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ABSTRACT 



A STUDY OF THE BEHAVIOURAL PROFILES OF ELITE SLALOM 

CANOEISTS 

S.J.BAKER 

Usi ng a multidisciPlinarY approach some 

PhYsiolo9ical characteristics of a group of elite slalom 

canoeists were examined in an attempt to quantify the 

demands of slalom comPetition. Simulated conditions were 

inco rporated for data collection whenever it was 

imPracticable to collect data from Paddlers in a slalom 

event. 

A descriPtion of materials, methods and the 

validation of simulated Procedures Precedes the discussion 

of a survey of training routines adopted bY a group of 

slalom canoeists. 

Data Pertaining to the Paddle stroke characteristics 

of elite Paddlers revealed that al I subJects Performed a 

similar tYPe and number of strokes on an international 

course. 

The aerobic demands of Paddling the same route and 

manifested bY the extent to which the cardioresPiratorY 

sYstem was mobi I ized, was found to be submaximal. 

Anaerobic stress, measured during a World class 

competitive event as serum lactate content in a group of 19 

subJects, was extremely high. 



It is sussested that anaerobic trainins should 

feature ProminentlY as an intesral component of s lalom 

PreParat i ,:,n. 

An experiment was desisned and conducted to 

investisate the effects of a specific anaerobic train ins 

P r,:,9 raoH,1€', ,::iver nine weeks, on the muse I e deve I 0Po1ent ,:,f a 

sroup of nine subJects. 

A comparison of bioPSY samples from the latissimus 

dorsi muscle Pr i ,:•r to a.rd... irru,1ediatelY fo l lowins the pr ,:,sr.:.u,101e 

revealed that there was no sisnificant chanse in the size of 

tYPe I fibres Cae robic)~~there was no apparent modification 
tt\C\t 

in the distribut i on of f i bre types, but there was a ,. 

sisnificant increase (82~) in the cross sectional area of 

the tYPe I I fibres (anaerobic). 
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CHAPTER 1 

In the summer of 1980 the British canoe slaloM teaM 

consolidated and emphasized their canoe ins suPremacY at Bala 

in North Wales bY successfullY defendin9 the World 

ChamPionshiP troPhY. One of the three man teaM later in the 

meetins took the individual Kl slalom sold medal with a 

demonstration of determined and assressive competitive 

ski I I. His Performance was repeated once more at the 1983 

World ChamPionshiPs ,this time abroad. 

With this kind of success and the obvious dePth of 

experience that British stalomists now enJoY, one misht 

assume that the demands which slalom canoeins Places on the 

individual competitor are wel I understood and adequately 

Prepared for. However, from the author's experience and from 

interviews which have been conducted casual IY with manY 

competitors in the hisher slalom divisions, it appears that 

the maJoritY develop their own interpretation of the demands 

of the sport. 

There are few scientific studies concerned with 

slalom which misht helP suide competitors who are desisnins 

trainins Prosrammes. PerhaPs the dearth of studies reflects 

the difficultY of in vivo investisations since the events 

take Place on raPid rivers amidst a maze of suspended Poles 

and wires. Likewise it is impracticable to reproduce the 
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Precise conditions of the event in the laboratory where data 

Mi9ht be col tected more convenientlY. 

Of course slalom is Just one of a number of distinct 

and seParate canoeins disciPI ines. The common factors 

between slalom, White-water racins, Ions distance racins, 

canoe sai I ins, canoe surf ins, sPrint racins and canoe Polo 

to mention but a few competitive disciPI ines are that theY 

al I take Place on water in frasi le craft. There the 

simitaritY ends. For each event specific kaYaks, canoes and 

Paddles have evolved and the inherent ski I Is are attosether 

dissimi tar. 

Research has been focussed on various aspects of 

canoeins and the results are aPPI icable to many of the 

aforementioned disciPI ines. The pawtata rol I was described 

in cinematosraPhical and electromYosraPhical (e.m.s.) terms 

bY Baker and Aldwinkle (1967). Yoshie (1974) usins asimilar 

e.m.s technique studied kaYak Paddl ins Performance on a 

simulator. VriJen et al (1974) concentrated on the effects of 

trainins on maximum workins capacity of canoeists. The 

results of a survey of the effects of cold immersion on 

performance experienced bY canoeists were reported bY Baker 

and Atha (1976). In Sweden in the same year Tesch (1976) 

attempted to relate the distribution of muscle fibres to 

oxYsen uptake caPacitY in sPrint canoeists. Attention was 

focussed on the disorientins effects on visual acuitY in a 



studY bY Baker (1977). More recentlY Court (1979) conducted 

a bioMechanicat analYsis of the sprint canadian canoe 

st roke. 

It would appear therefore from the brief descriPtion 

of the small number of studies that have appeared in the 

literature that there is considerable scope for further 

research in al I disciPI ines. If Britain is to rerriain at the 

fore-front of slalom coMPetition then our own competitors 

and coaches would be wise to base their training methods on 

proven fact rather than i ntuition and guess-work. 

The Probli:.>ro 

British slalom canoein9 has enJoYed considerable 

success in recent Years and much of this must be attributed 

to the develoPment of the sport through its governing bodY, 

the British Canoe Union. The coaching structure is wel I 

established and frequent team traini ng sessions are staged 

on the Purpose-bui It international slalom course at Bala. 

With the advent of new materials such as Kevlar, 

there has been almost a revolution in the desisn of new 

equiPment which is now eKtremelY I ight and strong. 

In performance terms the elite competitors are 

hishlY sKil led and ,:,f world rank order which it11Plies that 

current coaching methods are sound. To some this misht seem 

a remarkable achievement since coaches do not Yet enJoY the 
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benefits of wel I conducted studies into coaching Methods 

that many of their col leagues in other sporting disciPI ines 

take for granted. The aPProach adopted bY current teaM 

coaches is targelY sk i! I orientated interval tYPe trainin9. 

PerhaPs if there were data avai I able to our coaches 

then furher improvement in the PerforMance of our teams 

mi9ht be forthcoming. 

This then is the Problem 

Can the demands of slalom competition be 

identified, ifs,:, what are theY and how can 

training methods meet them? 

Purpose 

Usin9 a multidisciPlinarY approach the Purpose of 

this studY i s to investi9ate the PhYsiotogical, the 

ener9etic and the biomechanical demands of comPetin9 in a 

slalom comPetition. In the course of achieving these 

obJectives it is intended to find the answers to the 

followin9 associated Problems. 
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Associated Problems 

1. To what extent can the demands of elite slalom 

coMPetition be assessed? 

2. In slalom coMPetition to what extent is success 

influenced by : -

a . Aerobic work caPacitY? 

b. Anaerobic work capacitY? 

c. A coMbination of a and b? 

3. To what extent does muscle fibre composition 

influence slaloM Performance? 

4 . Can Muscle fibre size be influenced through 

tra i ning? If so how, WhY and what time-scale is involved. 

Research HYPOthesis 

Current elite slalom canoeists appear to exhibit 
no particular PhYsiolo9ical characteristics 
crucial for success in competition, 
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Definition of TerMs 

The fol lowins terMs which appear in this 

scriPt are defined as fol lows:-

AEROBIC a cheMical reaction where o r ganic fue l s 

constitute electron donors and oxygen is the 

final electron acceptor.Th is reaction occurs in 

the Mitochondria. 

ALACTIC oxygen debt, The fraction of oxygen debt 

due to creatine Phosphate cleavage. 

ANAEROBIC an energy Yield i n which glucose and 

91Ycogen are broken down into two or More 

fragMents and one of these fra9Ments then becoMes 

ox idized bY another. 

GLYCOGENESIS synthesis of 91Ycogen froM slucose. 

GLYCOGENOLYSIS conversion of glycogen to slucose. 

GLYCOLYSIS forMation of lactic acid from 91Ycosen. 

ISOKINETIC contractions that involve the control 

of speed throushout the range of Motion. 
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CHAPTER 2 

This review commences with a brief descriPtion of 

the ener9Y sources involved durins muscular activitY 

fol lowed bY a brief anatomical descriPtion of sKeletal 

muscle before Prosressin9 onto the sisnificant muscle 

PhYSiOI09Y rePorts. 

Muscular Enersetics 

Durins muscular actvitY there are various sources of 

enersY that are di rectlY or indirectlY uti I ized.However the 

onlY source that can be directlY exPloited in order to 

Produce mechan ical work, is derived froM adenosine 

triPhOSPhate (ATP) which SPI i ts into adenosine diPhOSPhate 

(ADP) and Phosphoric acid CPA).The quantitY of ATP Present 

in the muscle is smal I and therefore if a Process of 

resYnthesis was not invo1ved,after onlY a few muscle 

contr&ctions the enersY SUPPIY would be exhausted. 

ResYnthesis also requires an enersY source and this 

is derived from the cleavase of creatine Phosphate CCP) into 

creat ine and PhosPhoric acid CPA).The amount of CP Present 

in the muscle is about three times the quantitiY of ATP and 

so the reaction can prolons activitY. However if muscular 

work needs to continue, a further and more substantial 

enersY source is required.Two SUPPi ies are avai lable,one 

involves food combustion and the other is bY slYcolYsis. 

7 



f is 1. 

The total source of enersY SUPPIY is summarized in 

?muscular worK 

ATP ___ .1._ __ ~ 

CP ""-~---- £p 

Fooa+02-:i,> C02+H20+ Eo ~ 

Gi ,L::;Lact; c ac ;a+E~ ) 

Total enersY =1-2+3+4-5 
SteadY state 1=2 
E=3+4-5 
Subt11ax 4=5=0 
E=1-2+3 

Arrows indicate direction of enersY.Numbers=enersY 
quantities. SubscriPts of E denote enersY source: Pis 
PhOSPhosen;o is oxYsen;s is slYcosen. 

Fis 1. Scheme to i I tustrate the main enersY Pathways durins 

Muscular exercise (Modified after Marsaria 1976) 

These two energy Pathways SUPPIY energy in 

quantities which are dePendent upon the nature of the 
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muscular work load.The slYcosen reaction referred to 

henceforth as the anaerobic enersY Pathway contributes to 

the enersY SUPPIY at the onset of work. EnersY from 

ana.erobi c sources i s instantly and readilY avai la.ble. 

Althoush within this system a.lone a fraction of the enersy 

can be attributed both to an alactic source which is a quick 

act ins rr1e,:hanisrr1 and tc, the' lactacid' source which requires 

a. lenser time sPa.n to operate.The enersy source derived from 

the combustion of food, tertr1ed henceforth the aerobic 

mecha.nistri, is a tr1uch slower enersy I iberatins SYSt€'1'rl than 

that derived from slYCOIYsis.The aerobic enersY libera.tins 

system is extensive and is responsible for Ions term 

muscular a.ctivitY where a. steady state can be achieved.The 

sYst em is d e Pendent on a conti~uous oxYsen SUPPIY thus the 

contribut i on of the cardioresPiratorY sYst€'m Pla.Ys a.n 

itrlPQrta.nt role. 

Aerobic meta.bot ism occurs in the mitochondria 

located within the muscle and the ca.talYsts which faci I itate 

the reaction a.re enzymes or coenzYtr1es. 
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Anaerobic Metabolism 

The chemical changes that are involved durin9 

anaerobic metabolism have been described previously, but if 

these are considered when interacting with aerobic 

metabolism as might occur when Particular demands are Placed 

on the working muscle then the Picture is not alto9ether 

clear.Margaria (1976 ) has suggested a hYdraul ic model which 

attempts to clarifY the interaction of energy sources in 

MUSCUiar activitY,fi9 2. 

10 
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LA 

R2. 

). 

Fi sure 2. A hYdraul ic Model to demonstrate the 
interaction of energy sources. 

The centre container(Al) represents energy derived 
froM PhOSPhosen cleavase (anaerobic) -- the alactic 
enersy source.The UPPer left container is of infinite 
caPacitY and represents the aerobic sYsteM where oxygen 
is delivered bY the cardioresPirato r Y sYsteM.The risht 
container (LA) i-epresents the energy source SUPPi i ed 
ana.erob i ,:a I I Y wh i ,:h resu I ts in I act i c a.c id 
forMation.Connecting routes R1,R2,a.nd R3 represents the 
flow of energy from each of the three energy sYsteMs, 
viz a.erobic,a.naerobic 1-a.lactic,ana.erobic 2-lacta.cid. 
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At the bottom of the dia9raM in fis 2,the taP 
' 

represents the requireMent of muscular enersY. When the 

demand is hish such as durins intense maximal _ activity the 

taP is opened ful IY. The alactic sYsti?fTI su~ ies the illlfTlediate 

enersY SUPPIY throush Phosphosen cleavase. However the 

aerobic suPPIY which is resPonsible for rePlenishins al 

three systems cannot satisfy the demands throush the Rl 

route ,but continues to suPPIY enersY throush this route.The 

amount of alactic enersY represented retativelY bY the 

volume of the centre container raPidlY becomes exhausted.As 

soon as the level in the centre· container dr>:)PS below R1 

then the LA system besins to suPPIY energy with the 

formation of lactic acid. Since this system is 'closed' then 

onlY a limited amount of energy is avai table thus the total 

energy outpu~ is severely restricted once the two anaerobic 

enersY SUPPIY systems are depleted. 

In submaxirnal exercise therefore the anaerobic 

energy I iberatins mechanism is involved in the form of 

PhOSPhosen cleavase, but the aerobic system becomes involved 

ProgressivelY unti I a steadY state is reached.With reference 

to the hYdraulic model this state would occur when the level 

in the centre container is between its maximum and Rl,and 

when the output through tap Tl is no sreater than that 

SUPPi ied from 02 through R1. Therefore in submaximal work it 

would aPPea1· that 1a,:tic acid ,,·v(.I~ r-, mc\1 1\ low-. , PerhaPS this 

explanation satisfies those authors (Astrand et al 1964; 
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HerMannsen and Saltin 1967) who suggest that slYCOIYtic 

Processes are involved to a sisnificant extent at submaximal 

levels of work. 

The effect of training on anaerobic metabolism was 

studl:'d bY Willia111s 6-t al (1957) a.nd it was sussi::•sted that at 

similar levels of oxygen intake excess lactate Production is 

sreater in untrained ind iv iduals than in the trained 

state.However the method of lactate collection was bY 

caPi I l a rY puncture at the finger tiP where considerable 

variation in the lactate readins can occur throush a 

'mi !kins' effect if a Poor puncture is made. Althoush FaheY 

et a l (1975) have shown that caPi 11;;1.ry blood saolPI ins is a 

reliable Method for measurins blood haematocrit, a better 

althoush More technical IY difficult method is bY veno 

puncture where blood is drawn from a ma.Jor vein, norMal IY in 

the fc, rea. r111. 

One of the most frequentlY emP loY ed indicators of 

anaerobic Power/caPa.citY is the rate of formation and total 

accumulat ion of lactic acid in the bodY (Asnevik et al 

1969;Volkov 1970)In the context of field data collection 

blood sa.MPI ins remains POPUiar.However in the laboratory 

Volkov et a.I (1975) have susgested that assessment of 

anaerobic caPacitY should involve measurement of CO2 and max 

V02 concurrent lY . 

Rahe et al ( 1981) investisated the levels of 



serum lactic acid found in s u bJects who were exposed to 

anxiety Producin9 situations. 

Serum lactic acid concentration is the reflection of 

a balance established between the body's lactic acid 

Production and the metabolic breakdown of this substance in 

the Ii ver. 

One of the findings arising from this studY was a 

Positive correlation between a dimension of PhYsical fitness 

and pre-activitY serum lactate leve l s.Fitness was assessed 

in mi le run times. Individuals who were fit showed hi9her 

initial serum lactate levels Prior to a bout of strenuous 

activitY.The PhYsiolo9iC mechanism thOU9ht to be responsible 

for this observed el~vation in Pre-activitY serum 

accumulation was their PresumablY hisher ePinePhrine output 

in response to the PSYcholosical stresses of the activitY 

which in this case was drownProofins . EPinePhrine release 

causes a modification in PYruvate concentrations. 

The Production site of lactic acid is in the workins 

muscle and Diamant (1968) has shown that the lactate 

concentration in human skeletal muscle was much hi9her than 

in the blood immediately after maximal exercise.However 

shortlY after the cessation of work when peak blood lactate 

level was reached this was aProximatelY the same as the 

muscle lactate level.These results seem to indicate that 

there is a fairlY raPid distribution of lactate throushout 
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the bodY fol lowing intense exercise. 

The oPtiroum time to sample venous blood for MaXiMUM 

l actate concentration values aPPears to be aPProximatelY 

five minutes after severe work (Astrand and Rodahl 1977). 

Serum lactate concentration remains a MaJor 

indicator of the level of involvement of anaerobic 

metabolism and was used extensively in the course of this 

studY when data on anaerobic metabolism was required. 

The method of blood samPI in9 was bY ven ~ Puncture of 

an antecub ital vein in the forearm. 
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Aerobic Meta.bol iSM 

The a.rea. of human Performance which ha.s been 

reported most frequently in the I itera.ture is aerobic 

metabol iSM.Perha.Ps this is best exPla.ined bY the fa.ct that 

quantification of oxygen uptake ca.PacitY has long been 

a.va.i la.ble and the techniques are relatively straight - forward 

t c, a.d rri i n i st er. 

An extensive review of studies concerning aerobic 

ca.pacitY is ina.PProPria.te for this study but a.n outline of 

some sa.l ient . Points wi I I be given. 

Ox Ysen LJpt a.ke 

The consumPtion of oxygen as measured bY the 

resPira.torY sa.s exchange reflects quantitatively the 

C•:)fT\bustion of biocheri1ica.1 fuel in the forri1 of ,:arb•:)h:tdra.te , 

liPid and Protein.For ea.ch litre of oxygen consumed a.bout 

20KJ of energy is I ibera.ted (Astra.nd a.nd Roda.hi 1977), hence 

the higher the ,~ sen UPta.ke the hi sher the enersY outPut 

(1000Joules = 5 Kea.ls). 

Oxygen consumPtion during exercise ha.s been studied 

extensivelY usins the D0us1a.s bas method where expired air 

is col 1ected a.nd the oxygen content measured.This method 

continues to provide val id results for oxYsen consumPtion 

(Cor~Y et a.I 1982) but is beins rePla.ced Progressively bY 

electronic sa.s a.nalYsers I inked to Micro-processors. 
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Oxygen uptake frequently has been expressed in 

I it res Pei- flli nute but this value fai Is tc, ac,:ount for 

differences attributed to bodY bui Id. Other workers have 

Prefered to express oxygen uptake as V02/Ks of fat free 

wei9ht. Buskirk and TaYlor (1957) were amongst the earliest 

workers to express oxygen uptake as V02 Per k i losraM of body 

wei9ht and in addition theY concluded that V02 max is 

affected bY PhYsical conditioning; fat free wei9ht was 

calculated accordins to the method of Keys et al (1950 ) 

which incorP01·ated bodY densitY.Marsaria et al (1966) 

sussested that flla\Xifl\Ufll oxygen consUfllPtion level is set bY 

the caPacitY of 02 transPortaton froM the 1un9s. 

The nature of maxiMal oxYsen uptake measurement has 

always Provided the athlete with performance Problems due to 

the equiPment and a\PParatus attached to him.Therefore some 

researchers Pursued I ines of investisation concerned with 

Predict ins max V02 from submaximal tasks. Several nomograms 

have been Produced to achieve this obJective, one of the 

earl iest being that Pr,:,duced bY Astrand and RhYfllins (1954 ) . 

De-Vries and Klafs(1965) attempted to modify the methods of 

Astrand but failed to Provide a S i9nificant imProvement. 

WYndam (1967) and ShePherd (1967) both reviewed the max V02 

Procedure usins submaximal tests and concluded that with a 

few I imitations it was senerallY sound. 

Reports on the effects of several tYPes of train i ns 
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vary enormouslY with an iMProvement in V02 from 0~ to 93~ 

(Astrand and Rodahl 1977). 

The most convenient form of exercise for the 

measurement of V02 max is res work usual IY on a treadMi I I or 

bicYcte ersometer (McArdle+Maser1970; SidneY+ShePherd 1975 ). 

Several atteMPts have been made to relate the findinss from 

laboratory apparatus to sport ins performanes. Masai and 

Faulkner (1966) after measuring V02 on a srouP of swimmers 

on the treadtrli t I, durin'.3 teathered swirr1s and during free 

swims concluded that there was no significant difference 

between the three activities but su9gested that there were 

advantases in the PhYsiolosicat assessment of swimmers 

swimmin'.3 rather than running. Fersuson (1969) pursued a 

similar I ine of investisation bY measuring V02 during ice 

hockey exer•: i se. 

The reports mentioned hitherto have been concerned 

entirety with V02 measurement during leg work. Although this 

relationshiP is aPProPriate for manY sports it would appear 

to be inaccurate during activities involving arm 

exercise.ReYbrouck et al (1975),Vokac et al (1975) and 

Astrand +Rodahl (1977) susgest that a figure in the ranse 

70-85~ of max V02 is reached during arm work, For athletes 

trained and accustomed to arm exercise during their events, 

viz rowin'.3 and canoeins, a fisure towards the UPPer I iMit of 

the ranse Just siven would be expected (Tesch et al,1976). 
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Wa.kel ins and Saddler examined a group of 5 competitive 

canoeists for oxygen uptake on both a bicYcle ergometer and 

while canoeins and their results were in broad asreement 

with the findings of Tesch et al, that a.rm work averased 85~ 

V02 max of le9 work. 

