)

r—y Pure

Bangor University

DOCTOR OF PHILOSOPHY

A study of the behavioural profiles of elite slalom canoeists

Baker, Stephen John

Award date:
1984

Awarding institution:
Bangor University

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal ?

Take down policy

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 28. Apr. 2024


https://research.bangor.ac.uk/portal/en/theses/a-study-of-the-behavioural-profiles-of-elite-slalom-canoeists(a4dbe475-6d8a-48be-ac5c-1593df7bb2e2).html

H STUDY OF THE BEHAVIOURAL PROFILES

OF ELITE SLALOM CAMDEISTS

by

STEPHEN JOHN BAKER

B thesis submitted in Ffulfi tment of the

redaui rements for the award of Doctor of

Philosophy University Colilegse of Morth Wates.

Supsrvigsor?: J.L.P.Hardy Ph.D.

April 1984



AESTRACT



A BTUDY OF THE BEHAVIDURAL PROFILES OF ELITE SLALOM

CANDEISTS

5. J. BAKER

sing a multidisciplinary approach soms
Rhysinlogical Ccharacteristics of & group of 2lite sialom
CANERISTS WErE axaminsd in an attemet to auantify the

cdemands of staltom compatition. Simuiated conditions were

inCoreoratad for data colisction whansvear it was
impractidable to ool lect data Ffrom paddisrs in a slalom
Byt

A description of materials, methods and the
validation Of simulated procedurss precedss the discussion
of & survey of training routines adoptsad by & groum of
Slalom Canosi ste.

Data pertaining to the paddie stroke characteristics
wf @l ite paddiers revealad that all subiects pevformsed a
Gimilar typ2 and numbsyr of strokes on an international
COUTSE.

The asrobic demands of Paddling the sams route and
manifested by the axtent to which the cardiorespiratory
sYystenm Was mobilized: was found t0 be submaximal.

Anasrobic stress, measured during a World class
comPetitive avent as s2rum lactate content in oa sroup of 19

subiects: was exXxtremaly high.



it is suggested that anasrobic training should
featurse prominently as an int2aral oomponent of sialom
preparalt i 0n.

An sxPeriment was designed and conducted to
investigate the effectsg of & spelific anagrobic training
Progvaninsy OVET Nine weeks, on the muscle developmeEnt of a
group of ninse subdiects.

A comparison of biopsy samples from the (atissinus
dorsi muscle prior to and.immediately Following the programme
ravealsad that thare was no significant Cchang® in the size of
type I Fibres (asrobic)hdthers was no apparent modification

that
in the distribution of Ffibre typ2s, but there was a
significant increase (B2%) in the oross sectional arsa of

the tyee II fFibres (anasrobic).
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CHAPTER 1

In the summey of 1980 the British canos sialom team
consol idated and emphasized their Candeing supremacy at Bala
in MNorth Wates by successfully defending the Worid
Championship trophy. One of the thres man team latsr in the
me2ting took ths individual Ki statom goid medal with a
demonstration of determined and agsressive competitive
skill. His performance was repeated oncs more at the 1983

Worid Championshies this tinme abroad.

With this kKind of success and the obvious depth of
SxpErience that British slalomists now endoy, one might
assum= that the demands which slalom Canosing places on tThe
individoal compatitor are wall understood and adeauately
preparad for. Howsver, from the avthor’'s experisnce and from
intervisews which have bsen conducted casualiy with many
compatitors in the highsr sialom divigions, it appears that
the maJority devaelop tha2ir own interpratation of the demands

af the sport.

There are few scisntific studiss Conoerned with
slalom which might halp guide CompPatitors whd ar:s designing
Lraining erogramnmes. Perhaps the dearth of studies reflects
the difficulty of in vivo investigations since tha events
take pPlace on rapid rivers amidst a maze of suspendead POl 2S

and wires., Likewiss it is impracticable to reproduce the



pracise conditions oFf the avent in tha laboratory where data

might b2 Collected more convenisntiy.

Of course stalom is Just one oFfF a number of distinct
and ssparate canosing discipl inss, The common factors
batwa2en sialom: white-water racing. long distance racing.
Zande sailing, Canoe surfing: serint racing and cano® poio
to meEntion but a few Ccompetitive disciplines arsa that they
all take place on water in fragiie craft. There the
similarity =nds. For 2ach svent specific Kavaks, canoss and
Padd 25 have evoived and the inhersnt skills are altogsther

cdissimi lar.

Ressarch has besn focussed on Various aspects of
cand2ing and the results ars applicable to many of the
aforementionsd digscipl ines. The pawlata roll was desoribed
in Zinematographical and 2lsctromyographical (2. m.9.2 terms
by Baker and Aldwinkie (1987, Yoshio (1974) usins a similar
2. i ¥ ERChniouse studied Kavak paddl ing performance on a
simulator. Vrien 2t at (1974} concentrated on ths sffects of
Lraining on maximum working capacity of canoeists. The
resylts of a survey of the effects of cold immersion on
pErformance exparienced by Canoeists were reported by Baker
and Atha (19783, In Sweden in the sams year Tesch (1978
attempted to retats the distribution of muscle fFibras to
OKYgEN Uptaks Capacity in SPrint canoeists. Attention was

focussed on the disorisgnting 2ffects on visuval acuity in a

g



study by Baker (1977). More recentiy Court (197892 conducted
a biomechanical analysis of the sSPrint canadian Canos

St rol2.

It would appsar thersefore from the brief description
of the small number of studises that have appsarsd in the
literature that theve is considerables soope for further
research in all disciplines. IFf Britain is to remain at the
fore-front Of slalom comeatition then our owWwn Compatitors
and coachss would be wise to basse th2ir training mathdds on

proven fact rathsr than intuition and gusss—work.

The Probiem
Eritish slalom canoeing has enJoyed considerable
SUCCRSS in recent Years and much of this must be attributed
to the developmant of the sport through its governing body.
the British Canos Union. The coaching structure is wall
sstabl ished and freauent team training Sessions are stagad

S bthe purposs—built international slalom oourss at BEala.

With the advent of new matsrials such as Keviar,
there has been almost a revolution in the design of new
2aUiPpmeEnt wWhich 1S now extremsiy Hight and strons.

In performance terms the 2lite competitors are
highiy skilled and of world rank order which imPligs that
currant coaching methods are sound. To som2 this might seem

a remarkable achisvement since Coachas do not yat endoy the

z



benefits of well conducted studies into Coaching methods
that many of their coll=agues in other sporting disciplines
take for granted. The approach adopted by current team
coaches i largely skKill oarisntated interval type training.
Perhaps if there were data available to our coaches
then furher improvemsent in the performance of oauvy teams

might be forthooming.

This then is the probism

Can ths demands of slalom compatition be
identifisd, if S0 what are they and hiw Can

training methods meet them?

Purpose
Using a multidisciptinary approach the purpose Of
thig study is to investigate the physiDiogical: TtThe
Snergatic and the biomechanical demands of Competing in a
statom competition. In the course of achieving thess
obisctives it is intendad to find th2 answars to the

following associated probians.



fssociated Problems

1o To what extent can the demands of =2lite slalom

competition be asssssed?

competition to what extent is sSUCC2ss

2 In slalom

influenzed byi-

Ae FErobic work capacity?

be fAnasrobic work capasity?

C. A combination of a and b ?

To what extent does muscle fFibre ComPosition

=
-t

influsence slialom performance?

4, Can muscle fibre size be influenced through

training? IFf so how: why and what time—scale is involved.

Ressarch Hypothesis

Current 2lite stalom cano2ists app2ar to exhibit
na particutar physioliogical characteristics
crucial for success in comPetition.

Ln



Definition of Terns

The foliowing terms which appsar in this

script are definsed as fol lows -

AERDBIC a chemical reaction where organic fuels
constitute alactron dondrs and oXygen 18 The
firnal =212ctron acceptor. This reaction OooUrs in

the mitochondyid.

ALACTIC oxvgen debt: The fraction of oxygan debt

duz to creat ing phosphate Cl2avags.

ANAEROBIC an =snergy yield in which glucosse and
glyoogan are pbroksn down into twd or mores
fragsmants and ona of thess fragments then becomas

oXidi Zed by another.

GLYCOGENESIS synthesis of glycogsn from gl ucoss,

GLYCOGENOLYSIS conversion of glycogsen o 9l ucoss.

GLYCOLYSIS formation of tactic acid from siyoogsan.

IGOKINETIC contractions that involve the Ccontrol

of sepeed throughout the vangs of motion.



CHAPTER =
This review commences With a brief description of
the energy sources involved during muscular activity
followsd by & brisef anatomical description OFf skeletal
muscle befors progressing onto the significant muscie

physiology reports.

Muscular Energstics

During muscuilar actvity thare arse vVarious souvoes of
sn@rgy that ars directly or indirectiy utilized. Howevar the
only source that can b2 directliy sxploited in order to
produce mechanical work 15 dervived Ffrom adenosins
tri phosphate (ATP) which sPLits into adenosing di phosphats
CADPY and phosphovic acid (PAX. The guantity of ATP prasent
in the muscle is small and thersefore if a process of
resynthesis was not involved, after only a few musclsz
contractions the ensvrgy supply would be exhausted.

Resynthesis alsSo redauirss an ensergy sourcs and this
is derived from the cleavage of creatine phosphate (CP) into
creatine and phosphorvic acid (PAX. The amount of CP pressnt
in the muscle® is about thres times the auantitiy of ATP and
0 the reaction can erolong activity. Howsver if muscular
Work nesds to continues: a further and more  substantial
SBNErgyY SOUrce iS5 redauvired. Two supplies are availabla, one

invoives food Combustion and the other is b’Y glyCcolysis.



The total source Of Energy suUppPly IS summavized in

fig 1.

MUSCUTar Work

% B

CP <::3L——~— Ep

Food+02-2> COZ+HZ0+ Eo

L

Blycasent€>Lactic acid+Eg

Total snsrgy =
Steady state 1
E=Z+4-5
Submax  4=5=
E=1-2+3

~EATA-5
%

1

frrows indicate direction of snergy. Numbsrs=anaray
aguantities. Subscripts of E denots S2nSrgy sOurces: p is
PROSDhOFSNID IS OXYISENIT 1S 9l ¥yoogen.

Fig 1. Schems to illustrate the main Snergy pathways during

muscular exercise (modified after Margaria 197E)

Thess twd 2nergy pathways SUPRPRIY 2nergy in

aquantiti=®s which arse depsndent upon the nature Oof the



muscular work (ocad. The glyoogen reaction refervad to
RenZeforth as th2 anasrobic 2nergy pathway contributes to
the eneray supply at the onset of work. Energy from
anasrobic sources (5 instantly and readily available.
Al though within this system alone a fraction of the energy
Zan be attributed both to an alactic source which is & Quick
acting mechanism and to the' lactacid’ source which reguires
a 1ong2y time span to opsrate. The snergy source devived from
The Combustion of food: termed henceforth the asvobic
mEChanismny 18 & much SiowWsY ensray libsrating system than
that derived from sivocolysis. The asrobic ensray libsrating
SsyYystam is 2xtansive and is responsible for long term
muscylar activity wherse a steady state can be achisved. Tha
system is dependsnt On a4 Ccontinuous oxygen sSupply thus the
contribution of the Cardiorsspiratory system plavs an
important rola,

fAerobic metabol ism DCoUrs in the mitochondria
located within the musclie and ths Catalysts which facil itats

the reaction ars SNZymss OF COSNZYymes.



Anasrobic Matabol ism

The chemical changss that are involved during
anasrobic metabol ism have been described pFEViﬂUEEYstt.if
these are consideved when interacting with asrobic
matabol iSnm as might occury when particular demands ars placsed
on the working muscle then the picturs is not altogsether
ciear. Marsarvia (1976 has suggessted & hydrauvlic model which
attempts to clarify the interaction of SRargy sSources in

musculayr activity,fig Z.

18
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Figure 2. A hydrauvlic model to demonstrate The
interaction of energy sources,

The centre container (ALY represents ensrgy derived
from pPhOSPhogen oleavage (anasrobic) —— the alactic
eNErey source. The upper teft container is of infinite
CAapaAcity and represents the asrobic SYStem where oxygsn
ig deliverad by the cardiorsspiratory system. The right
container (LA) represents the Snersy source Supplied
anasrobical ly which results in tactic acid
formation.Connectineg routes Ri,RZ:and RI represents the
flow of enargy from 2ach of the thres eneragy systemsy
ViZ asrobic,anasrobic l-alactic, anasrobic Z—lactarcid.

i1



At the bottom of fhe diagram in fig Zythe tap
represents the requirsment of muscular enargy. When the
demand i high SuUcth as during intense maximal activity thes
tap is opaned Fully. The atlactic system supp ies the immadiate
SNSErgyY SUPRLY tThroudgh phﬁsphoaanialaavaae. However the
aernbic supply which is responsibls for repisnishing all
thres systems cannot satisfy the demands throush the Rl
route sbut continues to supply energy throush this route. The
amount of alactic energy represanted relatively by the
valume of the centre container rapidly becomss sxhausted.As
soon as the level in the centre container drops below Rl
then the LA system bagins to supply enéray With the
formation of lactic acid. Since this system is "oclosad’ then
only & limited amount of snevray is available thus ths total
snEray output s seversly restrictesd once tThe twd anasrobic
SENErgy supply systems are depleted. =

In submaximal exarcisse theraefors the anasrobic
EnErgy libarating mechanism is involvaed in the form of
Phosphogen clEavass, but the asvrobic system beoomas involved
progressively until a8 steady stats is reached. With reference
to the hydrad!ic model this state would oocur when tThe baved
in the centre containsr is betwsen its maximum and Rlsand
when the output through tap Tl is no greater than that
suppl ied From D2 throuash Rl. Thersfore in submaximal work it
would appsar that lactic acid levels reman low-. . Pearhaps this
explanation satisfies those authors (Astrand =t al 19843

12



Hermannsen and Saltin 1967 who susgsst that glvoolytic
Prooesses are involved o a significant extsnt at submaximal

favela of WorK.

The effect oFf Lraining on anasrobic metabol i Sn was
studsd by Wiltliams =t al (1987} and it was suggested that at
similar levels of oxygen intake sxoess lactate production is
graatar in untrained individuals than in the trainad
state. Howsver the method of lactatse oollection was by
capillary puncture at the Fingsr Hip whare considerable
variation in ths {actats reading Can ocouy throush a
"miltkineg? effect if a poDY PUnCture is made. Al thoush Fahey
gt al (1975 have shown that capillary bilood sampling is a
refiable mathad For ma2asuring bliood hasmatodyit, a betiaer
Al thougsh more technically difficult method 19 by vVend
punctyrse whers blood i drawn From & maior vain, normally in
the foOrearm.

O of the most fredquently smeloved indicators of
anasrobic Powsr/ocapacity is the rate of formation and total
accumulation of lactic acid in the body (Asnevik 2t al
1969 iVolkov 18782 In the comtsxt of Ffisld data coltection
Blood Sampling remnaing popular. Howsver in the laboratory
Votkov 2t al (1975 have susgested that asssssment of
anasrobic Capacity should involve measurement of 02 and max
VOZ comcurvent!y.

Rahe 2t al (1981} investigated the tevels of



sevum lactic acid found in subdects whd wars expossd to
anxisty producing situations,

Serum lactic acid concentration is the refisction of
& balanocs established betwsen the body’'s lactic acid
production and the metabolic br2akdown of this substance in
the iver. ’

One of the Findings arising from this study was a
positive Corralation batwsen a dimension of physical fitness
and pra—activity sevrum lactats levels, Fitness was assessed
in mile run tines. Individuals who were fit showsd highsr
initial sevrum lactate levels prior to & bout of strenuvous
activity.The PhYSiologic mechanism thought to be responsible
FOr this observed &i&vation in pre—activity serum
accumulation was their presumably highery Spinephrine output
in response to the psychological stresses of the activity
which in this cass was drowneproofing. Epinephrine refsass

Cayses & madification in pyruvate concentrations.

The production site of lactic acid is in the woarking
musc e and Diamant (1968} has shown that the lactats
CORCENTrALIoNn in human skelStal muscle was much highary than
in the blood immediately after maximal 2xerscise.Howsver
shortly after the cegsation of wWork when peak blood jactate
I2vel wWas reached this was aproxXimately the2 sams as the
muszle tactate level.Thes:e results sesm o indicate that

thare is a fairly rapid distribution of lactate throughout

14



The body FOl10oWwing intenss axXsrciss,

The optimum time to Samels venous blood for mMax imum

tactats concentration valuss app2ars to be approXimately

five minutes after severse work (Astrand and Rodaht 19773.

Serum lactats concentration remains a mador

ingdicator of the level of involivement of anasrobic

metabol ism and was ussd extensively in the ocourse of this

study when data on anasrobic metabol ism wWas reauired.
The method oFf blood SamPil ing was by venepuncturs of

an antecubital Vain in thae fFoOrsarm.

&)



Aarobic Metabol ism

The arsa of human pevformance which has been
repoarted most freauently in the titerature is asrobio
metabol ism. Perhaprs this i best 2xplained by the fact that
guantification of OXygan uptaks capacity has 1ong bsen
available and the techniauss ars relatively straight—forward
to administer.

An sxtensive review of studies CONCErNIing asvobic
capacity is inappvopriate for this study but an outline of

somz salient POINTES Will bs 9iven.
Oxygen Uptake 7

T2 oconsumpPtion of oxygsn as measured by the
regspiratory gas a2xchangs reflects quantitatively the
combustion of bioChemical fusl in the form of carbahydrate,
tipid and protein.For 2ach litre of oxvgen consumed about
ZOKT of ensrgy is liberated (Astrand and Rodah! 19773 hence
the highsry the oggen uprtaks the highsr the ansvgay Ooutput
(1@0B8Joules = 3 Koals).

Oxygen consumpPtion during Sxevrcise has besn studied
2Rtensively using the Douglas bag method wWhears SxXpired air
isg cotilscted and_the oxygen content measured. This method
continuss o provids valid results for oxysen Consumption
(Corery 2t at 1982 but is being replaced ProOgressively by

I2Cctronic gas analysers [inked o mMicro—-pPracessors.

i)
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Oxyaen uptake fraauently has been sxpresssd in
titraes pey minute but this value Fails to account for
differendes attvributed o body buiilds Othey workers have
prafersd to express oxyvgsn uptake as VOEZ/Ke of fat free
weight. Buskitk and Tavior (1937} were amonsst the sart iest
Workers to express oxygen uptaks as VOIZ per wilogram of pody
weight and in addition they concluded that VYO2 max is
affected by pPhysical conditioningd fat fres weight was
caltculated according to the method of Keyvs et al (1953
whitch incorporated body density.Margaria 2t al (196860
suggested that maxinum oxygen consumpetion level is set by
the capacity of 02 transportaton from ths junss.

The naturse of makimal oxXygsn uptakse measursement has
always provided the athiste with performance problsms dus to
the @auipment and apparatus attached to him Thersfors soms
researchars pursuad lines of investigation concernad with
pradicting max VO2 from submaximal tasks. Ssveral nomosrams
have been produced tﬁ achieve this oObiective » onge of the
2ariiest being that eroduced by Astrand and Rhyming (19543,
De-Vries and Kiafs(19E85) attempted to modify the methods of
Astrand but failsd to provide & @ignificant improvemsant.
Wynidam (19672 and Skhepherd (195%3 both reviewsd the max VD2
pProcedurs using submaimal tests and concluded that with a

few limitations it was genarally sound.

¢

o
Reports on the 2ffects of several types of training
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VArYy Snormousiy with an improvemsnt in VOZ From @% to 93%
(Astrand and Rodahl 1977).

The most convenient form of exercise for the
measuremant of VOI max is 129 work usualiy on a treadmill or
bicyole srgometer (McArvdis+Mage 19783 Sidney+Bhepherd 19753,
Several attempts have been made to ralats the findings from
laboratory apparatus to sporting performanss. Masal and
Fauilkner (19B&) after measuring VOZ on a group Of swimmers
on the treadmill: during teathersad swims and during frae
SWims concluded that thare was no significant differsnoe
betwsan thse thres activitiss but suggested that there wars
advantages in the physiological assassment Of Swinmers
SWimming rather than running. Ferguson (1969) pursued a
similar line of investigation by measuvring VO2 during ice

hoCRK2Y SX2eroisSe.

