0.01). A t  100 r p m  e x e r c i s e  e n d u r a n c e  was o f  

s 3 g n i f i c a n t l y  s h o r t e r  d u r a t i o n  t h a n  t h a t  a t  60  rpm t e s t s  ( p  < 



T ime t o  e x h a u s t i  o n  o n  a l  l t e s t s  on t h e  t r e a d m i l  l ne r e  

s i g n i f i c a n t l y  d i f f e r e n t  f r o m  one a n o t h e r ,  E n d u r a n c e  a t  6.0 mph 

was s i g n i f i c a n t l y  l o n g e r  t h a n  a t  6.5 mph ( P  < 0 , O l ) ~  7.0 mph ( p  

< 0.005) o r  7 . 5  mph ( p  < 0.005); e n d u r a n c e  a t  5 . 5  c p h  was 

s i g n i f i c a n t l y  l o n g e r  t h a n  t h a t  a t  7.0 raph ( p  < 0.005) a n  7.5 P 
nph (P < 0,005); e n d u r a n c e  a t  7 . 0  mph was s i g n i f i c a n t l y  l o n g e r  

B 

t h a n  t h a t  a t  7.5 a p h  ( p  < 0 , 0 2 5 ) .  

R e c o v e r y  a n d  B l o o d  C h e m i s t r y  

8 
The h e a r t  r a t e  a f t e r  f i v e  m i n u t e s  o f  r e c o v e r y  ( T a b l e  1 3 )  

showed  a d i f f e r e n c e  ( p  < . 0 5 )  b e t w e e n  t h e  va  l u s s  o b t a ~  ned 

f o l  l o w i n g  e x h a u s t i v e  e x e r c i s e  o n  t h e  b i k e  a n d  t r e a d w i l  I* 1.04 

LSE 1 - 3 1  a n d  98 ( S E  2 - 0 1  b e a t s  p e r  a i n u t e  r e s p e c t i v e l y .  

T h e r e  were  n o  s i ~ n i f  i c a n t  d i f f e  f e n c e s  bet,rleen b i c y c l e  o r  

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

o r  h e s o g l o b i n  c o n c e n t r a t i o n *  and  h e c a a t o c r i t  t o t  l o w i n g  

e x h a u s t 1  ve e x e t c l s e .  ( T a b l e  14) 



t 

TABLE 13 

R E C O V E R Y :  Hean a n d  s t , a n d a r d  e r r o r  f o r  h e a r t  r a t e  ( b p m )  
and v e n t i l a t i o n  (BTPS, L / H I N )  f o r  f l v e  m a l e  s u b j e c t s  
f o r  f r v e  m i n u t e s  o f  r e c o v e r y  t o 1  l o w t n a  e x h a u s t  i v e  
e x e r c i s e  a t  v a r i o u s  p e d a l  f r e q u e n c i e s  a n d  r u n n i n g  
speeds shown i n  t h e  teft-hand co lumn.  

TEST HEART RATE V E N T I L A T I O N  

7.0flPH 1 5 3  125  1 0 4  99 95 
6.4 6.1 6.7 4.8 3 . 7  

7.5 HPH 145  117  1 0 5  102 98 
6.7 6.6 5.8 5.1 5.2 

TREAD- 149  1 2 1  107 101  98 
H I L L  3.1 3.0 2.7 2.4 2.0 

A L L  1 5 1  124  1 1 0  1 0 5  1 0 1  
2.1 1.9 1.7 1.5 1.3 



TABLE 14  

BLOOD CHEHISTRY: Yean a n d  s t a n d a r d  e r r o r  f o r  
l a c t a t e  (LA. mg1100 rr l  f r  h e m o g l o b r n  (HB. g / i 0 0  
a l l  and h e r a t o c r  i t  ,(HE) a n a l y s i s  o f  b l o o d  
s a m p l e s  t a k e n  i m m e d i a t e l y  t o t  l o n i n g  warm-up (MU) 
and d u r i n g  r e c o v e r y  t o 1  l o w i n g  e x h a u s t  r v e  
e x e r c i s e  b y  f i v e  ma le  s u b j e c t s  i n  t h e  t e s t  
i n d i c a t e d  i n  t h e  l e f t - h a n d  c o l u m n  where L A H A X  r s 
t h e  l a r g e r  o f  the t n o  v a l u e s  o b t a i n e d  f r o m  t h e  
p o s t - e x e r c  i s 6  b l  ood samples, 

TEST LAWU L A - R *  H B U U  H B - R  HEYU H E - R  
4 

60 RPH 37.8 121.5 1 7  15.4 49.9 51.1 
9.9 10.6 0.6 0.6 1.3 1.0 

80 R P H  4 5 , 6  141.6 15.0 15.6 50.1 51.3 
7 -  L 5.0 0.5 0 0 6  0.8 1.3 

B IKE 4 3 -  1 133.3 1 4 9  15.6 49.7 5 1 - 4  
3 .9  3.8 0 . 3 00 3 0.5 0.5 

6.0 MPH 43.3 1 3 7 - 2  4 7  15.1 4 0 - 3  52.3 
7.6 9.8 0.4 0.3 10.1' 0. 3 

TREAD- 4 5 - 1  137.2 1 4 9  1 5 - 3  47.4 51.5 
#ILL 3.7 4.9 0.2 0 02 20 5 0 - 5  

A L L  44. 1 135.3 1 4 9  15.4 48.5 51.4 
2.7 3.0 0.2 0.2 1.3 0.3 

* LA-R mean a n d  s t a n d a r d  e r r o r  of t h e  l a r g e r  
v a l u e  obtained f r o m  b l o o d  s a m p l e s  t a k e n  a t  
f i v e  a n d  e i g h t  m i n u t e s  r e c o v e r y .  



C H A P T E R  I V  

O I S C U S S I O N  

Warm-up P r o t o c o l  

A warm-up e x e r c i s e  p e r i o d  p r i o r  t o  s t r e n u o u s  e x e r c i s e  

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

( S i r s o n s e n  - e t  - a l e ,  1936; ~ s a u s s e n  and B o j e ,  1 9 4 5 ) .  These a u t h o r s  

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

a p p r o x i m a t e l y  a 13 p e r c e n t  i n c r e a s e  i n  t h e  r a t e  o f  c e l l  

1 9 .  m e t a b o l  i sm. 

~ g g b e r g  a n d  L j u n g g r e n  t l 9 + 7 )  s u g g e s t e d  a m i n i m u m  o f  15 

m i n u t e s  o f  warm-up (3.0 t o  3.4 1 i t a r  o x y g e n  u p t a k e f s a i n )  p r i o r  

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

p e r i o d  b e t w e e n  warm-up a n d  thde s t a r t  o f  a r a c e  s h o u l d  b e  

i d e a l  l y  o n l y  a  i s *  m i n u t e s  a n d  d e f  i n t t a l y  no more  t h a n  t-en. 
h-r' 

I n  t h e  p r e s e n t  e x p e r i m e n t ,  t h e  a v e r a g e  warm-up o x y g e n  

u p t a k e  (3 .254 l i t e r s  o x y g e n / m i n l  * i s  i n  a c c o r d  w i th  t h e  a b o v e  

r e q u i  remen ts .  The r e s t  p e r i o d  b e ? o t e  e x h a u s t i  ve  e x e r c  t s e  a f t e r  

s t a n d a r d  e x e r c i s e  i n  t h e  p r e s e n t  s t u d y  was b e t w e e n  1 5  and 2 0  

m i n u t e s .  T h i s  s h o u l d  n o t  h a v e  a f f e c t e d  t h e  f i n a l  r e s u l t s  as 

t h e  t i r s t  3 t o  4 m i n u t e s  o f  e a c h  e x h a u s t i v e  t e s t  c o u l d  a l s o  be 



c o n s i d e r e d  a s  a n  a d d i t i o n a l  warm-up i m m e d i a t e l y  pe  r i o d  p r i o r  t o  

s t r e n u o u s  e x e r c i s e ,  

T a b l e  1 5  shows an  e s t i m a t e  o f  the i n t e n s i t y  o f  t h e  

warm-up e x e r c i s e  i n  r e l a t i o n  t o  t h e  mean o x y g e n  u p t a k e  a t  

e x h a u s t 1  on t o r  e a c h  s u b j e c t .  The a v e r a g e  v a l u e  o f  6 7 - 7 2  o f  

maximum i s  h i g h e r  t h a n  a  r e q u i r e d  e s t i m a t e  o f  502 used b y  Kamon 

a n d  P a n d o l f  ( 1 9 7 2 1  i n  c o m p a r i n g  l a d d e r m i  4 1  c l  t inb ing .  u p h i  l l 

r u n n i n g  and  c y c l  i n g  b u t  c o m p a r e s  f a v o r a b l y  w i t h  t h e ,  .50 - 707. 

v a l u e  u s e d  by  Hermansen  a n d  S a l t i n  (1969) f o r  m a x i m a l  t r e a d m i l l  

a n d  b i c y c l e  e x e r c i s e .  

T A B L E  1 5  

U A R H - U P  O X Y G E N  UPTAKE: Hean warm-up o x y g e n  
u p t a k e  (UU) as s p e r c e n t a g e  o f  the mean 
e x h a u s t i v e  oxygen  u p t a k e  ( E X )  f o r  a l l  t e s t s  
f o r -  e a c h  s u b j e c t .  



Warm-up w o r k  r a t e s  were  p r e d i c t e d  t o  e l l i c i t  h e a r  
/ 4 r a t e s  &+ 

o f  1 5 0  bpm b u t  t h e  a e a n  h e a r t  r a t e  P o r  warm-up was on1 y 1155 

bpm, ( T a b l e  6 )  The d u r a t i o n  of c o n t i n u o u s  e x e r c i s e  0 L O  w i n )  

d u r i n g  t h e  i n i t i a l  P U C l 7 0  t e s t s  m a y  h a v e  c a u s e d  a n  a t t e n d a n t  

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

r a t e  a c c o u n t i n g  f o r  t h i s  e r r o r ,  H o s t a r d i  g d. ( 1 9 7 4 )  f o u n d  

t h a t  t h e  h e a r t  r a t e  f o r  a s t a n d a r d  r a t e  o f  s t e p p r n g  up and  down 

on a b e n c h  was a l w a y s  h i g h e r  a f t e r  p r o l o n g e d  e x e r c i s e .  A 

0 
r e c t a l  t e m p e r a t u r e  i n c r e a s e  o f  1 C c a u s e d  a n  i n c r e a s e  r n  h e a r t  

r a t e  o f  17 bpm a t  1 5  s t e p s l n i n  a n d  7 bpm a t  25 s t e p s / m i n .  