In a study bY Corry et al (1982) on maximum aerobic 

Power of swimmers, swimmers were catesorized as athletes who 

used their arms PredominantlY and measurement of V02 max 

durins arm work onlY was taken for these individuals. It was 

found that elite swimmers achieved a V02 max readins of 79~ 

of their running V02 max. These authors suggest that a more 

realistic measurement of V02 max is achieved when athletes 

are usins muscle srouPs normal IY associted with their event 

rather than whole bodY V02 max values.It fol lows therefore 

that V02 max when measured on a treadmi I I is an aPProPriate 

indicator of running Potential and I ikewise when V02 is 

measured on a bicYcle ersometer it is an aPProPria.te 

indicter of cYcl ins Potential. 

There are certain events where the conditions are 

inhospitable and imPracticabl e for measurement of 

Performance and in these cases it is more desirable to 

sin1u1ate event conditons.Most water-based spc,rts fal I into 

this ,:ate9c, rY. If aPPa rat us is des i sned foi- event data 

,:011e,:tion then it requii-es ,:areful validation fr,:•!Tl b•::ith a 

biomechanicaland a muscular energetic view Point. In a 
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recent report bY Corry (1982) this obJective was not 

achieved. The author describes a form of land ergometY where 

the subJects simulate the movements of a swimming stroke 

,his conclusion regarding a biomechanical analYsis of the 

stroke are based on the stated assuMPtion that the PUii ing 

exercise is"sure to involve swirrHrlt:?rs rriuscles" • 

Having discussed briefly the PrinciPal energy 

liberatins Pathways involving anaerobic and aerobic 

metabolism it is appropriate to focus attention on the 

characteristics of skeleta l musc l e if a clearer 

understanding of muscular activitY is to be forthcomins. 
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Muse I e Ana.tot11Y 

For a. deta i I ed a1.na.t,:,t11 i ,:a. I desc r i Pt ion of ske I etai. I 

muscle the reader is refered to a ba.sic ai.natomY text 

( G reYs Anatc11'rlY ) , essential IY a muscle consists of 

bundles of fibres i::ovi::•red bY a1.n outer ,.,Hn'b•C'ln«-the 

ePimYsium.Each bundle is wra.PPed seParatelY in a laYer of 

PeriMYSiUl!l and consists of thousands of muscle fibres each 

embedded in a laYer of connective tissue-endomYsium, fis 3. 

A skeletal muscle fibre is made UP of mYofibri Is 

which liE> ,:1c,se to the ,:el I nucli:•i a.nd t1lit•:11:hondria .• The 

l atter are visible onlY with the aid of an electron 

111 i c roscoPe. A s i n9 I e mYof i br i I is ,:01'1\Pi::.sed ,:,f dark and I i 9ht 

bands of Protein as seen thoush a light microscope. 

HuxleY (1965) proposed a theory in which the Protein 

fi la.l!lents of a.ctin and tJ\Yosin t11oved over ea,:h other thus 

al 1,:,wing a shc,rte·ning c,r len9thening of the l'r\Uscle. It was 

suggested that a.ctin and mYosin were connected temPora.l IY bY 

a series of 1 bridses' and when movement occured the bridges 

were in contact for a short distance of the action and then 

it was necessary for them to release and relocate at a Point 

further along the OPPosins Protein filament. Wilkie (1968) 

has described the action as beins similar to a man PUii ins 

in a rope hand over hand. 

One of the Predictionc. fro111 thi::• sl idins f i 1a111•?nt 
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theory was that when the muscle was stretched, the overlap 

between the actin and MYosin would be reduced in length and 

therefore the tension as develoPed bY the number of cross 

bridges would diminish. Conversely when the muscle contracts 

and the number of cross bridges increases then the tension 

develoPed bY the muscle is greater. 

The Practical imPlications of this work to the 

athlete are gathering momentum and are manifested bY the 

growing interest being shown in isokinetic trainins methods. 

Such is this interest that the first ''European conference on 

the Isokinetic Revolution'' was held at Ma991 ingen in 

Switzerland in May 1984. The fundamental Principle of 

isokinetic training is that tension in the muscle varies 

with its length of contraction as suggested bY Huxley 

(1965 ). Isokinetic training devices aPPIY aPProPriate loads 

to t he muscle througout its ranse of movement. 



EndOMYSiUM 

V 
Nuclei Muscle Fibres 

Fi sure 3. A MicrosraPh annotated with som~ PrinciPal 

structures of human skeletal muscle. 
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Muscle F i bre tYPes and Enzyme activitY. 

Stefano Lorenzin i , an Italian PhYsiologist classified 

muscle fibres into red and white categories as long ago as 

1678. The exPlanation of the colour difference emerged later 

from work on rabbit muscle when Ranvier (1873 ) suggested 

that red fibres exhibited slow contraction speeds and white 

fibres ex h ib i ted fast contraction speeds. 

A notable development in the history of 

hi s tochemistry was the introduction of techniques which 

i dentified enzyme activitY thus siving an i nsight into 

muscle energet ics. It then became obvious that the two main 

muscle types, tYPe I and tYPe 2 ,were each involved 

PredominantlY in one of the two main energy liberating 

Pathways. TYPe I was shown to be aerobic and type 2 was 

p r edominantl Y anaerobic.A schematic representation of the 

PrinciPal chemical reacti o ns which occur during muscular 

work is shown in f i g 4. 

24 



GIYco<aen 

UDP +PP~· n(<al ucos'=' ·;i Pi 
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~: tr i ,:,se-P 

(f.mP+P i) 

ATP 

NAD 

......_-~ NADH 
FattY a.Ciel CCn) 

PEP > PYruvate CoA 

(ADP+P < ~ p / 1 ATP 

CYtOPlasrn Mitochondrial , 
/ 

membrane-- ---------- ----------~------------------

, 
I 

I\IE 

' ' 

, 
/ 

NADH2 

CO2{ 
J, 

' "AcetY I 

n,: Y I -Co A ( Cn) 

~ FADH2 

~ NADH:2 

- C A~ c·-::• C. ,:, . -· .I 

ATP 

( AMP+PP i ) 

" . NADH2 ~ OAA ( C4) ___ :,,,.__~)Ci t r a\ t e ( C6) 

FADH2 ~ N E i l\lADH2 
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Fisur'=' 4. The PrinciPal chemical reactions Which 
occur during muscula r work. Those which a r e 
aerobic take Place be low the mi tochondrial 
meri1brane inv'c•lvin9 the r{rebs cYcle·. Anaerc,bic 
rt:·a•:tic,ns ,:,,:cur outside t he 1r1itoch,::,ndria. 
(After Astrand and Rodahl 1977) 

See over for abbreviations. 
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It can be seen from fisure 4 that soMe enzymes a.re 

involved in the aerobic reaction which takes Place inside 

the mitochondria while others,eleven in nuMber,a.re involved 

in the anaerobic reaction. 

The identification of specific enzymes at eel lula.r 

level has recentlY opened a. wa.Y for a. direct correla.ton to 

be ma.de of the fun ctional a.ctivitY of individual muscle 

fibres. 

The enzymes which were of Particular interest in 

earlier studies were those associated with slYcosen 

sYnthesis a.nd breakdown (such as PhOSPhOrYlase), • 
OXYdoreducta.ses (such as dehYdrosena.ses) and hYdrola.ses (such 

as ATPase). 

Attention was initial IY focussed on succinic 

dehYdrofj11!\(,s e.. (Seh1en,:,ff 1935;Sel iSl'rla.n a.nd Rutenburs 

1951;Pa.dYkula. 1952) when a.nima.l muscle was used and there 

wa.s found to be a. variation in the presence of the enzyme 

between individVa.l fibres.Some muscles exhibited a. strons 

succinic dehYdrosena.se a.ctivitY such as the sol~us (in the 

rat) which is composed of type I fibres while others such as 

bi cePs fefl1,::,r i s a.nd ti bi a.lis a.nteror which a.re ,:oh1Posed of 

mixed fibre types exhibited a. marked variation in enzyme 

a.ctvitY. 
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Exercise and intramuscular Histolosy 

Anirr1a1s have Ions SUPPi ied tissues for experir1ental 

study and much is now known about the chanses that occur in 

animal muscle as a result of exercise. Some confusion arose 

from the different nomenclature which various authors 

adopted when describins muscle fibres . 

Stein and PadYkula (1962) who determined the 

intensity of succinic dehYdrosenase activity in rat fibres 

reported a three fibre classificat i on. TYPe A was white, 

tYPe Band tYPe C were red. Romanul (196E) found in the same 

muscle eisht dfferent tYPes of fibres based on enzyme 

activitY. Kusebers and Lars Edstrom (1968) who adoPted 

~ins' three fibre c I ass if i ,:a1.ton reported that tYPe A fibres 

fatisued after some 2000 contractions and recovery was stow. 

It was concluded that some PhYsiolosical mechanism must 

Protect these fibres from frequent or continuous use. 

Fol lowins endurance exerc i se of adult suinea Piss , 

biOPSY studies have revealed a sisnificant increase in the 

Percentase of red fibres in trained muscles (Barnard et al, 

1970) . The same authors in a subsequent study sussested that 

althoush there was an increase in the Percentase of red 

fibres of suinea Piss fol lowins 18 weeks of trainins there 

was no chanse in the contractile ProPertes of the muscle 

f i bres. 

Attention was then focussed on specific muscles from 
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the suinea Pi9 usins another three fibre classification ( 

Barnard et al, 1971) based on the histochemical activitY of 

NADH and ATPase. Fibres were named red, white and 

intermediate and correspond in function to fast twitch such 

as medial gastrocnemius, fast twitch such as flexor 

digitorum 1on9us and slow twitch such as soleus. These 

results invalidate Previous claims that red muscle fibres 

were slow acting. It was sussested therefore that fibres be 

referred to as fast-twitch red, fast-twitch white and 

slow- twitch intermediate. 

While histochemical studies involvins animals 

continued other workers were examinins the biochemical 

chanses that were takins Place as a result of exercise. The 

findinss from many animal studies (Oscia and Ho! loszy, 1971) 

were in general agreement that as a result of Prolonsed 

exercise enzymes which are involved in the mitochondrial 

matrix are adaPtive and modifY their COMPiement. Anaerobic 

enzymes did not appear to respond to exercise in the same 

way. However onlY a few studies have concentrated on the 

effects of short term hish intensitY trainins (Gale and 

Nasle, 1971;BasbY et al, 1972). This may be due partlY to 

the difficulties of the trainins itself, ie, to make the 

animals perform briefly at hi9h work loads. However the 

Principal findinss were :-

a) that this tYPe of training (in rats) caused a 
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MOdifica.tion in the contra.cti le Properties of the fa.st 

twitch fibres that were exa.Mined. 

b) that hish intensitY exercise is based on 

carbohYdra.te ca.ta.boliSM includins slYcosenolYsis and 

SI YCOI YSiS (Sta.udte et a.I, 1972; Ba.ldWn and Ti Pton , 1972 ) . 

In a. study of selected muscles i n the ra.t after 

sPrint trainins Sa.ubert et a.I (1973) sussested tha.t most 

skeletal muscles Possess sufficient anaerobic ca.Pa.city to 

meet the demands of heavy short term intermittent work 

W i th•:::>Ut a.daPta.tion to a hisher level . 

· While there Ma.Y be some iMPI ica.tions to man in the 

findinss of aniMa.l studies these results must be interpreted 

ca.ut i ous I Y. 

It wa.s not unti I 1955 that these new histochemical 

methods of enzYMe a.na.lYsis were a.PPlied to man CWa.chstein 

and Meisel 1955).As with Previous animal studies succinic 

dehYdrosena.se activity varied between human muscle fibres 

and the more reactive fibres tended to be sma.l ler in 

d i a.Meter. 

Dubowitz and Pearse (1960) demonstrated that various 

oxidative enzymes were associated with a. specific tYPe of 

muscle fibre and theY cal led this a. tYPe 1 fibre.TheY also 

la.belled the fibre which exhibited a. hish SIYCOl~ t i c enzyme 
<:ont,,,t-

( phosho r YI a.se) as tYPe 2. A two fibre classification was 
I\ 

also fav,::iured bY Ensel (1962) but h i s classification wa.s 
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based on the mYofibri I ta r ATPase activity of OXYdative 

91Ycol ~ tic enzymes. Engel's technique has been modified to 

reveal a much more sensitive method for fibre 

differentiation bY Broo~and Kaiser (1970). 

Other workers have concentrated their efforts on 

more COMPiex systems of identification.Stein and PadYkula 

(1962) investi9ated mitochondrial distribution using 

succinic dehYdro9enase reaction.There are many technical 

Problems associated with the study of enzymes and 

mitochondria. Enzymes are very labile.The mitochondria in 

which many of the oxidative enzymes are located are raPidlY 

damaged when the blood SUPPIY is cut. 

Many of these technical Problems have now been 

overcome and research into mitochondrial energetics 

continues CGohi I et al ,1981). With added cytochrome C and 

Progressive oxidation mitochondrial enzyme activitY has been 

measured in human muscle from needle biopsy samPles (Gohi I 

et al 1981a) (G,:>hi I et al 1981). The absence or reduct ion of 

enzyme action during human muscular activity may result in 

SYMPtoms such as lethar9Y,muscle aching and reduced 

repetitive action. 

The aerobic energy I iberatin9 Pathway is undoubtedlY 

the sYstem most freuentlY used in normal sustained human 

Performance.ConsequentlY this system and the accomPanYing 

enzyme activity have received a great deal of 

attention.RecentlY however, some research has been directed 
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towards the enzyme changes and deficiencies that occur 

during 91Ycol ~ tic or anaerobic work. In 1970 Boni I la and 

Schotland. described a method to demonstrate the deficiency 

of muscle PhOSPhofructokinase CPFK). Essential IY the 

technique involves an observation of the reaction between 

normal muscle and PFK deficient muscle to two substrates 

F-6-P and F-1,6-PP.If there is a deficiency of PFK then the 

results wi 11 show a varying intensitY of staining. 

Muscle BioPsY 

PerhaPs it is aPProPriate at this stage in the 

review to highlight the si9nificant steP made bY the 

introduction of modern needle biOPSY techn i ques to the studY 

of muscle energetics. Prior to its introduction muscle 

biopsy was I imited to animal studies or at best to human 

muscle samples taken from open biOPSY. These samples were 

normal IY taken from patients with diseased muscle or during 

autopsies. 

Although needle bioPsY of human skeletal muscle was 

introduced over a century ago bY Ducheene (1868) it did not 

become established as a diagnostic tool unti I the earlY 

1970's. 

Edwards (197.l) described a modified needle bioPsY 

technique which gave consistent results for measurements of 

a range of electrolytes. This method is currentlY (1984) 
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used in the rnetabol ic unit at UniversitY Collese HosPital in 

London and was adopted for the biopsies taken in this studY. 

It is clear therefore froM the recent introduction 

of modern needle biopsy techniques that the study of human 

energetics durins, fol lowins and as a result of exercise is 

in its infancy. 



I ( 

Human Performance 

Definition of fibre tYPes: 

During the remainder of this study the fol lowing 

nomenclature wil I be adoPted to describe muscle fibre tYPes. 

TYPE 1 refers to muscle fibres which have previously been 

c alled oxidative or slow- twitch fibres. TYPE 2 refers to 

fibres which are 91Yco1Ytic or fast-twitch. There are three 

further subdivisions of TYPE 2 fibres, viz,tYPe 2a , tYPe 

2b, a\\1d tYPe ,., -
.:!,..I_• 

Type 2a although deriving its energy source 

from the ana\erobic Pathway, demonstrates some aerobic 

behavioural characteristics such as intermedia\te mYosin 

ATPase sta\ining <Brooke and Ka\iser, 1970) TYPe 2b fibres 

are truly anaerobic and are recruited for high intensitY 

short term work. TYPe 2c fibres remain obscure in function 

and maY be in a transitional stase as tYPe 2a fibres modify 

to adopt the role of tYPe 1 fibres (Brooke and Kaiser 

, 1970). 

The development of human exercise studies and i n 

Particular those concerned with muscle energetics, fol lowed 

closely the approaches adopted in the aforementioned animal 

experiments. It was established in the ea r lY 1960's 

(Frick, 1963; Ekbli:Hrh 1968) that resting heart rate 

decreased with increased PhYsical fitness as a result of 
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tra.inins. In 1968 it wa.s deroonstra.ted tha.t aerobic tra.inins 

on a. bicYcle ersoroeter produced changes in the circulation 

of skeletal Muscle (Va.rna.uska.s et a.I) a.nd that succinic 

dehYdrosena.se increased bY 61,Y. in ma.le subJects. 

These findinss were in broad agreeroent -with those 

froro a. tater studY (Got I nick et a.I, 1973) where it was shown 

that during Protonsed subroa.xiroa.l work there appears to be a 

Preferential uti I iza.t ion of tYPe 1 fibres. Glycogen was seen 

to become dePleted initial IY in tYPe 1 and ta.ter tYPe 2 

fibres were recruited. 

Much of the ta.ining reported in the I itera.ture is 

aerobic in na.ture, the Per i od of training tending to be Ions 

and the interva.1 of ea.ch tra.inins session is a.tso quite 

lensthY, UP to an hour . The training intensitY also tended 

to be subri1axiri1a.1. In a. study bY Got !nick et a.I (1973) the 

conditions Just Mentioned were a.doPted and the findings 

based on the histochemical a.na.lYsis of biOPSY saMPles a.gain 

focussed on oxidative chanses. Succinic dehYdrosenase 

increased bY a mean value of 95~, oxysen UPta.ke increased bY 

13,Y. and there was a.n i ncrea.se in the a.rea. 1:)f tYPe 1 fibres 

after tra.inins. These authors did note however, that there 

wa.s a. reduction in cross sectional a.rea of tYPe 2 fibres 

a. I be i t Sflla. I I ( 7'/.). A It hOUS h this is hi i no 1- it wa.s 

sisnifica.nt from the view Point that not onlY did fibre tYPe 

recruitment ta.ke Place durins a.ctivitY but a.tso that fibre 

a.troPhY could occur simutta.neouslY over a. short Period of 
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time. Thus if the demand Placed on a muscle was of a 

stressful aerobic nature and if there was an absence of 

anaerobic demand then there could be atroPhY of tYPe 2 

fibres. If this is the case then for the athlete it is 

essential that the aerobic and anaerobic demands of his 

event are quantified and that his training routine reflects 

this loading. 

Attention continued to be directed at the 

ultrastructure of skeletal muscle in an attempt to clarify 

the role of the mitochondrial mechanism. Although no 

quant itative changes could be observed in Mitochondrial fine 

structure as a result of endurance trainin9 (HoP~er et al, 

1973), it was th,::.ught that an indvidual's n1axi1t\Ufll oxygen 

intake is I iMited not onlY bY the caPacitY of the oxygen 

transport system but also bY the oxidative caPacitY of the 

mitochondria in skeletal muscle. Little is Yet known about 

how exercise enhances oxidative enzyme activitY but it has 

been suggested bY Saltin and Nazar (1976 ) that the observed 

changes are regarded as imPortant for tissue uti I ization of 

oxygen. Th is sussestion was made after it was observed that 

the femoral vein in the trained les had a hi9her oxysen 

content than in the untrained les of the same subJect. 

Saltin (1976) also susgested that as a result of 

sPrint training tYPe 2 fibre area would in crease and that 

fo11,::iwins endura\nce train ins tYPe 1 fibres wi 11 in•:rease in 

cross sectional area. However in a study investisatin9 the 
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effects of strength training on enzYme activitY and fibre 

characteristics of human muscle CThorstensson et al,1976) it 

was found that there was no change in fibre area after 

training. The ma.in finding was a significant increase in the 

activitY of the mYokinase enzyme associated with t YPe 2 

fibres. 

In a studY bY Costi 11 and Daniels (1976) in which 

the gastrocnemius muscle of a sroup of elite athletes was 

bi OPS i ed and exa.111 i ned for fibre ,:orr1Pos it ion, it was suggested 

that while sPrint and endurance athletes a.re characterized 

bY distinct fibfe comPosition, ParticiPants in strength 

events have relatively low muscle enzyme activity and a 

variety of fibre compositions. 

Cost i I I and Coy I e ( 1979) however, reported that 

after isokinetic training there was a significant change in 

cross sectional area of both tYPe 1 and tYPe 2 fibres. 

In isokinetic exercise rr1ore energy r,1ay be ~,r,e_J clun,1 9 

muscular exertion because acceleration is control led 

mechnical IY bY the training device. The muscle therefore is 

able to maintain a state of maximum contraction through its 

ful I range of motion and thereby a maximum demand is 

required on the work ca.PacitY of the muscle (Chu and Smith, 

1971). 

In contrast to elite athletes, eleven middle aged 

and untrained men subJected to a. six month training 

Programme, largelY aerobic in nature , recorded sisnificant 
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correlations between meta.bot ic, PhYsiol09ical and 

morPholo9ica.l variables before and after training (BYiand et 

a.I, 1977). The results indicated a.n increased oxidative 

caPacitY and this was found to be located Prirna.ri IY in tYPe 

2 fibres. No atteMPt was ma.de in that studY to distinguish 

between tYPe 2 fibre sub-groups . There is a like! ihood that 

tYPe 2a. fibres had increased their oxidat i ve caPa.citY 

(Jansson and Ka.iJser, 1977). 

Muscle development and hYPotroPhY assoca.ted with 

tra.inin9 a.re iMPorta.nt benefits to the athlete. However most 

athletes at some time during their career suffer inJurY. In 

particular the consequences of bone fractures should be of 

interest to 'spo1-tst!len'. In a. study bY Sa. r9eant and Davi es 

(1977) which investi9ated the functional and structural 
{~t ._l 'C we.t.k\ 

,:hanges in r!lusc I e after disuse in PI aster ca.st, re Ported ,, 
1 InJured leg volume decreased bY 12~. 

:-

2 There was a. reduction bY 12% of oxygen uptake in 

the inJured le9. 

3 There was a reduction of 42~ in the cross 

sectional area of both tYPe 1 and tYPe 2 muscle fibres. 