The reports mentionsed hitherto have besn Concerned
entirely with VO measuremsent during 129 work. Althoush this
relationship iS aAPPYropriate for many sSports it would appsar
to be inaccurate during activitiss involving arm
EHSTCiSe. Reybrovck 2t al (19753, Vokaco =t at (19735) and
Astrand +Rodah! (18977 suggest that & figure in the rangs
TO-85% of max VDZ is reached during arm work. For athiestes
trained and acoustomsd to arm SXSrciss during thair avents,
VIiZ rowing and canoe2ing. a figuve towards the uppar Himit of

the range Jjust given would be sxpected (Tesch =t al, 189763,
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Wakai ing and Saddisr examined a groue of 5§ competitive
canoEists For oxygen uptaks on both & bicyole srgomatsar and
Whil2 Can22ing and thair resuits Wars in broad agrsamant
wWith the findinss of Tesch 2t at. that arm work averaged 95%

VDI max of 129 woirk.

In a study by Corry 2t al C(1982) on maximum asrobic
POWET 0F SWIimnSrs, SWimmnErs wers Catesorized as athletes who
used thair arms predominantiy and msasurement of VOZE max
during arm wark only was taken for thess individuals. It was
found that =21ite swimmers achisved a VOE max reading of 79%
of thair running VD2 max. Thess avthors suggest that a mors
realistic measursment ofFf VOZ max is achisved whan athletes
ATE USIiNG mMUSCS IrouRs normally associted with their avent
rathar than whole body VOE2 max values. It follows thervrefores
that VOZ max when measured on a treadmill i8 an approapriate
indicator of running potential and |ikewise whaen V2 is
MmEASUred on A bicyole argomater it is an appropriats
indictoy of cycling potential.

There are certain events whers the conditions ars
inhospitable and imPracticabls for measuremsant of
pErformance and in thesse Casses it is mors desirable ©to
simulate avent conditons. Most water—based sports fall into
this catesory. I+ apparatus is designed for svent data
collaction then it recauires caveful wval idation from both a

biomechanicaland & mMuscular 2nergstic view point. In a
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recent report by CoOvry (19BZ2) this obdective was not
achieved., The author descoribes a form of land 2rgomety whare
the subJects simutlate the movaements of a Swimning stroke
+his Cconclusion r2garding a biomachanical analysis of the
Stroke ars bassd on the stated assumption that the pulling
BEercise is'sure 0 involve SWinmers muscies!

Having discussed briefily the srincipal Snsrgy
libarating pathways involving anaevobic and asvobic
metabolism it is appvopriats to focus attention on tha
Ccharactaristics of skeletal muscie if a Cigarer

undarstanding of muscular activity is to be forthooming.
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Musoia fnatomy

Fovr a detai jed anatomical description of skelatal

musclie the readey 8 refered o a basic anatomy text

(Greys Anatomy ), : esseEntial ly & muscle consists of
bundies of Fibres coversd by an outer membrase—1 o3

2Rimysium. Each bundis 5 wrappad separately in a taysr of
pPErinysium and consists Of thousands of nuscis fibres 2ath

embadded in a laver of commactive tissus—endomysium. fig 3.

M oskeletal muscle Fibre is made up of myofibrils
which i cltose to the el nucliai and mitochondria. The
latter are vigibis only with the aid of an &l=0trom
microsoops. A single myofibril is composed of dark and | ight
bands of protein as sesn though & 1ight mi orosoops.

Huxiesy (19635} propossd a thaory in which tThe protein
Ffitamants of actin and myosin moved overy 2ach other thus
al lowing a shortening or 1engthening of the musclis. It was
suyggestad that actin and myosin wars Connectsd temporal 1y by
& saries of "hridess’ and when movemeEnt occuraed the bridaes
wers in contact for a short distance of ths action and then
it was necessary for them to release and relocats at & point
Further along the opposing protein filament. Witkis (19880
Ras described the action &8 baing similar o a man pulling
i & rope hand OveEr hand.

Ons of the predictions from the s1iding £i 1 amaent

B2
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Theory was that whan the muscle was stretoched,. the overiap
betwzan the actin and myosin would be veducsd in [2nsth and
tharafore the tension as developsd by the number of Cross
bridoges would diminish., Conversely whan ths muscle contracts
anc the number of Cross by idges inoreasss then the tension
cdevelopad by the muscle is grsater.

The practical implications of this work to the
athiets are gathering momentum and are manifa2sted by the
Growing interest being Shown in isokinsetic training methods.
Such is this interest that the first "Europsan conference on
the Isokinetic Revolution" was held at Massiinssn in
Switzerland in May 1984, The fundamental principle of
ISORIiMBtIc training is that tension in Tha musclie variss
with its length of Ccontraction as sugsgested by Huxley
CI9E5). Isokinetic training devices apPply appropriats |oads

To the muscie throusout 168s rangs of movemsnt.
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Endomysium

Muctiei Musclie Fibres

Figure 2. A micrograph annotated with some Principal

structures OFf human skelstal muscie.




Muscie Fibre tyees and Enzyme activity.

Stefano Lovenzini-an Italian physiologist classifisd
muscie fibres into red and whits Catsgoriss as long aso as
1E78. The 2xplanation of the coijour differsnce amergsed lateay
from work on rabbit muscle when Ranvier (1873) suggested
that red fibres exhibited slow contraction speeds and white

fibres aexhibited fast contraction speads.

A notable development in the history of
hRistochaEnistry was the introduction of technidauses which
identifised snzymse activity thus giving an ingsight into
muscie 2nergstics « It then becams obvious that the twd main
muscle types, type I and type 2 ,were 2ach involved
pradominantiy in one of the twd main snergy liberating
pathwarys. Type I was shown to b2 asrobic and type 2 was
pradominantly anasrobic. A schematic reprasentation of the
principal chemical reactions which DOCur during muscular

WoOrk is shown in fig 4.
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It can b2 ssen from figurse 4 that Soms SNZymes ars
invalved in the asrobic reaction whith takes placs inside
the mitochOndria while2 2thers:2leven in numbar, are invoived
in tha anasrobic reaction.

The identification of specific anzymes at celiuviar
level has recently opensed & way for a direct corrstaton to
b2 mades of the functional activity of individual muscie
fibres.

The snzymss which were of particular intsrest in
2ariisr studiss ware tThose associated with giyoosan
SYNLthEsis and bra2akdown (SUch a5 PhOSPhOry | asel, .
oxyvdoreductasss (such as dehydrogsnasses! and hydrelases (such
as ATPase).

Attention was initially fooussed on sucoinic
dehydrogenasce (Semanotf 1935558l igman and Rutenburg
1951 Padykuita 19520 when animal muscile was ussd and thars
was found to be a variation in the pressnce of the Snzyms
Betwean individuat fibres. Some muscies exhibited a strong
SUCTIiNI T dehydrogsnass activity such as ths soleus (in the
rat? which is composed oFf type [ Ffibres while O0Lhers sSuch as
piceps femoris and tibials anteror which ars compossd of
mixed fibre typses exhibited a marked variation in Ssnzyms

actvity.

)
m



Exercise and intramuscuiar Histology

Animais have long suppl ied tissuses for expermantal
study and much i8S nNowW KNown about tThe Cchangss that ooour in
animal muscie as a result of exercise,. HSoms confusion aross
from the different nomsnclaturse which various auvthors
adoptaed when describing muscles fibres.

Stein and Padykuia (1962) whd determinsd ths
intEnsity of Sucoinic dehyvdrogsnasse activity in rat fibres
reported & thres fibre classification. Type A was white,
type B and type O were ved. Romanuil (19EBY Found in the same
muscle 2ight dfferent types of fibres basad on Snzyms
activity., Kusebsre and Lars Edstrom (196B) who adopted
Seins’ thres fibre classificaton reported that tyves A fFibres
fatigued after soms ZBOE contractions and recOVETY Was SioW.
It was concluded that soms phYsSiological mechanism must
protect thesse fibre2s from fraausnt Or Continuous use.

Following endurance exercise of adult guinsa pigs,
biopsy studies have revealsd a sisnificant increase in the
percentagss of red fibres in trainsd musciss (Barmmard 2t als
197@). The sams avthors in & sSubsseguent study sussestasd that
atlthoush thers wWas an increass in the percentass of red
fibres of guinea pigs Foliowing 18 wesks of training thers
was no changs in the Ccontractiie propertes of the muscole
fibres.

Attention was then focussed on specific muscies from
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the 9Uinea Pig Using another thres fibre classification (
Barnard =t al., 1971} based on the histochemical activity of
MADH and ATPas=s. Fibres were named ved: whites and
intermadiate and correspond in function to fast twitoch such
as medial gastrocnemius: fast twitch such as flaxor
digitorum longus and siow twitch Such as soleus. These
results inval idate previous Claims that red muscle fibres
werse S1ow acting., It was suggested therefore that fibres be
referred to as fast—twitch red, fast—twitch white and
SloW-twWwitch intermediate.

While histochamical studie2s involvinsg animnals
continued otheyr WOTrKers warsa 2Kamining the bidchamical
changss that wars taking placse as a resuilt of exerciss. The
findings from many animal studies (Oscia and Hol loszy, 1971)
ware in gensral asresment that as a result of prolonged
SHEFCISS SNZYMEs which are involved in the mitochondrial
matrix ars adaptive and modify their complament. Anasrobic
2Nzymes did not app2ar to respond o SXerciss in the samse
way. Howaver only a few studies have concentrated on the
effects of short term high intensity training (Gale and
Magie, 1971iBagby =2t al. 1872). This may bes due partiy to
the difficulties of the training itself, iy T make the
animals parform briefly at high work Ioads. However ths

principal findings weare i—

a) that this type of traininsg (in rats) caused a

I3
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modification in the contractiie proparties of the fast
tWwitch fibras that wars 2xamined.

b} that high intensity Sxercise is bassed on
CArbohydrate catabolism inciuding glycogendlysis and
giycoiysis (Staudte et al. 19725 Baidwn and Tipton., 19733,

In a study of selscted muscles in the rat atter
sprint training Savbert et al (1973) suggssted that most
skelatal muscles POSSSeSS sufficisnt anasrobic capacity o
maet the demands of he2avy short term intsrmittant work
Without adaptation fto a higher jevel.

CWhite there may be soms imelications to man in the
findings of animal studises thesse results must b interpreted

cautiousiy.

It was vot until 1933 that thess new histochemical
mEthods of Snzyme analysis wers applisd to man (Wachstein
and Mzisal 1953).As with pPrevious animal studies sucocinic
dehydrogenase activity varied betwssn human muscles fibres
and the more reactive fibres tendsed to be smallier in
diamater.

Dubowitz and Pearse (196880) demonstrated that various
OHidative SnZymss wers associated with a specific typs of
muscle fibre and they Called this a tyee I fibre. They also
fab=liad the fibre which 2xhibited a high giycolytic enzyms

content
Cphoshory i ass )nas typs 2., A twd fibre classification was

atso favoured by Engel (19B2) but his classification was



based on the myofibritiar ATPase activity of oxydative
Glycolytic enzymes., Engsl’s technique has bsen modifisd to
Favaal a muth more sensitive method for fFibre
differentiation by Brooke and Kaiser (19783.

Other workers have concentrated their efforts on
move Compiex systems oOf identification.Stein and Padvkula
(1962) investigsated mitochondrial distribution uUsing
SUDZINIC dehydrogenase reaction. Thers ars many technical
Problems associated with the study of snzyvmes and
mitochondria. Enzymes are very labile. The mitochondria in
Which many oFf the oxidative snzymes are jocated ars rapidly
damaged when the blodd supply is out.

Many of these technical Problems have now besn
ovaroom: and research into mitochondrial snergstics
continues (Gohil 2t al ,1981). With added cytochroms O and
Progressive oXidation mitochondrial enzyms activity has been
mEasurad in human muscie from nesdle biopsy sampies (Bohil
2t al 1981a) (Gohil =2t al 1981). The absence or reduction of
2nZyme  action during human muscular activity may result in
SYMPLTOMS SUCh as I2thargy,muscie aching and reducsd
repetitive action.

The asrobic 2nergy libsrating pathway is undoubtedly
the system mOst freventiy ussed in normal sustained human
performance. Conssausntiy this system and the accompanying
BNy ACtivity have received a great deal of
attention. Recently howsver, soms research has been directed
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towards the snzyme Changss and deficisncies that ooour
during glvcoljtic or anasrobic work.In 1878 Bonilia and
Schotland. described a method to demonstrate the deficiency
of muscie phosphofructokinase (PFRI. Essentially the
technigus involves an obssrvation of the reaction betwaen
normal muscle and PFK deficient muscie o twd SubsStrates
F-&-P and F—1,6-PP.If there is a deficiency of PFK than the

results will show & varying intensity of staining.

Muscie Biopsy

Parhaps it is appropriate at this stage in the
review to highlight the significant step mades by the
introduction of modern needls biopsy techniguss to the study
of muscls energsetics. Prior to its introduction muscle
biopsy was limited to animal studiss or at best 0 human
muscle sampei=s taken from OopEn biopsy., Thess Samples wears
normally taken From pati=nts with diseased muscie OF during
AUTOPS| 25,

flthouah neadle biopsy of human sSkel2tal musclis wWas
introduced over a century ago by Ducheense (1BEEY it did not
pecone 2stablished as a diasnostic tool until the 2arty
1978 =.

Edwards (1971) described a modifisd nesdle biopsy
techniaue which gave consistent results for measurements Of

a rangs of slectrolytes. This method iS currentiy (19840



used in the metabolic unit at University College Hospital in

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

It is cismar tharefore from the recent introduction
of modern neadie biopsy tefhniauss that the study of human
2nergetics during, foliowing and as & result of SXerciss is

in its infancy.
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Human Performancs

Definition of fibre typest

During the remainder of this study the followins
nomanclature will b2 adopted to describe muscie fibre types.
TYPE 1 refers to muscle Fibres which have praviously besn
called oxidative oy slow-twitch fibres., TYPE 2 refers to
fibraes which are glyocolytic oF fast—twitch. There are thres
furthey subdivisions of TYPE 2 fibres, viz,type 2a . type
Z2by and typs 2o,

Type Za although deriving its snergy sourcs
from the anasrobic pathway, demonstrates soms asrobic
behavioural characteristics such as intermadiate myosin
ATPase staining (Brooke and Kaiser, 1970) . Tyee 2b fibres
ars truly anasrobic and ars recruited for high intensity
short term work, Type 2o fibres remain obscursa in funcotion
and may bhe in a transitional stase as type 2a fibres modify
o adopt the yole of tyepe 1 fibres (Brooks and Kaiser

» 19783,

The development of human exercise studiss and in
particular thosse concerned with muscie ensrgetics, ol lowed
clogely the approachss adopted in the aforsmentionsd animal
axpariments. It was established in the sarly 19680 s
(Frick, 1983% Ekbiom. 19EE) that resting heart rate

decrsased with increased physical fitness as a result of
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training., In 1968 it was demonstrated that asrobic LTrainins
on & bicyols srgomster produced changes in the circulation
of sketletal muscle (Varnauskas =t al) and that succinic
dehydrogenass increased by Bl% in male subiscts,

These Findings werse in broad agsresmeEnt -with those
from a later study (Golinick 2t al. 1873 where it was shown
that during prolongsd submaXimal work therse appsars to b2 a
praferential utilization of type 1 fibres. Glycogen was seen
to becoms depleted initially in type 1 and tater typs 2
fibres werse recruited.

Much of the taining reported in the literature is
asrobic in naturs, the period of training tending to be long
and th2 interval of 2ach training session is alsd auite
tengthy, up to an hour. The training intensity also tendsd
to be submaximal. In a study by Golinick &t al (1973) the
conditions Just mEntioned wers adopted and the findings
basad Oon the histothemical analysis oOf biopsy sampl2s again
focussed on oxidative changss. Succinic dehvdrﬁaenase
increased by a mean value of 95%, oxygen uptake increassed by
13% and there was an increass in the arsa of tyese 1 fibres
after training. Thes:s authors did notse howsver,; that thers
was a reduction in Cross sectional area of type 2 Ffibres
atb2it small (7%). Aithough this is minor it was
significant from th2 view point that not only did fibre typs
recruitment take place during activity but also that fibre
atrophy could occur simultansousty over a short period of

4



time. Thus if the demand placed on a muscie was of a
stressful asrobic nature and if therse was an absence of
ana=robic demand then there could be atrophy of tyves 2
fibres, If this is the case then for the athiste it is
2ssential that the asrobic and anasrobic demands of his
a2vent are auantifisd and that his training routins rafiacts
this oading.

Attention continused to be directed at the
gitrastructure of skaiatal muscie in an attempt to clarify
the rofle of the mitochondrial mechanism. Althoush no
auantitative chang=s could be observed in mitochondrial fine
structure as a result of andurance training (Hoppeder 2t al.
1973), it was thousht that an indvidual’s maximum OxXysen
intake is limited ot Only by the Capacity of the oxysen
transport system but also by the oxidative capacity of the
mitochondria in skeletal muscle, Little i yet Known about
MW SHBETDISS 2Nhances oXidative enzyme activity but it has
been suggested by Saltin and Mazar (19768) that the observed
changss ars regarded as important for tissue utilization of
DKYSEN. This sugsestion was made after it was observed that
the famoral vein in th2 trainsed 129 had & high2r oxXxygen
content than in the untrainsd 1eg of the same Subisct.

Saltin (1976} also susgssted that as a result of
sprint training typse & fibre arsa would inocre2ass and that
following 2ndurance training type 1 fibres will increass in
Ccross sectional aresa. Howsver in a study investigating the

5



effects of strength training on 2nzyme activity and fibrs
charactsristics of human muscie (Thorstensson =2t al. 1976 it
was found that there was no changs in fibre arsa after
training. The main Finding was a significant inocrease in the
activity of th2 myokhinase enzyms associated with tyes 2
fibres.

In a study by Costill and Daniels (1978} in which
the gastrocnemius musclie of a garoup of 2lite athli2tes was
biopsiad and =2xaminad for fibre Composition it was suvggested
that whil2 sprint and endurance athlstes are characterized
by distinct fibre Composition: participants in strangth
2vents have relatively low muscl:2  snzyme activity and a
varigty of fibre COomPOositions.

Costill and Covie (1979} howsver, rveportsd that
after isokinetic training thaere was a significant Changs in
cross sectional area of both tyee 1 and tyee 2 fibres.

In isokinetic SXErcisse mors ensrgy may be used dunng

muscular exertion bacause acoslaration is control bed
mEchnical iy by the training device, The musclse thersefors is
able to maintain a state of maxXimum Sontraction throush its
full range of motion and thareby & maximum demand is
reavired on the woark capacity of the muscise (Chuy  and Smithe
19713.

In contrast to =lite athlistes, @laven middis agsd
and untrainad man subdected to & Six month training
programms,; largsly asrobic in natureyrecordad significant
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corrsfations betwesn metabolic, physiological and
morphological variabiss befors and after traininsg (Byland =t
al, 19773, The results indicated an inoreassd oxidative
Ccapacity and this was found to b2 located primarily in type
2 Fibres., Mo attempt was mads in that study to distinguish
betwasn type 2 Fibre sub—groups. Thars is a tikelihood that
typs Za fibres had increassd their oxidative Capacity
{Jansson and Kaidser, 1897731,

Muscle development and hypotrophy assocated with
training are imneortant benefits to the athiete. Howsver most
athietes at soms time during their carssr suffer induvry. In
particular the conssguences of bone fractures should be of
interest to 'sportsmen’. In a study by SBargssat and Davies
(19773 which investigated th2 functional and structural

for six weeky
Changes in muscle after disuse in plaster cast, reported -

1 Indured teg volume decreassed by 12%.

2 There was & veduction by 12% of oxyaen uptake in
th2 indured |29,

I There was a reduction of 42% in the Cross
sactional area of both typse 1 and tyee 2 muscle fibres.

The general recommandations of this and simiiar

studi=s on muscular atrophy is that non—indured | imbs must
be axercised daily if only by isom2tric SXerZises to avoid
Aatrophy.

I a muscle is densrvated: all fibras show
progressive diminution in metaboliC 2nzyms Activity.
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Giycolytic fibres losse glvoolytic enzymes faster and
oXidative fibres 1ose oxidative Snzymes auitkser and the
difference betwasn the fibre tyees tends to disappear. This
leads to the auestion of whather the prefersntial ensergy
matabotism of fibres is determinsed in some way othay than H
2nzyms profiles.

