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IN TRO DUC TIO N

E x erc ise  is fu n d a m e n ta l to  a  h e a lth y  ex istence: C a rls te n  
a n d  G r im b y 2 hav e  b een  co n c e rn e d  w ith  th is  a sp ec t o f  
exerc ise  physio lo g y  a n d  th ey  s ta te  th a t:

“ R e g u la r  exerc ise  as le isu re  a c tiv ity  is need ed  
by  ev ery  in d iv id u a l. 'T h is  s ta te m e n t a p p lie s  a lso  
to  th e  m a jo r ity  o f  sick  p eo p le . E x erc ise  p r o 
g ram m es m u st be  re n d e re d  a t tra c t iv e  so  as to  
m o tiv a te  in d iv id u a ls ' a n d  g ro u p s . E v e ry  p h y si
c ian  sh o u ld  feel a  re sp o n s ib ility  to w ard s  the  
e s ta b lish m e n t a n d  m a in te n a n c e  o f  an  a p p ro p ria te  
p h y sic a l w o rk in g  c a p a c ity  o f  h is p a tie n ts .”

A n d , th e  very  la s t se n ten ce  in  th e ir  b o o k  read s as 
fo llo w s:

“T h e  th e ra p e u tic  scope o f  exerc ise  in  th e  m ed ica l 
r e h a b ilita tio n  o f  th ese  p a tie n ts  is very  g rea t 
in d e e d .”

A ssu m in g  th a t  th is  c o n c lu d in g  s ta te m e n t is c o rre c t, 
th en  it  fo llo w s th a t  a  k n o w led g e  o f  exerc ise  p h y sio lo g y  
sh o u ld  ex ten d  the  scope, an d  in c rease  th e  effectiveness o f  
th e ra p e u tic  exercise . T h e  p u rp o se  o f  th is  a r tic le  is  th e re 
fo re  to  p re sen t som e o f  th e  bas ic , a n d  w ell es tab lish ed  
c o n c e p ts  o f  exercise p hysio logy . T h e  first o f  th ese  is th e  
co n cep t o f  a n  in d iv id u a l’s p h y sic a l w o rk  cap ac ity .

M AX IM U M  O X Y G E N  CAPACITY (max. cap.)
I t  is w ell k n o w n  th a t  th e  h a rd e r  a  p e rso n  exercises 

th e  m o re  oxygen  h e  con su m es. T h is  in crease  in  oxygen 
c o n su m p tio n  w ith  exerc ise  lo a d  d o es  n o t  c o n tin u e  in 
d e fin ite ly , as , a  p o in t is re a c h e d  w h en  th e  oxygen con-
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su m p tio n  does n o t in c rease  w ith  fu r th e r  increases in 
exercise  lo ad . T h is  level o f  oxygen  co n su m p tio n  is know n 
as th e  in d iv id u a l’s m ax im u m  oxygen  co n su m p tio n , o r  his 
m ax im u m  a e ro b ic  c a p a c ity . T h e  c o n c e p t is described 
g ra p h ic a lly  in F ig . 1. M a x  C a p . is th e re fo re  th e  m axim um  
a m o u n t o f  oxygen  an  in d iv id u a l can  u tilize  p e r  m in u te  

A n  an a lo g o u s  re la tio n sh ip  exists b e tw een  exerc ise  load 
a n d  h e a r t ra te . T h is  la t te r  re la tio n sh ip  fo rm s  th e  bas i‘ 
o f v ario u s  tests w h ich  m ay  be  used  to  in d ire c tly  determ injf 
an  in d iv id u a l’s m a x im u m  oxygen  co n su m p tio n . T hft 
c ap ac ity  largely  d e te rm in es  th e  phy sica l w o rk in g  capacitv  
o f  an  in d iv id u a l.