Warm-up e x s r c t s e  n c y c l  i n g  a t  60 rpm) p r l o r  to- a i  l 

e x h a u s t i v e  t e s t s  ( b i c y c l e  o r  t r s a d a i  I I )  was e s s e n t i a l 1  y t h e  

same t h r o u g h o u t  t h i s  s t u d y .  I n  o t h e r  t e s t s  o f  a a x i a s a l  a e r o b i c  

c a p a c i t y ,  warm-up e x e r c i s e  was o f  t h e  same t y p e  as  was u s e d  i n  
/ 

t h e  s u b s e q u e n t  max i  a a l  e x e r c  i s e  t e s t  (Kamon and P a n d o l  f  3 1972; 

Hermansen a n d  S a l t i n ,  1972) .  T h e r e  a r e 9  t o  t h i s  a u t h o r ' s  

know1 edge* n o  d e f i n i t i v e  p a p e r s  o n  t h e  e f f e c t  o f  warm-up o n  t h e  

r e s u l t s  of a n  e x h a u s t i v e  t e s t s .  

S e n s i t i v i t y  o f  S t a t i s t i c a l  A n a l y s i s  

G a r r e t t  1 1 9 6 5 )  h a s  p o i  n t e d  o u t  t h a t  a two-way  a n a l y s i s  

o f  v a r i a n c e  a n d  F - r a t i o  is a c o a p r e h e n s i v e  t e s t  o f  t h e  

s i g n i f i c a n c e  o f  d i f f e r e n c e  b e t w e e n  means. 



=s 

A s i g n i f i c a n t  F - r a t i o  d o e s  n o t  d i s t i n g u i s h  w h i c h  means 

d i f f e r  s i g n i f i c  n t l y  b u t  i n d i c a t e s  t h a t  a t e l e a s t  o n e  1 s  i 
r e l i a b l y  d i f f e r e n t  f r o m  t h e  o t h e r s ,  I n  t h e  p r e s e n t  s t u d y ,  o n l y  

f i v e  s u b j e c t s  w e r e  t e s t e d  a n d  t h e  s t a n d a r d  e r r o r  o t  t h e  B e a n s  

was l a r g e  (5E.s v a r y  i n v e r s e l y  a s  t h e  s q u a r e  r o o t  o f  t h e  s a m p l e  

s i z e ) .  A l a r g e r  s a m p l e  s i z e  may h a v e  p r o d u c e d  f u r t h e r  

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

A s i g n i f i c a n t  F - r a t i o  was o b t a r n e d  t o r  t h e  d i f f e r e n c e  

b e t w e e n  t h e  mean warm-up o x y g e n  u p t a k e s  p r i o r  t o  b i c y c l e  (3,273 

I / n i  n )  a n d  t r e a d m i  1 l ( 3 , 2 3 5  I / a i  n )  t e s t i n g ,  The e x p e r  i m e n t a l  

e r r o r  was e x t r e m e t y  s m a l l  a n d  t h u s  p r o d u c e d  a s p u r  ~ o u s l y  
-4 

s i g n i f i c a n t  F - r a t i o .  The a b s o l u t e  d i f  f  e r e n c e  b e t w e e n  t h e  means 

u a s  n o t  g r e a t  and, f o r  t h e  p u r p o s e  o f  a s t a n d a r d i z e d  warm-up* 

war  q u i t e  a c c e p t a b l e .  

E x h a u s t  i v e  E x e r c i  se 

i. B i c y c l e  vs. T r e a d m i l l  

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

p r e c i s e  e v a l u a t i o n s  o f  VOZaax a t  v a r i o u s  p e d a l 1  i n g  f r e q u e n c i e s  

on t h e  b i c y c l e  e r g o m e t e r  and r u n n i n g  s p e s d s  o n  t h e  t r e a d m i  l l .  

The r e s u l t s  s u b s t a n - t  i a t e  e a r l  i e r  r e p o r t s  t h a t  e x h a u s t i v e  t e s t s  

u s i n g  t h e  t r e a d a l l 1  e l l  i c i t  g r e a t e r  o x y g e n  u p t a k e s  t h a n  t h e  



b i c y c l e  e r g o m e t e r .  Hean o x y g e n  u p t a k e  t o t  a l l  t h e  b i c y c l e  

e r g o l a s t e r  t e s t s  1 4 . 6 2 5  l / a i n )  was. 7.48 Z l e s s  t h a n  f o r  t h e  

14 t r e a d m i  l l t e s t s  (6,999 I t a i n ) .  O t h e r  i n v e s t i g a t o r s  h a v e  

r e p o r t e d  d i f f e r e n c e s  o f  13-151; ( I k a i  - -  e t  al.9 197019 10.2 - 
11.2% ( M c A r d l e  - -  e t  a l . ~  1 9 7 3 ) ~  8Z ( G l a s s f o r d  e t  al., 196519 7 2  -- 
(Hermansen  a n d  S a l t i n ,  196919 a n d  6% (Hermansen e t  al., 1 9 7 0 ) .  

-7 

i 

Oxygen u p t a k e  a t  e x h a u s t i  o n  d u r  i n g  b i c y c l e  e r g o m e t r y ,  

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

each s u b j e c t  d u r i n g  t r e a d ~ i l l  r u n n i n g  ( T a b l e  I l l ?  r a n g e d  f r o m  

1 4 . 4 %  t o  3 . 8 2  ( H e a n  10.52)  1 e s s ' t h a . n  t h e  l a r g e s t  t r e a d ~ i i l  

v a l u e  f o r  e a c h  s u b j e c t .  The d i s c r e p a n c y  i n  r e l a t L v e  o x y g e n  

u p t a ~ e  d i f f  e r e n c e s  b e t w e e n  t h e  t ~ o  p t e c e s  o t  equr p r e n t  

coap l i c a t e d  and c -o 'n t r i  b u t e d  t o  by  t h e  r e l a t i v e  e f  f e c t i  v e n e s s  o f  

t h e  v a r i o u s  t e s t s  t o  e l l i c i t  an i n d i v i d u a l ' s  mar lmum a e r o b i c  

power a n d / o r  t h e  i n d i v i d u a l ' s  p r e f e r e n c e  f o r  a p a r t i c u l a r  t e s t .  

These f a c t o r s  may e x p l a i n  t h e  v a r i a n c e  r n  VO2max a n d  a r e  

l a r g e l y  r e s p o n s i b l e  f o r  t h e  u n c e r t a i n t y  s u r r o u n d r n g  any '7 

p r o t o c o l  o f  r a x i s a l  t e s t i n g .  These p o i n t s  w i $ i  b e  d i s c u s s e d  

l a t e r  i n  g r e a t e r  d e t a i l .  
.. 
> 

The  p r e s e n t  s t u d y  showed h e a r t  r a t e  a t  e x h a u s t i  on  o n  t h e  F 

t r e a d m i  I 1  ( 1 8 6  b e a t s / m i  n )  t o  be  s i g n i  t i c a n t l  y g r e a t e r  t h a n  on 

t h e  b i c y c l e  e r g o m e t e r  ( 1 8 3  b e a t s / a i n )  I p  < 0.005) a n d  

s u b s t s n t  i a t e s  t h e  r e s u l  t i  o t  N i y a m u r a  and  Yonda ( 1 9 7 2 )  and 



Hermansen e t  - - a l  , ( 1 9 7 0 1 ,  The f o r m e r  study r e c o r d e d  mean h e a r t  

r a t e s  o f  192 and 179 b e a t s f m i n  f o r  t r e a d m i l l  a n d  b i c y c l e  
/ 

r e s p e c t t v e l y r w h i 4 e  t h e  l a t t e r  was s i a r  l a r  t o  t h e  p r e s e n t  s t u d y  

n i t h  v a l u e s  o f  1 8 7  and 185 b e s t s t a i n  r e s p e c t i v e l y .  T h i s  

' d i s c r e p a n c y  may b e  , e x p l a i n e d ,  rn p a r t s  b y  t h e  f a c t  t h a t  t h e  

a v e r a g e  age o t  t h e  s u b j e c t s  i n  t h e  s t u d i e s  w e r e  q u i t e  
ri 

_ dr t f e r e n t :  2 4 . 8  y r s  ( p r e s e n t  study), 19.9 y r s  ( M i y a a u r a  a n d  -- 

s H o n d a )  a n d  24.2 y r s  ( H e r a a n s e n  g-1 

I n  some s t u d i e s  ( G l a s s t o t d  G.9 1965; Wyndham g.9 

1966; H e r a a n s e n  e t  a l . ~  1970; H i  yamura  and Honda*  1972)  where a - -  
s i g n i f  i c a n t  ly l o w e r  VOZaax h a s  b e e n  o b s e r v e d  d u r i n g  b i c y c l e  

ompsred n i t h  t r e a d a ~  l I e x e r c  i s e t  t h e  s u g g e s t i o n  t h a t  t h e  e a r l y , =  

e v e l o p m e n t  o f  loca-1 m u s c u l a r  t a t i g  d u r i n g  . m a x i m a l  b l c y c l  i n g  

l i m i t s  t h e  worK p e r f o r m a n c e ,  h,as  been  made, T h i s  f a t t g u e  

o c c u r s  b e f o r e  t h e  c e n t r a l  c i r c u l a t i o n  i s  m a x i m a l l y  engaged  and 

r e s u l t s  a l s o  I n  a l o w e r  s a x i a a l  h e a r t  r a t e  i n e r g o m e t e r  ' 
e x e r c i s e .  