The results From SKPSYinents with animals (Romanud
and Van Der Msuien. 19BE) in which the nerve SupPRly to tyee
2 Fibres had besn interchangsed with tha nerve supplying typs
I Fibres, suggsested that fibras b2gan to reverss thair
rotes, It is now thought that musclie fibre anergy metabol ism
is determined by the nerve supply. The m2ans by which motor
nerves determing the pPhysiological pPropariies and ensray
matabol ism of the muscls fibre is unknown. One theory is
that motor nerves supply hypothetical "specific trophic

which
substances‘hare differant fov fast and slow muscies (Eooies,
1965, An alternative proposal by Drachman and Romanul
(197@) is that ths nesural influence on both types of muscle
fibres is mediated only throush the Nesuromuscuylar
transmitter,: acstylischoline.

The significanos  of musclie fFibre Composition wouid
APPBATr to be of interest to the athlste. Sprinters: by
genatic sndownsnt POSSSSs & high percentage of type 2 fibres
whils endurance athlates tend towards a higher number of
type 1 Ffibres., Figurse 5 ililustrates som2 velative
propoartions of tyvese 1 fibre, measursed in small numbers of
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athtastes for differant avents.
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It is clear from an obssrvation of the numbsr Of
athietes studied in Figure 5 that a compréehsnsive picture of
fibre types amoangst differant sportsmen is far from
come | ete,

Fibre composition and fibre size were studisad by
Gresan and Thompson (19792 in 2tite ice—hockey players and it
wWas reportsd that while fibre Ccompogition was Within tThe
timits of the normal population there was a significant
increass in the oross—-sectional area of type 2 fibres over a
gEason’s activity.

Muscle Ffibre hypertrohy has besn obsServed on sseveral
DCCASIONS N studiss mentionsd Preaviousliyd howsveaEr:s no
meEnt ion has basn made about increases in muscle fibre numbar
in man as a result of exercise. Oonvea (1980) reported such
an inocrease in the numbsr Of fFibres observed in tha
fore—={imbk of ths cat following sxerciss. He suggested that
the increass might be due to fibre splitting. It misht be
argusd that ths apparant iNocr2ass in number Could e
attributed to ths unsven distribution of Fibres within the
muss 2,

It is now possible for snzyms activity to be
determined bY non—invasive scanning al though the fadilities
required for this process are |imited to one London hospital
(1983 and th:s cost Oof the machinge was saveral million
pounds. Howsver muscie fibre typing which is still
developing as a techniaus » depends on nesdle biopsy. If
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therse ware othar indicators of fibre function more readity
accessible such as components Of blood ComPosition then
Diopsies for SPOVLing PUTPDSESS wWould be UNnNSCEsSsSary. In a
study to find such a link Ivy and Withers (13803 \
investigated the relationship betwaen fibre typss and
jactats threshoids. The results susgsested that the musclies’s
respiratory capacity (% type 1 fibres )} is of primary
importance in determining the wWwork rate at which bidod
lactatse accumulation begins.

l.actate threshoids and asrobic—anasrobic thrasholds
have resulted in confusion dus to the differsnt values
assignsd to these variables by differant avthors. Kindermann
(1979) suggested a definition which attempted to clarify the
confusion and it was as follows -

i.f82robic threshold (formerly anasvyobic threshold)
to be approximatsly Zomol of tactate psy litre Of blood.

ZeFnasrobic threshoid (formerly asrobic—anasvobic

threshold 3 to be approximately dmmoi lactate per litre.

These criteria if adopted will maks it pOSsible To
determine individual |y the workload intensitises fOr
differant forms of Sndurance Lraining.

Biood lactate measuvremsnts have radently baoome a
rapid: accurate and pain fres techniaue involving & simpilea
Pin Prick administersed avtomatically by & maching which than

displays a itactate content. It would appsar that if more



results werse Forthooming which related fibre typs
quantification with lactate accumuiation and wWork |oads, then
athistes might have a further measurs of Progsress readily
availabis.

In a study of lactate concentrations in differant
fibre typss resuglting from varyins intensitiss of isometric
contractions, Tesch and Karvisson (19773 and Karisson (1978)
suggested that lactate concentration increase was faster in
type I fibres in the muscle rich in type 1 fibres and faster
in type 2 Fibres in muscles vich in type 2 fibres. From
thesa results it would appear that fibre typing based on
tactate assays is impossible. These results contradict the
previous findings of Goltinick (1973) which stated that at
low isomatric tensions & maJor reliance is placed upon type
i fibres and at high tensions the raliance is on typse 2
fibres.

We are not yet in the haPpy POsition of kKnowing all
about Ffibre type developmant: muscie fibre type distribution
in different muscles or of fibre type Characteristics in
Athistes from various discipl ines. The position is becoming
clEar at 2ither 2nd oFf the powser-sndurance Continuum whers
SPrinters:; Jumpsrs and powsy athlistes in gensral have high
proportions of type & fibres while the reverss is true for
sndurancs athistes who tend to display highsy proportions of

type 1 Fibres (Boreham 198@).



Cano=ing Studies

A seavrch by PMedline revealed only a small numbey of
studiss relating to cano2ing, Several cited works are
concerned wWith paddling techniaus C Granehk, 19593
Sitting, 1978, Cooper (1974) reported on paddl ing
Kinematics whils Wakeling and Saddier (1977 investigsated
The asrobic Capacitiss of som:s British slalom canosists and
Vridens ot al (1974) vconducted simitar work on Swedish
canosists. Coermak st al (o 1975 sugsgessted soms
predispositions for top pErformance in Spesd cano2ing. Tesch
et oal (1978 conducted & physiological invaestigation of
Swadish canoe competitors.while Dal Monts et al (19762
evaluated paddlsrs from both & Physiological and
biomachani cal aspsci.

Paddis Foroces while can2ing have besn studised with
the uss of strain gavees (Ishiko, 1971F Voss et at. 19743
Cooper ;19742 Most of thess studies incorporated radio
telemetry ©o relay information from the Kavak to recording
apparatus ashore,

Thers has besn soms disasrssmsnt betwaen avthors
about the type of 1ever system which the paddle adopts
gduring a stroks (Wittiams: 196875 Court 1873,

Muscutlar analyses of canosing strokes have been
reported by Soott(l9EZ) 2 Aldwinkis and Baker (1978, and

Yoshio =2t al 18974,
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Eisctromyographical recordings

A numbar of = m 9 records have been mads of Sporting
performances. viz. tennis (Slater and Hammel. 1949), aoi+f
(Karr, 1935 shot putting (Herman, 19682); swimming (Ikai
1964):; agymnastics (Hebbelink and Borms. 1987). rowing
(Ishiko, 19713 and canos roliing (Aldwinkie and Baker.

19783, In many cases these studiss have been carvisd out
using & multicore cable telem2try system in ordey o velord
Sevaral musclis Iroups simultansously.

In an slectromyograrhical study (Yoshi et at., 19740
of the paddiing strokse the most significant muscile activity
cduring the pull ing motion was pPosterior deltoid, latissimus
dorsi, teres mador and the triceps long head. Ths antevior
deltoid and pactoral is madJor wers most active in the
OPPOsSite PUShing arm.

Secher (1973) Found that handgrip strength was the
only strength factor which correlated with isometvric rowing
strength in a garoup of 40 onarsmen of international calibre.
In anothey study of international oarsmsen (Celentano 2t al o
19743, it was found that this calibre of athliste maintained
a fairly constant pull duration over a wide range of rowing
Frequens ies.

It was reporvted in an unpublished study by Humphreys
{1982) that the fibre composition in the deltoid muscie of

five 2lite stalom canoeists revealsad an 2qual dependence



Upon asrobic and anasvobic Snergy pathwavs. This result was
in agresment with the conciusion suggested by Tesch (19762
that a prersguisite o high performancs arm SKErcisse was a
high asvrobic capacity. Tesch (1978) observed that in
Canteists Comp2ting in shorter Cano2ing distances, more type
2 Fibres were prasent in the deitoid. One champion did not
fit tThis modeli; Oonly siH subdiects were studied.

Wakel ing and Saddisey (1977) using a bicyols
ergomater for predicting maximum oOXygsen uptaks in sSlalom
canoeists reported that successful sialom competitors are
characterized by Supranormal asrobic Capaciti=s and a
considerable part is used in pPaddliing. Home subdiects
demonstrated a high VD2 while cycling which was not
refiscted whils canosing.

In & study instigated by the Olympic Committes Of
North America (1982) and designed to investigate thse asrobic
and anasvobic potential of international level "white water
slalom 7 Ccanieists,: it was reported that 2lite paddiers
Utilized approximately EB% of their VD2 max during simulated
comestitive water runs. The sams group of athlietes
demonstrated vatues of BO% of their maximum anasrobic

capacity during simviated competitive stalom runs.
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CHAPTER =

Overvisw,

The purposs of this study is to investigate the
physiological demands of comesting in a stalom Comeetition.

In order to achisve this obdisctive as much data as
was practical iy possible relating €0 the criteria of asrobic
and anasvobic ensergy demands was collscted during
compatition events. Howsver it was found impracticabls To
mEasSUYrs accurately and realistically those parameters
concErnsd with asrobic metabDlism in CcomPating Candeists.

Parmaps the overriding difficulty that was
sxpayrisnced in bhis context was the unwillingness of 2lite
competitors to don 2auipment designsd To MEASUre OXYSEN
yptake duvring competitive runs.

It was decided therafors that to overcoms this
problemn oXxygsn uptaks measuremants would be Taken in
simulated conditions on an arm 2rgomstey wherse the enevay
demands would Correspond A5 neEar as possiblae to LThoss

rienced during a compatitive statom run. The First part of

it

BK
this chaptsr describes the development and validation of
this apparatus.

Prior to the oolilection of physiological data both
in the fistd and in the labovatory it was decided That an
investigation into the currant training habits of top Class

Sialomist Was appropriate. The second half of this chaptey
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descyibas the guestionnairse and tThae raesylts.

The sectionsg are described in the fOllowing ovdeyi—

Arm Ergomster
Rationals
Deve lopment
Bicvoie Ersomstay
Mechanical analysis of a forward
paddl ing stiroks

Cinsmatographical Bnalysis

Busstionnairs
B survey of Training voutines and
Attitudes among =1 ite sltalom Canosi Sts.
Resuits of the Training

auest i onnai re

ARM ERGOMETER

Rationals

Attempts have been mads with Varying degress of
sycosss to collesct physiological data from Canosists while
thay ars canosing.Rldwinkie and Baker (1987 piongerad tha
E.M.B. muscis analysis in water during a canoe voll.Tesch =t
al (1978 vsed the dousias bas mathod o determinse OXKYaSEn

4.8



uptake in sprint canoeists. Dourt (1979) used telsmetry o

monitor Cand2ing muscie action.

Howsver the logistical and technical problems
associated with "on watery’ studies often cast doubt on the
validity of data ocoltlection methods, particulariy thoss

assoCiated with ventilation paramaters.

Saveral ressarchers have attempited to overcoms this
problemn by developing a dry jland paddling simulator. Pyhke
CL973) modified a Monark biocyole ergometsr by remaving the
padals and 2xtending the pedal cranks: the ends of which
wers Jinked to the 1oom of & paddie. Coopsry (19740
reproduced this design o study sprint Cani=2ing paransters
in the labovratory. This aPparatus was used for soms data
collection of an =1 ite cano2ist which is8 prassnted in this
sStudy.

Tesch (197E) used a mechanically braked bicyols
Srgomster For arm S£xercise to monitor oxygen uptaks in the

laboDratory.

It was decided that whils some data ool lection for
this study was fiald aorientated, thers was a nesd for data
coli=ction in the more hospitable environment of a
laboratory.With this in mind a paddis argomatar was

ceve | opad.
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DEVELOPMENT

Freviously most simﬁlatars had involved tha
madifiCation ©of a bicyole 2rgomater whars the work load
could b2 monitored accuratsiy. Initially this idea was
deliberately avoided in favour of a more realistic devics
UsSing a canoe:; a paddle and a paddle tank. A te theved cannes
in & sWimning podl ressmbles Closstly the conditions
BRP2Vienced by a Competitor prior to the start of a
competition when the initial strokes sffectivaely propel the
craft from a stationary position. Howsver for the study of
CoNtinuous paddl ing action it would be necsssary for the
kKayak to be moving ralative to the watery surface or
alternatively for th2 wateyr to be mOVIing bachkwards in
relation to the canos. The last suggestion althoughk
realistic as a device for the ongning study of canosing
ActLion i8S P2rhaps tod SXPensive for a single self-Ffinanced
investigati on.

The simuiator mentioned penultimatetly was devisaed in
a simplistic form sufficisnt for its 2fFfectivensess to be
svaluated. It was found that althoush the paddling action
reauvired to move the device was similar to that recuyirsd
wWwhen Canodeing: the advantages of the device failed to sxossd
those of a te thersed Canoe® in a swimming ponl. At this stas:s

The tine of investigation was halted.
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BICYCLE ERGOMETER

AtteEntion was focussed on a "TLODE' siectronicatly

braked bicyole @rgomatar With the view to modifying the

machine to simulatse the paddling action of Canoeing.

The maching was inverted and a platform supporting

an adjustabls Canoe s2at and foot rest was Cconstructed

(figa & ).

Figure B. The arm vsomster comprising of seat,. platform and

addustable footrest.



Untike previous simulators whare pedal oranks have
been exXxtendsd and linked to a paddig shaft thus Creating a
variably angi=sd 1oom: this 2ffect was achieved here by
replacing the pedals with short sections of NEoprans
tubing. The tubing was slightly flexible 0 atdomidats a
variation in hand gsometry but sufficisntly vigid to
transmit POWSY to the machins.

Variable resistance (in Hatts) was applisd to tha

device through & remotely control led console. When this
device was | inkad to & micro-processor through a digitatl to

analoguw:s interface a simuiated paddle resistants Similar To
that found on & viver couild be programmsd.

At this stagse it is perhaps apPppropriate o ConsSider
the analysis Oof a pPaddling stroke bafors prograssing onto

the validation of the paddles avgomater

MECHANMICAL AMALYSIS OF A FORWARD PADDLING STROKE

Powsr from the canosist’s muscl=s 13 transmitted
through the paddie to the water. The resistance offersed by
the water to ths paddis blade is isokKinstic in naturs in
that the paddlis moves Progressively backwards throuahlthe
Wwater as more powsr is applisd. The mesan Pressure on a paddie
blade i 45gr/cmk? measured by a friction tube attached to
the centre Oof the biladea.

In mechanical terms the leveragss smplioyved during a

£n
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paddis stroke on one Side Oof tThe Zande vary depanding upon
the stylie of the individual. Fig (7} itlustrates a first
order lever system whare the |aft paddis sxperisnoss
regsistance offered by the water and the [2ft hand acts &5 &
Ffulorum, The 2Fffort is applised throush the right hand. Fig
(7 also ililustrates a techniaus where the fulcrum is at the
right hand and the =2ffort is applisd through the =2Fft hand.
this is & third order lever syvstem. Finattly Fig (7
illustrates a Ccombination techniaus whare the twd Praviously
mentioned levery systems are combinsd and act
simultaneousiy. The latter techniqus appsars to be the one

favoured by slalbom Cano2ists when paddl ing forwards.
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ARD ORDER

F Position 1

A ComainaTiON

LEVER SysTem AcCTING E
SEQUENTIALLY

; /‘\ POS[TION 2

5UBSCRI?TS
’l /

e R= ResisTAancE
F=FuULcruM
/ E = EFForT

Fig 7. The lever systems adopted in a Paddi ing stroke.
= The upper |eft figure

illustrates a first order
fever system were the 1=2ft arm is RCLIVELY PUShING.
The upper right figure Shows & third order {sver
system where the left arm is actively PUll ing.
The centre digram iliustrates a combination |ever

syYstaem whers the canosist adopts a third ordsr
initial phase of the Stroks then

faver in tha
lever.,

foliowad by a first order
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MUSCLE ANALYSIE

The lowsr body mUSCUlaturse plays a large isomstric
and syYnergic role during eropulsive canoe strokes. During
The pOwsy phase the back and thigh muscies are involvad in
Slight extension of the hiPs bUt makimally in & synergic
rofe t0 alltow the upPpsesy body musculaturse to affect a
protagonist action. Cevmak (19752 reported that in canosists
the musclies of the back wers particuliarly strong.

The humsrogscapulo Joint complex i involved in
2xtEnsive movensnt during Ccano2ing activity and thig is
degoribed systematically in tabkle (1).

It can be ssen from this table that during the
BUlling phass when the humsrus (s drawn bachkwards (extendsd)
the 1atissimus dorsi muscle 18 a maldor protasonist .
Simultansously the Other hUMETrUs IS PUShIing forwards
Chorvizontal flexionl? caused primarily by the pectorals
maJjor. Although many other musclies ars involved actively at
Som: stags during a propulsive phases of the forward paddlins
SEroke, bDth the latissinus dorsi and the pectoral is mador
are particularly intersstinsg. Thess muscies are supsrficial
i tocation which makes them suitable sites for
SslactromyDgraphical analysis.

The latissinus dorsi was a muscle which Court (13790
reported as being noticably active during the propulsive

gtage of tThe Canadian Canoge Strokea.



Table 1
Shoulder joint muscles and their actions

A B c B B F G H
flex ext abd add inw outw hor hor
rot rot flex ext
1. Ant Deltoid PM Asst Asst ~ PM 3 1
2, Mid Deltaid PM PM 2
3. Post Deltoid Asst Asst Asst PM 3
4. Supraspinatus PM 4
5.Pect Maj Clav PM Asst Asst PM 5
6.Pec Maj sternal PM PM Asst PM 6
T.Coracobrachialis Asst Asst| Asst| Asst| PM T
8 .Subscapularis Asst PM Asst Bu
9.Latt dorsi PM PM Asst Asst 9
10 Teres Maj PM PM PM Asst lQ
11 Infraspinatus PM PM 11
12 Teres minor PM PM 12
13 Biceps L head Asst 15
14 Biceps S head Asst Asst Asst Asst 14
15 Triceps Asst Asst{ L | 15
PM = priMe movER.
2C 2C 2C 2C 2C 2C 2C 2C
END 1G 1G 1G 1G START
54 5A 5A 5A
\ o —
;E f — _\ L — —_— - — T —
9B 2C 2C 2C 9B 2H 2H 2H
10B 9B 9B 9B 10B 3H 3H 3H
9H 10B 10B 9H 9H 9H 9H 9H
10H 9H 9H 10B 10H 10H 10H 10H
11F 10H 10H 10H 11H 11H 11H 11H
12F 11F 1)H 11H 12H 12H 12H 12H
L4A 12F 12H 12H 14A
144 14A 144

The muscular movement is described by subseripts. Refer to Table 1 axes for

each subscript.

Subscripts above the dall refer to left arm;
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Vatidation of Paddie Evsomster

The latissimus dorsi and the pectoral is muscles
Togsthery With antearior and posterior deltoid waerse salacted
as ocriteria for comparing the pattern of movement during a
CanosE stroke On water with that produced when psrforming on
The arm argometer.

EMG recordings ware taken from & subdect ssated in
CANE DN A SWimming ponl ( Ffig Bl.The sams subiect: who was
recant meEmbar OFf the British siatom team: wWas connectsd in
the sams way to the amg machins to vecord shouldery girdie
muscle actions while parforming & paddl:2 stroke on thse

simulator (fig 9.

&
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Figure 8. A subisct ssated in a kavak connscted to an
2lactromyograph. Subiact and apparatus moved simultansously,

Figure 9.8 subdact on ths arm Srgometer.



Figure (1@ itiustrates the 2m8 results both on
water and on the srgometer for a comeplete paddle oyole,

A complete paddlie cyole Commences when the |4t hand
tg furthest from the vartical body axis in the sasittal
Plane: it is PUllad downwards towards the axis and then is

PUshad UPWards and out to regain the start position.

The paddie ACtion commences with Vigorous activity
in the left antevior deltoid  fig 10a) which although not
Aacting in a Propulsive sxtension of the humerus: is
responsible alomg with the medial deltoid in supporting the
humerus in & forward flexsed position. The intensity of
anterior deltoid action ie 11 points ¢ &4 point corresponds
to @ach Time the pen tracse Crosses the mid (ine of the pen
SWERP ).

Simultanseousty left posterior deltoid and 1eft
latissimus dorsi act in & propulsive SaxXtension oFf humsSrus as
the hand and paddlie is pulied backwards througsh the water,

postarior deltoid 7 points: latissimus dorsi 18 points.