D ETER M IN A TIO N  OF M AXIM U M  O X Y G EN  CON
SUM PTIO N

F o r  an  a c c u ra te  d e te rm in a tio n  o f  m ax im u m  oxygen 
co n su m p tio n , it is bes t to  use  a  d irec t m e th o d . H o w 
ev er, th is  m ay  n o t a lw ay s be po ss ib le  as a  w ell equ ipped  
la b o ra to ry  is essen tia l. A  d isa d v an tag e  o f  th e  direct 
m e th o d s  is th a t  they  a re  n o t  su ited  to  te s tin g  la rg e  n u m 
b ers  o f  p eop le  in a  sh o r t tim e. F u r th e rm o re , it is not 
possib le  to  u se  these  m e th o d s  on  in c a p a c ita te d  ind iv iduals.

B riefly , th e  d irec t m e th o d s  re q u ire  an  in d iv id u a l to 
exercise  a t  p rog ressively  h ig h e r w o rk  ra te s  u n til  a  level 
is reach ed  a t  w hich :

(a) a  fu r th e r  in c rease  in th e  ra te  o f w o rk  does not 
p ro d u ce  a  s ign ifican t in c rease  in  th e  r a te  of 
oxygen  c o n su m p tio n ,

(b) th e  tim e  fo r  o n se t o f  a c u te  fa tig u e  is short, 
a n d

(c) th e  c o n c e n tra tio n  o f  lac tic  ac id  in  th e  b lo q  
rises sh a rp ly . '

T h e  exerc ise  is u su a lly  p e rfo rm e d  on a  tre a d m ill or 
b icycle  e rg o n o m e te r. T h ese  m e th o d s  h a v e  b een  described  
in d e ta il by  W y n d h a m  e t  a l .10

T h e  d irec t m e th o d s  a re  less a c c u ra te  b u t  m o re  versa tile  
a n d  co n v en ien t. T h e  in d ire c t m e th o d s  m a y  be  classified 
acco rd in g  to  th e  p h y sio lo g ica l p a ra m e te rs  u p o n  which 
th ey  a re  based . T h ese  a re  listed  below :

(a) h e a r t  ra te  (m ax im um )
(b) re sp ira to ry  q u o tie n t  (in excess o f  1)
(c) ra te  o f  re sp ira to ry  v e n tila tio n  (d e v ia tio n  from  

n o rm a l) , an d
(d) a r te r ia l  b lo o d  ana ly s is: ch an g es in  th e  levels o f 

lac tic  ac id , b lo o d  p H , p a r t ia l  p re ssu re  o f  oxygen 
a n d  p a r tia l p re ssu re  o f c a rb o n  d io x id e  in  the 
b lo o d .

F o r  ex am p le , th e  in d ire c t te s t b ased  on h e a r t  ra te  m akes 
u se  o f  th e  c o rre la tio n  w h ich  exists b e tw een  an  in d iv id u a l’s 
m ax im u m  oxygen  co n su m p tio n  an d  th e  h e a r t  r a te  w hich 
is m easu red  a f te r  ten  m in u te s  o f  exerc ise  o f  a  p a rtic u la r  
in ten sity . F u r th e r  d e ta ils  m ay  be  o b ta in e d  f ro m  p apers 
by  W y n d h a m 8. 9 a n d  by  M a ritz  e t  a l .4
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P H Y S IO L O G IC A L  RESPONSE (STRAIN) TO EXER

CISE
T he p h y sio lo g ica l s tra in  o f exercise  is b e tte r  c o rre la te d  
ith th e  re la tiv e  o xygen  co n su m p tio n  th a n  w ith  the  

hsolute oxygen  c o n su m p tio n . R e la tiv e  oxygen co n su m p - 
? 0n is u su a lly  exp ressed  as a  p e rcen tag e  o f  an  in d iv id u a l’s 
^ axim um  o x ygen  c o n su m p tio n .

f o r  th o se  ty p es o f  exerc ise  re q u irin g  en d u ra n c e , e.g. 
m arathon ru n n in g , a  h igh  m ax im u m  oxygen  c o n su m p tio n  
■I a basic  re q u ire m e n t. A  h ig h  c a p a c ity  fo r  co n su m in g  
'Lvygen w ill a llo w  an  a th le te  to  p e rfo rm  w ell a t  a  re la tiv e ly  
lower p e rcen tag e  o f  h is m ax im u m  cap a c ity . H e  is th e re 
fore u n d e r less p h y sio lo g ica l s tra in  th a n  a  p e rso n  ex e r
cising th e  sa m e  ra te  b u t h av ing  a  lo w er m ax im u m  
capacity. F o r  a  p a r t ic u la r  ra te  o f  exerc ise , a  p erso n  w ith  
a nigh m ax  cap . w ill th e re fo re  be  less su scep tib le  to  
fatigue th a n  h is fe llow  w ith  a  lo w er m a x  cap .

