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ABSTRACT LA

Ihis study was desighed to examin& the feasibility of using one or

more anthropometric and/or physio]ogical‘meesures to devel

4

. procedures
P

| to predict the res1stance required to elicit both pea tput
(PPOLRI) and max1ma1 power output (MPO[RI]) on a MGmAfk &eygkg&?rgometer.
s,
Twenty-four highly anaersbically trained female ath]etes (Baskétball’

[n = 6], Volleyball [n = Z], Gymnastics [n = 5], Cyc];ng (n = 3], Track/
Field [n = 3]) completed a series of '30 seconp' all-out bicycle ergometer |
tests to establish the resistanee pequfred to e]icit peak power output
(PP0) and maximal power output (MPO). Both peak power output and maximal
power output were s%gnificant]y higher than the weight-relative Wingate
protocol.. Test-retest data proved reliable (p < 0.05) and two regreésion
equations were developed uti]izing thigh cipcumference (TC), calf cir-
cumference (CC) and-body weight (WT) as predfctors: 'PPO(R) = 1.2899 +

- 0. 1836(TC) - 0.2378(CC) + 0L0301(WT)-with a multiple R of 0.709 (p < 0.05)
and MPO(R) 0.8624 + 0.1316(TC) - 0.1502(CC) + 0.03511(WT) with a
multiple R of 0;726 (p < 0.05). TQé equations were not applicable for

the endurance éth]etes tested (n =14) but the power test was proven to

be anaerobic~ip?na§ure as_shpwn-by venous blood lactic acid Tevels. To
optimize the power output (both MPO and PPO) for an 1nd1v1dua1 an optimal
comb1nat1on of resistance sett1ng and pedal speed was necessary and

appeared to be sport related..
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CHAPTRR |
INTRODUCT JON
f; 4
Information regarding the male athlete and his performance as {t
relates to utilization of the body's energy systems is abundant. Unti)
recently males have predominated as participants in the athletic realm

and tﬁzir excellence in part may be due to knowledge gained from research.

For the female athlete, however, changing social attitudes have allowed
her to venture into this realm but with much fewer scientific foundations
to draw upon. Thus research which éxposes more knowledge of athletic
pefformance in females specifica{ly, must help to expand the already
existing body of knowledge and confirm the applicability of male orfented
research on the female population.

Any physically demanding event requires bdth skill and'co-ordination
on the part of the performer but this however does not totaJ]y quarantee
a good performance. The efficient utilization of the energy systems,
as well as optimizing fdtce/velocity relationships through manipulation
of tra{ning, may be crucial to optimizing the elite athlete's perfor-
mance. Heredity, also appears to be an overall determining factor in
performance capacity.

Of particular interest is the contributiop anaerobic metabolism
makes to short duration, high intensity performances since the infer-

p]ay of the ATP-PC system and anaerobic glycolysis is primarily dependent

" upon the duration and intensity of the activity. With regard to an

individual's maximal anaerobic work performance, one must keep in
perspective the range of different anaerobic events that exist and the
problems associated with devising an all*encompassing anaerobic power

test. That two different ATP sources can contribute to performance to



\
varying degrees certa1n1y suggests defining anaerobic work performance

‘would be difficult because‘two sources of ATP contribute to performance
To examine a test protocol that gives some insight into performance, and~
perhaps metabo1ic function, over the anaerobic time course seems bene-
ficial, - |

Certainly 1ntens1ty of an anaerobic power test (re51stance and
frequency) and time frame, as functions of‘product1on of peak or maximal
power output, should be examined very c]ose]y. Some questions may arise =
from this examination as to what anaerobic power really represents.' Is
anaerobic power the.abf]ity to: (1) elicit a high sing]e<response, such

as a single contraction, or (2) elicit a high but susta1ned performance

o

over the anaerobic time course, or (3) to perform a series of h1gh

e T

intensity bursts of power output with short or long recovery intervals?.-

'STATEMENT OF THE PROBLEM

The purposegof this study was to examine~the feasibility of using
one or more anthropometric and/or physio]ogical measures to deve]op
procedures to pred1ct ‘the res1stance requ1red to . elicit both peak power
‘output and mean maximal power output on a bicycle ergometer Of partic-
“ular interest was performance capabilities of highly anaerobically
trained female athletes on this test in re]at1on to the ‘anaerobic nature
of the spec1f1c sport Thus, not only was ability to sustain exercise
over a thirty second time frame examined but also mean maximal or peak
power output‘each 5 seconds of‘tne 30 second test. An examination of
'the relationship between resistances to elicit peak and maximal power
output was examined and venous blood Tactates were taken to aid in
1dentification of the,time-course,re]ationsnip for anaerobic sources

during the 30 second exercise bout at the resistance to elicit peak



power outpugf S ' .
: .The following questions were also examined:
1. Does the expedient method deve]oped by Evans and Quinney (1981) hold
- true for femﬁleé? |
- 2. Is maximal power output produced as measured by existing protocols?
3. Can maximal and pkak power output be realiably determined for
femaleﬁ?
4.‘\What reflection do such measurements: have on specificity of train-
ing? | | |
5. Is the type of‘anaerobic training reflected in one's ;bi1ity to
produce peak:or maQ?%a] total power output?
6. How do performances vafy at resistances less than thoée which produce
peak or maximal power output? _ : -
x ’»17? How do Tactic acid concentrations reflect the,utiljzation of energy
sburces, power output and training specificity? |
: _
HYPOTHESIS .
It i; hypothesized that regressions similar to those developed by
‘Evans and Quinney‘(1980) can, by examination of leg skinfolds, leg
girths, leg volumes, percent body fat, weight and power output results,
be adopted to predict the resistance settfngs.required to elicit mgxima]‘
power output on the Wingate anaerobic power test for feha]e‘ath1ete§.
To fhis end, the maximal power output for 30 seconds, peak powefvoutput
inb seconds and venous blood lactateS-tdqu elucidate an individuai”s(
-ability to draw upon and economically utilize anaerobic sources according
‘° to the specificity of training and therefore make regression equations
more functional in terms of providing information about the trained

athletes' anaerobic metabo]chstrengths'and.weaknesses.



| The null hypotheses’ for this study are:
HO: Ul = U2 = U3 = U4 = Us where
‘ u

force to elicit maximal power output

1
U2 = réﬁiétance to elicit peak power outbut ,
U3 = R for the Wingate protocol |
U4 = predicted R to elicit maximal power output
U5 =.predjcted_R to elicit peak power outbut

~ and H':» Ug = U7‘= U8 = Ug = U10 = Ull,where
6 Volleyball Power Qutput

@ < o
It

7 Gymnastics Power Output

oo
il

B Basketball Power Output

c
n

9 Track/Field Power Output
U10 = Cycling Power Output

U11 = Endurance Power Output

LIMITATIONS |
>This study was limited by the following:
1. Accuracy of Equipment: Déspite.the inherent accurécies the
investigator made every attempt to standardize test procedures by
v calibrating the bicycle ergometer prior to each test and techniques
for skinfolds, circumferences and leg volumes were undértaken as
outlined ble§ss (1981). Reliabilities of thesé measures can be
foynd in Appendix C. |
2. Environmental Conditions: The ergometer tésts'were administered in
‘the same laboratory over a period oﬁ 6 weeks. Temperatures ranged ‘
from 19° to 24°C. ' For dehsiometric.meaSUfes, water density ranged
- from 0.9956 to 0.9947 and room temperature was 24°C.

3.‘ Motivational and Psychological Factors: All tests were carried out



with the subject in a two hour post-prahdia] spaté and all subjects
were verbally encouraged in the same manner by the same édministrator
fhroughout testing. Psychologica]'factors affecting performance
Qou1d be those of perceived exertion and motivation. However, being
from a highly tra%nedlpopu]ation the subjectQIShoufd have perforped
very close to maximal Tevels. |

Specificity of the Task: The majority of subjects}tésted were from
a non-cycling population except for the group chosen especially for
'thefr expertise, If cycling specialists show task specificity in

S Ui jbr performances then the results of the non-specialists could

be accounted for in this manner.

DEL IMITAT IONS

DEFINITIONS

This study was delimited to:
Twehty-eight female volunteers between the age of 17 and 27 years
and active‘fo well trained (Basketball, Vo]]eyba]]Q Track and Fiéld,
Cyc1ing, Gymnastics and Endurance).

Systematized testing process which enabTed homing 1in on peak power
output. »

Random selection of one“subjéct from each trainina aroun for analysi
‘'of venous blood lactates at appbinted intervals throughout the 30

second test and at rest.

Modified Bicycle Ergometer: A stationary Monark bicycle which was

calibrated to allow individuals to exercise at proportionate,
incremental or fixed loads. Modifications included toe clips, two

micro-switches, reinforced racing handlebars and upscaled resistance.

.Anaerobic Energy: Anaerobic energy is the energy utilized from sources



other thah the oxidative process and is highly dependent upon
intensity and duration of the activity. At the onset of exercise
availability of‘ATP for the purpose bf’performing‘work is largely
derived from the ATP-PC 'system and anaerobic g\ycolysis. 'Subsequently
ei ther depletion of'anaerobic substrates or the adaption of the
aerobic system td work/exercise above the basal hetabo]ic rate will
cause reduced utilization of anaerobic energy sOurceS. Work

performed 1arge1y as a result of utilization of these eneréy'sources
is measured as the mechanical power output.

Peak Power Output (PPQ): Measurement of power output for each 5 second

interval of the 30 second test to determine the interval in which
peak or highest power ohtput occurred. 'This eQent,usually appeared
inrthe first 5 secones'of eiercise and is'belieVed to correSponq,to
the splitting of phosphagens (ATP-PC system). . g

Maximal -Power Output (MPO): The combin%tion~of maximal pedal frequency

and resistance for an individual that will eTTcig‘the highest
possible cumulative measure of mechanical work over\é<3Q\Second
time frame. The power output for each 5 seconds of the 30 Eéeqnd

test was totalled and a mean value taken.

4

PPO(R) and MPO(R): The resistance needed to elicit peek ﬁewer output
andvmaximal power: output (e.g., PPO(5) indicates a resistance of
5 kp was needed to elicit peak power output).

_Power Curve: The plotting of the relationship between power produced
and corresponding frictional resistance for a range of resistances
for each individual in order to determine the resistance that will

~ )

elicit peék and maximal power output.

Peak Lactatic Acid:t Blood sampled after 5 minutes post-exercise and

analyzed for presence of lactate.

L



Ningate Force Setting: A relative resistance setting determined by .,
multiplying body weight (kg) by 0.075.

Absolute Power Qutput: Raw scores without compensation for tréinihg
status or weight.

Relative Power Output: Power outpUt scores transformed to compensate for

individual differences (especially weight or percent of perfohnance

-

relative to max).

Oxygen Deficit: Oxygen deficit reflects the inability of the aerobic

system to supply or meet the oxygen requirement. This deficit
above basal levels éontributes to the oxygen debt.

Oxygen Debt: .This is the oxygen<consumption above the basal rate at the
céssation of exercise. It represents both the metabolib'adjustments
to exercise (énaerobic metabolism) and metabolic adjustments to
cessation of exercise (the resynthesis\of depleted netabo1ites).

The metabolic adjustments that take place during fhe‘first 2-3

minutes of cessafion«of exercise are those associated with the

rapid decline of oxygen consumption and the simu]taneobs or con-

comittant replenishment of ATP and stored cP. This is known as

the alactic debt componenf'and is differentiated from the lactacid
~'portion in that it does not invb]ve removal or resynthesis of lactic
" acid. The elevated utilization of oxygen at cessation of exercise

aids in providing the energy required to restore ATP-PC stores and

remove lactic acid.

Leg Volume: The volume (liters) of water at 24°Crdis§1aced from a
volumetric tank by the leg of the subject immersed ub to insertion

~ of the grasilis.muscle at the pubic arch butan higher than the
gTutea14furrow and with the leg squéred and straightened to the top

edge of the tank.



j
|
\

Thigh Circumference (TC): The circumferen (cm) of the thigh one

centimeter below the gluteal furrow (see Appendix C-V).

Calf Circumference (CC): Ci rcumfenence of the calf at its largest part

(see Appendix C-V).

~ Thigh Skinfold (TS): The vertical skinfold (mh) of the thigh taken
centrally and frontally on the thigh at thé‘point of TC;

Calf Skinfold (CS): Vertical skinfold (mm) takeg centrally and medially

on the calf at the point of greatest circum%erence.

Percent Fat (% Fat): The body composition of the subject as determined
‘ by densitometry techniques (Brozek et al., 1963).
Fast Twitch Fibers (FT fibers): Fast twitch fibers are of two‘types;

fast oxidative glycolytic (type IIa) and fast glycolytic (type IIb).

Slow Twitch Fibers (ST fibers): Slow twitch fibers are slow, oxidative

(type 1) fibers.

Lactic Acid Concentration ([LA]): The measure of venous blood lactate

concéntration (mg/100 m1) as a representative of anaerobic

metabolism.



GHAPTER I1
REVIEW OF LITERATURE

Many different tests have been developed to measure anaerobic
power, Some measure impulse performances (Sargent, 1921; Sargent, 1924)
or eventé 1a§ting up to one second (Margaria et al., 1966), yet others
measure events up éo and in excess of two minutes (Katch et al., 1977;
Ayalon et al., 1974; Evans et al., 1981; Withers, 1979). That diffefént
researchers have aséessed anaerobic power differently cértain]y lends
itself to the;conception that different facets of anaerobic power
contribute to;performance and certainly suggests that no single £est,ié
empiric of metabolic processes though some may show'bétter applicability.
T0-this?end, types of anaerobic power tests a9a11ab1e to the researcher
- were examined as well as their applicability in determfning anaerobic

capacities in both males and females.

Tests Of Anaerobic. Power

To.address the problem of type Qf test and more specifita]]y type
of protocol Katch et al. (1977) have very adequately isolated and
examined the testing of anaerobic power on the bicycle ergometer. The
major concern in their study was to determine both the optimal frictional
resistance and pedal frequency that would elicit a maximal response.

They were also concerned with determining the time frame of such a test
and deemed 40 seconds io be an’adequate time frame for an all-out pedal
frequency with a frictional resistance between 5.0 and 6.0 kp. The |
evidence supporting this conclusion was the fact that at the'40 second
stage on the tWo minute bfcyc]e ergometer test only 19% of maximaT'\'IO2

was being utilized and the greatest absolute amount of cumulative work



10

(kpm-min'l) was accomp]ished in this time frame. Additionally, the
correlation between successive 6 second time frames from the 40 second
point onwards correlated highly, thus\indicating no change in performénce
after that time. There 1s“a suggestion that power output from a 40 second
test is indicative of physiological capacities in supplying energy
anaerobically (Saltin et al., 1971) rather than aerobically but dog§ not
help to quantify or clarify the contribution of energy frbm phosphagen
sp]itting‘or anaerobic glycolysis. The trainability of the anaerobic

~ system (Cunningham et al., 1969; Green et al., 1975) may be a large
component in performance capacity.