The description above is summarized in Table (323
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Figure 1@.Two e m 9 traces of foufr muscles acting
simu|taneocusly on each trace.The event marker
intervals ndicate a complete paddle cycle of the
left hand (A) on the paddle ergometer ancd (B)
while paddl ing a kavyak on water.
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[} B
Erdometer Paddl insg
action action

RPectoralis
maJor

i
Anterior ' ' ¥“$
deltoid

Posterior
deltoid

Latissimus
dorsi

.

Figure 1la Two enlafsed e m 9 traces of a complete
paddle action (R) on the ersometer and (B) in the
Kavak.lLine X denotes the beginning of the paddle
c¥xcle, Line Y indicates the end.
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Table 2

A summary of contraction phases of four muscles during a
Ccomplaete Ppaddlie action on the srgomstsr and in the kavak

Pactoral is Fnterior  Posterior l.at iss
maJor cdeltoid cd2ltoid dorsi
Evy Ry EY Ky Et Ky Er Ky
Contraction
tims  ms
B-S500ms = = @ & x 3 4. =
S508-1000ns ;) & i z & = 1 i
1080-1500ms 3 2 3 2 & 4 7 =

Subscripts

Er contractions during sraometer action
Ky contractions duving kavak action
littte or o coraction B-3  points
wEak contractions 48 points
modsrate Contractions 9-12 points
intenss contractions 13+

Bl b3
i u

i
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A similar protocol is adopted for the description of
the Ffull cyolic paddie action on the paddles ergometer
gummencina When tThe teft hand is furthest from the vertical
body axis in the sagittal plans and returnsg to that position
after having moved backwards, downwards, upwards and
foarwards.

A muscutar description of ths movement obssrved from
the aemg traces starts with latissimus dorsi action during
the first thivd of the pull phase of the 1eft arm with a
Simultansous yel somawhat 288 Vigorous assisting action of
the posterior deltoid. The anterior deltoid is also slishtly
aztive in the first phase (5 pointsly possibly in a
BYNSrgic role.

The second phass of the action is dominated by the
posterior deltoid which is involved in the change of
diraction whan the dlsoranon reachss its furthest backward
point and thaen procesds to track forwards as the pushing

ACTiONn COommENIes.

The pectoral is mador commences its action at the
apparant Changs oaver point betwesn the pull and PUsh
although the intensity of its action is not as grsat as one
might @xXxpect during the push phass: this phass might be a
mi SN0,

Burineg the last phass of the push action anterior

dettoid ig attive together with posterior deltoid.
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This description is also shown in Table (23,

Summary of muscie actions

The obssrved pattern of activity in four selected
musciles during a full paddting stroke while Cand2ing on
water was similar to that obsarved during a fuil Cydis On
the arm argomater.

OFf particutlar impdrtance was the duration and
intensity of the (atissinus dorst muscle during the
action. Tha intensity of this muscle when on the ergomster
was simitar to that when canosing but the duration OFf this
action Was S1Hishtly longer on the ergometer. The latissimus
dorsi muscle was that ssiscted to be trainsed and then
biopsied S0 the @ffect of the argomater in this Context was

most satisfactiory.
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CINEMATOGRAPHICAL ANALYSIS

The forward padd!ing stroke whils cano2ing and the
arm actiom during work on the paddis Srgomatar wers bobh
Filtmed using Bmm Cinsmatograshy in the frontal. sasittal and
transverse planss althoush not in a synchronizasd mannsr. The
2Ntry pDint and Ssxit poaint OFf the paddle blade wers ussd for
synochronization cuses during subssausnt frams anal ¥ysis. The
camera spesad found o be most suitable was 1B frames pay
SEC0Nd.

The biody seamnents studied were the humerus and the
veartehraz and from the analiysis of 2ach frams the 1ooi of
these ssgnants wers plottsad.

The results of the cinematographi cal Analysis ars
itiugtrated in figures 11, 13, and 13 where a comparison
etwasn the Jfanoe paddling action and simulator action

during a single visht hand puil can be made.
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Figure 11 shows the action observed from the
sagittal plans. The "dolis’ shown at the top and bottom of
the figurse ware taken from ths Film, and sevve as a suide to
the s2auential pasition of the humerus during 2ach arm
action. Both the actions while paddling and on the simulator
wera of a similar duration ie withn 2 frames.

The initial and Final angile of the humerus during
the canoe stroke is illustrated in Figure 1l,by 52 ﬁ 5 and
g1 a 5 respectivelvy.Likewisse the initial and final angle of
the humerus during the simulator action is shown by HZ % g
and Hi a 8§ respectively. It would b2 Srronous o Compars the
angies directly betwaen paddling and simulator from this
Fitm due o the inpracise naturse of Filming whitle on ths
water., Howsver a visuval inspsction of the loci reveals that
tThe rangs of movemant on the simulator wWwas marginally lass

than that observad during th: paddling stroke.

Figure 12 illustrates the locus of the humsrus £rom
the transvers:s plans. The dissimilarity batween the initial
angis 82 % T and HZ % T of the humerus while padd!ling and on
the simuiatﬁr raspectvealy is Clear. During the paddling
agtroke the subdiect Can determine the point of entry of his
paddl= and this becoma2s habitual. On the simuiator the

Furthest point during the revolution of the paddie arm is a
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function of the ength of the peddie crank:which i fixXead.
Onos again comparative angsular measuremants wers not
intandsad to be taken from this fiim but & visual inspaction
of the loci 82 throush 81 and HZ throush Hldo not differ
Widalyi: this trace Shows the head of humerus during both

actions.

When the padd!ing action was observed from the
frontal plans (Posterioviy) the loous of the Cervical spins
is itlugstrated by C2 — C1 in figure 13. This is not unilike
the carvical trace on the simulator shown by A2 — Al . atso
in figure 13.A striking differancs is sEn in the movemsnt
of the lumbar vertebras L2 - L1 (canoe) and BZ ~ Bl
(simutator?. Whils cand2ing the sSubiscis ware observad to
move their craft sideways during the pulling phass thus
sxplaining the trace LI throush Li.On the simulator howsver
there was a fTixed seat which praventad this action thus

BEXPIAINING the trace B2 through Bl.

This cinematographical SXSrCisS® has highlighted soms
dissimi lariti=s betwsan the action Of paddl ing a right hand
SHroke whils Canosing and Pulling ths right hand ever on
the paddling simulator. On the whols the pattern of
movensnts were sufficiently alike to give confidencs in tha

design Oof the Simulator.
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Conciusions of two independent methods of validating the

paddl s araomater.

The broad aim oFf Producing a paddi:s 2vgometer was o

b= able o reproducs & Paddling action in the controllsed

Environment of thse jaboratory: which ciosely resembled that

sxEpErisnced while paddl]l in®g a kKayvak on water.

The results of the slectromyographical analysigs of

FOUr BroRpUlsive Canosing musclies vevealed that a subj=sot

woarking on the arm srgometer produced a pattern Oof muscular

activity which resemblied closely that whils Cand2ing on

Water.

The cinematographical analysis of the sams actions

ravealsd that the ranss of uppsr bddy and avm mivemsnts is

slightly 288 on the @ygomater than that obssvrved whils

CANDSIing on watev. but neverthelsss the overall pattern was

Similar.

Basad on thess results the argomster was adopted

wWwithout further modification for subssduent uses in tha

study.
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8 Survey of Training routines and Atti tudes among
Etite Slalom Canosists.

Rationale:

The oroblem which this study attempts to solve is as
foatlowsi~ "Can the demands of stalom Compstition be
identifiod: if S0 What ars they and how Can training methods
mest them 20

It was thousht aPPropPriate to inittiate this
investigation by Conducting & auestionnai re which 2nauivred
intos the training habits and belisfs of 2lite slalom
competitors. It was hoped that the results of this eXxercise
would not onty reveal the current training methods that weres
bEing smployed but &lso the 10910 and reasoning undarilying

the Choice Oof such methods.

Method

A auestionmai re which 2navired into the methods,
fregyency and modss of training was administersd personal ly
(by th2 author}) to a sroup of 20 =1ite slalomists.

The aims of The 2Xercise wars to investigate the

degres Oof awarsn2ss of ftraining methods shown by

competitors: to reveal the availability and utitlization of
training facitlities and to indicate the depth of applisd
COAThING.

The size of the sample guestionsd althoush small

(n=30) ., represents the upper schelons of the sport. It was

-
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fe2lt that competitors of this calibre wers those most ikely
D be exposed to modern Ccoaching and training techniguss and
thearafors their responsss woiuld reflect a Ccomprehensive

picture of Curvrent practices.

Results of the Busstionmairs

The types of training most freausently emeloved and
reportad by slalomists in the SsamPls arse illustrated in fig
14.A targe number of slalomists (29) used kavak sPrinting as
Rart of theivy routines and when questionsed further on this
point the majority considered that 2xtended seprinting (1000
metres) was a useful exerciss. Tesch et al (1976) reported
That th2 highest oxygsen uptake of all the racing distances
was obtainsd after 1000 metre races.

If asrobic capacity is firmly 2stablished as an
impartant factor in slialom performance then the competitors
in ths2 sample ars2 adopting a sound Training principle by
sprinting 1000 metres in Kavaks.

IFf howsver this belief is a fallacy and anasvobio
training is of prime imPortance then shorter serint
distances might Prove more bensficial.

It was noticable from ths returns that few
competitors employed iSoRIinEtic training methods (Pipes and
Witmore 19737 Astrand Rodalh 1977) particutarly in view of
the increass in numbsy Of isokinstic "mini gyms’ round the
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Country. Perhaps the probliem is that there is a lack of

advice and auidance for using this typse of 29uipmsnt.

The smal | numbar (4) of Subiects who incorporated
igsokinetic training methods in their regimes included one ax
World Champion and the current world champion (1983,

The duration and freausncy of training habits are
ittustrated in fig 15.It can b2 sesn From this figure that
hal f the sample (13) trained up to Five hours per wesk. The
second largest group (B trainsd betwsen 14 and 18 hours per
weehk, Both world champions fell into this aroup. The madiority
of the sampis (18) trained betwsen 5 and 7 days per week.

Althoush 9uidelines on training fregusncy ars
spacific to 2ach event there is a dearth of information to
SURPOTT SUCh advice in candeing. The figure of 7 davs per
wWEek for training freauency.: reported in the ausstionnaire,
s22ns high uniess digstinct and contrasting training methods
ars smployed. The grsatest danssy of such regular training is
a loss of motivation.

The majority of the sample (223: Table 3) received
Fuidanc® in th2iy Training programm2s and ali the samples
(100%) esxpresssed & will ingness to modify their routines on
avthoritative advice.fA largse number (76X} included mobility
BXErCises and all employved a pra—training/competition warm
R period ranging from 530 minvtes.Once asain both worid

CThampiong tended To SXTensive warm up bouts.
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Table 3
The responsss from 30 subiscts to seecific

USRS I DnS.

Russtion % YES % NO
Is your training suided 7 =3
Wittt vou modify training if

advised 10 -

Do you includs mobi ity

BRETC | S9S T s

D you warm up 100 -
Length of warm up 5 obo 30 minutss
Do vou use special dists - 100

Havea you vomitited during

training 5 S@

Do you Know your resting pulss

B2
i

Fate TT

Do owou usse ouUlse A8 & 9uides

during training S0 balti
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Spacial distary reavirsments were considersd
Unnecessary by all respondents bBut the typs and timing of
meals were reported as important factors on Compstition
davys. High snergy liguid intake several hours prior to
COMEEti Tion WAS & COommon OoCUr reEnce.,

Half the sampls experisnced i 1Iness in the form of
vomitting during training periods althoush none reported
thig as & measure of training intensity often usaed in that
way by track athlstes.

Approximately 79% of the sample were aware of their
resting pulse vate value but only half (152 used pulss rate

as a& tLtraining guide.

Conclusions.

The overall picture which smerges from the data on
training habits ssems to be one of gsnerality. Therse doss not
apps2ar to be a particular routinsg or spacific principles
Which are Common o the madJority of ths canosists samelsd.

There does app2ar to b® a hint of emphasis, knowingly
oy otherwiss:, placed on asrobic development. It is suggsstead
that parhaps this results from an awaren=2ss on the part of
Coaches and Ccompetitors of the importances of repetitious

skill training. Therse was also evidencs from casual
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conversations with the subiects that therse aXxisted a
congarvative historical influence which ons raspondsasnt
exprassed "ifF the method was good Snougbl For that champeion
then it is 9ood enough for me"

B Feeling that resultsed from this survey and From the
CRASUA] Conversations which took placs bstwesn the auvthor and
many cano2ists was that thers app2ars to be lacking:
CONVINZIiNnG data on the demands of sialom performancs on

Which Zompeetitors might base thair training programmsas.
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CHAPTER 4

Overvieaw

In order to asssss the physiological demands of
ComPeting in & Sialom Svent:. whavre—avery possible data wars
col lected during competition. If this eroved unreal istic then
an attempt was made to collsct data during a simuiatad run
on an international slalom oourss. As a [ast resort when the
two aforementioned methods wWers inappropviats data wers then
coliscted in the [abiratory.

This chapter is devoted o a description of fouy
indespendent methods of data Cob Tedtion.

Each mathod togsthey with the results will be

described ssparately in the following ovrderi -

4.1 Stroke Count

f. 2 Heart Rate

4.7 Dxygen Uptaks

4.4 Lactate Levels.
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Stroke Count

Stalom avents reauirse the Ccompetitior 0 mandsuvirs
his craft as fast as possible from the start through a
series of gates (up to ZB) to the Finish, The route
insvitably reauires the compaetitor to payform & oombination
of di Fferent paddl ing strokes of which Sone are forward
propulsive strokes, soms ars ravarsa Strokes and Soms ars
combination Tmoving draw’ strokes. Meedliess to say 2ach
SsHroks involves a particuiar pattern of musclse attivity.

It wouild be ussful For compstitors to e awars of
the proporvtion of differant strokes that might be nelEsgEsary
when paddl ing particular siatom courses. An imptisd
assumption of that statement 18 that attl Comestitors pevform
A Similar type and numbay Oof strokes for a particuviar
SOV SE.

Thers was no evidenos D suggsst that this
ASSUMPT 0N WAS COrrect.

It was decided therefore o Count ths numbeyr and
classify the types of sStrokes which a comp2titor performed

SN A& Shalom DOourss.

Mt hod

Strokes were classifisad into Thres Categoriss:-—

a. Forward Propulsive Strokss

&



The paddilie bladse moved from an Sntry point
forward of the CcoCkpit passed the Ccockepit To eXit near the
rear deck. Thars was to be N0 apparent stesevags attempt

during tThe aZtion.

b. Reverss paddling strokesd
This is & PUshing Stroke whare th2 blade
2nters the water close to the rear deck and moves forwards
to =xit near the front deck. It is intendsd to brake the

forward moving kKavak or propai it in oa veverss di rection.

Ce Dombination Strokes
This describes any othsr strokse which i

naither a forward nor a revarss stroke.

Initiatly it was hopsd that accurate stroke Counts
might be taken From a video vecording of comestitors’
runs. This methdd was evaluatsd and abandonsd for operational
FEASOINS in favour of manuval strokse counting.

The mathod which proved most effective involved four
trainsd obsServers £ach eguipoed with a portable Ccassette
recordsr and strategically positionsd aiong tThe sialom
COUTSE,.

Each obS2rver was responsible for counting and
classifying the s@Strokses performsd by tThe Somea2titor on his
section of the courss. Each compstitors’ number (digplayad on

a bib) was callad out verbally by The ObServer prior to
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ENtEring his section of the courss.In the Sam:s mannsr the
types of stokes wers spoken and recordsd avtomaticaliy on
tame,

It was a simpis task to collate these data from the
cassatts taps at a jater date.

This meathod was uvsad to auantify the varisty of
shtrokses performsd by 20 21ite slalomists Compating in a

national svent.

The venus Chosen Ffor tThe stroks Count was the
international Cand® sialom courss at Baia in Novth Wailes
which is betwsen 7880 and S00 metres in tength. A nuomber Cin
the rangs 2E-2Z0) of si1alom sates wers suspendsd from wires
spanning thse river at intervals down the Course. A
comeati Tor mMUust nesotiate Sach Sate in & PreSoribsd mannser
this baing =ither forward down stream. forward upstream ov
reveras down stream « Thus the canosist is constantiy turning
Ths Kavak in ordsr ©o assums & Ccorvsect presantation.

A new Ccourss is designsd for 2ach Sslalom competition
but the (ength oFf the Courss and the numbsy Oof gates ars
determined by international rulss. The details of thse oourse
used for data coltection in this study wers typical and ars

shown in tabls 4



Tablws 4

The charactaristics of th2 sialom Courss

Mumbsr of satss 20
Forward downstrsam 16
Forward upstrsan 7
Reverss downstream 5

Courss length 7080 metres

Results

The results of the sStroks Sount SXErciss ars shown
in Tablse 5
Tabie 5

The results of a stroke count For 20 compstitors at a
national stalom avent at Bala

St roke Rangs Mhzan S
FP 132-144 136.9 5. 13
RP Eh-40 IE. B 2.7

cs 4@-49 45. 7 2. 58
Totat 211238 222.05

N=20

FP=Fforward paddl ing
RP=ravarsse paddiing
CES=oombination strokes



What is particularly striking about these data is
the small rangs in the number of @ach stroke catesory.For 20
comestitiors the mean numbsr of forward paddling StrolKes was
137 with & variation of =5 The m2an numbsr of reverss

-,

strokes was 37 -3 and the mean numbery of Combination
shrokes was 45+— O, These data suggsst that the total stalom
skill may b at lsast pavtialtily "closed’ in nature that is
Tt say that 2ach Competitor follows a similay courss on the
viver and parforms & similar number and type of manosuverinsg
st rokss on any s2ction Of The COurssE.

Each particular course design would produce &
geauancs of Stroke patterns.Forward paddil ing strokes ars
intersperassd with Combination and reverss strokes. The
2nErgstic implications of this pattern of activity is that
MUSCHhE grouRs which ars predominatiy involved in forward
Propulsion SXe2rience a rest phase:, alb2it short |ived. whan

reverss and combination Strokes ars parformed.

It would appsar from thsss data that for a compatitor
to reach the fFinish tinse of a SIa1I0mN COUrsS:SE N Single nuscla
FrouRr is active continuousiy:, but that several distinctive

muscls groups act sequential ly.
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Conclusions of the stroke Ccount.

It is suggssted that Stroke Counting is & SXevIigas
which can produce useful data on which coaches Can desisn
skill training programmas .

The term "horses Ffor coursss’ (6 somewhat
appropriate to slalom caning in that different sialom
VENUES reauyire almost specific patterns of paddles
strokes. Thus in final training sessions for a particuiar
avent the duration of the Courss and the tyeps and number of
strokes should featurse prominsntly during training

interval S.

It is suggsested that the alactic and lactacicd ensrgy
suppl ieas might extend for the duration of an svent (Z.5-3
mins? For Seach muscie group and that the demands which ars

placed on the asrobic energy libarating system ars minimal.

In any sporting avent where the demands veauired of
the asrobic Snargy liberating machanism arse Severs, hish
oXYIENn uptaks values ars acoompaniad by near maximal hEart
rates (Margaria, 1978).Heart rate is a ra2liable indicator of
VOZ Function and is veadily acoessible.

It was decided that i+ heart rate was moni tored
during stalon performance then the asvrobic Contribution

might be auantifi=sd.
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H=art Rats

Resting heart rate (B5-70 beats per minuted,
narmal iy under the influence of the Cardiac vagal rnErves 08
also affected by several other extersoceptor and
iNterorscsptors.

One of the several sffects which stress produces in
the athi=tse (S an inorease in sympathstic nerve achivity
which through the vasomator Centre in the cerebral oortex
CAUSSES AN increasse in heart rate (HR) . cardiac output and
biood Pressure.

In many types of work the increass in HR is
approxkimat=ly linsar with th2 increase in work (oad. In a
trainsd individual, provided the @Xercisse is not maxKimal a
Similar linsar relationship holds true for HR and oxyaen
uptake,VDZ (Astrand and Rodahl 19777,

fAn attenpt was madse in this study o monitor HR
during a simutated run on an intermational stalom COUrse in
ordey to investigate the rotle playved by asrobic maetabol ism
as manifested by HR changes.

Thers arse saveral ={aborate methods of measuring HR.
soms are direct while others are indirect. Direct methods of
1inking subdiscts by soresned leads to HR monitors are

convenient in the laboratory but much less feasible in fisld
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studies. Telemstry techniquses overoom? many eroblans
assoliated with Cablas and l2ads when Subdiects are mobi s
sUch as on a treadmill and this methdd is often emploved for
Some autdoor studi=s but & POWSY SUPRRLY I8 NECSSSary and the
range of pulsse transmission is often limited.