It is sa id  th a t  a  n o rm a l in d iv id u a l sh o u ld  n e v e r be 
required to  w o rk  a t  50 % o r m o re  o f  h is m ax  cap . fo r  
jn y  ex ten d ed  p e rio d  o f  tim e  as th is  w o u ld  lead  to  u n d u e  

i t i g u e .  T h e re fo re , as h a rd  phy sica l w o rk  re q u ire s  an  
fx y g en  c o n su m p tio n  o f  1,5 litre s  p e r  m in u te , th is  type  
of w ork  sh o u ld  n o t  be u n d e r ta k e n  fo r  lo n g  p erio d s by  
persons h av ing  a  m ax im u m  oxygen  c o n su m p tio n  o f  less 
than 3 litres  p e r  m in u te . A  sim ila r  c o n s id e ra tio n  w ou ld  
apply to  a  p ro g ra m m e  o f  exercise . C le a rly  th e re fo re , 
from th e  p o in t o f  v iew  o f  acco m p lish in g  h a rd  w o rk , o r  
high levels o f  exerc ise , an  in d iv id u a l h av in g  a  low  m ax  
cap. is a t  a  d efin ite  d isa d v an tag e . T h is  can  b e  p a r t ly  n e u 
tralized by  tra in in g  i.e. by  im p ro v in g  a n  in d iv id u a l’s level 
of fitness.7
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LACTATE (LACTIC ACID) T U R N PO IN T

T he la c ta te  tu rn p o in t  is a  c o n c e p t w h ich  g ives an  in d i
cation o f  an  in d iv id u a l’s level o f  fitness.7

It is k n o w n  th a t  as th e  in te n s ity  o f  exerc ise  increases, 
the la c ta te  c o n c e n tra tio n  in  th e  a r te r ia l  b lo o d  rem ain s, 
at first, e ssen tia lly  c o n s ta n t, i.e., en o u g h  oxygen  is be in g  
supplied to  th e  w o rk in g  m usc le s (a e ro b ic  m etab o lism ). 
H ow ever, ev e n tu a lly  a  p o in t is re ach ed  w h ere  th e  supp ly  
of oxygen to  th e  w o rk in g  m usc les is in suffic ien t a n d  th e  
concen tra tio n  o f  la c tic  ac id  in th e  a r te r ia l  b lo o d  increases 
sharply, fa n a e ro b ic  m etab o lism ). T h e  c o n c e p t is i l lu s tra te d  
graph ically  in F ig . 2.

PERCENT OF MAX. 0t CONSUMPTION

FIG. Z

3

W h en  an  in d iv id u a l exerc ises a t  a  level b e lo w  th is  tu m -  
p o in t, he  sh o u ld  be  a b le  to  w o rk  fo r ex ten d ed  p e rio d s  
o f  tim e . A b o v e  th is  tu rn p o in t  h is e n d u ra n c e  c a p a c ity  
fa lls  off rap id ly  a n d  th e  in d iv id u a l w ill ex p e rien ce  fa tig u e  
due to  a n a e ro b ic  m e tab o lism . T h ro u g h  tra in in g , it  is 
po ss ib le  to  m o v e  th is  tu rn p o in t  to  th e  r ig h t th e re b y  
ex ten d in g  th e  scope o f  a e ro b ic  m e ta b o lism .7

A  se d e n ta ry  in d iv id u a l w ill u su a lly  have  a  la c ta te  tu m -  
p o in t w h ich  o ccu rs  a t  less th a n  40  % o f h is  m ax  c a p : a 
very  h ig h ly  tra in e d  a th le te  c a n  hav e  a  tu rn p o in t  occurs 
a t  90  % o f  h is m ax  c a p .7

BED REST

M a x  cap . an d  la c ta te  tu rn p o in t  a re  b o th  adv erse ly  
affected  by  in a c tiv ity , such  as th e  b ed  re s t w h ich  fo llow s 
an  in ju ry  o r  o th e r  illness. R e tu rn  to  p rev io u s  levels is 
fa ir ly  ra p id , d ep en d in g  o n  th e  p e r io d  o f in ac tiv ity  an d  
th e  su b seq u en t exercise p ro g ram m e.