From an historical standpoint, one musf question whether tests, such
as those developed by Sargent (1921) and Sargent (1924), are all encompass-
ing as far as the physiological measurement of anaerobic capacity or
energy systems involved at the onset of exercise and dqring the oxygen
deficit phase of exercise. |

At that time tests of aerobic capacity were the primary foﬁus of
investigation; the athletes of high intensity and short duration or
impulse events were largely neglected. The innovative work of Sargent
(1921) and Sargent (1924) led to the vertical or Sargent jump whichv
provided a means for measuring anaerobic performance capacities, a basis
for compacjson amongst individuals and a means of comparing particular
athletic pbpu]ations. |

.Other impulse tests of anaerobic power utilized are the vertical
power jump and the standing broad jump. These tests have been adapted
to the specific neéds of sports. For example, testing anaerobic power
in fhe arms of a swimmer would seem more realistic than the legs.

Testing anaerobic power has changed dramatically since 1921 and
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while the Sargent jump is still utilized, Margaria (1966) began to 1ook
at tests (stair run lasting 0-10 seconds)kthat taxed‘a greater portion

of the anaerobic stores. Another short duration, non-impulse measurement
is the 50 yard run. . . |

Anaerobic power has also been measured on the bicycle ergometer and
time frames for exercise have rangedvfrom 20 seconds (Campbell et al.,
1979), 40 seconds (Katch et al., 1977), one minute (Szogy et al., 1974),
two minutes (Katch et al., 1977) and the two most recently examined
bicycle ergomefer tests lasting 30 seconds (Bar-Or et al., 1977 and Evans
et al., 1981). A summary of the variety oﬁ%gnaerobic power tests utilized
is found in Table I. W

The 1atterAtwo studies give substantial subport to the examination
of performance of the anaerobic athlete by utilization of anthropometric
data to predict the workload on the bicycle ergométer that should be
used to elicit a maximal response. This process woqu-circumvent the
multiple testfng that:is required to find the athlete's optimal resist-
ance/rpm ratio rememberihg that épeed and force are both anatomically
Timited. :

Subsequently, analysis of not only performance over a 30 second
period (which would cokrespond~fo a 200 meter sprint event, for exampie)
but also multiples of the 5 second periods for performances could be
examined as théy relate to particular events. Hence, power output for
the first 5lseconds of the 30 second test would shed 1ight on: possible
performance abi]ity in more impulse or short duration events Qhereas a
time period of between 10 and 15 seconds would be more indicativs of
performance in the 100 meter sprint or hurdles event or short, h%gh
intensity efforts required in ice hockey (Green et al., 1975). |

|

Examination of peak pdwer output (0-5 seconds) and total poweh\
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output from a metabolic/sport specific aspect should help to elucidate
the contribution of the ATP-PC system to short‘duration or impulse events
as well as partial cqntribution in longer events. Thus, total or mean
maximal power output should demonstrate the utilization of both the ATP-PC
system and anaerobic glycolysis and any measurable decrements in mechanical
power output would suggest/éorresponding metabolic inadequacies. Green
et al. (1975) support the notion that it is po;sible to éqﬁate anaerobic
- energy time course and event time for the purpose of establishing train-
ing suitability or athletic weakness as measured by anaerobic power tests.
Withers (1978) examined anaerobic pQwer by means of a stair run and a
40-60 second treadmill run and compaged venous blood lactate measurements.
As would be expgcted lactates were high. The measurement of blodd
lactate, by many investigators (Campbell et 51., 1979; Costill et a].}
1976; Saltin et al., 1971; Withers et al., 1979; McGrail et al., 1978)
l has shown undoubtedly that anaerobic sources ofleneréyAare being used in
these anaerobic power tests and some researchers (Gollnick et al., 1972;
Gollnick et al., 1973) have taken muscle biopsies to establish the
relationship betwéen blood and muscle lactic acid level as well as
levels of anaérobic substrates. o
Other methods utilized to examine anaerobic power are oxygen (Oé)
débt/deficit, phosphagen, creatinephosphokinase (CPK) ahd phospho fructo-
kinase (PFK) levels and other significant substrates and enzymes. Most
recently anaerobic power has been examined in relation to.these barameters
so that the time course for anaerobic metabolism can be‘estab]ished in
relation to physiological performance (Katch et al., 1977; Costi11 et
al., 1976). -
Equipment most recently used for testing anaerobic power ié the

Cybex isokinetic machine. Research is 1imited but a relationship‘



between this apparatus‘and better known anaerobic power tests seems to

exist.

Anaerobic Power in Female ﬁth]etes

Studies on anaerobic power for the female athlete are not abundant
and even thoueh the muscle fiber size is smaller in females than males
they are able to perform anaerobic work quite successfully (Costill et
al., 1976). The measurement of such performance in females has been
examined by Withers (1978), Nithers et al. (1979), Bar-Or et al. (1977),
Campbell et al. (1979), De Bruyn-Prevost et éJ. 1980), Dotan et ale
(1980), Kidner (1974) and Ready (1977).  °

Bar-Or et al. (1980) showed that at approximately 12 years of age,

females perfbrned}symilarly to ma]es(both for peak and mean power Qutput‘

on a 30 second all out ergometer test. By the adolescent years, differ-
ences were beginning to appear befween males and females (Inbar et al.,
1976) and compar1son of power output for twenty year old ma]es and
females showed a mean difference of 36%, the males being superior
(Withers et alf, 1979).

Comparison of reseafch on anaergbic power in females (Kidner, 1974;
Ready, 1977) with.ma1e data has shown differences of 15-30%. Withers
(1978) in his analysis of anaerobic power using th§ Margar1a stair run
and 40- 60 seconds maximal treadmill run also demonstrated that females
have_s1gn1f1cant]y Tower anaerobic power than males.

- This seX~difference may be attributed to the ;ma11er muscle cross-
section found bj Costill et al. (1976) even though enzymatic profiles
were no different. It appears that greater musehe bulk will mean a
greater enzymatic pool, ﬁore muscle fibers and Hence more mechanical

work done. The fact that males have a larger croe;—sectiona] area with

14



15

the same enzymatic profile'as the females does not indicate, on a fiber

count per unit area basis, whether there are male/female differences.
Cumming (1973) examined two indices of anaerobic power and associated

blood lactate in males and females aged 12-17 years and demonstrated

lower anaerobic power values in the females despite no significantly

different results in serum,lgctates. Knowlton et al. (1980) further

substantiated this féaz;;;;;1e difference in "anaerobic performance; again

-1 respectively).

on the Margaria stair rﬁn (76.6 kgm.sec‘} and 106.6 kgm.sec
The analysis of National Tevel orienteers and middle/long distance runners
showed that anaerobic power output in endurance athletes was considerably
lower than anaerobically trained athletes (Knowlton et al., 1980; Taunton
et al., 1980). A definite gap in the literature exists when comparing

anaerobic power output ih females for different types of anaerobic

activities.

CONTRIBUTING ENERGY SYSTEMS
" The energy requirements for mufcu1ar contraction can be shpp]ied

by three possible mechanisms. Thesé sources of energy are time and
intensity dependent and this dependency may be a key factor in maximal
utilization. At the onset of high intensity work, energy is supplied
by immediate sources (ATP-PC system) which can sustain exercise for up
to 5 seconds with anaerobic glycolysis (a short-term source possibly
Tasting up to 3 minutes indicates Astrand et al., 1977) then maintaining
the exercise until aerobic or long term sources assume major responsi-
bility fof supplying eneréy (Ed1ngton and Edgerton, 1976) The

utilization of immediate and short term energy sources evo]ves as a

result of the 'lag’ per1od when aerobic mechanisms are unable to supply

the required energy for body functions in. an exercise state (Hermansen,



1969). The supp]y of such energy sources is 1imi ted -but available for
short durat1on, h1gh 1ntens1ty muscular work. This 'lag' period during
the early stages of Supramax1ma1 exercise is physiologica]]y accounted
for by adjustment of both the respiratory and circulatory system to
inCreesed ATP demands for cross-bridge cycling and thus muscular contrac-

tions. (Mathews and Fox, 1976).

Availability and Hydrolysis of ATP-PC

The immediate (0-5 secs) energy systems that an individual would

‘utilize for supramaximal exercise such as an 'all'out' 30 second

anaerobic power test wou]d be the splitting of phophocreatine to form
ATP. The abundance of PC is tr1p1e that of ATP (Margar1a 1976).
Creat1ne phosphok1nase is the enzyme respons1b1e for the product1on of
ATP via this chem1cal.c1eavage and is found throughout the muscle in
close proximity to the contnectile fi1ements ATP wiJT continue to be
fo"wed until the muscle is exhausted of its phosphagen supply (Gollnick
et al., 1973). ) '
The other one-enzyme reaction that occurs to produce ATP is myok1nase
(MK) catalyzed reaction of two ADP mo]ecu1es converted to ATP and AMP
(Ed1ngton\et)a1 » 1976). It is the 1ncrease in AMP molecules that acts
as a stimulus to the shoft term sources of energy. In fact AMP aids in
the initiation of glycogenolysis and glycolysis by act1vat1ng phosphory—
]ase -a. G]ycogen is broken down to glucose-1-phosphate by,phosphofructo-
kinase (the rate Timiting enzyme involved in mobilization of the glycoly-

tic pathway). The activation- of these enzymes leads to the mobilization

of the next most immediate source of energy: non-oxidative sources.

‘Hydrolysis of ATP-PC maintains energy for contractile.purposes for only

the first few seconds of activity (Wenger and Reed, 1976; Edington and

16



17
Edgerton, 1976).

Anaerobic Glycolysis

St{mulated by an increasé in AMP and intensity of work (Kar]ssoﬁ
and Saltin, 1970), carbohydrates are metabolized in an extensive series
of reactions knownias g]ycolysiﬁ. In fact at intensities of 150% VOzmax
the ratebof glycogen metabolism can be 10 mM.kg'] wet muscle mass.minUte-]

(Saltin and K;rlsson, 1971). Taunton et al. (1980) confirm that 30 second
anaerobic power tests at such supramaximal intensities do test glycolytic
power of the system. Stored glycogen in the muscle is broken down to
9lucose-6-phosphate (G—G-P) and then via a series of non-oxidative
reactions forms lactate as one of its by-products. A much larger quantity
of ATR"§§ formed and consequent activity can be maintéined from 30 seconds
to 2 g?thes. The other by-products, alanine and Acetyl CoA, have their
sebanate‘functions; the former is re-formed to glucose in the 1iyer
(gTuconeogenesis) énd the latter is the Tink to oxidative or aerobic
metabolism (long term energy sources).

‘ Theuby-products of anaerobic glycolysis aréuvery acidic in nature
and exercise limiting at intensities exceeding 90% VOzmax (Saltin and
Karisson, 1971). The production of 1aCt§te, in particular, has been
shown to have an approximate 1inear/re1ationship to fhe intensity of
supramaxima] exercise (Margaria, Ceretelli, Di Prampero, Massari and
Torrelli, 1963) despite the level of glycogen depletion (Saltin and
Karlsson, 1971). -

The uti]iéation of these anaerobic energy sources at the onset of
exercise, which lasts anywhere from 20-30 secondS‘or'2-3 minutes (Katch

et al., 1977) must not be confused with the anaerobic mechanisms that

come into play at workloads usually above 40% VOZmax. Subsfrate -
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utilizationAfs;predominant]y cp anq stored glycogen, however, it must be
'noted that this does‘nét presuppose that only lactate, as a by-product,
will be formed as opposed to alanine or Acetyl CoA.

Transfer to oxidative processes coincides with ghe vascular system
supplying oxygen to the working muscles. vThus fatty acids and the
by~product of anaerﬁbic glycolysis, Acetyl CoA, afe oxidized in the
¢itric acid pyE]e. At this point exercise will be largely éerobic.

Katch et al. (1977) have shown in fact that with a11-6ut pedalling at
supramaximal levels aerobic mechanisms contribute only 13% of energy
after 20 secoﬁds of work and approximately 19% at 40 seconds of exercise
if 02 deficit/debt data is examined. This finding suggests‘that for a
30 second fest approximafé]y;84% of energy wi]i Be'derived from the _
summé%ﬁve supplies of ATP from\phbsphagen splitting and anaerobic
glycolysis. Evans and Quinney (]981) suggested the first 5 seconds of
theiﬁ 30 second anaerobic power test réf]eéted phosphééén spfitting rate
and the total power output reflects bdth phosphagen and glycolytic sources
(predominantly énaerdbi;j,
Thét the ATP-PC system 1s‘the_initia1 energy source is confirmed
in studies by Hultman, Bergstrom, MclLennan aﬁd,Anderson (1967f. Even
when CP levels are depleted ATP concentration is 60-70%'higher than that
measured at rest (Goi]nick and Hermansen, 1973). Increased AMP concentra-
tion stimu]afes anaerobic glycolysis and results in lactate which can be 
,both_g physiologically and a psychologically limiting factor in exercise.
‘High lactic acid levels have been shown to parallel the subject's per-
ception of fatigue (Karlsson and Saitin, 1971). This study involved
5 successive, stramaximal, one minute efforts producing depletion of

glycogen, G-6-P, ATP, CP and ADP, and increases in blood lactate and

///;///angen deficit. ’ ' |
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Anaerobic capacity has been fouqd to be very dependent on density
of FT (fast twitch) fiSers and Tesch k1978) found a relationship between
T fibers and lactate concentration in exercise of 120% VOzmaxv
(r = 0.85). Factors which appeared to produce fatigue in working muscle
were reduced PFK activity due to increased acidity and decreased AMP
concentration. It was suggesfed muscle membrane permeability for Na+
alters the muscle action pofentia] and H+ and Ca2+ compete fér binding
sites on actomyosin. Muscle fatigue due to decreased g1y§61yfié and
phosphbrylitic energy production is caused by dep]etibn of glycogen,
delay in phosphorylase b activation, reduced hydrogen ion acceptor NAD+
ih the cytoplasm énd decreased inorganic phosphate‘iﬁ muscle fibers
(Nenger and Reed, 1976). | | ’

From a fuﬁéfiona] rather than ce]Tu]ar perspective, the reduced
capacity‘for lactate to be diffused to other body~comp§rtments and active
metabolism of lactate may detrimentally effect perfofmance (Astrand,
1976). More recently, it has been shown that CPK levels may have some
rate Timiting effects on lactate production. For these reasons lactate
can dn]y be indicative of the éxtent of anaerobic processes and not a

quantitative analysis of what is actually happening at the cellular

level,

“Oxygen Debt/Deficit

' The 'lag' period during the early stages of supramaximal exercise B
or exercise above 50% Vozmax, as previously stated, is the time taken for
respiratory and circulatory systems to adjust so that the more efficient
aerobic energy mechanisms are uti1ized, ~This lag is often rgferred to
as the oxygen deficit. ’

At the cessation of .exercise any oxygen utilized in éxcess of basal



levels is known as the oxygen debt because restoration of metabolites is
taking place.

