
CHAPTER II

L IT E R A T U R E  R E V IE W

Source of Energy

E ne rgy  shou ld  be v iew ed  as the capac ity  o f  an a th le te  to  p e rfo rm  

w o rk . A n d  w o rk  is  n o th in g  else b u t a pp lica tio n  o f  fo rc e ; the co n tra c tio n  o f  

m usc les  to  a p p ly  fo rce  against a resistance.

E ne rg y  is  a necessary p re requ is ite  fo r  the pe rfo rm ance  o f  the  

p h y s ic a l w o rk  d u r in g  tra in in g  and com pe titions . U lt im a te ly , ene rgy  is  d e rived  

f ro m  the  conve rs ion  o f  fo o d s tu ffs  at the m uscle  c e ll le v e l in to  a h ig h -e ne rg y  

com pound  k n o w n  as adenosine triphospha te  (A T P ) w h ic h  is  s to red  in  the  

m usc le  ce ll. A T P , as i t  name suggests, is  com posed o f  one m o le cu le  o f  

phosphate .

E ne rg y  requ ired  fo r  m uscu la r con tra c tio n  is  re leased b y  the  

con ve rs io n  o f  h ig h  energy A T P  in to  A D P  +  p. A s  one phospha te  b o und  is  

b ro ken  A D P  +  p  is  fo rm ed  fro m  A T P  and energy is  re leased. The re  is  a l im ite d  

am oun t o f  A T P  stored in  the m uscle  ce lls  thus  A T P  supp lie s  m us t be 

c o n t in u a lly  rep len ished  to  fa c ilita te  con tinued  ph ys ica l a c t iv ity .

A T P  supp lies m ay be rep len ished  b y  any o f  tw o  ene rgy  systems, 

depend ing  on  the type  o f  p hys ica l a c t iv ity  be ing  unde rta ken  as show ed in  

f ig u re  1. T h e y  are as fo llo w s : 1) The anaerob ic system  2 ) The  ae rob ic  system
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Energy system for exercise

1. The Anaerobic Systems

1.1 ATP - CP system (anaerobic alactic or phosphagen system)

S ince o n ly  a ve ry  sm a ll am oun t o f  A T P  can be sto red  in  the m uscle , 

ene rgy  d ep le tio n  occu rs ve ry  ra p id ly  w hen  strenuous a c t iv ity  begins. In  

response to  th is , c rea tine  phosphate o r phosphocrea tine  (C P ) and phosphate (P ). 

The process releases energy, w h ic h  is  used to  resyn th tZxze A D P  +  p  in to  A T P  a 

sum m arized  as fo llo w s :

A T P A D P  +  p +  E ne rgy

CR_ c  +  p +  E ne rg y

W hen  these reac tions  o ccu r w ith o u t b o th  oxygen  and la c tic  ac id , the  

process is  ca lle d  "anae rob ic  a la c tic ". T h is  is  illu s tra te d  in  F igu re  1. on the 1st 

lin e .
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S ince CP is  stored am ounts in  the m usc le  ce ll, ene rgy can be  

supp lied  b y  th is  system  fo r  about 8 - 1 0  seconds. T h is  system  is  the c h ie f  

source o f  ene rgy  fo r  e x trem e ly  q u ic k  and e xp lo s ive  a c tiv it ie s  such as 100m  

dash, d iv in g , w e ig h t l i f t in g ,  ju m p in g  and th ro w in g  events in  tra c k  and f ie ld ,  

v a u lt in g  in  g ym nas tic s  and sk i ju m p in g .

1.2 The lactic acid system (anaerobic lactic or anaerobic 
glycolysis).

F o r events o f  s lig h t ly  lo nge r du ra tio n , up to  a p p ro x im a te ly  40  

seconds, w h ic h  are s t i l l  v e ry  in tens ive  in  na tu re  (200m , 400m , in  sp r in tin g , 

500m  speed ska ting , some gym nas tic  events), ene rgy  is  p ro v id e d  a t f i r s t  b y  the  

A T P  - CP system  and con tinued  a fte r 8 - 1 0  seconds b y  the la c tic  a c id  system . 