, 

V e n t r  l a t i o n  a t  s x h q u s t r o n  was g e n e r a f l y  h i g h e r  i n  

c y c l i n g  t h a n  i n  r u n n i n g ,  Ho&eve t ,  t h e  d i t t e r e n c e  was n o t  

s i g n i f i c a n t  and c o m p a r e s  f a v o r a b l y  w i t h  the  - r e s u l t s  of Kamon 

a n d  Pandoti ( 1 9 7 2  e v e n  t h o u g h  t h e i r  v a l u e s  1 8 1  1 2 6 . 0 9  Tt!=l20,9 
t 

I / m i n )  were much l o w e r  t h a n  i n  t h e  p r e s e n t  study. 



i s t r a n d  and R o d a h l  4 19701 o b s e r v e d  t h a t  t h e  v e n t 1  l a t o r y  

e q u i v a l e n t  ( l i t e r s  v e n t i l a t i o n  I l i t e r s  o x y g e n  u p t a k e )  i s  i n  

t h e  r a n g e  o f  30 t o  3 5  d u r i n g  a a . r i ~ a l  work. . I n  t h e  p r e s e n t  

s t u d y  t h e  means f o r  b i c y c l e  a n d  t r e a d m i l l  were 39.45 a n d  35.659 

r e s p e c t i v e 1  y. The h i g h e r  v a l u e  t o r  b i c y c l e '  e x e r c i s e  m a y  b e  * 
P a r t r a l l y  d u e  t o  t h e  p e d a l l t n g  f r e q u e n c t e s  u s e d  rn  t h e  

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

v e n t i l a t o r y  v o l u m e s  i n  t h e  8 0  and 100 r p m  t e s t s  t h a n  I n  t h e  60 

r p u  t e s t ,  

Kanon  a n d  ,?and01 f ,  ( 1972) a l s o  o b t a i n e d  a s i  g n t f  r c a n t l y  
$4 - 

g r e a t e ~  maan v e n t i l a t o r y  e q u i v a l e n t  d u r i n g  b i c y c i s  e x e r c i s ' e  

( 3 5 . 0 )  c o m p a r e d  t o  t r e a d a t  l l e x e r c i s e  (29.9). The l e s s e r  
a 

- 
v a l u e s  a r e  t h e  r e s u l t  o f  a k h  l o w e r  e x p i r a t o r y  v e n t i l a t i o n  

du r  i n 2  m a x ~  m u m  e x e r t t o n .  
I 

Kamon and P a n d o l  f  (L972) a n d  t h e  p r e s e n t  s t u d y  shbwed 

s ; g n l ? ~ c a n t  v e n t i l a t o r y  e q u i v a l e n t  d i f f e r e n c e s  b e t w e e n  b i c y c l e  

apci t r s a d r ~  l l s x h a u s t i  ve e x e r c i s e ,  b u t  t h e s e  a r e  n e k e l y  

r ? f & e c t i  0;s o f  t h e  s t g n i f  i c a n t  d i f t s r e n t e s  i n  o x y g e n  u p t a k e  at 

exhsustl on. a s  b o t h  s t u d i e s ,  t h e r e  Mere  n o  d i f f e r e n c e s  t n  . , 

m a x i m a l  v e n t i  t a t i o n .  



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

t e s t i n g  f o r ,  many y e a r s .  A l t h o u a h  a s t a t e m e n t  f r o m  t h e  

I n t e r n a t i o n a l  C o n g r e s s  o f  S P o r t s  H e d i c i n e  ( 1 9 6 6 )  i m p l i e d  t h a t  

f u r t h e r -  , c o n c e r t e d  a c t i o n s  t o  t h e  s t a n d a r d i z a t i o n  o f  e r g o m e - t r y  
9 

were p l a n n e d 9  n o  c o m p r e h e n s i v e  s t u d y  o f  t h e  i n f  I u e n c e  o f  

p e d a l ' l  i n g  f r e p u e n c y  on V02max h a s  b e e n  r e p o r  tbd. 

The p r e s e n t  s t u d y  h a s  shown a  p e d a l 1  i no f r e u u e n c y  o t  8 0  

rpm t o  p r o d u c e  s i g n i f i c a n t l y  g r e a t e r  VO2max t h a n  t r e q u e n c i e s  o f  

e i t h e r  60 o r  120 r p m .  T h e r e  was no  d i f f e i e n c e  b e t w e e k  t h e L  

VOZmax v a l u e s  o b t a i n e d  a t  &O a n d  100 r p m  a n d  t h u s  8 i t h e r ' o . f  . . 

-CI 
t h e s e  p e d a l i  trig f  r e u u e n c t e s  would  seem t o  b e  m o s t  s u l t a b l e  f o r  

* 

m a x i m a l  b i c y c l e  t e s t i n g .  

~ e r m a n s s n  a n d  S a l t i n  4 1 9 6 9 )  s t u d y i n g  t h e  e f f e c t s  o'f 
. . 

p e d a l  l i .ng  f r e q u e n c i e s  o f  5 0 ,  60 a&d 70 * rpm ' f o u n d  t h a t  V O ~ m a x  - ' a . . . 
0 * .  

was g r e a t e s t  a t  6 0  t p m .  However, t h e i  r p r o c e d u r e  ( A s t r a n d  a n d  

S a l t i n ,  1961) c o n s i s t e d  o f  a L O  m i n u t e  uara-up a t  a p p r o x i m a t e l y  

50% OF maximum a e r o b i c  c a p a c i t y  f o l i o w e d  i r n e d i a t e l y  b y  a 

c o n s t a n t  wo-rk r a t e  p r e d i c t e d  t o  c a u s e  e x h a u s t i o n  w i t h i n  t e n  

m i n u t e s .  T h e i r  c h o i c e  o f  6 0  r p m  o v e r  70 r p n  i s  i n  d i s a g r e e m e n t  

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

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

work  r a t e  t o  p r o d u c e  e x h a u s t i  on. 



Hermansen  a n d  S a l t i n  ( 1 9 6 9 )  s t a t e d  t h a t  80 r p m  i s  t o o  

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

on t h g  b i c y c l e .  However,  S h e p h a r d  e t  e. ( 1 9 6 8 )  a n d  G l e s e r  a n d  
Y 

V o g e l  ( 1 9 7 3 )  a l  l o w e d  t h e i r  s u b j e c t s  t o  c h o o s e  p e d a l  l i n g  

f r e q u e n c i e s  i n ,  t h e  r a n g e s  o f  60 t o  90 rpra a n d  4 0  t o  80 rpm 

r e s p e c t i v e l y .  F a u l k n e r  ( l 9 7 L L  c h o s e  80 rpm t o  a p p r o k c  m a t e  t h e  

87 s t r i d e s  l a i n  ( 1 7 4  s t e p s / a i n )  w i t h  e a c h  l e g  w h i l e  r u n n i n g  a t  

8 aph, T h i s  c h o i c e  seems t o  be I n  a g r e e m e n t  w i t h  t h e  190-200 - 
s t e p s / m i n  ( l e v e l  r u n n i  n g l  a n d  1 4 0  s t e p s l a i n  ( u p h i  l l r u n n i n g ,  I 

5 , 2 5 2  w a d e )  e s t i m a t e d ' b y  H e r m a n s e n  a n d  S a l t i n  (1969). 

Hoes - e t  a1  - ;! 1 9 6 8 )  r n d i  c a t e d  that a p t  o f e s s i  o n a l  c y c l  1 s t  
, - 

much p r e t e r i e d  p e d a l  t i n g .  a t - 8 0  i p m .  P u o h  ( 1 9 7 4 )  a 1  l o w e d  h i s  
- 

s u b j e c t s  f L p r o f e s s i o n a l  a n d  5 a m a t e u r  c y c l  i s t s )  comp l  e t e  

t r e e d o n  o f  c h o i c e  i n  p e d a l 1  i n g  t r e q u e n c y  d u r  i n g  n o r k  r a t e s  up 

t o  t h e  maximum t h a t  t h e  s u b j e c t s  c o u l d  m a i n t a i n  f o r  . ? o u r  t o  

f i v e  m i n u t e s .  The g e n e r a l  c h o i c e  ( i n t e r p r e t a t i o n  o f  a  g r a p h )  

a p p e a r s  t o  b e  b e t w e e n  70 and  95, rpm. 

B a n i  s t e t  a n d  J a c k s o n  1 9 6 7 )  s u g g e s t e d  t h a t  t h e  l ow 

p e d a l  I i n g  r a t e s  ( 3 0 - 6 0  rpm)  I n d i  c a t e d  b y  t h e  I n t e r n a t t  o n a l  

C o n g r e s s  o f  S p o r t s  M e d i c i n e  f 1 9 6 6 )  n e c e s s i t a t e '  l a r g e r  

f r i c t t o n a l  r e s i s t a n c e  t o  t h e  e r g o m e t e r  whee l  f o r  h i g h e r  power  

o u t p u t s .  Thus9 l e g  s t r e n g t h  p r i m a r i l y  o f  t h e  q u a d r i c e p s p  m a y  

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



p u l m o n a r y  v e n t i  l a t i  o n  sys tem,  T h i s  i s  p a r t i c u l a r 4  y  t r u e  when 

one c o n s t d e r s  t h a t  i n  one  c y c l e  t h e  peak  l o a d s  a r e  a b o u t  t w i c e  

t h e  l o a d - s e t t i n g  o n  t h e  e r g o a s t e r  ( H o e s  e t  a l e ,  19681, 

B a n i s t e r  a n d  J a c k s o n  ( 1 9 6 7 )  a l s o  s u g g e s t e d  t h a t  maximum 

v e n t ~ l a t i o n  i s  an  e s s e n t i a l  f o r  o b t a i n i n g  v a l u e s  o f  m a x ~ a a l  

a e r o b i c  power,. I n  t h e  p r e s e n t  e x p e r  i m e n t r  v e n t i  l e t o r y  r a t e s  

t o r  t h e  80 a n d  1 0 0  r p a  b i c y c l i n g  t e s t s  were s c g n r t  r c a n t ' l y  

g r e a t e r  t h a n  o b t a i n e d  d u r i n g  t h e  60 r p s  e x h a u s t i v e  t e s t ,  

The s t a t e m e n t  t h a t  p e d a l l  i n g  f r e q u e n c y  may i n f  l uence  

I 
p u l m o n a r y  v e n t i l a t i o n  ( H e r m a n s s n  and S a l t i n ,  1 9 6 9 )  was 

c o n f  f r r e d  b y  Asmussen t 1973) .  He d i s c o v e r e d  t h a t  i n c r e a s i n g  

p e d a l l i n g  f r e q u e n c y  ( 3 6 ,  60 and  9 0  r p m )  a t  z e r o  w o r k  l o a d  

c a u s e d  c o n c o m i t a n t  i n c r e a s e s  i n  v e n t ~ l a t r o n  due t o  I n c r e a s e s  r n  

b o t h  t h e  r e s p i r a t o r y  f r e q u e n c y  a n d  t h e  t i d a l  vo lume.  The 