'Factors which predominantly conﬁribute to thj;ﬁgg]ayware/thé “
replenishment of oxygen and regeneration of phdsphagen stores. 'The
post-exercisé state of increased cardio-pulmonary function, increased

hormonal and enzymatic concentrations and'increased body temperature

also hinder the return to basal metabolism (Knuttgen, 1569).‘
| When Withers (1978) examined AustralianLacrosse players on the

Margaria stair run and an all-out treadmill run to exhaustion (40-60

segs) he identified the existence of an alactacid and lactacid power
measurement for the respective tests.

The alactacid debt is associated with restoration of all metabolites

of exercise except lactic aeid (up to 4 liters of oxygen or more depend-
ing on length of exercise) and is usually quite quick.

It is lactacid
oxygen debt that takes a more prolonged period for répéymént and corres-
pénds largely to resynthesis of lactate (Knuttgen and Saltin, 1973{.
Lactate must be oxidized té be resynthesized. ' ' f- ‘

Time course for repayment of alactacid and lactacid debt as

estimates of anaerobic energy stores however should not be used since

studies indicate poor relationship between these parameters (Katch and
Henry, 1972; Graham and Andrew, 1973).

Roberts and Morton (1978) found
‘only the alactacid portion to correlate significantly with oxygen uptake

at the end of'exercise (r = 0.89). The lactacid contribution appeared

to indicate or correspond to anaerobic power and capacity and thig

showed in increased debt over oxygen deficit due to elevated anaerobic
involvement.

20
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FACTORS INFLUENCING OPTIMAL USAGE OF ANAEROBIC ENERGY
It must be remembered in any evaluation of physiological performance
that many 1ntervening factors must be considered or acknowledged in their

interpretation.

Substrate Availability .

| Substrate availability can belgnfluenced by‘factors such as diet,
drugs, prior exercise, training prgiocol and training status. Prior
exercise of a suitably intense nature, will deplete phosphagen and
g]ycogen'stores causing any succeeding supramaximal work bouts to be
poor indicators-of an individual's anaerobic power. Trainihg as it -
relates to substrate availability is very important in determining one's
capabilities as an anaerobic athlete and éha{l be dealt with shortly.
The excessive use of anabolid™teroids or insufficient diet also detri-

mentally effect substrate availability and hence anaerobic work-tapacity.

" Anaerobic performance largely depends on the levels of ATP-PC and glycogen
in the muscle since free fatty acids (FFA) are metabolized only in the
presence of oxygen. Also, increased blood lactate concentration inhibits

the mobilization of FFA (Astrand and Rodahl, 1977).

Environmental/Extraneous V;%iables

1. Experimental Conditions. For aerobic exercise an optimal ..

femperature of‘19-20°C'was,maintained (Astrand et al., 1976). No such
" relationship appeared to exist for anaerobic exercise. Bar-Or, Dotan
and Inbar (]977)‘uti11zed the 30 second power output test to determine
effects of combinations of heat and humidity on 10 to 12 year old males
and femajes exposed to experimental conditions for 45 minutes. No sig-
nificant differences were found in_meah performances and they cont]gded

- success was independent of short exposures to different climates.



" Dotan and Bar-Or (1980) also examingd climatic heat stress and
found anaerobic performance not to be detrimentally effected by heét or
humidity. When muscle temperature was lowered, Asmussen et al. (1976)
~ found decreased performance in the‘Sargeht Jump. Anaerobic performances
are not detrimentally affected by altitude and in fact may be enhanced
(Mathews and Fox, 1976). |

A two hour post-absorbtiv% state has been suggested prior to the
supramaximal test as well as abétainence from exercise (Evans and
Quinney, 1981; De Bruyn-Prevost et a]., 1980; Katch et al., 1§77;
Astrand and Rodahl, 1977). |

2. Age. Aﬁaerobic power appears to peak at approxfmate]y the
20-30 year age bracket and values of‘1.5—1.6 kgm.kg-].seé-] have been
recorded. By the age of seventy, anaerobic power has declined by half
(Margaria et al., 1966). | |

3. Sex. In their measurement of maximum anaerﬁb%c alactacid
power in males and females Withers, McFér1and, Cousins and Gore (1979)
found males to be superior to females by 58.97 kgm/sec for the Margaria
stair climb. Comparison of 15 year old males and females in their
development of anaerobic power on the 30 seéond Biqycle ergometer test
showed males to be superior by 144.8 watts. Serum lactates of subjects
in this study were similar (Cumming, 1973).

Devries (1974) suggested the musculoskeletal system of females to
be less well.-adapted to.such activities and tH; research of Costill et
al. (1976) supported this concept.' Costill et al. (1976) found fiber
area to be less in elite female track‘and field athletes. Howevér,
fiber composition aﬁd enzyme activify were similar to their male

counterparts. Comparison of power outputs in terms of lean body weight

- (LBW) for males and females could not be located.
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4. Perceived Exeftion. High intensity, short duration exercise

which involves the utilization of phdsphocreatine and anaerobic glycolysis
consequentially resu]ts in the production of LA. The accummulation of
LA varieé widely in particular types of athletes (Taunton et al., 1980;
Bar-Or et al., 1978; Gollnick et al., 1973). However, one must undoubt-
edly question the adverse effects such build up will have on performance
(whether these be physiological or psychological in nature)‘in a 30 second
anaerobic power test as seems to be the‘case in VOémax and other such
tests measuring physio]ogicaljcapacities (Pandolf, 1978).

Is a person*g ability to perform supramaxfma]]y for 30 éeconds
detrimentally effected by the build up of metabolites.sugh as LA? It
has been'shown that a positive relationship (r = 0.64) exists between
rate of perceived exertion and blood Tactgte (Allen and Pandotf, 1977;
Ekblom and Goldbarg, 1971) and may effect an individual's tolerance to

exercise. The case for lactate ‘and/or local Facfors.e%fecting perceived
véxertion does however seem doubtful when the works of Stamford and Noble
(1974) are examined. Sargeant et al. (1973) also found no correlation
but suggested Ve, VOZ; HR and relative aerobic stress toybe more
indicative of perceiVed exertion( The controversy between peripheral

or central mechanisms seems to bé explained best by Ekblom and Goldbarg
(1971) who suggest that when small muscle groups are involved, peripheral
mechanisms seem to stimulate the perception of exhaustion whereas when
large muscle groups are utilized, an additional stress is involved

and central mechénisms further amplify the rate of perceived exertion.
The implications are that metabolic functioning (namely, aerobic or
anaerobic) may be a factor that élfers the extent to which peripheral
~or central mechanisms inf]uence‘capacity for maximal exertion (Pandolf,

1978). It certainly does appear, from the studies cited, that cognitive
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cues do exist in determining perceived exertion.

Most of the studies reviewed examined VOZmax and % VOZmax criterion
to establish levels of perceived exertion. Studies specifica]]y‘examin—
ing short duration high intensity exercise aﬁa performance in relation
. to perceived exertion could not Se found but Lollgen et al. (1980) in
their study of pedal frequency, force and muscle metabolites and effects
on perceived exertion indicate that with maximal exercise (100% VOZmax)
at 100 revolutions per minute (RPM) there was a sjgnificgnt decrease in
Q]ycogen‘concentration. ATP and PC concentrations were also significantly
depleted. However, when a low pedal rate and high resiStanée was
involved the depletion of these systems was greatest. The imp]i;ations |
from this data, for an individual performing'at an optimal resistance
with an all-out pedal rate, is fhat stored energy will be used optimally
to produce work (Lollgen et al., 1980).

-Lollgen et al. (1980) ﬁoted thaf muscle and b]oddifactates were
significantly related to}exercise intensity however neither blood lactic
acid levels nor ATP-PC levels were indicative of rated perceived exgrtion.

Thus for a supramaximal effort of very short duration it would
appear-tﬁat neither peripheral nor central factors can be isolated as
gffecting performance of the task or perception of exhaustion (Lo]]gen,
1980). Performance on proceeding tests may, however, be detrimentally
affected by one's perception of exertion as indfcated by lactate accumu-
Tation and leg weakness at the completion of exercise. No evidence
could be found to suggest that perceived exertion effects supramaximal
tests even despite its distinctly anaerobic nature (Knuttgen, 1975).

In the measurement of maximal power output perceived exertion during the
exercise may be influenced by local mechanisms since only in the post

exercise situation are central mechanisms experienced.



5. Training Status. It is evident that the energy sources, ‘&

utilized at the onset of exercise and prior to aerobic mechanisms cominé
into play, are trainable. Nithersl(1978) showed marked increases in
time for the treadmill run at the same absolute workload due to interval
training as well as decreased'time for the Margaria stair run.

Komi et al. (1977) found the difference between power athletes and
distances to be 33 kgm.sec~ij Blood lactates for endurance athletes
were also found to be much lower. Taunton et al. (1980) also showed
anaerqb‘clpower to be lower for middie and long distance runners as did
Knowlton et al. (1980) for championship class orienteers. The research
of Thomson and Garvie (1979) showed marathoners expended less anaerobic
energy than sprinters and in fact marathoners showed decreased tjme for
the aerobic system to kick in at the onset of exercise (Hégberg et al.,
1978).

Campbell et al. (1979) showed improvement in pefféfmance of 20
females participatyng in a 6 week anaerobic training‘programme. Both
Sargent jump and high resistance anaerobic power test results were
significantly different pre- and post-training. Weltman et al. (1978)
in their training study found aeroBﬁc, peak anaerobic and total anaerobic
power to increase 10.5%, 13% and 12% respectively, with all-out péda]Ting
twice déi]y at 4 kg resistance over a 6 week timeiperiod. Intensity
appeared to be the key factor in their study,

Green and Houston (1975) found 4.7%:jp6%ovement in anaerobic power
in an elite junior ice hockey team for p¥e— and posf—season tests. In
other studies, training produced 16.7-23% increases in anaerobic capacity
and 14-17% increases in b]&od lactate as measured from treadmill run

protocol (Cunningham'et al., 1969; Houston et al., ]977).

6. Genetic Influences. In a comprehensive study by Komi and
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Karlson (1%79) monozygous and dizygous twins were examined for differ-
ences in anthropometric measure, Margaria stair climb, maximum isometric
leg force, EMG, aerobic power, peak lactate muscle fiber composition

and ‘'enzyme activity. Heredity appeared to account for the relation-

ship between muscular power and fiber type distribution. Genetic factors,

it was suggested ]arge]y account for bower differences in males.

7. Series Elastic Component. ‘ First coined by Levin and Wyman in
1927, they proposed that the elastic component that allows muscles to
store energy could be'expressed in terms_qfua para]]el;elastic component
and a series elastic component. The 1étter, of which there will be
partiéu]ar influence upon mechanical performance, is associated with
the elastic properties of tendons intramuscular connective tissue and
sarcolemma. The parallel elastic component is related to cross-bridging
between myosin and actin filaments (Asmussen, Bonde-Peterson and |
Jorgensen, 1976; Huxley, 1974). . -

As evidenced.by Komi (1980) in biomechanical aquysis of racing,
walking and long jumping, the series e]éstic component of exercise
appears to be most prolific in the eccentric phase (negative work)
exercise rather than concentric phase:” Any increase in force and
mechanical output was related to the value of the apparent spring
constant of the support leg in the eccentric phase. As ve1§city of
motion increased so too did the component attributed to e]asticity of
“musculature ahd potential to store energy (Luhtanen et al., 1980).

Komi suggested the combined elasticity of muscles, bones and tendons may
be very indicative of mechanical performance.

Certainly fhe storage of elastic energy in the muscles occurs in
the period when they are Being stretched (Asmussen et al., 1976;

Cavagna et al., 1971). In bicycle ergometry, at approximately the top



of the pedal phase, the vasti portion of the quadriceps muscle is at its
optimal length (stretch) and approaching the contraction phase. Increases
in mechanical power by increased load and maximal revolutions per minute
may enhance performance in supramaximal bicycle ergometry as suggested

by Asmussen et al. (1976). Controversially, however, Harrison (1970)
suggested this was not the case. In fact, if the series elastic
component of pedalling were absent, one would see a ppssib]e 18% increase
in power output. The stiffness of the series elastic component, he
suggested, increases with load. This increase, according to Asmussen et
al. (1976), should enhance performance so evidence is not clear as to

the influences of the series. elastic component in bicycle ergometry.

In revigwing individual perfor&%nce§ and contribution of the series
elastic component (more influential in the result and measurement of
mechanical power than parallel elastic components) evidence seems

equivocal as to its portent.

8. Anatomical Advantage. For the Margaria'stair fun_Withers et
al. (1979) have demonstrated thaf leg length does effect perfo?méqce.
To have relatively long legs enhances performance on this’anaerobic\test.
- For standardization in bicycle efgometry, fhe knee is required to be a
slightly bent at the vertical position of the pedalg. This has been
found to be most mechanically efficient regardless of 1imb length
: _(Astraﬁd et al., 1976; Nordeen-Snyder, 1977). |

|

9. Force/Velocity Relationship. Hill (1922,\1938) showed a hyper-

bolic relationship between force and velocity in isolated muscle
prepérations. Since then Wilkie (1950) showed that if ineftia] factors
were taken into consideration, human skeletal muscle in vivo demonstrated

L

this same characteristic.
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Sjogaard (1978) demonstrated this‘h;perbolic relationship by deter-
mining speed and force for 4-5 revolution outputs and at 70-100% of VOZ
max but'thé force/velocity curves also varied according to optimal load-
ing and speed (Seabdry et al., 1977).. It is evident that optimal force/
velocity relationships exist for each muscle and differ between individuals ‘
(Komi, 1973) according to fiber type (Sjogaard, 1978). Fbr example,
peak force/pedal thrust decreased with increasing pedal frequency
(Sjogaard, 1978) andtisokinetic exerciSes at iow speed were more indica-
tive of FT fibers being recruited than at fast or zero speed conditions
(Gregor et al., 1979).

It is to be noted that the force/ve1ocipy énd power/ve]otfty curves
change markedly when stored elastic energy in muscles is used (Cavagna
et al., 1971). . In fact, Cavagna (1977) showed the efficiencies (mechani-
cal) of bicycling to be .260 compared to .391 for running (i.e., 26%
and 39.1%). He suggested that running is more suitaB]élto uti]ization
of stored energy from the negative work phase than bicyc]ing, Asmussen
et al. (1974) support these findings. Loaded cycling resulted in 25.1%

efficiency.