The la tte r system  b reakdow n  g lycogen , a b y -p ro d u c t ca lle d  la c tic  a c id  (L A ) ,  is  

fo rm ed  (d i P ram pero , 1981). W hen  h ig h  in te n s ity  w o rk  is  con tin ued  fo r  a 

p ro lo nged  p e r io d  o f  t im e , la rge quan titie s  o f  la c tic  ac id  accum u la te  in  the  

m usc le  caus ing  fa tig ue , w h ic h  e ven tu a lly  leads to  a cessation o f  ph ys ica l 

a c tiv ity . T h is  is  illu s tra te d  in  F igu re  1. on the  2nd lin e  and sum m arized  as 

fo llo w s :

G ly co g e n  +  G lu c o se ----------- ►  G -6 -P  +  E ne rgy ---------- ► P y ru v ic  a c id

1, 1L a c tic  ac id
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1.3 Anaerobic Power and Capacity

M any  sports and eve ry  a c t iv ity  have energy demands, w h ic h  m ust 

be m e t th ro ugh  the anaerob ic b reakdow n  o f  A T P  - CP, and m usc le  g lycogen .

A nae rob ic  p ow e r is  d e fin ed  as "the  m a x im a l ra te a t w h ic h  energy  

can be p roduced  o r w o rk  can be done w ith o u t a s ig n if ic a n t c o n tr ib u t io n  o f  

ae rob ic  energy p ro d u c tio n ".

A nae rob ic  capac ity  is  d e fin ed  as "the  a b il ity  to  pe rs is t a t the  

m ain tenance  o r re p e tit io n  o f  strenuous m uscu la r con tra c tio n  th a t re ly  upon  

anae rob ic  m echan ism  o f  energy su pp ly  V O 2" (L am b , 1°'34)

Percen t capac ity  o f  ene rgy system  (% )

10s 30s 2 ทาเก 5 กาเก
Exercise duration

Figure 1. The three systems o f energy transfer and their percentage 
contribution to total energy output during all-out exercise o f difference 
durations. (From McArdle, 1996)
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2. The aerobic system

A lth o u g h  energy release in  g ly c o ly s is  is  ra p id  and requ ires  no  

oxygen , re la t iv e ly  l i t t le  A T P  is  resyn thes ized  in  th is  m anner. C onsequen tly , 

ae rob ic  reac tions  p ro v id e  the im po rtance  f in a l stage fo r  ene rgy trans fe r, 

p a r t ic u la r ly  i f  v ig o ro u s  exerc ise proceeds beyond  severa l m inu tes  du ra tion .

The  ae rob ic  system  requ ired  a p p ro x im a te ly  60 - 80 seconds to  

com m ence p ro d u c in g  ene rgy fo r  the resyn thes is  o f  A T P  fro m  A D P  +  p  (T h is  is  

i l lu s tra te d  in  F igu re  1. on the 3 rd lin e ). The  hea rt rate and re sp ira to ry  ra te m ust 

increase s u f f ic ie n t ly  to  transpo rt the re qu ire d  am oun t o f  0 2 to  the m usc le  ce lls  

in  o rde r th a t g ly cogen  m ay  b reakdow n  in  the presence o f  oxygen . A lth o u g h  

g ly co gen  is  the  source o f  energy use to  resyn thes ize  A T P  in  b o th  the la c tic  ac id  

and ae rob ic  systems, the  la tte r b reaks d ow n  g lycogen  in  the presence o f  0 2 and  

thus  p roduces l i t t le  o r no  la c tic  ac id , enab lin g  the a th le te  to  con tin ue  the  

exerc ise fo r  a lo n g  pe rio d  o f  tim e . These system  can be sum m arized  as fo llo w s :