The genera.I recommendations of this and simi la.r 

studies on muscular a.troPhY is that non-inJured I imbs must 

be exercised da.i IY if onlY bY isometric exercises to avoid 

a.t rC•PhY. 

If a. muscle is denerva.ted, al I fibres show 

progressive diminution in Metabolic enzyme activitY. 
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GIYcol g tic fibres lose 91Yco1Ytic enzymes faster and 

oxidative fibres lose oxidative enzymes qu i cker and the 

difference between the fibre tYPes tends to disa.PPear . This 

leads to the question of whether the Preferential enersY 

rr1etab,::it iShl of fibres is deterrr1ined in sot'r1e wa.Y other tha.n b~ 

enzYrr1e Prof i I es. 

The results from experiments with animals (Roma.nu! 

and Va.n Der Meulen, 1966) in which the nerve SUPPIY to type 

2 fibres had been interchansed with the nerve SUPPi Yins tYPe 

1 fibres, sussested that fibres be9a.n to reverse their 

roles. It is now thousht that muscle fibre enersY metabolism 

i s determined bY the nerve SUPPIY. The means bY which motor 

nerves determine the PhYsiolosica.l Properties and enersY 

meta.bot ism of the muscle fibre is unknown . One theory is 

that motor nerves SUPPIY hYPOthetical 'specific troPhic 
\.on 1th 

substances' a.re different for fa.st and slow muscles (Eccles, 
I' 

1965·). An alternative ProP,::isal bY Dra.,:hr11an and RotT1a.nu1 

(197121) is that th>? n>?ural influen,:e on both tYP>?S c•f muscle 

fibres is mediated onlY throush th>? n>?uromuscular 

transmitter , a.c>?tYlecholine. 

The sisnificance of muscle fibre composition would 

appear to be of i nterest to the athlet>?. SPrinters, bY 

senetic endowment possess a. hish Percenta.se of tYPe 2 fibres 

while endurance athlet>?s tend towards a hi sher number of 

tYPe 1 fibres. Figure 5 i 11ustra.te,s s ofll>=' relative 

proportions of tYPe 1 fibre, measured in smal I numbers of 
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athletes for different events. 
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It is clear from an observation of the nurober of 

athletes studied in fi9ure 5 that a coMPrehensive Picture of 

fibre tYPes amongst different sportsmen is far from 

COMPiete. 

Fibre composition and fibre size were studied bY 

Green and ThoMPson (1979) in elite ice-hockeY PlaYers and it 

was reported that while fibre coroPosition was within the 

I imits of the norroal POPUiation there was a significant 

increase in the cross-sectiona l area of tYPe 2 fibres over a 

season's activitY. 

Muscle fibre hYPertrohY has been observed on several 

occasions in studies roentioned Previous1y; however, no 

mention has been made about increases in muscle fibre nurober 

in roan as a result of exercise. Gonyea (1980) reported such 

an increase in the nurober of fibres observed in the 

fore-I iMb of the cat fol lowing exercise. He susgested that 

the increase might be due to fibre SPI itting. It Might be 

argued that the apparent increase in number could be 

attributed to the uneven distribution of fibres within the 

MUSCie, 

It is now possible for enzyme activitY to be 

determined bY non-invasive scanning although the faci I ities 

required for this Process are I iMited to one London hosPital 

(1983) and the cost of the machine was several Mi I I ion 

pounds. However muscle fibre tYPins which is sti I 

develoPin9 as a technique, depends on needle biOPSY, If 
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there were other indicators of fibre function more readi IY 

accessible such as components of blood composition then 

biopsies for SPortins Purposes would be unnecessary. In a 

study to find such a I ink IvY and Withers (1980) 

investisated the relationshiP between fibre types and 

lactate thresholds. The results sussested that the muscles's 

resPiratorY caPacitY (~ tYPe 1 fibres) is of Primary 

imPortance in determinins the work rate at which blood 

lactate accumulation besins. 

Lactate thresholds and aerobic-anaerobic thresholds 

have resulted in confusion due to the different values 

assisned to these variables bY different authors. Kindermann 

(1979) sussested a definition which attempted to c tar ifY the 

confusion and it was as fol lows:-

1.Aerobic threshold (formerly anaerobic threshold) 

to be aPProximatelY 2mmol of lactate per litre of blood. 

2.Anaerobic threshold (formerlY aerobic-anaerobic 

threshold ) to be aPProximatelY 4mmol lactate Per litre. 

These criteria if adopted wi I I make it Possible to 

determine individual IY the workload intensities for 

different forms of endurance trainins. 

Blood lactate measurements have recentlY become a 

raPid, accurate and Pain free technique invol vins a simPle 

Pin Prick administered automatical IY bY a machine which then 

diSPlaYs a lactate content. It would appear that if more 



results were forthcomins which related fibre tYPe 

quantification with lactate accumulation and work loads, then 

athletes might have a further measure of Progress readi IY 

avai labte. 

In a studY of lactate concentrations in different 

fibre tYPes resulting from varYins intensities of isometric 

contractions, Tesch and Karlsson (1977) and Karlsson (1978) 

sussested that lactate concentration increase was faster in 

tYPe 1 fibres in the muscle rich in tYPe 1 fibres and faster 

in tYPe 2 fibres in muscles rich in tYPe 2 fibres. From 

these results it would appear that fibre tYPins based on 

lactate assays is irnPossible. These results contradict the 

Previous findinss of Got !nick (1973) which stated that at 

tow isometric tensions a rnaJor reliance is Placed upon tYPe 

1 fibres and at hi9h tensions the rel lance is on tYPe 2 

fibres. 

We are not Yet in the haPPY Position of knowins al I 

about fibre tYPe devetoPrnent,rnuscle fibre tYPe distribution 

in different muscles or of fibre tYPe characteristics in 

athletes from various disciPI ines. The Position is becoming 

clear at either end of the Power-endurance continuum where 

SPrinters, Jumpers and power athletes in seneral have hish 

proportions of tYPe 2 fibres while the reverse is true for 

endurance athletes who tend to disPlaY hisher Proportions of 

tYPe 1 fibres (Boreharn 1980). 
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Canoein9 Studies 

A search bY Medi ine revealed onlY a sma.l I number of 

studies relatins to canoein9.Several cited works are 

con,:1:?rned with Pai.ddl in9 technique ( Granek, 1959; 

Ski I I i n9, 1976). Co,::,per ( 197 Li.) reported ,::,n padd I i n9 

k i ne!T1a.t i cs wh i I e Wake I i n9 a1.nd Sa.dd I er ( 1977) investigated 

the aerobic capacit i es of some British slalom canoeists and 

VriJens et al (1974) conducted simi la.r work on Swedish 

can,::,eists. Cermak et a l ( 1975) sussested some 

Predispos i tions for toP performance in speed canoeins. Tesch 

et a.I (1976) conducted a PhYsio1,:,sica.1 investisa.tion of 

Swedish ,:a.noe comPetit,::,rs,whi le Dal Monte et al (1975) 

eva.lua.ted Paddlers from both a PhYsiolosica.l and 

biomechanical aspect. 

Paddle forces while canoe ins have been studied with 

the use of strain sau9es (Ishiko,1971; Voss et al,1974; 

CooPer ,1974). Most of these studies incorporated radio 

telemetry to relaY information from the kaYak to recordins 

apparatus a.shore. 

There has been some disa.sreement between authors 

about the tYPe of lever s ystem which the Paddle a.doPts 

du r ins a. stroke ( W i I I i a1r1s, 1967; Cc,u rt 1979). 

Muscular ana.lYses of canoeins strokes have been 

reported bY Scott(1963) , Aldwinkle and Baker (1970),and 

YQShiQ t?t al 1974. 
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Etectrot11YograPhica1 recordings 

A nuMber of e Mg records have been Made of sporting 

Performances, viz. tennis (Stater and Hammel, 1949), golf 

O<arr, 1955) shot Putting (Her111cHh 1962), swimrr1ing Okai· , 

1964), gymnastics (Hebbel ink and Borms, 1967), rowing 

(Ishiko, 1971) and canoe rol I ing (Aldwinkte and Baker, 

1970). In Many cases these studies have been carried out 

using a multi core cable telemetry sYstem in order to record 

several Muscle groups simulta.neouslY. 

In an etectromyograPhical studY (Yoshi et al, 1974) 

of the Paddl in9 stroke the most significant Muscle activitY 

during the PUiiing rr1oti,:•n was posterior deltoid, 1atissi111us 

dorsi, teres MaJor and the triceps long head. The anterior 

deltoid and Pectoral is maJor were most active in the 

OPPOSite PUShin9 arm. 

Secher (1975) found that handgriP strength was the 

onlY strength factor which correlated with isometric rowing 

strensth in a group of 40 oars111en of international calibre. 

In another study of international oars111en (Celentano et a.I 

1974), it was found that this cal ibri? c,f athlete ,,1aintained 

a fairlY constant PUI I duration over a wide range of rowing 

f requen,: i es. 

It was reported in an unPubl ished study bY HumPhreYs 

(1982) that the fibre composition in the deltoid Muscle of 

five elite slalom canoeists revealed an equal dePendence 
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upon aerobic and anaerobic energy Pathways. This result was 

in agreement with the conclusion sussested bY Tesch (1976) 

that a Prerequisite to hish PerforMance arm exercise was a 

hish aerobic caPacitY. Tesch (1976) observed that in 

canoeists comPetins in shorter canoeins distances, more tYPe 

2 fibres were present in the deltoid. One chaMPion did not 

fit this model; onlY s i x subJects were s tudi ed. 

Wakel ins and Saddler (1977) usins a bi CYCie 

ergometer for Predicting maximum oxYsen uptake in slalom 

canoeists reported that successful slalom competitors are 

characterized bY suPranormal aerobic capacities and a 

considerable Part is used in Paddl ins. Some subJects 

demonstrated a high V02 while cYcl ins which was not 

reflected while canoeins. 

In a study instisated bY the OIYMPic Committee of 

North America (1982) and desisned to investisate the aerobic 

and anaerobic Potential of in ternational level 'white water 

slalom ' canoeists, it was reported that elite Paddlers 

uti I ized aPProximatelY 60~ of their V02 max during simulated 

competitive water runs. The same srouP of athletes 

demonstrated values of 80~ of their maximum anaerobic 

caPacitY durins s imul ated competitive slaloM runs. 
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CHAPTER 3 

Overview. 

The Purpose of this studY is to investisate the 

PhYsiolo9ical demands of comPetins in a slalom competition. 

In order to achieve this obJective as much data as 

was Practical IY possible relating to the criteria of aerobic 

and anaerobic enersY demands was collected durins 

competition events.However it was found imPracticable to 

measure accuratelY and real isticallY those parameters 

concerned with aerobic metabolism in comPetins canoeists. 

PerhaPs the overridins difficultY that was 

experienced in this context was the unwi I I insness of elite 

competi tors to don equipment desisned to measure oxYsen 

uptake durins competitive runs. 

It was decided therefore that to overcome this 

Problem oxysen uptake measurements would be taken in 

simulated conditions on an arm e rsometer where the ene rsY 

demands would correspond as near as Possible to those 

exerienced durins a comPetitive slalom run.The first Part of 

this chapter describes the develoPment and validation of 

this apparatus. 

Prior to the collection of PhYSi•:>losical data b•Jth 

in the field and in the laborato ry it was decided that an 

investisation into the current trainins habits of toP class 

slalomist was appropriate. The second half of this chapter 
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describes the questionnaire and the results. 

The sections are described in the fol lowi ng order:-

ArM Ersometer 

Rationa l e 

DeveloPment 

BicYcle Ersometer 

Mechanical analYsis of a forward 

Paddl ins stroke 

CinematograPhical AnalYsis 

Questionnaire 

A s ur vey of Train ins routines and 

Attit udes a mo n s el i te slalom canoeists. 

Results of the Trainins 

questionnaire 

ARM ERGOMETER 

Rationale 

Attempts have been Made with varYins degrees of 

success to collect PhYsiolosical data from canoeists while 

theY are canoeins.Aldwinkle and Baker (1967) Pioneered the 

E.M.G. muscle ana !Ysi s in water durins a canoe rol I.Tesch et 

al (1976) u s ed the douglas bas Method to determine oxYsen 
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uptake in sPrint canoeists.Court (1979) used telemetry to 

monitor canoein9 muscle action. 

However the I09istical and technical ProbleMs 

associated with 'on water' studies often cast doubt on the 

val iditY of data cot lection methods, ParticularlY those 

associated with ventilation parameters. 

Several researchers have attempted to overcome this 

Problem bY develoPins a drY land Paddl in9 simulator. PYke 

(1973) modified a Monark bicYcte er9ometer bY removin9 the 

Pedals and extendin9 the Pedal cranks, the ends of which 

were linked to the loom of a Paddle. Cooper (1974) 

reproduced this design to studY sprint canoeing Parameters 

in the laboratorY. This apparatus was used for some data 

col tection of an elite canoeist which is Presented in this 

studY. 

Tesch (1976) used a mechanical IY braked bicYcle 

ersometer for arm exercise to monitor oxygen uptake in the 

laboratory. 

It was decided that while some data collection for 

this studY was field orientated, there was a need for data 

collection in the more hosPitable environment of a 

laboratorY.With this in mind a Paddle ergometer was 

develoPed. 
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DEVELOPMENT 

Previously Most simulators had involved the 

Modific~tion of a bicYcle ersometer where the work load 

could be monitored accuratelY.Initial IY this idea was 

def iberatelY avoided in favour of a More realistic device 

usins a canoe, a Paddle and a Paddle tank. At~ thered canoe 

in a swimmins Pool resembles closely the conditions 

experienced bY a competitor Prior to the start of a 

competition when the in i tial strokes effectively ProPel the 

craft from a stationary position. However for the study of 

continuous Paddl ins action it would be necessary for the 

kaYak to be movin9 relative to the water surface or 

atternativelY for the water to be Movin9 backwards in 

relat i on to the canoe. The last sussestion atthou9h 

realistic as a device for the onsoins study of canoeing 

action is PerhaPs too expensive for a sinsle self-financed 

investisation. 

The simulator mentioned penultimately was devised in 

a siMPlistic form sufficient for its effectiveness to be 

evaluated. It was found that althoush the Padd l ins action 

required to Move the device was siMi tar to that required 

when canoeins, the advantases of the device failed to exceed 

those of ate thered canoe in a swiMMins Poot. At this stase 

the I ine of investisation was hatted. 
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BICYCLE ERGOMETER 

Attent i on was focussed on a 'LODE' e1ectronica 1 IY 

braked bicYcle ergoMeter with the v i ew to MOd i fYing the 

machine to s i mu late the Paddling action o f canoeing . 

The machine was inverted and a Platfo r M s upporting 

an a dJus table canoe s e at and foot rest wa s con s truct ed 

(fig 5 ). 

Figure 6. The arm ergometer comPr i sing of seat , Platform a nd 
adJustable footrest. 
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Uni ike Previous simulators where Pedal cranks have 

been extended and I inked to a Paddle shaft thus creating a 

variablY angled loom , this effect was achieved here bY 

rePlacin9 the Pedals with short s ections of neoprene 

tubing.The tubing was sl ightlY flexible to accomodate a 

variation in hand geometry but sufficientlY rigid to 

transmit Power to the Machine. 

Variable resistance (in Watts) was aPPI ied to the 

device through a remotelY control led console.When this 

device was I inked to a Micro-processor through a digital to 

analogue interface a simulated Paddle resistance similar to 

that found on a river could be Programmed. 

At this stage it is pe r haPs aPProPriate to consider 

the analYsis of a Paddling stroke before progressing onto 

the validation of the Paddle ersoMeter 

MECHANICAL ANALYSIS OF A FORWARD PADDLING STROKE 

Power from the canoeist ' s muscles t i transmitted 

through the Pad~le to t he water.The resistance offered bY 

the water to the paddle blade is isokinetic in nature in 

that the Paddle moves ProgressivelY backwards through the 

water as more Power is aPPI ied.The mean Pressure on a Paddle 

blade is 45sr/cM*2 measured bY a friction tube attached to 

the centre of the b lade. 

In mechanical terms the leverages eMPloYed during a 
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Paddle stroke on one side of the canoe vary depending upon 

the stYle of the i ndividual. Fi9 ( 7 ) i I I us t r a. t es a f i rs t 

order lever sYstem where the left Paddle experiences 

resistance offered bY the water and the left hand acts a.s a 

fulcrum . The effort is a.PP! ied through the risht hand. Fis 

(7) also ii tustrates a technique where the fulcrum is at the 

risht hand and the effort is aPPI ied through the left hand, 

this is a. third order lever sYster11. Fina.I IY Fis (7) 

i I lustrates a combination technique where the two Previously 

mentioned lever systems a.re combined and a.ct 

simulta.neouslY,The latter technique a.PPears to be the one 

favoured bY sla l om canoeists when Paddl ins forwards. 



.. .. 

• 

i t 
~ow 1 

\ 
\ 

I 
I BOW 

I 
I 

I 

I ' ' I , , 
I 

I 

I 

\ 
I 
I 
I 
I ; 

I \ I / \ I 

ST ORDER 3 RD ORDER 

F 
Pos I T10 N 1 

A C OMBINf,T ION 

LE.VER S'tSTEM ACTING 

S EOUENT I ALLY E 
Posn10N 2 

Suss c.R 1PTS 

·Fis 7. The lever SYsteMs adoPted ··._,., ... 

R"' P.£SISTHNCE: 

F= FlJLc.Ru11 

E = [ FFD~T . 

in a Pa.dd I ins stroke. 
The UPP1::•r left fi9ur'=' i I lustrates a first ,:,rder 

lever s YsteM were the left arm is actively Pushin9. 
The UPPer ri9ht fi9ure s hows a.third order lever 

system where the left a.rm is a.ctivelY Pu l I ins. 
The ,:entre dill':l ra.t11 i I tustrates a. cotrlbin<i.ti,:,n 11::•ver 

sYstem where the c~noeist <i.dOPts a third order lever in the 
initial Pha.se of the stroke then fol lowed bY a.first order 
t ever. 

5 4. 



MUSCLE ANALYSIS 

The lower bOdY musculature PlaYs a large isoMetric 

and sYnergic role during ProPulsive canoe strokes. During 
' 

the Power Phase the back and thigh muscles are involved in 

sl i9ht extension of the hiPs but maximal I Y in a sYnergic 

role to al low the UPPer bodY musculature to effect a 

Protagonist action. Cermak (1975) reported that in canoeists 

the muscles of the back were Particularly strong. 

The humeroscaPulo Joint comPlex is involved in 

extensive movement during canoeing activitY and this i s 

described systematical IY in table (1). 

It can be seen from this table that during the 

Pul I in9 Phase when the humerus is drawn backwards (extended) 

the lat i ssimus dorsi muscle is a maJor Protagonist. 

Simultaneously the other humerus is Pushing forwards 

(horizontal flex i on) ca.used Pr i fllar i I Y bY the pe,:tora. lis 

maJor. Although manY other muscles a.re involved actively at 

some stage during a Propulsive Phase of the forward Paddling 

stroke, both the latissimus dorsi and the Pectora l is maJor 

are ParticularlY interesting. These muscles are superficial 

in location which makes them suitable sites for 

e1ectromyograPhica1 analYsis. 

The latissimus dorsi was a muscle which Court (1979) 

reported as being noticablY active during the ProPulsive 

stage of the canad i an canoe stroke. 
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Table ll 
Shonlde:i::· j0,int muscles and thei:i::· a,ctioins 

A B C }) E ., G H 
flex ex-t a.bd aldd .inw out w hor h or 

=t rot flex ext . -- -
1. Ant Deli. toid PM Asst Asst PM 1 -- -----~- --·- ---- --
2 . Mid Del!to.id PM PM 2 

}.. Post De1toid Asst Asst Asst PM 3 -
4, Su Rraspin.t.tus PM I 4 

I 
5 . Pe ct Ma,j Cll.av PM Asst Asst PM 5 

6 .Pe.c Ma:.;1 s t e=al PM PM As.st PM 6 -~ 

7~Coracobrachia.1.i s Asst Ass t Asst Ass t PM 7 

8 ~Su b-s ca,pul ari s As s t PM Asst 8 -
9,Lai.tt do:i::si PM PM Asst Ass t ~ -
Hi Tere.s Ma,.j PM 

11 Iro:ir-aspina tus 

12 Teres lllinor ·---
13 Biceps L head Asst 

14 Biceps s he a.d Asst 

i 15 T::n:iceps Asst 
I 

PM PM 

PK 

PM 

Ass t Asst 
I 

Asst ! 
I I 

Asst 

PM 

PM 

Ass t 

I 

10 

11 

1 

1 

2 

~ 
14 
15 

PM : PRIME t10VtR. 

2C 2C 2C 2C 2C 2C 2C 2C 
END lG l G 1.G lG START 

rn=dl- d d ~- ~-~-~ 1fY¥-~ ~--~~-~ 
9B 2C 2.C 2C 9B 2·H 2H 2H 
lOB 9B 9B ~ l OB 3H 3H 3H 
9H l OB l OB 9H 9'H 9·H 9'H 9H 
l OH 9'H 9H l OB lOH lOH l!OH 10H 
llF LOH l OH l OH llH llH UH l lH 
12F HF lLH llH 1 2H 1 2H 12H 1 2H 
14A 12F 12H 12H 1 4A 

1 4A 1 4A 14A 
The muscular mo,veaent i s described by sub scrip.t s . Refer to, T~ble 1 a'Xes fo•r , 
e a.ch subs,crip t. 
Subscidp,ts above t he dol l refer to· left a.rm.; tho·se belo.w t Cll the right ar11. 