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

was a l s o  shown a t  t h e  s u b e a x i m a l  work  r a t e  o f  1080 kgmtmin ,  

Asmussen s u g g e s t e d  t h a t  t h e  f  r e q u e n c y  o f  l e g  movement and  

a e c h a n i c a l  t e n s i o n  i n  t h e  e x e r c i s i n g  m u s c l e  c u s e d  a s t i m u l u s  + 
t o  b e  " f e d  back  t o  t h e  c e n t r a l  o r  p e r i p h e r a l  r e s p i r a t o r y  m o t o r  

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

l a r g e r  v e n t  i l a t  i on." /- 



i i I .  T r e a d r i  I 1  R u n n i n g  

* 
Shepherd - e t  g .  (19681  and Yyndhaa - e t  G .  4 1966) 

recommended u p h i  i l t r e a d m i  l i r u n n i n g  a s  t h e  mos t  a c c u r a t e  and 

r e l  i a b l e  method o f  a s s e s s i n g  VOZaax. Coapar i s o n s  o f  c o n t i  nuous 

and d i s c o n t i n u o u s  ( r e s t  p e r i o d  be tween  t e s t  l e v e l s )  t r e a d m i l l  

t e s t i n g  showed no  s i g n i f i c a n t  d i  t f e r e n c e s  I n  t h e  r e s u l  t i n g  

max i mum oxygen  u p t a k e s .  

The p r e s e n t  s t u d y  exam ined  c o n t i n u o u s  max ima l  t r e a d m i  l l 

r u n n i n g  a t  6.0,  6-59 7.0 and 7 .5  mph w i t h  g r a d e  i n c r e a s e s  o f  

2.5Z/min. The r e s u i t i n g  maximum o x y g e n  u p t a k e s  f o r  each  

were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  T h r e e  of  t h e  f i v e  s u b j e c t s '  

o b t a i n e d  t h e i r  l o w e s t  and  one I B C )  h i s  h i g h e s t  oxygen  u p t a k e  i n  

t h e  7.5 aph t e s t .  The r e s u l t i n g  mean v a l u e  f o r  t h e  7. 5 nrph 

t e s t  was a p p r o x i m a t e l y  2.82 l o n e r  t h a n  each o f  t h e  o t h e r  

t r e a d m i  l l t e s t s .  The o t h e r  h i  g h e s t  i n d i u l d u a l  v a l  ues were 

o b t a i n e d  i n  the  6.0 ( V P 9  BN)  and 6.5 (HC, J H )  aph t e s t s .  

S u b j e c t  BC, a  t r a i n e d  s p r i n t e r  1 4 4 0  yd. i n  5 4  sec, 19 i n c r e a s e d  

h i s  VOZmax w i t h  i n c r e a s i n g  t e s t  speeds an'd was t h e  o n l y  one t o  

e x h i b i t  a & . c p n s i s t a n t  t r e n d .  

I n d i v i d u a l  p r e f e r e n c e  f o r  a p a r t i c u l a r  r u n n i n g  speed o n -  

an i n c l i n e  a p p e a r s  t o  be  s i g n i f i c a n t  f a c t o r  i n  e x h a u s t i v e  

t r e a d m i  l l t e s t i n g .  The speed o f  c h o i c e  may be dependan t  upon 



one o r  a c o m b i n a t i o n  o f  f a c t o r s ,  i.e. age. w e i g h t ,  l e g  

s t r e n g t h ,  t y p e  o f  t r a i n i n g  o t  track e x p e r i e n c e ,  S u b j e c t s  vP, 

M C  a n d  BH ~ e t e  s u b j e c t i v e l y  v i e w e d  t o  have s u p e r i o r '  leg ' 
s t r e n g t h  a n d  t h u s  H e r e  b e t t e r  e q u i p p e d  f o r  t h e  s l o w e r r  more  

6 

l a b o u r i  o u s  u p h ~  l l  t o i  l o f  s l o w e r  s p e e d s  a t  s t e e p e r  i n c l i n e s .  

S u b j e c t  JH, t h e  b e s t  r u n n e r  o f  t h e  g r o u p  (4:l-3 m i l e  a n d  13:05 

5000 m e t e r s ) ,  o b t a i n e d  h i s  h i g h e s t  oxygen  w t a k e s  a t  6.5 a n d  

7.0 mph. 

No p r e v i o u s  s t u d y  seems t o  h a v e  examr nod a x h a u s t i v e  

t e s t i n g  a t  v a r i o u s  r u n n i n g  speeds a n d  i d e n t i c a l  i n c r e a s e s  i n  

g r a d i e % t .  T h i s  scheme o f  t e s t i n g  p r o d u c e s  a more  r a p i d  

i n c r e a s e  i n  w o r k  r a t e  ( t h e  g r a d e  d i c t a t e s  t h e  a n g l e  of r i s e r  

t h e  c o b i n a t i o n  o f  s p e e d  and  g r a d e  d ~ c t a t e s  t h e  rate' of r i s e )  

and  a l s o  a  s i g n i t i c a n t l y  e a r l i e r  t e r m i n a t i o n  a t  t h e  f a s t e r  t h a n  

a t  t h e  s l o w e r  speeds .  S u b ~ e c t s ,  p r i o r  t o  e x h a u s t i o n ,  m u s t  

compe te  a g a i n s t  s t e e p e r  g r a d i e n t s  a t  s l o w e r  speeds  w h i c h  mayr 
. 

i n  p a r t ,  e x p l a i n  h i g h e r  r s s p i  r a t o r y  e x c h a n g e  r a t i o s  a n d  

s i g n i f i c a n t l y  g r e a t e r  c a r b o n  d i o x i d e  v o l  8 s  a t  s l o w e r  

7 2 
An l n c r b a s e d  r e s p i r a t o r y  e x c h a n g e  r a t i o  s b e e n  r e p o r t e d  t o  b e  

i n d i c a t i v e  o f  a n  i n c r e a s e d  l e v e l  o f  a n a e r o b i c  a e t a b o l  i sm 
/ 

U s e  o f  t h e  t r e a d a i l 1  a s  a n  e r g o m e t e r  has  b e e n  s e v e r e l y  

l i m i t e d  by  i n a b i l i t y  o f  i v e s t i g a t o r s  t o  e v a l u a t e  w o r k  r a t e s  a t  



g i v e n  c o b i n a t i o n s  o f  s p e e d  a n d  grade,  H a r g a r i a  g. ( 1963 )  

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

speed; i . .  t h e  n e t  c o s t  o f -  l e v e l  r u n n i n g  i s 1 k c a i l k g  k r .  

T a y l o r  OJ a. ( 1 9 5 5 ) ~  u s l n g  d i s c o n t i  n u o u s  t e s t i n g  a t  7 mph, 

f o u n d  a 2.5% i n c r e a s e  8 n g r a d e  e l i c i t e d  an i n c r e a s e  i n  o x y g e n  

u p t a k e  o f  299.3  m l l r i n .  D e f i n i t i v e  i n v e s t i g a t i o n  o f  t h e  e n e r g y  

c o s t  o f  t r e a d m i  I I r u n n i n g  a t  s p e c i f i c  c o m b i n a t i o n s  o f  speed  a n d  

g r a d e  w o u l d  p r o v e  t o  b e  a d e t i n i  t e  a s s e t  t o  t h e  f i e l d  o f  
-. 

e x e r c i s e  t e s t i n g .  

R e c o v e r y  

The d i f f e r e n c e  b e t w e e n  f i v e  m i n u t e  r e c o v e r y  h e a ' r t  r a t e s  

t o i  t o w i n g  e x h a u s t i v e  b t  c y c l e  e r g o m e t r y  a n d  t r e a d a i  I I r u n n i n g  i s  

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

a c t i v i t y  d u r   in^ r e c o v e r y .  The s u b j e c t s  r e m a t n e d  s e a t e d  

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

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

r e s t i n g  on f o o t  r e s t s .  A f t e r  t h e  m a j o r i t y  o f  t r e a d m i l  l t e s t s *  

s u b ~ e c t s  wa l ked  s l o w l y  on t h e  l e v e l  f o r  t h e  d u r a t i o n  o f  t h e  

r e c o v e r y  p e ' r i o d .  The g r e a t e r  m u s c u l a r  i n v o l v e m e n t  f o l l o w i n g  

t r e a d m i l l  e x e r c i s e  may h a v e  a i d e d  v e n o u s  r e t u r n  a n d  thus 

i n c r e a s e d  t h e  r a t e  o f  h e a r t  r a t e  r e c o v e r y  c o m p a r e d  w i t h  a more 

l e i s u r e l y  p r o t o c o l  f o l l o w i n g  b i c y c l e  e r g o m e t r y .  



B l o o d  l a c t a t e  c o n c e n t r a t i o n  0 80 ag/ l O O m l )  f o l  l o n i  n g  

e x h a u s t i v e  e x e r c i s e  h a s  h i s t o r i c a l l y  been  o n e  o f  t h e  p r i m e  

i n d i c a t o r s  t h a t  maximum a e r o b i c  c a p a c i t y  h a s  "been r e a c h e d  

t i s t r a n d ,  1 9 5 2 ) .  The t i s e  a t  whrch  t o  draw b l o o d  samples  h a s  

been q u e s t i o n e d  and i n  t h e  p r e s e n t  s t u d y *  s a m p l e s  were d rawn a t  

t i v e  and e  i g h t  m i n u t e s  p o s t  e x e r c i s e .  L a c t a t e  c o n c e n t r a t i o n  

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

e i g h t  m inu tes ,  T h i s  d i s p u t e s  t h e  s t u d y  by H a r g a r i a  -- e t  a l .  