10. Body Composition. Studies (Kitagawa et al., 1980; Cbiozio et
al., 1980) have shown obesity or external load té'be advantageous in
the Margaria sfair,run; both time to complete the task and total power
output were increaged. This effect of,excess weight, however, does not
hold true for ergometry gince it is weight supported. Rather, weight
due to musc]e mass utilized appears to be the key factor in determining
anaerobic performance (Daviés, 1971).

Conflicting evidence is provided by Katch (1974) Qho showed body

weight to éccount for 41% of variance in total power output between

individuals and leg volume to be 36% of the variance especially in
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intensive exercise. A later study (Katch et al., 1977) showed lean body

mass to be a better correlate of total work done.

Muscular Components

Several factors may influence the results of any anaerobic testing.
These factors include the fiber éomposition of the athlete, effects of
neural control on performance, arrangement of fibers and angle/length
ratios.

Muscular arrangement is very importanf since it determines the
force/velocity relationship of that particular muscie'(Josephson, 1971).
‘Maximal force‘is directly related to the cross-sectional area of the
muscle, however, whether these. fibers are largely slow or fast twitch is
going to have a significant pearing on force production. FT fibers are
/known to be cross-sectionally larger and thus may occupy a larger area
even though percentage-wise this may not be appargnt~(5a1tin, 1973,
Edgerton, 1976). Cross-sectional area is also dependent upon whether
thefmuscie fibers are in para]ie] or in series; parallel arrangement
would obviously display abiarger cross-sectidn than in series. The
effeéts % FT fiber type has on power output is to infiuencé g]yﬁo]ytic
capacities of the overall muscle and hence anaerobic performance.

' Arrangement (i.e., fusiform or pennaté) effects the forcé/ve]ocity
relationship of a musc]é (Shephard, 1972)f Fusi form muscles produce
work via speed of movement whereas pennate fibers 1$rge1y produce work
via the work exe;ted. Conseqiently the product of force and veioéity
under ;articular circumstances may exhibit similar capabilities fdr
producing work even thougn the major contributing components (force of
bqntraétion vs. speed of contraction) may be vastly different (Josephson,

1975). Muscle arrangement is often associated with 1imb lTength and

29
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function. If-power is required, then there is a pennate arrangeneﬁ%yof
fibers; conversé1y speed fibers are fusiform.

In examination of anaerobic capacities and bredominant]y anaérobic
| athletes, Komi et al. (1977)”exemp1ify the_apparent re]ationihip be twee
| fibér type and anaerobic capacity. For theiwingate protoco%}énd runs 6f
variou§ distances Inbar et al. (1979) showed peak power and ¥ FT (r = 0.78)
to be good predictors of 40 meter Sprint.peffokmance,whi]st total power
output and peak power output were better for 300 meter performances
(r = 0.72). Campbell et al. (1979) found, in examin&tion of fiber type,
that performance could not be predicted.

Training, it has been observed, can alter fiber area (Saltin, 1973).
Anaerobically trained athletes display FT fibers largen in size when_

compared to endurance trained athletes and males show ailarger FT fiber

size than females (Gregor et al., 1979; Costill et al., h973).

i
\

Recrditment of fibers and thus dissipation of mefébd]ites of anaerdbic
glycolysis are also 1mp0rtént,in determining anaerobic cabacity (Anderson
‘et é]., 1975). Slow twitch oxidative fibers may contribute to Tactate
removal whilst showing no signs of depletion of their own glycogen stores.

The optimal force/velocity relationship needs to be found.in all
muscular activity to elicit an optimél response. Asmussen (1979)
suggests the\]imits to intensity of exercise (pdwer) and the amount. of
exercise (work) an individual can sustain are not necessarily attribut—
able to the'inab111ty of:musc]eé_to maintain or develop a certain
expected force o} power. ‘Rather, both centra]fand peripheral mechanisms
(neural and muscular) may result in impairment of activity. In other
words whilst measurement of muscle function in terms of power output om

. |
force elicited may be beneficial, any impairment in performance may not
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necessarily be*due to inability of the muscles to maintain acfivity.
Neural factors (e;g., transmission mechanisms ) may be the controlling
factor. Knuttgen (1975) supports this theory that there are neural 1imits4
to thé'musc1e's ability‘for endurance in repeated movements. Thorstensson
énd Karlsson (1976) suggest inability to supply ATP and inability of
coupling to take place in FT fibers may be associated with the motor
neuron and the so called fatigdabi]ity of the muscle. They found a
relationship between % FT fibers and leg fatigﬁabi1ity} Both force and

velocity of contraction were greater in FT than ST fibers.

Warm-up For Supramaximal Exercise

Tﬁe effects of warm-up on short maximal anaerobic exercise leading
to exhaustion in one minute or less has not.beén extensively examined
by researchers. De Bruyn-Prevost and Lefebyre (1980) examined five
minutes of warm-up at 30% VOZ and 75% VOzmax prior ta the onset of '
exercise and found that warm-up at 30% enhanced performance whereas 75%
was detrimental. Warm-up did raise heart rate and oxygen consumption
- slightly during the criterion exercise as compared to values for no
warm-up but lead to no increase in lactic acid level. With a rest
period between warming up and exercise, performance was not enhanced
regardless of warm-up intensity. Physio]oéica] measurement changes of
consequence were not found.v With the 5 minute, 30% Vozmax warm-up, the -
time to reacb the criterion pedal frequency (femaleé = 104-108 “PM and
males =(124;128 RPM) was reduced whereas 75% VOZmax increased that
period.ﬁ Lactatés at the end of all conditions did not vary significantiy.
The conclusions from this study show that performance on the bicycle

ergometer is significantly better and the anaerobic endurance capacity

is enhanced when a 5 minute 30% VOZmax warm-up takes place pridr to
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exercise. Differences in oxygen &ébt, in this study, were non-signifi-
cant. Investigations (Watt and Hodgson, 1975; Gutin et al., 1976) of
the effects of Warm-up or no warm-up in exercises leading to exhaustion
in one minute, two minutes and 90 seconds found heart rate and oxygen
‘consumption to be elevated. Intensity was not examined however. Watt
et al., (]975) also reported 1ncreased muscle and core temperatures as
well as cardio-pulmonary adjuétments and reduced frequency of ischemic
response.

Bar-Or (1977) examined 10 minutes of intermittent warm-up (30
seconds exercise/30 seconds rest) in young adults and chi]dren'and
suggested heart rate criterion to reach 150 beats per minute and 160
beats per minute, respectively. Inbar and Bar-Or (1975) found power
outpUt for supramaximal bicycle exercise to be enhanced by warming up

max) preceding

for 15 minutes (intermittent running and rest at 60% VOZ

the criterion test.
Asmussen et al. (1976) showed that in vertical jumping (similar to
vertical jump of Sargent [19211]) if the muscle temperature were increased,

so too was vertical jump.

Metabolite Build-up

In Sahlin's extensive studies (1978), on dynamic exercise, 51ood
lactates/pyruvates were found to be approximateiy.eqyivalent to those
found in the muscle due to the increased flow to the wérkjng muscle (in
comparison to isometric type exercise). It is evidé%%’from this study
that venous lactate and pyruvate is a legitimate means of assessing local
fatigue, ‘anaerobic capacity and the possible detrimental effects that it
ﬁay have on function (i.e., decreased pH and accumulation of lactic acid

and pyruvic acid at intensities above 60% VOZmax). For subjects working



at/or in excess of their Vozmax, the muscle approaches a saturation level
for lactic acid/pyruvic acid (LA/PA) and so too should venous blood
lactate provided the exercise is suitably intense.

Jorfeldt et al. (1978) demonstrated that in fact only during high
intensity exercise does blood lactate not diSplay a linear relationship
with muscle lactate-levels. Their findings stresSed-thgt with perfor-

mances of greater than 87% VO, this linearity no longer existed and in

2
fact an asymptotic relationship came into effect.

| To support fh%s evidence,. Sacks and Sacks (1937) found, from studies
on cats, that at very high intensities of work a “storing" of 1aétaté
occurred within the tissue and was related to the most efficient buffer
System\for acids which are Jocated intracellularly rather than extra-
cellularly. Jorfeldt et al. (1978) state that there are translocation
hinderances for ]actate within the exercising pusc]e at higher intensities
of exercise. They conclyded thaf lactate formed in thé muscle during
exercise is re1eased at low and moderate workloads but partly accumg]g o d
jn the tissue at heavy workloads when the rate of lactate formation g
high. Their data indicated a maximal capacity for lactate release cor-
responding to about 5 mmol/min using a series of needie biopsies from

the vastis lateralis muscle and catheterization of the femoral artery

and femoral vein.

MEASUREMENT OF ANAEROBIC POWER

Ahaerobic power has been measured by a variety of methods. The
usefulness of these tests as a measurement tool in exercise physiology
can only be evaluated in relation to actual performaﬁces. 0f partiéu]ar
interest is the relationship of the 30 second bicycle ergometer test

to actual performances.

33
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Bar-Or et al. (1977) showed correlations wifh the 300 meter and
25 meter swim to be 0.85 and 0.87 respectively and concluded a 30 second
anaerobic power test on the bicycle ergbmeter to bé an indicator of
anaerobic capacity. Taunton et al. (1980), in thefr study involving
endurance rather than anerobically trained athletes, founa a poor
reletidnship to exist between the Margaria stair run and peak anaerobic
power elicited on the bicycle ergometer. This, however, is explained
by Caiozzo et al. (1980) in that the Margéria stair run does not tax
anaerobic stores or allow man to ﬁrbduce maximal work and on1y by giving
a-subject an external load to.cafry is it 6pt1ma11y taxed. In bitycle
ergometry gxteﬁha] Toad can be altered to obtain the optimal force/
velocity reiationship for the subject (Luhtanen and Komi, 1980; Caiozzo
et al., 1980). Subjects must be optimally loaded in order to producé

maximal power outputlor‘work (Harrison, 1970).

)
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CHAPTER 111
METHODOLOGY

EXPERiMENTAL DESIGN

This study was specifically designed to examine data compiled from
multi-trial performances by individuals on the Wingate bicycle ergometer
protocol, modified Wingate protocol and absolute resistance éettings.
In particular the following variables and their relationship to training
status and activity were examined in thiéystudy: |

1. Maximal power output: (MPO) “

2. Peak power”odtput (PPO)

3. Energy sources utilized

4. Venous blood lactate levels

5. Ability to sustain exercise proportionate to maximal power

output |

To this end, the re]atiohship of anthropometric measures (body
weight [kgl, leg circumference [cml, selected skinfolds {mm] and leg
volume [liters]) to the force required to elicit maximal power output
was examined with the intent of predicting the force to elicit PPO and
MPO in single trial testing. This’necessitated mu1t1p1e trial tests
of multiple trial tests including 3;5 kp and 4.0 kp absolute reéjstances
for all subjects. The intratester reliabilities for venous blood
lactates, leg volumes, circumférences and skinfolds had been established

(see appendices H and C).

SUBJECTS _
Twenty-eight active to highly trained female volunteers aged 17 to

27 years were recruited to participate in the study. Selection was based

35
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on the type and level of both aerobic and anaefobic activity and train-

ing. A1l subjects were screened by completion of a Par-Q questionnaire

(see Appendix I-1I) and measurement of resting blood pressure and were

required to complete an informed consent form (see Appendix I-I1).

EXPERIMENTAL PROCEDURES AND EQUIPMENT

Body Density: Total body fat was estimated by using the formula of

Brozek et al. (1963). Body density was determined by hydrostatic
weighing as described by McNab and Quinney (1981). Vital capacity
was measured with é Collins Vitalograph and the underwater weigh-
ing was completed with full in;piratiqn. Chart readings for a
minimum of three consistant underwater weighings were taken and

the mean of the three readings were recorded.

Consent Forms, Par—Q_Questionnaires, Resting Blood Pressure Tests and

Training/Activity Status: A1l subjects were required to comp]ete

informed consent forms, Par?Q forms, and have resting blood pressures
measured for the purpose of screéening. A blood pressure of 150/100
mm Hg was considered Qnsuitab]e. A training/activity profile was )
completed and all subjects'weré expected to be training or involved
in strenuous activity at least thrée times per’week. |

Leg Volume: Subjects suspended ‘the right or dom{nant leg (one subject)
vertically in water in a calibrated (to 0.1 11ter) volume tank. The
leg was immersed to the point at which the grasilis muscle attaches
to the symphysis pubis but not beyond the gluteal furrow. The tank
was filled to the top with the leg immersed as indicated. The
subject was then required to remove her leg and the drop in water

level or water displacement was indicative of her Teg volume.

Water temperature was maintained at 24°C throughout the testing

Id -
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period.

Skinfolds, Circumferences and Body Weight: Circumferences of the thigh
was taken horizontally 1 cm below the gluteal furrow of the right
or dominant leg with weight evenly distributed. The calf circum-
ference was taken at thg point of greatest circumference (Ross,

- 1981). The cé]f skinfold was taken at fhe midline and medially at
the point of greatest circumference. The thigh skinfold was taken
at the anterior midline of the thiéh, level with the point at which
circumference was taken. Vertical skinfolds were taken and both
were taken with the leg unweighted as described by Ross (1981).
Circumferences were measured by using a steel anthropometrfc measur-
{ng tape. Skinfo]dé were measured by use of John Bull (British
Indicators Ltd.) skinfold calipers and all weights were measured on
a clinical balance (see Appendix C-V).

The Ahaerobichower Tests: Approximately six to eight 30 second anaero-

bic power tests were undertaken by all subjectstt\{he subjects were
firstly familiarized with the bicycle, the warm-up phaseand the
test itée]f. Modifications to the ergometer included installation
‘of racing-style handlebars, toe clips and the mounting of dga]
microswitches on the cranks to count pedal revolutions. -A modified
Sanborn 100 ECG recorder was utilized for the purpose of permanently
recording revolutions.

‘The seat height was adjusted so that only slight flexion of
the knee existed at the down position of the pedal and the seat
height recorded to standardize future tests. The ergometer was
calibrated prior to eveky teét using a static weight calibration
procedure (McNab and Quinney,A1981). After warming up for two

minutes at a resistance one-quarter to one-third of that required
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for the aétua]btest and approximately 60-80 rpm (revolutions per
minute), the subject was required to pedal maxima]]y for thirty
seconds.

To maximize performance, at approximately 3-5 seconds prior to
the onset of the 30 second test the subject began increasing pedal "
~ rate so that when instructed to ‘go' (at the beginning of the 30
second tesf when the resistance had been quickly set) the }ubject
was peda]]ing maximally. Strong verbal encouragement and feedback
on time elapsed were given to encouragi\max1ma1 performance.
Revolutions were recorded for the whole‘\30 second period. To aid
in recovery, a warm-down of approximately 0.5 kp for 2-4 minutes
followed each tést. A minimum time lapse of 20 minutes between
paired tests Was given and no more than two tests Qere performed.
on any one day (Evans et al., 1981; Bonen et al., 1979).

fhe resistance setting for each of the ergdmeter tests were
as follows:

1) Absolute resistances of 3.5 kp and 4.0 kp

2) Wingate protoco] or%pracketing: a weight-relative resisfance

~setting determined sy multiplying the subject's weight by
a factor of 0.075.