Validation of Paddle Er9ometer 

The latissiMus dorsi and the Pectoral is Muscles 

together with anterior and Posterior deltoid were selected 

as criteria for comparing the Pattern of movement durins a 

canoe stroke on water with that Produced when Performins on 

the arM ersometer. 

EMG recordinss were taken from a subJect seated in a 

canoe on a swimmins Pool C fis 8).The same subJect,who was a 

recent member of the British slalom team, was connected in 

the saMe way to the ems Machine to record shoulder sirdle 

muscle actions while Perform ins a Paddle stroke on the 

siMulator (fis 9). 
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Fi sure 8. A subJect seated in a kaYak connected to an 
electroMYosraPh. SubJect and ~PParatus moved simultaneouslY. 

Fisure 9.A subJect on the arm ersometer. 
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Fi sure (1©) i I lustrates the ems results both on 

water and on the ersometer for a COMPiete Paddle CYCie. 

A COMPiete Paddle CYCie commences when the left hand 

is furthest from the vertical bodY axis in the sasittal 

Plane,, it is Pulle,d downwa1·ds towards the axis and then is 

Push'2'd upwards and out to resain the, start Position. 

The Paddle action commences with visorous activitY 

in the left ante,rior deltoid ( fis 10a) which althoush not 

actins in a Propulsive extension of the humerus, is 

responsible alons with the medial deltoid in SUPPortins the 

humerus in a forward flexed Position. The i ntens itY of 

anterior deltoid action is 11 Points ( a Point corresponds 

to each time the Pen trace crosses the mid I ine of the Pen 

sweep). 

Simultaneously left Posterior deltoid and left 

latissimus dorsi act in a Propulsive extension of humerus as 

the hand and Paddle is PUI led backwards throush the water, 

pc,sterior deltoid 7 Points, la.tissirnus doi·si 1© Points. 

The descriPtion above is summarized in Table (2) 
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Table 2 

A sumMarY of contraction Phases of four Muscles durins a 
COMPiete Paddle action on the ergometer and in the kaYaK 

Contra.ct ion 
ti rile tr\S 

Q)-500fllS 

500-1000fllS 

1 ©12)12)-1 500trlS 

SubscriPts 

Er 
.(y 

1 = 
2 = 
3 = 
4 = 

Pectoral is Anteric•r Posterior 
roaJ c, r deltoid del t,::ii d 

Er .(y Er .(y Er .(y 

-:r T 2 4 "T "T .... • ·-· ·-· ·-· 

.... 
~~ 1 ~. < 2 ..::, L ~· 

3 3 T ~· ~-·-· 4 4 

contra.ctions during ergometer action 
contractions during kaYak action 

Ii tt I e or no ,:oritract i c,n 0-3 Points 
weak contractions 4-8 Points 
moderate contract i ons 9-12 Points 
intense contractions 13+ 

c~, 
t::IL 

Latiss 
dorsi 

Er •<Y 

4 3 

1 1 

2 2 



A siMi tar Protocol is adopted for the descriPtion of 

the ful I CYCI ic Paddle action on the Paddle ersoMeter 

coMmencins when the left hand is furthest from the vertical 

bodY axis in the sagittal Plane and returns to that Position 

after having moved backwards, downwards, upwards and 

forwards. 

A muscular descriPtion of the movement observed from 

the ems traces starts with latissimus dorsi action durins 

the first third of the Put I Phase of the left arm with a 

simultaneous Yet somewhat less visorous assisting action of 

the Posterior deltoid. The anterior deltoid is also st isht l Y 

active in the first Phase (5 Points), POSSiblY in a 

sYnersic rote. 

The second Phase of the action is dominated bY the 

Posterior deltoid which is involved in the change of 

direction when the otecranon reaches its furthest backward 

Point and then Proceeds to track forwards as the PUShins 

action commences. 

The Pectoral is maJor commences its action at the 

apparent chanse over Point between the PUii and Push 

althoush the intensity of its action is not as great as one 

might exPect durins the Push Phase, this Phase misht be a 

misnomer. 

Durins the last Phase of the Push action anterior 

deltoid is active tosether with Posterior deltoid. 
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This descriPtion is also shown in Table (2). 

Summary of muscle actions 

The ,:,bserved pattern of a.ct i vitY in fc,ur se I ected 

Muscles durin9 a full Paddl in9 stroke while canoein9 on 

water was siMi lar to that observed durin9 a. ful I CYCie on 

the a.rM er9oroeter. 

Of particular iMPorta.nce was the duration and 

intensitY of the latissimus dorsi Muscle durin9 the 

action.The in t ensitY of this MUSCie when on the ersoMeter 

was siMi lar to that when canoein9 but the duration of this 

action was s l i 9htlY lonser on the er9oroeter. The la.tissiMus 

dorsi Muscle was that selected to be trained and then 

bioPsied so the effect of the ersoroeter in this context was 

most sa.ti s factorY . 
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CINEMATOGRAPHICAL ANALYSIS 

The forward Paddling stroke wh i le canoeins and the 

arm action durins work on the Paddle ergometer were both 

fi I med us ins 8mm cinematosraPhY in the fronta l , sasittal and 

transverse Planes althoush not in a synchronized manner . The 

entry Point and exit Point of the Paddle b l ade were used for 

synchronization cues during subsequent fraMe analYsis.The 

camera speed found to be most suitable was 18 frames Per 

second. 

The bodY segments studied were the humerus and the 

vertebrae and from the analYsis of ea.ch frame the loci of 

these sesments were Plotted. 

The results of the cinematosra.Phical a.natYsis are 

i I lustrated in figures 11, 12, and 13 where a comParison 

between the canoe Paddl ins action and simulator action 

du 1- ins a s i ng I e r i 9 ht hand PU I I can bi::· triade. 
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P<il.dd Ii::• ao:t ion 
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Fi9ure 11. The 100:us of the head of hume r us durins a single 
ri9 h t hand Paddle ao:tion is shown bY S2----S1; durins a. 
siMulator ri9ht hand cycle bY H2----H1. E2 thoush El and L2 
throu0h Li are the loci of the oiecranon d ~ i ns the Paddle 
action and s,~ulator action resPectivelY . 
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Simulator action 

F,gue 12. The locus of the head of humerus during a ri9ht . 
hand Paddle action ,s shown bY S2----S1; durins a risht ·hand 
simulator action bY ~2----Hl. E~ throu9h Ei and L2 throu~h 
Ll are the io~i of the otecranon durins the Paddl~ action 
and simulator action respectively. 
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Fieure 13. The locus of the 5th cervical vertebrae durin9 a 
rieht nand Paddle stroke is shown bY c2----c1; during a 
ri9ht hand simulator action bY A2----Al. L2 through Li and 
B2 through B1 are the loci of the 5th lumbar vertebrae 
durins a paddle action and simulator action resPectivetY. 
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Fi9ure 11 shows the action observed from the 

sa9itta.l Plane.The 'dol Is' shown at the top and bottom of 

the f i 9 u re we re ta.ken f rohl the f i I hh and serve as a. <:1u i de to 

the sequential Position of the humerus durin9 each arm 

action.Both the actions while Paddling and on the simulator 

wei-e of a. Sihli la.r cturaticrn ie witt-vn 2 frar,ies. 

The initial and final angle of the humerus durin9 

" the canoe stroke is i I lustrated in figure 11,bY S2 RS and 

" 81 Q S resPectivelY.Likewise the initial and final angle of 

" the humerus during the simulator action is shown bY H2 RS 
I\ 

and Hl Q S resPectivelY. It would be erronous to compare the 

angles directlY between Paddling and simulator from this 

fi Im due to the imprecise nature of fi I ming while on the 

water. However a visual inspection of the loci reveals that 

the ran<:1e of movement on the simulator was marginal IY less 

than that observed during the Paddling stroke. 

Figure 12 i I lustrates the locus of the humerus from 

the transverse Plane.The dissirr1i lai-itY between the initial 

" " angle S2 ST and H2 ST of the humerus while Paddling and on 

the simulator resPectvelY is clear. During the Paddling 

stroke the subJect can determine the Point of entry of his 

Paddle and this becomes habitual. On the simulator the 

furthest Point durin9 the revolution of the Paddle arm is a 
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function of the 1ensth of the Peddle crank,which is fixed. 

Once asain comparative ansular measurements were not 

intended to be taken f rofl\ this f i I !Tl but a vi sua I i nsPe,:t ion 

of the loci S2 throush S1 and H2 through H1 do not differ 

widely; this trace shows the head of humerus durins both 

actions. 

When the paddl ins action was observed from the 

frontal Plane (posteriorly) the locus of the cervical sPine 

is i I lustrated bY C2 - C1 in figure 13. This is not uni ike 

the cervical trace on the simulator shown bY A2 Al , a Is,::, 

in figure 13.A striking difference is seen in the movement 

of the IUMbar vertebrae L2 - L1 (canoe) and B2 - Bl 

CsiMulator). While canoeing the subJects were observed to 

move their craft sideways durins the PUii ins Phase thus 

exPlainins the trace L2 through Ll.On the simulator however 

there was a fixed seat which Prevented this action thus 

exPlaining the trace B2 through B1. 

This cinematosraPhical exercise has highlighted some 

dissimilarities between the action of Paddling a risht hand 

stroke while canoeing and PUii ins the risht hand lever on 

the Paddl ins siMulator. On the whole the Pattern of 

movements were sufficientlY alike to give confidence in the 

desisn of the simulator. 
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Conclusions of two indePendent methods of vat idating the 

Paddle ersometer. 

The broad aim of Producing a Paddle ergometer was to 

be able to reproduce a Paddl ins action in the ,:ontrol led 

environment of the laboratory, which closely resembled that 

experienced while Paddl ins a kaYak on water. 

The results of the etectromyograPhicat anatYsis of 

four Propulsive canoeins muscles revealed that a subJect 

working on the a.rm ersometer Produced a pattern of muscular 

activitY which resembled closelY that while canoe ins on 

water. 

The cinematosraPhica.l a.nalYsis of the same actions 

revealed that the ranse of UPPer body and arm movements is 

sl ishtlY less on the ersometer than that observed while 

canoeins on wate r, but nevertheless the overal I Pattern was 

s i rri i I a r. 

Based on these results the ersometer was adopted 

without further mod ification for subsequent use in the 

stud Y. 
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A Survey of Trainins routines and Attitudes amens 

Elite Slalom Canoeists. 

Rationa1e: 

The Problem which this studY attempts to solve is as 

fol lows:- ''Can the demands of slalom competition be 

identified, if so what are theY and how can training methods 

meet them?" 

It was thought aPProPriate to initiate this 

investigation bY conducting a questionnaire which enquired 

into t h e training habits and bet iefs of elite slalom 

comPetitors.It was hoPed that the results of this exercise 

would not onlY reveal the current trai nins methods that were 

beins emPloYed but also the Josic and reasonins under I Ying 

the choice of such methods. 

Method 

A questionnaire which enquired into the methods, 

frequency and modes of training was administered Personal IY 

(bY the author) to a srouP of 30 elite slalomists. 

The aims of the exerc ise were to investisate the 

degree of awareness of trainins methods shown bY 

competitors, to reveal the avai labi I itY and uti I ization of 

train ins faci I ities and to indicate the dePth of aPPI ied 

coaching. 

Cn=30) 

The size of the samPle questioned althoush smal I 

rePresents the upper echelons of the sport. It was 
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felt that competitors of this calibre were those most I ikelY 

to be exposed to modern coaching and training techniques and 

therefore their responses would reflect a comprehensive 

Picture of current Practices. 

Results of the Questionnaire 

The tYPes of training most frequentlY emPloYed and 

reported bY slalomists in the sample are i I 1ustrated in fi9 

14.A 1arse number of slalomists (29) used kaYak sPrinting as 

Part of their routines and when questioned further on this 

Point the maJoritY considered that extended sprinting (1000 

metres) was a useful exercise. Tesch et al (1976) reported 

that the highest OXY9en uptake of al the racins distances 

was obtained after 1000 metre races. 

If aerobic caPacitY is fi rmlY established as an 

important factor in slalom Performance then the competitors 

in the samPle are adoPtin9 a sound trainins PrinciPle bY 

sprinting 1000 metres in kaYaks. 

If however this belief is a fallacy and anaerobic 

training is of Prime imPort~nce then shorter sPrint 

distances mi9ht Prove more beneficial. 

It was noticable from the returns that few 

competitors emPIOYed isokinetic training methods (PiPes and 

Wi !more 1975; Astrand Rodalh 1977) ParticularlY in view of 

the increase in number of isokinetic 'mini 9Yms' round the 



countrY. PerhaPs the Problefll is that there is a. lack of 

advice and quidance for using this type of equipment. 

The sma l I number (4) of subJects who incorporated 

isokinetic training methods in their resimes included one ex 

world chamPion and the current world chamPion (1983). 

The duration and frequency of training habits a.re 

illustrated in fis 15.It can be seen from this fisure tha.t 

ha I f the SafllP I€• (15) trained UP to five hours Per week.The 

second larsest srouP (8) trained between 14 and 18 hours Per 

week.Both w,:irld ,:haf11Pions fel I int,:, this gr,:iuP.The 01a.JoritY 

of the saMPle (18) trained between 5 and 7 daYs Per week. 

Althoush guidelines on train ins frequency are 

specific to each event there is a dearth of information to 

SUPPort such advice in canoeins. The figure of 7 daYs Per 

week for training frequency, reported in the questionnaire, 

seems high unless distinct and contrasting training methods 

are emPIOYed.The sreatest danger of such resular train ing is 

a. loss of motivation. 

The ma.JoritY of the saMPle (23: Table 3) received 

guidance in their training ProsraMmes and al I the samPle 

(100Y.) expressed a willinsness to modify their routines ,:,n 

authoritative advice.A large number (76Y. ) included mobi I itY 

exercises and al I eMPIOYed a Pre-trainins/comPetition warm 

UP Period ransins from 5-30 minutes.Once again both world 

cha.mPions tended to extensive warm UP bouts. 
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Table 3 

The res ponses from 30 subJects to specific 

questions. 

Question i- YES r. NO 

Is Your training 9U i cied 77 .-,.,. 
~·-' 

Wi I I YOU fllOciifY tl"ainin9 if 

advised 100 

Do YOU include MObi I i tY 

77 .-,.,. 
.,,!. ,_, 

Do YOU warn, UP 100 

Len9th of warm UP 5 to 30 n1 i n utes 

Do You use special diets 10(2) 

Have You vomitted during 

tra.inin9 50 50 

Do You know your resting Pulse 

rate 77 

Do YOU us e PUise a\S a\ SUide 

durin9 trainin<:J 50 50 
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Special dietary requirements were considered 

unnecessary bY al I respondents but the tYPe and timing of 

meals were reported as imPortant factors on competition 

daYs.Hi9h enersY I iquid intake several hours Prior to 

competition was a common occurrence. 

Half the samPle experienced i I lness in the form of 

vomittins durins training Periods althoush none reported 

th i s as a measure of training intensitY often used in that 

way bY track athletes. 

APProximatelY 75~ of the samPle were aware of their 

resting PUise rate value but onlY half (15) used PUise rate 

as a trainins suide. 

Conclusions. 

The overal I Picture which emerses from the data on 

training habits seems to be one of seneral itY.There does not 

aPPear to be a Particular routine or specific Principles 

which are common to the maJoritY of the canoeists samPled. 

There does aPPear to be a hint of emPhas i s,knowinslY 

or otherwise, Placed on aerob i c development.It is sussested 

that perhaPs this results from an awareness on the part of 

coaches and competitors of the imPortance of repetitious 

ski I I train ins.There was also evidence from casual 
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conversations with the subJects that there existed a 

conservative historical influence which one r espondent 

expressed "if the method was sood enough for that chaMPion 

then it is sood enoush for me" 

A feel in9 that resulted from this survey and from the 

casual conversations which took Place between the author and 

many canoe ists was that there appears to be lacking, 

convincing data on the demands of slalom perforMance on 

which competitors misht base their training ProsramMes. 
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CHAPTER 4 

Overview 

In order to assess the PhYsiolosical demands of 

comPetins in a slalom event, where-ever possible data were 

collected durins competition. If this Proved unrealistic then 

an attempt was made to collect data durins a simulated run 

on an internat ional slalom course. As a last resort when the 

two aforementioned methods were inaPProPriate data were then 

cot lected in the laboratory. 

This chapter is devoted to a descriPtion of four 

indePendent methods ,:if data collection. 

Each method tosether with the results wi II be 

described seParatelY in the fol lowins order:-

4.1 Stroke Count 

4.2 Heart Rate 

4.3 Qxysen UPtake 

4.4 Lactate Levels. 

----------------------------------------------------------------------------------------------------
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4. 1 

St 1· cil·( e Co u n t 

Slalom events require the comPetitior to manoeuvre 

his craft as fast as possible from the start throush a 

series of sates (up to 30) to the finish. The route 

inevitablY requires the competitor to Perform a combination 

of different paddl ins strokes of Which some are forward 

ProPutsive strokes, some are reverse strokes and some are 

combination 'movins draw' strokes. Needless to say each 

stroke involves a Particular Pattern of muscle activitY . 

It would be useful for competitors to be aware of 

the Proportion of different strokes that misht be necessary 

when Paddl ins Particular slalom courses. An iMPI ied 

assumPtion of that statement is that al I comPetitors Perform 

a simi tar tYPe and number of strokes for a Particular 

,:,:iurse. 

There was no evidence to sussest that this 

assumPtion was correct. 

It was decided therefore to count the number and 

classifY the tYPes of strokes which a competitor Performed 

on a slalom course. 

Method 

Strokes were classified into three catesories:­

a. Forward Propulsive stroke; 
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The pa.ddle blade moved frolll a.n entrY Point 

forwa.rd of the cockPit Pa.ssed the cockPit to exit nea.r the 

rea.r deck.There wa.s to be no a.PPa.rent steerage attempt 

during the action. 

b. Reverse Paddl in9 stroke; 

This is a Pushing stroke where the blade 

enters the wa.ter close to the rear deck and moves forwards 

to exit near the front deck.It is intended to brake the 

forward 111ovin9 Ka.Ya.k or Propel it in a. reverse direction. 

c. CoMbination stroke; 

This describes a.nY other stroke which is 

neither a forward nor a reverse stroke. 

Initial IY it was hoPed that accura.te stroke counts 

llli9ht be taken from a video recordin9 of competitors' 

runs.This method was evaluated and a.bandoned for operational 

reasons in favour of manual stroke countin9. 

The method which Proved most effective involved four 

trained observers each equiPPed with a Porta.ble cassette 

recorder and strate9ical IY Positioned along the slalom 

Each observer wa.s responsible for counting and 

classifYin9 the strokes Performed bY the competitor on his 

section of the course.Each competitors' nuMber (disPlaYed on 

a bib) was cal led out verbal IY bY the observer Prior to 
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enterins his section of the course.In the same manner the 

tYPes of stokes were spoken and recorded automatical IY on 

tape. 

It was a simPle task to col late these data from the 

cassette tape at a later date. 

This method was used to quantify the variety of 

strokes Performed bY 20 elite slaLomists comPetins in a 

national event. 

The venue chosen for the stroke count was the 

international canoe slalom course at Bala in North Wales 

which is between 700 and 800 metres in lensth. A number (in 

the ranse 26-30) of slalom sates were suspended from wires 

sPannins the river at intervals down the course. A 

competitor must nesotiate each sate in a Prescribed manner 

this beins either forward down stream, forward upstream or 

reverse down stream .Thus the canoeist is constantlY turnins 

the kaYak in order to assume a correct Presentation. 

A new course is desisned for each slalom competition 

but the lensth of the course and the number of sates are 

determined bY international rules.The detai Is of the course 

used for data collection in this studY were tYPical and are 

sh,:,wn in t&b I e 4 

8 .-, 
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Table 4 

The characteristics of the slaloM course 

NuMber of sates 28 

Forward downstream 16 

Forward uPstreaM 7 

Reverse downstreaM 5 

Course length 700 metres 

Resu I ts 

The results of the stroke count exercise are shown 

in Table 5 

Table 5 

The results of a stroke count for 20 competitors at a 
national slaloM event at Bala 

Stroke Range 

FP 1 ~;2-14L~ 

RP 3L~-4(2) 

cs 40-49 

Tc,ta I 211-236 

N=20 
FP=forward Padd I i n'3 
RP=reverse Paddl ins 
CS=combination strokes 
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Mean SD 

136.9 c:· -.J. 1 ":!' ..... 

36.6 2.7 

45.7 3.39 
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What is ParticularlY striking about these data is 

the smal I range in the number of each stroke catesorY.For 20 

comPetitiors the mean number of forward Paddl ins strokes was 

137 with a variation of +-5,the mean number of reverse 

strokes was 37 +-3 and the mean number of combination 

strokes was 45+- 5.These data suggest that the total slalom 

ski I I may be at least Partial IY 'closed' in nature that is 

to say that each competitor fol lows a Similar course on the 

river and Performs asimilar number and tYPe of manoeuverins 

strokes on anY section of the course. 

Each Particular course desisn would produce a 

sequence of stroke Patterns.Forward Paddl ins strokes are 

interspersed with combination and reverse strokes.The 

enersetic imPI ications of this Pattern of activitY is that 

muscle groups which are PredominatlY involved in forward 

Propulsion experience a rest Phase, albeit short I ived, when 

reverse and combination strokes are Performed. 

It would appear from these data that for a competitor 

to reach the finish I ine of a slalom course no sins le muscle 

srouP is active continuoustY, but that several distinctive 

muscle groups act sequential IY. 
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Conclusions of the stroke count. 

It is susgested that stroke countins is a exercise 

which can Produce useful data on which coaches can design 

ski I I training ProsraMmes. 