41963) w h i c h  showed i n c r e a s e d  b l o o d  l a c t a t e  c o n c e n t r a t  i ons u p  

t o  e i g h t  m i n u t e s  p o s t  e x e r c i s e .  I n  t h e  p r e s e n t  s tudy ,  

a p p r o x i m a t e l y  952  o t  t h e  p a s t  e x e r c i s e  b l o o d  s a m p l e s  showed t h e  

t i v e  m i n u t e  sample t o  p roduce  t h e  w e a t e r  l a c t a t e  

c o n c e n t r a t i  on. D i f t e r e n c e s  i n  c a r d i o v a s c u l a r  e f f i c i e n c y  o f  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  r e l a t i v e  t o  M a r g a r i a 9 s  may 

e x p l a i n  t h i s  c o n t r a d i c t i o n .  H a r g a r i a  used  t w o  n o n - a t h l e t e s  and  

one a t h f  e t e  compared w i t h  t h e  f  i ve we I 1  t r a i  ned  a t h l e t e s  i n  t h e  

, p r e s e n t  s t udy .  

T e s t  P r e f e r e n c e  

Shephard -- e t  a l .  f 1 9 6 8 )  r e p o r t e d  t h a t  11 o f  t h e i r  . 
s u b j e c t s  p r e f e r r e d  t r e a d m i  l t t e s t i n g ~  9 p r e f e r r e d  b i c y c l e  and  

t h e  r e m a i n i n g  5 p r e f e r r e d  s t e p - t e s t s .  Two o f  t h e  f i v e  S U ~ J ~ C ~ S  

~ n  t h e  p r e s e n t  e x p e r i m e n t  p r e f e r r e d  b i c y c l e  r i d i n g  a t  60 o r  8 0  

rpm over  t r e a d m i l l  t e s t s .  The r e m a i n i n g  t h r e e  s u b j e c t s  



e r r e d  t h e  6.9 mph 4 JH) a n d  t h e  7.0 mph (BW. B C )  treadmill 

t e s t s .  The s u b j e c t s  w e r e  a g r e e d  i n  t h e i r  g e n e r a l  d i s l i k e  o f  
S 

120 r p m  b i c y c l e  a n d  7.5 aph  t r e a d m i l l  t e s t s .  
- \- 

M c A r d l e  a n d  H a g e l  (1970) o b s e r v e d  t h a t  2 o f  23  S U ~ J ~ C ~ S  

a t t a i n e d  h i g h e t  maximum o x y g e n  u p t a k e s  on b i c y c l e  ( 6 0  r p a )  

compared  t o  t r e a d m i  I I ( w a l k i n g  3.4 aphl  t e s t s .  T h e s e  t w o  

s u b j e c t s 9  h o w e v e r *  w e r e  r e p o r t e d  t o  h a v e  b e e n  i n v o l v e d  i n  

b i c y c l i n g  a s  a  common f o r m  o t  o u t d o o r  r e c r e a t i o n .  In  t h e  

p r e s e n t  e x p e r  iment ,  t w o  s u b j e c t s  showed  h i  g h e r  r a x  i mun o x y g e n  

u p t a k e s  i n  b i c y c l e  e r g o a e t r y  ( 8 0  r p r r )  t h a n  i n  t h e .  7.5 aph (JH,  

VPII 6.5 mph ( V P )  a n d  6.0 a p h  ( V P )  t r e a d m i l l  t e s t s .  The  

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

d a t a  i n d t c a t e s  t h a t  t h e  VOZaax f o r  VP ( 8 0  r p r l  was much h i g h e r  

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

(7.5 mph) was ~ u c h  l o w e r  c o m p a r e d  t o  o t h e r  t r e a d r i  l l speeds. 

E d w a r d s  - -  et a t .  (1972 )  s u g g e s t e d  t h a t  r a t i n g  o f  p e r c e i v e d  

e x e r t i o n  (RPEI  a a y  c o r r e l a t e  we1  l w i t h  t h e  i n t e n s i  t y  o f  

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

and  j o i n t s  o f  t h e  l e g s  d u r i n g  work.  RPE w h o u l d  t h e n  b e  g r e a t e r  ' 

t h e  more  i n t e n s e  was t h e  a c t i v i t y  of t h e  l egs .  i . 0 .  f r e q u e n c y  

o f  movements, - t e n s i o n  i n  m u s c l e s  o r  t e n d o n s  o r  f o r c e s  e x e r t e d  

on j o i n t s .  



P a n d o l f  a n d  N o b l e  1 1 9 7 3 )  i n v e s t i g a t e d  RPE a s  a t f e c t e d  b y  

e q u i v a l e n t  s u b m a x i m a l  power  o u t p u t s  a t  p e d a l  l i n g  t t e q u e n c i e s  o f  

4 0 ,  60 a n d  80 rpr ,  The RPE n a s  f o u n d  t o  b e  g e n e r a l l y  

n e g a t i v e l y  r e l a t e d  t o  p e d a l  I i n g  sp%ed a l t h o u g h  $he d i f f e r e n c e  *. 
was n o 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  b e t w e e n  60 &nd 80  rpm. 

I n  t h e  p r e s e n t  s t u d y 9  t h e  p r e t e t r e d  p e d a l  f r e q u e n c i e s  

t o r  max ima l  t e s t i n g  w e r e  0 0  r p m  ( V P ,  flC, B C ~ ,  100 rpm ( B N )  and  

60 r p m  ( J H ) .  T h e s e  p r e f e r e n c e s  a p p e a r  t o  a g r e e  w i t h  t h e  

r e s u l t s  o t  P a n d o l t  a n d  N o b l e  ( 1 9 7 3 1 1  a s s u m i n g  t h a t  t h e  

s u b j e c t s *  p r e t e t r e d  t e s t  was a l s o  t h a t  o t  l e a s t  p e r c e i v e d  

e x e r t i o n .  T h i s  a l s o  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  e x h a u s t i o n  

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

w e i g h t i n g  o f  t h e  components;  e x e r t e d  t o r c e r  t e n s i o n  i n  m u s c l e s  

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

p e r c e i v e d  e x e r t i o n .  

H i  I f  1 9 6 6 )  d e a o n s t r a t e d  t h e  e x i s t e n c e  o f  a h y p e r b o l i c  

f o r c e - v e l o c i t y  r e l a t i o n s h i p  i n  m u s c u l a r  c o n t r a c t i o n .  The + 

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

h a s  b e e n  shown  t o  b e  m a x i m a l  when t h e  v e l o c i t y  o f  c o n t r a c t i o n  

i s  a p p r o x i m a t e l y  one t h i r d  o f  i t s  maximum, T h e r e  a t e *  r n  f a c t s  0 

many f o r c e - v e  l o c i  t y  r e l  a t  i o n s h i p s ,  e a c h  c o r r e s p o n d  i n g  t o  a  

d i f f e r e n t  l e n g t h  o t  t h e  m u s c l e  b e i n g  o b s e r v e d .  I t  may be  

s t a t e d  t h a t  i n  c y c l  ing ,  t h e r e  i s  a n  a v e r a g e  f o r c e - v e l o c i t y  

c- . 



r a l  a t i  o n s h i  p  t h r o u g h o u t  a p e d a l  4 I n g  cycl e  a n d  i t  can  b e  

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

p e d a l l i n g  c y c l e  i n  r e l a t i a n  t o  t h e  p e d a l l i n g  f r e q u e n c y .  I n  

t h i s  case  power o u t p u t  is t h e  p r o d u c t  of a v e r a g e  t o r c e  and 

p e d a l  l i n g  f r e q u e n c y .  T h e r e f o r e  i t  aay be assumed t h a t  t h e r e  i s  

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

a c h e ~ v i n g  h i s  maximum power o u t p u t .  F u t u r e  s t u d i e s  nlght + 

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

t h a t  w h i c h  w i l l  e l i c r t  t h e  t n d i v i d u a l a s  V02max. Such  a f l ' n d ~ n g  

w o u l d  s u g g e s t  t h a t  t e s t s  o f  VOZmax b e  s t a n d a r d i z e d  a c c o r d i n g  to 

t h i s  measure o f  max i  m u m  power o u t p u t  r a t h e r  than a c c o r d i n g  t o  a 

f i x e d  p e d a l 1  i n g  f requency .  f o r  a l  I i n d i v i d u a i s .  



C H A P T E R  V 

C O K L U S  I O N  

H a x i m a l  t e s t i n g  b y  i n c l r n e  r u n n i n g  o n  t h e  t r e a d a i l l  

r e m a i n s  t h e  most e f f e c t i v e  mode t o r  t e s t i n g  a e r o b i c  c a p a c i  y. 5 
Speed o f  r u n n i n g  a p p e a r s  t o  h a v e  l i t t l e  o r  n o  e f f e c t  o n  max ima l  

o x y g e n  u p t a k e .  

Max i  ma l o x y g e n  u p t a k e  a s s e s s s r e n t  by b~ c y c l  e e r  gose t e r y  

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

r u n n l n g .  P r e v l o u s  s u g g e s t i o n s  i n  t h e  l i t e r a t u r e  r e g a r d ~ n g  

b i c y c l e  e r g o r e t r y  t h a t  t h e r e  e x i s t s  a n  o p t i m a l  r e l a t i o n s h i p  

b e t w e e n  p e d a l  i i n g  t r e q u e n c y t  f o r c e  d e v e  t o p e e n t ~  a n d  power  

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

a r g u m e n t  f o r  t h e  u s e  o f  pedal1 ~ n g  f r e q u e n c i e s  g r e a t e - r  t h a n  80 

rpm i n  b i c y c 1 . e  t e s t i n g  t o r  maximum c a r d i o - r e s p i r a t o r y  f u n c t i o n .  

S h e p h a f d  e t  a l .  ( 1 9 6 8 )  s t a t e d  t h a t  maximum o x y g e n  u p t a k e  -- 
by d i r e c t  m e a s u r e m e n t  s h o u l d  be  a c c e p t e d  as , t h e  a b s o l u t e  

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

Bet  o r e  a c c e p t  i n a  maximum o x y g e n  u p t a k e  a s  a n  i n t e r n a t i  ona t  
f l  

s t a n d a r d  o f  r e f e r e n c e ,  however ,  i t  i s  i m p o r t a n t  t o  e n s u r e  a l s o  

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

v a l u e s .  