AR alternative method to collesct HR data
inoorporates a device cal led an Exercentry (trade nams)
which I8 secursed to ths subisct’s chest in & harness (fig
168, HR is continually recorded and displayed on a L E D
sCresn on top of the device, fAdditionaliy thers is an
avdible signal that sounds when HR sither excesds or +alils
bilow valuses praset on two largs dials. This device is
particutarty useful to the athl=te during training sessions
whan HR values are used as guides to training intensity.

If the sxercentry is used in condunction with a
portable Cassette recorder in a4 kKavak then heart rates in
2Xoess of predetearminsd values can b2 recorded.

Both the telemstry system and the sxercentry device
ware evaluated for usse in this study. Taliemetry possd many
oparational problems sprincipal amongst these was the
timited range of veliable signal reception.

The sxercentry device was found o be reliable and
particularly suitable bacauss only uppsr absolute HR vatuss
were of intersst and not & Continuous record.

The device and tape recorder werse self containsed and
battery oparated and the sSupporting Cchsst harness and
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elaltrodes were comfortable to the subiect Causing no

interferencse to his upper body action.

Figure 1E. The "exercentry’ heart rate monitor secursd
T & Subdect wWwith & harness.
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A total of 20 sxperienced cano=sists including
British team membars provided HR data during complste runs
o the international Slalom Course. The results ars now

presented.

Fesults

Tha mean keart rates recorded by the @Xercentry

device are shown in Tabile B

Table &
The mean heEart rates of n=20 canosists while

padd!l ing, steppring and resting.

paddl ing sterprping rest
Mean {175 »185 &l.9
Range 22 15
Sh 4, 83
Comparative data for thes:s subiects consisted of
resting pulse (taken at carotid artery following 10 minutes

rest: Sitting) and keart rate during a standard 18" step
test. Al subdscts recordsed HR in exoess of 1859 beats per
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minute during a thres minute step test at a rate of one step cycde
perlsecond: Precise valuss in excess of 188 were not sousht

but Some Subiscts reachsad thisgs valuse 2arlier than others.

The interssting finding from thes: data was that not ons

SUbJect excssded the uppar limit of 175 beats psr minute

i

whil® pPadd!ling the sialom course. Thers was little doubt
howsver that the effort that these Competitors were exerting
during their simvlated vuUns Was Near maximal since many

recorded "sood times" on the Ccoursss by thair own asssessment.

It would appsar from these data that the role plaved
by the asrobic energy supplisg:while important is not

cdominant.

Parhaps continuous heart rate data by telemstyry from
compEtitorsg in a sialom Ccomp2tition might reveal details of
peyrinds of particular Cardiovascular Stress,: but the author
feals that this information would not contribute mors
gignificantly to the asrvobic/anasrobic siatom debats than

the data presanted hsre.
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Oxyaen Uetaks

In any vigorous activity 1asting for more than two
minutes the OXY9en Carrying caracity of the cardiovasoular
systemn iS5 progsrassively mobilized. The effectivensss of
muscular efFort cduring projongsd wWork is determinsd largsly
By the Sapacity 0 deliver oxXxygen in auantity to the
mitochrondria. Thus oxygsn uptaks Capacity S2xprasssed =i they
in 1itres per minutse oF in mitlilitres per Kilogramms of
body waight (somstimes lean body mMass is the index ussadl per
minute is commoniy employed as a critervion of asrobic
affiZiency.

Tesch 2t at (1976) used oxyvgen uptaks a5 a ovriterion
measurse in #lite SBwedish sprint canosists and found that
those involved in distanoss over 1000 metres sxhibited large
oXyaen uptake vatuss () S5.4 L/min) while those compstitors
in events of 12ss than S00 metres sxhibited much |ower
oxyasn uptakes values (R=2Z.4 L/minl.

Cermak 2t atl (1975) also used oxyveen uptaks andngst
OLhEr PATransters as a msasurs of aerobic Capacity in
Tdistance Cano@ists’ and his Findings were in Closs
agraement with those of Tesch: namsly that the significance

of high VOZ valuss inorsass With longary distances.
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Rationals=

For the purpose of this study oxygen uptake capacity
was 2mployed as & contributory factor to =2stabliish a more
complete profile Oof the physiological characteristics of
Sialom candsists,.

The resglts of the training survey reported sarlier
suggsest that many sSialomists in their training, Cconcentrate
on asrobic development Knowingly oF otherwi se.

In the previous section the results of heart rate
whilsa in simdiated Ccompatition suggsest that maxkimal valuess
ars not demanded and a reasonable assumption might bhe that
likewisse maximal oDxygen uptake in the a2vent is also not
demandsd. Howaver thess: athi2tes ars using their arms and
shoulder girdis musolise Complex Pradominantly and it might b
argusad that a larg:s proportion of oxygen uptake might be
involvaed in ths shergetics of this mMusculature.

Viokao, Bel i, Bautz—holter and Rodah!l (1878 have
observed that the oxyvgen uptake at makimal =2ffort is usually
15=28% 1owsy in arm work than in 129 work. They also report
that th2 opposite is true in submaxKimal WOrk.

During a stalom run not only is the competitor sager
to reach the finish Lineg in the fastest possible time but he
is also carsful not to contact any slalom poles 2n route. It
im sygeested that the skill component Just mentionsed might

Cause some compstitors o work at 1ess than maximum rate in



arder to achisve Tci2ar runs’.This viegw i shared by Soim:
worlid class canosists and has been discussed with the
author. Theay fesi that thers is a point in Time at whidh Thay
can concentrates their efforts on spsed and almost disresard
the sialom gates because they "Know "that these will be
negntiated withkout much attention being divrected T thamn.

There is still tittle evidenoe reported in the
titeraturs to auvide these athistes, particuiarly the
aspiring compatitors, when constructing a meaningful
Lraining progyamnms.

It hoped that data on the asrobic demands of slalbom
canosing coliected in this study can 9o Some way to

2lusidating the problem.

Mt hod

A simutated work 1oad of forward . reverse and
combination paddl ing strokes was devissd for the Cano@ing
simulator.This protocol was bassd on the rasults Oof the
Stroke count SXercisse which has been described pPreviousliy.

The subisct worked while wearing a faos mask and
inapired volums and SKPired oxXygen content wers measured
Using & 4 channel Osciliograph (Washington MD4) connected to
an 0OX 140 oxyeen transducer and an FC 148 MK 11 courtier.

This apparatus has proved valid and reliable in

extensive trials conducted previously ( Docherty 1983:
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uneubl ished thesis UCNW Bangor).

Five cano2ists participated in this exsrciss, thres
were Of moderate standard: the forth was well 2xperisnced
wWhile the fifth was the current worid statom Ki mens
Champion (19847,

In addition to the task using the simulator a
separates investigation was conducted using 5 additional
2lite slalomists. These individuals were assessed FoOr maximum
oXygen uptakse UsSing (295 Oon & bioyole Srgometser ;WOrkKing at
a4 submaximal rate.Final oxveen uptake valuss W
predicted using the adiusted nomogram for the calculation of
maximum uptake from submaximal pUilss rates by Astrand

(19773,
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Results

The results of the simulated stroke pattern for
three minutes on the candosing simulator for fFive subiects of

varying ability are shown in table 7.

Table 7

Oxyaen uptaks of five cano2ists using a
Simuylated SEtroke pattern on a Canoeing simulator.

855 Ka vz ML/ Ka Vi ML/ ke
LAimin  arms L/min =12
arms | mas

Predicted

i e J. 4 47.2 4. 1 ob. 9
2 &8 2.8 41. 2 He 7 94, 4
3 =8 2.6 S8 2 O = 52.9
4 7 2. 28.6 2. 8 S54.3
] 78 2.4 B4 E 3.8 Do T

Subiects 4 and 5 werse sxperisnced stalomists the
tatter being the 1984 world chameion.

For sach subisct maximum VD2 values were predicted
using submaximal HR during 1es work as criteria and thess
values are shown in the last column of data.

If the VD2 valuss For the arm work ars SYPrEsSSad
as a Parcentags of the predicted VOZ max then a retationshie
betwasen the demands which thesg SuUbJieacts mades upon thair
asrobic system during arm work is more apparent. Tabkls &8

shows this relationship.



Tabis B

The relationship between VOZ2 arm work and V02 1eg
WoOrkK for five subiscts.

86 voz VOZ max % VOZ max during
arms =21 arm wWorhk

1 K R | 83

2 2. B8 3. 7 76

4 2. & o - 72

4 2 Selh a7

3 2k 4.2 o

The striking observation from table B is the large
peroentage of maximum oXygen uptake which the first threes
subiscts demonstrated. These subiscts wers not Sxperienced in
Slalom Compatition Comparad with the 1ast two is B85 4 and 5.

I+ the results for all &lite slalomists during arm
Work wers of the magsnitude of oxyvesen uptake shown by the
first thras subiscts in thig trial then therve would be Some
grounds to suppose that the metabol ic demand duving sl alom
WOTK Was asvrobic in naturse. Howsver the results of VOZ arm
Work From tThe twd &l ite stalomists sal thauagh small in
number: suggest that within three minvtes Jjust over SO% of

VOZ max is mobilized.

The results of & further test conducted on subdiect 5
in the Department of Physical Education at the Univerity of
Birmingham in which he was given repeated bouts of arm work

=1



2a ok oF thras minutses duration with ong minudte of rast
bEtwsen boUts On & Paddle srgomster are shown in table 9¢
parsonal communication from R Fox to the avthorl.
¢ 1
The 9as MBASUTIiNg S0uUipPment & ngcmv DHYSSR and

CO2 analysey »was much mors sensitive 1o 9as chang=2s than

the Washington oscil lograph used praviousiy.
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Tabl= 9

The resutts of VOZ for arm work at minute
intarvals in thres minuts work bouts interspersed
With ones minutes OFf rest.The work was continused to
exhavstion. The subiect was the 1984 sialom world
champion R Fox.

min %02 voz vz ELAPSED
L/min ML/KG TIME mins

1.8 5.8 1. 81 25. 8

2.0 E. 8 pEE Y 23,7

.0 8.7 245 I6. 3 B
1.8 4. 8 2. B8 29.8

2.0 5.8 2. 78 39.8

z.0 L) 2. BB X8, 2 £
i.8 &4, 7 2. 36 Ix.7

=. B 4.9 J. 21 45. 9

3.0 4o B w2l 4. % g
1.0 4o & Z. 78 9.8

2.8 £ 7 o ol 7

.0 4o 5 Bl 49. @ 1z
i.0 &9 s oS8, 9

2@ 4. % e i 4 53.8

. D 4, 2 Z.B5 55. 0 15
1.0 9 Z. 9 1 4

2.0 4. @ 4. @1 G973

.0 3.7 4, 14 59 & iB
1.0 A | e I 1.0

.0 B T i.32 i8. B

&0 2.7 1. 18 16. 8 21
1.0 2.5 @. 94 1Z3. 4

2.8 2.8 i.89 iz2.8

.0 2.7 9. &9 9. 8 s
1.8 I 2 B. &7 9.5

2.8 o 0. 58 8.5

I. T D . 52 7. & 27
1.8 0 0. 54 7.7

2.8 .8 @. a7 i.0

.8 Z.8 @, B8 2.0 e Y]
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The highest oxygsen uptake reached by the subdisct
(RF? in table 9 was in the Bth work bout that being 1B
minutss after CcommsSnoing exerciss, The value reached was 4. 14
Fitres per minute.

His oxygen uptakse after I minutes which is
approKimately the tims taken to complats a Sialom COUrSs: WAS
2 AT titres/minute. if this time is extendsd 0 twd bouts of
threse minute wWork PEriods then his oxygen uptaks is 2,68
titres/min whioch is BE% of thae highast valus reachsd in this
test after 18 minutes.

Ffter 18 minutes of activity had =lapssed this
SUbisct demonstrated a sudden decline in performansse and a

correspMmdingly marked veduction in oxXygen uptaks.

The results partaining to oxygen uptake pressntesd So
far: when interpreted cauvtiously, suggest that 2tite
slalomists utilize betwssn SP and BU% of their oxygen uptake

capacity during a simuliated slalom run.

TheEre ars soms SPorting svents in which a high
DXygen uptake is a prareguisite for intearnational
SUCCBEES, PRrhaps the most demanding asrobic sport is Movdic
Biathion whers the athiste must ski over long distanoes
AcyYoss country and during this period shoot accurataiy at

targsts. It is not uncommon For this typse of athiste to
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record VOZ max valuses in @xosss of & titres/min.

If @ high VOZ max was a Pre-requisite foOr SUCCSSS in
Slaiom cani@ing then a survey of 2l ite slalonmists would
revaal a pattsrn of high innate VOZ max values.

Such a survey was oonducted with a group of five

Warld Class stalomists and ths results ars shown in tabis
18.
Tabie 10
Heart rates from Five 21ite slalomists whils padaliing a

bicyois ergometayr at & work (oad of 175 watts for thras
minutes, Predicted VO2 may ars shown.

=41 HR Predicted valus

1 1@ 3@ L/min
2 156 3.2

5 148 3. B

& 148 4

5 154 5.

It can b2 ssen from Tabte 1@ that the highest
pradictaed makimum oxyagen uptake was J. 8B L/min recorded by
twWo Subdescts.d and 4.

The accuracy of predicted maximum uptake valuss From
submaxXimal hsart rates (s auestionable but gsensvrally the
variation is reported to be approximately 1@%. IF the
high2st valus recorded in Tablis 18 is inoreassd by this
2ryor value C18%) the resuits of 2,96 L/min is still modest
for a world class athiete (sprint canosists Sh/min: S08-1500
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metre runners S.1 L/min s Astrand and Rodanl 1877 uniess of
CoOUrsse the reauirements of his avent ars largsly anasvrobic
in natures.

Subisct 4 was the 1984 worid Ki champion and the
highast VD2 valus that this athlietse has recorded pPreviously
is that shown in tabls 9 5 4.14 LAmin. The diffarance
betwesn his Predicted value based on HR and that msasursd

smRirically is a 13% increass.

The suggsstion 2ropossd From the stroks count data
that differant muscis2 aroups contribute ssauentially o a

slalom run and that snergy for thess muscies is suppl isd

targely from ths synthesis of creating phosphats (alactic
ENEray supply?) and throush the formation of jactic acid thus
not involving & maKimum asyobis Contribution is further

supparted from the VOZ data.

Basaed on these data it is suggested that stalom
comPEtition placss a somswhat greater demand on the
anasrobic Snevay libsrating system than was praviously

thought.
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l.actate Levels

In a recent study by Davis and Vodak (19782 it was
proposed that the atteration in ssiscted respiratory sas
EXThANT: PATANStSrsS WasS & SENSitive nNoninvasi ve techniaus $o
assess the onset of metabolic acidosis (anasvobic
thrashoidl. HAlthoush a much prefered method to blood

Samel ing for laboratory studes. thigs method s entirely

T

unsuitable for field triats. Metabolic acidosis particuliarty

during Ffisld SXpEriments (s mors2 Ccommonly determined from

bilood lactatse assSays.

Capitlary punctuyrs at the 2ar ok or fingey tip is

& oommon technigue used o measurs jactats levels, Howsver

many biochemists have mire confidens:2 in lactate results

obtained from venous bl ond sampeles.

Vanopuncturs was the method chosen for us2 in this

study and th2 avthor, whd received medical training for this

procaedure performed atl the samPling described.

Rationales

Dus to the conflicting visws and lack of @videno:s

COncErNing the 2nargetics of stalom Ccomp2tition, an attempet

wWwas mades to determine the part plaved by the anasvrobic

S2NErgy liberating mechani Sm.

I4 the anasvrobkic system contributed significantly to
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The anargy supply then this would be apparsnt by an
accumutation of lactate in the Circulating blood. Thare is a
detay of som: minutss before jactate: which is producsd at

The muscls site: i9 washad into the gsneral circuilation.

From the view point of convenisncs a delay of soms
Five minutss (optimum time For sampl ing lactate-Astrand
Rodahl - 19773 followineg a competitive slalom run is an ideal
Time Ffor athlistes €0 regain COmPOSUTS, diSsembark and move o
a ocation whers they can give a blood sample.

The ocompetitive avent chosen for this study was the
Pre—Worid International canos slalom championships.
Considevable stress was placed on the British compatitors
sinoe the results of this avent would influsnoe team

gelaction for the Worid Championships.

Mt bood

Minstesn national and international stalom
comPp2titors agsresd to g9ive a venous bilood sampls FOliowing

thair final run at an international stialom a2vent.



Post competition blood sampPies ware drawn from

individuals in four svents. The svents woarsi-—

1. M=ns kavak singiles

Ze MeEns Canadian singles

T MeEns Canadian doubles

G Womens Ravak singles.

Each compatitorsafter Finishing his/her final
compatitive run 1eft the water and was seated in & mobits
taboratory at the side of the river.

An arsa of SKin over a prominent antecubital vein
was drisd and cleansd with sterils swabs.

oo oof venous biood was drawn using a disposabie
nesdie and Syrings within five minuvtes +- 20 secs of =ach
comPpetitor’s Finish tims.

To wach blood sampls wWas added a dror of E D T A
Which stabilized the lactate reaction. Each sampls was

centrifuged within two hours and the plasma drawn off. The

plasma Samplss werse assayed for jactate content in The ocal

hospital pathology laboratory.

Comments on procscuy res

Hesooiated with any invasive techniaus thers is

alwavs a visk of subseauent infection despite thovough
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CIEANSIiNG Procsdures,

Thera is some doubt relating to the finsr lesgal
B2Iints CONCErNIiNng who is aualifiad o perform venopuncturs.
Tha overiding consideration is one of negligence and sven a
medical doctor is lioble i+ nestlisence is eproved. @ written
comssant form signed by the patisnt is of little valuse in a
CouUrt of | aw.

The procedurse adopted hers was that the avthor was
Trainsd in venopunocturs technigus by a 40C0tor and the 1ocal
Etkical Committss gave consent and suesport for the prodect.
Each subisct whd gave blood was asked to sign a consent form
Which although not @xonerating the avthor from the
congeauences Oof Subssauent infection, did 2nsure that bilood
was fiven frasly and not undayr threat or duress,

Care was taken to reasure subiscts and thoss who
WEE SoguSamni sh about needies and indections werse ancourased
o ook away. Only ons minoy problem was enoounted that
B2ing the location of suitable vein in one subdisct. After
sEvearal attempts a sampls was obtained.

Mo subssausnt comelaint of indury or discomfort was

repavrted by any subJect whan s2en 1atar in the s2ason.
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RESULTS

The results of Lactate sampel ing ars shoen in Tabls

11.

Tabte 11
The tactate content Of blood .Serum. taken
from membears of the British canog slalom teams in
four svents during an International come2tition.

& B & D £
RIMEN += RF i.8 15.3 4
Kl JEG o § 1.5 s}
K1 RM 1. & 17.1 5
i AL 2. @ 172 3
Ki Pk 1.8 1E. 8 3
C1MEN LW 1.6 15: & ]
1 P 2l 14,3 4
Cil 5C 1.9 11:8 4]
C1 WE 1.2 18.8 3
CEMEN R 2.0 S B b
c2 PH 1.8 9. & 4
c2 RY 1.7 8.8 =]
C2 D& 1.9 3.3 5
G2 F N 12.6 4
St Ed 1.3 it.1 &
KIGIRLS JH 2.0 9.6 4,
Ki 56 Lol 12.8 a9
K1 JR 1.5 12.8 3
i 86 1.9 13,6 &

Subscoript A=event:
BE=initiatst
C=resting lactate mmoi/|
D=post competition lactate mmol /|
E= post svent time to sampling in mins
Base linse tactate tevels approx 1. Smmol /L.
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Table 12

M=ans and standard dE‘V\i.a_tiClﬁE of lactate levels from 19
international comestitiors in four staltom events

Event Mzan lactate Rangs 5D Samp |
g /| D Size
lman 16. 18 ol P o
C1men 1Z.1@ b5 1.75 4
Ciamen 18 82 f 5 1.688 =
Kisiris 12.20 4. @ 1.77 4
Tabte 13

Summary table for results of ANDVA on tactate
tevels For 4 Sstalom avents

Variation 85 DF ME F
Batwesn svents 81,31 % 27. 18 5. B9
Within " G, 77 15 2. 98

Total 128. @88 18

*# (F3,15, 01=5.42)

The highsst m2an jactats concentration recorded in
this investigation (1E.18 mm21/1) is close to that reported
by Burke (1981, 1i6.9%mmol/ /1) taken from track cyolists.Both
sets of results calculated from data ool lacted during
compatition eXoesd maximum lactats valuss reported by Others
PN eXpsrmEnts using the treadmill
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(Gass, 1981-14, Zmmot /1 tAstrand, L9B0-14. 7S5mmot /12 and tha

Bioyole ergomater (Daves, 1979-12, Zdmmol /130,

It is interssting to oompars thse msan lactats Soors
From sach avent and these are as followsi-

Mens Mi=  1EB.2 mmot/l

",

Mens Cl= 13,1 M

Mens C2= 18.8 "

Girls Ki= 12,2

It would appsar from tThis Comparison that the mens svents
can be ranked. from factate scoves,: acoording o the input
2fFfort by the Ccompatitors.