CôHi 2 Oô 
Fat

P ro te in

L u n g ____^  0 2

► C 0 2+  H 20  +  E ne rgy1
A D P  +  p ------ ►  A T P

The ae rob ic  system  is  the p r im a ry  source o f  ene rgy  fo r  events o f  

d u ra tio n  be tw een 2 m inu tes  and 2 - 3  hou rs (a ll tra c k  events fro m  800 m  on, 

cross-coun t y  sk iin g , lo n g  d is tance ru n n in g  etc.).
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The a b il i ty  to  susta in h ig h  in te n s ity  exerc ise is  recogn ized  to  

dependence on  M a x im a l oxygen  up take ( V 0 2 m ax ) and A nae rob ic  th resho ld . 

M a n y  studies have show n  tha t the anaerob ic th re sho ld  (A T ) , regard less o f  its  

prec ise d e fin it io n  is  a good  in dex  o f  the exerc ise pe rfo rm ance  in  ae rob ic  events  

and tha t i t  represents the sub ject is  ae rob ic  w o rk  capac ity  in  a m ore  accurate  

w a y  than  V 0 2m ax are h ig h ly  co rre la ted  va riab le s  (W asserm an, 1984)

Maximal Oxygen uptake (V02 max)

The best approach to  the assessment o f  c a rd io pu lm ona ry  fitn ess  was  

the  d ire c t m easurem ent o f  V 0 2 m ax  d u r in g  e xhaus tin g  w o rk  such as u p h i l l  

t re a d m ill ru nn in g , s tepp ing  o r p eda lin g  a b ic y c le  e igom e te r (B uche r, 1983, 

Jenson and F ishe r, 1979).

1. V C L m a x  D e fin it io n s

M a x im a l o xygen  up take ( V 0 2 m ax ) is  q u a n tita t iv e ly  e qu iva le n t to  

the m a x im u m  am oun t o f  oxygen  th a t can be consum ed pe r u n it o f  tim e  b y  an  

in d iv id u a l d u r in g  la rge -m usc le -g roup  a c t iv ity  o f  p ro g re ss ive ly  in c reas ing  

in te n s ity  th a t is  con tin ued  u n t il e xhaus tion  is  ca lle d  the m a x im a l o xygen  up take  

( V 0 2 m ax). W hen  expressed in  te rm s o f  oxygen , i t  is  n o rm a lly  w r it te n  as the  

m a x im u m  (m ax ) vo lum e  pe r m in u te  (V )  o f  o xygen  ( 0 2) and is  abb rev ia ted  

V 0 2m ax  (Lam b , 1984). I t  is  u su a lly  repo rted  as an abso lu te vo lum e  pe r m in u te  

(L /m in )  fo r  sports  such as ro w in g , in  w h ic h  to ta l w o rk  ou tp u t is  im po rta n t, and  

as a vo lum e  pe r m in u te  re la tive  to  b o d y  w e ig h t (m l/k g /m in )  in  a c tiv it ie s  such as 

cross co u n try  ru n n in g , in  w h ic h  the  b o d y  w e ig h t is  suppo rted  d u r in g  the  

pe rfo rm ance . (L am b , 1984)
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The te rm  V 0 2m ax was synonym ous w ith  the te rm  m a x im a l oxygen  

consum p tion , m a x im a l oxygen  in ta ke  o r m a x im a l ae rob ic  p ow e r and  

represen ted the greatest d iffe rence  be tw een the ra te at w h ic h  in sp ire d  oxygen  

entered the lungs and the ra te tha t e xp ired  o xygen  leaves the lu n g  (L am b , 1984) 

o r the m a x im a l am oun t o f  oxygen  in  the b o d y  tha t cou ld  process d u r in g  

exhaus tin g  w o rk  (Jones, 1985, Jones, 1988). I t  in v o lv e d  an increase in  the  

oxygen  up take to  the h ighes t le ve l o f  a c t iv ity , w h ic h  the a b i l i ty  o f  in d iv id u a l to  

u t i l iz e  the  greatest am oun t o f  oxygen  was reached (A s tra n d  and R odah l, 1986).