The p r e s e n t  s t u d y  has s u r v e y e d  a g r e a t e r  r a n g e  o f  

p e d a l  l i n g  t r e q u e n c i e s  a n d  r u n n i n g  speeds t h a n  h a s  been  

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

s h o u l d , a i d  d e l  i b e r a t t o n s  i n  d e i e  iopment  o f  a n  i n t e r n a t i o n a l  

s t a n d a r d  o f  r e f  e r s n c e ,  
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APPENDIX  1 

TEST COHOITIONS ( B I C Y C L E ) :  S u b j e c t g s  w e i g h t  (WGT, kg)? 
b a r o m e t r i c  p r e s s u r e  ( B P S  m i  Hg), ambient  t e m p e r a t u r e  
( TEHPr C 1, warm-up oxygen u p t a k e  ( UUHK,  m l  l k g / s i n  1 r 
t i m e  t o  e x h a u s t i o n  ( T I M ,  s i n )  a n d  f i n a l  work r a t e  
IFWR. kgmirin3 t o r  f i v e  male s u b j e c t s  a t  t h e  peda l  l i n g  
f r e q u e n c i e s  s h o w n  i n the  l e t  t - h a n d  c o l  umn, 

TEST WJ WGT FWR 

6 0  R P U  V P  9 6 . 7 8  
nc 8 0 .  1 3  
B N  7 6 - 4 6  
B C  7 6 . 0 5  
J H ,70 .43  



T E S T  C O N D I T I O N S  (T'READHILL): S u b j e c t ' s  w e i g h t  (HGT, kg), 
b a r o a e t t  f c p r e s s u r e  (BPS a m  Hg IS a a b i  e n t  t e d e r  a t u r  e 
(TERP,  C ) ,  warm-up oxygen uptake  (WUHK, mI /kg /min)  
t i n e  t o  e x h a u s t ~ o n  (TIM. min)  and t inal  work r a t e  
(FUR,  .Z grade )  f o r  f i v e  m a l e  s u b j e c t s  a t  t h e  runn ing  
speeds s h o r n  i n the  left -hand c o l  umn. 

TEST SUBJ Y G T  BP TEMP WUMK,, T I N  FUR 
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R e s p i r a t o r y  gas  e x c h a n g e  d u r i n g  t h e  l a s t  m i n u t e  
o f  warm-up p r , i o r -  t o  e a c h  b i c y c l e  t e s t  f o r  f i v e  
a31 e s u b j e c t s .  

L -. 
. - 

T E S T  SUBJ V E N T  V i3 V C O  R ER V E  . O E  

6 0  R P R  V P  1 0 3 . 5  3 . 2 1 5  
nc 9 7 . 5  3 . 3 1 9  
B N  1 0 0 . 8 )  3 . 2 3 8  
B C  9 8 . 9  " 3 . 3 2 0  
J H  7 5 . 4  3 . 0 0 8  

8 0  R P t l  YP 1 1 5 . 6  3 . 2 3 4  
n c  96 .9  3 . 2 7 5  
9 N  1 0 2 . 2  ' 3 . 3 5 2  
B C '  1 0 2 . 4  3 . 5 6 0  
J H  7 6 . 6  2 . 9 7 4  

V E N T  ( B T P S ,  L / W I H )  J e n t i  l a t i  on 
Y O  i S T P R 9  L l H I M l  O x y g e n  u p t a k s  
V C O  { S T P D ,  L / H l Y t  C a r b o n  d i o x i d e  p r o d u c e d  
2ES Q e s p l  r a t o r y  e x c h a n g e  r a t i o  
I/ E V e n t i  l a t o r y  e q u i v a l e n t  
3 E P e r c e n t a g e  o x y a s n  s x t r a c t i  o n  



A P P E N D I X  1 0  

WARY-UP 

i 

Resprratory gas e x c h a n g e  dur  ~ n g  t h e  last m i n u t e  . 
o f  warm-up p r i o r  t o  each t r e a d n i  t l t e s t  f o r  f i v e  
male  s u b j e c t s .  

T E  S T SUBJ V E N T  YO 
- 

V C  0 R E R  V E  D E  

7 .0  YPH VP 1 1 6 . 2  3 . 3 4 3  3 . 4 8 8  1 - 0 4  
\ M C  98.0 3 . 3 8 7  3 . 4 3 3  1 - 0 1  
\. 

-* 
BN 1 0 1 . 1  3 . 2 7 3  3 , 0 3 8  0 . 9 3  

Y r ,  B C  96 .2  3 . 4 1 9  3 ,204  0 . 9 4  

,- 
J H  7 6 . 3  3 . 0 2 0  2,628 0 . 8 7  

7 . 5  YPH V P  1 1 0 - 6  2 . 2 5 5  3 . 3 3 9  1 .03  
V C  96.2 3 . 1 2 0  3 . 3 3 5  1 - 0 7  
BH 1 0 6 . 8  3 .353  3 , 3 7 8  1 . 0 1  
B C  9 6 . 6  3 . 4 2 8  3 , 4 0 9  0 . 9 9  
J H  7 8 . 0  2 . 8 3 1  2 . 7 7 2  0 . 9 6  

V E N T  L B T P S t  L l H € N )  V e n t t  i a t t > n  
'40 I S T P D ,  L l f l I N )  O x y g s n  u p t a k e  
V C O  I S T P D ,  L l H I Y )  C a r b o n  d i o x i d e  produced 
R E R  S e s p i r a t o r y  e x c h a n g e  r a t l o  
V E  Y e  r t i  l a t o r y  e q u i v a l e n t  
OE P e r c e n t a g e  o x y g e n  e x t r a c t i  o n  
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E X H A U S T I V E  EXERCISE 

R e s p i r a t o r y  g a s  exchange f o r  e i ' t h e r  t h e  l a s t  o r  
p e n u l t  i a a t e  m i n u t e  o f  e x h a u s t i  v e  e x e r c i s e  d u r i n g  t r e a d m i  l l 
r u n n i n g  f o r  f i v e  m a l o  s u b j e c t s .  V a l u e s  a r e  t h o s e  of  
g r e a t e s t  o x y g e n  u p t a k e  f rom e i t h e r  o f  these minutes .  

T E S T  S U B J  VENT V O  

6 .5  I P H  VP 1 7 6 - 6  4 . 8 4 8  
HC 176.8  4.775 
B N  1 9 3 - 7  4.992 
B C  180.4 5 .080  
J H  172 .5  5.325 

VENT i%TPS,  t / H I H )  Y e n t i  t a t i  on 
V O  ( S T P D I  L / t ! IN )  Oxygen u p t a k e  
M L K G  l STPDs N L / K G / H I H )  r3xygsn u p t a k e  
VCO ( S J P D I  L / l l I N )  Carbon d i o x i d e  produced 
R E Q  R e s p i r a t o r y  exchange r a t i o  
V E  V e n t i  I a t o r y  e q u i v a l e n t  
OE P e r c e n t a g e  oxygen e x t r a c t i o n  
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- BLOOD CHE H I S T R Y  

B l o o d  l a c t a t e  (mg1100 s t ) ,  h e m o g l o b i n  ( 9 1 1 0 0  m l f  a n d  . '  ,. 
h e m a t o c r i t  t o l l o w i n g . w a r m - u p  a n d  d u r i n g  t h e  t i t t h  and  
e i g h t h  m i n u t e  a f t e r  e x h a u s t i v e  b i c y c l e  e r g o n e t r y .  

T E S T  S U B J  L A Y U  HBWU 

8 0  R P R  VP 
n c 
B N  
BC 
JH 

L A Y U  L a c t a t e  c o n c e n t r a t i o n  f o l  l o w i n g  ware-up 
LARS L a c t a t e  c o n c e n t r a t i o n  a t t e r  f i v e  m i n u t e s  o f  r e c o v e r y  
L A R B  L a c t a t e  c o n c e n t r a t  i o n  q t  t e r  e i g h t  a i n u t e s  o f  r e c o v e r y  
L - A H A X  Maximum l a c t a t e  c o n c s n t ' r a t i  o n  \,, 
H B W  t i s m o g t o b i n  t o t t o w i n g  warm-up 1 
HBR5 H e m o g l o b i n  f o l  l o w i n g  t i v e  m i n u t e s  o f  r e c o v e r y  
HEWU q e m a t o c r  i t  f 0 1  l o w i n g  warm-up 
Y E R 5  H e m a t o c r i t  f o l l o w i n g  f l v e  m i n u t e s  o f  r e c o v e r y  
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e 

BLOOD C H E M I S T R Y  

B l o o d  l a c t a t e  ( a g f 1 0 0  a f  19  h e m o g l o b r n  ( g / 1 0 0  s l l )  and 
h e m a t o c r i t  f o l l o w i n g  wajn-up and d u r i n g  t h e  f i f t h  and 
e i g h t h  m i n u t e  a f t e r  e x h ~ s t i v e  t r e a d m i  l l  r u n n i n g .  

\ 
'4 

T E S T  SUBJ LAUU L A R S  LAR0 - L A M A X  H B U U  HBRS HEWU HER5 

7.0 MPH VP 54.7 116.7 102 .9  116.7 16.3 16.5 5 0 - 8  51.6 
HC 66.5 152 .4  139.3 152.4 14.0 15.2 47.8 5 0 - 6  
BN 45.4 1 4 4  1 3 9 - 6  144.9 1 4 0  1 . 3  49.8 50.2 
BC 32.6 126 .1  120.8 126. 1 1 4  1 4  51.2 52.7 
J H  21.6 148.7 147.7 1 4 8 - 7  13.3 1 3 - 5  45.8 48.5 

L A i l U  L a c t a t e  c o n c e n t r a t  i o n  t o l  l o w i n g  w a r s - u p  
L A R S  l a c t a t e  c o n c e n t r a t  i o n  a t  t e r  f i v e  m i n u t e s  o f  f e c o v e r y  
L A R B  L a c t a t e  c o n c e n t r a t  i o n  a f t e r  e i g h t  m i n u t e s  o f  r e c o v e r y  
L h M A X  Max IN. l a c t a t e  c o n c e n t f a t i  o n  
H B Y U  H e m o g l o b i n  f o l l o w i n g  wa rm-up  
HER5 H e a o g l o b i n  t o 1  l o w i n g  f i v e  m i n u t e s  o f  r e c o v e r y  
HEWU H e m a t o c r i t  f o l l o w i n g  warm-up  
HER5 H e m a t o c r  r t  f o l  l o w l n g  t l y e  m i n u t e s  o f  r e c o v e r y  
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P L / l  - p r o g r a m  f k o r e s p i r a t o r y  gas a n a l y s i s .  