Whan this suggestion was PUt 0 them there was
aggarasmnsnt that becauss thse K1 svent uses a double biladed
Padd e then both Tha a4t arm stroke and the vight arm
stroke ars involved in hEavy Propuisive work. In the
Canadian svent howsver, onty a single biladed paddle is used
and thare is a pariod during which no propulision takes place
as the blade ig moved back o the beginning of the Stroke

phase, This might sven b Classsed as a short recovery period.

The rasult of lactats Fformation in all the avents
samplaed but sarticularty in the mens Kl event demonstrats

the major contribution made by the anasrobic 2nerygy
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libarating mechanism.

Thers is no doubt that becauss of the fact that this
competition was a sslection svent for the Worild
Was under

Championships the following yeay =ach competitor

gome psychological stress which might account for a fraction

of the ma2asured lactate content.
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Chapter 95

An anasrobic training programnms

This part of ths study is devoted sxXclusively o a
description of an =2xpariment which was desiansed to ASS28S
the =2ffectivensess of an anasrobic LTraining programms Oon

muscutlar development.

Rationale.

Over many yvears of active competition and tater of
canos coacking the author has developad the firm b2l isf that
slalom cano2ing involves Tt a mator 2xtent the anasrobic
Sneray libarating mechanism. However until a visw:, nd matter
Foow strongly sxpresssd. 185 supported by indisputable evidanl:2
OnE Can aspivre onty to the level of pUrsuasive debate.

The problsm of sSstablishing the rals of anasrobic
metabol ism during sialom competition is described =1 sewhere
in this study. Thse stagse pbeyvond that is to investigate the
chang=ss that might result from the implemsntation OFf an
anasrobic training regime. 0Ff Ccoursse a training programms for
whateveyr activity must Concentrats on various aspects of
developnent which will b2 determinsed by the demands of that
activity if thesse are known. Within the Sontaext of this
study refersncs o training will imply training for a
compet i tive avant.

Many studies have described the gensval s2ffects of
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training and pevhaps the referenos audted most freausntiy
is that by fAstand and Rodaht (1977% Table 12-1).RAithough it
is of intersst to the athlsts to Know that thers wil be an
inocreases in blood volume and total hasmogiobin content o
that thare will b2 a thickening of the articular Zartilase
to meEntion but thres effects. his uvitimate Conoernm wWill be
the sffects that RIS Training is having on his compatitive
pErformancs. The 21ite athlets neads O Know not onty about
the beneficial effects of training but also about The
spacificity of training. Not all types of Lraining will b2
penaficial to him. Indesd some misht 2ven be disadvantagedus
to his developmsnt.

I+ a training programms was to be devised for stalom
canoeing and during that programms the anasrobic sSystem wWas
to be ostresssed it would be desirable to know the answars to
the following ausstionss-—

{.How can the anasrobic system bs stresssd?
2. What are the sffects of such & Stress programmsa?
Z.What time scale is involved to achiseve thase

obd2Ccti Ves.

The sxperimant

Bagsed on thess questions an sxpariment was designad
to investigate the sffects of an anasrobic training
BroOgramnmns.

This expzriment dependsd on ths h2ip and CooReration
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of the local h@alth ssrvice and in particular a consuttant
syraenn at the Casrnarfon and FAngiessey hospital.Mr R H P
Otiver.

During & canos slalom competition approXimately BI%
of a compstitors paddling strokss are of a forward
propulsive type (see stroke count pEl). There are several
muscies in the shouldeyry girdle complex that ars involved
2ither sntirsely oF partially in such & pulling action.f
pow=rful protagsonist for extension of the humerous on the
hUmBro—scapula Joint and one which is Ciosse to the SKin
surfacs is the latissimus dorsi muscle, Thers was no
B2videEncs in the literature which indicated that this muscle
had been biopsised and studisd histochemically &0 it bedame
an attractive Ch2ice for this 2xperiment.

The latissinmus dorsi has its origin on the thoracgcic
and lumbar spins: it spraads across the back to twist and
inssert into the bicipital sroove of the humerus. AS the
MUST IS NArvows towards its head s0 it Can be palpated
towards the posterior surface of the armpit in the region of

the posterior auxitlary foild.

In outline the sxperimnsnt consisted of 2KP2sSing the
latissimus dorsi and Dther rétated muscles Throuah an arm
BHBETTISS Programm: to nine wesks of anasrobic training in
nine male subdects. Muscle samplies wers ftaken from =2ach

subisct USIiNg the nesadie biopsy technigaus prior o training

9 ]
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and then immadiatealy following the ninse wWweak Progranms.
Histochaemnical analysis of muscls samples revealed fibre
ComPosition: fibre Size and snzyms activity.

Each phase of the experiment is descoribed in detail
in the hops that similar ressearch in the futurs might
banafit if ontly in & reduction of the time taken for the

SHTENSI VE Preparations which ars Neceassary.

Selaection of subiscts
A aroup of 9 men agsed betwsen 19 and 24 vears
vaoluntesrsd for the prodect. Their physical characteristics

ars shown in Table 14.

Tabie 14
The mean physical characteristics of nine SubJects prior to

the Lraining erogramms.

Foas 21.5 vyears +— 2.5

Waight 7@.98 kg +- 5. 28

Height 177.8cm +-5.0

Each man was a fit and active sportsman following a teacher
training couvrse in (utdoor Education.hNons had any pravious
SHPSTIiSnos Of Competitive Canosing but all werve oompstent

caAnoEists and all wars expsrisncsd rock Sl imbers. Thers was

115



2videnos Of above avarags uppar body strengthk in alt
Subd2CctS.

Prior to the study an slectrocardiogram and biood

meagurene ab

mregsureArevealed no abnormal ities in oany subdiect. Each
SubJect signed a consent Fform agsresaing to participate in the
prodsct.

A comprahensive explanation wWas given to the sroup

about the aimg of the study but for motivational reasons the

biDRsSY SUrgeryY Was described casually and without amphasis.

Training routine

Prior o training, muscle binpsies werse taken and
thig techniause is described in ths naxt section

Each subdisct trainsd on the arm srgomneter described
Braviousiy, thres timnes 2ach wesk Ffor nins weeks. The machins
was situated in & light and temparaturs controlbed
laboratory. Training times with onty a few exoeptions
commenced at Yem 2ach svening. Each subiect was asked to
recard training times »wdrk 1oads and intervals in a
note-bonk provided.

fnasrobic training is difficult Ffor any athiste 4o
endure but in this study it was even mors difficult for the
Subdects to remain motivated dus to the repetitious naturs
oFf The @xsrcise. The auvthor: who supsrvised all 48 training

gessions ( not &l subdects trainsed on the Samse 2veningls
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spent a considerable time in motivating subiects to mantain
a constant sffort on the training machins.

Interest and varisty elements whith are 28sential
components of a realistic 2avent training routinses wWers
delibsrately neglscted in the programms design sinoce it was
D b SURSrvissd.

Wesk one was devoited to anthropometric and
physioslogical data coti=2ction 4uring which time sSubiects
becams accustomad to the training apparatus. Each subdect
sstabl ishaed a maximum arm work (oad (in watts? which could
e maintainsd for thres minvtes. A percentage of this valus
was ussd for 2ach training ssssion according to Table 15.

At the beginning OoFf Wesk SiH NEW naximna weres

re—sstabl i Shed for sach subiect.



Table 15

Tha training programm: which nine subdiscts Followsd for nins

W N,

Weask  Work Work intensity Rest Reps
interval % max Revs/min min

1 Famitiarity with =auipmsnt

2 Emins 40 4 i i@

% 57 50 4 1 i@

) 3T a5 40 2 i@

5 = BB 48 2 1@

reappraisal Of max work |oad

E 2mins =10 49 & i@

7 1.5 (] 40 = i@

8 i b 1] 48 4 10

=) 1 100 4@ & i@
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Muscie Biopsy

Muscis khiopsy SP2CimENns wers taken from the
latissimus dorsi muscls of @ach subdiect immadiately prior to
COMMENT NG wWeak one of the training erogramme. Biopsy
SPEC I MENS wWEre also taken within 24 hours of the [ast
training bout in wesk nins,

A recent technigus a2mployed for histochemioal
Sstudies of hUuman muscis s nesdle biopsy. The logistical s the
sthical and the technical problems associated with invasive
surgery outside th:2 confines of a hospital are formidable.

Invasive surgery raauiresi-—

L.Ethical committes approval.
PeThe services of a surgson or
exparisnosed dootor.

e Bpecial sguipmant

The resulting muscle sampi2g must then be treated
hRistochemical ly and this involvesi—
Go DEep freszing in liauid nitrogen.
SeBection Cutting in a oryostat.
E. Chemical stainins and mounting.

T.Microscopic measurament.

Thesse probisams ars described separately as tha2y arisse duving

the progress of the 2KPpsvinent.
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Pitot study

B pitot biopsy in the latissinus dorsi musclse was
parformad on the auvthoyr by the surgson whd despite his
BREENSive S2HPSriencs had never parformed a nesedie biopsy
opEration. The subssausnt muscle samele provided the avthor
Wwith the opportunity of practising the histochemical
procedurss al ready mentionsd. The pilot exepserinent was a most
useful exercigse for both the surgson and the avthor to
moadify th2ir ragspsctive procedurss befors smbharking on the
main study group,

Unilike animal studiss it is impractical for
additional muscl: sampias ©To be taken fFrom human subiscts o f

the fFirst is damassd or 105t during subs=2ausnt treatmeant.

Histoohemistry

Human muscis biopsy and subsSsauent
higstochamicatl traatment ars normal iy undertaken in
institutions which specialiss in muscular abnormal ity and
dig@asse . Twd leading institutions in this field arae thes
Metabolic unit at University Coliless hospital (UCHY and the
Jerry Lewis Muscie ressarch centre at Hammersmith Hospital
both in London.

Both these centres wers contacted and & proposal of
the training study was submitted. The avthor was invited to
both institutions o discuss the proposal and o obSsrve
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soms biopsy opsvations and histochemical techhniguss. Binos
the tachniauses which: in particutar, UCH adopt are
modifications of those reported in tha2 literaturse it was

recomnmeEndsd that these be adoptsd in the training study.

Fthical Committes approval
o ooutiins of the prodsct under tThe suidanos of a
S[UTgSeon wWas submittsd to the local Ethical committes.

Approval and snthusiastic support Composed tTheE reply.

Burgery
Mir R H P Otiver, the chisf surgseon at the jooal

hospital agresd to support the proiact by performing the
hiopsy operatioms himself or providing the services of one
of his medical team i f he was indisposed. In addition Mr
Otiver recommendsd the prod=ct to the Local Ressarah
Committes For grant aid. A sucoessful outcome to this
application provided funds for purchasing soms of The
2auipment listed in tablis 1B Cappendix A 3 and the

chamicals reauvired Ffor histochsmistry.
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Tabkie 1B

The items of @auipment necessary for nesdls bhinpsy
ProEdure,

S UCH Biopsy neadlss mediuvm Si2e.

Dewar flask for tiauid nitogen.

Bwabs, cotton wonl:2lasterplast: sterets.
Pre—-packed dissscting blades.

Phials of tisnocaine anasthatic.
Disposable syringss and needles.

2 sets of fFine dissecting forceps,
fFutoclave ( a domestic Pressurs conker is
ideall.

Sitver foil (to sncasse nesdlss during
autoolaving)

Deaep frasze.

Digssact ing microscops,

l.aboratory stand and olamps.

Circutar secions of cork (wWine bottls
Gizel,

Marker pan.

Micro—touoh latex medical gloves,
PFlastic container for immarsion in liguid
it rogsn

Tissus tek mounting medi um.

Isopentans.

Preparation for biopsy opsrations

The biopsy nesdle (Fig 17) consisting of thras
parts., opsrates efficiently onty if the cylindrical cutting
s o F The ity section 18 axtremesly sharp.Prior to sach

biopsy the =2dge was honed professional iy,



Figura 17. & muscle biopsy nesdlis about to be inssrbsd into

A& SuUbJsCt.
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B ocomsst o PrEessurs CooRST Served as an autoo i ave,
was portable and oould psrform its Funcbion CHoss to The
DpErating bad S50 that nesdl2s wers available freshiy
staerilized.

The biopsy nesd!ss wers wrappsd in aluminiuvm foil
then avtoociaved and Ccould be handied in the Foil without the
risk of contamination.

A major logistical probliem Was The ool bection,
transpartation and stovase of liduvid nitrogsn as lats as
PSS ikie prior to the Diopsiss being pevformed. It is
BEssntial That musole sampl2s ars deep frozen as =oon as
possible (Wwithin 20 minuvtes) after being vemoved from the
patiant.

Ligauid nitrogen evaporatas Guickly whan in contact
With airT but this rate is reducsed conmsiderably if The jiauvic
is stored in & "Dilvac' Dewar Flask with a self ventins tid
and @avan mors S0 i F the Flask (8§ then placed in a desp
fresze,

Muscie samples are best mounted in tissus ek
mounting maEdium on & Small ssotion of Cork which Ccan be
tabal led with indsiiblie ink.

Once mounted the Samels must be frozen auickly but
if immersed directly in liguid nitrogen TREyE i8S rapid
surface Conling which then forms an insulating bavvisr to
the deep tissus.This is particularly ssrious if anzymes are

baing studisd becauss continued snzyme modification Zan

e
2]
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I uUr cdesp ingide the tissue s2ction whils2 on the surface it
has been suspanded.

A 1ess rapid Fraszing process is achieved i f the
muso e gsection is itmmerssd in iSopentans: which has bheen
cooted to the tempsratures of figuid nitrosen. By imm2rsing a
syitabl:sa plastic vessae]l Containing isopantans intd tha
liguid nitrogsan the Cooling effect Causss TR isopantarns Lo
thickan in texturs progressively upwards from tThe bass of
The vesss] and this Changs in VIisoosity Can bs moni tored
GimRly with & piscs of SHiff wire.Onose the musc e sample has
ey Totally immerssd in the isopentans it Can be transfarsd

Ok upRermst dirsctly intd tThe liduid nitrogen.



Fig 183 An indsction of lignocans

Figure 18h. Musocle biopsy procedurs.




Binpsy procedurs

The subiect assumsd & Prone Position with the
dominant arm abducted and SuPPOrted by a pillow. At a Point
approXimatsly Acm below ths POosSterior auvxiltiary fold an arsa
OfF Sskhin was Cleaned with a steret indsection Swab.

Soo oof 1% tignocans hydrocloridse was indected
Thyoush & disposable nesdis and syrings (fig 18al.

Once anasthetized an incision aprproximately Zom long
was mads throudgh ths skin: any bleseding was continual iy
SWabkbaod awWay.

With his 1eft hand the doctor keld a pinch of skin
fFirmly 2xtending from the surface of the pogterior
auxialiary foild vround undernsath ths arm—pit (fFiga 18b).

The biopsy nesedie,s in the olosed position and heid
with th2 right hand. was insavited thvrough the incision until
it reachsd the outer surfacse of the muscle bundies. This
Point Was obvious bEcauss (15 Prograss into The muscie was
malted, To invads the muscls fibras considerable fOroe was
necEssary and this was best acthieved by the doctor byinging
his body W2ight to b2ar over his vight hand. The ssnsation of
invading & musclie was ikensd 0 PUShIiNng The neadle throush
the skHin of an orangs.

Once inside the muscis bundliss the centrs cutting
gection of the nesdis was withdrawn: suction was applisd by

A largs syrings at the nippiae on the needlbs handls and than

.
[
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the Cutting 2dos was driven down vigorously.

The nesdis was withdrawn in the closed position and
tThe ave of the nesdls carsfully szarchad for the muscie
Gt ion. This was transfersed o a Saline gauze with Fine
forceps and examined under a dissscting microscops, I+ the
aval ity of the Sampis was poor than the Riopsy procedurs was
repeated Through thE Sams insision.

Ffter & successful biopsy the wiund was clsansd and
coversd with & small 2lastopiast. If there was soms blesding
Than prassurs was aprplisd for a few minvites and than tha

WoOUNd Doveyesd.

12



Figurse 18b.Musclise biopsy procedurs.




Mounting procedurs

The muscis sampis wWas transfered from The Sauze o &
cover glass (Fig 19) where it was examinsed undsry a
dissecting microsoops, The SamPls was orientatsed with fins
forceps until the fibra striations weve paral =t and
ROV igontal. The sampie was then turnsd with the fibras
orientated vertical ly and transfersd to the Cork .

The samplse wWwas surroundsd by a lavar of tissus tek
moaunting mediuvm and ths Cork was {owsred intd prapared
isopentans. When the sampie had Frozen 9iving & white
appaarance it was transfersad divrectly to the {iauid

nitrogen.

Ffter completing fFive hiopsiss the flask and sampiss
Wy hransfersad to a deep fresze overnight. Tha Fol iowing
day all sample2s were transfeysd o a cryostat cabinst at a
temparature of —ZBC. The remaining four bhiopsiss wWers

parformed also on the FOllowing day.



Figurse 19.8 muscle sample orisntated with fibres [¥ying

vartically On a Cover g asis.



Histoohemistry

Dezp frozen muscles sampias in 1iduicd Nitrogsn wWheres
transfered to a cryostat at 20 Co A microtoms blade was
honed and placed insSicde the cabimst o S0l along side

sevearal metal vacks fovr Rdiding Cover SliDS-

Cutting procedurs

Each numbsrad s2ction of Cork SUpporting the mussie
sample was frozen on the face of & CThuck with & layver of
water.

The chuck was centralized in tThe miorotoms and
manual ly the biock was advanced towards the blads in units
of 10mu. Several trial sections wers discarded until
satisfactory sections appsarsd under the antiroll barv. Thess
sections were transfered to a Ccover glass and placed in the
metal racks which wWers numberad.

This procedurs was repeated until approximatsly 58

s=ctionsg 2ach 18mu in thickness werse taken From sach musols

SamP 2,
Staining

The Foliowing sadipment reauived for histochemical
staining can bs found in nost well 2auippsd laboratoriesi-a

balancse (+=— . DEDL gm accuracy.a pH meter, a h@ated watsy
bathran @iectic timer.a refrigserator. Solumbia Jars and
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Finsing troughs.

ALl chemicals ussed in this study wers newly
PUrchasad and particular attention was given to the shelf
Fife Of the enzyme salts and solutions. In some casses the
Shelf 1ife was shorter than the pericd bhetwssn biopsiss and
Therefors new dhemnicals werse ordered. A List of the chemicals

yasad arse shown in apPpendix B.

The avthor, althoush not a biochamnist, prepared with
the help of a Ccompetent lab assistant all the chemicals and
SLAINS, and parformed the section Cutting. staini ng. mount ing
ancd finally the analysis. Mot onily did this aliow for a
grzater understanding of ths procedures and underiyins
thaory but it ililustrated that one was depsndsnt on only a
smal | numbEr Oof pargonns2| for assistance and suidancs and
that as a prersauisite Ffor a prodiect of this naturs one nesd
have only & basic knowi=2dgs of chemistry rathsr than an

sXtensive biochamical background.

Each muscie sample was treated with ssveral stains
tas used at UCH and the Jerry Lewis metabolic units in

London? and these, with ths procedurs, are described.

1. Adenosine Triphosphatasse  (ATPass) at 9.5 pH.
ATPas:= at pH 9.5 dissolves the intermyofibril lar

network thus Righlighting muscie fFibres. Furthsermorse the



ATPase pressnt in spacific muscle Fibres is dependent upon
the pH valus and this =ffect can bs used o differantiats

Fibre LTypes.

ATRPas:s procedy rs

i. Sma ATP dissoived in & fow drops of distitied HZ0. Rdd
iB omt of 1 M atycinae/Nacl buffer wih 79 mi Cacid. Check o

pH 9.3

Fidd one drop of dithiothraitol solution.