2. VO ?m ax D e te rm in a tio n

The d ire c t m easurem ent o f  V 0 2m ax  was de te rm ined  b y  the  

rem a in in g  sub jects d u r in g  g raded tre a d m ill w a lk in g  o r jo g g in g  o r d u r in g  

b ic y c lin g . E xp ire d  gas was co lle c ted  and ana lyzed  b y  us ing  gas ana lyzer. 

V 0 2m ax  had been de te rm ined  fro m  the g raph o f  o xygen  up take aga ins t o f  

oxygen  up take  w ith  an in c reas ing  in  w o rk lo a d  as show n  in  f ig u re  2. (Y e rg  et al, 

1985).

Intensity (watts)

Figure 2. The direct measurement o f VCbmax was obtained from oxygen uptake 
against time (From Astrand And Rodahl, 1986)
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A n o th e r in d ire c t m e thod , V 0 2m ax was de te rm ined  b y  m easurem ent 

o f  hea rt rate a t subm ax im a l tes t (A s tra n d  and R odah l, 1986) o r ru n n in g /c y c lin g  

exerc ise test and de tec ted capac ity  fro m  tim e  (C oope r, 1970).

A n a e ro b ic  T h re s h o ld

The anaerob ic  th re sho ld  has becom e a va luab le  m easurem ent in  the  

assessment o f  ca rd io va scu la r and p u lm ona ry  fu n c tio n , s ig n if ic a n t ly  the peak  

w o rk  lo ad  o r o xygen  consum p tio n  a t w h ic h  o xygen  demands exceed the  

c irc u la tio n 's  a b i l i ty  to  susta in  ae rob ic  m e tabo lism  tha t e ffe c t f ro m  endurance  

tra in in g  (Jacobs, 1986; W asserm an, 1986; K um aga i, N is h iz u m i and Tanaka, 

1987).

1. A na e ro b ic  T h re sho ld  D e f in it io n s

Even  am ong  te x ts  in  E n g lis h  has p le tho ra  o f  te rm in o lo g y  used to  

re fe r to  d is co n tin u it ie s  in  b lo o d  lac ta te  o r v e n tila t io n  d u r in g  in c rem en ta l 

exerc ise  and to  the presence o r absence o f  steady-state cond itio n s  d u r in g  

cons tan t-load  exerc ise . These te rm s in c lu de  lac ta te  th re sho ld  (W asserm an  

1987, W asserm an and M c l l r o y  1964), ae rob ic -anae rob ic  th re sho ld  (K a rls son , 

1983), onset o f  b lo o d  lac ta te  a ccum u la tio n  (O B L A )  (F a rre ll et a l., 1979), heart 

ra te  d e fle c tio n  (C o n co n i, 1982), and ae rob ic  th re sho ld  and anaerob ic th re sho ld  

(S k inne r, 1980).



1 2

S k inne r and M c L e lla n  (S k in n e r and M cL e lla n , 1980) and  

K in d e rm a n  (K inde rm ann , 1979 ) have in dependen tly  suggested th a t th a t there  

are a t least tw o  apparent po in ts  o f  d is c o n tin u ity  in  the b lo o d  la c ta te /ve n tila to ry  

response to  inc rem en ta l exerc ise th a t m ay  serve as genera l concep ts  fo r  m any  

o f  the te rm s used b y  o ther authors. The  f ir s t  o f  th is  in  associa ted w ith  the f ir s t  

susta ined increase in  b lo o d  lacta te above re s tin g  va lues and w ith  the f ir s t  

d is c o n tin u ity  in  v e n tila tio n  represented b y  an increase in  V E  re la tiv e  to  V O 2 . 