i l A 2 2 0 G 4 C K  JOB * * * * , * * * * * ) , *MAXTESTS S T  I M E = l ? C L A S S = F  
/ /  E X E C  P L l L F C G *  
/ / S Y S I N  DO * 

t lAXTEST:PROC 3 P T I D H S ( H A I N ) ;  /********************************#********************** 
*********#*** 

L I S T  
S U B J  
D A T  
D A Y  
no 
WGT 
T E S T  

* T E S T S  
M I H  

* C A L C U L A T E D  
V E B  
V E S  
B P  
VPE 
VPA 

*PEP ATURE 
B  T 

* 1 
/ C F  

*YGEY 

FOW 
FCOW 
FOD 
F C O D  
F  I 0  
F  I C O  
F I N  
F E O  
F E C O  

*FCOO 
/- F E N  

V O  

OF T H E  TERMS USED I N  T H I S  P R O G R A B  
T H E  - S U B J E C T  USED I N  T H I S  T E S T  
THE Q A T E  OF THE T E S T  
DAY OF T H E  MONTH 
MONTH 
T H E  d E I G H T  OF THE S U B J E C T  
T H E  NUMBER OF THE T E S T  I N  A  S E R I E S  OF 

THE q I N U T E  O F  T H E  T E S T  T H A T  I S  B E I N G  

V E H T I L A T I O N  B T P S  ( L / M I N )  
V E N T I L A T I O N  S T P D  ( L l P l I N )  
B A R C r E T R  I C  P R E S S U R E  M M / H G )  
VAPOUR P ~ E S S U R E  OF E X P I R E D  G&S A T  9 T  
YAPOUR P R E S S U R E  OF GAS A T  A f l P I E N T  T E H  

T E N P E Q A T U R E  OF E X P I R E D  G A S  ( B O D Y  T E M P  

C O R R E C T I O N  F A C T O R  FOR F R A C T I O N S  OF OX 

C A R B q Y  D l O X I D E  
F R A C T I O N  OF O X Y G E N  ( 'WET)  - 
F R A C T I O N  OF C A R B O N  D I O N I D E  ( W E T )  
F R A C T I O H  OF OXYGEN ( D R Y )  
F R A C T I O N  OF CARBON D I O X I D E  ( D R Y )  
F R A C T I O H  OF I H S P  I R E D  OXYGEN 
F R A C T I O N  OF I N S P I R E D  CARBOH D I O X I D E  
F R A C T I O N  OF I H S P  I R E D  N I T R O G E N  
F R A C T I O N  OF E X P I R E D  OXYGEN = F E D  
F R A C T I O N  !J# E X P I R E D  CARBON D - I O X I D E  = 

F R A C T I O N  OF E X P I R E D  N I T R O G E N  
OXYGEN U P T A K E  ( L / M I N )  







4 P P E Y D I X  1 6  

S a m p l e  o u t p u t  f o r  p r o g r a m  shown i n  A p p e n d i x  15 .  

SUBJECT:  VP T E S T  rC1 M I N U T E  = 8  D A T E :  R A Y  2 9  

C  CJQR ECT I ON FACTOR -- 1 . 0 2 8  

F R A C T I O N  OF O X Y G E N  ( D R Y )  0 . 1 8 4 9 0  

F R A C T I O N  Df CASBOH O I Q X I D E  ( D P Y )  0 . 0 3 2 8 3  

WEIGHT OF THE SlJ2 JECT 9 6 . 7 8  K G  

V E Y T I L A T I O N  ( S T P 3 )  1 5 8 . 3 3  L I T E R S  

4 . 4 9 1  L I T E R S  
46.40 Y L / K G  

CARSON D I C I X I D E  PROCUCED I N  M I N U T E  #8 5 .  1 5 1  L I T E R S  

RESP1RATC)SY EXCHANGE R A T I O  I S  1 - 1 5  

V E H T I L A T O R Y  E Q U I V A L E N T .  3 5 - 2 5  

PERCENTAGE O X Y G E N  E X T R A C T I O N  2 . 8 3 7  - 



A P P E N D I X  t 7  
/ 

SPS'S program f o r  statistical a n a l y s i s  o f  data. 

/ / G A H S P S S S  J O B  ( X X X X ~ G X X X X ~ , ~ G E T  D A T A * ~ H S G C L A S S = P  
/ * J O B P A R H  ' L IHE'5=4Or P S W O = X X X  , 

/ I  E X E C  S P S S ,  I H F I L E = ' S C . A O I 4 7 , L A S T B *  
I / F T 0 9 F 0 0 1  
R U N  NANE 
G E T  F I L E  
IF 
I F  
I F  
I F 
I F  
IF 
I F  
I F  
IF 
I F  
IF 
I F  
IF 
I F  

C O M P U T E  
IF 
I F 
IF 
I F  
C O M P U T E  
CO HP UTE 
C O n P U T E  
C O M P U T E  
C O Y P U T E  
C O W P U T E  
* S E L E C T  I F  
T A S K  N A P E  
M A R G  I Y A L  
O P T  I O Y S  
S T A T I S T t C S  
* S E L E C T  I F  
T A S K  Y A M E  A 

H A R G  I q a t  
O P T  I O Y S  
S T A T  I ST ICS 
* S E L E C T  IF 
T A S K  N A M E  
M A R G  I Y A L  
O P T  I O H S  
S T A T 1  S T I C S  
F I ' I I S Y  
/ *  

OD S Y S O U T = R r D C B = ( L R E C L = 8 O t 8 L K S I Z E = 8 O O ~ R E C F M = F 0 )  
I N D I V i D U A L  T E S T S  
D A T A  
( H E W U L  G E  H E W U Z )  H E Y U = H E W U l  

1 

( H E Y U Z  G T  H E U U L )  H E U U = H E W U Z  ' 

( H E R 5 1  G E  H E R 5 2 1  H E R 5 = H E R 5 L  
( H E R 5 2  GT Y E R 5 1 )  H E R S = H E R 5 2  
t L I W U 1  C E  L A Y U Z )  L A W U = L A W U l  
( L A W U Z  G T  L A Y U 1 )  L A W U = L A W U Z  
( L A R S 1  G E  L A R 5 2 )  L A R S = L A R S L  
( L A R 5 2  G T  L A R S 1  1 L A R 5 - L A R S 2  
( L A R 8 1  G E  L A R 8 2 )  L A R B - L A R 8 1  
( L A R 8 2  G T  L A R B  L )  L A R 8 = L A R 8 2  
( L A R S  G E  L A R 8 )  L & R E X = L A R S  
( L A R B  G T  L A R S )  L A R E X = L A R 8  
( V Q N L  G E  V O L )  VO=VONL 
( V O L  G T  V O Y L )  V O = V O L  
t l L K G =  ( V O * L 0 0 0 )  1 Y G T  
( V O  E Q  V O Y L )  V E X x V E X Z  
( V O  E Q  V O L 1  V E X = V E X l  
( V O  E Q  V O N L )  V C O = V C O N L  
( V O  E Q  V O L )  V C O - V C O L  '3 

R E R W U = V C O W U / V O W U  
V E Q U U U = V H U b / V O Y U  
O X E X T U U = ( V O Y U / V W U 6 ) * 1  8 6 3 - O O 3 /  ( B P A - 4 7 . 1 )  ) * l o 0  
R E S = V C O / V ' 3  
V E Q U = V E X / V O  
O X E X T = ( V O / V E X )  * ( 8 6 3 . 0 0 3 / (  B P A - 4 7 .  1) 1 a100 
( T E S T  € 0  L OR 2 O R  3  QR 4 )  
B I K E  T E S T 5  
V O  
5 
A L L  I/ 

[ T E S T  E Q  5 OR 6 O R  7 OR 8 )  
T R E A D M I L L  T E S T S  -w 
'(0 
5 
A L L  
( T E S T  E Q  1 OR 2 O R  3 O R  4 OR 5 O R  5 OR 7 OR 9 )  
L A S T  E I G H T  T E S T S  
vu 
5 
A L L  



A P P E N D I X  18 

O u t p u t  f r o m  t h ?  samp le  S P S 5  P r o g r a m  shown i n  A p p e n d i x  17. 

S T A T I S T I C A L  P A C K A G E  'FOR T H E  S O C I A L  S C I E N C E S  S P S S H  - V E R S I O N  5.02 
* L 0 7 / 0 3 /  7 5  P A G E  1 

R U N  N A M E  I N D I V I D U A L  T E S T S  
G E T  F I L E  D A T A  

I F 
IF 
I F  
I F  
IF 
I F  
I F  
I F  - 
I F  
IF 
IF 
I F  
IF 
I F  
C O M  P U T  E 
I F  
I F 
i F 
I F  
C0.R P U T  E  
C O N P U T E  

* 
F I L E  D A T A  H A S  58  V A R I A B L E S  

T H E  S U S F I L E S  ARE..  
\ 

i 

NO OF - -  - 4--- 

N A M E  C A S E S  
, 

0 

Q A T A  4 5 

( H E d ' J 1  G E  H E W U 2 )  H E W U = H E W U l  
( H E U U Z  G T  H E U U t  H E U U = H E W U Z  
! Y E S 5 1  G E  H E R 5 2 1  H E R S x H E R 5 1  
( H E 5 5 2  GT H E R 5 1 1  H E R 5 = H E R 5 2  
( L A M Y 1  G E  L A Y U 2 )  L A W U = L A W U l  
I L A W U Z  G T  L A W U 1 )  Y A Y U = L A W U Z  
( L A R S 1  G E  L A R S 2 1  L A R S = L A R S l  

.( L A R S 2  G T  L A R S 1  1 L A R 5 x L A R 5 2  
( L A R S 1  GE LhR821 L A R B = L A R B l  
I L A R 8 Z  GT L A R B l )  L A R 3 = L A R 8 2  
( L A R 5  G E  L A R B )  L A R E X = L A S 5  
( L A R q  G T  L A R 5 )  L A R E X = L A R S  
( V O N L  GE VOL.)  V O = V O N L  
I V O L  ST V O N L  1 V O = V O L  
M L K G = ( V Q * ~ O O O I  I W G T  
f V O  E O  V O N L I  V E X = V E X Z  
( Y O  E Q  V D L )  V E X = V E X l  
( V O  E Q  .V'ONL) Y C O = V C O Y L  
( Y O  E3 Y D L )  Y C U = V C O L  
R E P  MU-VCOYUIVOWU~ 
V E O U U U = V Y U b I  V O W  