BLOOD FLOW

E x erc ise  w ill cause  su b s ta n tia l ch an g es in  b lo o d  flow. 
T h ese  ch an g es a re  d iscussed  in  d e ta il b y  C a rls te n  an d  
G r im b y 2 a n d  b y  S h e p h e rd .5 T h e  p r in c ip a l effects o f 
exercise  on  b lo o d  flow  a re  su m m a rise d  below :

(a) S k in  b lo o d  flo w
I t  is im p o rta n t  to  n o te  th a t  th e re  a re  b as ic  d ifferences 

b e tw een  th e  c o n tro l m ech an ism s o f  th e  sk in  b lo o d  flow  
in g en e ra l, a n d  th a t  w h ich , o ccu rs  in the  h an d s  a n d  fee t. 
T h e  c e n tra l n e rv o u s  c o n tro l o f  th e  c irc u la tio n  in th e  
h a n d s , fee t, e a rs  a n d  lip s is m e d ia te d  b y  v a so c o n s tr ic to r  
fib res o f  th e  sy m p a th e tic  n e rv o u s  system . C e n tra l  c o n tro l 
o f  th e  vessels e lsew h ere , i.e ., in  m o st o f  th e  b o d y  in te g u 
m e n t, in  th e  sk in  o f  th e  cheeks , t ru n k  a n d  p ro x im a l p a r ts  
o f  th e  lim bs, is m e d ia te d  in the  m a in  b y  th e  sy m p a th e tic  
“ v a s o d ila to r” fibres. E v id e n ce  suggests th a t  these  v aso 
d ila to r  fib res a re  th e  sy m p a th e tic  fibres w h ich  su p p ly  th e  
sw ea t g lands (B rad y k in in  m ech an ism ). T h is  d ifference  
m ay , a t  tim es, hav e  sign ifican t im p lica tio n s .

In  h o t  e n v iro n m e n ts  sk in  b lo o d  flow  p lay s a  m a jo r 
ro le  in  th e  th e rm o re g u la tio n  o f  a n  in d iv id u a l, exercising  
o r  a t  re s t. A t a ir  te m p e ra tu re s  be lo w  19 degrees c e n ti
g ra d e , sk in  b lo o d  flow  p lay s n o  ro le  in th e  th e rm o 
re g u la tio n  o f  a  re s tin g  in d iv id u a l.

D u r in g  exerc ise  th e  m a jo r  ch an g es  w h ich  o ccu r in sk in  
b lo o d  flow  a r e 6:

1. a t  th e  o n se t o f  exerc ise , an  im m e d ia te  re d u c tio n  
in the  sk in  b lo o d  flow ,

2. as bod y  te m p e ra tu re  beg ins to  in c rease  (as a  re su lt  
o f  th e  exercise) th e re  is a  co rre sp o n d in g  in crease  in  th e  
sk in  b lo o d  flow ,

3. w h en  b o d y  te m p e ra tu re  s ta b ilises  th e  sk in  b lo o d  
flow  a lso  stab ilises , b u t  a t  a  new  in creased  level, an d

4. u ltim a te ly , th e re  is a  p h ase  o f  d ecreasing  b lo o d  
flow  (a t leas t in  th e  h a n d )  in re sp o n se  to  th e  h ig h e r 
d e m a n d s o f  th e  w o rk in g  m usc les fo r  m o re  oxygen.

I t  is im p o r ta n t  to  n o te  th a t  th e  b lo o d  flow  th ro u g h  th e  
sk in  d ep en d s  o n  b o d y  te m p e ra tu re 1 w h ile  th e  flow  o f  
b lo o d  th ro u g h  th e  m usc les d ep en d s  on  th e  ra te  o f  e x e r
cise. (N o te : D o n a ld  e t  a l3 have show n a  decreased  skin  
b lo o d  flow  to  be  a sso c ia ted  w ith  rh e u m a tic  h e a r t  d isease.)