The term 'horses for courses' is somewhat 

aPProPr iate to slaloM canoeins in that different slalom 

venues require almost specific Patterns of Paddle 

strokes.Thus in final training sessions for a Particular 

event the duration of the course and the tYPe and number of 

strokes should feature ProminentlY durins trainins 

intervals. 

It is sugsested that the alactic and lactacid enersY 

SUPPi ies might extend for the duration of an event (2. 5-3 

Mins) for each muscle group and that the demands which are 

pf aced on the aerobic energy I iberating system are minimal. 

In any sportins event where the demands required of 

the aerobic enersY I iberatins Mechanism are severe, high 

oxygen uptake values are accompanied bY near maximal heart 

rates (Marsaria, 1976).Heart rate is a reliable indicator of 

V02 function and is readilY accessible. 

It was decided that if heart rate was Monitored 

during slaloM PerforMance then the aerobic contribution 

Might be quantified. 
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4 ? . .... 
Heart Rate 

Restin9 heart rate (65-70 beats pe r minute), 

normallY under the influence of the cardiac vasal nerves, is 

atso affected bY several other extereocePtor and 

interorecePtors. 

One of the several effects which stress Produces in 

the athlete is an increase in sympathetic nerve activitY 

which throush the vasoMotor centre in the cerebral cortex 

causes an increase in heart rate (HR) , cardiac output and 

blood Pressure. 

In many tYPes of work the increase in HR i s 

aPProximatelY I inea r with the increase in work toad. In a 

trained individual, Provided the exercise is not maximal a 

simi tar I inear relationshiP holds true for HR and oxysen 

uptake , V02 (Astrand and Rodahl 1977) . 

An attempt was made in this study to Monitor HR 

durins a simulated run on an international slalom course in 

order to investi9ate the role PlaYed bY aerobic metabolism 

as manifested bY HR chanses. 

There are sever al elaborate methods of measurins HR, 

some are direct while others are indirect . Direct methods of 

I ink ins subJects bY screened leads to HR monitors are 

convenient in the laboratory but much tess feasible in field 
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studies. TeleMetrY techniques overcoMe rnanY problems 

associated with cables and leads when subJects are mobile 

su,:h as on a trea1.drr1i 11 and th i s rriethod is often e1t1P1,:,yed for 

soMe outdoor studies but a Power suPPIY is necessary and the 

ranse of Pulse transmission is often limited. 

An alternative method to collect HR data 

in,:,:,rpc,rat>:<s a device, cal led an Exer,:e-ntrY (trade natrie) 

which is secured to the- subJect's chest in a harness Cfis 

16). HR is continual IY recorded and disPlaYed on a LED 

screen on top of the device. Additional IY there is an 

audible sisnal that sounds when HR either exceeds or fal Is 

below values Preset on two larse dials.This device is 

ParticularlY useful to the athlete durin9 trainins sessions 

when HR values are used as suides to trainins intensitY. 

If the exercentrY is used in conJunction with a 

Portable cassette recorder in a kaYak then heart rates in 

excess of PredeterMined values can be recorded. 

Both the telemetry sYstem and the exercentrY device 

were evaluated for use in this studY. Telemetry Posed rnanY 

operational Problems ,PrinciPal amonsst these was the 

I i rri i t e d range of re• I i ab I >::• s i g n a I rec e Pt i on • 

The exercentrY dev ic e was found to be reliable and 

Particularly suitable because onlY UPPer absolute HR values 

were of interest and not a continuous record. 

The device and taPe recorder were self contained and 

battery operated and the suPPortins chest harness and 
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electrodes were comfortable to the subJect causing no 

interference to his UPPer body action. 

Fi9ure 16. The 'exercentry' heart rate monitor secured 
to a subJect With a harness. 
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A total of 20 experienced canoeists including 

British team members Provided HR data durin9 complete runs 

on the international slalom course.The results are now 

Presented. 

Results 

The mean heart rates recorded bY the exercentrY 

device are shown in Table 5 

Table 6 

The mean heart rates of n=20 canoeists while 

Paddl ins,stePPins and restins. 

Paddl ins stePPins rest 

(175 }185 61.9 

15 

SD 4.83 

Comparative data for these subJects consisted of 

restin9 Pulse (taken at carotid artery followins 10 minutes 

rest, sitt i ns) and heart rate durin9 a standard 18'' steP 

test.Al I subJects recorded HR in excess of 185 beats Per 
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minute durin9 a three Minute step test at a rate of one steP cyd~ 

Per 2second, Precise values in excess of 185 were not sousht 

but some subJects reached this value earlier than others. 

The interestin9 finding from these data was that not one 

subJect exceeded the UPPer I imit of 175 beats Per minute 

while Paddl ins the slalom course. There was I ittle doubt 

however that the effo~t that these coMPetitors were exertins 

during their simulated r uns was near maximal since many 

recorded "good times'' on the course,bY their own assessment. 

It would appear from these data that the role PlaYed 

bY the aerobic energy SUPPi ies,whi le important is not 

dominant. 

Perhaps continuous heart rate data bY telemetry from 

competitors in a slalom competition misht reveal details of 

Periods of Particular cardiovascular stress, but the author 

feels that this information would not contribute more 

sisnificantlY to the aerobic/anaerobic slalom debate than 

the data Presented here. 
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4.3 

DxYsen LJpta.ke 

In a.nY visorous a.ctivitY ta.stins for more than two 

Minutes the oxygen carrYin9 caPacitY of the ca.rdiova.scutar 

system is ProsressivetY Mobilized. The effectiveness of 

musc ular effort durins Protonsed work is determined targefY 

bY the caPa.citY to def iver oxygen in qua.ntitY to the 

Mitochrondria.Thus oxygen uptake capacity expressed either 

in litres Per n1inute or in n1illilitres Per kilogran1fl1e ,:if 

body weisht (sometimes lean bodY Mass is the index used) Per 

Minute is coMMOnlY eMPIOYed as a. criterion of aerobic 

effic iency. 

Tesch et at (1976) used oxygen uptake as a criterion 

measure in elite Swedish sPrint canoeists and found that 

those involved in distances over 1000 Metres exhibited ta.rse 

oxygen uPtake values ( > 5.4 L/Min) white those competitors 

in events of tess than 500 metres exhibited much lower 

oxYsen uptake vatues (1=3.4 L/min). 

CerMak et at (1975) atso used oxYsen uPtake aroongst 

other Parameters as a measure of aerobic capacitY in 

'distance canoeists' and his findinss were in close 

asreement with those of Tesch, naMelY that the Si9nificance 

of hi9h V02 values i ncrease with tenser distances. 
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Rat i c,nal e 

For the Purpose of this study oxygen uptake caPacitY 

was eMPloYed as a contributory factor to establish a More 

COMPiete Profile of the PhYsiolo9ical characteristics of 

slalom canoeists. 

The results of the training survey reported earlier 

suggest that Many slalomists in their trainins, concentrate 

on aerobic develoPment knowin9IY or otherwise. 

In the Previous section the results of heart rate 

while in simulated coMPetition sussest that Maximal values 

are not demanded and a reasonable assUMPtion Mi9ht be that 

I ikewise maxiMal oxYsen uptake in the event is also not 

deManded.However these athletes are using their arms and 

shoulder si rdle mus c le COMPiex PredominantlY and it might be 

arsued that a larse proportion of oxysen uptake Mi9ht be 

involved in the energetics of this musculature. 

Vokac,Bel l,Bautz-holter and Rodahl (1975) have 

observed that the oxysen uptake at Maximal effort is usual IY 

15-25~ lower in arm work than in les work.They also report 

that the opposite is true in subMaximal work. 

Dur ins a slalom run not onlY is the competitor easer 

to reach the finish I ine in the fastest possible time but he 

is also careful not to contact any slalom Poles en route. It 

i s suggested that the ski I I component Just mentioned misht 

cause some competitors to work at less than maximum rate in 



order to achieve 'clear runs'.This view is shared bY some 

world class canoeists and has been discussed with the 

author.TheY feel that there is a Point in time at which theY 

can concentrate their efforts on speed and almost disregard 

the slalom gates because theY 'know 'that these wi I I be 

negotiated without much attention being directed to them. 

There is sti I I little evidence reported in the 

iterature to suide these athletes, ParticularlY the 

aspiring competitors, when constructing a meaningful 

training Prosramme. 

It hoPed that data on the aerobic demands of slalom 

canoeing collected in this studY can so some way to 

elucidating the Problem. 

Method 

A simulated work load of forward ,reverse and 

combination Paddl in9 strokes was devised for the canoeing 

simulator.This protocol was based on the results of the 

stroke count exercise which has been described Previously. 

The subJect worked while wearing a face mask and 

insPired volume and expired oxygen content were measured 

using a 4 channel Osei I 1ograPh (Washington MD4) connected to 

an OX 140 oxygen transducer and an FC 140 MK 11 coupler. 

This apparatus has proved val id and reliable in 

extensive trials conducted previouslY C Docherty 198J : 
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unPubl ished thesis UCNW Bansor). 

Five canoeists Participated in this exercise,three 

were of moderate standard,the forth was wel I exPerienced 

while the fifth was the current world slalom Kl mens 

,:hatt1P ion ( 1 984). 

In addition to the task usins the simulator a 

separate investisation was conducted using 5 additional 

elite slalomists.These indiv iduals were assessed for maximum 

oxygen uptake usins less on a bicYcle ergometer ,work ins at 

a submaximal rate.Final oxygen uptake values were 

Predicted using the adJusted nomogram for the calculation of 

maximum uptake from submaximal PUise rates bY Astrand 

( 1977). 
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Results 

The results of the simulated stroke Pattern for 

three minutes on the canoeing simulator for five subJects of 

varying abi I itY are shown in table 7. 

Table 7 

DxYsen uptake of f i ve canoeists using a 
simulated stroke Pattern on a canoeins simulator. 

ss 

1 

2 

3 

4 

5 

72 

68 

58 

70 

70 

V02 ML/Ks 

L/Min arms 
arms 

3.4 47.2 

2.8 41.2 

2.6 38.2 

2.0 28.6 

2.4 34.3 

V02 ML/kg 

L/min less 
less 
Predicted 

4. 1 56.9 

3.7 54.4 

3.6 52.9 

3. 8 54.3 

3.9 55.7 

SubJects 4 and 5 were experienced slalomists the 

latter beins the 1984 world champion. 

For each subJect maximum V02 values were predicted 

using submaximal HR during les work as criteria and these 

values a r e shown in the last column of data. 

If the V02 values for the arm work are expressed 

as a Percentage of the Predicted V02 max then a relationshiP 

between the demands Which these subJects made upon their 

aerobic sYsteM during arm work is more aPParent.Table 8 

shows this relationshiP. 
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Ta.ble 8 

The rela.tionshiP between V02 a.rm work and V02 leg 
work for five subJects. 

ss V02 V02 fr\o.X y. V02 frl.3.X d u ring 
a. r ms I e<Js arm work 

1 3 . 4 4. 1 83 

2 2. 8 3.7 76 

'T ·-· 2.6 3.6 72 

4 2.0 3.4 57 

5 2.4 4 .-. • ,t.. 57 

The striking observa.tion from ta.b le 8 is the la.rse 

Percenta.ge of ma.ximum oxYsen upta.ke which the first three 

subJects demonstrated.These subJects were not experienced in 

sla l om competition compa r ed with the la.st two ie SS 4 and 5. 

If the r esults for a.1 1 elite sla.tomists dur i ng a.mi 

work were of the ma.snitude of oxYsen uPta.ke shown bY the 

first three subJects in this tria.l then there would be some 

srounds to suppose that the meta.bo t ic demand durins st a. t om 

work was a.erobic in na.ture. However the results of V02 a.rm 

work from the two elite• s1a.1otr1ists ,a. l th,:,ugh sma.11 in 

number, sussest that within three minutes Just over 50'1- of 

V02 ma.x is mobi I ized. 

The results of a further test conducted on subJect 5 

in th~? De Pa. rtment of PhYs i ,:a. I Edu,:a. tion a.t the Uni ver i t Y •=>f 

Birminsha.m in which he wa.s siven rePea.ted bouts of a.rm work 
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each of three minutes duration with one minute of rest 

between bouts on a. Paddle ersometer are shown in table 9( 

Personal communication from R Fox to the author). 
I I 

The sa.s tr1ea.su r i ns 6'C1U i Pfrlent , a .v x~ c.o N C•XYSen and 

CO2 analYser ,was much more sensitive to sas chanses than 

the Washinston osci I lo9raPh used PreviouslY. 
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Ta.bl e 9 

The results of V02 for a.rm work a.t Minute 
intervals in three minute work bouts interspersed 
with one Minute of rest .The work was continued to 
exhaustion.The subJect was the 1984 sla.loM world 
c ha.rr1P i ,:,n R Fox. 

rn i n Y.02 V02 V02 ELAPSED 
L/min ML/h:G TIME Mins 

1.0 5. 0 1. 81 25.8 
:2:. 0 5. !2l 2. 35 ::::3. 7 
3. !2l 5.7 ~:. 45 35. < -· "'!" ·-· 
1. 12) 4. 0 w 2. 12)8 29.8 .-, 
L.o 0 5.0 2.78 39.8 
:3;. (2) C" ...,. 2 2. E.8 ~:8. 2 6 
1. {Z) 4.7 ~:. 36 33.7 
2.0 4. 9 < ·-'• 21 45.9 
3. (2) 4. E, :::::. 24. 45. 3 9 
1. 0 4. 6 2.78 39.8 
2.0 t.~. 7 _,.. C'C'" 

• .:, • ,.J,.J 50.7 
3.0 4.5 3.43 49.0 12 
1. 0 4.9 3.57 50. 9 
2. 0 4.3 3.77 5::. 8 
3.0 4. 2 ::. 85 55. 0 15 
1. 0 :3:. 9 3.90 55.7 
2. 0 4.0 4. 01 57.3 
3. (Z) 3.7 4. 14 59.7 18 

----------------------------------
1. 12) < ~·· 1 2. 17 31. 12) 

2.0 2.7 1. 32 18.8 
3.0 .-, 

.!.o 7 1. 18 15. 8 21 
1. !2l 2 .. 5 0.94 13.4 
2.0 2.8 1. 89 1 ~~- 8 
"T 
·-'• 0 2.7 0.69 9. 8 24 
1. 0 "T ·:, ......... 0. 57 9.5 
2. 12) < ·-'• 

. -. 
L. 0 . E.0 8.5 

3.0 .,.. C" 
...:, • ...J 12). 53 7. E, 27 

1. 0 .,.. C" . ..;, . ...., 12). 54 7.7 
2. 0 "T 

·-'• 8 0. 07 1. IZ) 

3.0 ::. 8 0. 00 0. 0 30 
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The hishest oxYsen uptake reached bY the subJect 

(RF) in table 9 was in the 6th work bout that beins 18 

minutes after coMmencins exercise.The value reached was 4. 14 

litres per minute. 

His oxYsen uptake after 3 Minutes Which is 

aPProximatelY the time taken to COMPiete a slalom course,was 

2.45 I itres/minute. if this time is extended to two bouts of 

three Minute work Periods then his oxYsen uptake is 2.68 

litres/min which is 65~ of the hishest value reached in this 

test after 18 Minutes . 

After 18 Minutes of activitY had elapsed this 

subJect demonstrated a sudden decline in performance and a 

corresPondinslY marked reduction in oxysen uptake. 

The results Pertainins to oxYsen uptake Presented so 

far, when interpreted cautiouslY, sussest that elite 

slaloMists uti I ize between 50 and 60~ of their oxYsen UPtake 

caPacitY durins a simulated slalom run . 

There are some sport ins events in which a hish 

oxYsen uptake is a Prerequisite for international 

success.Perhaps the most demandins aerobic sport is Nordic 

Biathlon where the athlete must ski over Ions distances 

across country and durins this Period shoot accurately at 

tarsets.It is not uncommon for th i s tYPe of athlete to 
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record V02 max values in excess of 6 litres/min. 

If a hi9h V02 max was a Pre-requisite for success in 

slalom canoeing then a survey of elite slalomists would 

reveal a Pattern of high innate V02 max values. 

Such a survey was conducted with a g rou p of five 

world class s 1a1omi sts and the r esults are shown in table 

10. 

Table 10 

Heart rates from five elite slalomists while Pedal I ing a 
bicYcle ergometer at a work load of 175 watts for three 
minutes. Predicted V02 max are s hown. 

ss HR P r edicted value 

1 160 3.0 L/min 

~ 
L 156 ~ ~ ~.L 

3 148 3.5 

4 148 3.6 

5 154 3.3 

It can be seen from Table 10 that the highest 

Predicted maximum oxygen uptake was 3.6 L/mi n r ecorded bY 

two subJects,3 and 4. 

The accuracy of Predicted maximum uptake values from 

submaximal heart rates is questionable but general I Y the 

va ri ation is reported to be aP Prox imatelY 10~. If the 

hi9hest value recorded in Table 10 is increased bY this 

error value (10~) the results of 3.96 L/min is sti I I modest 

for a wor l d class athlete (sprint canoeists 5L/min; 800-1500 
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Metre runners 5. 1 L/Min ,Astrand and Rodahl 1977) unless of 

course the requireMents of his event are larselY anaerobic 

in nature. 

SubJect 4 was the 1984 world Kl chaMPion and the 

hishest V02 value that this athlete has recorded Previously 

i s that shown in tab le 9, 4.14 L/min. The difference 

between his Predicted value based on HR and that measured 

empirical IY is a 13~ increase. 

The sussestion Proposed from the stroke count data 

that different muscle srouPs contribute sequential IY to a 

slalom run and that enersY for these muscles is SUPPi ied 

larse lY froM the synthesis of creatine PhosPhate (atactic 

enersY SUPPIY) and throush the formation of tactic acid thus 

not involvins a maxiMum aerobic contribution is further 

supported from the V02 data. 

Based on these data it is sussested that slalom 

competition Places a somewhat sreater demand on the 

a n aerobic enersY I iberatins system than was PreviouslY 

thOUSht, 
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4.4 

Lactate Levels 

In a recent studY bY Davis and Vodak (1976) it was 

Proposed that the alteration in selected resPi ratorY gas 

exchange Parameters was a sensitive noninvasive technique to 

assess the onset of metabolic acidosis (anaerobic 

threshold) . Although a much prefered method to blood 

samPI ins for laboratory stud~s, this method is entirely 

unsuitable for field trials. Metabolic acidosis particularly 

durins field exPeriments is more commonly determined from 

blood lactate assays. 

CaPi I larY Puncture at the ear lobe or finger tiP is 

a common technique used to measure lactate levels. However 

many biochemists have more confidence in lacta te results 

obtained from venous blood samPles. 

VenoPuncture was the method chosen for use in this 

studY and the author, who received medical training for this 

Procedure ,Performed al I the samPI ins described. 

Rationale 

Due to the confl ictins views and lack of evidence 

concernins the enersetics of slalom competition, an attempt 

was made to determine the Part PlaYed bY the anaerobic 

energy liberating mechanism. 

If the anaerobic sYstem contributed significantlY to 
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the energy suPPIY then this would be apparent bY an 

accumulation of lactate in the circulating blood.There is a 

delay of some minutes before lactate, which is Produced at 

the muscle site, is washed into the general circulation. 

From the view Point of convenience a delaY of some 

five Minutes (optimum time for samPI in9 lactate-Astrand 

Rodahl, 1977) fol lowing a competitive slalom run is an ideal 

time for athletes to regain comPosure,disembarK and move to 

a location where theY can give a blood samPle. 

The competitive event chosen for this study was the 

Pre-World International canoe slalom chamPionshiPs. 

Considerable stress was Placed on the British competitors 

since the results of this event would influence team 

selection for the World ChamPionshiPs. 

Method 

Nineteen national and international slalom 

competitors agreed to 9ive a venous blood sample fol lowing 

their final run at an international slalom event. 
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Post coruPetition blood saMPles were drawn from 

individuals in four events. The events were:-

1.Mens kaYak singles 

2.Mens Canadian singles 

3.Mens Canadian doubles 

4.Woruens kaYak singles. 

Each coruPetitor,after f inishing his/her final 

competitive run left the water and was seated in a mobi t e 

laboratory at the side of the river. 

An area of skin over a Prominent antecu~ital vein 

was dried and cleaned with sterile swabs. 

5cc of venous blood was drawn using a disposable 

needle and sYringe within five minutes+- 30 secs of each 

competitor's finish time. 

To each b lood samPle was added a droP of EDT A 

which stabi I ized the lactate reaction. Each sample was 

centrifuged within two hours and the Plasma drawn off.The 

Plasma samPles were assaYed for lactate content in the local 

hosPital Pathology laboratory. 

Comments on Procedure 

Associated with any invasive technique there is 

always a risk of subsequent infection desPite thorough 
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cleansin9 Procedures. 

There is some doubt relatin9 to the finer lesal 

Points concern ins who is qua! ified to perform venopuncture. 

The overiding consideration is one of nest isence and even a 

rr1edi ,:al d,:11:tor is I io..b\e.. if neg I igen,:e is Proved. A written 

consent form signed bY the Patient is of I ittle value in a 

court of I aw. 

The Procedure adoPted here was that the author was 

trained in venopuncture technique bY a doctor and the local 

Eth ical Committee gave consent and support for the ProJect. 

Each subJect who gave blood was asked to sisn a consent form 

which although not exonerating the author from the 

consequences of subsequent infection, did ensure that blood 

was given freelY and not under threat or duress. 

Care was taken to reasure subJects and those who 

were squeamish about needles and inJections were encouraged 

to look awaY. OnlY one minor Problem was encounted that 

beins the location of suitable vein in one subJect. After 

s everal atteMPts a sample was obtained. 

No subsequent COMPiaint of inJurY or discomfort was 

reported bY any subJect when seen later in the season. 
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RESULTS 

The results of Lactate samPI in9 are shown in Table 

11. 