C m l P U T E  O X E X T d U = I  V O W U I V W U b ) * (  8 6 3  . 0 0 3 / (  B P A - 4 7 . 1  I *  
* 100 

C O M P U T E  R E R =  V C O / V O  - .  
C O f l P U T E  V E Q U = V E X / V O  
C O M P U T E  O X E X T = ( V O / V E X ) * (  8 6 3 . 0 0 3 /  ( B P A - 4 7 . 1 1  
* S E L E C T  I F  ( T E S T  E Q  1 O R  2 OR 3 OR 4 )  / 

T A S K  N A P E  B I K E  T E S T S  17 - 

H A R G  I H A L  V O  
OPT  I O N S  5 - 
S T A T I S T I C S  A L L  

I N D I V I D U A L  T E S T S  c' 0 7 / , 0 3 / 7 5  P A G E  2 
B I K E  T E S T S  

< 
F I L E  D A T A  [ C R E A T I O N  D A T E  = 0 5 / 2 7 / 7 5 )  

V A R I A B L E  V O  
,- - 

tl E A N  4.625 S T O  E R R O R  0 . 0 5 8  H E D I A h  4 . 6 9 2  
,- 

. , 
4 ODE 4.970 S T 0  D E V  0.257 V A R I A N C E  0.066 

/ 

K U R T O S I S  -1 .092  S K E W N E S S  - 0 . 2 5 7  R A N G E  0.792 - 

Y I N I ~ U ~  4.L78 MAX I MUM 4 . 9 7 0  

V A L I D  O B S E R V A T I O N S  - 2 0 
H I S S I N G  O B S E R V A T I O N S  - 0 O R  0.0 P E R C E N T  O F  T O T A L  

I N D I V I D U A L  T E S T S  
9 I K E  T E S T S  , 

0 7 / 0 3 / 7 5  P A G E  3 

***+ G I V E N  S P A C E  A L L O W S  F Y R  1 V A R I A B L E S  A N C  3 0 7 1  V A L U E S  F O  
* R  H A R G I H A L S  **** 

* S E L E C T  I F  
T A S K  '.(4tlE 
M A R G I N A L  
O P T  I C Y S  
S T A T I S T I C S  

I N D I V I D U A L  T E S T S -  
T R E A D ~ I L L  T E S T S  
F I L E  D A T A  ( C R E A T I O K  3 A T E  = 

( T E S T  E O  5 0 5  6 O R  7 OF ?3) 
B 

T R E A D H I L L  T E S T S  
' VO 

5 
A L L  

0 7 / 0 3 / 7 5  P A G E  4 



\ .  

V A R I A B L E  V O  

M E A N  S T D  E R R O R  ' 0,055 'MEDIAN , 4.990 , . .  
" .  *. 

MODE 4.691 S T D  D E V  0.258 V A R I h t C E  0.061 - *  

K U R T O S I S  - L o  090 S K E W N E S S  -0. L26 , R . A ~ ~ G  E 0.774 
.i 

M I N I M U M  4.589 M A X  I nun 5 . 3 5 4  
. . . 

7 -  

" 

V A L I D  O B S E R V A T I O N S  - ,  20 , 

Y I S S I H G  O B S E R V A T I O N S  - , 0 OR . 0.0 P E R C E N T v D F  TOTAL - ' "  
, 

a* 2 A w * .  
----------------------------._____________________________________________________________________________________________ . , . . 
I N D I V I D U A L  T E S T S  07403f 75 P A G E  5 

9 ' 

T R E A D M I L L  T E S T S  

**** G I V E N  S P A C E  A L L O Y S  c 3 R  1 V A R I A B L E S  A N C  ' 3031 ' V A L U E S  , F O  .. ' 

* R  H A R G I N A L S  **** , * 
" C 0 .  - 

* i 

* S E L E C T  I F  ( . T E S T  EQ 1 OR 2 O R  3 O R  4 OF! 5 OR 6 f i ~ ' 7 ,  
* OR 9 )  

T A S K  N A M E  L A S T  EIGHT T E S T S  
M A R G I N A L  V O  < a 

O P T I O N S  5 , _  

S T A T 1  S T I C  S T  4L L + 

I N D I V I D U A L  T E S T 5  07/03/75 P A G E  - 6 '  - '  

L A S T  E I G H T  T E S T S  
F I L E  D A T A  ( C R E A T I O N  D A T E  = 05/27/75] 

, , 

V A Q I M L E  v o  

n E A Y  4 .312 - S T 3  E R R O R  0.050 4-8i1 
I 

N O D E  4.970 , S T D  D E V  0 .313 N C E  0.098 

~ I H  I M U Y  4.178 . M A X  I R U M  

V A L I D  O B S E R V A T I O N S  - 40 



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I N D I V I D U A L  T E S T S  07 /03 /75  P A C E  7  
L A S T  EIGHT T E S T S  

*:** G I V E N  S P A C E  A ~ L O Y S  F O R  1 V A R I A B L E S  A N 0  3071 V A L U E S  FO 

FINISH 
I N D I V I D U A L  T E S T S  0 7 / 0 3 / 7 5  P A G E  9 
L A S T  E I G H T  T E S T S  

N O Q q A L  END OF J O B .  
4 3  C O N T R O L  C A R D S  WERE P R O C E S S E D .  
0 E R R O R S  WERE D E T E C T E D .  

- - 



/ / G A ? l B M D 8 V  J O B  ~ X X X X P G X X X X ~ P  ' A N O V A * .  f l S G C L A S S = R  
/ * J O 8 P A R M  L I N E S = 4 0 s P S W D = X X X  
/ / S T E P 1  EXEC B R D P N A M E = B H O O ~ V  
/ / S Y S I N  O D  * 
PROSLPlEXVO 1 3  1 1  
I N D F X  5 2  4 
D E S I G N  S E T  S S , f E p S T [ E ) .  
( l F 5 . 3 )  -2' 
4 . 4 9 1  
4 . 6 7 4  
4 . 4 2 5  
4 . 5 6 2  
5 . 1 6 9  
4 . 8 4 8  
4 . 9 7 1  
4 . 9 3 6  
4 , 3 0 9  
4 . 3 2 9  

\ 4 . 1 7 8  
4 . 1 8 6  
' 4 . 7 1 1  
4 . 7 7 5  
4 . 5 8 0  
4 . 5 9 8  
4 . 4 7 0  
4 . 8 0 8  
4 . 8 1 4  
4 . 7 5 7  
5 . 3 1 2  
4 . 9 9 2  
5 . 1 8 5  
4 . 8 8 4  
4 . 4 7 4  
4 , 7 5 5  
4 . 9 7 0  
4 . 7 2 3  
5 . 0 2 6  
5 . 0 8 0  
5 . 3 4 1  
5 . 3 5 4  
4. .970 
4 , 9 4 9  
4 . 7 1 0  
4 . 9 4 5  
4 . 9 8 8  
5 . 3 2 5  
5 . 2 1 1  
4-69 1 
F I N I S H  
/ *  

A P P E N D I X  1 9  

0 N l ) O B V  p r o g r a m  f o r  
t w o  way a n a l y s i s  o f  
v a r i a n c e .  



2 

A P P E N D I X  2 0  -. 
I 

1 

S a m p l e  o u t p u t  f o r  ) the  BWD08V p rogram shown i n  A p p e n d i x  1 9 .  

8HDOSV - A N A L Y S I S  OF VARIANCE - R E V I S E D  FEBRUARY 1 9 9  1 9 7 1  
H E A L T H  S C I E N C E S  C O H P U T I Y G  F A C I L I T Y *  UCLA 

PROBLEM CODE E X V O  B 

I NDE X S  E T  
WUMSER OF L E V E L S  5 2 4 
P O P U L A T I O N  S I Z E  I N F  2 4 

D E S I G N  CARD SET f S r  t E 9  $ T I E  ) . 
V A R I A B L E  FORHAT ( t F 5 . 3 )  
A N A L Y S I S  OF VARIANCE FOR DEPENDENT V A R I A B L E  1  

SOURCE ERROR TERY F  SUM O F  SQUARES OEG. OF 
F R E E D O M  

MEAN S Q U A R E  EXPECTED MEAN SOUARE 

1 MEAN 
2 s 
3 E 
4 T f E )  
5 SE 
6 S T ( € )  



E S T I M A T E S  OF YAR I A N C E  COPPONENTS 

8 

C E L L  M E A N S  

E = 1  
4 . 6 2 4 9 4  

T = 1  
E =  1 4 . 5 1 2 7 9  

2 5 , 0 4 1  1 9  
C E L L  D E V I A T I O N S  

X I S . .  1 

S = 1 
- 0 ,  0 5 2 4 0  



m 
3 
C 
3 
C .- 
u 
C 
0 
U 
ul .- 
C . 
n 
a? 
Lrl 

CJ 

C 
V 

r 
C 
E 

b . 
E 
I 

0 
Lrl 

X 

X 

L n  
c3 
Cn 
d 

- (Dl 
U 

aJI 

u 
I 
0 
'+ 
L'l 
ul 
Q 
7 

'3 



3 h  . o\B 
M w 
V rl - 
o\o 
C U T  
rl Q 

E 
\ 

r 0 
C .  
E In 

V 

In 
.n 

CJ o\o 
a 
rl 

U 
vl s 
a J f  
U C 

E 
aJ 
cc\J 
a .  
U Lt 
vl- .- 
U n  - o'? 
3 3  
E d  

L 

\ 
E 

0 
rl 

4- 
V 

d\O 
U3 

m 

C .  

L 4J 
\ c 
E C -  
3, : 

a 
CJ I 

U 
0 C 
l-4 .- 
1 
0 C 

+J 

*s c 
E . 
cc, 
l v! 

K 
a c 
w C 

+J 
t 
aJ 
+J 
u .- 
t 
I 
aJ 
U 
C .- 
\ 

n 
a'? 
m 

hl 

C 
w 

-C 
a 
E 

U3 



- 

c X 
N .- ad' < iT 
o\o \ C 
Ln O'P U 

d 
CJ - 

C 

. f .  aJ 
t u 
V 

- 
d U 

L \ 
C 

- c s  : 
E C  Ct. 

C - 24.- LO 
U 

C *  * C  T: 

C - u 
L C C  - IJ .- 