G iv e n  the  b io lo g ic a l "no ise " in  re la tio n  to  b lo o d  lac ta te  concen tra tio n , th is  

p o in t is  o fte n  cons is ten t w ith  a b lo o d  lac ta te  concen tra tio n  o f  abou t 2 .0  m M . In  

the nom enc la tu re  o f  S k in n e r-M cL e lla n -K in d e rm a n  th is  p o in t is  the ae rob ic  

th re sho ld  (A e rT ). The second o f  the d is co n tin u it ie s  is  represen ted b y  a ve ry  

ra p id  increase in  b lo od  lacta te concen tra tio n  relc’t i /e  to  b o th  V 0 2 and V C 0 2. I t  

is  4 .0  m M . In  the nom enc la tu re  o f  S k in n e r-M cL e lla n -K in d e rm a n  th is  p o in t is  

th e  anaerob ic  th resho ld  (A T ).

W asserm an and M c llr o y  in tro du ced  the concep t o f  anaerob ic  

th re sho ld  b y  us ing  the re sp ira to ry  gas exchange ra tio  to  de tec t the onset o f  

anae rob ic  m e tabo lism  fo r  d e te rm in in g  the w o rk  lo ad  o r le ve l o f  o x ygen  up take  

at w h ic h  the ca rd iovascu la r system  fa ile d  to  supp ly  the oxygen  re qu irem en t o f  

ac tive  m usc le  (W asserm an and M c llro y ,  1964). The  basis o f  th is  p o in t w as tha t 

the  m e ta bo lic  ac idos is caused b y  lac ta te  accum u la tion . D e te rm in a tio n  cou ld  get 

b y  gas exchange parameters, w h ic h  w e re  oxygen  uptake, ca rbon  d io x id e  ou tp u t 

and e xp ire d  v e n tila t io n  (n on -in va s ive  m e thod ). E xam p les  in c lu d e  the  de tec tion  

o f  ca rbon  d io x id e  from  b u ffe r in g  d u r in g  an in c rem en ta l exe rc ise  test 

(W asserm an , V an  Kessel and B u rto n , 1967; Beaver, W asserm an and W h ip p ,  

1986). T he  d e f in it io n  o f  anaerob ic th re sho ld  is  the le ve l o f  w o rk  o f  o xygen  

up take  ju s t  b e lo w  the p o in t o f  m e tabo lic  ac idos is  and the associa ted changes in
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gas exchange was occurred (Wasserman, Whipp, Koyal and Beaver, 1973; Orr, 
Green, Hughson and Bennett, 1982; Wasserman, 1986; Yeh, Gardner, Adam, 
Yonotz and Grapo, 1983).

2. Anaerobic Threshold Hypothesis

Anaerobic threshold has been defined as the level of oxygen above 
aerobic energy production, which is supplemented by anaerobic metabolism 
(Wasserman, 1984; Stremel, 1984). The hypothesis requires:

2.1. The oxygen requirement by the metabolically active muscle 
could exceed the 0 2  supply to the mitochondria when the workload become 
sufficiently high.

2.2. The imbalance between the 0 2  supply and 0 2  requirement (0 2  

requirement greater than 0 2  supply) brought about a net increase in anaerobic 
oxidation in the cytosol of the cell with pyruvate conversion to lactate (Figure
3.).

2.3. Lactate was buffered in the cell primarily by HCO3 - (Figure 4.).
2.4. The C 0 2  generated from buffering increased C 0 2  output while 

HCO3- exchanged for lactate across the muscle cell membrane according to the 
new electrochemical; and

2.5. The buffering and acid-base disturbances produced predictable 
changed in gas exchange (Mader and Heck, 1986; Wasserman, William and 
Whipp, 1986; Yoshitake, Zaiki, and Shoji, 1987).
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ATP
FFA Pyruvate 
AA

Carbohydrate

Mitochondrial
— Acetyl CoA —  —  —  —  1 ' '  Shuttle

H20

ATP ATP ATP
CO,

Figure 3. Metabolic pathway leading to production of ATP. Increased cellular 
production of lactate depends on the mechanism of reoxidation of 
cytosolic NADH.