B

{dn 1ot re pH as this damases the sisctrods)

. Incubate at I7°C for IB minutes.

e Rinse well in distitied H20.

-

. Immerse in 2% Coctz Ffor 3 rinses: 1 minuts 2achs

£. Rinss wall in distilised HZ0.

7. Immarse in ditute (1218 ammonium sulphide sojution for

@ seconds (use Ffume cupbhoardl.

2, Rinsse wall in runming tap water.

4, Dehyvdratse in ascending al cohols.

1@, Cisar in xiyane » 3 minutes.

11. Mount in resin

s
i
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ATPass 4.6 and 4.5 pH' s

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

miNnuLes.

ZalWash in distitied HZ20

Z. Procesd as for 9.5 method.

B R o 2 S S Sk ks aEaE ah o o 2B S SR 2 e

NMADH-T r —Loenzyms |inked Dehyvdrogenass

CNADH-tetrazolium reductass)

Thass 2nzZymes act &% carriers of 2(2ctrons in the
ENZYMe Chain and when interruptsed in thair path by the
introduction of a tetrazolium @Salt, a desply Coloured
Fformazin product iS5 depdsited which S2rves as an indictor of
the POSSible SOUrce of enersy in musclse metaboliSn.

In particular typs 1 and tyes 2 Fibres ars Clearly

demonst rat ed.

NADH ~TR procedurs

i. Place 1-2 drops incubating solution onbtd the ssaction

ENSUTring comPlate CoOverage.

= -]
e Incubatefor 30 minutes at 27 0.
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e Ascend in S@% GEY D@ acetons and descend again to rEmove

fat.

4. Wash in distiiled H2O.

. Fin in 15-2@0% Fovmatin soiution for 18 minutes,

Ee. Mount in giyocsrins Jelly.

b 22 S SE T B R R R SR SF: S oEr Sh TE LER S R O S R P SR B

Perodic Acid Schuts (PRE) stain

This stain demonstrates giyvoogen in the
MUSC 2y hdWwevar several other Compounds present in the muscis
SUCh as Other polysaccharides and g9iyoolipids take up the

stain and at timss Confusing results Can ooour.

Frocedure for PAS stain

1. Fix saction in acetic sthano! fixative for 18 minutes.

2e MHWash in distilled water ( for control section digest in

-

5% diatase For 1 hour .

IZ. Place in .59% pariodic acid for 25 minutes.

4. Wash in distitilsed H20.



He Place in schiffs reagent For 18-135 minut=s in the dark.

E. Wash in runnming tap water for 10 minutss.

7. Dehydrats, Cle2ar and mount.

S S 3 o 58 8 R R BE T T SRR e B SRR T o 2R 3 B

Phosphofructokinase ( PFR2

The snzyme PFK catal yvses the conversion of

fructo~EB-phosphate (F~E~P) to fructose—1,EB-diphosphats

(F=1,6=-PP} in th2 absence of this snzyme 91 yoogsn

brokan down to jlactic acide A lachk oFf staining when F-EB-P

usad as substrate indicates a muscls facking

in PFK.

In this study no SUch deficisncy was expectsd but

the stain was usad as a health monitor.

Procedurse Ffor PFK stain

e Place section on a dame filter papeyr and

drops of the incubatins medium » [2ave for 1

2. Wash with distilied water.

Fe Mount in sivocerine J2iiv.

Repsat with f-1:6-pp as substrate .

shoofesheobe bbb shoshr b oprabr vhr she e o shrohr ohr b dr oprapr opr shrab shrshoof o

Placse on & few

hour at A7° C.

cannot b



Hasmatoxy !l in and Eosin

Harris hasmatoxyiin is a general PUVRos:s stain

giving particulariy clear nuclisar staining (fig 21).

Hasmatoxylin procedurs

i.Piace sections in Harris Hx for 2 minutss,

. Bilue in Scobtts tap water substitute for 2 mins.

Z.DiFferentiate in 2% acid aloohol until Pink.

4. Re—blus as appropriate  (step Z2).

5. Place in 1% 2o0sin for 15-28 ssconds.

B Wash auickly in distilled HZ20.

S.01mar in xyiens and mount in resin.

YR SRS SEU I8 o8 XE R Ch BB R S OB MV T S SR B o S s o o



Fmalysis of staining results

Many stains ars used as diagnostic tools for
muscular diseass and ars suvitable onty for aual itative
measyrenent. Hasmatoxy | in, PRAS and Phosphofructolkinass fall
intd this category. Obssrvations of the resuits of thasa
stains are discussed in the results SBotbion.

ATPass and MNADH are the stains that allow

avantitative measurament OFf Ffibra tyess and Si2e.

A Wild MS microsoopse with a fibre optic light was
usad for Fibre graphing. Orisntation and fibrse Counting was
achisveaed undsr a Leitz Diatux microscops, Microoaraphs wers
taken with & Leitz Wetzier Orthopian microscope. The jast two
MmiCTroSCoRSs ArS SKPENSive and highly specialized items of
SauipmeEnt that wouid ot be Ffound it an averass |aboratory.

Muscie Ffibre size

Dubowitz (19733 states that it is notoriously
difficult o Judgse Tthe size of Fibres in a muscis2 bhiopsy by
gimple ingpection. Of the varisty of methods which have bDesn
ampiloyed by different laboratoriss Dubowitz recomnmsnds
(parsonal communication 1982 & method which Combines
simplicity and seesd but is reasonably accurate.

Musizie fFibres stainsd with NMADH ave masnifisd 100
times and the lessser diam2ter (S me2asursed o ths nearest 10
mu. 200 Fibres are mEasuvrsd  Although in Statistical terms
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this number i8S auite high.In a study on MEASUTIing Srror by
Mathi =u =2t at (19813 the auvthors conciude that it is more
efficiant o Use the tins availabls 10 measurs | 2s5S
pracigely more pictures From & 1args number oFf S2Cbions than
tD AChiave & vVery high Pracision on & few subsSamelsed fislds,
Fibre typing was achisved by dividing a micrograprh
into & arid and Counting the dark—typs 1 fibres and the
tight—tyee & fibres which had suffered ATPass staining.Onty
sl ides which displaved ciarly over S0 fibres werse usesd To

calculate the ratio of tyes 1/type 2 Ffibres.

Figure 28. A micrograph showing an ATPasse stain. Tha
light stained fibres arse type 2 and the dark fibres ars type
5.

1%8




fn attempt was made to differsntiate the
subdivisions of typs 2 fibres into type Za, b and ZC
catogories based on staining with ATPass at differant pH
values., The results of this technious wers disaPPointing. The
tissus samplies freausntly distodgsd From the cover glass
during the praincubation period.Colloidin: a transparsnt

non—interactive chemical was added in an attempt to secure

the s2Ctions but without success,

Figure 21. A micrograph Showing nuclsar structures
after treatment with haamatoxy ! in.
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Results of the Anasrobic Training Programms

Prior to and immadiately fOliowing an intensive ninse

week training programme of arm sxercigsse on a LODE arm

2rgometer sach subdect

1. recorded VIOZ2 Fov arm work

underwant a nesadis biopsy oparation in the

P2

fatissinus dorsi muscie of the dominant arm.

The results of pre and post training VO2 For nine

subiects ars shown in Tabls 17.
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Tabis 17
The results of oxygen uptake of nineg subdiscts befors and
after an anasrobic Training programms. A work 1oad of 180
watts was appiisd Ffor I minutss and subdiscts pevformed at 40
RPM

Pre training Post training
=1

Wt. Ka mi/Rg/min Wt.Ke mi/Ra/min
1 BT 4 48, 7 E7. 4 385
2 BI.0 41.2 B2.5 B4
3 £8. 9 29. 6 78. 1 T2
4 £9.8 28..3 €9. 4 28,4
o B3.7 S i Bt 5 i
& £5.7 I2. T E5.7 ED. 4
g TE.E 2. b 7B B 7.7
= £9.8 55. 8 T0. 4 31.5
3 2. 1 412 72. 4 39. 9
X= 70. 26 35, 56 70.53  F6.8

141



From Tabte 17 it can bs sean thers was a stight
inoreass in the mean body weight betwssen prs and sost
mEasyraments of 27 Ko, There was a decreass in mean VOR
of J7E ml/Ka/min Following the training programms,. Data
afF oxygen uptaks from pre and post training was treated
with & Student © test with & no significant result

{t=,37) batw2an pr2 and post test VOZ values.

The Ltraining programm: wWas designsad to avoid asyobis
devalopmEnt and thevsfors it was sxpacted that tThevs
would b Tittle OF MO INCr2ase in oXvgen uptake values
following this training. It can bes ssen from the
resuylts Of the t test that a no significant difference

result conti rmed sxpectat i ons.

14
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Muscile Fibre analysis from biopsy Sanplos.

Muscie sactions taken from 2ach subisct befors

and after the Training programm:s werse traatsd

histochemicZal 1y and muscie fibrs DOmPDsition was

assessad on ATPase and PFK activity. The results of this

procedure are shown in Tabilse 18

Tabie 1B
The percentage of fibre type 1 (asvobicl and tyese &2
Canasrobic ) obtainsd on two DCCasions » pre training

and post training from nine subiscts. Subiscts ars
displayad in rows.

Pra training Post training

Bg A B A B Sum

i 57 4% S 46 96
= 48 5z a2 48 i5@
3 58 4z e/ 47 243
4 9 &1 9 &1 158
5 49 51 a7 53 12
E &1 39 48 52 iz

7 =9 &1 37 &3 aBz
g 58 4z 45 ) iae
9 49 o1 s 48 163
X 58.7 49 Lo S L 4 & 172
R 22 22 17 17 06
SD 8.4 B.4 E. & E. 7 9i.1

Subscoriptsi—
4 = % type 1 Fibre
E = % type 2 fibre
S5um = total fibres Ccounted
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The fargs variation that -an be obsSsrved in the
Ffibre count totals (oolumn & Takle 1B} is attributed to the
variability of ths® staining auality.Some samples provided
good stains white in others only part of the sampis oould b
ysed For fibrs counting. Howsver all totals wsrs in SXoess
of 98 which is considered sntirely adeouvate for fibre
counting asssssmnent.

The largest proportional differencs between tyeps 2
and tyes 1 is s2en in subisct 7 who exhibits Bl% tyves 2 and
9% typs 1 fibres on the pre—training biopsy and B3I% type 2
and Z7 tyeps L on the post-training biopsy.

The smal lest propoartional difference is demonstrated
by subdsect 5 where S1% tyepe 2 contrast with 49% type 1 on
the pra-training biopsy and 593N type 2 contrast with 47%
type 1 on the post—taining biopsy.

The rangs betwesn the percentags:s fibre type
differences for Sach biopsy | i2s betwsan B% and 2E%. When
EHAN S mOre Clossly Seven Subdiects recorded a peroentass
difference of 10 or 1sss while two subdiscts, B oand 8, both
recorded a Z2B% changs in type 1 to tyepe 2 proportions
etwsen biopsies This figure i high and is at the limit of
variation in fibre t¥yping that may be attributed to vandom
Fibyre typs distribution Within the muscla.

Thers is no praviously reported svidenos that may be
used 25 a4 CcompPparison of musole fibre tyee distribution
Within the latissinus dorsi muscle. It has been suggsested
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casually by ressarcherys curvently involved in biopsy work at
University Cotisge Hospital-~London (personal oCommunication?
that a variation of up to Z5% in fibre typss might result
from subseguent biopsies odus to intra-muscular fibrs
distribution patterns.

It would appear from the resylts OFf The tWd bioRsies
reported here that the madiority 7 out of 9 subiscts
demomstratsd v modification in the pesroantasse of fibre
types from the latissimus dorsi muscie as a result of

Training.

The data werse treated with a Student © test
and the result demonstrated that thers was no significant
differance bstwasn the numbsy of typs 1 fibres obssrved on
both oocasions (6=.802 fcritical valus of © =2, 26,04 =, 05,
Simitarty the number of typs 2 Fibres showsd no significant
differance when counted on two occasions (b= —L.@ioritical
valus of t=-2, 25 , K = 085 1.

Two subdects howsvers did demonstrate a 2B%
modification in fibre typss betwaen biopsiss. Both subiects
recorded & similar trend towards a higher type 2 fibre
count after training.

It is suggssted cavtiously that the masnituds of the
recorded difference in fibre typss redorded by Thess tTwo
SsubiEcts 15 attributed to intra-muscular fibre distvribution

rathery than a4 changs in fibre typses dus to & training
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af feot.
Tha remainder of the results are in aggreemant with
The general fesiing that muscle fibre distribution is not

affected significantly by a training affect.

In addition to Fibre tyeing »cross sectional arsa
WaS AlsD observed in both types of fibres befors training
and Following training bassd on the MADH staine The minor
diamatar of Ffibres was measured and ussd for orosSsS—SESchional

caloutations. The results of this procedur

iR

&re Shiwn in

Table 19,



Table 19
Typa 1 and typse 2 Fibre oross sectional arsa taksn From
pPra—training and post—training biopsy samPles in nines
sSUbdeCcts.

Pre—training Post—training
Ss Fibre aresa pwz Fibre arsa pk2
Type 1 Type 2 Type I Type 2 Bs
1 pea v i ) 2744 1919 51355
2 1573 IETE 2578 EOEE
K 2669 LZES 2408 984
£ 1783 BT 1918 4449
= 2003 2ETh 1817 4895
& =309 F965 2451 S228
7 20EE 2EE3E 1452 7e14
& 1596 2081 2434 4E13
9 1872 2e9 1758 S047
X 1984 057 2@ez 4972
Rangs 1096 2264 1126 4386
5D 327.8 BEE. 3 IT1. S 1199.8
t st g e =3. 719
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A closser observation of the values of tyee 1 fibres
in Tabie 19 reveals that five subiects increased their fibre
Cross-sectional arsa Following training while the remaining
foury showsd a decresass in tyes 1 ocross ssctional ars=a.

It can be sssn also from Table 19 that only subdect
I oshowsd a decreass in oross ssctional arsa of typse 2 fibres
betwaen the first biopsy (4265 p*2) and the second (2984
HEZI . The remaining &ight subiects Showsd large increases in
typ2 2 Ffibre areas. If the Cchangs in oross—s2ctional arsa is
Bxprassed as a percentagse betweaan the first and the sscond
biopsy the trends avs shown in Table 26,

Tabple 2@

The parcentagse differsncse in cross ssactional arsa of fibres
Foar the pra—training and th post—training bioprsiss.

Typse 1| fibres Type & Ffibres
%o increass % increase
betwasn biopsies batwaan biopsies
==
1 ~{ g7

P
m
B
m
o

= -1@ 7
4 9 1&
2 5 1Bk
= E 189
4 =2y 197
g 2o iig
9 =gy 142
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The targsst increase in tyee 2 Fibre oross ssctional
arsa 2 197% ,is seen in subdiect 7 owho also reduced his tyee 1
fibre arsa by the largsst amount 29%. Onily one subiect,
numbsyr A demonstrated & redouction in type 2 fibre arsa and
this was small. %.Hs also demonstrated & simitar (1@%)
reduction in his typse I fibre area.

The differances betwaen the pra and post training
arsas of both types of fibres were subdiected to a t test and
these results are shown  in Takls 21, Thers was no
gignificant differancse in the size of tyepe 1 Fibres betwsen
biopsies. Howsver as might be expected from Casual
obsarvations of Table 19 5 thers was a significant

di ffersncse in typs 2 size between biopsies.

Tabte 21
The results of a © test betwsen twd biopsies of tyes 1 oand
type 2 Fibras in nine subisects

Typae 1| fibres Type & fibres
Fra/post data PFre/post data
t ovalue -, Dh4 ~75.7 #

B
o
i
m

Critical vatue of © =
¥ significant

Thease data demonstrats in no uncartain way that the
training programmse had a dramatic and ssiective effect on
muscle fibre development. Marked changss ares sssn in the

Size of type & which ars anasrobic fibres as a result of
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brief interval high intansity LTraining over a nins wesk

== fn T

Muscie sections waere also stainsd with heamatoxylin
and PFK which revealed aualitative rather than auantitative
data. Az sxpsctad all speacinens ravealsd & heal thy

gy

appsarance with no apparsnt abnormalitiss.Fig 22

Figure 22.6 micrnaraﬂ\shnwins an sven distribution oFf fibre

types with D abnormal atrophy dus to di ssase.
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IF muscle biopsies are b2ing taken to assses
SROrting performance than it 18 PErhaps wirthwhi 8 ©T0 CheEck

also on the normal ity of othey Key anzymas at the sams Time.

An attenpt was mads to differentiate betwsen type Za
and typs Zb Ffibres using the ATPas:s stain at a towsr pH
va lue. Unfortunately thess results were very-disappﬁintine
with oo SpeCimens suitable for measursmsant. The reasons fov
this faiture arse not cl@ar.all the chemicals were new and pH
valuss and incubating temnperatures wers careful ly chacksed,
The author was warned cCasually of a poasible difficulty with
this technigus while vigiting UCH in London althoush at that

time & remsdy was not offered. It would have besn

N1
B

particutariy interesting to ohsSarve any Cchangss in typs |
and type 2b distribution.

Other workers (Barnarvrd =t al 19713 Ooldnick et al
18973 ) have suggested that fol lowing prolongesd training (5
months) of asrobic work both type 1 and tyepse 2 fibres showed
an inorease in oxidative potential.

In & study by Costitl =t at £1979) on the adaptation
of skeietal muscls following strensth training it was found
that fibre composition had suffered a modification. Thess
authors suggest with Caution that there may havs bhSen an
increass in the numbsr of type 2a Fibres due to a shift of
typa 1 to typs Z2a and Zb to Za.This is the first time that

suUch & Changs in man has baen repovitad in the Literature. It
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ig interasting to nots that Gonyea et al (1977) reported
muscle fibre splitting in the forelimb of the cat after

strength training.

Conciusion

What is particularty striking about thesse results is
The masnitude of the changs in tyepse 2 Fibre oross—-ssctional
ArsEa, This was brought about by a Training programms bassd on
the principtes of anasrobic develoment. ThEse were intensive
work peyiods of short duration (L mind interseaced by 1ong
and total rest periods (4 mins) repsated ten times on thres
DRSS ONS Sach wesk For o a total of nins weeks,

The naturse of ths SXerciss was isotonic anasyobic
Work, To soms axbtent thers was a momantum @Fffect as the
padd] e ergomater Was pushed. This means that the tensions
eXErted by the actin and myosin Filaments at the Ccross

bridges site wWwithin the pPropulsive muscise wers ot Constant.

B Further development would b2 an investigation into
the musclise tension curves developad at the Ccross bridges
Site Wwithin the uvuitra structure of thse myofibrils as a

result of isokinstic training .

The ragults have demonstrated that spscificity of
training (Astrand 19843 is matochsed by specific physiological

developmEnt.



Chapter B

Overview

An attempt has besn made in this study Tt Sxamine
some oFf ths behavioural profilas of @lite slalom Canoeists.
During the planming of this investigation thers was a
delibarate neglsct of the major role plaved by PsychDlogical
Ffactors such as motivation and personal ity traits during
stalom comestiton. OF course a profile of sialom Compstitors
cannot b2 Ccompists without the inclusion of these and oather
salient factors but it was f2l1t that thars wavre a number of
crucial and Ffundamsntal physioiogical variables That
hitharto had not bsen guantifisd which neseded T b

astablished Prior o a more Compli2te profilse investigation.

A problesm Common o any investigation Using human
subJacts is the availability and continvsd coopsraton of
subJects With the study team. In 8xperiments where
individuals sxXperisncse considerabls discomfort and perhaps a
cartain amoiunt of pain the sucoess of the study often hinges
on the wittingnes of the Subdects To Continuse with the
Brogranms.

In this investisation a substantial amount Oof data
wers ool lected from comeeting slalomists. Howsver thers wers
DICASIONS when aven tThE st coopsrative Comeatitors

dec]insd to participats in further trials becavsse of the



fear that their immediate sSucoess might be adversly atfercted
cdue To incumbent apparatus. During non competitive trials
2XCel fent Jodperation was forthooming from several British
TEam members.

In eaxperinents wherse human tissus Samplss ars
reauvivred, it is sssantial that the study team is highly
SHillad and 2xperiencaed in hand! ing this Kind of matsrial.
In order to securs a auantity of human tissus the pProcedurs
15 ComPlex Wwith an inhsEvent visk of infection.lt is
Theraefors often impracticable (sxospt in cases of medical
ibiness) for the provigion of additional tissus samples to

replacs the oviginal whars thers have been treatment Srrors

T

2t C.