3) Resistances (approximateiy 3 to 5) "homing in" on the

force to elicit peak power outpUt.

The "homing in" of the R to elicit PPO took the form of step~
wise 0.5 kp increments in resistance until the PPO was reached and
any subsequent increase in increments shoyed a drop off in power
output. Increments of 0.25 kp bracketing PPO were tested to sub-

stantiate that in fact PPO had been reached. A re-test of PPO then

took place.



Analysis of RPM for each 5 second period of the 30 second test
produced power outputs both in absolute terms (watts) and relative

'1). Peak, mean and total power output for the 30

terms (watts.kg
second period were also recorded.

Blood Sampling and Analysis: From the sample tested in this study one

person was randomly selected from each of the § sub-groups to
participate in time course analyses of power output versus blood
lactate Tevels. Haematocrits were also gxamined to establish the
relative effect of haemoconcentration on [LAl. Al analyses
utilized Sigma Lactic Acid analysis kits and all samples were
analyzed within one month of collection. |

Basal blood Tactate levels were defermined'and then each of
the éubjects were required to have blood samples taken after the
following randomized tests:

1) Blood lactate after 2 minutes warm-up.

2) Blood lactate after only 5 seconds of thé 30 second test.

3) Blood lactate after only 15 seconds of the 30 second test.

4) Blood Tactate after 6omp1eting the 30 second test.

A11 samples were taken after 5 minutes of recovery with no recovery
period as this allowed sufficient time for peak lactate diffusion levels
to occuri(Freund et al., 1980; Sahlin et al., 1976). Trained personnel
took all blood samples as eacﬁ subject was in a two hour minimum post-
absorbtive state.

Experimental Protqco]: The subjects were exposed-to the fo]iowing

sequence of testing:
DAY ONE:
1) Consent forms, Par-Q, Training status and resting blood

pressure.
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2) Body density.
3) Anthropometric measures.
4) Orientakion of equipment, procedures and recording of
correct seat height.
5) Two of the 30 second bicycle ergometer tests.
DAY TWO:
1) 4.0 kp resistance.
2) 0.075 of body weight (kg) = R(kp).
DAY THREE ARD FOUR:

1) Resistance homing in on PPO.
2) Resistance homing in on ppol .
Once PPO was established selected subjects were randomly tested

for blood lactate response to the previously outlined protocols.

STATISTICAL ANALYSIS

Analyses involved a step-wise multiple regression to determine
appropri ate parémeters to_predict maximal power output and peak‘power
output.a The Michigan Interactive Data Analysis System (MIDAS) was used
for this statistical analysis and the probability of the F ratio occurring
by chance was examined at the 0.05 level. For anaerobically trained ;
athletes a one-way ANOVA of differences between groups (anaerobic and
aerobic) for both maximal and peak power output, and appropriate post-
hoc tests were also utilized. Lactate concentrations and haematocrits

were examined graphically.

1A period of 24 hours elapsed between each day of testing.



CHAPTER 1V
RESULTS

The physical and anthropometric characteristics of 28 experimental
subjects, 24-anaerobically trained and 4 aerobi;al]y trainéd, were
examined (Appendix: A-I to VII) and characteristics particularly perti-
nent to this étudy are summarized in Table II. The five anaerobically
trained groups and one aerobically trained group respectively comprised
of: (1) Basketball Athletes (n = 6), (2) Volleyball Athletes (n=17),
(3) Gymnastics Athletes (n =5), (4) Cycling Athletes (n = 3), (5) Track
and Field Athletes (n = 3) and (6) Endurance Athletes.

Mean results for the six groups on peak power output (PPO) at common
force settings corresponding to 3.5 kp, 4.0 kp, the Wingate sefting and
the force to elicit actual PPO on the 30 second bicycle ergometer test
are shown in Table III. Mean results for these six groups on mean

maximal power output (MPO) at the four resistance settings cited can

also be found in Table II. .

To establish power outputs, both the actual peak power outpu;%;hi\
the actual MPO, subjects were required to complete between 7 and 12
separate tests on the bicycle ergometer. An example of the power/time
relation for seven such trials executed by subject 106 (where 1 represents
basketball and 06 subject number) is represented in Figlre 1. Compila-
tion of this data enabled examination of both peak power output for each
trial and maximal power output for each trial. For this subject, the
peak power output/force curve is represented in Figure'Z as well as the
curve for maximal power output/force (see Appendix : B-I to VI for

typical power curves for each experimental group).

In examination of force settings and power outputs for the anaerobic

4]
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TABLE III. Mean Results for the Six Experimental Groups on Peak Power
Output (PPO) and Maximal ‘Power Output (MPO) at 3.5 kp, 4.0 kp,
WIN(R), PPO(R) and MPO(R) Resistance Settings
GROUPS
PARAM. 1 2 3 4 5 6
PPO (3.5)| 501.96 473.85 403.80 432.60 453.24 422.34
+30.85 | +26.60 | +51.71 | +00.00 | +41.10 | +76.15
PPO (4.0) | 569.00 521.54 433.89 468.92 286.60 482.67
+34.62 | +27.38 | +97.75 | +26.51 | +49.03 | +49.01
PPO(WIN) | 612.58 | 590.51 | 451.46 | 539. 511,71
’ +63.96 | +58.57 | +91.36 | +61. +43.62 |
PPO 662.44 | 659.88 488.23, | 593. 520.92
+74.79 | +62.04 |+104.78 | +67. +42.63
MPO (3.5) | 429.68 403.20 337.85 376. . 369.75
C | +24.62 | +09.49 | +45.66 | +20.14 | +44.75 | +61.69
MPO (4.0) | 475.40 438.19 350.23 401.72&(. 398.00 401.25
' +21.65 +15.73 +73.19 +159.49 +42.55 +60.29
MPO(WIN) 489. 84 463. 16 362.83 432.60 446.52 445,59
$39.22 | +24.74 | +54.83 | +24.68 | +59.55 | +63.24
MPO

518.58 | 501.27 | 382.68 |[ 458.76 | 497.60 | 446.10
+47.12 | +34.39 | +64.04 | +44.89 | +34.52 | +63.18
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POWER OUTPUT (WATTS)
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' A. PEAK POWER OUTPUT VS. FORCE

B. MAX. POWER OUTPUT VS. FORCE

~ Figure 2. Peak Power Output Vs. Force Setting (A) and Maximal Power
Qutput Vs. Force Setting (B) for Subject 106
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é%ference; r = 0.991 (significant at the 0.05 level, see Appendices C-1I
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group, a mean force of 5.06 + 0.77 kp was required to elicit PPO, 5.10 +
.12 kp to e]ié%t MPO, and 4.64 + .57 kp the force predicted by the Wingate
protoco]. Signfficant differences between the Wingate force setting and
both the forces required to e]itit PPO and MPO were found (a = 0.05),
Power prbduced at these force settings prodUced PPO of 617.64 + 98.52
watts (mean + S.D.), MPO of 477.48 + 68.04 watts, PPO(WIN) of 546.72 +
88. 32 watts and MPO(NIN’ of 449.900 1:71.88 watts. Again, significant
differences iﬁ power weré/e1icited by the Wingate protocol as compared
to those measured in this study, the latter being more favourable for
the, production of power. In fact, a difference as large as 163.38 watts
between fhe Wingate resistance and the force to elicit PPO was demon-
strated by one of the basketball players. The mean velocity of pedalling
to elicit PPO‘and MPO for the anaerobic groub was 95.4 1_13.1 RPM and(
95.5 + 11.97 RPM.

For comparison of power, in relative terms, the Féﬁu]ts of PPO/KG

body weight and MPO/KG body weight for each grdup is shown in Tab]e_IV.

- It was observed that the aerobic group showed fewer differences in power

production -for 5 seconds compared to 30 seconds but with sports more
prone “to impulse activity such as‘basketba]], volleyball and track/field !
markedly larger differences can be seén.

Reliabilities for peak and maximal power output for all experimental

shbjettsy(n = 28) on test-retest data are sthn by pearson correlations

of r=0.95 and r = 0.98 respectively, significant at the 0.05 level

(Appendix: C-I). Re]iabi]ities‘$ﬁ£ anthroﬁometric data are as follows:

(1) Leg Volume; r = 4.912.2, (2) Thigh Skinfold; r = 0.979, (3) Thigh
Cirgumference; r = 0.989, tﬁ) Calf Skinfold; r = 0.977, (5) Calf Circum-
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One-way analysis of Vﬁ}iance between sports on each of the measured
parameters, both dependent and independent, showed significant dif%:rences
between some groubs for'weight, leg volume, 1eén body mass; PPO(R),
MPO(R), WIN R, PPO, MPO, PPO(WIN) and MPO(WIN) using Scheffé post-hoc
analyses (Appendix: F). An examination of the énaerobic group showed
gymnasts to be 1ower thangvb11eyba11 players and the aerobic group was
significantly lower than the volleyball players, basketball players, and
track/field athletes in terms of power production (a = 0.05).

For the step-wise regregsion ana]ysig, for predQction of the force
needed to elicit PPO and MPO, a éorre]ation matrix was established
(Appendix: D-1). In the stat{stical analyses, the addition of an inde-
pendent variab]e to the predictive equation was based onvwhethér that
addition increased the multiple R and the regression of force on the
. independent variables in the equation remained statistically significant.
In addition to an increased multiple R the independenf‘Qariable was
~ examined for the statistical significance of its addition at the O 05
level. The decision to reJect the addition was based on no 1ncrease in
the multiple R, non- s1gn1f1cant F ratio for the equation and/or 1ndependept
variable and large increases in the standard deviation of the residﬁa]s
(see Appendix: E-I and II for regression analyses). _ \\\

The resulting equat1ons to predict PPO(R) and MPO(R), utilizing \
anthropometr1c data, were respect1ve1y | !

1. PPO(R) = 1.2899 + 0.1836(TC) - 0.2378(CC) + 0.0301(WT)
where multiple R = 709 (p < 0.05) and standard error of egtimate
(SéE) = 0.581 kp.

2. MPQ(R) = 0.8624 + 0.l316(TC) - 0.1502(CC) + 0.03511(WT)
where multiple R = 0.726 (p <'0.05) and SEE = 0.510 kp.

The linear relationship of independent variables to‘the dependent

4
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variable are shown in Figures 3, 4 and 5 while Figure 6 shows the relation-
ship of the predicted R to the measured R for both PPO and MPO. The
independent variables used as. predictors were highly associated. Used
indivfdual]y as predictors of force, they resulted in a reduced multiple

R, increased the probability of the F ratio occurring by chance, and ‘
increased the standard error of estimate (SEE).

Examination of the residual plots for the force that actually
elicited PPO or MPO minus estimated PPO(R) or MPO(R) versus PPO(R) or
MPQ(R), TC, CC, and WT showed no deviations larger than one standard
deviation and/or the standard error of estimate (SEE) (Appendix: D-II to
V).

For the purpose of validating the‘prediction equations, a cross-
validation procedure was adopted utilizing a screening sample (n = 10)
and a calibration sample. The differences between R2 va]ues obtained
from prediction equat1ons and the pearson correlation between obtained
and predicted values were examined (Appendix: G) and showed the difference
between these RZ values to be minimal. This %inding demonstrated that
little difference eXiSted between the screening and calibration sample
and therefore permitted them to be combined for predictive purposes.
Kerlinger et al. (1?73) pointed out the fact that extra stability is
gained. For predietive purposes this sfudy adopted this proCedurel

Results of analysis of the five blood samples taken from 6 subjects
(one from each sport group) are graphically represented in Figure 7{a)
to (f) and show fhe extent to which the blood Tactic acid concentration
changed from rest to completion of the anaerobic exercise. Variability
for the assay as demonstrated by analysis of 12 mg %, 36 mg % and 60 mg %
standards were 4.16%, 1.96% and 1.87% respectively (r = 0.9996, signifi-

cant at the 0.05 level). Pipetting variability for the assay was 2.34%
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(Appendices: H-1 and II).
Haematocrit values in Table V were used to correct lactic acid

concentrations for haemocentration due to exercise.

TABLE V. Haematocrits for Five Stages of the Anaerobic Power Test for
Each Experimental Group (%)

SAMPLE REST WARM- 5 15 30
up | SECS. SECS. SECS.
Group 1 39 40 44 46 o
2 41 39 40 42 42
3 42 43 43 42 45
4 37 C37 38 41 4
5 40 4] - 40 40 42
6 41 42 42 | 45 43




CHAPTER V
D ISCUSS ION

To optimize power output on a 30 second all out bicycle ergometer
test, both in terms of abi]ity to produce peak power output (PP0) and/or
mean maximal power output (MPO, a favourable combination of force
(resistance setting) and velocity (rpm) is required. Examination of such
phenomena for a large number of individuafs over many trials has shown
there to be a uniqueness of ability to produce power (Force x Velocity)
and this is particularly evident in the individual power output curves.
No particular association was found between MPO or PPO a;E pedal speed
achieved. On the other hand resistance and PPO/MPQ were significant1y|
correlated and the data suggested that ve]ocity or speed of pedalling
may be a dependent variable in production of power. Mean pedal velocity
for all anaerobic subjects was approximately 95.4 i'i3:1 RPM and 95.5 +
12.97 RPM (for PPO and MPO, respectively). The product of force and
velocity account for all power output measured in this study. However
to optimize accuracy of prediction, bracketing of velocity within the
above range would optimfze performance.

Departure from the classical force/velocity curves (Hi11, 1938)

as demonstrated in this and other studies (Cavanagh et al., ]97];‘W11k1é;v

i

1950; Sjogaard, 1970), can be explained in the interplay of optimally
loading force and velocity (Seabury, 1977) and overcoming friction.

This dinterplay was exemplified in the observation of rpmelicited for
the first 5 seconds of the all-out power test, particularly for a number
of the lower resistance settings. Pedal speed remainéd the same
regardless of any increase in resistance. On an interindividual basis,

equivalent power output could be achieved‘by either greater pedalling
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frequency and Tower resistance setting or vice versa.

This phenomenon appeared to be sport related and the data suggested .
it was especially advantageous to obtain higher power outputs via
increased pedal frequency rather than by working against increased
resistance. This can be explained by the negative work that occurs in
the up phase of the pedal cycle where the elastic components of the
muscles involved in the exercise are able to store energy as potential
energy for the next down phase (Sjogaard, 1978). Consequently, any
increase in speed would result in increased total negative work, increased
potential energy, and therefore, aid in the production of force for the
down‘phase (Luthanen and Komi, 1980). The bicycle ergometer test may
thus appear to be advantageous for those athletes who have a disposition
towards recruitment of fast twitch fibers rather than slow twitch or from
the muscles utilizing a greater percentage foot twitch.