(b) M u sc le  b lo o d  flo w
P h y sica lly , b lo o d  flow  th ro u g h  m usc le  is m o re  co m p lex  

th a n  th a t  w h ich  o ccu rs th ro u g h  th e  sk in . D u r in g  m usc le  
c o n tra c tio n  th e  a r te r ia l  b lo o d  flow  is d ecreased , the  
s tro n g e r  th e  c o n tra c tio n  th e  less th e  flow . T h e  inflow  
o f a r te r ia l  b lo o d  to  th e  m usc le  increases d u rin g  m u sc le  
re la x a tio n . C o n v e rse ly , v en o u s o u tflow  is e n h a n c e d  by 
m usc le  c o n tra c tio n  ( th e  w ell k n o w n  m usc le  p u m p ). T h e  
n e t  re su lt  o f  a  cycle  o f  m usc le  c o n tra c tio n  a n d  re la x a tio n  
is an  in c rease  in  b lo o d  flow  th ro u g h  th e  w o rk in g  m usc le .

F I S I O T E R A P I E
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C O N C L U S IO N

T h is  a r tic le  p rov ides a  b r ie f  g lan ce  a t  th e  su b jec t o f  
exercise p h y sio lo g y . Its  p u rp o se  h as been  to  in tro d u c e  
a  few  o f  th e  fu n d a m e n ta l c o n cep ts  in exercise  p h y sio logy , 
to  th o se  w h o  hav e  n o t p rev io u sly  s tu d ied  th e  sub jec t.
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VACANCY

P R O V IN C IA L  A D M IN IS T R A T IO N  O F  T H E  C A P E  O F  G O O D  H O P E  
H O S P IT A L S  D E P A R T M E N T

A p p lic a tio n s  a re  in v ited  f ro m  su itab ly  q u alified  ca n d id a te s  fo r  a p p o in tm e n t to  the  fo llo w in g  
v a c a n t p o s ts  a t  th e :

CONRADIE HOSPITAL, PINELANDS
\

P ost:  S en io r  P h y s io th e ra p is t.

Salary: T h e  m in im u m  co m m en cin g  sa la ry  is R3 840 p e r  an n u m .

*Post: P h y s io th e ra p is t.

Salary:  T h e  m in im u m  a n d  m ax im u m  co m m en c in g  sa la ry  is R3 0 0 0 /3  660 p e r  an n u m .

Q ualifica tions:  Q u a lif ica tio n  in  P h y s io th e ra p y  acc e p ta b le  to  the  S o u th  A fric a n  M e d ica l an d  
D e n ta l  C o u n c il.

In  a d d itio n  to  the  sa la ry  sh o w n , su b je c t to  co m p lian ce  w ith  c e rta in  co n d itio n s , th e  successfu l 
a p p lic a n ts  a re  e n title d  to  an  a n n u a l trav e l co n cessio n , m ed ical a id  schem e a n d  h o lid ay  and  
sick  leave  p riv ileges.

A p p lic a tio n  sh o u ld  be m ad e  on  th e  p re sc rib ed  fo rm  (S ta ff 23) in d u p lica te , w h ich  is o b ta in a b le  
f ro m  th e  D ire c to r  o f  H o sp ita l S ervices, P .O . B ox 2060, C a p e  T o w n  8000, o r  f ro m  th e  M e d ica l 
S u p e r in te n d e n t o f  a n y  p ro v in c ia l h o sp ita l in th e  C a p e  P rov in ce .

* A p p lic a tio n s  sh o u ld  be fo rw a rd e d  to  th e  M e d ic a l S u p e r in te n d e n t o f  th e  h o sp ita l concerned .

U nless o th erw ise  s ta te d , a p p lic a tio n s  sh o u ld  be fo rw a rd e d  to  th e  D ire c to r  o f  H o sp ita l S ervices 
a t th e  ab o v e  ad d ress .

T h e  c los ing  d a te  fo r  th e  r e w ip t  o f  a p p lic a tio n  is 17 S e p te m b e r , 1976.
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