: when the 0 2  supply to the mitochondrion is sufficient, 
NADH is reoxidized through the proton shuttle to the mitocondrial 
membrane.

: when the 0 2  supply to the mitochondrion is inadequate for

พ

reoxidation by the proton shuttle, pyruvate reoxidizes NADH, 
resulting in an accumulation of lactate and change in cytosol 
redoxing state (Modified from Wasserman. 1986).
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Figure 4. Mechanism of blood bicarbonate buffering.
: aerobic metabolism results in C 0 2 production with a 

proportionality to 0 2  consumption.
2 ^  : cellular buffering of increase in anaerobic lactic acid 
production, associated with an increase in anaerobic glycolysis, has 
an immediate by-product of C 0 2  .The cellular increase in lactate and 
decrease in HCO3 - stimulates anion exchange between cellular and 
extracellular water, causing blood lactate to increase and HCO3 - to 
decrease (Modified from Wassserman, 1986).
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3. Anaerobic Threshold Determination

Research evidence in the area of exercise physiology reveals that 
there is metabolic threshold during a graded exercise test (Reinhard et al., 
1979). The theoretical considerations underlying these thresholds are as 
follows. Consider an individual who is being administered an exercise test in 
which the intensity is gradually increased from rest to maximum at regular 
intervals. Initially, because of the low energy requirement to supply the energy 
aerobically, without the production of any lactic acid. As the exercise intensity 
is gradually increased, the energy requirements also increase proportionately, 
until a situation is reached where the energy requirements of the exercising 
muscles cannot be supplied completely aerobically. Therefore, apart of the 
energy is derived anaerobically, resulting in the production of lactic acid 
(Bhambhani and Singh, 1985).

3.1 Invasive Measurement of Anaerobic Threshold

3.1.1 Lactate Method

At the point anaerobic threshold, energy release from anaerobic 
metabolism was increased and lactic acidemia resulted. Thus the occurrence of 
the anaerobic threshold during a progressive exercise bout signifies insufficient 
oxygen delivery to active muscle (Hollmann, 1985). Many researchers stated 
that lactate concentration was reached 4 mM in peripheral blood, that was 
acceptable meaning of blood lactate level at anaerobic threshold point by 
invasive method (Whipp, Ward and Wasserman, 1986, Stegmann and 
Kindermann, 1982).
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mM/1

Figure 5. Blood lactate concentration at different levels of exercise
expressed as a percentage of duration for trained and untrained 
subjects. (Modified from Beaver, 1985)

3.2 Noninvasive Measurements of the Anaerobic Threshold

3.2.1 Gas exchange analysis.
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Although the onset of metabolic acidosis during exercise had been 
determined by serial measurements of blood lactate, the abrupt increase in 
arterial lactate might now be determined by non-invasive methods as gas 
exchange (Davis et al., 1979; Davis, 1985). This method correlates well with 
the lactate level and obviates the need to measure lactate in repeated blood 
samples (Arkarapanth, 1988)

The physiology underlying an anaerobic threshold involves a 
temporary metabolic acidocid was compensated by a respiratory alkalosis. 
Lactic acid was produced and buffered by bicarbonate in blood (Wasserman, 
1986). Carbon dioxide was released excessively by energy metabolism. As a 
result of an increase carbon dioxide production (YCO2 ), the lower pH of blood, 
and/or volume of expired gas (VE) exhibited a break point in linearity. At an 
anaerobic threshold point, the V e and VCO2  increased out of proportion to the 
work load performance, that they increased more abruptly than expected 
(Wasserman, 1973; Fukuba and Munaka, 1987). This nonlinear regression was 
difficult to identify an anaerobic threshold. Recently, a new method was 
combined in their study for determining an anaerobic threshold (Figure 6  and
7).
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v c o 2, v o 2
(ml/kg/min)

VE
(ml/kg/min)

125

I

25

Figure 6 . The first criteria used to determine anaerobic threshold 
was defined as the point that VCO2  and V e started to non­
proportional to the work load, while VO2 graph still had a linear 
increase (Modified from Chick and Somet, 1988).
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v c o 2
(ml/kg/min)