It is well established that the peak efficiency of
fast twitch muscle fibers occurs at much higher
contragtion velocity than that of ST muscle fibers.
Consequently this had led to the finding that
mechanical efficiency in bicycle ergometer work
varies due to the combined effect of the load,
muscle fiber composition and pedalling ratefOKoqth
p. 44, 1982). ) -

-aﬁln'faqﬁ, elgctromyographical studies have shown that in activities which
- T {il"" : .

”7‘f’Qﬁ11i?e st?étghrShortening cycles, the Toncentric contraction can be

-;performed through recoil of elastic energy and with very little expendi-

ture of electrical and chemiéa] energy (Komi, 1982; Lutaa';n, 1980).
Mechanical power measurements in particular muscle groups revealed peak
power values of the concéntric phase to occur at djfferenf contraction
;aspéeds depending on the relative distribution of FT and ST fibers in the
1

muscle. Predominantly FT type muscle showed speeds of 12 rad.s ' or

higher while:ST'type muscle was as slow as 3-4 rad.s'] (Komi, 1982).
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Compared to aerobic te ting, where lower resistance settings and
longer exercise durations are-predominant, the power test utilized in
this study was of an anaerobic nature in that it required an ai]-out
effort over 30 secondé (barely enough time for aerobic mechanisms to
fully kick in). ‘Since no_steady state 1; achieved, it is feasible to
examine decrements in power output over the exercise period depending‘
on tﬁe'particu1ar sport and its length. . Examination of individual power
curves showed these decrements-and were similar to those reported by
Katch ef‘a1. (1977). The peak usually occurred in the first 5bseconds
and similarly to the Margaria stair run (1966) reflected utilization of
_ﬁTP from the ATP-PC system. It was noted that fhis was peak for_a 30
second'testland“cyclists appear to have no advantage over other athletes
due to the specific nature of the exercise. This was evident in compari-
son of the\re}ative power outputs (10.05 watts/kg and 7.63 watts/kg).

For impulse events which required a single maximal contn§p¢ion
‘whicﬁ may be equated in the current s tudy wfth a down phase of the pedals,
measu}ements of between 230-420 kp have been reported (Sjogaard, 1978).
This study was however concerned with ability to produce power in a 5
and 30 second time period but if a single maximal contraction was
equatgd witﬁ a single down stroke of pedalling then values in the
vicinity of 393 kp wefe measured (i.e., 5 seconds/lz revolutions thus>
0.42 secs/revolution). B |

A range of absqlute settings, tﬁ% weight-relative Wingate setting
and the full range of resistance seffings (and cor =2quent pedal frequen-
cies) to elicit MPC 2P0 for each individual was comp]éted. These
measurements were obtained in every case and the standard absolute settings
and the wingate protacol were signifieantly different (a = 0.0é) to PPO(R)

and MPO(R). This may be attributable to the fact that a highly .anaerobically -
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trained group were tested. The protocol devised at the Wingate Institute
did not test competing university athletes in determination of the

protocol.

Testing of‘each subject was completed within a two to %l
- time period so reproducibility as shown by test-retest data W
For testing beyond this time period, functional changes and/or effects
of training (or detraining) have not been examined and therefore may
make long range anaerobic power testing a difficult proposition.

Both the correlation matrix and consequent step-wise regression
indicated the anthropometric measures of thigh circumference and calf
circumferéﬁte in combination with body weight elicited a predictive
equation which accounted for in excess of 50% of variation in PPO and
52% of variation in MPO. Measuremenf\of PO beyond a 3 week time frame
may result in dramatic changes as fitness level, nntiyqtion, diet and
stress may a]Fer performance.

The high degree of aéspciation of WT and LV pre-empted its inclu- .
sion as a predictor. Inffact jt (LV) was the last variable tq\be
accepted into the eqUat{on’fof just this reason. With regard to utilizing
WT versus LBM as a preq%ctor, examination of the Eerélation matyrix
showed WT to be betterfcorre]ated with the dependent variable of criterion
and significantly incﬁ;ased the multiple R for the regression (a = 0.05).

TC, CC and WT are all measures that can be expediently measured and
despite some degree of association, their addition to the equation

was significant (a = 0.05) and suitably increase the mu]tip]é r value.

For any work involving prediction, larger sample size will decrease

fl

the T1ikelihood of chance being attributed to the relationship.: Hence for

this study, greater creedence could be placed on the results.if the sample

*
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.
size were increased. Despite this shortcomihg, all other assumptions of
multiple regression analysis appear to have beén sat1sf1ed$/ Anthropometric
data regressed against PPO(R) show linearity and are significaﬁtiy greater
than 2ero (a« = 0.05). This holds true for MPO(R) also. Residuals plotted
against PPO(R) and MPO(R) showed 1ndependence and a homogenous variance
about a zero mean. The anthropometric data appeared nor@a] and the

cross validation procedure demonstrated shrinkage to be re]ative]y small.
To this end coﬁbining the split sample was thus permitted:.as an increased
sample size increases stability (Kerlinger and Pedhazur, 1973).

Reasoning behind developing two predictive eduations was to determine
jf similar anthropometric attributes correlate with power produetion'for
5 seconds compared to the 30 second period.

Davies (1971) supported the notion that Teg muscle size and overall
body size significantly related to anaerobic power production assessed by
maximal jumping, stair running, and aerobic bicycle exercise. »

Peak power and % FT fiber compesition were good predictors of
performance in a 40 meter‘sprint}(r = 0.72) whereas eoth total power
output and peak power output.were better (r = 0.72) fo%5300 meter perfor-
mances (Inbar.et al., 1979). The need to prov1de 1nformatloneﬁggard1ng
performance for var1ous phases of the 30 second test was ev1dent and
measurement of PPO and MPO would prov1de this type of information when
equated with field performance. Skinfold measures in this study did
not give any ibdication o% being either detrimental or beneficial to
performance. ﬁSince bicycle ergometry is a weight supported mode of
exercise the effects of non-contributing body mass is minimal. . This is

not however the case in the Margar1a stair run where increased WT a]so

1ncreased power output (Caiozzo et al., 1980).
(

J



It is not surprising, then, that the same parameters were selected
for addftion to the prediction equation and only the respective weight-
_ihgs and constants differ. This suggests that peak power output and MPO

differ only in that some athletes are more suitable to particular event

Tengths than others. To emphasize this point, the ANOVA showed signifi--

cant d1fferences between the aérobic group and some of the anaerob1c
groups on PPO, MPO, WIN(R), PPO(R), MPO(R), MPO(WIN) and PPO(NIN)
Significant differences between the gymnasts and volleyball players
suggest too that event time and type are key factors in pred1ct1on of
performance. A gymnast is required to perform a series of maximal
exérciies lasting from 5 seconds to 1%.minutes whereas a volleyball
p]aye;»may be required tovproducé many single maximal jumps interspersed
with a rest period. Therefore a test of peak performance would be more
beneffcia] for a volleyball player than a gymnas t, Th1s notion is
supported b} Margaria ( 1966) who showed that no rest was needed between
~ performance on the stair test because of its highly anaerobic nature.
Frqm examination of the prediction of power output by anthropo-
metric data and actual PPO, it‘was apparent that this regression better
predicted performance for basketball, dymnastics and track and field
whereas MPO was better predicted for the aerobic events, cycling and
gymnastits. This finding would be expected if the duration of events
and the intensity of these events are considered. These observations
give strong support for the need to be able to test portions of anaerobic
power in conjunction w1th the durat1on of an event (e.q., ]00 meter
sprint, long jump). A compar1son of prediction of PRO( R) and MPO in
lrefation to competitive performance would substantiate this even further.
Aerobic groups in genera] do not perform as well in anaerob1c power

tests (Taunton, 1980; Komi et al., 1977) and this study a1so exemp]1f1ed
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this finding. Aerobic athletes tended to have a low PPO and drop off
was as low as 30% compared to approximately 60% for some anaerobic
athletes. This phen&hena certainly adds éfedence to the notion of the
anaerobic system being trainable. That no significant differences were
found in the éhthropometric data certainiy suggests changes must be
occurring at é cellular level rathér than anatomically as far as training
regimes are concerned. Comparison with a larger aerobic group Wou]d
how?ver'be wise to substantiate this 1ack of difference. Data from
this study suggested the parameters ﬁeedéd to pregict MPO and PPO for
anaerobic athletes were nof‘good predictors for éerobic ath]etesu
Performance was over estimateé. Using a less conservative analysis
than the Scheffé post hoc analysfs and an equal sample size would also
enhance any éonclusions drawn.

One would suspect thaF because circumference measures predominated
in the prediction equation that this is an indicatfoﬁ of muscle mass
and/or the fact that an anaerobic athlete tendévto havé a larger popula-
tion of fast twitch fibers. Certainly the fact that significant
differences were found between leg volume, LBM, and WT for gymnastics
" versus volleyball suggested that muscle mass or body size was an important
factor in the production of anaerobic power. Although the high intensity
30 second test predominately engaged leg muscies, involvement of upper
’ "bodx muscles for stability was e&ident. This may possibly enhance
performance in anaerobic power tests. For males (Evans, 1980) Body
weight and leg volume accounted for 15, 27 and 56% 0f variance in power .
output§. In this studyaWT and LV accounted for 39% and 0.1% of varia-
tions. LBM accounted for S—]O% variation. ﬂ

Fast twitch fiberé greéter in cross-: - tion area (Saltin, 1973)

therefore would result in larger circumference measurements. Also the

w
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fact that FT fibers are trainable may enhance musculature (Gollnick,
1972; or Karlsson, 1970).

A larger population of FT fibers would also explain the relatively
higher blood lactates in acid levels found for some anaerobic athletes
compared to the aerobic since fast twitch fibers are 1argé1y responsible
for the production of lactic acid (Costill et al., 1970). The effect
% FT fiber type has on power output is to influence.glyco1ytic capacities
of the overall muscle and hence anaerobic performance.

Lactic acid analysis confirmed the 30 second power test as anaerobic
in nature and while some difference was seen between the aéfobic and
anaerobic group, generalizations about trends for particu]ér sports groups
cannot be made. Similar increased in hdémocdncentration occurred for
all athletgs. It must be noted that all samples were not taken on the
same day therefore'despité‘the.suQQects being in a 2 hour post prandial
state some differences due to dietary changés‘may effééf basal and
exercise levels of blood lactic acid and extent of haemoconcentration.
This decrepancy is witnessed in warm-up (lactic acid levels) being lower
than resting levels. Metabolism of LA by SO muscle and cardiac muscle
may also account for this drop since sampling took place 5 minutes post
exercise.A '

Evidence from this study does suggest a 30 second anaerobjc power
test can reveal valuable information about performance as it relates
to sport type. The availability of equations to predict force settings
to e11c1t PPO or MPO will c1;Zimvent the long process that was requ1red |
to establish both of these measures. WT, CC and TC are easily measured
and a one trial test of 30 seconds is simple to administer. To this
enq, testing a‘maxima1 30 second effort WOL]d be more appealing to the

athlete than numerous testings requiring such maximal. efforts.
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CHAPTER' VI
SUMMARY AND CONCLUSIONS

The purpose of this study was to develop procedures to predict the
resistance required to e]iciéié&th PPO and MPO on a 30 second bicycle
ergometer test by means of regreésion equations. Anthropometric measure-
nents-wéie the ba ‘s for this prediction.

Twenty-four highly anaerobically trained athletes (Basketball,
Vo]]eyba]],'Gymnastics, Cycling, Track and Field) and four aerobically
trained (long distance runners) female athletes were measured on a L
series of lower extremity and total body anthropometric measures. This
was followed by a series of 30 second a]]-éut ergometer tests utilizing
absb]ute resistance settinés of 3.5 kp and 4.0 kp. The weight relative
Wingate setting and increasing resistance settings thereof were also
administered until PPO and MPO were achieved. These.were estab]ished by
‘the plotting and analysis of power versus time to produce a power curve.

" Both PPO and MPO were Signifjcantly different to the Wingate setting
and the fixed resistance settings (c = 0.05).

Test-retest reliability for PPO and MPO were respectively 0.96 and
0.99 (c = 0.05) and thus predictive equations were established %y gtep-
wise multiple regression using‘selected anthropometric measures.

The equations for prediction of PPO(R) and MPO(R) are respective]yf

1. PPO(R) = 1.2899 + 0.1836(TC) - 0.2378(CC) + 0.301(WT)
R = 0.709 (p < 0.05) |

2. MPO(R) = 0.8624 + 0.1316(TC) -_O.]SOZ(CC) + 0.0351 (WT)
R=.729 (p < 0.05) S
Cross validation by use of a screening sample (n = 10) and a calibra-

tion sample (n = 14) showed shrinkage of R to Ee re]atjvé]y small and



therefore allowed the sample to be combined for predictive purposes.

In the ANOVA performe;i to establish differenceiin measurements of
aerobic and anaerobic athletes no significant di fferences were found in
anthropometric measures except weight, leg volume, and lTean body mass
(c = 0.050). Differences were however found between PPO(R), MPO(R),
WIN R, PPO(WIN), MPO(WIN) and MPO for aerobic versus some anaerobic
athletes. The gymnasté showed sohe significant differences in both power
. output and body dimensions compared to volleyball athletes. No other
differences were found.

Blood analysis of 6 subjects (one from each sport group)'eétablished
the anaerobic nature of this 30 second all-out test. Observable trends
showed athletes in short duration events to have higher blood lactic
acid levels thfg‘the aerobic subject. ﬁaﬁnoconcentration averaged a
3% increase.

The following conclusioné seem to be justifiab]é‘Within the bounds
of this study: |

1. The equationé developed show reliability and jvalidity in
determining resistance settings for anaerobically t}ained'
athletes in an all-out ergometer’test.

2. Both peak and maximal power output provide information, as
measured by the 30 second power test, about the anaerobic
athlete acﬁording to her event/sport and its duration.

3. Peak and maximal power output does appear to be sport specific
and hence training specific.

4. Short duration events/sports s;owed a tendency for the athlete
to produce higher PPO whereas athletes of longer duration (up
to 30 seconds) events were better able to sustain power over

the 30 second period.
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5. At intensities less than that which produced PPO or MPO power
output was anatomically limited and in the case of the latter
allowed a higher average power output to be maintained over the
test period. ’

- 6. Comparison of males and females showed differences from 20-50%,
30% in absolute power output and approximately 2 watts/kg in
relative power output.

7. Anthropometric parameters used to predict resistance settings
in males are not suitable for fema]eS.

8. Blood lactic acid analysis demonstrated the test was of an
anaerobic nature and suggested lactic acid levels were generally

+

higher for anaerobically trained athletes.