Ta.bit? 11 
The I a,:tate• content of b I ood .se. , LltY1 . ta Ken 

from members of the British canot? slalom teams in 
four evenis durins an International comPt?tition. 

A B C D E 

l-(1MEN * RF 1. 8 15.3 4 
t'(i JS 1. 31 14 .• 5 5 
10 RM 1. ~; 1 7 . 1 5 
t(1 AS :2:. 0 17.2 4 
1\1 PG 1. 8 15.8 5 

C1MEN LW 1. 5 15. ~; 5 
Ci Pl-( 2. 1 1 [i., 3 4 
Ci SC 1. 9 11. 9 5 
C1 WB 1 .-. . ..:.... 1 ©. 8 5 

C2MEN RW 2.0 9.5 C' .., 
c·-· L PH 1. 8 9.5 4 
C2 RJ. 1. 7 8.8 5 
c·:· ~- DS 1. 9 1 :;::. 3 5 
c--, L RN 2. 1 12.5 4 
c·-· L EJ 1. 

.,. 

. ..:, 11. 1 4 

l-(1GIRL.S JH ~:. 0 9.5 4 
f-(1 SC 1. ~; 12.8 5 
f-( 1 JR 1. 5 12.8 5 
f-(1 SG 1. 9 1 ~:. 5 4 

SubscriPt A=event: 
B=initia1s: 
C=restin9 lactate mmol/1 
D=Post coMPE'tition lactate mmol/1 
E= post event time to samPI ing in mins 

Base I ine lactate levels approx 1.5mmo l /L. 
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Ta.ble 12 

Mea.ns and standard devi a tions of lactate levels from 19 
international comPetitiors in four slalom events 

Event Mean lactate Range SD Sa.tr\P I e 
l'rHY\0 Ii I l'rll'r\01 / I size 

t<1,,ien 16.18 2.7 1 ·';• .... 5 

C1trien 1 ~;. 10 4.5 1. 75 4 

C2men 10. s::::; 4.5 1. 68 6 

t< 19 i r I s 1 ~~. L~0 4.0 1. 77 4 

Ta.ble 1~; 

SuMmarY table for results of ANOVA on lactate 
levels for 4 slalom events 

Vari at i ,:in ss DF MS F 

Between events 81. 31 ,· ·-· 27. 1 f2) 9.09>+: 

Within II 4i1 .• 77 15 2.98 

Tota.I 126.08 18 

*' (F3, 15, • 01=5. 42) 

The hi9hest mean 1a.cta.te concentration recorded in 

this investi9ation (16.18 mmol/1) is close to that reported 

bY BurKe (1981. 16.94mmo1/1) ta.Ken from tracK CYCiists.Both 

sets of results calculated from data collected during 

compet i tion exceed maximuM lactate values reported bY others 

in exPerments using the treadmi I I 
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(Gass, 1981-14.2mmol/1 :Astrand,1950-14.75mmol/1) and the 

bicYcle ergometer (Daves, 1979-12.34mmo1/1 :), 

It is interesting to compare the mean lactate score 

from each event and these are as fol lows:-

Mens ~<1 = 15.2 fllfll•:) I / I 

Mens Cl= 13. 1 II 

Mens C2= 10, 8 II 

Girls Kl= 12.2" 

It would appear from this comparison that the mens events 

can be ranked, from lactate scores, according to the inPut 

effort bY the comPetitors. 

When this suggestion was put to them there was 

aggreement that because the Kl event uses a double bladed 

Paddle then both the left arm stroke and the right arm 

stroke are invc,1ved in heavy Prc,Pulsive work. In the 

Canadian event however, onlY a single bladed Paddle is used 

and there is a Period during which no proPulsion takes Place 

as the blade is moved back to the beginning of the stroke 

Phase.This mi9ht even be classed as a short recovery Period. 

The result of lactate formation in al I the events 

samPled but ParticularlY in the mens Kl event demonstrate 

the maJor contribution made bY the anaerobic energy 
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iberatins mechanism. 

There is no doubt that because of the fact that this 

competition was a selection event for the World 

ChamPionshiPS the fol lowins Year each competitor was under 

some PSYcholosical stress which misht account for a fraction 

of the measured lactate content. 
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ChaPter 5 

An anaerobic training Prosramme 

This Part of the study is devoted exctusivelY to a 

descriPtion of an experiment which was designed to assess 

the effectiveness of an anaerobic training Prosramme on 

muscular devetoPment. 

Rat i ona. I e. 

Over ma.nY Years of active competition and ta.ter of 

canoe coaching the author has developed the firm bet ief that 

slalom canoeins involves to a maJor extent the anaerobic 

energy I iberatins mechanism.However unti I a view, no matter 

how strongly expressed, is supported bY indisPutable evidence 

one can asPi re onlY to the level of pursuasive debate. 

The problem of establishing the role of anaerobic 

metabolism durins slalom competition is described elsewhere 

in this studY . The stage beYond that is to investisate the 

changes that misht result from the iMPlementation of an 

anaerobic trainins regime.Of course a train ins Pros r amme for 

whatever activitY must concentrate on various aspects of 

development which wi I I be determined bY the demands of that 

activitY if these are known. Within the context of this 

stud y r '=' f e re n c e t ,::i t r a i n i n g w i I I i 111 P I Y t r a i n i n s f c,i- a 

competitive event. 

Many studies have described the seneral effects of 
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trainin9 and PerhaPs the reference quoted most frequentlY 

is that bY Astand and Rodahl (1977; Table 12-1).AlthOU9h it 

is of interest to the athlete to know that there wl I be an 

increase in blood volume and total haemoglobin content or 

that there wi I I be a thickening of the articular carti la9e 

to mention but three effects, his ultimate concern wi II be 

the effects that his tra i ning is havins on his competitive 

performance. The elite athlete needs to Know not onlY about 

the beneficial effects of training but also about the 

sPecificitY of training. Not al I tYPes of trainins wi I be 

beneficial to him. Indeed some mi9ht even be disadvantageous 

to his development. 

If a training prograMme was to be devised for slalom 

canoeing and durins that prosramme the anaerobic system was 

to be stressed it would be desirable to know the answers to 

the fol lowing questions:-

1.How can the anaerobic system be stressed? 

2.What are the effects of such a stress Prosramme? 

3.What time scale is involved to achieve these 

obJectives. 

The experiment 

Based on these questions an experiment was desisned 

to investis&te the effects of an anaerobic train ins 

This experiment dePended on the helP and cooperation 
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of the local health service and in Particular a consultant 

surgeon at the Caernarfon and Anglesey hosPital,Mr RH P 

0 I i ver. 

During a canoe slalom competition aPProximatelY 85~ 

of a coMPetitors Paddling strokes are of a forward 

ProPulsive tYPe (see stroke count P81).There are several 

muscles in the shoulder girdle complex that are involved 

either entirely or partiallY in su,:h a PUiiing action.A 

Powerful protasonist for extension of the humerous on the 

humero-scaPula Joint and one which is close to the skin 

s urface is the latissimus dorsi muscle. There was no 

evidence in the I iterature which indicated that this muscle 

had been bioPsied and studied histochemical IY so it became 

an attractive choice for this experiment. 

The l atiss imus dorsi has its origin on the thorac ic 

and I urobar SP i ne, it spre<idS across the back to twist and 

insert into the biciPital groove of the humerus. As the 

muscle narrows towards its head so it can be Palpated 

towards the Posterior s urface of the armPit in the resion of 

the poste•rior auxiliary fold. 

In outline the exPerioient consisted of exPosins the 

latissimus dorsi and other r e lated muscles through an arm 

exercise Prosramme to nine weeks of anaerobic trainins in 

nine male subJects. Muscle samPles were taken from each 

subJect using the needle biOPSY technique Prior to training 
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and then immediately fol l owing the nine week PrograMme. 

Histochemical analYsis of muscle samPles revealed fibre 

composition, fibre size and enzyme activitY. 

Each Phase of the experiment is described in detai 

in the hope that similar research in the future misht 

benefit if onlY in a reduction of the time taken for the 

extensive Preparations which are neceassarY. 

Selection of subJects 

A group of 9 men aged between 19 and 24 Years 

volunteered for the ProJect.Thei r PhYsical cha r acteristics 

are shown in Table 14. 

Table 14 

The mean PhYsical characteristics of nine subJects Prior to 

the training Programme. 

Age 21.5 Years+- 2.5 

Weight 70.98 ks+- 5.28 

Height 177.8cm +-5.0 

Each man was a fit and active sportsman fol lowing a teacher 

training course in Outdoor Education.None had any Previous 

experience of competitive canoeing but al I were competent 

canoeists and al I were experienced rock climbers.There was 
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evidence of above avera9e upper bOdY strength in al I 

subJects. 