Figure 7. The second criteria used to determine anaerobic threshold was 
called V-slope method. Anaerobic threshold was determined at the point 
that the slope V 0 2 against VC0 2  graph started to change (Modified from 
Beaver, Wasserman and พ hipp, 1986).
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3.2.2 Conconi's Method

Prof. Conconi made use of the existing correlation between exercise 
intensity and HR (Coconi, 1982; Heck, Mader and Hess, 1985; Probst, 1988; 
Janssenl989). He found, as other investigators had found before, that with very 
intense exercise the HR/intensity relationship is no longer linear. The straight 
line deflects at high intensities. In other words: the intensity may be increased 
but the increase of HR lags at a certain point (Figure 8 ). This point is the HR 
deflection point. The exercise intensity corresponding to this point is the 
maximum activity that can be done with aerobic energy supply. The deflection 
in the curve marks the HR or exercise intensity (e.g. the speed of running or 
cycling) beyond which the athlete obtains a large cmount of energy via 
anaerobic pathways. In this way, Coconi could exactly establish the speed that 
Moser had to maintain without getting exhausted prematurely.

The deflection point marks the maximum speed that can be 
maintained for a long period of time. It is the highest speed or HR that can be 
supported aerobically. If the speed increased further an accumulation of lactate 
will occur. In this situation, the aerobic energy supplying system does not 
suffice; the anaerobic system is called upon with the result of an increasing 
accumulation of lactate. In fact, the anaerobic system is engaged earlier but at 
this point the balance between lactate accumulation sets in rapidly. A great 
advantage of Conconi's method is that taking blood samples is not necessary. 
Therefore this method is also called: the bloodless method of establishing the 
deflection point.
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Figure 8 . Heart rate against running pace in km/h. The
deflection point (Df) is the anaerobic threshold (From Conconi,
1982).

3. Overlap of the Two Energy Systems

During exercise, energy sources a used or depleted to the intensity 
and duration of the activity. Except for a very short activity, most sports 
employ both energy systems to varying degrees. Therefore, it is safe to claim 
that in most sports there is an overlap between the anaerobic and aerobic 
system.
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A good indicator of which energy system contributes the most in a 
given exercise is the level of lactic acid in the blood. Blood sample may be 
taken and lactic acid levels measured. The threshold of 2 - 4 mM of lactic acid 
indicates that the anaerobic and aerobic system (LA-02) or transition zone 
contributed equally to the resynthesis of ATP. Higher levels of lactic acid 
indicate that anaerobic or lactic acid system (LA) dominates, while lower levels 
indicate that the aerobic system (O2) dominates. The equivalent threshold heart 
rate is said to be AerT = AT - 20 bpm (Janssen, 1989).

Table 1 shows one way of classifying some activies based on the 
degree to which the energy for these activities is derived from anaerobic source 
within the working muscles or form aerobic source squiring the transport of 
oxygen to the muscles (Fox and Mathews, 1974).
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Table 1. The energy delivery systems (ergogenesis in percentage) for sports.

Sports or sport Activity
% Emphasis According to 

Energy Systems
LA LA- 0 2 0 2

Baseball 80 2 0 -

Basketball 85 15 -

Fencing 90 1 0 -

Field hockey 60 2 0 2 0

Football 90 1 0 -

Golf 95 5 -

Gymnastic 90 1 0 -

Ice hockey 
a. Forward, defense 80 2 0 _

b. Goalie 95 5 -

Rowing 2 0 30 50
Skiing
a.Slalom, jumping, downhill 80 2 0 -

b. Cross-country - 5 95
c. Pleasure skiing 34 33 33
Soccer 60-80 2 0 1 0

Tennis 70 2 0 1 0

Volleyball 40 1 0 50
Waterpolo 30 40 30
Wrestling 90 1 0 -

Modified from Fox and Mathews, 1974.
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