Implications, App]icétions and Recommendations

Establishment of equations to predict PPO(R) and MPO(R) provides
the Foach, athlete or physiologist with a foundation or profile of the
type of resistance settings that would be required to elicit maximal
responses without the 6rdea1 of performing multiple trials over a number
of days. With a point from which to start testing, the power output
produced by the predicted resistance need only be bracketed by a‘s1ight]y
lower and s]ightfy higher resistance to pinpoint PPO and/or MPO. Test-
ing athletes bgtween one and three times rather than between seven and
12 times as in this study is infinitely more favqurab]e to the athlete.
Motivational and physiological changes ih the athlete due to testing and
extraneous variables are virtually eliminated. o {i?
As indicafed by this study anaerobic power-is sport specific and Y
body size appeared to be a determining factor in power production for

the various anaerobic athletes in this study. anvérsely, the same body
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structure found in aerobic athletes was not a good determihing
factor in prediction of power. The formulae therefore appear to be
applicable to anaerobic athletes of University to National standard.

Similarly to Margaria (1966) advantages of this 30 second power
test are that:

1) Power is easily measurable.

2) No special apparatus is needed apart from a bicycle ergometer

and revolution counter.

3) The task is not complex to administer or perform.

4)* Recovery from the test occurs rapidly. |

5) A large musc]é mass is engaged in the exercise.

6) A varfety of anaerobic athletes can be tested and iraining
specificity does not appear to alter performance (shown in this
study by the performance of cyclists).

7) From a physiological standpoint, Highly trained athletes recover
quickly and this permits multi-trial testing if needed.

8) Single tria] testing is favourable to both athlete and adminis-
tra;or and may provide ongoing information about training
regimes and lower body changes as they relate to performance in
particular sports.

Two main disadvantages are that performance‘depends largely on the
willingness of the subject and would be applicable to athletes who use
the Tower extremities for their sport (the usefulness for swimmers has
not been researched). Presumably highly trained athletes are usually
highly motivated sé the former would be reduced somewhat.

Measurement of blood lactic acid levels indicated the distinctly
anaerobic nature of this test, and the utilization of high energy

phosphagens and glycolytic pathways. Further investigation of metabolic



process is needed. Admittedly a 30 second test only harnesses anaerobic
energy sources for that period of time and gives no indication of the
exhaustability of this energy system. This was indicated by the ability
of some subjects to continue for 3 to 4 seconds béyond the 30 second
period. Also the question of reducing resistance to allow continuation
of the exercise may give insight as to anaerobic capacities in athletes.

While an attempt has been made in this study to identify power in

specific anaerobic groups the following recommendations are suggested:

1) Examination of a larger group of anéerobic athletes to enable
a sound cross validation of predictive parameters.

2) The development of norms by means of a population sfudy.

3) Establish the relationship between absolute and relative power
output with other anaerobic power tests and the "in field"
situations. (Anaerobic power ac tested on the bicycle ergometer
may be a function of lower body dimensions éa£ﬁer thah total
body dimensions as is indicated by méXima]*bxygen uptake tests)
Evaﬁs, 1981).

4) A double cross validation procedure be utilized.
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APPENDIX A

MEAN PHYSICAL AND PERFORMANCE CHARACTERISTICS
FOR ALL ATHLETES

B

A-1: Symbols For Append}x
A-1I:  Mean Physicatl and Perfonnance Character1st1cs
. Of Aerobically Trained Athlet;Jf R e
" A-1I1:. Mean Physical and Performancef;' pristics
0f Anaerobically Trained AthlIé;ﬁTT A
A-1V: - Mean Physical and Performance ( frteristics
f Basketball Players G T
A-V: ean Physical and Performance Characteristics
0f Volleyball Players
A-VI:  Mean Physical and Performancé Characteristic
0f Gymnasts ;
~A-VII: Mean Physical and Performance Characteristics
' 0f Cyclists : g
A-VIII: Mean Physical and Performance Charaéteristics

0f Track and Field Athletes

vy o i

s an
L
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LV B
TS
TC
CS
' cC
FAT %

WT

PEAK R
MAX R

WIN R
PEAK/KS
MAX/KG

[

i

it

i
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APPENDIX A-1I

Symbols for Appendix

leg volume (liters)

thigh skinfold (mm) | ’,,_\\\\
?thigh cifcumference (cm) .

calf skinfold (mm)

calf circumference (cm)

percent body fat

weight (kg) j
" resistance to elicit peak power output (kp)

resistance to elicit maximal power output (kp)

Y Wy

Wingate resistance setting (kp)
peak power output per unit body weight (watts/kg)

maximalzpower output per unit body weighf (watts/kg)

Fea A
%

A



DESCRIPTIVE
MEASURES
LW 4
TS 4
TC 4
26
| cC 4
AT % 4
WT 4
PEAK R 4
MAX R 4
WIN R 4
PEAK/KG 4
MAX/KG -4

o oL 5
i .fi.{ﬁ?féﬁ‘

&
Pl

¥

Mean Physical and Performance Characteristics

APPENDIX A-11

0f Aerobically Trained Athletes

MINIMUM

8.05
10.10
47.95

7.05

- 8R.75

1278
50. 80
4.25
4.00

4.0¢

 6.08

MAXIMUM

26.
57.
11.

38
21.
63.

MEAN

18.
53.

3.
19.

57

I

.28

59
91

.66

46
05

.13
44
.25
.25
.19~
.87

STD.

DEV.

.07
.29
17
.96
.18
.20
.13
.24
.20
.20
28
.37



"APPENDIX A-III

Mean Physical and Performance Characteristics
0f Anaerobically Trained Athletes

DESCRIPTIVE MINIMUM . MAXIMUM MEAN STD.

MEASURES
LV 24 6.90 12.50 9.99 1.
S 24  5.40 32.70 18.99 7.
TC 24 47.30 61.15 54,98 7
cs 24 - 5.40 32,7 . 19.48 6.

oo 24 32.20 . 7 -.38.70 - 35.39 1
FAT % 24 T 902 2612 16.62 3
uT 20 44.10 . 73.20 61.75 7
PEAK R 24 3.25 1 6.25 5.06 0
MAX R 24 3.25 6.25 5.10 0
WINR 24 3.25 5.50 4.65 0
PEAK/KG 24  7.37 12.06 93,97 1.
MAX/KG 24 6.22 9.74 7.71 0.

DEV.

51
07

.33

85

.94
.79
.60
77
.72
.57 |

16
82

80
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APPENDIX A-1IV

Mean Physical and Performance Characteristics
Of Basketball Athletes

. G

CWT

DESCRIPTIVE MINIMUM MAX IMUM MEAN . STD. DEV.
MEASURES
LV 6 4,790 11.90 10. 33 1.34
TS 6 10.05 30.30. 18. 39 7.24
TC 6 51.05 ' 59.65 56.53 12.99
6 6.40 " 10.30 8.12 1.38
cc 6 33.05 37.70 35.32 1.66
FAT % 6 13.02 18.60 15.86 7 2.04
6 50. 90 71.90 62.94 6.98
PEAKR 6 3.75 5.50 - 4.71 10.62
MAX R 6 4.00 5.25 4.71 0.46
WINR -6 4.00 1 5.50 4.75 0.50
PEAK/KG 6 8.69 12.06 10.49 - 1.09
6 7.18 9.74 - 8.29 0.83

MAX/ KG



Mean Physical and Performance Characteristics

DESCRIPTIVE
MEASURES

LV 7

TS 7

TC S
cs 7

cc 7

FAT % 7

W 7

PEAK R - 7

MAX R 7
WIN R 7
PEAK/KG 7

MAX/ KG 7

N

MINIMUM

12.
53.

34.
13.
57.

N O

APPENDIX A-V

Of Volleyball Players

.45

20
80

.75

60

54

25

.75
.50
.25
.38
.99

MAX IMUM

12.
29.
61.

12.
38.

21

73.

50
60
15

10
70
.99

20

.25
.25
.50
.15
.39

MEAN

10.
20.
58.

36.

N,
A 18.

65.

70
74
16

.19

41
69
57

.43
.54

.93
.01
.62

STD.

o o o O

DEV.

.14

.02

.29

.49

.59
12

.52

.79

B
.45

.98

.53



APPENDIX A-VI

- Mean Physical and Performance Characteristics

0f Gymnasts
DESCRIPTIVE ~ MINIMUM MAX IMUM MEAN STD. DEV.
MEASURES i
LV 5 6.90 9.55 8.22 1.06
TS 5 5.40 21.15 14.23 6.36
TC 5 47.30 59.10 53.01 4.26
cs 5 2.45 9.40 6.92 2.78
cc 5 32.35 36.00 33.70 1.65
FAT % 5 9.02 15.51 12.78 2.70
WT 5 44.10 . 60.20 53.04 6.70
PEAKR 5 3.25 5.00 4.45 0.74
MAX R 5 3.25 5.00 - 4.50 0.77
WINR 5 3.25 4.50 4.00 0.53
PEAK/KG 5 7.37 11.02 9.19 1.64

MAX/ KG 5 6.22 8.51 7.22 0.95



APPENDIX A-VII
‘.

Mean Physical and Performance Characteristics
Of Cyclists

DESCRIPTIVE ~ MINIMUM MAX IMUM MEAN STD. DEV..
MEASURES '
LV 3. 7.60 11.65 10.18 2.24
TS 3 13.55 32.70 25.57 10.47
TC 3 51.30  60.80 57.27 5.20
cs 3 8.60 15.15 11.65 3730
cc 3 32.20. 38.40 36.07 3.37
FAT % 3 12.58 20,2 19.12 5.92
WT 3 51.50 69.00  62.65 9.41
CPEAKR 3 5.00 - 6.00 5.50 0.50
MAX R 3 5.00 . 6.00 | 5.50  0.50
WINR 3 4.00 525 4.7 0.66
PEAK/KG 3 8.44 - 10.69 9.62 1,13

MAX/KG 3 6.29 8.80 7.48 - l.26




APPENDIX A-VIII

i

Mean Physical and Performance Characteristics

DESCRIPTIVE
'MEASURES
v 3
TS 3
TC 3
cs 3
cc 3
FAT % 3
WT

PEAK R

MAX R 3
WIN R 3
PEAK/KG 3

MAX/KG 3

e

MINIMUM

9.
14.
54,

8.
34.

13,
59.

10.

80
30
35
30

MAXIMUM

10.
19,
58.
12.
35.
20.
~ 66.

1.

90
90
10
65

0f Track and Field Athletes .

MEAN

10.

17

56.
11.
35.
17,
63.

10

48

.47
07

10

28

23
57

.50
.50
.75
.51
.83

STD.

DEV.

.60
.87
.89
.43
.68
.57
35
.50
.50
.25
.36
K

w?

85



B-I;

B-II:

&

B-III:

B-1IV:
ﬂB~V:
- B-VI:

APPENDIX B

POWER OUT#UT/FORCE'RELATIONSHIﬁé FOR

. EACH"ATHLETIC>GROUP'

- Power Output Vs Force For Aerob1ca11y Tra1ned
. Ath1etes (626)

.PowerAOutput Vs

Power Output vs

Power Output VS

 Power Output Vs

Power Output Vs

fForCe

Force

Force.

Force

Force

86

For Basketball (106)

For Volleyball (207}

For Gymnastics (315)

For Cycling (419)
For Track and Field-(522)
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APPENDIX B-1. - g
o~ . o .f‘:‘ou{,; o ‘ . V ' .
:Power Qutput Vs. Force-For Aerpbically . . ' .
. Trained Athletes " ' - .
' 1 N SRR ,'/ ’
v '»). ‘ i\
PN
., Ay
POWER OUTPUT (WATTS)"
560.00 - :
'540.00<|
520,00 -
500.00 -
430.00 =|
460.00 |
ks ) . ‘ B
440.00 -
420.00 -| o
380.00 -f.  © .
360.00 - S —~ FORCE(KP) =
3,00 3.50 4.00 4.50 5.00 5.50 6.00
A. PEAK POWER QUTPUT VS. FORCE - e
B. MAX. POWER OUTPUT VS. FORCE



APPENDIX B-II

Power Output Vs. -Force For Basketball
N ) ) ‘,\1
N

N

N ~

r

POKER OUTPUT (WATTS)
740.00

N \

700,00
660,00
620.00 \
f ; . B 7
580,od
54G.00

500.00

46G.00

3
-

5.50

4

4.00

4

420,00

3,06 3.50 450 5.00 6.00 (KE)

" A. PEAK POWER OUTFUT VS. FORCE
B. MAX. PCWEF OUTPUT VS. FCKCE

—

| FCECE

BN



J .

Power Output Vs ForcF For Vo]]eyba]l

POWER OUTPUT (WATTS)

720,00 -

68000
640.00

600.00

560.00

520,00

480.00
aab.oo

400.00

A e
3.00 3.

4

© " APPENDIX B-III

° B

-~

t

)
. ’ ,
~
o '
° II,’
~

=&

Al PEAK

"B,VMAX.

} Y
¥ 1

50 4 00 . 4.50

PONER OUTPUT VS.

POWER OUTPUT VS.

FORCE

FORCE

6.00

| FCRCE (KP)
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Co. . AePENDIX B-IV
| Power Output Vs. Force For'Gyﬁqgsticgb

\\/ ’

. . Y

. ;' - . .