Prior to the study an electrocardiosram and blood 
~~~~~ 

Pressure revealed no abnormalities in any subJect. Each 
A 

subJect sisned a consent form agreeins to ParticiPate in the 

ProJect. 

A comprehensive exPlanation was siven to the group 

about the aims of the studY but for motivational reasons the 

biOPSY surgery was described casual IY and without eMPhas i s. 

Training routine 

Prior to train ins, muscle bioPsies were taken and 

this technique is described in the next section. 

Each subJect trained on the arm ergometer described 

PreviouslY,three times each week for nine weeks.The machine 

was situated in a I isht and temPerature control led 

laboratory.Training times with onlY a few exceptions 

commenced at 7PM each evening, Each subJect was asked to 

record training times ,work loads and intervals i n a 

note-book prov i ded. 

Anaerobic trainins is difficult for any athlete to 

endure but in this studY it was even more difficult for the 

subJects to remain motivated due to the repetitious nature 

of the exercise.The author,who supervised al I 48 training 

sessions ( not al I subJects trained on the same evenins), 
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spent a. consider ab I e ti rne in 111ot i va.t i ng su bJ ects to c11a.inta in 

a constant effort on the tra. i ning ma.chine. 

Interest and va.rietY elements which a.re essentia.l 

components of a r ealistic event training routine, were 

del iberatelY neglected in the Programme design since it was 

to be supervised. 

Week one wa.s devoted to a.nthroPometric a.nd 

PhYsiotogicat da.ta cot tection during which time subJects 

beca.me accustomed to the training aPPara.tus. Each subJect 

esta.bt ished a maximum arm work toad (in watts) wh i ch could 

be maintained for three minutes. A Percenta.ge of this va.tue 

was used for each training session accordins to Table 15. 

At the beginning of week six new maxima were 

re-established for each subJect. 
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• 
Ta.ble 15 

The tra.ining Programme which nine subJects followed for nine 
weeks. 

Week Work 
interval 

1 Fan1 i I 

2 3n1 ins 

'T 3 
, 

·-· 

4 ~ ..::, , 

5 
.,.. 
.,;, 

, 

Work intensitY 
'f. n1a.x Revs/n1 in 

Rest 
n1 in 

i cH i tY With equ i Pn1ent 

40 40 1 

50 40 1 

55 40 2 

50 40 2 
reaPPra.i sa.l of lll<i. X work load 

6 2111 ins 60 40 2 

7 1. 5 80 40 3 

8 1 90 40 4 

9 1 100 40 4 
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10 

10 

10 

10 

10 

10 

10 
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Muscle BioPsY 

Muscle biopsy spec i mens were taken froM the 

latissimus dorsi Muscle of each subJect iMmediatelY Prior to 

coMmencing week one of the training ProgramMe. BioPSY 

specimens were also taken within 24 hours of the last 

training bout in week nine. 

A recent technique emPIOYed for histochemical 

studies of huMan Muscle is needle biOPSY.The logistical,the 

ethical and the technical Problems associated with invasive 

surgery outside the confines of a hospital are formidable. 

Invasi ve su r gery requires:-

1.Ethical coMmittee aPProval. 

2 . The s ervices of a surgeon or 

experienced doctor . 

3 . SPecial equiPment 

The resulting muscle samPles Must then be treated 

histochemical IY and this involves:-

4.DeeP freezing in I iquid nitrogen. 

5. Sect i on cutting in a cryostat. 

6.Chemical staining and Mounting . 

7,MicroscoPic Measurement. 

These problems are described seParatelY as theY arise during 

the Progress of the experiment. 
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Pi I ot studY 

A Pi I •::it biOPSY in the latiSSifflUS dorsi MUSCie was 

Performed on the author bY the surseon who desPite his 

extensive experience had never PerforMed a needle bioPSY 

operation.The subsequent muscle saMPle Provided the author 

with the OPPortunitY of Practisins the histocheMical . 
procedures alreadY mentioned.The Pi lot experiment was a Most 

useful exercise for both the surgeon and the author to 

MOdifY their respective Procedures before embarkins on the 

main study srouP. 

Uni ike animal studies it is iMPractical for 

additional Muscle samPles to be taken from human subJects if 

the first is daMased or lost durins subsequent treatment. 

Hi st,::i,:hen1 i st r Y 

Human muscle biOPSY and subsequent 

histochemical treatment are normal IY undertaken in 

institutions which spec ialise in muscular abnormal itY and 

disease .Two leading institutions in this field are the 

Metabolic unit at UniversitY College hospital CUCH) and the 

Jerry Lewis Muscle research cent re at Hammersmith Hospital 

b•::ith in London. 

Both these centres were contacted and a Proposal of 

the trainins study was submitted.The author was invited to 

both institutions to discuss the proposal and to observe 
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some bioPsY operations and histochemical techniques.Since 

the techniques which, in Particular, LICH adoPt are 

Modifications of those reported in the I iterature it was 

recoMmended that these be adopted in the trainins studY. 

Ethical CoMMittee approval 

An out I ine of the proJect under the suidance of a 

surseon was submitted to the local Ethical coMMittee. 

APProval and enthusiastic support composed the rePIY. 

SurserY 

Mr RH P DI iver, the chief surseon at the loca l 

hosPital asreed to support the proJect bY Performins the 

biOPSY operations hiMself or providins the services of one 

of his medical team if he was indisposed. In addition Mr 

DI i ver recommended the ProJect to the Local Research 

Commit tee for srant aid. A successful outcome to this 

aPPI ication provided funds for Purchasins some of the 

equiPment I ist ed in table 15 (appendix A) and the 

chemicals required for histochemistry. 

119 



Table 15 

The items of equiPment necessary for needle biopsy 
P ro,:ed u re·. 

5 UCH Bi OPSY need I es rr1ed i urr1 size. 
Dewar flask for I iquid nitogen. 
Swa.bs,cotton wool,ela.sterPlast, sterets. 
Pre-pa.eked dissecting blades. 
Phials of li9no,:a.ine ana.ethetic. 
Disposable SYrinses and needles. 
2 sets of fine dissect ins forceps. 
Autoclave ( a domest i c Pressure cooker is 
idea I ) • 
Si Iver fc, i I (to encase needles dur ins 
auto,: I av i ng) 
Deep freeze. 
Dissecting microscope. 
Laboratory stand and c l amps. 
Ci r cular secions of cork (wine bottle 
size). 
Marker Pen. 
Micro-touch latex medical sloves. 
Plasti c container for iMMersion in liquid 
nit rosen 
Tissue tek mountins medium. 
I soPentane. 

PreParation for bioPSY operations 

The biOPSY needle (fis 17) consistins of three 

Parts , operates efficiently onlY if the CYI indrica.l cutt i ns 

edse of the inner section is e xtremely sharP.Prior to ea.ch 

biOPSY the edge was honed Professional IY. 
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Fi9ure 17. A muscle biOPSY needle about to be inserted into 

a subJect. 
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A doMestic Pressure cooker served as an autoclave, 

was Portable and could Perform its function close to the 

oPeratin9 bed so that needles were avai table fresh lY 

ster i I i zed. 

The biOPSY needles were wraPPed in aluMinium foi I 

then autoclaved and could be handled in the foi I without the 

risk of contamination. 

A maJor losistical problem was the collection, 

transportation and stora9e of I iquid nitrosen as late as 

Possible Prior to the bioPsies beins Performed. It is 

essential that Muscle samPles are deep frozen as soon as 

Possible (within 20 minutes) after beins removed from the 

Patient. 

Liquid nitrosen evaporates quicklY when in contact 

with air but this rate is reduced considerablY if the liquid 

is stored in a 'Di lvac'Dewar flask with a self ventins I id 

and even more so if the flask is then Placed in a deep 

freeze. 

Muscle samPles are best mounted in tissue tek 

mountins medium on a smal I section of cork which can be 

label led with indelible ink. 

Once mounted the samPle must be frozen quicklY but 

if immersed directlY in I iquid nitrosen there is raPid 

surface cool ins which then forms an insulatins barrier to 

the deep tissue.This is Particularly ser ious if enzymes are 

beins studied because continued enzyme modification can 
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occur deep inside the tissue section while on the surface it 

has been suspended. 

A less raPid freezins Process is achieved if the 

Muscle section is iMMersed in isoPentane which has been 

cooled to the temPerature of liquid nitrosen. BY iMmersins a 

suitable Plastic vessel containins isoPentane into the 

I iquid nitrosen the cool ins effect causes the isopentane to 

thicken in texture ProsressivelY upwards from the base of 

the vessel and this chanse in viscositY can be monitored 

siMPIY with a Piece of stiff wire.Once the muscle sample has 

been total IY iMMersed in the isoPentane it can be transfered 

cork UPPermost directlY into the I iquid nitrosen. 



Fig 18a An inJection of I ignocane 

Figure 18b .• Muscle bioPsY Procedure. 
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Bi OPSY p1-,:11:edu re 

The subJect assumed a Prone Position with the 

dofTlinant arm abducted mnd supported bY a. Pi I low. At a Point 

aPProximatelY 3cm below the Posterior a.uxi I larY fold an mrea. 

of skin wa.s clea.ned with a steret inJection swab. 

5cc of 1~ I isnocane hYdrocloride wa.s inJected 

throush a. disposable needle and sYrinse (fig 18a.) . 

Once a.naethetized an incision aPProxiMa.telY 2cm long 

was ma.de through the skin, a.nY bleeding wa.s continua.I IY 

swa.bbed a.way. 

With his left hand the doctor held a Pinch of skin 

firMIY extending from the surface of the Posterior 

auxia.l larY fold round underneath the a.rm-Pit (fis 18b). 

The biOPSY needle, in the ,:1,::is'='d Positi•:::>n and h!::'ld 

with th'=' right hand, wa.s inserted through the incision unti 

it reached th'=' outer surface of the musc l e bundles.This 

Point was obvious because its Prosress into the Muscle wa.s 

halted . To inva.de the muscle fibres considerable fore'=' wa.s 

necessary and this was best achieved bY the doctor brin9ins 

his bodY weisht to bea.r over his risht hand.The sensa.tion of 

invading a muscle was I ikened to PUShins the needle throush 

the skin of an orange. 

Once inside the muscle bundles the centre cutting 

section of the needle wa.s withdra.wn, suction was a\PPI ied bY 

a. la.rse sYrinse at the niPPle on the needle handle a\nd then 
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the cutting edse was d r iven down vigorouslY. 

The needle was withdrawn in the closed Position and 

the eye of the needle careful IY searched for the Muscle 

section.This was transfered to a saline sauze with fine 

forceps and exaMined under a dissecting microscope. If the 

qual itY of the samPle was poor then the biOPSY Procedure was 

repeated throush the same incision. 

After a successful bioPsY the wound was cleaned and 

covered with a smal I elastoPlast.If there was some bleeding 

then Pressure was aPPlied for a few minutes and then the 

wound covered. 
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Fisu r e 18b.Muscle bioPsY Procedure. 
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Mountin9 Procedure 

The muscle saMPle was transfered from the gauze to a 

cover 9lass (fi9 19) where it was exaMined under a 

dissecting microscope. The saMPle was orientated with fine 

forceps unti I the f i bre striations were Para! lel and 

horizontal.The saMPle was then turned with the fibres 

orientated vertical IY and transfered to the cork. 

The saMPle was surrounded bY a laYer of tissue tek 

Mounting MediuM and the cork was lowered into Prepared 

isoPentane.When the samPle had frozen sivins a white 

appearance it was transfered di rectlY to the I iquid 

nitrogen. 

After comPletin9 five bioPsies the flask and samPtes 

were transfered to a deep freeze overnisht. The fol lowing 

daY al I saMPles were transfered to a cryostat cabinet at a 

teMPerature of -20C. The remainins four bioPsies were 

PerforMed atso on the fol lowin9 daY. 
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Figure 19.A muscle samPle orientated with f i bres I Yins 

vertical IY on a cover slass. 
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Hi sto,:hem i st r Y 

Deep frozen muscles sa.MPles in liquid nitrosen were 

transfered tc, a. ,: ry,:,sta.t a.t -20 C. A f'rl i ,: rotc111 e b I a.de wa.s 

honed a.nd Placed inside the cabinet to coo l a.Ions side 

several metal racks for holdins cover sl iPs . 

Cuttins Procedure 

Each numbered section of cork s upportins the muscle 

saMPle was frozen on the face of a chuck with a la.Yer of 

water. 

The chuck was cent ra I i ZE•d in the i'rl i,: rotoflle and 

manual I Y the block was advanced towards the blade in units 

of 10mu. Several trial sections were discarded unt i I 

satisfactory sections appeared under the antiro l I bar.These 

sections were transfered to a cover glass and Placed in the 

metal racks which were numbered. 

This Procedure was repeated unti I aPProximatelY 50 

secti ons each 10mu in thickness were taken from each muscle 

san1P I e. 

Stain i n'3 

The fol lowin'3 equiPment required for histochemical 

stainins can be found in most wel I equiPPed laboratories:-a 

balance(+- .0001 gm accuracy , a PH meter, a heated water 

bath,an electic timer,a refriserator, columbia Jars and 
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rinsing troughs . 

Al I c hemicals used in this studY were newlY 

Purchased and Particular attention was siven to the shelf 

I ife of the enzYMe salts and solutions.In some cases the 

shelf I ife was shorter than the Period between bioPsies and 

therefore new cheMicals were ordered . A list of the chemicals 

used are shown in aPPendix B. 

The author, althoush not a biocheMist, Prepared with 

the helP of a COMPetent lab assistant al I the cheMicals and 

stains,and Performed the section cuttins,stainins,mountins 

and final IY the anatYsis.Not onlY did this al tow for a 

sreater understandins of the Procedures and underlYins 

theory but it i I tustrated that one was dependent on onlY a 

smat I number of Personnel for assistance and suidance and 

that as a Prerequisite for a ProJect of this nature one need 

have onlY a basic knowledse of chemistry rat her than an 

extensive biochemical backsround. 

Each muscle samPle was treated with several stains 

(as used at UCH and the Jerry Lewis metabolic units in 

London) and these, with the Procedure, are described. 

1.Adenosine Tri PhOSPhatase CATPase) at 9.5 PH. 

ATPase at PH 9.5 dissolves the intermYofibril tar 

network thus hishl ishtins muscle fibres. Furthermore the 

131 



ATPase present in specific muscle fibres is dePendent uPon 

the PH value and this effect can be used to different i ate 

fibre tYPes. 

AT Pase procedu rE· 

1. 5M9 ATP dissolved in a few drops of disti I led H20. Add 

10 Ml of .1 M 91Ycine/Nacl buffer wih .75 ml Cacl2. Check to 

PH 9.5 

2. Add one drop of dithiothreitol solution. 

(do not re PH as this damages the electrode) 

3. Incubate a.t :3;7 • c fc,1- 30 rr1inutes. 

4. Rinse we I I in di st i I I ed H20. 

5. Immerse in 2i Cocl2 for 3 rinses, 1 minute each. 

5. Rinse wel I in disti I led H20. 

7. Irr1rr1erse in dilute (1:10) a.fl\fllClniurri sulPhide solution for 

30 seconds (use fume cuPboa. r d). 

8 . Rinse wel I in runnin9 taP water. 

9. DehYdrate in ascendins alcohols. 

10. Clear in XIYene, 3 minutes. 

11 . Mount in resin. 
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ATPase 4.6 and 4.3 PH's 

1. Preincubate at 37 ' C in sodium acetate buffer for 10 

l'rli nutes. 

2. Wash in di st i I I ed H20. 

3. Proceed as for 9.5 method. 

NADH-Tr -CoenzYMe I inked DehYdrosenase 

(NADH-tetrazol ium reductase) 

These enzymes act as carriers of electrons in the 

enzyme chain and when interrupted in their Path bY the 

introduction of a tetrazol iurn salt, a deePIY coloured 

formazin Product is deposited which serves as an indictor of 

the possible source of enersY in muscle metabolism. 

In Particular tYPe 1 and type 2 fibres are clearly 

det'rionst rated. 

NADH -TR procedure 

1. Place 1-2 drops incubatins solution onto the section 

ensurins COMPiete coverase. 

2.Incubatefor 30 minutes at 37° C. 



3.Ascend in 30% 60% 90% acetone and descend a9ain to remove 

fat. 

4. Wash in disti I led H20. 

5. Fix in 15-20~ formal in solution for 10 minutes. 

6. Mount in 91Ycerine Jel IY. 

Perodic Acid Schuff CPAS) stain 

This stain demonstrates slYcosen in the 

muscle, however several other coMPounds Present in the muscle 

such as other POIYsaccharides and slYcol iPids take UP the 

stain and at times confusin9 results can occur. 

Procedure for PAS stain 

1. Fix section in acetic ethanol fixative for 10 minutes. 

2. Wash in disti I led water C for control section disest in 

5% diatase for 1 hour ). 

3. Place in .5% Periodic acid for 2-5 minutes. 

4. Wash in disti I led H20. 

134 



5. Place in schiffs reagent for 10-15 minutes in the dark. 

6. Wash in running taP water for 10 minutes. 

7 . DehYdrate, clear and mount. 

,+:*'*'*'*'*'*'*'*'*'*'*'*'*'*'*'*'*'*'*'*'*'*'*' 

PhosPhofructokinase ( PFt<.:) 

The enzyme PFK catalyses the conversion of 

fructo-6-PhOSPhate (F-6-P) to fructose-1,6-diPhOSPhate 

(F-1,6-PP) in the absen,:e ,:,f this enzyme 91Ycogen cannot be 

broken down to lactic acid. A lack of staining when F-6-P is 

used as substrate indicates a muscle tackins in PFK. 

In this study no such deficiency was expected but 

the stain was used as a health monitor. 

Procedure for PFK sta in 

1. Place section on a daMP filter paper and Place on a few 

drops of the incubating medium, leave for 1 hour at 37° C. 

2. Wash with disti I led wate•r, 

3. Mount in 91Ycerine Jet IY, 

Repeat with f-1,6-PP as substrate. 

****************************** 
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HaeMatoxYI in and Eosin 

Harris haematoxYI in is a general Purpose stain 

sivins particularlY clear nuclear sta ining (fig 21). 

HaematoxYI in Procedure 

1.Ptace sections in Harris Hx for 3 Minutes. 

2.Btue in Scotts taP water substitute for 2 Mins. 

3.Differentiate in .2t acid alcohol unti I Pink. 

4. Re-blue as aPProPriate (step 2). 

5. Place in 1~ eosin for 15-20 seconds. 

6. Wash qui ck I Y in di st i I I i:•d H20. 

8.C1ear in XYiene and Mount in resin. 
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AnalYsis of stainins results 

Many stains are used as diasnostic tools for 

muscular disease and are suitable only for qualitative 

measurement.HaematoxYI in, PAS and PhosPhofructokinase fall 

into this catesorY. Observations of the results of these 

stains are discused in the results section. 

ATPase and NADH are the stains that al low 

quantitative measurement of fibre tYPes and size. 

A Wi Id M5 microscope with a fibre OPtic I isht was 

used for fibre sraPhins. Orientation and fibre countins was 

achieved under a Leitz Dialux microscope. MicrosraPhs were 

taken with a Leitz Wetzler OrthoPlan microscope.The last two 

microscopes are expensive and hishlY specialized items of 

equiPment that would not be found in an averase laboratory. 

Muscle fibre size 

Dubowitz (1973) states that it is notoriously 

difficult to Judse the size of fibres in a muscle biOPSY bY 

simPle inspection. Of the variety of methods which have been 

emPIOYed bY different laboratories Dubowitz recommends 

(personal communication 1982) a method which combines 

simPI icitY and speed but is reasonablY accurate. 

Muscle f i bres stained with NADH are masnified 100 

times and the lesser diameter is measured to the nearest 10 

mu.200 fibres are measured althoush in statistical terms 
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this nuMber is quite hish.In a study on Measurins error bY 

Mathi eu et al (1981) the authors ,:onclude that it is rriore 

efficient to use the time ava.i I able to measure less 

PreciselY More Pictures froM a large number of sections than 

to achieve a very high Precision on a few subsa.mPled fields. 

Fibre tYPing was achieved bY dividins a MicrograPh 

into a. srid and counting the dark-tYPe 1 fibres and the 

li ght-tYPe 2 fibres which had suffered ATPase sta.ining.OnlY 

slides which diSPla.Yed ,:1earlY ,:,ver 50 fibres were used to 

calculate the ratio of tYPe 1/tYPe 2 fibres. 

Figure 20. A microg r a.Ph showing an ATPase stain.The 
I ight stained fibres a.re tYPe 2 and the dark fibres are tYPe 
1. 
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An attemPt was made to differentiate the 

subdivisions of tYPe 2 fibres into tYPe 2a,2b and 2c 

catosories based on stainins with ATPase at different PH 

values. The results of this technique were disaPPointins.The 

tissue saMPles frequentlY dislodsed from the cover slass 

durins the P r eincubation Period.Col loidin,a transParent 

non-interactive cheMical was added in an attempt to secure 

the sections but without success. 

Fisure 21. A microsraPh showins nuclear structures 
after treatment with h a~matoxYI in. 
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Results of the Anaerobic Trainins ProsraMme 

--------------------------------------------------------------------------------------

Prior to and immediatelY fol lowins an intensive nine 

week trainins Prosramme of arm exercise on a LODE arm 

ersometer each subJect 

1. rec,::irded V02 for arm wc,rk 

2. underwent a needle biOPSY operation in the 

latissimus dorsi muscle of the dominant arm. 

The results of Pre and post training V02 for nine 

subJects are shown in Table 17. 
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Table 17 
The resul ts of oxysen uptake of nine subJects before and 

after an anaerobic trainins Prosramme.A work load of 100 
watts was aPPI ied for 3 minutes and subJects performed at 40 
RPM 

Pre- train ins Post train ins 

ss 
Wt.hs rr1 1 / t-.:s / rr1 i n Wt. f,s il l I n, s / (Tl i n 

1 57. 1 40.7 67. t:,. 39. 3 

2 83.0 41. 2 82 .5 35.4 

~ . .::, 58.9 29.5 70. 1 32.7 

4 69.8 29.3 69. 4. 29.4 

c:· 
,.J 65.7 37.9 66.3 :::5. 5 

6 65.7 T•-;, ~ ·-·-·· .... , 65.7 :::0. 4 

7 70.3 32.4 70.6 37.7 

8 69.8 35.8 70.4 31. 5 

9 7·-· .t... 1 41.2 72. 4. 39.5 

X= 70.26 35.56 70.53 :3:4. t1 
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FroM Table 17 it can be seen there was a slight 

increase in the Mean bodY weight between pre and Post 

measurements of .27 Kg.There was a decrease in Mean V02 

of .76 Ml/Kg/min fol lowing the training Programme.Data 

of oxygen uptake from Pre and Post tra i ning was treated 

with a Student t test with a no s ignificant resu lt 

(t=.37) between Pre and Post test V02 values. 

The training ProgramMe was designed to avoid aerobic 

develoPment and therefore it was expected that there 

would be I ittle or no increase in oxygen uptake values 

fol lowing this trai ning. It can be seen from the 

results of the t test that a no significant difference 

result conf irmed expectations. 
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Muscle fibre ana lYsis from bioPsY saMPles. 

Muscle sections taken from each subJect before 

and after the trainin9 Pro9ramme were treated 

histochemical IY and Muscle fibre composition was 

assessed on ATPase and PFK activitY.The results of this 

procedure are shown in Table 18 

Table 18 
The percenta9e of fibre tYPe 1 (aerobic) and tYPe 2 
(anaerobic) obtained on two occasions ,Pre training 
and Post trainin9 from nine subJects.SubJects are 
diSPla.Yed in rows. 

Pre trainin9 

Ss A B 

1 57 4~· ..::, 

L: 48 52 
~ .... 58 42 
4 39 61 
5 49 51 
6 61 39 
7 39 61 
8 58 4·-, ,t., 

9 49 51 

X 50.7 49 

R 22 .-.. -, 
.,:_.!_ 

SD 8.4 8.4 

SubscriPts:-
A = ~ tYPe 1 fibre 
B = ~ tYPe 2 fibre 

Post training 

A B Sum 

54 46 96 
c:-,-, 
,.J..::, L~8 15(2) 
c:·-:r ;_, . .:., 47 243 
:::::9 61 15121 
47 c::"'T 

'-'·-' 112 
48 c:::,- , 

..J.o!. 129 
37 63 402 
45 55 108 
52 48 163 

L~7. 3 52. L~ 172 

17 17 305 

6.6 5.7 91. 1 

Sum= total fibres counted 
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The large variation that can be observed in the 

fibre count totals (column 6 Table 18) is attributed to the 

variabi I itY of the stain ins qua! itY.Some samples Provided 

sood stains while in others onlY part of the sample could be 

used for fibre countins. However at I totals were in excess 

of 96 which is cons idered enti relY adequate for fibre 

counting assessment. 

The larsest proportional difference between tYPe 2 

and tYPe 1 is seen in subJect 7 who exhibits 61~ tYPe 2 and 

39~ tYPe 1 fibres on the Pre-trainins bioPSY and 63~ tYPe 2 

and 37 tYPe 1 on the Post-training biOPSY. 

The sMal lest ProPortionat difference is demonstrated 

bY subJect 5 where 51~ tYPe 2 contrast with 49~ tYPe 1 o n 

the Pre-training biOPSY and 53~ tYPe 2 contrast with 47~ 

type 1 on the Post-taining biopsy. 

The ranse between the Percentage fibre tYPe 

differences for each bioPsY I ies between 0~ and 26~.When 

examined more closely seven subJects recorded a Percentase 

difference of 10 or less while two subJects, 6 and 8, both 

recorded a 26~ change in tYPe 1 to tYPe 2 Proportions 

between bioPsies .This fisure is hish and is at the limit of 

v ariation in fibre tYPins that maY be attributed to random 

fibre type distribution within the muscle. 

The re is no previously reported evidence that may be 

used as a comparison of muscle fibre tYPe distribution 

within the latissimus dorsi Muscle. It has been sussested 
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casual IY bY researchers currentlY involved in biOPSY work at 

University Collese HosPital-London (personal communication) 

that a variation of UP to 25~ in fibre types misht resu l t 

from subsequent bioPsies clue to intra-muscular fibre 

distribution Patterns. 

It would appear from the results of the two bioPs ies 

reported here that the maJoritY ,7 out of 9 subJects 

demonstrated no modification in the percentase of fibre 

tYPes from the latissimus dorsi muscle as a result of 

train ins. 

The data were treated with a Student t test 

and the result demonstrated that there was no sisnificant 

difference between the number of tYPe 1 fibres observed on 

both occasions (t=.02 :critical value of t =2.25, ~ =.05). 

Simi larlY the number of tYPe 2 fibres showed no sisnificant 

difference when counted on two occasions Ct= -1.0:critical 

va I ue of t==-2. 26 , ()(... =. 05 ) • 

Two subJects however, did demonstrate a 26~ 

modification in fibre tYPes between bioPsies. Both subJects 

,-ecorded a sitrli lar trend towards a hisher tYPe 2 fibre 

count after trainins. 

It is sussested cautiouslY that the masnitude of the 

recorded difference in fibre tYPes recorded bY these two 

subJects is attributed to intra-muscular fibre distribution 

rather than a chanse in fibre tYPes due to a trainins 



ef fe,:t. 

The remainder of the results are in aggreement with 

the general feel in9 that musi:le fibre distribution is not 

affected si9nifii:antlY bY a training effect. 

In addition to fibre tYPing ,cross sectional area 

was also observed in both tYPes of fibres before training 

and fol lowing training based on the NADH stain. The minor 

diameter of fibres was measured and used for cross-sect i onal 

,:alculations. The results of this Procedure are shown in 

Ta\ble 19. 
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Ta.bl>=< 19 
TYPe 1 and tYPe 2 fibre cross sectional area ta.ken from 
Pre-training and Post-training biopsy sa.MPl>=<S in nine 
subJects. 

Pre-·tra.i n i ng Post-training 

Ss Fibre, area. }.J*2 Fibre a. rea. J.J*2 
TYPe 1 TY Pe .-. .,:.. TYPe 1 TYPi? .-, 

.,:.. Ss 

1 2003 274,4 1919 5155 

2 1573 :;;579 2578 5055 

3 2659 l'.~265 2408 3984 

4. 1753 3837 1918 44,49 

5 2003 2374 1817 4895 

5 2309 3955 2451 3228 

7 2056 ~:563 1452 7514 

8 1595 2001 ~:434 4313 

9 1872 2089 1758 5047 

X 1984 3057 2082 4972 

Range 1096 2264 1125 4385 

SD :3:27. 8 825. :;; 371. 5 1199.8 

t test -.5598 -3.719 
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A closer observation of the values of type 1 fibres 

in Table 19 reveals that five subJects increased their fibre 

cross-sectional area fol lowing training while the remaining 

four s howed a decrease in tYPe 1 cross sectional area. 

It can be seen also from Table 19 that onlY subJect 

3 showed a dec rease in cross sectional area of tYPe 2 fibres 

between the fir st bioPsY (4265 µ*2) and the second (3984 

p*2). The remainin9 eisht subJects showed large increases in 

tYPe 2 fibre areas. If the change in cross-sectional area is 

expressed as a Percentage between the first and the second 

biOPSY the trends are shown in Table 20. 

Table 20 
The Percentage difference in cross sectional area of fibres 
for the Pre-training and the Post-training bioPsies. 

Ss 

1 

2 

3 