During the courss of this study it becams
increasingly apparant to the author thalt mors SKPST | Snos
Wwith the treatment of animal tissus Sampies would have bsen
beneficial prior to treating human tissues. Perhaps this
Point might be considerad by the reader who anticiprates

PErasging a similar tine of investigati on.



DISCUSSI0ON

FAstrand and Rodaht (1977) stated what s now
el isved by many sports scientists to be the first step to

an investigation into any sporting activity when they wrots

"An analysis of the energetic demands of
different sport svents and the athlis2tes capabil ity
o FulfFill thess demands may halp him OF BET N
both training and the selsaction of suitabis
avantsh.

It would b cauits reasonable for the 1ayman whd i 8
aware that British stalom canosists curvently (1984 hotd
gsaveral worlid titiss, to assums tThat the sport has besn
thoroushly ressarched and is wall understood. Unfortunately.
this is not the case, but it is hoped that the results of
this study will allow coachss and compsti tors to fOIUsSs Soms
attention on the demands of the @veant that have proved o be
sianificant.

Howsvar, results of any investigation ars meaningful
anly whan the readsr (8 satisfised that thaey relate to a

gpasific problisn and that the techhnigues emploaved Ffor data

collection are valid and reiiable. In this study the problem

retated Hto the 2nsevay demands of compsting in a siabom
comPetition and the methods eneloyed tTo col st data
pzrtainad to asrobhic and anasrobkic ensrgay [ibsvrating

prOCaesset.
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Initially it was observed that on ths sams sialon
Coursse ComPpBEtitors perform & similar numbey and tyeps of
propuigsive stroke. It was possible thersefors to auant ify the
WOTrk load reduived From & Particular muscle grouR during
Radd!l ing action for a spacific Courss,

Forward paddling strokes involve a Sroup of musc|es
Whidh might bs termad protagonmist and it is within this
grour that Chemical eneray is oconverted into mechanical
Work. The corresponding group of musciess joocatsd on the
DRRDsihe Side Of the Joint involved in the Ssame action ars
termad antagonist muscies. BlIthough thers is movensnt within
Thee antagonist group » a negligible amount of @nevay is
involved, Reverss paddling strokes causs the roles of the
muscilie groups Just describsd tTo be reversed.

In snergstic terms this means that muscle groues
BREPEV IiENCE rest phasss during a 'stalom vun’. as forward
pacdl ing strokes ars intarsperssd with réverss paddl ing
strokes. IF the snsrey pathway within thess musScle 9roups is
Pradominantly asvobis then & certain amount of oxygsen
repisnishmEnt might OCCur across the mitochrondrial
membrana. I+ ths ensrgy pathway is anasrobic involving
alactic and jactatid sources then these brisf respites might
dalay the onset of p2ak (actats accumulation wWwithin 2ach

MmUSC e Sroup.
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Barobic or Anasrobic.

Lactate produced during anasrobic IIYooiysis
diffusas from the muscle and acoumuiates in the blood
whars, | F m2asured,: it Can SSErve as an indicator of the
sxtent to which anasrobic processes are activated during a
work bout (MeBrail st at 1977). At sauivalent absolute
feval s of axygen uptake, blood lactats concentrations ars
graater dUring arm work when compared to les work (Bevegard
@t oal I9EE).This may b2 sxplainsd by the notion that for a
given Work Toad as the musols mass deoreasss the anasvyobic

contribkution to the total work outeut nmust inoreass.

In this study: lactate values recorded from a group
of slalomists after Comeeting in an international avent weres
amongst the highsst recorded actatese valuss fyom any
spartman reported in the iterature.

In the ight of these results it is suggested tThat
the protasonist muscles responsible For sialom action derive
the maJority of Their snevgy sSupply from anasrobic SOUVCe&H.
Furthermore,: it is suggssted that the timesale for the
vield of anasrobic 2nergy might extend for sseveral minuvtes
viz the duration of compatition, dus o the sporadic action
of the muscles invol ved.

Fisht and Karisson (19773 investigated the depistion
pattearns of giyoogen synthetase and phosphoryiass in man and
concludad that thers was an =ven distyibution Of The @nzyms
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glyrogsn synthetase in the two typs of muscle fibres (tyees 1
and tyes 23, They veported that aftey intensive WiHrk
deplation was @9reater in mussies rich in typse 2

Fibres.

In the tight of this information it is reasonablis o
suggsst that comPatitors with Protagsonist muscles vich in
typs 2 Fibres might be 2guipped with a pPhysioiogical
advantasse to perform anasrobic wWwark for a longsy period of
i, OF Courss one must ot over ook TR psychological
adaptation to training which may enhance the athlstes’

capacity Ffor maxKimal SX2rtion.

In a previous study in the sams [abiratory when
MUscle binpsies werse taken From five stalomist of national
and international Calibre: it was Concluded that the
distribution of Ffibre types in the medial deitdid muscl2
susgssted that thess individuals possessad muscles most
suitable for asrobic work (Humphrey 189823, Thess results
WeErs in broad asrssment with thoss from & study by Tesch et
atl (19762 who also selected the deltoid as & study muscle in
canoeists. OF course the imptication from this Conilusion
was that slalom canoeists tended 0 2xhibit & high poptortion
of typs 1 Fibraes and thus the demands of stalom Comestition
must be jargsly asvobic in natures.

Perhaps the findings From thesse studiss (Humphrey.

189823 Tesch » 1978 might be axplained in S2veral wWays.
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The action of the medial deltaiﬁ dUYing SHLBEnSion
and horizontal sxtension of the humerus is to abduct the
humerus to a Position most advantagssous mechanically For
horizontal sktension. In this role it is most Likely that
the action of madial deltoid is not maximal: it is also
sustainsd and thus it ig atting asrobical ly.

In addition o this susgsstion slalomists expend a
considerable amount of time and Sn@rsy during their training
routines repsating Tgate practices’ s 2B out of 38 sialomists
who were questioned about their training habits reported
that flat water gate practics was a mador item of LTraining.

This sort of repetitious training witl have a
profound influsnoe on type 1 fibre (asrobicl developmant,
Jansson and Kaidssr (1977 in a study on musc e adaptation
tTo @Extrems @ndurance training suggassted that tyepe Z2a fibres
have the ability metabolically to adapt to high oxXidative
cdemands and that the l2vel of @nzyms activity is mors
dependent on the nature Of physical activity than on fibre
comPosition. Dbthey ressarch revealsd similar findings
(Holtoszy et al. 19780 :Battin =t al. 19762

Vanuska and Biorntore (1968 found that & wesks of
training producsd in man: & mEan decrSasse in SXeroiss muscle
Blond F1ow and an incraasse of SuZCinic dehydirogenase
Aactivity with an estimated inoreass in makimal asrobhic POWSY

of Z@% .



It is sumgested that the fibre development obsSsrved
in studies of fibre typss anonsst canosists, resulted From
the influsenie of the twd aforementiond factors, viz training

and ths rols of the deltoid.

The influsnose of asrobic metabol isSm during & sialom
YU might bsst be assesgsed i F there was a reliable method of
monitoring ventilation paramsters without TR nesd for
athistes to don restrictive and Ccompliex apparatus.

Waksling and Saddisr (1977) who investigated the
asrobic fapacitiss of some British slalomists Using methods
of VOE determination which incorporatsd & bicyols srgomster
and sprint distances on the water, conciuded that slalom
carseists demonstrated high asrobic capacitiss. Howsver thay
also reported that apparsntiy thess high vatuss did not seem
o bE utilized by the SubJects whil® on the watsr.

A simﬁlar finding was reported by Ooopsr (19822

on o c.qlc.'lg {.Halowd‘-e,r
whare the max VOZ of a arous of &lite candeists,was found to
ke unrelated to max VOZ while canoeing. Howsver the sam:s
aUuthor reported that the relationship of max VOZ on the

q_t-alomr,‘h.\'
SRS I NG f\aﬁd padd!ling parformance is highly significant.

In this study the results of maximum heart rates
during simgliated competitive runs on an international river
COUrss were uysad as an ingdicator of the involvament of the

cArdiorespiratory system. The highsst recorded heart rates
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on The Viver werse not maximal with a m2an vailue of 14 beats
PEr o minute 12ss than that recorded by the same subdiscts
While performing a threse minutse standard step test. It was
2vident from thess data that the cardiorsespiratory system
was taxsd fay from maximally during a simulated slalom
COUTSE On & Viver.

Additional data of oxXygen uptaks valuss wers
coflected from Subdiects performing a simuiated paddling
COUTSE 0N a4 Canoe ergoma2ter. The results £rom @Kpsr i sncsd
canosists demonstrated that & little over S8% of their
Max imum OXYIen uptaks was mobilized duving the sinulation.
In contrast inexesrienced canoeists demonstrated that a
highar proportion of their VOZ max (mean 77% VOZ) was
mobitized. It is reasonable to conclude that the mors
BHRPETIEN0ed Canosists Waere also morse highly skilled and as a
FEsSUEt Mmors @Corndmical in their snergy exesnditurs.

B further trial: with the curvent world chamPion
paddling in simulated conditions. revealsd that after
WOTHING Ffor the pariod normal ly taksn to Compiats a slalom
courss his V02 was Bl% of his maximume Furthermore his
max imum VIOZ was reachsd atter six intervals of thres minvts
intensive woark bouts (18 minutes of work) interspersed with
oneE minute of rest betwesen bhouts.

Thesa data when considersd togethary With thoss
concerned with lactate accumuliation after compatition
SURPROTE the premiss that the involvemant of anasvrobio
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matabol ismn in the protasonist muscies of stalom action s
maximal and that asrobic metabol ism beoomes involved
prograssively. It is not unreasonabile to suggest That tThs
rolte plaved by mador synsrgic musclies of the trunk and
thighs would Comtributs in o small way o the onset of
asyrobic matabil iSn.

The implication for compstitors is that training
Foutines betWwesn musScle 9rouRrs might become more specific.
Protagonstic MUSES e Froups such as latissinus dorsi:teres
maJor and terss minor, Pectoral is malor, anterior and
postarior deltoid should be 2Xposed prograssively o
anasrobic strega. ThE rémaining madior muscle groups Oof the
trunk and 1owey bhody should then continue with @Xeroises
Which involve,to a major @xXxtent,the Cardiorespiratory systam

ThUS PYromating asrobis developmneEnt.
The Effects of Training

In & study by Vridens =t al (19782 which
investigated ths effects of training on maximal wWOrking
capacity it was reporited that subdects who were not trained
to Arm wWork obtainsd bettery resuilts of VOE on the bicyole
srgomatar that canosists. In an arm test: on the contrary.
the aroup of paddlers had signficantiy highary soorses for
maximal oxygen consumption and sustained workload. Israsld
and Brenke (196872 reported simitar findings in & comparative
study of arm and 189 wWdrk.
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The number of vEROorts SORNCErMing the sffects of
Short term high intensity training is small s2 it was
ConSidered appropriate to investigats the effects of such a
programmns: that might be adopted by Slalom canosists.

One of the associated problems that this
investigation attenpted o Ssolve conoerned the influsnos
that spadific training methods might have on muscls fibre
SiEe and the time-scals of any development.

A programms With brief intervals of work
interaparssd Wwith 1ong epsriods of rest was repsated 10 tines
on @2ach of Three Session: sach wesk fOF nine weeks. The
resulits of post training muscle biopsies (9 subiscts)
revealsd that type 2 Ffibres had significantly increassd in
CYDSs s2ctional arsa by a mean value of B2% (range 7% to
1897%.

Since thers are no studies reported in the
titerature wWith results comnparabls with fibre developmants
that have been obsserved in this study thes: rasults must be
interprated atons. It would ssem that a programms of
training can be designsd to affect particulary fractions of
musc e devel opment.

The tims—scale involved in a modification of fibre
deve lopneEnt Praviously described wWwas approximatsly nine
weEks, Howsvear througshout this period it was found that a

considerablie amount OFf motivation was vedaui red Oon The part
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of individuatls to maintain maximal sffort during the

training routins.

Stauvdte and Exner (19723 concluded that with a
devalopment of typs 2 Ffibres Thers was a corresponding
INCrEass in Musclse Tension: an inorEass in the Snzymss
hexokinase and citrate synthetase., Saubert and Armstrong ot
al (1972Z) veported that the 2Fffects of sprint training in
rats caused a modification in the anasrobic enzymes. In
MmUscies vich in Byps 2 Fibres lactate inoreasses move rapidly
in type Z fibres (Tesh and Karlsson 19772,

In contrast to thesse suggestions Potgar (1973
concluded that the physiological roles of muscles was a
function of enzymse adaptation to work demands and that fibre
HtEe is retatively unimportant.

There is Little doubt that the avidencs currently
avaitable +or a batanoed debate relating to anasrobic

cdevalopment is incomplste.

In & recent document distributed o members of the
Franch stalon team (1981 there was considerabls emphasis
Placed on anasrobkic development throushout a ten month
training programms (Fig 23 ) concurrvently with asrobic
devaelopmeant (Kosckhlin =t at 1981 Howsver a cautious note at
the end of this rveport recordsed that onse aust realize that
thErs ars many factors involved in total slalom pserformancs
and all of thesse are interdepsndent.
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In 1982 the United States Qlympic Committse

initiated & proJdect to §-

1. Evaluate maximal asvrobic and anasrobic potential
a3f  international level whitewatery slalom Canoeists using
Arm—oranking.

Z: To compare asrobic and anasrobic uss during
padding on water Wwith maximal capacitiss (on land).

The Findings of this "UE' study appsarsd o b
somEwhat inconclusive . Perhaps part of the penultimats
paragsraph from this report SUummarizss the ongning debates

"Beoauss the events ars about 4 minutes in
duration: probably about S@% of the total
ErEregy ubhilized Comss From asrobic mEtabol ism
and SEY% From anasrobioc metabol i Smn.

The results of research into isoRinetic S@xXerciss ars
iMPressive., The superiority of sSuch SxXerciss in buildins
strength and speed is stasgseving (Molarvdie and Massi, 187808
Counciiman, 1979 Chu and Smith, 19712, Pipes and Wiimors
(1979) rveported that isolkinstic training at high linb spssds
affeots significantly g9r@ater changss in muscular strength
at all limb speeds Particularly those mors associated with
athietic evants., Muscular sorensss which Ofien accompanises
othEr types of training is notably absent in athl2tes whd

ysE isokinetic methods.
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Fooording to Huxtey (1974 a muscie develops its
maximum tension at approximatsly BEY% of its contraction
I2ngth. During isotonic contractions it would appsar that
the Dad which & muscls moves at thse extremity of its
contraction is suitablse only for that part of the muscle,viz
Those Cross bridgses which ars active during a2xtremity
contractions. Fs the muscise contacts and shortens then the
foad BEComss Progsssively Sasiser For the muscle to manags
and s2 the Training stress is reduced.

This problem of appropriats muscular stress
throughout the ranges of movemant Oof & Ccontracting muscls is
OVEFCOMNE in isokinsetic training. Thoushout the rangse of
movenEnt a maxkimal resistance is applisd Brogressively as
moye Sross bridges arse activated. Thus at the extremity of
the rangs of movensnt: whEre muscular inJury and sorensss is
most likely o0 Dooury during isotonic training: indury is
less Jikely during isokKinstic SXerciss hbeCausse appropriate

muscular resigtance i s applisd.

It is interesting to note that in the survey into
training methods conducted and reported in this study » onily
foury sltatomists amployed isokinetic training methdds but oOf
those four,one was the Current worid slalom Champion and ons

wWas & racent eX-—worid slatom chamPion.
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Summary and Conclusions

It would appsar From the resuits of this and other
investigations into predispositions for top performancs in
Slalom Cano=ing that no particular Physiologilal

charactaristics ssem to be essential.

Dus to the naturs of sialom competition the asyobic
demands of the event ars teckhnicattly difficult o cdetermine.
and @ven then the results ars inconclusive. Howsver: whilst
thers is 1ittie doubt that thare is a significant
contribution made by asvrobic metabolism o the eneray

demands of the avent, it is suggestad that The magnitude of

]

this contribution iS5 1955 tThan was praviousiy thought.

The anasrobic demands of slatom DomPetition have
proved to bs substantial and significant. It is sugsested
that thes:s demands are sraater than the values of S50%
recently reported (US Oivmeic study 19812, In view of the
findings of this study it is recommmendsd That sialomists
incorporats anasrobic training strass into their year round
training routines.Further it is suggssted that "gate
practice" skill development incorporatss brief intervais (up
to one minuts) of intensive 2FFort intersparsed with rest
periods of several minutes (up to thres minutes)d.

It would appear from the resuits of biopsy studies
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on Slalom Cand2ists that currentiy there is insufficient
2Yidencse to determing whether slalomist are characterissd by
particular musaols Fibre pattearns.

It is suggested that in view of the apparsnt
anasrobic demands of sialom Comestition: &1ite competitiors
Whid POSSEES8, KNoWwingly oF Otherwiss, a high proportion of
typs 2 Fibres in the dominant propulsive Canosing muscles

might have an advantag:s in performancse. with appropriate

training.

Specific training routines with intensive work bouts
of 1255 than one minuvts duration intervuepted by total rest
PaYiods Oof @everal minutes produce substantial inocrsasss in
The Cross sectional arsa of the active tyes 2 nuscise Fibras
CIVET AN £ig9ht wesk parviod. It is suggested that hypartrophy
Of The: Propuisive musclies and the incrsassd muscie bulk
resulting from this tyepa OFf training would not adversity
affet Ccompatitive performance in sialomists.

Slalom cand®ists whilg training on thse water ars
INCDreorating isokinstil training methods dus o bThe
Fronstantly Changing prassurse that is edpsrisnced at the
paddle blade. It has besn stated many times that there is no
EeEtter method of training than performing the sport for
which e is training (Burke, 1988).

It is recommended that these athistes when

EX2rIising off the wateyr, adopt isokKinetic LTraining methods
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which incorporvate the principles of anasvobic stress. That
is igsokKin=2tic cmntractionsy'wheré tThe resistance is high and
the spaad of movemasnt is Control led throushout the rangs of
motion, Should be practissd for short peviods interspersad
With periods of complate reast.

A Cybex I1 mackinse CFrom NOMEG Nottinsham? is Jjust
e device that when adapted,: is ideal for igsoRinstic

Ltraining.

This study has focusssed attention on soms imeortant
Physiological varviabies assoCiated wWwith slalom Compati tion
But th2 findings and racommeEndations must be interpreted in
the context of the total demands of the svent., Further
regearch is nacessary particularly intd psychoiogical

param2ters pertaining to performance.
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ARPPENDIX A

Eauipment for muscls biopsies

5 UCH muscie biopsy nesdles
OCT mounting compound
Zostaining racks

5] ide bOXsSs
boxes of S)ides
boxss of Cover 9| asses
Rushne’ s forosps
Fine dissecting forceps
12 cojumbia dars
4 staining troughs
Sandrest test tubs vack
2B phials 9% Lignocans
20 scalipal bilades
20 paivs latex sloves
1 box stide l1ab2is
Dilvac +1ask
Pressure cooker
Markey pens
First Aid Ffacilitigs, cotton wool eto.
Disposabls sSyringes
Disposablse nesdlss
Sitver foil
Circutar oorks
Liguid nitrogssn

Rl S SN

Use of -desp freezs, microtong, midroScoPes,
balanoces and gansval [abovatory =auipment.
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APPENDIX B

Chemicals for biological staining
Iso—pantans spactrosol SBWmt
Ethann! absolute SU@m
MNitro blus tetrazoium 0. 259
Hasmatoxylin Harvis 25ar
Diatass 108 ar
Adenos ine—-S-trirhoseoric acid 2ar
Micotinamide—adenine dinvclieotide @.1lar
Dithiobthraitol B. Sar
Sodium acetate buffer Siadm |
Eosin Z25ar
Glucose—E-phosphate B. 259r
Cobalt chioride B 25ar
Periodic acid idavy
X1 yens 2 titres
Glycerine ity I titre
Giacial acetic acid 2 titres
Potassium Bicarbonats S@mi
Magnesium sulphats Sfm i
Sodium chioride Sar
Catcium chioride S@m i
Bmmon i um sl phate Sifm
Sodium arssnate i carton
Fructose—EB—phosphate @, igm
Fructoss 1,6 diphosphoric acid 1 PRt
Sodium acsetate buffer S@@m I
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