POWER OUTPUT (WATTS)

4

540,00
520,00 =}
500400 -

480.00 i R

460.00 -
440.00 |

420.00 -

e

400.00

380.00 -

360,00 —f———tp—im iy + FORCE(XP)
R 3.25 3,50 3.75 4,00 - 4.25 4.50 4,75

A, PEAK POWER;OUTPUT VS. FORCE

B. MAX. POWER OUTPUT VS. PORCE

/
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+ APPENDIX B-V

g‘ . |
Power O\Jtput Vs. Force For Cycling

Ta o - ’
1 'TLL
A

* -

POWER oufPUT(%ATTS)
660.00 -
620.00 -
580.00 -|
540,00 -|
500.00»:
460.00 -
'420.00 -

)

3ao.oove

FORCE (KP)

L : " i

340,00 —[———t+—— ‘ f f } —+
' 3.00 3.50 4.00 4,50  5.00 5450 6.00

A. PEAK POWER OUTBRUT. VS. FORCE
B. MAX. POWER OUTPUT VS. FORCE



:k\\ "bower Output Vs. For

POWER
680.00 -
640,00
660 .00
§60;00
520,00
“486.66
440.00
406}@6

260,00

APPENDIX B-VI .

b

»

. -« » N
OQUTPUT.WATTS) : °

/

ce For'Track and Field

FORCE (KP)

13.00- 3,50 4.00 4.50 5.00

‘A. PEAK POWER OUTPUT VS. FORCE

E. MAX. POWER OUTPUT VS. FORCE

92
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) APPENDIX C )
RELIABILITIES FOR ANTHROPOMETRIC/POWER
OUTPUT -DATA

C-I: Reliability For Peak and Mean.Méximg1 Power

Output Of Experimental Subjects N
C-II: Intratester Reliability For Leg Volume
C-III: Intratester Re]iabi1ity For Thigh Measurements
C-IV: Intratester Reliability For Calf Measurements

A

" C-V:  Measurement Landmarks For Circumfefehce_Measuresk

N

.93



Reliability for Peak and Mea

APPENDIX C-1

Maximal Power Output

of Experimental Sybjects
] LY
Subject i Test Retest . Test . Retest
PPO PPO MPO MPO -
101 - 671.04 615.12 516.48 - 503.25
102 676.92 706.32 '551.04 55%.04°
103 625.44 600.37 516.48 506.48
104 507.72 551.76 423.84 435.60
105 647.52 635.64 515.04 510.12
106 741.66 - 772.56 581.98 576.84
207 ' - 712.20 712.20 523. 32 512.52
208 529.80 529.80 441.48 441.48
209 679.80 643.08 485.64 490.99
210 643.08 676.92 507.72 541.56
211 710.76 710.76 527.28 527.28
212 662.16 625.44 508. 92 484.32
213 647.52 679.83 480.60. 485.59
314 447.24 447.24 367.92 354.12
315 550.32 503.28 425.28 401.76
316 618.03 588.60 459,99 446.28
317 - 529.80 500.28 -392.40 - 387.48§
318 " 317.64 329.64 280.56 281.52
419 . 671.04 '635.64 506.16 "~ 515.64
420 550.32 550.32 453.24 428.68
421 559.20 559.20 416.88 402.24
522 647.40 © 679.80 501.84 - 501.84
523 706.32 706.32 529.80 523.80
524 - 618.00 618.00 - 461.16 461.16
625 575.40 . 555.60 533.64 526.20
626 531.27 531.24 439.44 441.44
627 476.76 370.80° 384.00 384.00
628 475.32 § 500. 28 397.32 425.28
Mean 597.49 ‘ 590 57 468.91 466.02
S.D. 97.43 104.60 66.38 67.05
% CV - 16.31 17.71 14.16 14.39
. * *
. = 0.95 = 0.98

Where (a) the hundreds integer indicates the sport:
1:

N

3

Basketball
Volleyball
Gymnastics

4 =
5 =
6 =

Cycling
Track'and Field
Aerobic

and (b) tens and units represents the subject's number.

*Significant at the 0.05 level

94



APPENDIX C-I1

!

| v
Intratester Reliability for Leg Volume ’/ .

Subject Volume (1iters)

: test re-test
01 ©10.40 " 1040
02 10.10 10.00
03 9. 80 9.60
: 04 11.10 - 11.00
05 9.20 9.20
06 10.30 - 10.40
07 8. 90 8.80
08 10.50 10.20
09 10.30 10.00
10 11.20 - 11.40

11 11.00 10.80
12 8.00 7.80
13 9.70 ©9.40
14 9.80 . 9.60
15 11.90 11.40
Mean 10.15 10.00
s.D. 0.98 0.98
% CV 9.60 9.80
r = 0.91!

1 r (pearson correlation) significant at the 0.05 level

‘g5



-APPENDIX C-I11

Intratester Reliability for Thigh Measurements

Subject Skinfold ‘ (om) Circum. (cm)

) test re-test test re-test
01 24.50 25.20 57.80 57.60
02 26.40 24.60 - 57.00 57. 60

03 18.40 18.20 54.70 54. 00
04 25.40 26. 60 60. 60 ép.so
05 26.80 26 .40 54. 50 55. 00
06 23.00 21.50 61.20 61.20
07 25.80 25.80 54. 90 55. 90
08 29.50 30.10 59. 30 58. 60
09 26.20 28.40 58. 50 58.20
10 34.80 3%. 30 60.70 - 60. 30
11 " 29.00 30.20 61.20 | 61.10
12 14.10 14.50 .~ 51.00 51.10
13 21.40 20.90 59.20 ' 59.00
14 25.20 24.00 54.60 55.00
15  30.50 30.20 59.60 50.80

Mean 25. 40 © 25.52 57.65. 57.67

5.D. 4.98 5.39 3.08 2.94

% CV 19.60 21.10 . 5.34 5. 09

r = 0.981 v = 0.99!

r

Loy (pearspn cbrre]ation) sign{ficant at the 0.05 1evé1

96



APPENDIX C-IV
Intratester Reliability for Calf Measuremeqts

b,

Subject Skinfold - (mm) Circum. (cm)
test re-test test, . re-test
01 21.40 19.20 © 38.00 38.00
02 7.60 7.20 135.40 35.30
03 "8.20 = 8.4 34.50
34.50
04 10. 60 11.00 37.50 37.30
05 10. 60 12.40 33.00 32.50
06 15.60 15.20 © 36.60 36,70
07 8.20 9.20 37.10 36.70
08 11.90 11.60 36.40  36.80
09 11.20° 1120 35.60 . 35.70
10 ©13.80 ' 14.00  37.50 3750
11 12,20 12.20 3770 . 37.40
; 12 " 8.20 8.30 3300 3300
13 - 9.00 8.80  34.90 36.90
4 12.00 12.10 34.60 34.80
15 ) 10.60 11.40 ©37.60 37.60
Mean 11.41 1148 35.94 \5 35.92
5.D. 3.56 3,07 1.66 169
% CV 3.44 2.97 4.62 4.71

r . - r=0.98 o r = 0.98!

1 r (pearson correlation) significant at the 0.05 level



BN Measurement Landmarks for Circumference Measures
-

o Gluteal Furrow -

Thigh Circumference
(1 cm below gluteal
- furrow)

Calf Circumference
(max. )

1

APPENDIX C-V

Posterior View

s



APPENDIX D

' RELATIONSHIPS OF INDEPENDENT AND
’ DEPENDENT VARIABLES .

5
OID—I: ' Cdrré]ation Matrix For RegresSion Anaiysis

D-1I: Relat1onsh1p of we1ght To Res1dua1 (actua1,
. PO-predicted PO) .

D-III: Re]at1onsh1p 0f Thigh Circdmference-To~
Residual (actual PO-predicted PO) .

D-IV:  Relationship Of Calf Circumference To ¢
¢ [ - Residual (actual PO-predicted PO)
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APPENDIX'DjI

Correlation Matric for Regression Analysis
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APPENDIX D-I1

//v‘
Re]atibn'ship of Weight to Residual
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APPENDIX D-I1T

Relationship of Thigh Circumférencé to Residual
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APPENDIX D-IV

g

Relationship of Calf Circumference to Residual
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APPENDIX E |
STEPWISE MULTIPLE R‘gg;ssION FOR
< _ PPO AND MP

E-I:  Stepwise Multiple Regression For PPO
E-I1: Stepwise Multiple Regression For MPO
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APPENDIX F - =

ANOVA AND SCHEFFE POST HOC TEST
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APPENDIX F

- ANOVA and Scheffé Post Hoc Test

GROUP

VARIABLE 1 2 3 4
LEG VOLUME * * *
LEAN BODY

MASS * *
WEIGHT * * ‘
MAX. R *
PPO * * * ] .

- e y

* * *

MPO ,
PPO(WIN) * * *
MPO(WIN) y *

* Significant differences found at the 0.05 level
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APPENDIX G
CROSS-VALIDATION PROCEDURE
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APPENDIX G

Cross-Validation Procedure

PPO(R) = -0.2601 + 0.2208(TC)
-0.2287 + 0.0174(WT)

(for n = 14)
R=10.8 (p <0.05)

MPO(R) = 0.8625 + 0.1162(TC)

-0.1413 + 0.0452(WT)
(for n = 14)

R=0.8 (pg 0.05)

. Predicted R Actual R Predicted R- Actual R
5.03 4.75 5.23 4.50
5.29 4.25 4.91 5.00

- 4.34 3.25 4.42 , 4.00
5.20 5.50 5.31 5.50
5.90 5.75 5.96 6.25
4.90 5.50 5.08 4.50
4.84 4.75 5.47 5.00
4.90 4.25 4.70 . 4.25
4,90 5.50 4.60 5.50
4.89 5. 00 5.00 5.00
r=0.63 r=0.67
(p < 0.05) (p < 0.05)
R-r=0.8 - 0.63 = 0.21 "R-r=0.8 -0.67=0.15
Shrinkage=irux21)25100 = 4.41%  Shrinkage = (0.15)%.100 = 2.25%
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APPENDIX H
LACTIC ACID ANALYSES

H-1: Reliabilities For Lactic Acid Assay
H-II:  Pipetting Variability ‘
H-III: Blood Lactic Acid

T
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APPENDIX H-I

Reliabilities for Lactic Acid Assay -

ny

12MG%STD. 36 MG % STD. 60 MG % STD.
- 0.189 - » 0.480 0.840
10166 0.485 - 0.830
0.167 3 0.515 o 0.835
0.173 O 0.4% 0.800
0.162 ©0.490 . 0.830
0.720 0.500 0.830
0.169 ©0.49 0.830
1 0.153 ©0.500 | 0.830
. 0.162 0.490 . 0.795
| 0.162 0.495 0.835
CMEAN  0.168 0.494 0.6
S.D.  0.00954 0.0097 | 0.0154

cV % 5.69% 1.96% . 1.87%




APPENDIX H-I1

Pipetting Variability

AN

0.1 ML 1 ML 2.4 ML

0.1056 1.0005 - 2.3986

0.1002° 0.9995 2.3982

0.1000 © 1.0001- 2.3994

~  0.1048 1.0007 2.3926

-~ 0.0998 0.9974 2.3952

0.0997 0.9969 2.4002

0.1002 0.9949 2.4228

10.1010 ©1.0007 2.4067

0.1007 0.0054 - 2.3937

0.1050 0.9958 2.4086

0.1044 0.9981. ' 2.3974

0.1046 0.9952 2.3934

0.1004 0.9932 - 2.4020

0.1033 0.9968  2.4518

0.1000 1 0.9970 - 2.4031

.~ 0.1000 - ' 0.9963 © 2.4066
0.1071 0.9942 2.4066

0.0990 - 0.9963 . 2.4091

0.1002 0.99460.995 2.4003

0.1000 0.9950 2.4020

X 0.1017 0.9969 2.4044
S.D.  0.0024 0.0023 0.0132

VYo 2.3 0.232 0.550
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APPENDIX H-I11
Blood Lactic Acid .-

The 1actates of whole blood are stab111zed by the addition of
perch]or1c acid. This prec1p1tates-prote1n ‘and the lactate in the
protein-free supernatant is convehted to'byhuvate by the addition ofva
lactate dehydhjgenese (LDH) 3uspension. The extent of the converston is
determined by the ahount of reduced NADH produced hsing the Seectrophoto-

meter at 340 mu. By-absorbance’or lack, of\absorbance.of the sample and

standards 1t can be ca1cu1ated in m]/lOO ml of b1ood the extent. to wh1ch

LA was present in the b]ood sample.

The following equatlon represents the_reactidnf

_ LDH | .
Perchloric =~ + LA ———) NADH + PA
Acid : - 4 excess

NAD
Once the blood sample has been mixed with the reactants it must
then incubate for approximately thirty minutes at 37°C or 45 minutes at

25°C.. The-salution is then ready to be anaTyzed spectrophometrically.

(N.B.:" If the samp]es cannot be assayed 1mmediate1y they can be preserved

- up to one month w1thout any detrwmenta] effects if in so]ut1on with the

perch]or1c ac1d)(Lynch et al. 1969)

&
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APPENDIX I-I
- Consent for Anaerobic Power Tests

R

I, o ST , hereby agree to Vo]untarily‘.

undertake a séries of 30 second maximal anaerobic powef‘tests on the

‘bicycle ergometer, designed to determine my ability to uti]ize-anaerdbic

energy sources. I undérstandyl at I will perform tests of underwater

weighing, and have anthropOmetric measures and leg volume measures taken.

I may a]so be se]ected to partake in bicycle ergometer tests that requ1re

"

a venous blood sample to be taken at the comp]et1on of the test.

T understand that with any type of exerc1se test there are potential
"r1sks and at any t1me during the test I exper1ence unusual d1scomfort I
will ask‘to d1scont1nue'the test. I realize that I can_voluntartly

Withdraw from the'study at any time. 1 acknowledge that my'training
status 1s of a h1gh1y phys1ca1]y active to well tra1ned status and
_therefore shou]d be su1tab]y cond1t1oned for: such tests.

In agree1ng to such an exam1nat1on, I waive any 1ega] recourse
aga1nst adm1n1strators of the test from any and all claims resu1t1ng
‘from th1s f1tness test

'« 'DATE:

. VOLUNTEER: __(signature)"

WITNESS: _ (signature)
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APPENDIX I-II.

PAR-Q Form

Physical Activity Readiness Questionnaire
For most people, physical activify should not pose any problem or
hazard. PAR-Q has been des1gned to 1dent1fy the sma]l number of adults
for whom phys1ca1 act1v1ty might be 1nappropr1ate or those who should

have medical advice concerning the type of activity most suitable for,

them. -Has»your doctor ever said\you have heart troub]e?

Do 'you frequentTy'suffer from pains in'your heart or chest?

Do you often feel faint or have spe]Ts of severe dizziness?

Has a doctor ever said your b]ood pressure was ‘too. h1gh7

Has your doctor'ever told you that you have a bone or joint prob]em such
as arthr1t1s that has been aggrevated by exerc1se or m1ght be made worse

‘With exerc1se7

Is there a good reason not ment10ned here why you shou]d not fo]]ow an

act1v1ty program even if you wanted to’ - . .

Are you engaged in streriuous physical activity tnree times per week

or more?

Resting Blood Pressure? .

SIGNATURE

“DATE -




APPENDIX I-III

Raw Data Sheet

A. GENERAL INFORMATION

Name:

Age:
Weight:

Acéivity:

Training’Status:

B.  HYDROSTATIC WEICHING -

Vital Capacity: . . ’ »

120

Date;

Par Q:

Consent Porm:

e —

Seat Height:

+ Mean VC:

Water Temp(©C):
Chart Reading: ; _ .

éSZ vC:

Water Density: . *

% .. Mean Chart Reading:

C. ANTHROPOMETRIC DATA:

Pre

- "~ 1litres,

Leg Volume: .~ Post

Pre - Post

- : " litres.

Thigh Skinfold: ‘ ,

nean:

Thigh Circumferance: R

- mean:

Calf Skinfold: . .

Calf Circumferance:’ . .

D. LACTATES:

- Test 1 . .

- Test 2 > s

Test 3 ' .

Test 4 ,

Tca; 5 .

Test 6 : .
E. 'uuxmmlcganm TESTS

Res. Time(secs) 53 10 15 20

25 30

Total
P.0.

RP/S5sec
Roonm i

Temp. KP/5sec

- Watts