4 

5 

5 

7 

8 

9 

TYPe 1 fibres 
~ increase 
between bioPsies 

-4 

64 

-10 

9 

-9 

5 

-29 

52 

-6 

148 

TYPe 2 fibres 
~ increase 
between biopsies 

87 

55 

-7 

15 

105 

19 

197 

115 
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The largest increase in tYPe 2 fibre cross sectional 

area, 197~, is seen in subJect 7 who also reduced his type 1 

fibre area bY the largest aMount ,29~. OnlY one subJect, 

number 3 demonstrated a reduction in tYPe 2 fibre area and 

this was sMa l l, 7~.He also demonstrated asimilar (10~) 

reduction in his tYPe 1 fibre area. 

The differences between the Pre and Post training 

areas of both tYPes of fibres were subJected to at test and 

these results are shown in Table 21. There was no 

significant difference in the size of tYPe 1 fibres between 

biopsies.However as might be expected froM casual 

observations of Table 19, there was a significant 

difference in tYPe 2 size between bioPsies. 

Table 21 
The results of at test between two biopsies of type 1 and 
tYPe 2 fibres in nine subJects 

TYPe 1 fibres 
Pre/post data 

TYPe 2 fibres 
Pre/Post data 

t value -.544 -25.7 # 

Critical value oft= 2.896 

# significant 

These data demonstrate in no uncertain way that the 

training Programme had a draMatic and selective effect on 

muscle fibre development. Marked changes are seen in the 

size of tYPe 2 which are anaerobic fibres as a result of 
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brief interva l hish intensitY train ins over a nine week 

period. 

Muscle sections were also sta i ned with heamatoxYlin 

and PFK Which revealed qualitative rather than quantitative 

data. As expected al I specimens revealed a heatthY 

aPPearance with no aPParent abnormal ities,F i s 22. 

Fisure 22. A microsraph showins an even d i stribution of fib r e 

tYPes with no abnormal atroPhY due to disease. 
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If muscle bioPsies are bein9 taken to assess 

sporting Performance then it is Perhaps worthwhile to check 

atso on the normal itY of other keY enzymes at the same ti Me. 

An attempt was made to differentiate between tYPe 2a 

and type 2b fibres using the ATPase stain at a lower PH 

value.Unfortunately these results were very disaPPointins 

with n,:, SPecin1ens suitable for measurement.The reas,:,ns for 

this failure are not clear,at I the chemicals were new and PH 

values and incubatins temperatures were careful IY checked. 

The author was warned c~suat IY of a Possib l e difficulty with 

th i s technique while visit ins UCH in London althc,ush at that 

time a remedy was not offered. It would have been 

ParticutarlY interestins to observe any chanses in type 2a 

and tYPe 2b distribution. 

Other workers (Barnard >:<t at 1971; Gotdn ick et at 

1973) have sussested that fol l owins Protonsed train ins (5 

months) of aerobic wo r k both tYPe 1 and tYPe 2 fibres showed 

an increase in oxidative potential. 

In a. study bY Costi II et at (1979) ,:,n the ada.Ptation 

of ske letal rouscle fol towin9 stri?nsth train i ng it was found 

that fibre composition had suffer>:<d a modification.These 

authors sussest with caution that there may have been an 

increase in the number of tYPe 2a fibres due to a shift of 

tYPe 1 to tYPe 2a and 2b to 2a.This is the first time that 

such a change in man has been reported in the i terature. It 
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is interest ins to note that Gonyea et a l (1977) reported 

muscle fibre SPI ittins in the forelimb of the cat after 

strength trainins. 

Conclusion 

What is Particu l arly strikins about these results is 

the magnitude of the change in tYPe 2 fibre cross-sectional 

area.This was brought about bY a training Prosramme based on 

the PrinciPles of anaerobic develoment.These were intensive 

work Periods of short du r ation (1 min) interspaced bY Ions 

and total rest periods (4 Mins) repeated ten times on three 

occasions each week for a total of nine weeks. 

The nature of the exercise was isotonic anaerobic 

work. To some extent there was a momentum effect as the 

Paddle e rsometer was Pushed. This means that the tensions 

exerted bY the actin and MYOsin filaments a t the cross 

bridses site within the Propulsive muscle were not constant. 

A further develoPment would be an investisation into 

the muscle tension curves develoPed at the cross bridses 

site within the ultra structure of the mYofibri Is as a 

result of isokinetic training. 

The results have demonstrated that sPecificitY of 

trainins CAstrand 1984) is matched bY spec ific PhYsiolosical 

develoPment. 
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Chapter 6 

Overview 

An atteMPt has been Made in this studY to exaMine 

soMe of the behavioural Profiles of elite slaloM canoeists. 

Durins the Plannins of this investisation there was a 

deliberate neslect of the maJor role PlaYed bY PSYcholosical 

factors such as Motivation and Personal itY traits during 

slaloM comPetiton. Of course a Profile of slaloM competitors 

cannot be complete without the inclusion of these and other 

sat ient factors but it was felt that there were a nuMber of 

crucial and fundaMental PhYsiolosical variables that 

hitherto had not been quantified Which needed to be 

established Prior to a More COMPiete Profile investisation. 

A Problem coMmon to anY investisation usins human 

subJects is the avai labi litY and continued cooPeraton of 

subJects with the study team. In experiments where 

individuals experience considerable discoMfort and perhaPs a 

certain aMount of Pain the success of the study often hinses 

on the wi 11 insnes of the subJects to continue with the 

Prosramme. 

In this investisation a substantial aMount of data 

were col 1ected froM comPetins slaloMists. However there were 

occasions when even the Most cooperative competitors 

declined to PartiCiPate in further trials because of the 

153 



fea.r tha.t their iMMedia.te success mi9ht be a.dverslY affected 

due to incumbent aPPara.tus . During non compet it ive trials 

exce l tent cc»::iPera1.ti,:,n wa.s forthcoming fror!l sE•vera.l British 

tearr1 mefl\bers. 

In exPeriMents where human tissue sa.mPles are 

required, it is essential that t he study t1:•a.r11 is hishlY 

ski I led a.nd exPerien,:ed in h,H1dl ins this kind of 1t1a.terial. 

In order to secure a. qua.ntitY of human tissue the Procedure 

is COMPiex with an inherent risk of infection.It is 

therefore often iMPracticable (except in cases of medical 

i I lne•ss) for the Provision of a.ddit Iona.I tissue sa1t1Ples to 

rePlace the orisinal where there have been treatment errors 

etc. 

Dur ins the course of this study it became 

increa.sinslY aPParent to the author that more experience 

with the treatment of animal tissue samPles wo uld have been 

beneficial Prior to treatins h uman tissues. PerhaPs this 

Point misht be considered bY the reader who antic iPates 

Persuins a simi tar I ine of investisation. 
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DISCUSSION 

Astrand and Rodahl (1977) stated what is now 

believed bY fllanY sP>:irts scientists to be the first steP to 

an investigation into any SP>:irting activitY when theY wri:ite 

"An analYsis of the energetic demands of 
different sport events and the athletes caPabi I itY 
to fulfi I I these demands maY helP h iM or her in 
both trainins and the selecti on of suitable 
events". 

It would be quite reasonable f or the laYman who is 

aware that British slalom canoeists currentl Y (1984) hold 

several world titles, to assume that the sport has been 

thoroughlY researched and is wel I understood. UnfortunatelY, 

this is not the case, but it is hoPed that the results of 

this st udY w i I I a. I I ow ,:oaches and comPet i tc, rs t,:, fc11:uss sorr1e 

attention on the demands of the event that have Proved to be 

sign if i ,:ant. 

However, results of any investigation are meaningful 

on lY when the reader is satisfied that theY relat e to a 

specific Problem and that the techniques emPloYed for data 

co11ection a.1-e val id and reliable, In this studY the Problem 

related to the energy demands of competing in a slalom 

competition and the methods emPIOYed to collect data 

Pertained to aerobic a nd anaerobic energy 

P ro,:esses. 
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Initial IY it wa.s observed that on the same slalom 

course competitors Perform a simi tar number and type of 

ProPulsive stroke. It was Possible therefore to quantify the 

work load required from a Particular muscle sroup durins 

Padd I ins action for a SPE·c if i c course. 

Forward Paddl ins strokes involve a srouP of muscles 

which misht be termed Protagonist and it is within this 

srouP that chemical enersY is converted into mechanical 

work.The corresPondins srouP of muscles located on the 

opposite side of the Joint involved in the same action are 

termed antasonist muscles. Atthoush there is movement within 

the antasonist sroup, a neslisible a.Mount of enersy is 

involved. Reverse Paddl ins strokes cause the roles of the 

muscle groups Just described to be reversed. 

In enersetic terms this means that muscle sroups 

experience rest Phases durins a 'slalom run•, as forward 

Paddl ins strokes are interspersed with reverse Paddl ins 

strokes. If the energy Pathway within these muscle sroups is 

Predominantly aerobic then a certain amount of oxygen 

rePlenishment misht occur across the mitochrondrial 

membrane. If the energy Pathway is anaerobic involving 

a.tactic and lactacid sources then these brief respites might 

delaY the onset of Peak lactate accumulation within each 
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Aerobic or Anaerobic. 

Lactate Produced durins anaerobic 91Yco1Ysis 

diffuses from the muscle a nd ac cumulates in the blood 

where, if nieasu red, it ,:an si:HVE• as an indicator of the 

extent to which anaerobic Processes are activated durins a 

work bout CMcGrai I et al 1977). At equivalent abso lute 

levels of oxYsen uptake, blood lactate concentrations are 

sreater durins arm work when compared to les work (Bevesard 

et at 1966).This may be exp lained bY the notion that for a 

siven work load as the muscle mass decreases the anaerobic 

contribution to the total work outPut must increase. 

In this st udY, ta.ct ate vat UE•s recorded f roni a s rouP 

of s latomists after comPetins in an international event were 

amonsst the hishest recorded lactate values from any 

sportmen reported in the I iterature. 

In the I isht of these results it is sussested that 

the Protasonist muscles responsible for slalom action der ive 

the maJoritY of their enersY suPPIY from anaerobic sources. 

Furtherrri,:,re•, it is su<:Jsested that the tiniescate f,:,r the-

Yield of a naerobic e nersY misht extend for several minutes 

v i z t he- duration of competition, due to the sporadic action 

of the muscles involved. 

Pieht and Karlsson (1977) investisated the dePletion 

patterns of stycosen sYnthetase and PhOSPhorYlase in man and 

concluded that there was an even distribution of the enzyme 
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slYcosen sYnthetase in the two tYPe of muscle fibres (type 1 

an d tYPe 2). TheY reported that after intensive work, 

dePletion was 9reater in muscles rich in tYPe 2 

fibres. 

In the lisht of this information it is reasonable to 

sussest that competitors with Protasonist muscles rich in 

tYPe 2 fibres misht be equiPPed with a PhYsiolosical 

advantase to Perform anaerobic work for a lonser Period of 

time. Of course one must not overlook the PSYcholosical 

adaptation to trainins Which MaY enhance the athletes' 

capacitY for maximal exertion. 

In a Previous study in the same laboratory when 

muscle biopsies were taken from five slalomist of national 

a1.nd internati,:,nal ,:al ibre, it was con,: lu ded that the 

distribut ion of fibre tYPes in the medial deltoid muscle 

sussested that these individuals Possessed muscles most 

suitable for aerobic work (HumPhreY 1982). These results 

were in broad a1.sreement with those from a study bY Tesch et 

al (1976) who also selected the deltoid as a studY muscle in 

canoeists. Of course the iMPI ication from this conclusion 

was that slalot11 canoeists t>:'nded to exhibit a hi9h POPtortion 

of tYPe 1 fibres and thus the demands of slaloM competit ion 

must be larselY aerobic in nature. 

Perhaps the findinss from these studies (HumPhreY, 

1982; Tesch, 1976) misht be ex~ained in several ways. 
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The action of the medial deltoid durins extension 

and horizontal extension of the humerus i s to abduct the 

humerus to a Position most advantaseous mechanical IY for 

hell- i z,:,nta I •:?Xtens i c,n . In this re, I e it is most ikelY that 

the action of medial deltoid is not maximal, it is also 

sustained and thus it is acting aerobical IY. 

In addition to this suggestion slalomists exPend a 

considerable amount of time and energy during their training 

routines repeating 'sate Practices'; 26 out of 30 slalomists 

who were questioned about their training habits reported 

that flat water gate Practice was a maJor item of trainins. 

This sort of repetitious training wi I I have a 

profound influence on tYPe 1 fibre (aerobic) development. 

Jansson and KaiJser (1977 ) in a s tudY on muscle adaptation 

to extreme endurance tra i nins suggested that type 2a fibres 

have the abi litY metabolical IY to adaPt to high oxidative 

demands and that the level of enzyme activitY is more 

dependent on the nature of PhYsical activitY than on fibre 

composition.Other research revealed similar findings 

(HollOSZY et al,1970 :Sa.ltin et a.I, 1975) 

Vanuska and BJorntorP (196 8 ) found that 5 weeks of 

tra i ning produced in ma.n, a mean decrease in exercise muscle 

blood flow and a.n increase of succ in ic dehYdrogenase 

activitY with an estimated increase in maximal aerobic Power 

of 30,Y. • 
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It is sussested that the fibre develoPment observed 

in studies of fibre tYPes amonsst canoeists, resulted from 

the influence of the two aforementiond factors, viz trainins 

and the role of the deltoid. 

The influence of aerobic metabolism durins a slalom 

run mi9ht best be assessed if there was a reliable method of 

monitorins ventilation Parameters without the need for 

athletes to don restrictive and complex apparatus. 

Wake! ins and Saddler (1977) who investisated the 

aerobic capacities of some British slafomists usins methods 

of V02 determination which incorporated a bicYcle ersometer 

and spr i nt distances on the water, concluded that slalom 

canoeists demonstrated hish aerobic capacities. However theY 

also reported that aPParentlY these hish values did not seem 

to be uti I i zed bY the subJects while on the water. 

A sirrii la.r find ins was reported bY Coc•P>?r (1982) 
on. °' c<-lc. le t l"<-[O'N' <-+~r 

where the max V02 of a srouP of elite canoeistsAwas found to 

be unrelated to max V02 while canoe ins. How>?ver the same 

author reported that the relationshiP of max V02 ~n ~~~ 
(.i'~o..,t,-\c.r 

canoe i ns Aand paddl ins performance is hishlY sisnificant. 

In this study the results of maximum heart rates 

durins simulated competitive runs on an international river 

course were used as an indicator of the involvement of the 

cardioresPiratorY sYstem. The hishest recorded heart rates 
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on the river were not maximal with a mean value of 14 beats 

Per minute less than that recorded bY the same subJects 

while Performins a three minute standard step test. It was 

evident from these data that the cardioresPiratorY system 

was taxed far from maximallY during a simulated slalom 

course on a river. 

Additional data of oxYsen uptake values were 

collected from subJects Performin9 a simulated Paddl ins 

course on a canoe ersometer.The results from experienced 

canoeists demonstrated that a ittle over 50% of their 

maximum oxYsen uptake was mobi ized durins the simulation. 

In contrast inexperienced canoeists demonstrated that a 

hisher Proportion of their V02 max (mean 77% V02) was 

mobi I ized . It is reasonable to conclude that the more 

experienced canoeists were also more hishlY ski I led and as a 

result more economical in their energy expenditure. 

A further trial, with the current world chamPion 

Paddl ins in simulated conditions, revealed tha t after 

work ins for the Period normal IY taken to COMPiete a s lalom 

course his V02 was 61~ of his maximum. Furthermore his 

maximum V02 was reached after six intervals of three minute 

intensive work bouts (18 minutes of work) interspersed with 

one minute of rest between bouts. 

These data when considered tosether with those 

concerned with lactate accumulation after competi ti on 

suPPort the Premise that the invol v ement of anaerobic 
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metabol iSM in the Protagonist muscles of slalom action is 

maximal and that aerobic metabolism becomes invo lved 

ProgressivelY. It is not unreasonable to sugsest that the 

role PlaYed bY maJor synergic muscles of the trunk and 

thighs would contribute in no smal I way to the onset of 

aerobic Metabo l isM. 

The iMPI ication for competitors is that training 

routines between muscle groups Might become more specific. 

Protasonstic muscle groups such as latissimus dorsi,teres 

maJor and teres minor, pectoral is maJor , anterior and 

posterior deltoid should be exposed ProsressivelY to 

anaerobic stress. The remainins maJor muscle groups of the 

trunk and lower bodY should then continue with exercises 

which involve , to a maJor extent , the cardioresPiratorY system 

thus P r omotins aerobic develoPment. 

The Effects of Trainins 

In a studY bY VriJens et al (197S ) which 

investisated the effects of trainins on maximal work ins 

caPacitY it was reported that subJects who were not trained 

to arm work obtained better results of V02 on the bi CYCie 

ersometer that canoeists. In an arm test, on the contrary, 

the srouP of paddlers had signficantlY hisher scores for 

maxiMal oxYsen consuMPtion and sustained workload. Israel 

and Brenke ( 1967) reported siMi tar findinss in a comparative 

study of arm and 1es work. 
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The number of renorts concerning the effects of 

short terM high intensitY training is smal I so it was 

considered aPProPriate to investigate the effects of such a 

Programme that might be adopted bY slalom canoeists. 

One of the associated Problems that this 

investi9at ion attemPted to solve concerned the i nfluence 

that specific trai ning methods might have on muscle fibre 

size and the time-scale of any develoPment. 

A Programme with brief intervals of work 

interspersed with long Periods of rest was repeated 10 times 

on each of three session, each week for nine weeks. The 

results of Post training muscle biopsies ( 9 subJects) 

revealed that tYPe 2 fibres had sisnificantlY increased in 

cross sectional area bY a mean value of 82~ (range -7~ to 

1971.). 

Since there are no studies reported in the 

iterature w i th results comparable with fibre developments 

that have been observed in this study these results must be 

interpreted alone. It woutd seem that a prosramme of 

training can be designed to affect Particular fractions of 

muscle development. 

The time-scale involved in a modification of fibre 

development Previously described was aPProximatelY nine 

weeks. However throushout this Period it was found that a 

considerable amount of motivation was required on the Part 

163 



of individuals to maintain maximal effort durins the 

trainins routine. 

Staudte and Exner (1972 ) concluded that with a 

develoPment of tYPe 2 fibres there was a corresPondins 

increase in muscle tension, an increase in the enzymes 

hexokinase and citrate sYnthetase. Saubert and Armstrons et 

a l (1973) reported that the effects of sPrint training in 

rats caused a modification in the anaerobic enzymes. In 

muscles rich in tYPe 2 fibres lactate increases more raPidlY 

in tYPe 2 fibres (Te~ h and Kar l sson 1977). 

In contrast to these sussestions Polsar (1973) 

concluded that the PhYsiolosical roles of muscles was a 

function of enzyme adaptation to work demands and that fibre 

size is relativelY unimPortant. 

There is I ittle doubt that the evidence currentlY 

avai I able for a balanced debate relatins to anaerobic 

development is incomplete. 

In a recent document distributed to members of the 

French slalom team (1981) there was considerable emphasis 

Placed on anaerobic development throushout a ten month 

trainins Prosramme (Fis 23) concurrently with aerobic 

development (Koechl in et al 1981).However a cautious note at 

the end of this report recorded that one must realize that 

there are many factors involved in total slalom Performance 

and al I of these are interdependent. 
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In 1982 the United States OIYMPic Committee 

initiated a ProJect to:-

1. Evaluate maximal aerobic and anaerobic potential 

,:if internationa.l level whitewater slalorri ,:anoeists usins 

2.To comPare aerobic and anaerobic use durins 

Paddlns on wa.ter with rr1axi111a.1 ,:apacities (on ta1.nd). 

The findinss of this 1 US 1 study appeared to be 

somewhat inconclusive. PerhaPs Part of the Penultimate 

ParasraPh from th is report summarizes the onsoins debate, 

"Because the events are about 4 minutes in 
duration, ProbablY about 50i of the total 
enersY ut i Ii zed ,:orr1es frorr1 ae-robi c metabol i srri 
and 50i from anaerobic metabolism. 

The results of research into isoKinetic exerc i se are 

impressive.The suPerioritY of such exercise in bui I dins 

strensth and speed is stasserins (Mccardle and Masel, 1970: 

Counci 1111a.n, 197'9: Chu and S111ith, 1971). Pi Pes and Wi lrriore 

(1979) reported that isokinetic train ins at hish I irnb speeds 

affects sisnificantlY sreater chanses in rnuscu1a1.r strensth 

at al I I irnb speeds ParticularlY those more associated with 

athletic events. Muscular soreness which often accompanies 

other types of trainins is notablY absent in athletes who 

use isokinetic methods. 
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According to HuxleY (1974) a muscle develops its 

maximum tension at aPProximatelY 60~ of its contraction 

length. During isotonic contractions it would aPPear that 

the load which a muscle moves at the extremitY of its 

contraction is suitable ontY for that Part of the muscte,viz 

those cross br idges which are active during extremitY 

contractions. As the muscle contacts and shortens then the 

toad becomes ProgessivelY easier for the muscle to manage 

and so the training stress is reduced. 

This Problem of appropriate muscular stress 

throughout the range of movement of a contracting muscle is 

overcome in isokinetic training. Thoughout the ranse of 

movement a maxima l resistance is aPPI ied ProgressivelY as 

more cross bricl9es are activated. Thus at the extremitY of 

the ranse of movement, where muscular inJurY and soreness is 

most ikelY to occur durin9 isotonic training, inJurY is 

less t ikelY during isokinetic exercise because aPProPriate 

musc ular resistance is aPPI ied. 

It is interesting to note that in the survey into 

trainins methods conducted and rePorted in this study, onlY 

four statomists emPloYed isokinet ic trainins methods but of 

those four,one was the current world slalom champion and one 

was a recent ex-world slalom champion. 
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Summary and Conclusions 

It wou l d aPPear from the results of this and other 

i nvestigations into Predispositions for toP Performance in 

slalom canoein9 that no Particular PhYsiol o gical 

characteristics seem to be essential. 

Due to the nature of sla l om competition t h e aerobic 

demands of the event are technical IY difficult to determine , 

and even then the results are inconclusive . However,whi 1st 

there is I ittle doubt that there is a significant 

contribution made bY aerobic metabolism to the energy 

demands of the event , it is sugsested that the magnitude of 

this contribution is less than was PreviouslY thought. 

The anaerobic demand s of slalom competition have 

Proved to be substantial and significant. It is suggested 

that these demands are greater than the values of 50% 

rE'cent I Y rE•Ported ( US O I :t'l!lP i c st udY 1981). In view of the 

findinss of this studY it is recommended that slalomists 

incorporate anaerobic training stress into their Yea r round 

training routines.Further it is sugsestE'd that "sate 

Practi,:e" ski 1 1 d1:•vel0Prr1ent incorporates briE'f intervals (up 

to one minute) of intensive effort interspersed with rest 

Periods of several minutes (up to three minutes). 

It would appear from the results of biOPSY studies 
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on slaloM canoeists that currentlY there is insufficient 

evidence to deterMine whether slalomist are characterised bY 

Particular muscle fibre Patterns. 

It is sugsested that in view of the apparent 

anaerobic demands of slalom competition , elite comPetitio r s 

who Possess, knowinslY or otherwise, a hish Proportion of 

tYPe 2 fibres in the dominant propulsive canoeing Muscles 

misht have an advantage in Performance, with aPProPriate 

train ins. 

Specific trainins r outi nes with intensive work bouts 

of less than one minute duration interruPted bY total rest 

Periods of several minutes Produce substantia l increases in 

the cross sectional area of the active type 2 muscle fibres 

over an eight week Period. It is sussested that hYPertroPhY 

of the Propulsive muscles and the increased muscle bulk 

resulting from this tYPe of training would not adverslY 

affect competitive Performance in slalomists. 

Slalom canoeists while train ins on the water are 

incorporating isokinet ic traini n g methods due to the 

~constantlY chansins Pressure that is experienced at the 

Paddle blade. It has been stated many times that there is no 

better method of trainins than Performing the sport for 

which one is training (Burke, 1980). 

It is recommended that these athletes when 

exercisins off the water, adoPt isokinetic training methods 
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which incorporate the PrinciPles of anaerobic stress. That 

is isokinetic contractions, where the resistance is hish and 

the speed of movement is control led throushout the ranse of 

motion, should be Practised for short Periods interspersed 

With Pel"iOdS of COtrlPletE• rest. 

A CYbex II machine (frorn NOMEQ Nottin<Jha.m) is Just 

one device that when adapted, is ideal for isokinetic 

train ins. 

This studY has focussed attention on some imPortant 

PhYsiolo<Jical variables associated with slalom competition 

but the findinss and recommendations must be interpreted in 

the context of the total demands of the event. Further 

research is necessary ParticularlY into PSYcholosical 

Parameters Pertainins to Performance. 
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APPENDIX A 

Equipment for muscle biOPSies 

5 LICH muscle biOPSY needles 
OCT mounting compound 
2 staining racks 
2 slide bc,xes 
2 boxes of slides 
4 boxes of cover slasses 
~\uehne' s f,:,rceps 
Fine dissecting forceps 
12 COIUl'rlbia. Jars 
4 staining troughs 
Sandrest test tube rack 
30 Phials 5~ Lignocane 
30 scalPal blades 
20 Pai rs latex sloves 
1 box slide labels 
Di lvac flask 
Pressure ,:ooke r 
Marker Pens 
First Aid fa.cit ities,cotton wool etc. 
DisPosabte sY ri nses 
Disposable needles 
Si Iver foi I 
Ci r cu I a r ,:,:, r ks 
Liquid nitrosen 

Use of :-deep freeze, 
balances and seneral 

Microtone, microscopes, 
laboratory equipment. 
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APPENDIX B 

CheMicals for biolos ical stainins 

Iso-pentane sPectrosot 
Et hciH)O I cil.bSO I Utt:• 

Nitro blue tetrazoium 
HaematoxYI in Harris 
Dia.tase 

500ft\ I 
500M I 
0. 259 r 

100 9 r 
Adenosine-5-triPhosporic acid 2sr 
Nicotina1.Mide-adenine dinucteotide 0. 19r 
Dithiothreitol 0.5sr 
Sodium acetate buffer 
Eosin 
Glucose-6-PhosPhate 
C,::ibalt chloride 
Periodic acid 
XIYene 
Glycerine JellY 
Glacial acetic acid 
PotassiuM Bicarbonate 
Ma9nesiuM sulPhate 
Sod i urr1 ch I 01· i cl€:· 

Ca I c i u111 ch I or i de 
AMmonium sulphate 
Sc•d i urri ars'='nate 
Fructose-6-PhOSPhate 
Fructose 1,6 diPhosPhoric acid 
Sodium acetate buffer 
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500rr1 I 
25sr 
0.25sr 
0.25sr 

10s r .-. 
L.. I itres 
1 I itre 
2 I itres 
50trl I 
50ml 
59r 
50rri I 
51Zlrrl I 
1 ,:a rton 
0. 191l\ 
1 Pkt 
500rri I 




